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Introduction

Introduction

In 2008, the NHMRC tendered for systematic literature reviews to be undertaken to support the revision of the Dietary
Guidelines for Australians. The details of the requested work and the methods employed are set out in the Process
Report. The primary aim was to undertake a series of systematic reviews of the national and international literature
from the year 2002 on the food-diet-health-disease inter-relationship for different population subgroups. In addition,
information was sought on the following factors:

* Current national dietary habits and patterns and nutritional status;

* Physical activity, weight gain and dietary energy balance;

» Growth in infants, children and adolescents;

* The economic, physical and psychosocial barriers and enablers to achieving diets consistent with the dietary guidelines;
» Food safety, preparation and storage;

* Interrelationship between diet and environmental sustainability;

» Current and past national food selection guides.

In brief, three types of reviews were commissioned, depending on the question being addressed:

» Systematic reviews, considering primary evidence from epidemiological and experimental studies, as well as reviews
and meta analyses (but excluding editorial and other grey literature);

* Umbrella reviews, which only included reviews and meta analyses; and

» Narrative reviews, which may have also included information from secondary sources such as government reports.

The systematic and umbrella reviews were primarily conducted using the methods described in the NHMRC publication
“How to use the evidence: assessment and application of scientific evidence”, and have resulted in body of evidence
statements, graded depending on the strength, consistency, potential impact, generalisability and applicability of the
evidence base. The narrative reviews are presented in a more traditional journal article style.

Details of the scope of the searches, including key populations, and outcomes were agreed with the NHMRC in March
2009. An expert medical librarian was employed to develop the detailed search strategies, conduct the searches in
CINAHL, PREMEDLINE, MEDLINE, EBM REVIEWS, DARE, COCHRANE, PUBMED, PSYCHINFO, ERIC and SCIENCE
DIRECT databases and provided each reviewer with an Endnote Library of retrieved studies. The search strategies of
each review are given in detail in a separate document on searches of this report.

Limitations of the Reviews

These reviews should not be considered complete reviews of the relevant literature and readers need to bear in mind
five key limitations:

Search Timeframe

Most of the reviews considered only evidence published from 2002, to provide an update on literature published since
the last edition of the Dietary Guidelines for Australians. The searches were mostly carried out to April 2009, so more
recent publications are generally not included unless specifically requested by the NHMRC. It is important therefore

to realise that these are only update reviews, to be considered along with the evidence reviews summarised in the

last Dietary Guidelines. In many cases, some of the most important literature was published before 2002 and is not
considered in these reviews. Therefore evidence grades for these may be lower than would be anticipated with a time-
unlimited literature review (e.g. for sugar and dental caries, where the diet disease relationship was well established prior
to 2002).

Methods for Assessment of Evidence

The published NHMRC methods for literature reviews are primarily designed to be applied to assessment of the
evidence of the effectiveness of medical interventions (primarily relying on randomised controlled trials) or diagnostic
tests. In the case of examination of diet-health relationships, often there is a notable dearth of evidence from Level | and
Level Il studies (as is evidenced from the previous editions of the Dietary Guidelines), and much of the scientific evidence
is observational, especially from prospective cohort studies. This poses particular challenges in balancing the evidence to
reach public health conclusions.

It is rarely possible to conducted blinded intervention studies with whole foods or diets, and very few trials are
conducted for long enough periods to assess long term health outcomes. Therefore Level lll prospective cohort studies
often provide more important evidence for the development of dietary guidelines than Level | evidence summarising
small short-term randomised controlled trials. In some cases therefore, when assessing the overall evidence base used to
establish grades for the evidence statements, a rating of excellent has been given when only Level lll studies are available.
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Introduction

Umbrella Reviews

As noted, umbrella reviews did not include any primary studies. For a number of these reviews (e.g. U|.3 on Dietary
Intake Data; U1.4 on Energy Balance) this severely limited the number of articles in the evidence base and important
individual studies were not considered.

Cross Sectional Studies

Cross-sectional epidemiological studies are common in nutritional epidemiology but cannot be used as evidence of
causation. They have therefore not been used in these reviews to inform the body of evidence statements because of
their low rating in the NHMRC evidence hierarchy (Level IV evidence). It should be noted however that they were
considered in evidence informing the last edition of the Dietary Guidelines.

Quantification of Dietary Exposure

For many of the evidence statements it was not possible to quantify exposure due to limitations in the dietary
methodologies used in studies or the level of detail reported. For example, in many cohort studies quantiles of exposure
are reported in relation to disease outcomes, but absolute intakes are not reported for the highest and lowest levels
being compared.
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1. FRUIT (S1.1 and S1.10)
Search results

The initial search of the databases included 3691 references for fruit and the specified disease outcomes.
The detailed search is included in a separate document on searches. As there were 2714 duplicates with
the vegetable database the two were combined in one Endnote library and coded as one. In all, 97
references concerning fruit and vegetables had data extracted and 57 papers were used to form the body
of evidence statements for fruit. Sufficient evidence was found to make statements for fruit and
cardiovascular disease, stroke, weight loss and obesity, type 2 diabetes and a range of cancers including
gastric, breast, lung, colorectal, oesophageal and oral and nasopharyngeal, ovarian, endometrial and
bladder cancer.

1.1 FRUIT and CORONARY HEART DISEASE

Does a particular intake of fruit affect the risk of coronary heart disease in adults?

Evidence statement Consumption of each additional daily serve of fruit is associated
with a reduced risk of coronary heart disease.

Grade B

Component Rating Notes

Evidence Base Excellent ~ Level III evidence from two meta analyses each with 9 cohort

studies (with most studies in common and medium risk bias) 2
individual cohorts (with low risk bias) and 1 case control (medium
risk bias).

Consistency Good Two meta analyses and one cohort protective but 1 case control
increased risk and other cohort describes protection when on a
40% - 55% energy from carbohydrate but not higher or lower.

Clinical impact Good Meta analyses protective for each additional serve fruit (7%).
Generalisability Good Populations from US Europe Japan.
Applicability Excellent  Australian adults.

The studies used to make the body of evidence statements are shown in the Table 1.1. The two meta
analyses are in agreement but have six of nine studies in common, with most studies being from the
USA. The Japanese cohort study demonstrated a stronger association between fruit and cardiovascular
disease. The analysis of the Nurses Health and Male Health Professionals cohorts stratified by the
percentage energy from carbohydrate indicated that the protective effect is only found when
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carbohydrate intakes are between 40% and 55% energy. The hospital-based case control study showing
that fruit increases the risk of acute myocardial infarction was of a poorer quality because of the
instrument used to measure fruit intake and the bias in selection of controls.

Summary: It is probable that consumption of each additional daily serve of fruit is associated with a
reduced risk of coronary heart disease (Grade B). This is supported by two meta-analyses (Dauchet et al.
2006; He et al. 2007) of nine cohort studies in predominantly developed countries, concluding that
increased protection of at least 7% was gained from each additional serve of fruit consumed per day. A
further cohort study (Joshipura et al. 2008) found a protective effect only when carbohydrate intakes
were between 40-55% of total energy intake.

References

Dauchet, L., Amouyel, P., Hercberg, S. & Dallongeville, J. 2006, "Fruit and vegetable consumption and
risk of coronary heart disease: a meta-analysis of cohort studies", Journal of Nutrition, vol. 136, no. 10,
pp. 2588-93.

He, F. J., Nowson, C. A., Lucas, M. & MacGregor, G. A. 2007, "Increased consumption of fruit and
vegetables is related to a reduced risk of coronary heart disease: meta-analysis of cohort studies",
Journal of Human Hypertension, vol. 21, no. 9, pp. 717-28.

Joshipura, K. J., Hung, H.-C., Li, T. Y., Hu, F. B., Rimm, E. B., Stampfer, M. J., Colditz, G. & Willett,
W. C. 2009, "Intakes of fruits, vegetables and carbohydrate and the risk of CVD", Public Health
Nutrition, vol. 12, no. 1, pp. 115-21.

Rastogi, T., Reddy, K. S., Vaz, M., Spiegelman, D., Willett, W. C., Stampfer, M. J. & Ascherio, A.
2004, "Diet and risk of ischemic heart disease in India.[see comment]", American Journal of Clinical
Nutrition, vol. 79, no. 4, pp. 582-92.

Takachi, R., Inoue, M., Ishihara, J., Kurahashi, N., Iwasaki, M., Sasazuki, S., Iso, H., Tsubono, Y. &
Tsugane, S. 2008, "Fruit and vegetable intake and risk of total cancer and cardiovascular disease: Japan
Public Health Center-Based Prospective Study", American Journal of Epidemiology, vol. 167, no. 1, pp.
59-70.
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Table 1.1 Studies used to make evidence statement for fruit and cardiovascular disease.

Reference [1] Dauchet et al. He et al. 2007 [23] | Joshipura et al. Takachi et al. Rastogi et al.2004
2006 [33] 2008 [2546] 2008 [376] [1846]

Type of study [2] Meta analysis of Meta analysis of Cohort Cohort Case-control
cohort 9 cohorts cohort -12 (9

included)

Level of evidence [3] 1-2 1-2 11-2 I11-2 I11-2

Intervention/ comparator Decrease in RR Intake of fruit of Quintile of fruit by | Quartiles of intake | Serves of fruits

[4] with each <1.3,1.3-2.0 and % energy from and cardiovascular | and risk of acute
additional serve of | >2.0 servings per carbohydrate i.e. disease outcomes myocardial
fruit (1-5 or more day and coronary <40%,40-55% and infarction <1
serves) and heart disease >55% and serve, 1-2 serves,
coronary heart cardiovascular 2-3 serves, >3
disease disease serves per day

N [5] 91 379M 278 459 M and F 38918 M 77 891 350 cases and 700
129701 F 70 870 F controls (both from

Indian hospitals)
Population/study 9 cohorts include 7 | 9 cohorts included | Nurses Health and | Japanese adult Hospital based

information [6] cohorts from the long follow up in | Male Health male and female Indian study
U.S. and 2 from US and Europe Professionals
Finland.
Quality [7] 0 0 P P 0
Results [8] RR 0.93 (95% CI | RR for 1.3-2 (0.9), | quintile 5 vs quartile 4 vs For >3 serves fruit

0.89-0.96) for each
one portion
increment fruit

(95% CI1 0.83-0.98)
and >2 0.87 (0.8-
0.95)vs<1.3
serves per day. No
heterogeneity

quintile 1 for the
moderate CHO
group only RR
0.81 (95% C1 0.70-
0.94). Risk was > 1
for low and high
carbohydrate

quartile 1 for fruit
HR 0.81(0.67-0.97)

daily vs <1 serve
RR 2.46 (95%CI
1.15-5.25) P for
trend 0.03
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Effect on risk

Protect Protect None Protect Increase
(Increase/None/Protect)
Clinical importance [9] 1 1 1 1 1
Clinical relevance [10] 1 1 1 1 1
Generalisability y y y y n
Applicability y y y n n
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1.2 FRUIT and STROKE

Does a particular intake of fruit affect the risk of stroke?

Evidence statement Consumption of at least one and a half serves of fruit a day,
ideally two and a half or more is associated with reduced risk of
stroke.

B

Grade

Component Rating Notes

Evidence Base  Excellent Level Il evidence from 2 meta analysis of cohorts (medium risk
bias, one with 4 studies and one with 6).

Consistency Good Both found significant protective effect.

Clinical impact Good Meta analyses showed 11% per serve and 28% protection for > 5.
serves/

Generalisability Good US, Europe.

Applicability Excellent ~ Australian adults of all age groups and both genders.

ntllent

The two meta analyses are summarized below in Table 1.2. They had three cohorts in common. Both
found a protective effect.

Summary: It is probable that consumption of at least one and a half serves of fruit a day, ideally two and
a half or more, is associated with a reduced risk of stroke (Grade B). Two meta-analyses (Dauchet et al.
2006; He et al. 2007) of a total of seven individual cohort studies concluded that increased protection of
at least 11% was gained from each additional half-serve of fruit per day, with at least two and a half
serves of fruit per day providing a protective effect of 28%.

References

Dauchet, L., Amouyel, P. & Dallongeville, J. 2005, "Fruit and vegetable consumption and risk of stroke:
a meta analysis of cohort studies.[summary for patients in Neurology. 2005 Oct 25;65 (8):E17-8; PMID:
16247035]", Neurology, vol. 65, no. 8, pp. 1193-7.

He, F. J., Nowson, C. A. & MacGregor, G. A. 2006, "Fruit and vegetable consumption and stroke: meta-
analysis of cohort studies.[see comment]", Lancet, vol. 367, no. 9507, pp. 320-6.
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Table 1.2 Studies used to make the body of evidence for fruit and stroke

Reference [1]

He et al. 2006 [42]

Dauchet et al. 2005 [44]

Type of study [2]

Meta analysis of 6 cohorts

Meta analysis of 4 cohorts

Level of evidence [3]

111-2

111-2

Intervention/
comparator [4]

<3, 3-5and to>5 serves
fruit per day and stroke

Each additional serve of fruit up to 5 and
stroke

N [5] 257,551 in total 90,513 M
141,536 F
Population/study US and European cohorts US cohorts and Danish
information [6]
Quality [7] 0 0
Results [8] RR for >5 serves veg vs <3 | RR: 0.89 (95% CI 0.85-0.93) per additional
daily 0-72 (95% CI 0-66— serve
0-79)
Effect on risk Protect Protect
(Increase/None/Protect)
Clinical importance [9] | 1 1
Clinical relevance [10] | 1 1
Generalisability y y
Applicabilty y y
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1.3 FRUIT and OBESITY

Does a particular intake of fruit affect the risk of weight gain and obesity?

Evidence statement Consumption of fruit is associated with a reduced risk of obesity
and weight gain.

Grade C

Component Rating Notes

Evidence Base Good Level II and III evidence 4 RCTs (low to medium risk bias) 5
cohorts (low to medium risk bias).

Consistency Satisfactory 4 show protection; 5 no effect (but one of these was children 9
to 14 y).

Clinical impact Satisfactory For obesity prevention quintile 1 vs quintile 5 RR=0.74 (95% CI

0.69-0.86) P for trend <0.0001. For weight gain quintile 5 vs
quintile 1 RR =0.72 (95% CI 0.55-0.93) P for trend =0.01 in
cohort studies. In regression models in 2 different studies fruit
intake was an independent predictor of weight loss and weight

gain.
Generalisability Good Similar populations include Nurses Health from the US.
Applicability Excellent Australian adults.

The evidence (see Table 1.3) concerning fruit and obesity and weight gain has limitations. There has
only been one large cohort study in adults published from 2002 through 2009 that examined weight
changes if fruit consumption changed. Women in the Nurses Health study increasing fruit consumption
had a lower risk of weight gain. The other prospective studies were small - one study was in young
children in the US and found that fruit consumption was negatively associated with change in BMI Z
score but the changes were not statistically significant. Another cohort in Canada reported that fruit was
inversely correlated with change in weight, fat and waist circumference and the other two cohorts failed
to find significant protection. The remainder of the evidence comes from small randomized controlled
trials of varying design that had different amounts of fruit averaging from two to four serves per day.
From these randomized controlled trials it appears fruit can be included as part of a weight reduction
diet and up to four pieces per day is satisfactory provided the overall diet is hypoenergetic.

Summary: The evidence suggests that consumption of fruit is associated with a reduced risk of obesity
and weight gain (Grade C). The largest cohort study in adults (the Nurses’ Health study) found
increasing fruit consumption was clearly associated with a lower risk of weight gain (He et al. 2004);
this was consistent with results from a smaller cohort study (Drapeau et al. 2004) and supported by
results from a small cohort study of children (Field et al. 2003), although the change in BMI Z score
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seen in the latter study was not statistically significant and two smaller cohort studies in adults did not
find an association (Vioque et al. 2008; te Velde et al. 2007). The evidence from RCTs was inconsistent
with two trials, including one of good quality (Sartorelli et al. 2008), showing protection (Conciecao de
Oiveira et al. 2003) and two short-term trials not finding an effect (Rodriguez et al. 2005; Booth et al.
2008), although the RCTs suggested that up to four pieces of fruit a day can be part of a weight
reduction diet if the overall diet is hypoenergetic.

References

Booth, A., Nowson, C., Worsley, A., Margerison, C. & Jorna, M. 2008, "Dietary approaches for weight
loss with increased intakes of fruit, vegetables and dairy products", Nutrition & Dietetics, vol. 65, no. 2,
pp. 115-120.

Conceigao de Oliveira, M., Sichieri, R. & Sanchez Moura, A. 2003, "Weight Loss Associated With a
Daily Intake of Three Apples or Three Pears Among Overweight Women", Nutrition, vol. 19, no. 3, pp.
253-256.

Drapeau, V., Despres, J.-P., Bouchard, C., Allard, L., Fournier, G., Leblanc, C. & Tremblay, A. 2004,
"Modifications in food-group consumption are related to long-term body-weight changes", American
Journal of Clinical Nutrition, vol. 80, no. 1, pp. 29-37.

Field, A. E., Gillman, M. W., Rosner, B., Rockett, H. R. & Colditz, G. A. 2003, "Association between
fruit and vegetable intake and change in body mass index among a large sample of children and
adolescents in the United States", International Journal of Obesity & Related Metabolic Disorders:
Journal of the International Association for the Study of Obesity, vol. 27, no. 7, pp. 821-6.
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and macronutrient oxidation", Plant Foods for Human Nutrition, vol. 60, no. 4, pp. 219-24.
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Table 1.3 Studies used to make evidence statement for fruit and obesity.

Reference [1] Field 2003 [2036] He et al. 2004 Vioque et al. 2008 te Velde et al. 2007 | Drapeau et al. 2004
[1586] [4150] [518] [7938]
Type of study [2] Cohort Cohort Cohort Cohort Cohort
Level of evidence [3] 1-2 1-2 1-2 I11-2 I11-2
Intervention/ Servings of fruit per | Change in serves of | Quintiles of fruit Quartiles fruit Changes in food
comparator [4] day and change in fruit by quintile - intake <149 g/day, intakes tracked over | groups consumption
BMI Z score 1.27;-0.29; 0.22; 0.8 | 149-248 g per day, 24 years and in the predictability
and 1.86 median 249-386 g per day longitudinal change | of weight gain and
change for fruit; and | >386 g per day, and | in BMI and sum of changes in % body
outcome is obesity or | weight gain of more | skinfolds (reference | fat and waist
weight gain than the average i.e. | is the highest circumference after 6
3.4 kg over 10 years | quartile) years
N [5] 6715B 74,063 F 206 M and F 168 M and F 248 M and F
8203 G
Population/study US boys and girls 9 | US Nurses Health Healthy sub sample | Amsterdam Growth | Quebec family study
information [6] to 14 yrs cohort Spanish Valenica and Health
cohort age 15 yrs to | Longitudinal Study
80 yrs followed from 13 to
36 yrs
Quality [7] P P P 0 P
Results [8] Adjusted change for | Quintile 5 and Quintile 5 vs quintile | NS for fruit and BMI | Fruit inversely

annual change in
fruit intake -0.006 (-
0.018-0.006) for girls
and 0.004 (-0.01-
0.02) boys

quintile 1 fruit and
obesity RR 0.76
(95% CI 0.56-0.95)
and P for trend<
0.0007 For weight
gain quintile 5 vs
quintile 1 RR 0.73
(95% CI1 0.56-0.95) P
for trend <0.03

1 OR 0.62 (95% CI
0.18- 2.1) P for trend
0.211

at 36yrs but sum of
skinfolds for lowest
quartile predictive of
lower skinfolds -3-65
(95% CI -6-47, -
0-83) (sex adjusted)

correlated with
change in weight
(P=0.03), body fat
(P=0.03), change in
waist circumference

(P=0.03)

20




Effect on risk None Protect None None Protect
Increase/None/Protect

Clinical importance 2 1 2 2 1

[9]

Clinical relevance [10] | 2 1 2 2 2
Generalisability y to children ytoF y n n
Applicability y to children ytoF y y y

Table 1.3 Studies used to make evidence statement for fruit and obesity (cont).

Reference [1]

Sartorelli et al. 2008

Conceicao de Oliveira et

Rodriguez et al. 2005

Booth et al. 2008 [5944]

[97] al. 2003 [7687] [7883]
Type of study [2] RCT RCT RCT RCT
Level of evidence [3] | II 11 11 II

Intervention/
comparator [4]

80 overweight adults
individualized energy
restricted diet that
included at least 2 serves
of fruit per day and
advice for 30 mins of
walking. Outcome is
weight loss

12 week trial randomly
assigned to be in a fruit
group (then randomized to
consume either 3 pears or 3
apples per day) or an oat
group with 3 oat cookies per
day

Energy restricted diet for 8
weeks to assess if inclusion
of fruit alters weight loss.
The comparison is 13.8%
energy as fructose vs 4.0%
energy as fructose and 25.9
g fibre vs 15.8 g fibre

Two 12 week weight
reduction diets, one with
four serves fruit/day and
increased targets for
vegetables and dairy
(WELL diet) the other a
Low Fat diet (control).
Control ate 0.7 serves less
fruit

N [5]

80 adults

26 in fruit group and 9 in oat
group at the end of the trial
(49 total at commencement)

15 obese F in test (7 on high
fruit and 8 on low fruit) and
5 lean women as controls

27 in intervention group,
27 in control group

Population/study
information [6]

Brazilian mean age
(£SD) 46.5 £ 9.5 yrs,
mean BMI 29 + 3 kg/m’
at baseline

Conducted in Brazilian F
aged 30 to 50 yrs with
BMI>25 kg/m’

Conducted in Spain Mean
BMI 34.9 kg/m” and mean
age 32yrs.

All subjects Australian M
mean age 47.7 yrs

21




Quiality [7]

0

P

0

P

Results [8]

lincrease of 100 g per
day of fruits represented

The fruit group lost 1.22 kg
(95% CI1 0.44 —1.85),

Both diets resulted in weight
loss. 6.9 kg on low fruit and

WELL subject lost 4.8 +/-
3.3 kg and Low Fat control

a body weight loss of whereas the oat group had a | 6.6 on high fruit. i.e NS 4.6 +/- 3.1 kg P=0.83
300 g (P <0.05) non-significant weight loss | difference and none detected
0f 0.88 kg (0.37-2.13). The | in any other metabolic
difference between the two | parameters Mean energy
groups was statistically intake about 1300 kcal
significant (P = 0.004).
Effect on risk Protect Protect None None
Increase/None/Protect
Clinical importance 2 2 3 4
[9]
Clinical relevance 2 2 2 2
[10]
Generalisability y y limited n n
Applicability y n n n
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1.4 FRUIT and DIABETES TYPE 2

Does a particular intake of fruit affect the risk of type 2 diabetes?

Evidence Consumption of fruit is not associated with risk of type 2

statement diabetes.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level 11l evidence from 1 meta analyses of cohorts (4 studies)
and 1 cohort.

Consistency Satisfactory Meta analysis and 1 European cohort no protection.

Clinical impact Poor HR ranges 0.7-1.01.

Generalisability Good US and Finland.

Applicability Good Applicable to Australian adults.

One meta analysis of US and Europeans cohorts with four studies and an additional cohort from EPIC
(both studies of good quality) were used to form the evidence (see Table 1.4). The meta-analysis showed
no significant protection but the EPIC cohort did. The evidence statement is based on five cohorts and
additional studies are needed to further guide evidence.

Summary: The evidence suggests that consumption of fruit is not associated with risk of type 2 diabetes
(Hamer & Chida 2007; Harding et al. 2008) (Grade C). However, as seen for vegetables, given the
evidence suggesting association between consumption of fruit and reduced risk of obesity and weight
gain, further long-term studies may be required in this area.
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Table 1.4 Studies used to make the body of evidence statement for fruit and diabetes.

Reference [1]

Hamer et al. 2007 [18]

Harding et al. 2008 [225]

Type of study [2]

Systematic review of 4 cohorts

Cohort

Level of evidence [3]

111-2

111-2

Intervention/
comparator [4]

Examine subjects consuming 3
or more serves fruit vs those
consuming less and diabetes

type 2

Quintile of fruit and incident diabetes type
2

N [5]

167 128

21 831

Population/study
information [6]

6 to 23 years follow up
includes US and Finnish
cohorts

EPIC in UK males and females

Quality [7] P P

Results [8] RR for 3 or more serves vs <3 | OR for quintile 5 vs quintile 1 RR 0.7
serves fruit 1.01 (95% CI (95% C10.54-0.9)
0.88-1.15)

Effect on risk None Protect

(Increase/None/Protect)

Clinical importance [9] |2 1

Clinical relevance [10] 1 1

Generalisability y y

Applicabilty y y
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1.5 FRUIT and CANCER

Does a particular intake of fruit affect the risk of gastric cancer?

Evidence Statement Consumption of fruit is associated with reduced risk
of gastric cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory ~ Level III evidence from 1 pooled analysis (7 cohorts

and 24 case control medium risk bias) 4 cohort (low
to medium risk bias) and 3 case control (low to
medium risk bias).

Consistency Poor 4 show significant protection (including pooled
analysis and 4 do not.

Clinical impact Satisfactory =~ Reduction in risk ranged from 25% to 47%.

Generalisability Good Populations from US Italy Poland Japan and
Sweden.

Applicability Good For Australian adults.

The pooled analysis and four cohort studies and the four case control studies contributing to the body of
evidence are in Table 1.5. Based largely on the pooled analysis a protective effect is suggested. Only one
of the newer cohort studies reported protection and this was in Japanese adults and the quality of this
study was rated neutral because of the strong possibility of measurement bias due to the assessment of
fruit intake. The study from the EPIC cohort and a Swedish and US study failed to find protective
effects. It is noted that gastric cancer is more common in Japan. The case control studies included one in
Japanese women with a negative outcome and two in Europe with a positive outcome. In the World
Cancer Research Report it was concluded that it was probable that fruits were protective.

Summary: There is inconclusive evidence that consumption of fruit is associated with reduced risk for
gastric cancer (Grade D) as there is but with lower consistency across studies, with a number of studies
including cohort, case control and pooled analysis, showing an inverse association (Kobayashi et al.
2002; Lissowska et al. 2004; Lucenteforte et al. 2008; Riboli & Norat 2003) but other cohort and case
control studies not finding an association (Gonzales et al. 2006; Larsson et al. 2006; George et al. 2009;
Ito et al. 2003).
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Table 1.5 Studies used to make evidence statements for fruit and gastric cancer

Reference [1]

Riboli and Norat

Kobayashi et al. 2002

Gonzalez et al.2006

Larsson 2006 [1036]

2003 [1993] [2229] [1207]

Type of study [2] Pooled cohorts (7) and | Cohort Cohort Cohort
case controls (24)

Level of evidence [3] I11-2 II1-2 I11-2 I11-2

Intervention/
comparator [4]

Each 100 g fruit
additional and gastric

Quintiles of fruit intake
and gastric cancer

Quartiles of fruit intake
and incident gastric

Serves of fruit <1; 1.0
to 1.4; 1.5-2.4 and >=2.5

cancer cancers per day and gastric
cancer
N [5] Uncertain 19,304 M 521,457 45338 M
20,689 F 36,664 F
Population/ Asian US and Japanese cohort adult Part of EPIC Swedish cohort males
study information [6] | European cohorts and females
Quality [7] 0 0 P P
Results [8] RR 0.74 (95% CI 0.69- | significant effect for quartile 4 vs quartile 1 no effect for 2.5 serves
0.81) for an increase of | fruit if consumed more | fruit RR 0.99 (95% CI fruit. RR 0.86 (95% CI
100 g per day (some than once per week RR | 0.68—1.42) 0.52-1.43)
heterogeneity) 0.70  (95% CI1 0.49-
1.00)
Effect on risk Protect Protect None None
(Increase/None/
Protect)
Clinical importance[9] | 1 1 2 2
Clinical relevance [10] | 1 1 1 1
Generalisability y limited y y
Applicability y limited y y
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Table 1.5 Studies used to make evidence statements for fruit and gastric cancer (cont.)

Reference [1]

George et al. 2009

Lissowska et al. 2004

Lucenteforte et al.

Ito et al. 2003 [3676]

[2574] [6757] 2008 [2698]
Type of study [2] Cohort Case control Case control Case control
Level of evidence [3] I1-2 II1-2 -2 I11-2
Intervention/ Quintiles of fruit and Quartiles of Intake of Quintiles of intake of Fruit intake by quartiles

comparator [4]

incidence gastric

fresh fruit and incidence

fruit and gastric cancer

and gastric cancers

cancer of gastric cancer

N [5] 195229 F 274 cases 230 cases 508 cases
288 109 M 463 controls 547 controls 36 490 controls

Population/ US adults M and F Polish adults - a well Italian adults 22 to 80 Japanese F >30 yrs,

study information [6] defined population study | yrs. Hospital controls ie | hospital controls i.e.

base poorly defined study poorly defined study
base base

Quality [7] P P 0 0

Results [8] Quintile 5 vs quintile 1 | Fruits (including juice) Fruit highest vs lowest Fruit everyday OR 0.68
fruit RR 0.75 (95% CI | OR 0.53(95% CI10.33- | quintile OR 0.53(95% (95% CI1 0.40-1.16) but
0.43, 1.31) for women | 0.86) P for trend P=0.02 | C10.3-0.93) P for trend | the P for trend across
and 1.15 (95% CI1 0.85, NS quartiles was significant
1.55) for men (P<0.001)

Effect on risk None Protect Protect None

(Increase/None/

Protect)

Clinical importance[9] | 2 1 1 2

Clinical relevance [10] | 1 1 1 1

Generalisability y y y n

Applicabilty y y y n

28



1.6 FRUIT and BREAST CANCER

Does a particular intake of fruit affect the risk of breast cancer?

Evidence Statement Consumption of fruit is not associated with risk of
breast cancer.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 pooled analysis of 8

case control and 10 cohort studies (medium risk
bias 2 cohort (low risk bias) and 4 case control
(low to medium risk bias).

Consistency Good Pooled analysis, both cohorts and 2 case control
no effect; 1 case control protective and one
protective for menopausal but not premenopausal.

Clinical impact Poor No significance.

Generalisability Good In European US and Asian populations and both
menopausal and premenopausal women.

Applicability Good Applicable to Australian adult women.

The pooled analysis showed no protective effect of fruit per additional 100g per day. Two cohorts and
four case control studies were used to make the body of evidence statements for fruit and breast cancer,
see Table 1.6. Only one case control study found a significant protective effect and this was for daily
fruit consumption in Polish people. The two cohort studies conducted in the US and Europe included
populations with higher fruit consumption such that intakes for lower quintiles were similar intakes to
the higher consumption levels in the case control study. The World Cancer Research Fund report
concluded that no dietary factors were protective.

Summary: Consumption of fruit is not associated with risk of breast cancer (George et al. 2009; Van
Gils 2009; Kruk 2007; Malin et al. 2003; Gaudet et al. 2004; Hermann et al. 2002) (Grade C)
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Table 1.6 Studies used to make evidence statement for fruit and breast cancer

Reference [1]

Riboli and Norat 2003

George et al. 2009

Van Gils 2009 [1511]

Kruk J 2007 [2738]

[1993] [2574]

Type of study [2] Pooled cohorts (10) Cohort Cohort Case control
case controls (25)

Level of evidence [3] 11-2 11-2 1-2 I11-2

Intervention/
comparator [4]

Per additional 100 g
fruit and breast cancer

Quintile of fruit intake
and incident breast

Quintile of intake for
fruit 115g171g229¢g

Fruit <5 serves per week;
5-6 serves per week; more

with 8 case control and | cancer 277 g 372 g per day and | than 7 serves per week and
10 cohort studies breast cancer breast cancer according to
pooled menopausal status.
N [5] Not specified 195229 F 285526 858 cases
1085 controls
Population/study Asian US and European | US F >50yrs EPIC F aged 25- 70 yrs | F aged 28-78 yrs in Poland
information [6] cohorts
Quality [7] 0 P P P
Results [8] Fruit shows no NS effect for fruit RR Q5 | RR quintile 5 vs For menopausal breast
protection RR 0.99 1.01 (95% CI 0.8-1.28) quintile 1 for fruit RR | cancer OR 0.62 (95% CI
(95% CI1 0.90-1.0) and NS trend effect 1.09 (95% CI, 0.94- 0.47-0.81) P for trend
1.25) P<0.0012 and for
premenopausal 0.6 (0.43-
0.85) P for trend P<0.002
for one serve fruit per day
vs 5 serves or less per
week
Effect on risk None None None Protect
Clinical importance [9] |1 2 4 1
Clinical relevance [10] |2 1 1 1
Generalisability y y y y
Applicabilty y y y y
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Table 1.6 Studies used to make evidence statement for fruit and breast cancer (cont.)

Reference [1]

Malin et al. 2003 [2078]

Gaudet et al. 2004 [1650]

Hermann et al. 2002[2141]

Type of study [2]

Case control

Case control

Case control

Level of evidence [3]

II-2

I11-2

III-2

Intervention/
comparator [4]

Quintile of intake of total and
subtypes fruit and risk of breast
cancer

Quintile of intake of fruit and risk
of breast cancer by menopausal
status

Association between
premenopausal breast cancer and
German diet including g fruit per
day- fruit by quartiles

N [5]

1459 cases
1556 controls

1463 cases
1500 controls

355 cases
838 controls

Population/study

Women aged 25-64 yrs in

Study in US and Bahamas and

F <51 yrs hospital based in

information [6] Shangai was population based Germany
Quality [7] P 0 0
Results [8] OR NS for fruits but significant | NS reduction in OR or P for trend | No significant effect for fruit. OR

effect for bananas OR 0.73
(0.58-0.93) quintile 5 vs quintile
1 and showed a significant trend
across quintiles

across quintiles for
premenopausal

For post menopausal quintile 5 vs
quintile 1 OR 0.72 (95 % CI

quartile 4 (>368g per day)
1.13 (95% CI 0.77-1.66)

0.53-0.99)
Effect on risk None None/Protect None
Clinical importance |4 1 3
[]
Clinical relevance 1 1 1
[10]
Generalisability y limited y y
Applicabilty y limited
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1.7 FRUIT and LUNG CANCER

Does a particular intake of fruit affect the risk of lung cancer?

Evidence Statement Consumption of fruit is associated with reduced
risk of lung cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 2 pooled analyses of

cohorts and case control (one of 8 cohorts and one
of 25 case control and 11 cohorts and medium risk
bias) 5 cohorts (low to medium risk bias) and 4
case control (low to medium risk bias).

Consistency Poor 2 pooled analyses protective for fruit; 1 cohort
(EPIC) protective 4 cohorts and 4 case controls no
protection.

Clinical impact Satisfactory 15% to 23% reduction in the pooled meta analysis.

Generalisability Good Nurses Health, Adventist Health, ATBC, Canadian

breast cancer Health Professionals lowa
Netherlands New York State in cohorts.

Applicability Good Australian adults.

The two pooled cohorts, five cohort studies and four case control studies contributing to the body of
evidence are in Table 1.7. The two pooled analyses indicated that fruit is protective of lung cancer as did
the EPIC cohort study but most of the studies published since the pooled analyses have failed to
demonstrate a protective effect. The pooled analyses include 16 cohort and 25 case control studies and it
is difficult for the newer studies to negate this finding with the backing of the EPIC cohort. Thus the
evidence statement is that the association is protective but the newer studies indicate the evidence may
not be trusted to guide decision making. The World Cancer Research Fund report concluded that it was
probable that fruits were protective.

Summary: Consumption of fruit is associated with a reduced risk of lung cancer (Grade D). However a
substantial effect on risk is unlikely given the initially strong and consistent evidence from pooled
analysis, in 2003 (Smith Warner et al. 2003; Riboli & Norat 2003), with the exception of the EPIC study
(Miller et al. 2007) is not well supported by more recent cohort (George et al. 2009; Liu et al. 2004;
Skuladottir 2004; Wright 2004) studies or case-control studies (Dosil-Diaz 2008; Ruano-Ravina et al.
2002; Rylander et al. 2006; Marchand et al. 2009).
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Table 1.7 Studies used to make evidence statements for fruit and lung cancer

Reference [1]

Smith Warner et al.

Riboli and Norat 2003

George et al. 2009 [2574]

Liu et al. 2004 [1826]

2003 [1954] [1993]
Type of study [2] Pooled analysis (8 Pooled cohorts (10) case Cohort Cohort
cohorts) controls(25)
Level of evidence [3] 111-2 111-2 111-2 I11-2
Intervention/ Quintiles of fruit (155 to | Fruit and lung cancer with | Fruit by quintile and Fruit intake as low (mean
comparator [4] 354 fruit g per day) and | 25 case control and 10 incident lung cancer <=31.6g per day) medium

lung cancer

cohort studies pooled

(mean <=95.5 g per day)
and high (mean >=138.4¢g
per day) and lung cancer

N [5] 8 cohorts 28,0419 F Not specified 195,229 F 42,224 (cohort 1) and
149,862 M 288,109 M 51,114 (cohort 2)

Population/ US European cohorts Asian US and European US adults M and F Japanese men and women

study information [6] | Follow up 6 to 16 years | cohorts JPHC study

Quality [7] 0 0 P 0

Results [8] Total fruits lowered risk | Fruit appears to protect NS protection from fruit No significant effect found

across quintiles p for

against lung cancer RR

for females quintile 5 vs

and RR above 1

trend <0.001 0.85 (95% CI1 0.78-0.92) quintile 1

RR 0.77; 95% CI RR 0.89 (95% CI1 0.77,

0.67-0.87 for quintile 5 1.02)

vs quintilel; and for males 0.91 (95%

C10.81, 1.01)

Effect on risk Protect Protect None None
(Increase/None
/Protect)
Clinical importance[9] | 1 1 2 4
Clinical relevance [10] | 1 1 1 1
Generalisability y y y y
Applicability y y y y
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Table 1.7 Studies used to make evidence statements for fruit and lung cancer (cont.)

Reference [1]

Skuladottir 2004 [1808]

Wright M et al. 2008 [190]

Dosil-Diaz et al. (2008)

Ruano-Ravina et al. 2002

[298] [2187]
Type of study [2] Cohort Cohort Case control Case-control
Level of evidence [3] 111-2 111-2 111-2 I11-2

Intervention/
comparator [4]

Quartiles of fruit 5 to 40
g;41-88 g; 89-164 g
165-643 g per day and
incident lung cancer

Quintiles of fruit and
subtypes and lung cancer

Fruit intake and lung
cancer. Total fruit
oranges, apples bananas
and pears. Compared
<lserve per week 1-6 per
week and >= 1 per day

FFQ to assess fruit and
subtypes in 20 years prior
to diagnosis of lung cancer

N [5] 27,178 M 472,081 M and F 295 cases, 322 controls 163 cases and 241 controls
29,875 F (1993-1997)
Population/ Danish population 50 to | US M and F from age 50 to | M and F, aged >35 yrs, Minimum age was 35yrs
study information [6] | 64 yrs 71 yrs Spain hospital based Spain population based
controls controls
Quality [7] P P 0 P
Results [8] No significant effect for | NS effect for fruit. For men | OR for fruit 1.49 (95% Fruit intake offered no

fruit. For quartile 4 RR
0.86 (95% CI 0.59-1.26)

RR 0.93 (95% CI 0.83-1.04)
and women RR 0.97(95%
CI10.84-1.11). Subgroup of
apple group RR 0.82 (95%

CI0.81-2.73) one or
more/day and no
significant effect for
individual fruits.

protection with OR 2.16
(1.02-4.58) for once/day vs
less than once/week and no
significant protection was

CI10.73-0.91) for men but found for subtypes.
NS for women

Effect on risk None None but for apple in men | None None

(Increase/None

/Protect)

Clinical importance[9] | 2 2 4 3

Clinical relevance [10] | 1 1 1 1

Generalisability y y y y

Applicability y y y y
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Table 1.7 Studies used to make evidence statements for fruit and lung cancer (cont.)

Reference [1]

Rylander et al. 2006 [1265]

Marchand et al. 2009 [2238]

Miller et al. 2007 [1906]

Type of study [2]

Case-control

Case-control

Cohort

Level of evidence [3]

111-2

I11-2

I11-2

Intervention/
comparator [4]

Fruit intake's association
with lung cancer in smokers,
former smokers and non
smokers

Fruit intake by tertile and lung
cancer

Quintiles of intake of fruit and lung cancer
Fruit median g per day for F 68.6; 142.4;
218.2; 308.6; 490.4;

for M 41.2; 102.3; 165.9; 265.4; 486.4.

N [5] 177 F 109 male cases, 227 controls, 478,021 M and F
35 M F had to be excluded as incident
916 controls (M/F) cases so low
Population/ Conducted in Sweden. Conducted in New Caledonia The EPIC study
study information [6] Adults less < 75 yrs.
Population based controls.
Quality [7] 0 0 P
Results [8] Fruit intake offered no Fruit OR 0.7 (95% C1 0.4-1.5) or | Quintile 5 vs quintile 1 for fruit HR

protection for non-smokers

tertile 3 vs 1.

0.60 (95% CI 0.46-0.78), P for

OR 0.99 (0.36-2.74). P for trend NS trend 0.0099.
Effect on risk None None Protect
(Increase/None
/Protect)
Clinical importance[9] |2 2 1
Clinical relevance [10] 1 1 1
Generalisability n n y
Applicability n n y
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1.8 FRUIT and COLORECTAL CANCER

Does a particular intake of fruit affect the risk of colorectal cancer?

Evidence Statement Consumption of fruit is not associated with risk of
colorectal cancer.

Grade C

Component Rating Notes

Evidence Base Good Level III evidence from 2 pooled analyses of 14 cohort

studies and of 31 studies (15 case control and 16 cohort,
with medium risk bias) 2 cohorts and 2 case control
(low to medium risk).

Consistency Good 4 of 6 studies find no effect for fruit but 2 case control
found a protective effect for fruit.

Clinical impact Poor No effect.

Generalisability Good US and European cohorts and cases and some Asian
populations.

Applicability Good Australian adults.

The six studies used to build the evidence statements are shown in Table 1.8. The pooled cohorts
showed a slight protection but the confidence intervals for relative risk crossed 1.0. The single cohort
studies showed no protection and it was only the case control studies, of neutral and negative quality
because of selection and/or measurement bias that demonstrated protection. The World Cancer Research
Fund report made no conclusions about fruit but stated dietary fibre is probably protective.
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Table 1.8 Studies used to make evidence statements for fruit and colorectal cancer

Reference [1]

Koushik et al. 2007 [20]

Riboli and Norat 2003 [1993]

Sato et al. 2005 [1424]

Type of study [2] Pooled cohort analysis (14) Pooled cohorts and case controls | Cohort
(€19)
Level of evidence [3] 111-2 111-2 I11-2

Intervention/
comparator [4]

Quintiles of fruit intake (<100
g to>400 g) and colon cancer

Intake of fruit and decreased risk
per 100 g intake on colorectal
cancer

Quartiles of fruit and incident
colorectal cancer

N [5] 756,217 in cohort Not specified 47,605 M and F (41 835 included
5838 cases in analysis)
14 studies
Population/study 6 to 20 yrs US and Europe US and Europe Japanese 40 to 64 yrs
information [6]
Quality [7] 0 0 P
Results [8] Quintile 5 highest vs quintile 1 | For an increase in fruit intake of | Quartile 4 vs quartile 1 RR 1.45

lowest fruit RR 0.93 (95% CI

0.85-1.02)

100 g per day from 15 case
control studies RR

0.93 (95% CI 0.87-0.99) and from
16 cohort RR 0.96 (95% CI 0.90-
1.01)

(95% CI 0.85-2.47).

Effect on risk None None None
(Increase/None/Protect)

Clinical importance[9] 2 2 4
Clinical relevance [10] 1 1 1
Generalisability y y y
Applicability y y y
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Table 1.8 Studies used to make evidence statements for fruit and colorectal cancer (cont.)

Reference [1]

George et al. 2009 [2574]

Wu et al. 2009 [119]

Oh et al. 2005 [3383]

Type of study [2]

Cohort

Case-control

Case-control

Level of evidence [3]

111-2

111-2

I11-2

Intervention/ comparator

Quintile of fruit intake and then

Tertile of fruit intake and risk of

Tertiles of fruit intake and risk

[4] incidence for all cancers and colorectal adenoma of polyps or colorectal cancer
then for individual cancers

N [5] 195229 F 764 cases 49 cases cancer, 87 cases of
288 109 M 1517 controls polyps 134 controls

Population/study US adults M and F US adult M and F Korea — hospital based study so

information [6] Hospital based study so poorly | poorly defined study base

defined study base
Quality [7] P 0 N
Results [8] Quintile 5 vs quintile 1 RR 0.93 | Tertile 3 vs tertile I OR 0.66 Tertile 3 vs tertile 1 (> 276.5 g

(0.79, 1.09)

(95% CI 0.51-0.86) for total
fruits, 0.64 (95% CI 0.47-0.87)
for berries, and 0.72 (95% CI
0.56—0.92) for fruit juice

vs <140 g) OR 0.38 (95% CI
0.2-0.74)

Effect on risk None Protect Protect
(Increase/None/Protect)

Clinical importance[9] 2 1 1
Clinical relevance [10] 1 2 2
Generalisable y n n
Applicable y n n
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1.9 FRUIT and OESOPHAGEAL CANCER

Does a particular intake of fruit affect the risk of oesophageal cancer?

Evidence statement Consumption of fruit is associated with reduced risk of
oesophageal cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 pooled analysis (medium risk
bias); 3 cohorts and 1 case control (low risk bias).

Consistency Poor 1 pooled analysis showed a positive effect; 2 cohorts no
effect; 1 cohort and 1 case control a positive effect for
fruit.

Clinical impact Good If pooled analysis correct 28% for each additional 100 g
fruit.

Generalisability Good Includes European and US populations.

Applicability Good Yes for adult men and women in Australia.

The five studies used to make the evidence statement are shown in Table 1.9. The case control studies
indicate protection with fruit intake as seen in the pooled analyses and subsequent case control study.
The findings from the US cohort showed significant protection from squamous cell carcinoma. The
EPIC study showed a 6% decrease but the confidence interval was wide and crossed 1. Average follow
up for the US cohort study was about five years and for EPIC 6.5 years. There were more incident
cancers in the US population. The World Cancer Research Fund report stated that it was probable that
fruits were protective.

Summary: While positive findings were reported across five studies (including pooled cohort and case
control and cohort studies) (Freedman et al. 2007; Riboli & Norat 2003; Gonzales et al. 2006; George et
al. 2009) and a smaller case control study (Anderson et al. 2007) there were quality issues apparent with
one meta-analysis (Riboli & Norat 2003), therefore it was inconclusive that consumption of fruit is
associated with decreased risk of oesophageal cancer (Grade D).

43



References

Anderson, L. A., Watson, R. G. P., Murphy, S. J., Johnston, B. T., Comber, H., Mc Guigan, J.,
Reynolds, J. V. & Murray, L. J. 2007, "Risk factors for Barrett's oesophagus and oesophageal

adenocarcinoma: results from the FINBAR study", World Journal of Gastroenterology, vol. 13, no. 10,
pp. 1585-94.

Freedman, N. D., Park, Y., Subar, A. F., Hollenbeck, A. R., Leitzmann, M. F., Schatzkin, A. & Abnet,
C. C. 2007, "Fruit and vegetable intake and esophageal cancer in a large prospective cohort study",
International Journal of Cancer, vol. 121, no. 12, pp. 2753-60.

George, S. M., Park, Y., Leitzmann, M. F., Freedman, N. D., Dowling, E. C., Reedy, J., Schatzkin, A.,
Hollenbeck, A. & Subar, A. F. 2009, "Fruit and vegetable intake and risk of cancer: a prospective cohort
study", American Journal of Clinical Nutrition, vol. 89, no. 1, pp. 347-53.

Gonzalez, C. A., Pera, G., Agudo, A., Bueno-de-Mesquita, H. B., Ceroti, M., Boeing, H., Schulz, M.,
Del Giudice, G., Plebani, M., Carneiro, F., Berrino, F., Sacerdote, C., Tumino, R., Panico, S., Berglund,
G., Siman, H., Hallmans, G., Stenling, R., Martinez, C., Dorronsoro, M., Barricarte, A., Navarro, C.,
Quiros, J. R., Allen, N., Key, T. J., Bingham, S., Day, N. E., Linseisen, J., Nagel, G., Overvad, K.,
Jensen, M. K., Olsen, A., Tjonneland, A., Buchner, F. L., Peeters, P. H. M., Numans, M. E., Clavel-
Chapelon, F., Boutron-Ruault, M.-C., Roukos, D., Trichopoulou, A., Psaltopoulou, T., Lund, E.,
Casagrande, C., Slimani, N., Jenab, M. & Riboli, E. 2006, "Fruit and vegetable intake and the risk of
stomach and oesophagus adenocarcinoma in the European Prospective Investigation into Cancer and
Nutrition (EPIC-EURGAST).[see comment]", International Journal of Cancer, vol. 118, no. 10, pp.
2559-66.

Riboli, E. & Norat, T. 2003, "Epidemiologic evidence of the protective effect of fruit and vegetables on
cancer risk", American Journal of Clinical Nutrition, vol. 78, no. 3 Suppl, pp. 559S-569S.

44



Table 1.9 Studies used to make evidence statement for fruit and oesophageal cancer

Reference [1]

Riboli and Norat

Freedman et al.

Gonzalez et al.

George et al. 2009

Anderson et al.

2003 [1993] 2007 [427] 2006 [1207] [2574] 2007 [7807]
Type of study [2] Pooled cohorts and | Cohort Cohort Cohort Case control
case controls — 15
studies
Level of evidence [3] 1-2 11-2 1I-2 I1-2 I11-2

Intake of fruit and
decreased risk per

Quintiles of fruit
intake incident

Tertiles of fruit
intake and incident

Quintile of fruit and
then incidence for

Tertiles for weekly
fruit consumption

100 g intake on oesophageal cancer | oesophageal all cancers and then | and oesophageal
Intervention/ oesophageal cancer adenocarcinoma for individual adenocarcinoma
comparator [4] cancers
N [5] Not specified 490 802 subjects 521457 M and F 195229 F 227 with
(566 407 initial 288 109 M Oesophageal
sample ) Adenocarcinoma
and 260 controls
Population/study Asian US and US NIH American | Part of European US adults M and F | Population based in
information [6] European (15 Association of Investigation into Ireland (FINBAR
studies) Retired Persons cancer EPIC study)
study M and F
>=50 yrs
Quality [7] 0 P P P P
Results [8] Each additional 100 | Total fruit 0.46 Tertile 1 vs tertile 3 | Quintile 5 vs Tertile 1 (<5 per
g fruit RR 0.72 (0.21-1.0) P for RR 0.94 (95% CI quintile 1 RR 1.09 | week) vs tertile 3
(95% CI1 0.62-0.83) | trend 0.03. for 0.49-1.80) (95% C1 0.54-2.2) | (>20 per week. OR

based on case
control

squamous cell
carcinoma but for
adenocarcinoma RR
1.04 (95% CI 0.64-
1.69)

0.5 (95% C10.3-
0.86) NS for trend
effect
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Effect on risk Protect Protect None None Protect
(Increase/None/Protect)

Clinical importance [9] | | 1 2 4 1
Clinical relevance [10] |1 1 1 1 1
Generalisable y y y y y
Applicable y y y y y
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1.10 FRUIT and ORAL and NASOPHARYNGEAL CANCERS

Does a particular intake of fruit affect the risk of oral and nasopharyngeal cancer?

Evidence Statement Consumption of fruit is associated with a reduced
risk of oral and nasopharyngeal cancer.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 pooled cohort (medium

risk bias with 9 studies ) and 4 case control
(medium to high risk bias).

Consistency Good 4/5 found fruit protective.
Clinical impact Good As much as 50% reduction.
Generalisability Good European US and Asian.
Applicability Good Adult Australians.

The pooled analysis and three of the four case control studies used to make the evidence statements
show protection (see Table 1.10). The quality of the study showing no significant effect was very poor.
Comparisons were by Mann Whitney U test of intakes with no logistic regression modeling to yield an
odds ratio. The studies also indicate that protection may be more for current or ever smokers than non-
smokers. Most studies adjust for smoking and alcohol that are known risk factors. The World Cancer
Research Fund report stated that it was probable that fruits protected against oral cancer.
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Table 1.10 Studies used to make evidence statement for fruit and oral and nasopharyngeal cancer

Reference [1]

Riboli and Norat 2003
[1993]

Kreimer et al. 2006
[1217]

Guneri et al.
2005 [1322]

Heck et al. 2008
[2657]

Escribano
Uzcudun et al.
2002 [7999]

Type of study [2] Pooled cohorts and case Case control Case control Case control Case control
controls
9 studies
Level of evidence [3] I1-2 I11-2 I11-2 I11-2 I11-2
Intervention/ Intake of fruit and Quartiles of fruit and | Comparison of Quartiles of fruit Fruit intake
comparator [4] decreased risk per 100 g oral and weekly fruit intake and included with many
intake on oral and oropharyngeal intake in cases of | hypopharyngeal risk factors for
pharyngeal cancer squamous cell oral cancer and | cancer pharyngeal cancer
carcinomas controls
N [5] Not specified 1670 cases, 1732 79 cases, 61 513 cases, 713 232 cases, 232
controls controls controls controls
Population/study Asian US and European Hospital based in 9 Clinic based Indian hospital based | Hospital based
information [6] cohorts 9 case control countries (IARC study in young study study in Madrid,
studies group) Italy Spain Turkish adults Spain
Australia, Canada,
Poland Northern
Ireland, India, Sudan,
Cuba
Quality [7] 0 0 N 0 0
Results [8] Each additional 100 g per | Quartile 4 vs quartile | NS association. | Ever smoked tobacco | Deficient dietary
day fruit RR 0.53 (95% CI | 1 OR 0.7 (95% CI ORs not highest quartile vs intake of fruit and
0.37-76) 0.5-0.9) P for trend calculated in lowest of fruit intake | fruit juice OR 4.4

<0.001.

normal manner

OR 0.37 (95% CI
0.20-0.69) for never
smokers OR 0.56
(95% CI 0.20 1.55)

(95% CI2.0-9.4 )
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Effect on risk

Protect Protect None Protect Protect
(Increase/None/Protect)
Clinical importance[9] | 1 1 n/a 1 1
Clinical relevance [10] |1 1 1 1 1
Generalisability y y n n y
Applicability y y n smokers only n
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1.11 FRUIT and OVARIAN CANCER

Does a particular intake of fruit affect the risk of ovarian cancer?

Evidence statement Consumption of fruit is not associated with risk of ovarian
cancer.

Grade C

Component Rating Notes

Evidence Base  Satisfactory Level III evidence from 1 pooled analysis of 12 cohorts (low
risk bias); and 1 cohort (low risk bias).

Consistency Excellent Pooled analysis showed no effect; 1 cohort no effect.
Clinical impact  Poor No protection.

Generalisability Good Includes European and US studies.

Applicability Good Yes for adult women in Australia.

The pooled analysis and cohort are summarized in Table 1.11. In European and US women there is
no evidence of protection from fruit consumption.
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Table 1.11 Studies used to make evidence statement for fruit and ovarian cancer

Reference [1]

Koushik et al. 2005 [1345]

Schulz 2005 [1308]

Type of study [2] Pooled cohort analysis (12) Cohort
ovarian cancer
Level of evidence [3] 1-2 I11-2
Intervention/ Quartiles of fruit <100 to Looking at 80 g increments of total

comparator [4]

>400 g per day and ovarian
cancer

fruit and ovarian cancer

N [5] 560,441 cohort 325,640 F
2130 cases
Population/study US and European cohorts
information [6] including Nurse Health,
Netherlands, Swedish
Mammography EPIC cohort
Quality [7] 0 P
Results [8] Quartile 4 vs quartile 1 veg Per additional 80 g veg HR 1.08 (95%
intake RR 1.06 (95% CI1 0.92- | C10.99, 1.18)
1.21)
Effect on risk None None
(Increase/None/
Protect)
Clinical importance [9] |4 4
Clinical relevance [10] 1 1
Generalisability y y
Applicability y y
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1.12 FRUIT and ENDOMETRIAL CANCER

Does a particular intake of fruit affect the risk of endometrial cancer?

Evidence statement Consumption of fruit is not associated with risk of
endometrial cancer.

Grade C

Component Rating Notes

Evidence Base  Satisfactory Level III evidence from 1 pooled analysis of 10 studies (only
4 included in RR) and 1 cohort (low risk bias) and 2 cases.
control (medium risk bias)

Consistency Excellent No protection.
Clinical impact  Poor No protection.
Generalisability Good Includes European and US studies.
Applicability Good Yes for adult women in Australia.

The meta analysis, cohort and case control studies used to make the body of evidence are shown in
Table 1.12. All studies agree that there is no protection from fruit but further studies are indicated.
The World Cancer Research Fund report also concluded there was no supportive evidence for fruit
offering protection.

References

Bandera, E. V., Kushi, L. H., Moore, D. F., Gifkins, D. M. & McCullough, M. L. 2007, "Fruits and
vegetables and endometrial cancer risk: a systematic literature review and meta-analysis", Nutrition
& Cancer, vol. 58, no. 1, pp. 6-21.

Bravi, F., Scotti, L., Bosetti, C., Zucchetto, A., Talamini, R., Montella, M., Greggi, S., Pelucchi, C.,
Negri, E., Franceschi, S. & La Vecchia, C. 2009, "Food groups and endometrial cancer risk: a case-

control study from Italy", American Journal of Obstetrics and Gynecology, vol. 200, no. 3, pp.
293.e1-293.e7.

McCullough, M. L., Bandera, E. V., Patel, R., Patel, A. V., Gansler, T., Kushi, L. H., Thun, M. J. &
Calle, E. E. 2007, "A prospective study of fruits, vegetables, and risk of endometrial cancer",
American Journal of Epidemiology, vol. 166, no. 8, pp. 902-11.

Yeh, M., Moysich, K. B., Jayaprakash, V., Rodabaugh, K. J., Graham, S., Brasure, J. R. & McCann,
S. E. 2009, "Higher intakes of vegetables and vegetable-related nutrients are associated with lower
endometrial cancer risks", Journal of Nutrition, vol. 139, no. 2, pp. 317-22.

53



Table 1.12 Studies used to make the body of evidence statement for fruit and endometrial

cancer

Reference [1]

Bandera et al.
2007 [4633]

McCullough M et
al. 2007 [454]

Bravi et al.
2009 [2829]

Yeh et al. 2009
[8110]

Type of study Meta analysis 10 Cohort Case-control Case-control

[2] studies included

Level of 1-2 3 11-2 1-2

evidence [3]

Intervention/ Dose response per | Quintiles veg up to | Fruit and Quartile of fruit

comparator [4] | 100 g fruit and more than 2.7 endometrial intake risk of
endometrial cancer | serves and incident | cancer risk endometrial cancer

endometrial cancer

N [5] Varied from 2951 | 41,400 454 cases and 541 cases and 541
to 3255 cases 908 controls controls
Population/ US Europe and US W median age | In Italy - Hospital based in
study Asia this is the 63yrs Cancer hospital based UsS
information [6] | WCRF systematic | Prevention 2 controls
review Cohort
Quality [7] P P 0 0
Results [8] For additional 100g | For highest vs For an For quartile 4 vs
fruit per day RR lowest tertile fruit | increment of one | quartile 1 fruit
0.94 (95% CI10.86- | RR 1.24, (95% CI | serving of fruit | intake OR 1.10
1.02) only 4 studies | 0.90,1.70) OR 0.83 (95% (0.74-1.62)
CI1 0.55-1.24)
Effect on risk None None None None
(Increase/None/
Protect)
Clinical 2 4 2 4
importance [9]
Clinical 1 1 1 1
relevance [10]
Generalisability |y y n y
Applicability y y n y

54




FRUIT - subtypes
Search results

The initial search of the databases included 3691 references for fruit and the specified disease
outcomes. The detailed search is included in a separate document on searches. As there were 2714
duplicates with the fruit database the two were combined in one Endnote library and coded as one.
All 97 references concerning fruit and vegetables had data extracted and 4 papers were used to form
the body of evidence statements for subtypes of fruit. Sufficient evidence was found to make a
statement for citrus fruit and pancreatic cancer, fruits and colorectal cancer.

1.13 CITRUS FRUIT and PANCREATIC CANCER

Does a particular intake of citrus fruit affect the risk of pancreatic cancer?

Evidence Statement Consumption of citrus fruit is associated with reduced risk
of pancreatic cancer

Grade D

Component Rating Notes

Evidence Base Satisfactory  Level III evidence from 1 meta analysis of 9 studies (4

case control and 5 cohort (medium risk bias) plus 1 cohort
(low risk bias).

Consistency Poor The pooled analysis shows protection but reliant on the
case control studies. The single cohort study shows an
increased risk.

Clinical impact Good Reduction of risk 17%.
Generalisability Good Studies in Europe USA and Asia.
Applicability Good Applies to Australian adults.

The systematic review with pooled odds ratio indicates that citrus fruits are protective but it is noted
that this is largely because of positive findings with the case control rather than the cohort studies.
The EPIC cohort investigation finds an increased risk and as this is the largest prospective trial into
cancer and fruit consumption the results cannot easily be dismissed. This means that the evidence
base cannot guide practice but alerts researchers to the need for further study of this association.

References

Bae, J. M., Lee, E. J., Guyatt, G., 2009, "Citrus fruit intake and pancreatic cancer risk: a quantitative
systematic review", Pancreas, vol. 38, no. 2, pp. 168-74.

55



Vrieling, A., Verhage, B. A., van Duijnhoven, F. J., Jenab, M., Overvad, K., Tjonneland, A., Olsen,
A., Clavel-Chapelon, F., Boutron-Ruault, M. C., Kaaks, R., Rohrmann, S., Boeing, H., Nothlings,
U., Trichopoulou, A., John, T., Dimosthenes, Z., Palli, D., Sieri, S., Mattiello, A., Tumino, R.,
Vineis, P., van Gils, C. H., Peeters, P. H., Engeset, D., Lund, E., Rodriguez Suarez, L., Jakszyn, P.,
Larranaga, N., Sanchez, M. J., Chirlaque, M. D., Ardanaz, E., Manjer, J., Lindkvist, B., Hallmans,
G., Ye, W,, Bingham, S., Khaw, K. T., Roddam, A., Key, T., Boffetta, P., Dull, E. J., Michaud, D. S.,
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56



Table 1.13 Studies used to make the body of evidence statement for citrus fruit and pancreatic

cancer.

Reference [1]

Bae et al. 2009 [8035]

Vreiling et al. 2009 [86]

Type of study [2]

Systematic review with pooled
estimate (9 cohort, 4 case control)

Cohort

Level of evidence [3]

I11-2

I11-2

Intervention/ comparator [4]

Citrus fruits and pancreatic cancer

Quartile of intake <8g
per day 8-29 g per day;
29-68 g per day; >68 g
per day and incident
pancreatic cancer

N [5]

9 (5 cohort and 4 case control)
1894 cases and 6257 controls/
4783case/1,478,925 in cohorts

142,759M
335,821 F

Population/study information

European Japan and US; cohorts

EPIC cohort mean age

[6] followed for 6.8 to 14 years 51 yrs
Quality [7] 0 P
Results [8] Inverse association RR 0.83 (0.7- No association of

0.98) but effects only found in case
control from seldom to almost
daily

pancreatic cancer with
citrus fruit highest
quartile vs lowest
quartile RR 1.12 (95%

CI10.86-1.45)
Effect on risk (Increase/None/ | Protect None
Protect)
Clinical importance [9] 1 4
Clinical relevance [10] 1 1
Generalisability y y
Applicability y y
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1.14 FRUIT by sub type and COLORECTAL CANCER

Does a particular intake of fruit affect the risk of colorectal cancer?

Evidence Statement Consumption of fruit of most subtypes is not associated
with colorectal cancer.

Grade D

Component Rating Notes

Evidence Base Good Level III evidence from1 meta analysis of 14 cohort

studies (medium risk bias) plus 1 case control study
(medium risk bias).

Consistency Satisfactory ~ The pooled analysis show no protection except for
bananas.

Clinical impact Poor Only reduction found for bananas of about 10%.

Generalisability Good Studies in Europe and USA.

Applicability Good Applies to Australian adults.

As was found for total fruits, no subtype of fruit was demonstrated to provide protection from
colorectal cancer with the exception of bananas in the pooled analysis. The protective effect of
bananas has been reported previously. See Table 1.14.
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Table 1.14 Studies used to make the body of evidence statement for citrus fruit and colorectal

cancer.

Reference [1]

Koushik et al. 2007
[20]

Wu et al. 2009 [119]

Type of study [2] Pooled cohort analysis | Case-control
colon cancer (14
studies)

Level of evidence [3] I11-2 I11-2

Intervention/ comparator [4]

Quintiles of fruit
intake (<100g to >

Fruit subtypes intake by tertile and risk
of colorectal adenoma

400g) and colon
cancer
N [5] 756217 in cohort 764 cases
5838 cases 1517 controls
14 studies
Population/study information | Europe and US. US adult males and females
[6] Follow up 6 to 20 Hospital based study
years
Quality [7] 0 0
Results [8] Highest ( 1/2 or 1 Tertile 3 vs tertile 1

serving per day) vs nil
apples/pears RR 0.98
(0.88-1.10)

melon RR 0.98 (0.88-
1.10)

oranges RR 1.00
(0.89-1.11)
grapefruit RR 0.96
(0.81- 1.13)

bananas RR 0.88
(0.78-0.99)

peaches RR 0.97
(0.75-1.24)

OR citrus fruit 0.83 (95% CI 0.63-1.10)
OR melon 1.10 (95% CI 0.86-1.39)

Effect on risk (Increase/None/
Protect)

None except for
bananas

None

Clinical importance [9]

1 for bananas

2 citrus/4 melon

Clinical relevance [10]

1

1

Generalisability

y

n

Applicability

y

n
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2. VEGETABLES (sl.1 and S1.10)

Evidence Statements



2. VEGETABLES (S1.1 and S1.10)
Search results

The initial search of the databases included 4667 references for vegetables and the specified disease
outcomes. The detailed search is included in a separate document on searches. As there were 2714
duplicates with the fruit database the two were combined in one Endnote library and coded as one. In
all, 97 references concerning fruit and vegetables had data extracted and 58 papers were used to form
the body of evidence statements for vegetables. Sufficient evidence was found to make statements
for vegetables and cardiovascular disease, stroke, obesity diabetes and a range of cancers including
gastric, breast, lung, colorectal, oesophageal and oral and nasopharyngeal, endometrial, ovarian and
bladder cancer.

2.1 VEGETABLES and CORONARY HEART DISEASE

Does a particular intake of vegetables affect the risk of coronary heart disease?

Evidence Statement Consumption of each additional daily serve of vegetables is
associated with a reduced risk of coronary heart disease.

Grade B

Component Rating Notes

Evidence Base  Good Level Il evidence from two meta analyses each with 9 cohort

studies (with most studies in common and medium risk bias and
2 cohort (low risk bias) and 1 case control and one RCT
(medium risk bias).

Consistency Good Meta analyses and case control and RCT protective (and in each
study) but cohort studies show no effect.

Clinical impact Good 15 to 25% reduction with additional serve.

Generalisability Good US, Europe.

Applicability Excellent Australian adults of both sexes.

The studies used to make the body of evidence statements are shown in the Table 2.1 below. The two
meta analyses are in agreement but have six of nine studies in common, with most studies being from
the USA. The Japanese cohort study demonstrated no association between vegetables and
cardiovascular disease and the analysis of the Nurses Health and Male Health Professionals cohorts
stratified by the percentage energy from carbohydrate indicated that the protective effect is only
found when carbohydrate intakes are less than 40% energy. The hospital-based case control study
showing that vegetables markedly decrease the risk of acute myocardial infarction was of a poorer
quality with selection and measurement bias. The RCT is also of a poorer quality and only for six
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weeks with measurement of surrogate outcomes of blood lipids but it reinforces the finding that
vegetable consumption may protect from cardiovascular disease.

Summary: It is probable that each additional daily serve of vegetables is associated with a reduced
risk of coronary heart disease (Grade B) with consistent reporting of protective effects from meta-
analysis (Dauchet et al. 2006; He et al. 2007) supported by other individual studies (Rastogi et al.
2004; Rodriguez-Rodriguez et al. 2007). These findings were not supported by two cohort studies
(Joshipura et al. 2008; Takashchi et al. 2008) although a protective effect was seen in the Nurses
Health and Male Health Professionals study (Joshipura et al. 2008) when carbohydrate intakes were
less than 40% energy intake.
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Table 2.1 Studies used to make evidence statement for vegetables and coronary heart disease

Reference [1] Dauchet et al. He et al. 2007 [23] | Joshipura et al. Takachi et al. Rastogi et al. 2004 | Rodriguez-Rodriguez et
2006 [33] 2008 [2546] 2008 [376] [1846] al. 2007 [3123]

Type of study [2] | Meta analysis of Meta analysis of Cohort Cohort Case-control RCT
cohort - 9 cohorts cohort -12

Level of evidence | III-2 1-2 11-2 1-2 1-2 I

[3]

Intervention/ Decrease in RR Intake of Quintile of Quartiles of intake | Serves of veg and | Energy restricted diet

comparator [4]

with each
additional serve of
vegetables (1-5 or
more serves) and

vegetables of <1.7,
1.7-3.0 and >3.0
servings/day and
coronary heart

vegetable by %
energy from
carbohydrate i.e.
<40%, 40-55% and

and cardiovascular
disease outcomes

risk of acute
myocardial
infarction <1
serve, 1-2 serves,

rich in either cereal or
vegetable, and
cardiovascular disease
risk factors

coronary heart disease >55% and 2-3 serves, >3
disease cardiovascular serves/day
disease
N [5] 82,524 M 278,459 M and F) | 38,918 M 77,891 350 cases and 700 | 57 overweight females
117,108 F 70,870 F controls (both from | 29 in cereal group and 8
Indian hospitals) in veg group
Population/study | 9 cohorts include 7 | 9 cohorts included | Nurses Health and | Japanese adult M Hospital based Subjects in veg group

information [6] cohorts from the long follow up in Male Health and F Indian study encouraged to increase
U.S. and 2 from US and Europe Professionals intake of veg (at least 3
Finland but only 7 times per day), salad at
used in the lunch and dinner and veg
metanalysis. as a main course in one

meal

Quality [7] 0 0 P P 0 0

Results [8] Veg and CHD For <1.7 serves veg | Quintile 5 vs HR for quartile 4 For <1 serve vs >3 | LDL chol significantly
mortality RR 0.74 | vs >3 serves per quintile 1 NS effect | vs quartile 1 0.97 serves per day OR | decreased (P<0.05) from

(95%CI1 0.75-0.84)
P for trend <0.0001

day
RR 0.84 (95% CI

but trend across
quintiles for low

(95% CI1 0.82-1.15)
P for trend NS

0.33 (95%C1 0.33-
0.82) P for trend

2.89 to 2.61 mmol/L in
veg group after 6 weeks.
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and fatal and 0.76-0.92) CHO group <0.006
nonfatal MI RR RR 0.82 for an
0.95 (95%CI 0.92- increment of 3
0.99) P<0.006) servings per day
(95% CI 0.68,
0.99);
Effect on risk Protect Protect None None Protect Protect
(Increase/None/
Protect)
Clinical 1 1 2 2 1 1
importance [9]
Clinical 1 1 1 1 1 2
relevance [10]
Generalisability |Y y y y n n
Applicability Y y y n n n
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2.2 VEGETABLES and OBESITY

Does a particular intake of vegetables affect the risk of weight gain and/or obesity?

Evidence statement Consumption of vegetables is associated with reduced risk
of weight gain.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level Il evidence from 4 cohorts (4 studies, low risk bias)
and 2 RCTs of weight loss diets.

Consistency Good 2 cohorts in adults and 1 RCT show protection and one

cohort tracking BMI from childhood protection in girls (not
boys), 1 cohort in children no effect and 1 RCT of weight
reduction diet no effect.

Clinical impact Satisfactory RR in adult cohorts 0.18 to 0.76 for weight gain.
Generalisability Good US and European and one Australian study.
Applicability Excellent Applicable to Australian adults.

The cohort studies generally showed a protective effect of increasing vegetable intake and decreased
weight gain with the exception of the study in children that used change in BMI Z score. See Table
2.2.

Summary: The evidence suggests that consumption of vegetables is associated with a reduced risk of
weight gain (Grade C) (He et al. 2004), although different measures of changing body weight have
been applied, different age groups have been studied (Sartorelli et al. 2008; Vioque et al. 2008 ; te
Velde et al. 2007) and results have not been consistent (Field et al. 2003).
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Table 2.2 Studies used to make evidence statement for vegetables and obesity

Reference [1] Field 2003 [2036] | He et al. 2004 Sartorelli et al. 2008 | Booth et al. Vioque et al. te Velde et al. 2007
[1586] [97] 2008 [5944] 2008 [4150] [518]
Type of study [2] | Cohort Cohort RCT RCT Cohort Cohort
Level of evidence | III-2 I1-2 I I I1-2 I1-2
[3]
Intervention/ Servings of veg change in serves 80 overweight adults | Comparing 2 Quintiles of veg | Quartiles veg
comparator [4] per day and veg by quintile - individualized energy | diets in terms of | intake <166 g per | intakes tracked over
change in BMI Z 1.72; -0.40; 0.36; restricted diet that greater loss of day; 166243 g | 24 years and
score over 3 years | 1.21; 2.8 for veg; included at least 5 weight one with | per day; 244-333 | longitudinal change
and outcome is serves of veg per day | additional fruit g per day ; >333 | in BMI and sum of
obesity or weight and advice for 30 and veg and g per day and skinfolds (reference
gain mins of walking. dairy and one weight gain of is the highest
Outcome is weight low fat more than the quartile)
loss average ie 3.4 kg
over 10 years
N [5] 8203 G 74 063 80 adults 27 in 206 M and F 168 M and F
6715 B intervention
group, 27 in
control group
Population/study | US 9 to 14 yrs US Nurses Health | Brazilian mean age 2 diets - WELL | Healthy sub Amsterdam Growth

information [6]

Band G

(£SD) 46.5 £ 9.5 yrs,
mean BMI 29 +3
kg/m” at baseline

(Weight loss,
Exercise, Lower
blood pressure
and Longevity)
with double fruit
(4 serves) and
veg (4 serves) vs
low fat diet for
12 weeks

sample Spanish
Valenica cohort
age 15 - 80 yrs

and Health
Longitudinal Study
followed from 13 to
36 yrs
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Quality [7] P P 0 P P 0
Results [8] Adjusted change Significant for veg | Veg intake increased | WELL subjects | Quintile 5 vs For girls being in
BMI Z score with | quintile 5 RR 0.84 | by 82 g to 260 g per lost 4.8 +/-3.3kg | quintile 1 OR lowest quartile veg

veg intake 0.005
(95% CI -0.009-

0.019) girls and -
0.007 (95% CI -

0.027-0.013) for
boys

(95% 0.75-0.93) P
for trend 0.0002
and obesity

For weight gain
veg quintile 5
significant RR 0.76
(95% C1 0.59-0.99)
P for trend=0.05

day and veg intake
was a significant
predictor of weight
loss beta = —0.00497
(CI1—-0.008; —0.002)
r’=0.137 P =0.003

and Low Fat 4.6
+/- 3.1kg P=0.83

0.18 (95% CI
0.05-0.66) P

trend = 0.017).

intake was
predictive of higher
BMI Q1 0-480
(95% CI 0-180-
0-779 ) and
skinfolds 4-41
(95% CI 1-89-
6-93) but NS for
boys

Effect on risk None Protect Protect None Protect Protect (girls only)
(Increase/None/

Protect)

Clinical 2 1 1 1 1

importance [9] 4

Clinical 2 1 2 1

relevance [10] 2 1

Generalisability |y y y n y n

Applicability y y y n y y
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2.3 VEGETABLES and TYPE 2 DIABETES

Does a particular intake of vegetables affect the risk of type 2 diabetes?

Evidence statement Consumption of vegetables is not associated with reduced
risk of type 2 diabetes.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 meta analyses of cohorts (4
studies, low risk bias) and 2 cohorts.

Consistency Satisfactory Meta analysis and 1 European cohort no protection. One
Chinese cohort protective for vegetables (women only).

Clinical impact Satisfactory HR ranges 0.7-0.97.

Generalisability Good Chinese women US women and Finland.

Applicability Excellent Applicable to Australian adults.

One meta analysis of US and Europeans cohorts with 4 studies and an additional cohort from EPIC
(both studies of good quality) failed to find any relationship but the Chinese women’s cohort showed
a protective effect. It may be that these women are different to Australian women and lifestyle
conditions. See Table 2.3.

Summary: The evidence suggests that consumption of vegetables does not appear to be directly
associated with a risk of Type 2 diabetes (Grade C) (Hamer et al. 2007, Harding et al. 2008, Villegas
et al. 2008).However, as there is a strong relationship between Type 2 diabetes and body weight, this
suggests longer-term studies may be required to further investigate the effect of consumption of
vegetables on risk of type 2 diabetes.
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Table 2.3 Studies used to make evidence statement for vegetables and type 2 diabetes

Reference [1] Hamer et al. 2007 Harding et al. 2008 | Villegas et al.
[18] [225] 2008 [336]
Type of study [2] Systematic review of | Cohort Cohort
4 cohorts
Level of evidence [3] I1-2 1-2 I11-2

Intervention/
comparator [4]

Examine subjects
consuming 3 or more

Quintile of veg and
incident diabetes

Quintiles of intake
of veg 121.5¢g

serves veg vs those type 2 ;181.6 g; 236¢g
consuming less and 302.6, 428 g and
diabetes type 2 incident Type 2
diabetes total veg
and subtypes
N [5] 167,128 21,831 74,942

Population/study
information [6]

6 to 23 yrs includes
US and Finnish

EPIC in UK M and F

Chinese F 40 to 70
yrs

cohorts

Quality [7] P P P

Results [8] RR for 3 or more OR for quintile 5 vs | HR 0.72 (95% CI
serves vs < 3 serves | quintile 1 veg 0.80 0.61-0.85) is

vegs 0.97 (95% CI
0.86-1.10, p=0.59)

(95% C10.62-1.03)

significantly lower
for quintile 5 vs
quintile 1 Dose

response P<0.001
Effect on risk None None Protect
(Increase/None/Protect)
Clinical importance [9] | 2 2 1
Clinical relevance [10] |1 1 1
Generalisability y y y only women
Applicabilty y y y
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2.4 VEGETABLES and STROKE

Does a particular intake of vegetables affect the risk of stroke?

Evidence statement Consumption of vegetables is associated with reduced risk of
stroke.
Grade B

Additional methodological consideration noted that if the two
systematice reviews of cohort are unpicked then it would be
found the conbimed effect of the cohort studies would be
protective. The systematic review by He is the stroonger study as
it contains all of the studies that Dauchet included (although it
does not present data for vegetables alone as is included by
Gillman, but this was a smallish study which would not have
made much impact overall). Another key difference is that He
presents results as >5 vs <3 per day. Thus the evidence statement
should be upgraded from D to B.

Component Rating Notes

Evidence Base Good Level III evidence from 2 meta analyses of cohorts (medium
risk bias, one with 4 studies and one with 5).

Consistency Good One found significant protection the other did not.

Clinical impact Good One meta analysis showed 20 % risk reduction but other did not.

Generalisability Good US, Europe.
Applicability Excellent Australian adults of all age groups and both genders.

The two meta analyses are summarized below. They had three cohorts in common but the addition of
the Finnish cohort and Dutch cohort in one analysis resulted in a finding of protection in one and the
other failed to find a significant effect. For this reason the evidence statement cannot be used to
guide judgement and more studies are needed. See Table 2.4.
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Table 2.4 Studies used to make evidence statement for vegetables and stroke

Reference [1]

He et al. 2006 [42]

Dauchet et al.
2005 [44]

Type of study [2] Meta analysis of 5 | Meta analysis of 4
cohorts cohorts

Level of evidence [3] I1-2 I1-2

Intervention/ <3, 3-5and to>5 | Each additional

comparator [4]

serves veg per day
and stroke

serve of vegetables
up to 5 and stroke

N [5]

257,551 in total

90,513 M
141,536 F

Population/study
information [6]

US Japanese and
European cohorts

US cohorts and
Danish

Quality [7]

0

0

Results [8]

RR for >5 serves
veg vs <3 per day
0-81 (95% CI

RR: 0.97 (95% CI
0.92 to 1.02); per
additional serve

0-72-0-90)
Effect on risk Protect None
(Increase/None/Protect)
Clinical importance [9] | 1 2
Clinical relevance [10] | | 1
Generalisability y y
Applicabilty y y
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VEGETABLES AND CANCER

2.5 VEGETABLES and GASTRIC CANCER

Does a particular intake of vegetables affect the risk of gastric cancer?

Evidence Consumption of vegetables is associated with
statement reduced risk of gastric cancer.
Grade D

The methodologist noted that the null finding
of the study undertaken by Gonzalezof 0.5
millin needs to be given greater weight — either
to say any association is unclear — or weak
evidence for no association (grade D overall).

Component Rating Notes

Evidence Base Good Level III evidence 1 meta analysis (5 cohort 17
case control medium risk bias) 4 cohorts (low
to medium risk bias) and 3 case controls (low
to medium risk bias).

Consistency Poor Meta analysis and 2 cohorts positive for
vegetable; 2 positive case controls and 2 cohort
and 1 case control no effect.

Clinical impact Good Reduction approximately 20% to 25%.
Generalisability Good Studies in Japan, Sweden, Poland, US.
Applicability Excellent  Applicable to Australian adults.

The meta analysis included 22 studies, 17 of which were case controls. Two additional case control
studies also found a protective effect. The findings from the single cohort studies were equivocal but
the meta analysis showed protection. The two cohort studies that failed to find protection included
EPIC and the newer cohort of older adults from the National Institute of Health American
Association of Retired Persons. The World Cancer Research Fund report stated that it was probable
that non starchy vegetables were protective. See Table 2.5.
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Table 2.5 Studies used to make evidence statement for vegetables and gastric cancer

Reference [1]

Riboli and Norat 2003

Kobayashi et al. 2002

Gonzalez et al. 2006 [1207]

Larsson 2006 [1036]

[1993] [2229]

Type of study [2] Pooled cohorts (5) and | Cohort Cohort Cohort
case controls (17)

Level of evidence [3] | ITI-2 111-2 111-2 I11-2

Intervention/
comparator [4]

Each 100 g veg
additional and gastric
cancer

Quintiles of veg intake and
gastric cancer

Quartiles of veg intake and
incident gastric cancers

<1;1.0to 1.4;1.5-2.4 and
>=2.5 serves vegetables per
day and gastric cancer

N [5] Uncertain 19304 M 521457 45338 M
20 689 F 36 664 F

Population/study Asian US and European | Japanese cohort adult Part of EPIC Swedish cohort M and F

information [6] cohorts

Quality [7] 0 0 P P

Results [8] 0.81(0.75,0.87) foran | RR quintile 5 vs quintile 1 of | RR for quartile 4 vs quartile | >2.5 serves per day of veg
increase of 100 g per total veg consumption 0.75 1 of veg consumption 1.15 <had HR of 0.56 (95% CI,
day (some heterogeneity | (95% CI 0.59—0.99) (95% CI1 0.78-1.70) 0.34-0.93) vs <I serve per

day

Effect on risk Protect Protect None Protect

(Increase/None/

Protect)

Clinical 1 1 4 1

importance[9]

Clinical relevance [10] | 1 1 1 1

Generalisability y limited y y

Applicability y limited y y
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Table 2.5 Studies used to make evidence statement for vegetables and gastric cancer (cont.)

Reference [1]

George et al. 2009 [2574]

Lissowska et al. 2004

Lucenteforte et al. 2008

Ito et al. 2003 [3676]

[6757] [2698]
Type of study [2] Cohort Case control Case control Case control
Level of evidence [3] 111-2 111-2 111-2 111-2

Intervention/
comparator [4]

Vegetables by quintile and
then incidence for all
cancers and then for
individual cancers

Quartiles of intake of
vegetables and incidence
of stomach cancer

Quintiles of veg intake of
fruit and stomach cancer

Veg intake and gastric
cancers

N [5]

195229 F

274 cases
463 controls

230 cases
547 controls

508 cases
36 490 controls

Population/study
information [6]

US National Institutes of
Health (NIH)-AARP Diet

Polish M and F a well
defined population study

Italian Hospital controls ie
poorly defined study base

F >30 yrs, poorly defined
study base Japanese

and Health Study base hospital
Quality [7] P P 0 0
Results [8] RR for quintile 5 vs quintile | RR for quartile 4 vs quartile | OR highest quintile vs Raw veg every day vs less
1 veg intake 0.86 (95% CI 1 for veg intake 0.83 (0.52— | lowest 0.47 (95% CI10.27- | OR 0.50(95% C 10.36-0.71)

0.47, 1.58) for women 1.33) 0.81); P for trend <0.01 P for trend P<0.001;
0.93 (0.69, 1.25) for men

Effect on risk None None Protect Protect

(Increase/None/

Protect)

Clinical 2 2 1 1

importance[9]

Clinical relevance [10] | 1 1 1 1

Generalisability y y y n

Applicability y y y n
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2.6 VEGETABLES and BREAST CANCER

Does a particular intake of vegetables affect the risk of breast cancer?

Evidence statement Consumption of vegetables is not associated
with reduced risk of breast cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory ~ Level III evidence from 1 meta analysis 2
cohorts (low to medium risk bias) and 4 case
controls (low to medium risk bias).

Consistency Poor Meta analysis small protective effect,1 cohort
no effect and 1 increased risk; 1 case control no
effect and 3 case controls protective effect.

Clinical impact ~ Poor Only 4% protection from meta analysis.

Generalisability ~ Good In European US and Asian populations and
both menopausal and premenopausal women.

Applicability Excellent For Australian adult women.

The studies used to form the body of evidence are shown below. The meta analysis (pooled
analysis) of 20 studies, 10 cohort and 10 case control, demonstrates a small protective effect
with a RR 0f 0.96 similar to the RR reported in the results from the EPIC cohort RR 0.98.
The findings from the case control studies were equivocal with three protective and one no
effect. The other cohort of American retirees showed a slight increase in risk with RR 1.08.
Thus it appears that if there is any protective effect of vegetables it is likely very small and
further studies are needed. The World Cancer Research Fund also considered there to be no
support for a protective effect. See Table 2.6.
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Table 2.6 Studies used to make evidence statement for vegetables and breast cancer

Reference [1] Riboli and George et al. Van Gils 2009 | Kruk J. 2007 Malin et al. Gaudet et al. Hermann et al.
Norat 2003 2009 [2574] [1511] [2738] 2003 [2078] 2004 [1650] 2002 [2141]
[1993]
Type of study [2] | 20 pooled Cohort Cohort Case control Case control Case control Case control
cohorts (10) and
case controls
10)
Level of II1-2 II1-2 II1-2 II1-2 II1-2 II1-2 II1-2
evidence [3]
Intervention/ Veg by each Veg by quintile | Quintile of Veg intake in Quintile of Quintile of Association
comparator [4] | additional 100 g | and then intake for veg three groups <4 | Intake of total intake of veg between
per day and incidence for all | 112 g; 144 g; serves per week | and subtypes and risk of premenopausal
breast cancer cancers and 171 g ;205 g; 4-6 serves per veg and risk of | breast cancer by | breast cancer
then for 245 mean g per | week more than | breast cancer menopausal and German diet
individual day and breast 7 serves per status including g veg
cancers cancer week and breast per day as
ca according to quartiles
menopausal
status.
N [5] Uncertain 195,229 F 285,526 858 cases 1459 cases 1463 cases 355 cases
1085 controls in | 1556 controls in | 1500 controls 838 controls
Poland Shangai cohort
study (nested
case control)
Population/study | Asian US and US women EPIC women 25 | Women aged Women aged Study in US and | Women <51 yrs
information [6] | European NIH AARP to 70 yrs 28-78 yrs, 25-64yrs in Bahamas and hospital based in
cohorts Histologically Shangai was population | Germany
confirmed based

breast cancer
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Quality [7] 0 P P P P 0 0
Results [8] RR for an RR for quintile | RR for quintile | menopausal OR | OR for quintile | Among OR for quartile
additional 100 g | 5 vs quintile 1 5 vs quintile 1 0.58 (95% CI 5 vs quintile 1 postmenopausal | 4 vs quartile 1
veg per day veg intake 1.08 | veg intake 0.98 | 0.44-0.47, P for | for veg intake women OR for | veg intake 0.64
0.96 (95% CI (95% CI 1.00- (95% CI1 0.84- trend P<0.0001) | 1.05 (95% CI quintile 5 vs (95% C10.43—
0.94- 0.98) 1.18, P for 1.14, P for trend | for veg at least 0.81-1.40, P for | quintile 1 veg 0.96, P for trend
trend 0.009) NS) once per day vs | trend = 0.81) intake 0.63 =0.034).
less than 4 per (95% C10.46—
week and 0.86, P for trend
premenopausal <0.01)
0.59 (95% CI
0.41-0.84, P for
trend P<0.0018)
Effect on risk Protect Increase None Protect None Protect Protect
(Increase/None/
Protect)
Clinical 1 2 2 1 4 1 1
importance [9]
Clinical 1 1 1 1 1 1 1
relevance [10]
Generalisability |y y y y y limited y menopausal y
Applicability y y y y y limited y y
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2.7 VEGETABLES and LUNG CANCER

Does a particular intake of vegetables affect the risk of lung cancer?

Evidence statement Consumption of vegetables is associated with
reduced risk of lung cancer.

Grade D

Component Rating Notes

Evidence Base  Satisfactory Level III evidence from 2 meta analyses of
cohorts (one of 8 cohorts, and 1 with 11 cohorts
and 25 case control (medium risk bias) 5 cohorts
(low to medium risk bias) and 4 case control (low
to medium risk bias).

Consistency Poor 2 pooled meta analyses protective, 1 cohort and
2 case control protective, 3 cohort and 2 case
control no protection, 1 cohort protection for men
only.

Clinical impact Satisfactory The pooled analyses indicate a decrease in risk of
about 10%.

Generalisability Good Nurses Health, Adventist Health, ATBC,
Canadian breast cancer Health Professionals

Iowa Netherlands New York State in cohorts.
Applicability Excellent Australian adults.

The two pooled cohorts, five cohort studies and four case control studies contributing to the body of
evidence are in Table 2.7. The two pooled analyses indicated that vegetable consumption is
protective of lung cancer but the studies published since 2003 have been equivocal. The World
Cancer Research Fund concluded that foods containing carotenoids might be protective. In the
current review the case control studies indicate protection but the cohort studies are less likely to do
so. It may be that longer follow up is needed. Two studies report on the same cohort the NIH
American Association of Retired Persons but report slightly different RR such that in one study a
small protective effect was found for males. Thus the evidence statement is that the association is
protective but the newer cohort studies indicate the evidence may not be trusted to guide decision
making.

Summary: There is limited evidence that consumption of vegetables is associated with risk of lung
cancer.
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Table 2.7 Studies used to make evidence statement for vegetables and lung cancer.

Reference [1] Smith Riboli George Liuetal. | Skuladottir | Wright Miller et | Dosil- | Ruano- Rylander | Marchand
Warner et | and etal. 2004 2004 M etal. al. 2007 Diazet | Ravinaet | etal. 2006 | et al. 2009
al. 2003 Norat 2009 [1826] [1808] 2008 [1906] al. al. 2002 [1265] [2238]
[1954] 2003 [2574] [190] 2008 [2187]
[1993] [298]
Type of study [2] | Pooled Pooled Cohort Cohort Cohort Cohort Cohort Case Case- Case- Case-control
analysis (8 | cohorts control | control control
cohorts) (11) and
case
controls
(25)
Level of 1-2 1-2 1-2 11-2 111-2 1-2 1-2 1-2 11-2 1-2 11-2
evidence [3]
Intervention/ Quintiles of | Each Vegby | Thirds of | Quartiles Quintiles | Quintiles Veg Vegetable | Veg intake | Tertile of
comparator [4] | veg (94 to | additional | quintile vegetable | veg 17-68 of veg of intake intake | and association | veg
293 g per 100 g veg | and then | intake g;60-120; | and Vegetables | <5 per | subtypes | with lung | consumption
day veg) per day incidence | incident 121-170; subtypes | and lung week; in 20 cancer in | and lung
and lung and lung | for all lung 171-479 and lung | cancer 5-6 per | years prior | smokers, | cancer
cancer cancer cancers cancer and cancer vegetable | week to former
and then incident median and diagnosis | smokers
for lung cancer g/day for F | >=1 of lung and non
individual 78.1; per day | cancer smokers
cancers 130.7; on the
185.4; risk of
260.1; lung
402.5; for | cancer
M 56.9;
106.0;
152.4;
222.0;
385.9
N [5] 8 cohorts Uncertain | 195,229 F | 42,224 27,178 M 47,2081 478,021 M | 295 163 cases | 177 Fand | 109 M cases
280419 F 288,109 | (cohort 1) | 29,875 F MandF |andF cases 241 359 M and | 227 controls
149 862 M M and 51 322 controls 916
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114 controls controls
(cohort 2) (M/F)
Population/study | US Canada | Asian US adults | Japanese | Danish 50 | USmale | The EPIC | Men Conducted | Conducted | New
information [6] | Netherlands | US and male and | menand | to 64 yrs and study and in Spain in Sweden. | Caledonia
European | female women female women, | minimum | All adults
cohorts retirees retirees >35 age limit | less than
NIH from age yrs, was 35 yrs | 75 yrs.
AARP 50to 71 Spain Population | Population
yrs NIH hospital | based based
AARP based controls controls.
controls
Quality [7] 0 0 P 0 P P P 0 P 0 0
Results [8] RR for RR for Men RR for A Men RR | For veg OR for | OR for Lowest OR for
quintile 5 each quintile 5 | high significant | of quintile | HR 1.00 >=] per | veg more | OR found | highest
vs quintile | additional | vs consumers | protection | 5 vs (95% CI day vs | than once | for non- tertile vs
1 for veg 100g per | quintile 1 | vs low for highest | quintile 1 | 0.76-1.30) | <5 per | per day vs | smokers lowest 1.4
intake 0.88 | day 0.89 | veg consumers | intake of 0.93 (95% | p for trend | week less than 0.37 (95% | (95% CI
(95% CI (95% CI | intake of veg vegie. 171 | CI 0.83, 0.8528 0.50 once per CIO0.15- 0.7-2.9)
0.78-1.00) | 0.82, 0.87 1.03 (95% | to 479 g per | 1.03) (95% week 0.97) and
p 0.93) (95%CI | CI0.81- |dayRR Women CI 0.64 (95% | smokers
for trend 0.78, 1.30) 0.67(95% 1.05 0.30- CI10.3- 0.49 (95%
0.12). 0.96) P CI1 0.46- (95% CI 0.83) 1.36) CI10.29-
for trend 0.97) 0.92, 0.82) for
0.024 for 1.21) former
women smokers
RR 1.08 0.59 (95%
95 C1 CI 0.28-
0.94, 1.28)
1.23) P
for trend
=0.219
Effect on risk Protect Protect Protect None Protect None None Protect | None Protect None
(Increase/ None/ for men
Protect) None for
women
Clinical 1 1 1 M)and | 4 1 2 2 1 2 1 4
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2.8 VEGETABLES and COLORECTAL CANCER

Does a particular intake of vegetables affect the risk of colorectal cancer?

Evidence statement Consumption of vegetables is not associated with
risk of colorectal cancer.

Grade D

Component Rating Notes

Evidence Base = Good Level III evidence from 2 pooled analyses of

cohorts and case control (one with 14 cohort
studies and one with 27 studies (10 cohort 17 case
control0, with medium risk bias) 5 cohorts and 5
case control (low to medium risk).

Consistency Poor Pooled analysis of cohorts found protection but
result was non-significant other pooled analysis
significant protection 2/2 cohorts no effect,
1/3case control no effect 2/3 case control

protective.
Clinical impact  Satisfactory Protection from pooled analyses is less than 10%
reduction.
Generalisability Good US and European cohorts and cases some Asian.
Applicability Good Australian adults.

The seven studies used to build the evidence statements are shown in Table 2.8. The pooled cohorts
showed a small protection but the confidence intervals for relative risk crossed 1.0 in Koushik’s
analysis. The other pooled analysis contained 17 case control studies and 10 cohorts but when study
designs were examined separately only the case control studies showed a significant reduction in
relative risk and there was significant heterogeneity of findings among them. The single cohort
studies showed no protection but the case control studies, of neutral and negative quality because of
selection and/or measurement bias, demonstrated protection. It appears that case control studies are
indicative of protection but cohorts are not. The World Cancer Research Fund report could make no
claims for a probable or convincing protective effect.

Summary: The association between consumption of vegetables and colorectal cancer is unclear.
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Table 2.8 Studies used to make evidence statement for vegetables and colorectal cancer.

Reference [1] Koushik et al. | Riboli and Sato et al. Georgeetal. | Wuetal. Oh et al. 2005 | Hara et al.
2007 [20] Norat 2003 2004 [2005] 2009 [2574] 2009 [119] [3383] 2003 [1928]
[1993]
Type of study [2] Pooled cohort | Pooled Cohort Cohort Case-control | Case-control | Case control
analysis colon | cohorts (10)
cancer (14 and case
studies) controls (17)
Level of evidence [3] II1-2 II1-2 II1-2 II1-2 II1-2 II1-2 II1-2
Intervention/ Quintiles of Intake of veg | Quartiles of Veg intake by | Veg intake by | Tertiles of veg | Tertiles of veg
comparator [4] veg intake and decreased | veg and quintile and tertile and risk | intake and intake and risk
(<100g to> | risk per 100 g | incident then incidence | of colorectal | (<130; 130- of colorectal
400g) and intake on colorectal for all cancers | adenoma 221;>221 ¢ cancer.
colon cancer | colorectal cancer and then for per day risk of
cancer individual polyps or
cancers colorectal
cancer
N [5] 756217 Uncertain 47605 M and | 195229 F 764 cases, 49 cases 115 cases,
F (41835 288109 M 1517 controls | cancer, 87 230 controls
included in cases polyps
analysis) 134 controls
Population/study US European | US and Japanese 40 to | US adults US adults Hospital based | Hospital based
information [6] Europe Asian | 64y male and Hospital based | study in Korea | case control
female study study in Japan
Quality [7] 0 0 P P 0 0 N
Results [8] Quintile 5 vs | For additional | Quartile 4 vs Q5vs QI RR | Tertile 3 vs Tertile 3 vs Tertile 3 vs
quintile 1 fruit | 100g veg per | quartile 1 veg | 0.87 (95% CI | tertile 1 OR tertile 1 for tertile 1 of veg
RR 0.94 (95% | day RR 0.91 intake RR 1.24 | 0.74, 1.02) 0.94 (95% CI | veg intake OR | intake RR
CI10.86-1.02) | (95% CI10.86, | (95% CI10.79— 0.72-1.22) 0.34, (95% CI | 0.22 (95% CI
0.97) 1.95) 0.16-0.71) 0.08-0.66)
Effect on risk None Protect None None None Protect Protect
(Increase/None/Protect)
Clinical importance[9] 2 1 4 2 1 1 1 33




Clinical relevance [10]

Generalisability

Applicability
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2.9 VEGETABLES and OESOPHAGEAL CANCER

Does a particular intake of vegetables affect the risk of oesophageal cancer?

Evidence statement Consumption of vegetables is not associated with reduced
risk of oesophageal cancer.

Grade C

Component Rating Notes

Evidence Base  Satisfactory Level III evidence from 1 pooled analysis of 1 cohort 12 case
control (medium risk bias); 3 cohorts and 1 case control (low
risk bias).

Consistency Good 1 meta analysis showed a positive effect; 3 cohorts no effect;
1 case control no effect.

Clinical impact  Satisfactory If pooled analysis correct 10% for veg.

Generalisability Good Includes European and US studies.

Applicability Excellent Yes for adult men and women in Australia.

The five studies used to make the evidence statement are shown in Table 2.9 below. The case control
studies indicate protection with vegetable intake as seen in the pooled analyses but a subsequent case
control study demonstrated none. The three cohort studies include the EPIC population in which non
significant reduction in risk was noted and the other two both use the NIH American Association of
Retired Persons cohort. Both analyses find no significant effects but in one study the author looks at
squamous cell and adenocarcinoma separately and it appears that risk of squamous cell could be
modulated by vegetables intake but the confidence interval is wide and includes values above 1.0.
The World Cancer Research Fund report concluded it was probable that non starchy vegetables were
protective.
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Table 2.9 Studies used to make evidence statement for vegetables and oesophageal cancer.

Reference [1]

Riboli and Norat

Freedman et al.

Gonzalez et al.

George et al. 2009

Anderson et al.

2003 [1993] 2007 [427] 2006 [1207] [2574] 2007 [7807]
Type of study [2] Pooled cohorts Cohort Cohort cohort Case control
(1) and case
controls (12)
Level of evidence [3] 111-2 I11-2 111-2 111-2 111-2
Intervention/ Additional 100g | Quintiles veg (0.7 Tertiles of veg Veg by quintile and | Veg intake (,12 ;12-
comparator [4] veg per day and | servings to 3.2) intake (range from | then incidence for 17;>17 serves per
risk of serves per day mean of 110 to 250 | all cancers and then | week and risk
oesophageal (median) of intake | g per day) and for individual Barrett's
cancer and incident incident cancers oesophagus (BO)
oesophageal cancer | oesophageal and oesophageal
cancers adenocarcinoma
(CA)
N [5] Asian US and 490 802 subjects 521457 288 109 M 224 with BO
European cohorts | M and F 195229 F 227 with OA
260 controls
Population/study Uncertain US NIH AARP Part of EPIC US NIH AARP Population based in
information [6] retired persons retired persons Ireland (FINBAR
cohort >=50 cohort >=50 study)
Quality [7] 0 P P P P
Results [8] Each additional Differentiated by 2 | For each additional | Quintile 5 vs More than 17
100 g veg RR types cancer 100 g veg per day quintile 1 veg portions veg per
0.89 (95% C1 squamous cell RR | the HR 0.72 (95% intake RR 1.04 week.
0.82-0.97) 0.57 (95% C1 0.28- | C10.32-1.64) (95% CI1 0.78, 1.39) | Adenocarcinoma
1.18) and for for men RR 1.21 OR 1.49 (95% CI
adenocarcinoma (95% C1 0.54-2.71) | 0.89 - 2.48)
0.92 (95% C10.57- for women
1.50)
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Effect on risk
(Increase/None/
Protect)

Protect

None

None

None

None

Clinical importance[9]

Clinical relevance [10]

Generalisability

Applicability

< [ ==

< [< =

< [< =

< < [ =

< < =]

93



2.10 VEGETABLES and ORAL and NASOPHARYNGEAL CANCERS

Does a particular intake of vegetables affect the risk of oral and nasopharyngeal
cancer?

Evidence statement Consumption of vegetables is associated with a reduced
risk of oral and nasopharyngeal cancers.

Grade C

Evidence statement Consumption of preserved vegetables is associated with
increased risk of oral and nasopharyngeal cancer.

Grade C

Component Rating Notes

Evidence Base = Good Level I1I evidence 2 pooled/meta analyses of case control

studies (medium risk bias with 12 studies; low risk bias
with 16 studies ) larger one is about preserved and non-
preserved veg; 4 case controls.

Consistency Good Most report vegetables protective; meta analysis of
preserved (i.e. salted dried fermented and pickled)
vegetables found double the risk of cancer.

Clinical impact  Satisfactory Estimates range from <5% reduction to more than 40%.
Generalisability Good European US and Asian.

Applicability Good Adult Australians for vegetables but preserved vegetables
are not commonly consumed in Australia.

The two pooled analyses and four case control studies used to make the evidence statements are
shown in Table 2.10. Different studies are used in the two pooled analyses with that of Riboli being
mostly US and European studies and those in Gallicchio all from Asia. The additional case control
studies reported are of varying quality with all showing protection with the exception of the study
that divided smokers/ever smokers and non smokers finding that protection was limited to the
smokers. Most of the other case control studies here have adjusted for smoking and alcohol that are
known risk factors. The World Cancer Research Report concluded that non starchy vegetables were
probably protective.
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Table 2.10 Studies used to make evidence statement for vegetables and oral and nasopharyngeal cancer.

Reference [1] Riboli and Gallicchioetal. | Kreimer et al. Guneri et al. Heck et al. 2008 | Escribano
Norat 2003 2006 [37] 2006 [1217] 2005 [1322] [2657] Uzcudun et al.
[1993] 2002 [7999]

Type of study [2] | Pooled analysis | Meta analysis of | Case control Case control Case control Case control
case controls case control (16
(12) studies)
Level of [1-2 1-2 1-2 1-2 1-2 I1-2
evidence [3]
Intervention/ Each additional | Highest and Quartiles of veg | Comparison of Quartiles of veg | Veg intake
comparator [4] 100 g veg and lowest intakes of | intake and oral weekly veg intake and included with
risk of oral and preserved and and intake in cases of | hypopharyngeal | many risk factors
pharyngeal non-preserved oropharyngeal oral cancer and cancer for pharyngeal
cancer veg and SCCs controls cancer
nasopharyngeal
cancer
N [5] Uncertain 3074 cases 1670 cases 79 cases 513 cases 232 cases
nasopharyngeal 1732 controls 61 controls 713 controls 232 controls
cancer
4131 controls
Population/study | Asian US and Asian case Hospital based in | Clinic based Indian hospital Hospital based
information [6] | European cohorts | control studies 9 countries Italy | study in young based study study in Madrid,
Spain Australia, | Turkish adults Spain
Canada, Poland
Northern Ireland,
India, Sudan,
Cuba
Quality [7] 0 P P N 0 0
Results [8] Each additional | Highest vs lowest | Quintile 5 vs OR with raw veg | Ever smoked OR 3.8 (95% CI
100 g veg per for preserved OR | quintile 1 veg 0.745 but no CIs | quartile 4 vs 1.5-9.1
day RR 0.84 2.04 (95% CI intake OR 0.7 quartile I OR P=0.0001) for
(95% C1 0.67- 1.43-2.92) non (0.6-1.0) P for 0.40 (95% CI deficient intake
1.07) preserved OR trend <0.001. 0.18-0.87) for | of raw vegetables

0.64 (95% CI

never smokers

96



0.48-0.85) OR 0.96 (95% CI
0.30- 3.06)
None Increase pickled | Protect Protect Protect for Protect
Effect on risk protect non smokers only;
(Increase/None/ pickled none for
Protect) nonsmokers
Clinical 2 1 1 1 2 1
importance [9]
Clinical 1 1 1 1 1 1
relevance [10]
Generalisability |Y y y n n y
Applicability Y y - mainly Asian |y n n n
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211 VEGETABLES and OVARIAN CANCER

Does a particular intake of vegetables affect the risk of ovarian cancer?

Evidence Consumption of vegetables is not associated with reduced

statement risk of ovarian cancer.

Grade C

Component Rating Notes

Evidence Base Good Level III evidence from 1 pooled analysis of 12 cohorts
(low risk bias); and 1 cohort (low risk bias).

Consistency Excellent Pooled analysis showed no effect; 1 cohort no effect.

Clinical impact Poor No protection.

Generalisability Good Includes European and US studies.

Applicability Good/excellent Yes for adult women in Australia.

The pooled analysis and cohort are summarized in Table 2.11 below. In European and US women
there is no evidence of protection from vegetable consumption. The World Cancer Research Fund
reported no probable or convincing evidence that vegetable intake reduced risk of ovarian cancer.
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Table 2.11 Studies used to make evidence statement for vegetables and ovarian cancer

Reference [1]

Koushik et al. 2005
[1345]

Schulz 2005 [1308]

Type of study [2] Pooled cohort analysis Cohort

(12) ovarian cancer
Level of evidence [3] 111-2 I11-2
Intervention/ Quartiles of veg <100 to | Looking at 80 g

comparator [4]

>400 g per day and
ovarian cancer

increments of vegetables
and ovarian cancer

N [5] 560,441 cohort 2130 cases | 325,640 females

Population/study US and European cohorts | EPIC cohort

information [6] including Nurse Health,
Netherlands, Swedish
Mammography

Quality [7] 0 P

Results [8] Quartile 4 vs quartile 1 Per additional 80 g veg
veg RR 0.9(95% C10.78- | HR 0.92 (95% CI 0.76,
1.04) 1.11)

Effect on risk None None

(Increase/None/ Protect)

Clinical importance [9] 2 2

Clinical relevance [10] 1 1

Generalisability y y

Applicability y y
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2.12 VEGETABLES and ENDOMETRIAL CANCER

Does a particular intake of vegetables affect the risk of endometrial cancer?

Evidence statement Consumption of vegetables is not associated with reduced
risk of endometrial cancer.

Grade C

Component Rating Notes

Evidence Base = Good Level III evidence from 1 pooled analysis of 8 studies and 1
cohort (low risk bias) and 2 case controls (medium risk bias).

Consistency Satisfactory Pooled analysis showed no effect; 1 cohort no effect; 2 case
controls protection.

Clinical impact  Poor No protection.

Generalisability Good Includes European and US studies.

Applicability Good/Excellent Yes for adult women in Australia.

The meta analysis, cohort and case control studies used to make the body of evidence are shown in
Table 2.12 below. The meta analysis and cohort study were in agreement but both case control
studies which were of a poorer quality because of possible selection and measurement bias showed
protective effects. There are issues about the generalisability of the case control studies so the
statement is based on the meta analysis. The World Cancer Research Fund reported no convincing or
probable protective effects of diet but some suggestion that non-starchy vegetables might decrease
risk of endometrial cancer.
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Table 2.12 Studies used to make evidence statement for vegetables and endometrial cancer

Reference [1] Banderaet | McCullough Bravi et al. Yeh et al.
al. 2007 M et al. 2007 | 2009 [2829] 2009 [8110]
[4633] [454]
Type of study Meta analysis | Cohort Case-control Case-control
[2] 8 studies
included
Level of 1-2 1-2 1-2 1-2
evidence [3]
Intervention/ Dose Quintiles veg | Veg and Quartile of veg
comparator [4] | response per | up to more 2.6 | endometrial intake risk of
100 g veg serves and cancer risk endometrial
and incident cancer
endometrial | endometrial
cancer cancer
N [5] Varied from | 41,400 454 cases 541 cases
2951 to 3255 908 controls 541 controls
cases
Population/ US Europe US women In Italy - Hospital based
study and Asia this | median age 63 | hospital based | in US
information [6] | is the WCRF | Cancer controls
systematic Prevention 2
review Cohort
Quality [7] P P 0 0
Results [8] Per 100 g veg | For highest vs | For an For quartile 4
RR 0.90(95% | lowest tertile increment of vs quartile 1
CI10.86-0.95) | veg intake RR | one serving of | OR, 0.51;
But had to 1.21 (95% CI: | veg OR 0.83 (95% CI, 0.34—
exclude some | 0.89, 1.65); (95% CI10.72- | 0.75)
studies so per 0.95).
100g
0.94(95% CI
0.86-1.02)
for 5 studies
Effect on risk None None Protect Protect
(Increase/None/
Protect)
Clinical 2 4 1 1
importance [9]
Clinical 1 1 1 1
relevance [10]
Generalisability | y y n y
Applicability y y n y

102



VEGETABLES - subtypes
Search results

The initial search of the databases included 3691 references for vegetables and the specified disease
outcomes. The detailed search is included in a separate document on searches. As there were 2714
duplicates with the fruit database the two were combined in one Endnote library and coded as one. In
all 97 references concerning fruit and vegetables had data extracted and 8 papers were used to form
the body of evidence statements for subtypes of vegetables. Sufficient evidence was found to make
statements for tomatoes and prostate cancer, cruciferous vegetables and lung cancer, and subtypes of
vegetables and colorectal cancer.

2.13 TOMATOES and PROSTATE CANCER

Does a particular intake of tomatoes affect the risk of prostate cancer?

Evidence Statement Consumption of one to two serves per day of tomato is
associated with a reduced risk of prostate cancer.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 meta analysis one of 3 cohorts

and 7 case control studies (medium risk bias) plus 1
cohort study (low risk bias).

Consistency Satisfactory review positive for tomato (high intake) but the one
large cohort found no effect.

Clinical impact Good 10-20% reduction found in meta analysis for tomato.
Generalisability Good Most studies in US, some in Europe.
Applicability Good/excellent Australian adult men.

The meta analyses provide the basis for the recommendation. When the case control and cohort
studies within the meta analysis were analysed separately both demonstrate a protective effect with
the association strongest for cohort studies. The discrepancy with the individual cohort study may
relate to the serving size. The upper quintile was 37.3 g per 1000 kcal that is less than the 200 g daily
serve that the meta analysis considers protective. See Table 2.13.

The Food and Drug Administration published their scientific evidence review concerning health
claims and tomatoes (Kavanaugh et al.) and included and two cohorts, 11 case control and two
ecological studies. Both of these cohorts were included in the Etminan review and four of the case
control studies were in common. The FDA acknowledges that the cohort studies show protection but
only three of nine case control studies indicated significant protection. ‘FDA concluded that there
was very limited credible evidence for qualified health claims for tomatoes and/or tomato sauce and
a reduced risk for prostate cancer provided that the qualified health claims were appropriately
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worded so as to not mislead consumers.” The World Cancer Research Fund report claimed that
lycopene rich foods were probably protective.
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Table 2.13 Studies used to make evidence statement on tomatoes and prostate cancer

Reference [1]

Etminan et al. 2004 [1854]

Stram et al. 2006 [1051]

Type of study [2] Systematic review for 3 Cohort
cohorts and 7 case control
Level of evidence [3] I11-2 I11-2

Intervention/ comparator [4]

Quintiles of tomato intake
(raw and cooked
separately) and prostate
neoplasm

Quintiles of tomato intake
(g/1000kcal) <12 g; 12-18.2 g
18.2-25.4 g; 25.4-37.3 g and
>37.3 g/1000kcal and incident
prostate cancer

N [5]

8940 cases/ 102,192

82,486

Population/study information | North America and Europe | US multiethnic cohort males

[6]

Quality [7] 0 P

Results [8] Highest vs lowest quintile | Highest vs lowest quintile tomato

raw tomato per day RR
0.89 (0.80— 1.00) and for
cooked tomato RR 0.81

intake RR 1.02 (95% CI 0.92-
1.14) P for trend NS

(0.71- 0.92)
Effect on risk (Increase/None/ | Protect None
Protect)
Clinical importance [9] 1 4
Clinical relevance [10] 1 1
Generalisability y y
Applicability y n
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2.14 CRUCIFEROUS VEGETABLES and LUNG CANCER

Does a particular intake of cruciferous vegetables affect the risk of lung cancer?

Evidence Statement Consumption of cruciferous vegetables is associated
with reduced risk of lung cancer.

Grade C

Component Rating Notes

Evidence Base Good Level III evidence from1 meta analysis of 30 studies (23

case control and 7 cohort (low risk bias) plus 1 cohort
(low risk bias) and 1 case control (medium risk bias).

Consistency Good Meta analysis and case control protective. Cohort no
effect.

Clinical impact Good Reduction at least 10%.

Generalisability Good Studies in Europe USA Asia and Australia.

Applicability Good/Excellent Applies to Australian adults.

The evidence statement is based on the meta analysis in particular the case control studies, with the
two additional studies located supporting the evidence. In the meta analysis the measures of
association for case control and cohort are both positive but with a stronger reduction found in the
case control studies (21% reduction). Similarly the additional case control study from Spain finds a
significant reduction in risk. However, the pooled RR from the seven cohort studies and the
additional cohort study find a 10% reduction in risk but the confidence intervals include no effect
and harmful values. The meta analysis also examined protection from lung cancer by genotype and it
seems that the protection is genotypic specific. See Table 2.14.
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Table 2.14 Studies used to make evidence statement on cruciferous vegetables and lung cancer

Reference [1] Lam et al. 2009 Wright M et al. Dosil Diaz et al.
[2545] 2008 [190] 2008 [298]

Type of study [2] Meta analysis of 7 | Cohort Case control
cohort and 23 case
control studies

Level of evidence [3] 111-2 111-2 111-2

Intervention/
comparator [4]

From never to daily
consumption of
cruciferous
vegetables and
lung cancer

Quintiles of
cruciferous veg
intake and lung
cancer

Cabbage intake < 1
per month; <I per
month — 1 per
week; >1 per week
on the risk of lung
cancer

N [5]

More than 700,000
M and F

472,081 M and F

295 cases
322 controls

Population/study
information [6]

European, Asian
and US studies 4 to

US male and
female retirees

Men and women,
>35 yrs, Spain

12 years follow up | from age 50 to 71 y | hospital based
for cohorts. NIH AARP controls
Quality [7] P P 0
Results [8] Pooled OR 0.78 Men RR of quintile | OR for > 1 per

(95% CI1 0.7-0.88)
case control;
pooled RR 0.83

5(0.5g/1000kcal
per day) vs quintile
1 (0.03

week vs <1 per
month 0.53 (95%
C10.29-0.99) and

for cohort ( 95% CI | g/1000kcal) 0.92 1 per month to 1
0.62-1.08) highest | (95% CI 0.83, per week OR 0.49
versus lowest 1.02) Women 1.0 (95% CI 0.28-0.86)
strongest inverse (95% CI1 0.87,
association was 1.14)
among those with
homozygous
deletion for
GSTM1
and GSTT1. OR
0.41; 95% CI 0.26-
0.65)
Effect on risk Protect None Protect
(Increase/None/
Protect)
Clinical importance [9] |1 2 1
Clinical relevance [10] 1 1 1
Generalisability y y y
Applicability y y y
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2.15 VEGETABLE by sub type and COLORECTAL CANCER

Does a particular intake of vegetables by subtype affect the risk of colorectal cancer?

Evidence Statement Consumption of cruciferous vegetables, carrots,
potatoes and beans and lentils is not associated with risk
of colorectal cancer.

Grade C

Evidence Statement Consumption of more than one serving per week of
spinach is associated with reduced risk of colorectal
cancer.

Grade C

Component Rating Notes

Evidence Base Good Level III evidence from1 meta analysis of 14 cohort

studies (medium risk bias) plus 2 case control studies
(medium risk bias).

Consistency Satisfactory The pooled analysis showed no protection except for
spinach and perhaps green leafy in general.

Clinical impact Satisfactory Only reduction found for spinach of about 10%.

Generalisability Good Studies in Europe and USA.

Applicability Good/Excellent Applies to Australian adults.

As was found for total vegetables, no subtype of vegetables was demonstrated to provide protection
from colorectal cancer with the exception of spinach in the pooled analysis and green leafy in one
case control. Koushik et al. report that the inverse association with spinach has been reported
consistently. See Table 2.15.
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Table 2.15 Studies used to make evidence statement on vegetables by subtype and colorectal

cancer

Reference [1]

Koushik et al. 2007
[20]

Wu et al. 2009
[119]

Hara et al. 2003
[1928]

Type of study [2] Pooled cohort analysis Case-control Case control
colon cancer (14 studies)

Level of evidence [3] 111-2 111-2 111-2

Intervention/ Four groupings of veg Veg sub types Tertiles of

comparator [4]

subtype intake and colon
cancer

intake by tertile and
risk of colorectal

cruciferous veg
intake and risk of

adenoma colorectal cancer
N [5] 756,217 in cohort 764 cases 115 cases
5838 cases 1517 controls 230 controls
14 studies
Population/study European and US US adult males and | Hospital based case

information [6]

cohorts and 6 to 20 years

females Hospital

control study in

based study Japanese hospital
Quality [7] 0 0 0
Results [8] Highest ( 1/2 or 1 Tertile 3 vs tertile 1 | Tertile 3 vs tertile 1
serving per day) vs nil cruciferous OR 0.94 | of cruciferous veg
broccoli RR 0.95 (0.85 (95% CI 0.73—1.20) | intake OR 0.64
to 1.05) green leafy OR 0.74 | (0.25-1.63)
brussels sprouts RR 1.03 | (95% CI 0.58-0.96)
(0.82 to 1.29)
cabbage RR 1.08 (0.97
to 1.21)
carrots RR 0.87 (0.75 to
1.01)
spinach RR 0.89 (0.82 to
0.97)
beans and lentils RR
1.00 (0.90 to 1.11)
potatoes RR 1.02 (0.86
to 1.21)
Effect on risk None except for spinach | None for None
(Increase/None/ Protect) cruciferous Protect
for green leafy
Clinical importance [9] 1 for spinach 2 cruciferous/1 2
green leafy
Clinical relevance [10] 1 2 1
Generalisability y n n
Applicability y n n
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STUDIES NOT INCLUDED IN BOE as < 5 studies
CRUCIFEROUS VEGETABLES and BLADDER CANCER

Hospital-based case-control study examined relationship of primary bladder cancer with usual intake
of raw and cooked cruciferous vegetables. A strong inverse association between bladder cancer risk
and raw cruciferous vegetable intake (OR for highest versus lowest category = 0.64 (95% CI 0.42-
0.97, P trend = 0.003) was found but there were no significant associations for fruit, total vegetables,
or total cruciferous vegetables. (Tang 2008)

ALLIUM VEGETABLES and GASTRIC CANCER

The associations between allium vegetable consumption and stomach cancer were examined in a
large population-based case-control study in China (Shangai and Qingdao). After adjusting for
matching variables, education, body mass index, pack-years of smoking, alcohol drinking, salt
intake, and fruit and vegetable intake, inverse relationships were observed between frequency of
onion intake and stomach cancer for never vs often ie OR 0.66 (95% CI 0.42-1.02, P for trend 0.04)
for Shangai province and OR 0.14 (95% CI1 0.03-0.71, P<0.02) for Qingdao province. (Setiawan et
al. 2005). The World Cancer Research Fund reported that allium vegetables are probably protective.

GREEN LEAFY VEGETABLES and GALLBLADDER CANCER

A case-control study of the relationship between three levels of vegetable intake and the risk of
gallbladder cancer showed an inverse association was for amaranth OR of 3.45 for the low vs. high
level of consumption OR 2.14 for spinach, OR1.86 for bathua, OR1.02 for bengalgram leaves,
OR2.26 for cabbage, OR3.06 for fenugreek leaves, OR1.95 for mustard leaves and OR1.44 for radish
leaves. (Rai et al. 2006)

SUBTYPES OF VEGETABLES and PROSTATE CANCER
Cruciferous vegetables

The association between cruciferous vegetable intake and risk of prostate cancer in the Health
Professionals Follow-Up cohort Study was investigated. Overall, no association between baseline
intake of cruciferous vegetables and risk of prostate cancer RR 0.93 (95% CI 0.82-1.05) for >5
versus <1 serving/week; P for trend = 0.30 was found.

No association between prostate cancer risk and intake of fruits and vegetables was found in the
Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial. Risk of extraprostatic prostate cancer
(stage III or IV tumors) decreased with increasing vegetable intake RR = 0.41 (95% CI 0.22 - 0.74)
for high versus low intake; P trend = .01 mainly explained by intake of cruciferous vegetables (RR =
0.60 (95% CI1 0.36 - 0.98) for high versus low intake). (Kirsh 2007)

In a West Australian cohort a decreased prostate cancer risk was observed with increasing intakes of
vitamin C-rich vegetables, including bell peppers and broccoli but fruit and other vegetables did not
appear to be important factors. (Ambrosini et al. 2008)
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Allium vegetables

In a population-based, case-control study conducted in Shanghai, China the association between
intake of allium vegetables and the risk of prostate cancer was investigated. Men in the highest of
three intake categories of total allium vegetables (>10.0 g/day) had OR 0.51 (95% CI 0.34 - 0.76, P
trend <.001) of prostate cancer than those in the lowest category (<2.2 g/day). (Hsing et al. 2002)
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3. FRUIT AND VEGETABLES
(SI.1 and SI1.10)

Evidence Statements



3. FRUIT AND VEGETABLES (S1.1 AND S1.10)

While fruit and vegetables have been analysed as separate food groups in question S1.1 for some of
the retrieved papers they were studied in combination. This chapter details these studies.

Search results

The initial search of the data bases included 3691 references for fruit and 4667 references for
vegetables and the specified disease outcomes. The detailed search is included in a separate
document on searches. As there were 2714 duplicates the two data bases were combined in one
Endnote library and coded as one. In all, 97 references concerning fruit and vegetables had data
extracted and 16 papers were used to form the body of evidence statements for fruit and vegetables
combined. More comprehensive evidence statements are available for fruit and vegetables intakes
measured individually. Sufficient evidence was found to make statements for fruit and vegetables
and risk of cardiovascular disease, stroke, type 2 diabetes and a range of cancers including lung,
colorectal and ovarian cancer.

3.1 FRUIT and VEGETABLES and CORONARY HEART DISEASE

Does a particular intake of fruit and vegetables affect the risk of coronary heart
disease in adults?

Evidence statement Consumption of each additional daily serve of fruit and
vegetables is associated with a reduced risk of coronary
heart disease.

Grade B
Component Rating Notes
Evidence Base  Good Level III evidence from 2 meta analyses cohorts (of 9

cohorts and 12 cohorts) (medium risk bias) and 3 coho
rts (low risk bias).

Consistency Good 2 meta analyses agree with protection, 3 cohorts no
effect. One cohort was in Japanese and may not be
applicable. The other cohort was looking at
associations in those with low medium or high
carbohydrate intakes and may not be most appropriate
design to examine the relationship. The other cohort
looked at CVD mortality.

Clinical impact Good RR 0.96 (95% CI 0.93-0.99) for each additional serve
fruit & vegetables in one meta analysis; <3 serves vs
>5 serves per day RR 0.83 (95% CI 0.77-0.89, dose
response P<0.0001) in other meta analysis.

Generalisability Good Populations in cohorts from US Europe and Japan.

Applicability Excellent  Australian adults.
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The studies used to make the body of evidence statements are shown in Table 3.1. The two meta
analyses are in agreement but have six of nine studies in common, with most studies being from the
USA. The Japanese cohort study demonstrated no association between fruit and vegetable
consumption and cardiovascular disease and the analysis of the Nurses Health and Male Health
Professionals cohorts stratified by the percentage energy from carbohydrate indicated no significant
protective effect. The other US cohort showed protection but the upper 95% CI for HR was 1.06.
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Table 3.1 Studies used to make evidence statement on fruit and vegetables and coronary heart disease

Reference [1]

Dauchet et al.

He et al. 2007 [23]

Joshipura et al. 2008

Takachi et al. 2008

Genkinger et al.

2006 [33] [2546] [376] 2004 [1566]
Type of study [2] Meta analysis of | Meta analysis of 12 Cohort Cohort Cohort
9 cohorts cohorts
Level of evidence [3] 111-2 111-2 111-2 I11-2 I11-2
Intervention/ Each additional | <3 or 3-5 or >5 serves | Quintile of fruit and Quartiles of intake of Quintiles of fruit &
comparator [4] serve of fruit and | of fruit and veg and | veg (and by % energy | fruit and vegi.e. 186 g; veg median serves
veg and RR of CHD from CHO i.e. <40%, | 335g;482g; 733 g per 0.87 serves; 1.61
CHD MI and 40 to 55% and >55% | day median and CVD serves; 2.31 serves;
mortality and CVD outcomes 3.21 serves; 4.89
serves outcome is
CVD mortality
N [5] 48,039 M 278,459 M and F 38,918 M 77,891 M and F 6151
127,316 F 70,870 F (910 deaths)
Population/study Only 6/9 cohorts | Long follow up in US | Nurses Health and Japanese adult male and | Community living
information [6] used for fruit and Europe Male Health female adult men and
and veg meta Professionals women in US
analysis. All are
US
Quality [7] 0 0 P P P
Results [8] RR 0.96 (0.93- | RR <3 vs>5RR No significant effects | NS effect for fruit and HR for quintile 5
0.99, Trend P < | 0.83(0.77-0.89, for total fruit and veg | veg RR 0.90 (95% CI vs. quintile 1 but
0.0027) for fruit | P<0.0001) for fruit at any of the three 0.75-1.07) DR NS
and veg and veg combined carbohydrate intakes cardiovascular
disease 0.76(0.54-
1.06, p=0.15)
Effect on risk Protect Protect None None None

(Increase/None/
Protect)
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Clinical importance 1 1 2 2 2

[9]

Clinical relevance [10] | 1 1 1 1 1
Generalisability y y y y y
Applicability y y y n y
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3.2 FRUIT and VEGETABLES and STROKE

Does a particular intake of fruit and vegetables affect the risk of stroke in adults?

Evidence statement

Grade

Consumption of each additional daily serve of fruit and
vegetables is associated with a reduced risk of stroke.

B

Component Rating

Evidence Base  Excellent

Consistency Good

Clinical impact Good

Generalisability Good
Applicability Excellent

Notes

Level I1I evidence from 2 meta analyses cohorts (of 7 cohorts
and 9 cohorts) (medium risk bias).

Both meta analyses agree with protection.

For each additional serve daily the RR is 0.95 (95% CI 0.92-
0.79).

US Europe.

Australian adults.

Two meta analyses with seven cohorts in common confirm that fruit and vegetables protect against

stroke. The two have approached the comparison in slightly different ways. He et al. indicate that

more than five serves daily (a serve of fruit was 80 g and of vegetables 77g) results in 26% decrease
in risk and Dauchet et al. reach a similar conclusion stating that each additional serve daily (106 g)
decreases the risk by 5%. See Table 3.2.
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Table 3.2 Studies used to make evidence statement for fruit and vegetables and stroke

Reference [1]

He et al. 2006 [42]

Dauchet et al. 2005 [44]

Type of study [2]

Meta analysis of cohort 9
studies

Meta analysis of 7
cohorts

Level of evidence [3]

I11-2

I11-2

Intervention/
comparator [4]

RR <3 serves to >5 fruit
and veg serves per day
and stroke

Decrease in RR per
additional serve per
serve, to 8 or more of
fruit and veg and stroke

N [5] 257,551 90,513 M

141,536 F
Population/study US Japanese and Includes US Europe and
information [6] European cohorts Japan cohorts
Quality [7] 0 0
Results [8] RR 0.89 (0.83 t0 0.97) RR 0.95 (0.92-0.97) for

for 3 to 5 serves and
0.74(0.69-0.79) for >5
serves fruit and veg

each additional portion
fruit and veg

Effect on risk
(Increase/None/
Protect)

Protect

Protect

Clinical importance [9]

Clinical relevance [10]

Generalisability

Applicablility

Sl e e

el e N
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3.3 FRUIT and VEGETABLES and TYPE 2 DIABETES

Does a particular intake of fruit and vegetables affect the risk of type 2 diabetes in adults?

Evidence Statement Consumption of 5 or more serves fruit and vegetables
per day is not associated with risk of type 2 diabetes.

Grade D

Component Rating Notes

Evidence Base Satisfactory Level III evidence from 1 meta analysis of cohorts (4
studies and low risk bias) and 1 cohort.

Consistency Satisfactory

Clinical impact Satisfactory OR range from

Generalisability Good USA and Europe.

Applicability Excellent Applicable to Australian adults.

The meta analysis has only four studies based in the USA, see Table 3.3. For these four studies the
RR ranged from 0.6 to 1.3. The pooled estimate was 0.96 for the highest quintile. The two largest
cohorts in the meta analysis have approximately 35,000 and 38,000 women and in both these studies
no significant protection was demonstrated. The additional cohort study comes from the EPIC cohort
and includes both men and women. This did demonstrate protection but on the basis of five cohorts
the overall finding is no protective association of fruit and vegetables with type 2 diabetes.
Additional studies are needed especially with cohorts that include both men and women as the lack
of association stems largely from studies in women. The serving size is in the range of 92 to 106 g
per serve.
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Table 3.3 Studies used to make evidence statement for fruit and vegetables and type 2 diabetes

Reference [1]

Hamer et al. 2007 [18]

Harding et al. 2008 [225]

Type of study [2]

Systematic review of 4
cohorts

Cohort

Level of evidence [3] 111-2 I11-2
Intervention/ Serves of fruit and veg | Fruit and veg and incident
comparator [4] (lowest intake vs 5 or diabetes type 2;

more) and diabetes type
2. One serve is 106 g

quintile of intake: quintile
1 289g M 382¢g F per day
quintile 5 459g M 550g F

per day
N [5] 167,128 21,831
Population/study All US and follow-up 6 | EPIC in UK male and
information [6] to 23 years females
Quality [7] P P
Results [8] RR of type 2 diabetes OR top quintile fruit and

for five or more
servings of

fruit and veg daily was
0.96 (95% CI10.79-1.17,

veg 0.78(0.60-1.00)

P =0.96)
Effect on risk None Protect
(Increase/None/
Protect)
Clinical importance [9] |2 1
Clinical relevance [10] 1 1
Generalisability y y
Applicability y y
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3.4 FRUIT and VEGETABLES and COLORECTAL CANCER

Does a particular intake of fruit and/or vegetables affect the risk of colorectal cancer in adults?

Evidence Statement Consumption of fruit and vegetables is not associated with risk of
colorectal cancer.

Grade C

Component Rating Notes

Evidence Base  Good Level III evidence from 1 pooled analysis of cohorts (14 studies)
and 1 cohort (low risk bias).

Consistency Good Pooled analysis shows a protective effect but it is not significant.
The Japanese cohort found a non significant increased risk.

Clinical impact  Poor RR 0.91 (pooled analysis) and 1.05 (cohort) but CIs cross 1.0.

Generalisability Good US and European cohorts and Japanese.

Applicability Excellent  Australian adults.

The pooled analysis indicated small protection but this was not significant. The Japanese cohort
found no protection. The pooled analysis compared low intakes with those four times as large and
800 g is more than five average serves of fruit and vegetables. In the Japanese cohort the difference
between lowest intake and highest was not as marked but would constitute 1.5 to 2 extra serves. See
Table 3.4.

Fruit and vegetable intake was not reported as a convincing or protective factor for colorectal cancer
in the World Cancer Research Fund report with only limited suggestion of reduction in risk with
non-starchy vegetables and fruit intake.

References

Koushik, A., Hunter, D. J., Spiegelman, D., Beeson, W. L., Pa, Buring, J. E., Calle, E. E., Cho, E.,
Fraser, G. E., Freudenheim, J. L., Fuchs, C. S., Giovannucci, E. L., Goldbohm, R. A., Harnack, L.,
Jacobs, D. R., Jr., Kato, 1., Krogh, V., Larsson, S. C., Leitzmann, M. F., Marshall, J. R.,
McCullough, M. L., Miller, A. B., Pietinen, P., Rohan, T. E., Schatzkin, A., Sieri, S., Virtanen, M. J.,
Wolk, A., Zeleniuch-Jacquotte, A., Zhang, S. M. & Smith-Warner, S. A. 2007, "Fruits, vegetables,
and colon cancer risk in a pooled analysis of 14 cohort studies", Journal of the National Cancer
Institute, vol. 99, no. 19, pp. 1471-1483.

Sato, Y., Tsubono, Y., Nakaya, N., Ogawa, K., Kurashima, K., Kuriyama, S., Hozawa, A., Nishino,
Y., Shibuya, D., Tsuji, L., I. 2005, "Fruit and vegetable consumption and risk of colorectal cancer in
Japan: The Miyagi Cohort Study", Public Health Nutrition, vol. 8, no. 3, pp. 309-14.
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Table 3.4 Studies used to make evidence statement for fruit and vegetables and colorectal

cancer

Reference [1]

Koushik et al. 2007
[20]

Sato et al. 2004 [2005]

Type of study [2] Pooled analysis 14 | Cohort
cohorts
Level of evidence [3] 111-2 I11-2

Intervention/
comparator [4]

Quintiles of fruit
and veg quintile 1
<200g; quintile5 >

Quintiles of fruit and veg intake
quintile 1<=534g daily; quintile 5
>=698¢ daily and incident colorectal

800g daily and cancer
colon cancer
N [5] 756 217 in cohort 41 835 males and females
5838 cases
Population/study US, Canadian and Japanese 40 to 64 yrs
information [6] European cohorts
follow up 6 to 20
years
Quality [7] 0 p
Results [8] Highest vs lowest No protective effects of fruit and
fruit and veg RR veg RR 1.05 (0.64-1.75, for quintile
0.91 (0.82-1.01, P 5 P for trend 0.90)
trend = 0.19)
Effect on risk None None
(Increase/None/
Protect)
Clinical importance [9] |2 4
Clinical relevance [10] 1 1
Generalisability y y
Applicability y y
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3.5 FRUIT and VEGETABLES and LUNG CANCER

Does a particular intake of fruit and vegetables affect the risk of lung cancer in
adults?

Evidence statement Consumption of fruit and vegetables is associated
with a reduced risk of lung cancer.

Grade C

Component Rating Notes

Evidence Base Good Level III evidence from meta analyses of 8 cohorts

and case control (medium risk bias) 2 cohorts (low
to medium risk bias).

Consistency Satisfactory Pooled RR from 8 cohorts shows protection but the
2 cohorts showed no protection.

Clinical impact ~ Good May be up to 20% reduction.

Generalisability ~ Good US, Canadian, European and Japanese cohorts.

Applicability Excellent Australian adults.

The pooled analysis of eight cohorts indicates protection and the North American and Dutch
populations included are likely generalizable to Australians. The more recent cohort study from the
US is an older population. The RR indicates reduction but the confidence interval includes harmful
effects. The number of serves is high so unlikely to be the reason for these findings. The Japanese
cohort had lower consumptions. See Table 3.5.

References

S., Liu, Y., Sobue, T., Otani, T. & Tsugane, S. 2004, "Vegetables, fruit consumption and risk of lung
cancer among middle-aged Japanese men and women: JPHC study", Cancer Causes & Control, vol.
15, no. 4, pp. 349-57.

Smith-Warner, S. A., Spiegelman, D., Yaun, S.-S., Albanes, D., Beeson, W. L., van den Brandt, P.
A., Feskanich, D., Folsom, A. R., Fraser, G. E., Freudenheim, J. L., Giovannucci, E., Goldbohm, R.
A., Graham, S., Kushi, L. H., Miller, A. B., Pietinen, P., Rohan, T. E., Speizer, F. E., Willett, W. C.
& Hunter, D. J. 2003, "Fruits, vegetables and lung cancer: a pooled analysis of cohort studies",
International Journal of Cancer, vol. 107, no. 6, pp. 1001-11.

Wright, M. E., Park, Y., Subar, A. F., Freedman, N. D., Albanes, D., Hollenbeck, A., Leitzmann, M.
F. & Schatzkin, A. 2008, "Intakes of fruit, vegetables, and specific botanical groups in relation to
lung cancer risk in the NIH-AARP Diet and Health Study", American Journal of Epidemiology, vol.
168, no. 9, pp. 1024-1034.
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Table 3.5 Studies used to make evidence statement for fruit and vegetables and lung cancer

Reference [1] Smith Warner et al. | Wright M et al. Liu et al. 2004
2003 [1954] 2008 [190] [1826]

Type of study [2] Meta analysis of Cohort Cohort
cohorts (i.e. pooled
analysis of 8 cohorts)

Level of evidence [3] 111-2 111-2 I11-2

Intervention/ Quintiles of fruit and | Quintiles of fruit and | Thirds of vegetable

comparator [4]

veg intake and lung
cancer

veg lung cancer
results by gender.
Quintiles as number
of serves per
1000kcal

intake <1 day per
week, 1-2 days per
week and 3-4 days
per week and
incident lung cancer

N [5] 149 862 M 472 081 M and F 42 224 (cohort 1)
280419 F 51 114 (cohort 2)
Population/study US Canada and US male and female | Japanese men and
information [6] Netherlands from age 50 to 71 yrs | women
follow up 6 to 16 NIH-AARP cohort
years
Quality [7] 0 P 0
Results [8] RR for quintile 5 Males RR quintile 5 | Highest intake RR
0.79 (95% C1 0.69— | (i.e. more than 4.3 1.10 (95% CI1 0.79—
0.90) P for trend serves per 1000kcal) | 1.52)
0.001 0.93 (95% CI1 0.83-
1.04).
Females RR quintile
5 (i.e. more than 5.4
serves per 1000kcal)
0.98 (0.85-1.13)
Effect on risk Protect None None
(Increase/None/
Protect)
Clinical importance [9] |1 2 4
Clinical relevance [10] 1 1 1
Generalisability y y y
Applicability y y n
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3.6 FRUIT and VEGETABLES and OVARIAN CANCER

Does a particular intake of fruit and vegetables affect the risk of ovarian cancer in adult
women?

Evidence statement Consumption of fruit and vegetables is not associated with
risk of ovarian cancer.

Grade B

Component Rating Notes

Evidence Base  Excellent  Level III evidence from 1 pooled analysis of 12 cohorts
(medium risk bias); and 1 cohort (low risk bias). Over 1
million women in study.

Consistency Good Pooled analysis showed no effect; 1 cohort no effect.
Clinical impact  Good No protection.

Generalisability Good Includes European and US studies.

Applicability Excellent  Yes for adult women in Australia.

The pooled analysis and cohort are summarized in the Table 3.6. In European and US women there
is no evidence of protection from fruit and vegetable consumption.

References

Koushik, A., Hunter, D. J., Spiegelman, D., Anderson, K. E., Arslan, A. A., Beeson, W. L., van den
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Genkinger, J. M., Goldbohm, R. A., Hankinson, S. E., Koenig, K. L., Larsson, S. C., Leitzmann, M.,
McCullough, M. L., Miller, A. B., Patel, A., Rohan, T. E., Schatzkin, A., Smit, E., Willett, W. C.,
Wolk, A., Zhang, S. M. & Smith-Warner, S. A. 2005, "Fruits and vegetables and ovarian cancer risk
in a pooled analysis of 12 cohort studies", Cancer Epidemiology, Biomarkers & Prevention, vol. 14,
no. 9, pp. 2160-7.

Schulz, M., Lahmann, P. H., Boeing, H., Hoffmann, K., Allen, N., Key, T. J. A., Bingham, S.,
Wirfalt, E., Berglund, G., Lundin, E., Hallmans, G., Lukanova, A., Martinez Garcia, C., Gonzalez, C.
A., Tormo, M. J., Quiros, J. R., Ardanaz, E., Larranaga, N., Lund, E., Gram, 1. T., Skeie, G., Peeters,
P. H. M., van Gils, C. H., Bueno-de-Mesquita, H. B., Buchner, F. L., Pasanisi, P., Galasso, R., Palli,
D., Tumino, R., Vineis, P., Trichopoulou, A., Kalapothaki, V., Trichopoulos, D., Chang-Claude, J.,
Linseisen, J., Boutron-Ruault, M. C., Touillaud, M., Clavel-Chapelon, F., Olsen, A., Tjonneland, A.,
Overvad, K., Tetsche, M., Jenab, M., Norat, T., Kaaks, R. & Riboli, E. 2005, "Fruit and vegetable
consumption and risk of epithelial ovarian cancer: the European Prospective Investigation into
Cancer and Nutrition", Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 11 Pt 1, pp.
2531-5.
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Table 3.6 Studies used to make evidence statement for fruit and vegetables and ovarian cancer

Reference [1]

Koushik et al. 2005 [1345]

Schulz 2005 [1308]

Type of study [2] Pooled cohort analysis (12) | Cohort
ovarian cancer
Level of evidence [3] 111-2 I11-2

Intervention/
comparator [4]

Quartiles of fruit veg <200
to >= 800 g per day and
ovarian cancer

Looking at 80 g increments
of total vegetables ovarian
cancer

N [5] 560,441 cohort 2130 cases 325,640 females

Population/study US and European cohorts EPIC cohort

information [6] including Nurse Health,
Netherlands, Swedish
Mammography

Quality [7] 0 P

Results [8] >800 g vs <200 fruit and veg | Per additional 80 g fruit and
RR 0.95 (95% CI1 0.79-1.15) | veg daily HR 1.02 (95% CI
P for trend 0.64 0.95-1.10)

Effect on risk None None

(Increase/None/

Protect)

Clinical importance [9] | 2 3

Clinical relevance [10] 1 1

Generalisability y y

Applicability y y
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Studies not included in body of evidence as there were < 5 studies
FRUIT and VEGETABLES and BLOOD PRESSURE

Both an RCT (John et al. 2002) and cohort study (Miura et al. 2004) report that higher fruit and
vegetable intakes protect against increases in systolic and diastolic blood pressure in normotensives.

FRUIT and VEGETABLES and MENTAL HEALTH

A total of 8085 non demented participants aged 65 and over were enrolled in the Three-City cohort
study in France. Daily consumption of fruits and vegetables was associated with a decreased risk of
all cause dementia HR 0.72 (95% CI 0.53-0.97) in fully adjusted models (Barberger-Gateau et al.
2007).

FRUIT and VEGETABLES and EYE HEALTH

Using the Nurses' Health Study and men in the Health Professionals Follow-up Study the association
of fruit and vegetables with age related maculopathy was studied. Participants who consumed three
or more servings per day of fruits had a pooled RR of 0.64 (95% CI 0.44-0.93) P value for trend
=0.004 compared with those who consumed less than 1.5 servings per day. Intakes of vegetables
were not strongly related to maculopathy. (Cho et al. 2004)

Using the Womens Health Study the relationship between incident cataract and fruit and vegetable
intake was examined. Compared with women in the lowest quintile of fruit and vegetable intake,
women with highest intakes had a RR of 0.83 (95% CI 0.70-0.99, P for trend 0.048). (Christen et al.
2005)

FRUIT and VEGETABLES and BONE HEALTH

In the Norfolk English arm of EPIC the rate of change in bone mineral density was assessed an
average of three years apart (range 2-5 years) and relationship with fruit and vegetable intake. There
was no effect of fruits and vegetables, combined or separately, on rate of BMD loss. (Kaptoge 2003)

A longitudinal study in children studied the relationship of total-body bone mineral content
(TBBMC) in boys and girls from childhood to late adolescence and found that vegetable and fruit
intakes were significant independent environmental predictors of TBBMC in boys but not in girls.
(Vatanparast 2005)

FRUIT and VEGETABLES and HEAD and NECK CANCER

The NIH-AARP (American Association of Retired People) Diet and Health cohort study found an
inverse association between total fruit and vegetable intake and head and neck cancer risk (per
serving per day per 1000 calories, HR 0.94 (95% CI 0.89-0.99). The association was stronger for
vegetables (fifth vs. first quintile: HR 0.65 (95% CI 0.50-0.85) than for fruits (fifth vs. first quintile:
HR 0.87 (95% CI 0.68-1.11). (Freedman et al. 2008)
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FRUIT and VEGETABLES and UPPER AERODIGESTIVE CANCERS

In the European Investigation into Cancer and Nutrition (EPIC) cohort study cases of squamous cell
carcinoma of the oral cavity, pharynx, larynx, and esophagus were identified and relationships with
intakes of fruit and vegetables examined. A significant inverse association with combined total fruits
and vegetables intake RR 0.91 (95% CI 0.83-1.00) per 80 g/d of consumption, and nearly significant
inverse associations in separate analyses with total fruits and total vegetables intake RR 0.97 (95%
CI1 0.92-1.02) and RR 0.89 (95% CI 0.78-1.02) per 40 g/day of consumption) were found. (Boeing et
al. 2000)

In the lowa Womens Health cohort study significant inverse associations were observed for the
highest compared to the lowest tertile of yellow/orange vegetables RR 0.58 (95% CI 0.39-0.87).
(Kasum 2002)

Another European study with a case control design consumption of fruits OR per increasing tertile
0.68 (95% CI1 0.62-0.75) and vegetables OR per increasing tertile 0.73 (95% CI 0.66-0.81) were
associated with a reduced risk. (Lagiou 2009)

On the basis of the three studies it seems fruit and vegetables might be protective. Refer to the
studies by site within the main BOE statements.

FRUIT and VEGETABLES and LARYNGEAL CANCER

Case-control study conducted in Northern Italy found significant inverse associations of raw
vegetables (OR 0.2), cooked vegetables (OR 0.3), citrus fruit (OR 0.6) and other fruit (OR 0.5) and
laryngeal cancer. (Bossetti et al. 2002)

FRUIT and VEGETABLES and SALIVARY GLAND CANCER

A population-based case-control study in Canada examined primary cancer of the salivary gland and
relationship with diet. No significant associations with fruit or vegetables intake were found. (Forrest
et al. 2008)

FRUIT and VEGETABLES and RENAL CANCER

A US population based case-control study showed decreased renal cell carcinoma risk with vegetable
consumption OR 0.56 (95% CI 0.35-0.88); but not for fruit consumption. (Dolwick Grieb et al. 2009)

The association between fruits and vegetables and risk of renal cell carcinoma was also studies in a
cohort of Swedish women. Women consuming five or more servings of fruit and vegetables daily
had RR 0.59 (95% CI 0.26-1.34) in comparison to them consuming less than once daily.
(Rashidkhani 2005)

In the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort study no
significant associations between fruit and vegetable consumption and renal cell carcinoma risk were
observed despite a wide range of intake. The RR 0.97 (95% CI 0.85-1.11) per 40 g increase in
vegetable intake, 1.03 (0.97-1.08) per 40 g increase in fruit intake, and 1.02 (0.93-1.11) per 80 g
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increase in fruit and vegetable intake combined (Weikert 2006). The evidence is inconclusive but
there does not appear to be a strong protective relationship.

FRUIT and VEGETABLES and PROSTATE CANCER

Two case control studies one in New York and one in Bombay both investigated fruit and vegetable
intake and prostate cancer. Compared with New York men in the lowest quartile of total vegetable
intake those in the highest quartile of intake had OR 0.53 (95% CI 0.36-0.79). (McCann et al. 2005)
In the Indian study for those who consumed more than 3 kg per week had OR (95% CI 0.3-0.6) P
trend =0.001 compared to those who consumed less than 2 kg per week. (Sunny et al. 2005)

FRUIT and VEGETABLES and LIVER CANCER

In a Japanese cohort study consumption of vegetables, green-yellow and green leafy vegetables was
inversely associated with the risk of hepatocellular carcinoma, with HR for the highest vs lowest
tertile of intake 0.61 (95% CI 0.36-1.03) P trend = 0.07, 0.65 (95% CI 0.39-1.08) P trend =0.06 and
0.59 (95% CI1=0.35-1.01, P trend = 0.04 respectively. (Kurahashi 2009)

Another Japanese cohort study examined the relationship between vegetable consumption and the
risk of death from liver cancer. Vegetable consumption was classified into three groups: "once per
week or less," "2-4 times per week" and "daily intake." In males, the HRs of liver cancer deaths were
0.61 (95% C10.33-1.14) and 0.25 (95% CI 0.11-0.59) in the "2-4 times per week" and "daily intake"
groups, respectively. In females, the multivariate HRs were 0.44 (95% CI1 0.13-1.51) and 0.51 (95%
CI 0.16-1.69), respectively. (Pham et al. 2006)

FRUIT and VEGETABLES and PANCREATIC CANCER

The association of the consumption of fruits and vegetables intake and with pancreatic cancer risk
was examined in European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. HR
(95% CI) for the highest versus the lowest quartile were 0.92 (0.68-1.25) for total fruit and
vegetables combined, 0.99 (0.73-1.33) for total vegetables, and 1.02 (0.77-1.36) for total fruits.
(Vrieling et al. 2009)

The associations of overall consumption of fruits and vegetables with the incidence of pancreatic
cancer among women and men in the Swedish Mammography Cohort and the Cohort of Swedish
Men were also studies. The HRs for the highest compared with the lowest category of intake were
1.13 (95% CI1 0.66-1.94) for total fruits and vegetables, 1.10 (95% CI 0.64-1.88) for total fruits, and
1.08 (95% CI1 0.63-1.85) for total vegetables. (Larsson et al. 2006)

The study of total vegetables intake and pancreatic cancer in the Hawaii-Los Angeles Multiethnic
Cohort Study showed total vegetable intake was not associated with pancreatic cancer risk, nor was
intake of vegetable subgroups. (Nothlings et al. 2007)

On the basis of these three studies it appears that higher consumption of fruit and vegetables is not
associated with decreased risk of pancreatic cancer.
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FRUIT and VEGETABLES and ORAL CANCER

A case control study examining combined (but not individual) fruit and vegetable intake found if >=
three portions consumed per day OR 0.6 (95% CI 0.3-1.3) for males and for females OR 0.3 (95% CI
0.1-0.7) compared with two or less. (Llewellyn et al. 2004)

FRUIT and VEGETABLES and OBESITY

Evidence statements have been formed for fruit and for vegetables but these two randomised
controlled trials only examined intake as a combined entity.

Whybro et al. (2006) found no change in weight when subjects were allocated to an additional 0 g,
300 g or 600 g fruit and vegetable per day. Ello-Martin compared a reduced fat diet with a reduced
fat diet enriched in fruit and vegetables and reported those with the additional fruit and vegetables,
had a significantly different weight loss (P = 0.002).
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4. MEAT (Sl.1 and S1.6)

Evidence Statements



4. MEAT (S1.1 & S1.6)

Search results

The initial search of the databases included 1664 references for meat and the specified disease
outcomes. The detailed search is included in a separate document on searches. In all, 63 references
concerning meat had data extracted and 29 (WCRF was counted as a single reference) papers were
used to form the body of evidence statements for meat. The definition of fresh red meat provided by
NHMRC was as follows:

Red meat for this review includes ‘fresh red meat’ taken from the ‘carcass of any cattle, sheep, goat,
buffalo, kangaroo, camel, deer, goat, pig or rabbit’ and includes the ‘muscle component only; it
excludes offal such as liver and kidney and processed red meat’.

A significant number of papers had to be excluded from the SLR based upon this definition of red
meat, or the inability to separate the data for fresh red meat from processed meat. To preserve the
rigor of this definition and outcome of this review a number of large international cohort studies
were therefore excluded. We acknowledge that some of the meta analyses included in this SLR did
include studies which may have not met this definition for fresh red meat strictly because we were
not able to remove those studies from the meta analyses undertaken by those reviewers. This
includes important systematic reviews such as the WCRF report, which the reviewers felt could not
be excluded based on the substantive and comprehensive nature of these well-resourced meta
analyses.

The study by Sinha et al. did not meet the criteria for inclusion in this review based on the red meat
included in the study i.e. all types of beef and pork, including bacon, beef, cold cuts, ham,
hamburger, hot dogs, liver, pork, sausage, steak and meats in foods such as pizza, chilli, lasagne and
stew. However, it is a recently published very large cohort study in over half a million people which
examined all cause mortality. Therefore, although the red meat category in the study does include
processed meats, it is worth acknowledging the findings in a cautionary manner. The Hazard Ratios
for All Cause mortality, based on quintiles (1 = lowest, 5 = highest) of red meat intake, for men and
women were as follows:

Men: QIl=1;Q2=1.08; Q3=1.17; Q4=1.28; Q5=1.36 P for trend <0.001

Women: Q1=1; Q2=1.07; Q3=1.11; Q4=1.20; Q5=1.25 P for trend <0.001

Despite the study’s limitation based on the red meat definition, it is worth noting that its results for
colon cancer outcomes are consistent with the BOE arising from the current review.

Sufficient evidence was found to make statements for fresh red meat and the following cancers;
bladder, pancreatic, prostate, breast, lung, renal and colorectal.

**NOTE: Studies rated as negative quality were not included in body of evidence statements.
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4.1 MEAT and BLADDER CANCER

Does a particular intake of meat affect the risk of bladder cancer in adults?

Evidence statement Consumption of fresh red meat 1 to 6 times per week (or an
intake range of 14-70 g/1000 Calories/d) is not associated
with risk of bladder cancer.

Grade C
Component Rating Notes
Evidence Base Satisfactory Level III evidence from 1 systematic review / meta analysis

(of case control studies), 1 cohort and 1 case control with
low risk of bias.

Consistency Good All studies fail to show a relationship of meat consumption
with bladder cancer outcomes.
Clinical impact Satisfactory HRs (95% CI) in the range of 1.00-1.11 (0.71,1.52) and OR

(95% CI) 0.8-1.1 (0.6, 1.5), doesn't include any clinically
important effects.

Generalisability Satisfactory Population in body of evidence differ but it's sensible to
apply evidence to Australian mid-aged population.

Applicability Excellent Dietary intake similar to Australian population.

The systematic review, cohort and case control study contributing to the body of evidence are shown
in Table 4.1. The systematic review (World Cancer Research Fund) only included two case-control
studies, one of which was Italian and the other Uruguayan. The cohort study was from Sweden
(Swedish Mammography Cohort) and the other case control from Spain. Despite differences in
population groups, study design (including definition and level of red meat intake) and quality of the
studies contributing to the body of evidence, all failed to show an increased risk of bladder cancer
according to fresh red meat consumption.

Reference

Garcia-Closas, R., M. Garcia-Closas, et al. 2007, "Food, nutrient and heterocyclic amine intake and
the risk of bladder cancer", European Journal of Cancer, vol. 43, no. 11, pp. 1731-1740.

Larsson, S. C., J. E. Johansson, et al. 2009, "Meat intake and bladder cancer risk in a Swedish
prospective cohort", Cancer Causes & Control, vol. 20, no. 1, pp. 35-40.

WCRF, W.C.R. F. A. L. f. C. R. 2007, "Food, Nutrition, Physical Activity and the Prevention of
Cancer: A Global Perspective", American Institute for Cancer Research, vol., no.
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Table 4.1 Studies used to make evidence statements for meat and bladder cancer

Reference [1]

Bekkering 2006 WCRF - Bladder

Larsson et al. 2009 [611]

Garcia-Closas et al. 2007 [1533]

Type of study [2]

Systematic Review

Cohort

Case control

Level of evidence [3]

I11-2

I1I-2

I11-2

Intervention/ comparator [4]

Red meat / servings per week

Red meat / 0-3 servings/month, 1-4
servings/week, >5 servings/week

Red meat intake included beef,
veal, lamb, pork. Intake measured
in quintiles: quintile 1 = <20g/d
(median g/d/kcal = 14), quintile 2
=20-32g/d (median g/d/kcal = 26),
quintile 3 = 33-43g/d (median
g/d/kcal = 37), quintile 4 = 44-
58g/d (median g/d/kcal = 50),
quintile 5 =>58g/d (median
g/d/kcal = 70).

N [5]

Not reported

82 002

912 cases
873 controls

Population/study information [6]

International, adults, females, males

Swedish participants from Swedish
Mammography Cohort (SMC) n=39
227 & Cohort of Swedish Men
(COSM) n=48 850, free from cancer
and completed FFQ in 1997. Mean
follow-up 9.4 years. Incident cases of
bladder cancer identified in Swedish
cancer registries. Swedish men and
women with mean age 62.2

Spanish subjects: Age (mean+SD):
65.3+£10.2yrs (cases); 64.0+£9.9yrs
(controls). All Caucasian (except 1
case & 1 control). 88% cases &
89% controls were male. Smokers:
85.5% cases vs 72.4% controls

Quality [7]

O - Neutral

P - Yes confident in results

P - confident in results

Results [8]

No associations could be found. Results
couldn't be pooled because of different
adjustments. Italy: unadjusted OR (95%
CI) 1.04 (1.02,1.08) per servings per week
increase. Uruguay adjusted OR (95% CI)
1.03 (1.00, 1.07) per servings per week

No association between meat intake and
risk of bladder cancer. HR (95% CI)
after adjusting for 6 factors: 1-4
servings/wk: 1.11(0.81-1.52); >5
servings/wk: 1.00(0.71-1.41)

Red meat intake was not
significantly associated with risk
of bladder cancer. P trend = 0.09.
All OR 95% Cls go through 1.
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increase.

Effect on Risk Varies - None and Increase None None
(Increase/None/Protect)

Clinical importance [9] 2 2 2
Clinical relevance [10] 1 1 1
Generalisability Y Y Y
Applicability Y Y Y
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4.2 MEAT and PANCREATIC CANCER

Does a particular intake of meat affect the risk of pancreatic cancer in adults?

Evidence statement Consumption of 30-200grams of fresh red meat per day is
not associated with risk of pancreatic cancer.

Grade C

Component Rating Notes

Evidence Base Satisfactory Level I1I evidence from 1 systematic review/meta analysis

(of cohorts and case controls) and 1 case control study (both
low risk of bias). Age populations 21-85 years.

Consistency Satisfactory Some inconsistency (Meta analysis of cohorts - no effect;
meta-analysis of case-controls - increased risk; 1 case
control - increased risk for beef/lamb and regular
hamburger patty). Variability may be due to heterogeneity
of meat definitions.

Clinical impact Satisfactory Detrimental Pooled RR for 20g increment/d (95% CI) 1.00-
1.11 (0.92, 1.40) in cohort studies and 1.11 (1.08-1.15) in
case control studies.

Generalisability Good Population in body of evidence differ but it is sensible to
apply evidence to Australian mid-aged population.

Applicability Good Dietary intake similar to Australian population but
variability in agricultural methods.

The meta analysis and case control study contributing to the body of evidence statement are shown in
Table 4.2. Although there is some inconsistency in the evidence base, the strongest evidence (based
on the WCRF meta-analysis of cohort studies) does not support an increased risk of pancreatic
cancer. This analysis however was only based on two cohort studies. In contrast, the WCRF meta-
analysis of case control studies (three studies included) did suggest some increased risk, as did the
USA-based case control study with respect to consumption of beef or lamb and regular hamburger
patties. Given the limited number of studies and inconsistencies in findings, some caution is required
in interpreting the current evidence.

NB — There was one negative quality cohort study from Japan not included in the BOE (based on
risk of bias from the method used to assess dietary intake) that also failed to show any significant
relationship between red meat intake and increased risk of pancreatic cancer mortality.

References
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Table 4.2 Studies used to make evidence statements for meat and pancreatic cancer

Reference [1]

Forman 2006 WCRF - Pancreas

Chan et al. 2007 [8]

Type of study [2]

Meta Analysis

Case control

Level of evidence [3]

I11-2

I1-2

Intervention/ comparator [4]

Red meat consumption and pancreatic
cancer risk; risk assessed per 20g
incremental increases in intake

Dietary intake of beef/lamb as main dish (4-60z), pork as
main dish (4-60z), beef/pork/lamb as a sandwich or mixed
dish (1 whole), regular hamburger (1 patty), lean/extra
lean hamburger (1 patty). Subjects from USA

N [5]

Red meat: 7 cohorts (only 2 used for
meta analysis); 4 case-controls

Beef: 2 cohorts (only 1 used for meta
analysis); 7 case-controls (only 7 used
in meta-analysis)

Cases: 532
Controls: 1701

Population/study information [6]

Male, female, international, adults

Age range: 21-85yrs, For Cases: 85% between 50-79yrs,
55% men: 45% women, 83% white, 95% non Hispanic
origin, 53% BMI <25, 37% BMI 25-29.9, 86% no history
of diabetes

Quality [7]

Positive

P - confident in results

Results [8]

Pooled estimates of relative risk:
Red meat: 1.0 (95% CI: 0.95-1.05;
p=0.9) per 20g/day (cohort studies)
Red meat: 1.11 (95% CI: 1.08-1.15;
p<0.001) per 20g/day (case control
studies)

Beef: 1.13 (0.92-1.39) per 20 g/day
(cohort studies)

Beef: 1.22 (1.06-1.40) per 20 g/day
(case-control)

Adjusted ORs (adjusted for multiple confounders):
Beef/lamb as main dish (<1/month vs >5 serves/wk): OR
2.2 (1.0-4.5) P trend = 0.03

Pork as a main dish (<1/month vs >2 serves/week: OR 0.6
(0.3-1.1) P trend = 0.2

Regular hamburger patty (<1/month vs >2/week) OR 1.7
(1.2-2.4). p for trend =0.005

Lean hamburger patty <1/month vs >2/week OR 1.4 (0.9-
2.3), p=0.1

Effect on Risk None Increase Beef/lamb; None Pork; Increase Regular
(Increase/None/Protect) Hamburger patty; None Lean Hamburger patty
Clinical importance [9] 4 4




Clinical relevance [10] 1 1
Generalisability y y
Applicability y y
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4.3 MEAT and PROSTATE CANCER

Does a particular intake of meat affect the risk of prostate cancer in adults?

Evidence statement Consumption of fresh red meat, irrespective of frequency or
serving size, is not associated with risk of prostate cancer.

Grade C

Component Rating Notes

Evidence Base Good Level I1I evidence from 1 meta analysis and 1 systematic

review (cohorts/case-controls) with low to moderate risk of
bias and 1 cohort study with low risk of bias.

Consistency Good Generally consistent, but mostly no effect (no effect from
meta-analysis of cohort studies; no effect from 18 studies in
systematic review; 1 no effect cohort study; 1 slight
increased risk meta-analysis of case-control studies).

Clinical impact Satisfactory RRs generally consistent with null value (1.0) however 95%
CI range is wide (0.59-2.99).
Generalisability Satisfactory Some differences in populations with respect to

ethnicity/culture and level of red meat consumption but it is
sensible to apply this evidence to the target population.

Applicability Satisfactory The Australian meat supply / meat composition differs from
other countries (agricultural/environmental factors). Types
of meats eaten in Australia also differ from other countries.
Heterogeneity in definition of red meat between studies
(which may have included processed meat and different
cooking methods) also reduces applicability.

The systematic review, meta-analysis and cohort study contributing to the body of evidence are
shown in Table 4.3. The evidence predominantly involves studies from the USA, however Asian,
European, Asian and Australian populations have also been included. Despite differences in the
definition of red meat definition and level of intake between studies, the strongest evidence (based on
the WCRF meta analyses of cohort studies, prospective cohorts from the systematic review and the
positive quality USA cohort study) does not support an increased risk of prostate cancer according to
level of red meat consumption.
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Table 4.3 Studies used to make evidence statements for meat and prostate cancer

Reference [1]

Bekkering 2006 WCRF -

Mori et al. 2009 [495]

Koutros et al. 2008 [1165]

Prostate
Type of study [2] Meta Analyses Systematic Review Cohort
Level of evidence [3] I1-2 I1-2 111-2

Intervention/
comparator [4]

Red meat/ 0.2 -13 serves per
week

Red meat / varies but compares
lowest to highest intakes

Meat/ Median (g/d): Red meat
23.2-122.3; Beef steaks: 4.2-63.0;
Pork chops/ham steaks: 3.3-28.6

N [5]

Included under "Red meat" - 13: 6
prospective cohorts, 2 nested case
control, 5 case control (not all
included in meta-analysis)

28,679

23,080

Population/study
information [6]

Male, female, international, adults

Studies: USA x 8, Puerto Rico x
1, Taiwan x 2, Japan x 1,
Australia x 1, Netherlands x 1,
New Zealand x 1, Canada x 2,
Uruguay x 1

Agricultural Health Study -
includes licensed pesticide
applicators from Iowa and North
Carolina USA. Mean age over the
5 quintiles: 45.6-52.4yrs. 197,017
person-years of follow-up

Quality [7]

Positive

O - Neutral

P - Very confident in results

Results [8]

Summary estimate and 95% Cl's
per servings per week:

0.98 (0.97-1.0) (adjusted) - cohort
studies

1.07 (1.00- 1.15) (adjusted) - same
population case control studies
random effects model
Aggressive/advanced prostate
cancer cases:

1.0 (0.97, 1.03) - cohort studies

Only 2 of 19 articles revealed
significantly positive relationship
between red meat and prostate
cancer risk. Cross et al. 2005
(USA) RR (95% CI) 1.42
(1.05,1.92); Norrish et al. 1999
(NZ) RR (95% CI) 1.68
(1.02,2.77). General OR range for
studies showing no effect: 0.95-
1.7 with general 95% CI range of
0.6-3.4

No association observed for any
meat items and risk of prostate
cancer.

RR (95% CI) total red meat:
quintile 1 1.00, quintile 5 1.10
(0.85-1.43) p=0.92;

beef steaks: quintile 1 1.00, Q5
1.03 (0.71-1.49) p=0.90;

pork quintile 1 1.00, quintile 5
1.00 (0.76-1.29) p=0.98

Effect on Risk

None

Varies, most were - None

None
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(Increase/None/Protect)

Clinical importance [9]

Clinical relevance [10]

Generalisability

<< =
< f =0
< fe =0

Applicability
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4.4 MEAT and BREAST CANCER

Does a particular intake of meat affect the risk of breast cancer in adults?

Evidence statement Consumption of 60-90g fresh red meat per day is not
associated with risk of breast cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory All Level III studies with moderate risk of bias (1 meta-

analysis within a systematic review of 3 cohort; 6 case-
controls plus 4 cohort, 4 case control studies).

Consistency Poor Evidence is inconsistent (One meta-analysis shows no
relationship for cohort studies and only just significant for
case-control studies). The primary research is variable (4 no
effect; 3 increased risk, 1 varied).

Clinical impact Satisfactory HRs (95% CI) in range of 1.05-1.41 (0.93, 1.81) and RRs
(95% CI) in range of 0.98-1.64 (0.92, 2.93), includes
clinically important effects. ORs (95%CI) in range of 0.82-
1.24 (0.60-1.62), P trend range 0.35-0.91 for NO RISK;
1.49-2.96 (1.04-2.78) for RISK, P trend range 0.016-0.003.

Generalisability Good Populations in body of evidence are similar to the
Australian population.

Applicability Good Applicable to Australian females, despite variability in
different agricultural methods.

The systematic review, four cohort and four case control studies contributing to the body of evidence
are shown in Table 4.4. The systematic review (World Cancer Research Fund) included three cohort
and six case-controls studies n a meta-analysis and found no association with breast cancer. Of the
four cohort studies, two were undertaken in the Nurses Health study but in different age groups and
after different lengths of follow-up with the longer follow up (18 years) in the mid—aged women
showing no effect while the 12 year follow-up in women showed no effect for red meat including
lamb and beef and but an increase risk for higher intakes of pork. Of the four case-control studies,
three had positive quality and two of these showed no effect with increased red meat. Despite
differences in population groups, study design (including definition and level of red meat intake) and
quality of the studies contributing to the body of evidence, the inclusion of the meta-analysis weights
the results towards no increased risk of breast cancer according to fresh red meat consumption.

NB — There were two negative quality studies not included in the body of evidence. (Linos 2008,
Petro-Nustas 2002)
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Table 4.4 Studies used to make evidence based statements for meat and breast cancer

Reference [1]

WCRF - Breast

Taylor et al. 2007

Kabat et al. 2009

Cho et al. 2006

Holmes et al. 2003

[1204] [1129] [1222] [1347]
Type of study [2] Systematic Review | Cohort Cohort Cohort Cohort
Level of evidence [3] 11-2 1-2 1-2 I1-2 1-2
Intervention/ comparator [4] Red meat/ Red meat/ Red meat/ Red meat / Red meat / From
increasing amounts | none to low <32 g | <13 g/1000 kcal Servings <1/mo never up to 6 or
(variably defined) | per day 13-21.9 g/1000 1-<2/mo more times/day
medium 32-57 g kcal, >2/mo-<1/wk
per day 21.9-31.1 g/1000 >1-<3/wk
high >57 g per keal, >3/wk
day intakes 31.3-43.7 g/1000
kcal,
>43.7 g/1000 kcal
per day
N [5] unknown 33725 120 755 90 659 88 647
Population/study information International, UK Women's NIH-AARP Diet Nurses' Health Nurses' Health
[6] adults, females Cohort Study. and Health Study | Study II -Female Study - Age:
Women 35 - 69 yrs | cohort. registered nurses, | mean+SD:
in 1995-1998. 8 year follow-up. 25-42yrs, living in | 46.7+7.2yrs, 18
Median follow-up | Mean age 62.4yrs | 1 of 14 U.S. states, | years follow-up
of 8 years (diagnosed with
breast cancer -
mean+SD:
43.0+4.5yrs). 12 yr
follow-up

Quality [7]

O - Neutral

P - Yes confident

P - Yes confident

P - Yes confident

P - Yes confident
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in results

in results

in results

in results

Results [8]

Case-control
results suggest a
positive
association with
increased risk
breast cancer and
red meat intake but
this is not
supported by the
cohort studies. No
association with
menopausal status.
Cohort Pooled RR
(95% CI): 1.02
(0.98,1.07) for an

Postmenopausal
women consuming
red meat are at
increased risk of
breast cancer. HR
(95% CI) after
adjusting for 10
factors: Red meat:
none 1.00, high
(>57g/d) 1.41
(1.11, 1.81)
p=0.007 trend,
p=0.0577 effect
modification by
menopausal status

No association
between a high
intake of red meat
in premenopausal
women and
increased risk of
breast cancer. HR
(95% CI) after
adjusting for 15
factors: Red meat:
quintile 1 1.00,
quintile 5 1.05
(0.93-1.18) p=0.66

Higher red meat
intake may be a
risk factor for
ER+/PR+ breast
cancer among
premenopausal
women. RR (95%
CI) after adjusting
for 11 factors:
Beef/lamb as main
dish: <1/mo 1.00,
>1/wk 1.30 (0.93-
1.90) p=0.03; Pork
as main dish:
<1/mo 1.00, >1/wk

No evidence that
red meat intake
during mid-life and
later was
associated with
risk of breast
cancer. RR (95%
CI) after adjusting
for 14 factors: All
women:
Beef/pork/lamb
sandwich: <0.07
serves/d 1.00,
>0.27 serves/d
1.00 (0.90-1.11)

increased meat 1.81 (1.21-2.70) p=0.85;
consumption of 5 p=0.005; Beet/pork/lamb
times/month Beef/pork/lamb mixed dish: <0.14
sandwich or mixed | serves/d 1.00,
dish: <1/mo 1.00, | >0.45 serves/d
>3/wk 1.64 (0.92- | 0.98 (1.87-1.09)
2.93) p=0.35 p=0.99
Effect on risk None Increase None Mixed (no effect None
(Increase/None/Protect) or increased)
Clinical importance [9] 2 4 2 4 2
Clinical relevance [10] 1 1 1 1 1
Generalisability y y y y y
Applicability y y y y y
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Table 4.4 Studies used to make evidence based statements for meat and breast cancer (cont.)

Reference [1]

van der Hel et al. 2004

Dai et al. 2002 [1375]

Hermann et al. 2002

Mignone et al. 2009

[1321] [1065] [645]
Type of study [2] Nested case control Case control Case control Case control
Level of evidence [3] 111-2 111-2 111-2 I11-2
Intervention/ Fresh red meat (g per day) | Red meat ( g per day ) in | Red meat included beef, | Red meat (<2

comparator [4]

in groups of <30 g per
day (reference group
30-44 g per day

>45 g per day

groups <28.6 g per day
<44.6 gper day

<62.2 gperday,

<87.1 gperday

>87.1 gper day

OR quintiles 1-5

pork and lamb. Red meat
quartiles: 0, 1-21g/d, 22-
39g/d, 40-64g/d, >65g/d.

servings/wk; 2-<3
servings/wk; 3-<4
servings/wk; 4-<5
servings/wk; 5+
servings/wk). Serving size
information not assessed,
so medium portion
assigned - Middle aged
women: 84g hamburger,
85g steak. Older women:
70g hamburger; 84¢g
steak.

N [5]

251 cases

300 controls - frequency
matched on age, town and
menopausal status

1459 cases
1556 controls

cases 355
controls 838

2686 cases
3508 controls

Population/study
information [6]

Women aged 20-59 yrs,
Dutch towns

Women aged 25-64 yrs
who were newly
diagnosed with breast
cancer from Aug 1996 to
Mar 1998, from Shanghai,
China

Women aged: cases:
42.6+5.48; controls:
42.6+5.77.

Age range: 24-52 yrs.
Germany

The Collaborative Breast
Cancer Study (CBCS).
Mean age of both cases
and controls is 55yrs.
40% premenopausal,
97% European ancestry

Quality [7]

P - confident in results

0 - Neutral

P - confident in results

P - confident in results
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Results [8]

No relation between any
type of meat (including
fresh red meat)
consumption and breast
cancer risk.

Fresh red meat 30-44g/d

Positive association with
red meat and breast
cancer, particularly in
women with higher BMI
and WHR (especially

postmenopausal women).

Breast cancer risk
increased with a higher
consumption of red meat
(P for trend = 0.016);
women with the highest
consumption level had an

No association of breast
cancer with consumption
of red meat (P for trend:
0.91 (all women); 0.55
(premenopausal); 0.35
(postmenopausal). All

OR 1.31(0.83-2.05), If never used deep fried 85% elevated breast OR 95% CI pass through
>45g/d OR 1.30(0.83- cooking: >87.1g/d OR cancer risk compared with | 1.
2.02). 1.49 (1.04-2.15) Trend the lowest quartile (95%
test: P=0.11. Quintile 5 CI 1.23-2.78). When only
for Red meat: OR 1.53 premenopausal women
(1.19-1.96) Trend considered, positive
P=0.003. association with meat
intake were even stronger.
Effect on risk None Increase Increase None
(Increase/None/Protect)
Clinical importance [9] | 2 4 4 2
Clinical relevance [10] |1 1 1 1
Generalisability Y N Y Y
Applicability Y N Y Y
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4.5 MEAT and LUNG CANCER

Does a particular intake of meat affect the risk of lung cancer in adults?

Evidence statement Consumption of fresh red meat is associated with increased
risk of lung cancer.

Grade D

Component Rating Notes

Evidence Base Satisfactory Level III evidence from systematic review of cohorts and

case controls (low to moderate risk of bias), 3 case controls
(moderate risk of bias) and 1 case control (moderate to high
risk of bias).

Consistency Poor Cohort study and 7/8 case-control studies in systematic
review - higher risk; 2 individual case controls - no effect; 2
case controls -increased risk (but not for all types lung
cancer). Inconsistency may be explained by differences in
study design, eg definition of red meat and level of
exposure/consumption (which is highly variable between

studies).

Clinical impact Satisfactory Increased risk ORs and HRs in the general range of 1.20-2.0
(95% Cls in the general range of 0.7-3.0).

Generalisability Good Some differences in populations with respect to

ethnicity/culture and level of red meat consumption but it is
sensible to apply this evidence to the target population.

Applicability Satisfactory Meta-analysis may have included studies that included
processed meat within the definition of red meat. The
Australian meat supply, type and composition differ from
other countries (agricultural/environmental factors).

The systematic review and four individual case control studies contributing to the body of evidence
are shown in Table 4.5. Although the cohort study and 7/8 case control studies from the WCRF
systematic review showed increase risk, odds ratios were highly variable with wide confidence
intervals, limiting strength of this association. One high quality case control study from Italy did also
however show increased risk. The two case control studies (also from European populations) that
failed to show increased risk tended to be of lesser quality, rated as neutral due to greater potential
for bias in selection of controls and assessment of dietary intake. Definitions of red meat intake were
not always described clearly from studies included in the evidence base, with heterogeneity in these
definitions likely to have impacted on consistency of findings. Importantly, most results were
adjusted for smoking as a major confounder for lung cancer.

It was not possible to quantify a dose-response relationship based on the current body of evidence.
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Table 4.5 Studies used to make evidence statements for meat and lung cancer

Reference [1]

Alberg 2006 - WCRF
Lung

Dosil-Diaz 2007 [114]

Lam 2009 [551]

Kubik 2002 [368]

Zatloukal 2003 [1629]

Type of study [2] Systematic review Case-Control Case-Control Case-Control Case-Control
Level of evidence [3] 111-2 111-2 111-2 I11-2 I11-2
Intervention/ Red meat consumption | Lung cancer incidence | Lung cancer incidence | Risk of different types | Risk of different types

comparator [4]

and lung cancer
mortality and
incidence. Level of red
meat intake not well
defined (results

according to beef
intake (beef cutlets and
steak) - high (>2x
serves per week) vs.
low intake (< once per

according to fresh red
meat consumption
including beef steaks,
hamburgers, pork
chops and veal

of lung cancer
according to red meat
consumption (types of
red meat included not
detailed)

of lung cancer
according to red meat
consumption (types of
red meat included not
detailed)

generally reported as wk) chop/cutlets.
highest versus lowest
intake)
N [5] 10 (1 cohort, 9 case- 335 cases 1903 cases 269 cases 145 adenocarcinoma

control) - Total
participant n unclear

337 controls

2073 controls

1079 controls

cases
221 other types lung

from report cancer cases
1642 controls
Population/study M and F adults Spain. Italy. Prague, Czech Prague, Czech
information [6] international, M and F aged >35. M and F Republic. Republic.

Cases = histologically
confirmed lung or
oropharyngeal cancer
combined from 3
different case control
studies. Dietary intake
assessed using 74 item
FFQ - 11 items for
meat intake

Cases = incident cases
of primary lung cancer
(either pathologically
or cytologically
confirmed or identified
via clinical history and
imaging). Controls =
randomly selected
from population
database and matched
with controls for age,

Women. Cases as
above, from Prague
University Hospital.
Controls=hospital
based (family/friends
of other hospitalised
patients).

Women. Cases as
above, from Prague
University Hospital.
Controls=hospital
based (family/friends
of other hospitalised
patients).
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gender and residence.

Quality [7] Neutral Neutral Positive Neutral Negative
Results [8] No aggregate / meta- Adjusted model OR Fully adjusted model OR (95% CI) for OR (95% CI) for
analysis results (95% CI) beef OR (95% CI) for fresh | never/monthly never/monthly

reported. ORs highly
variable with range of
0.9->12.0: (95% CIs
0.46->10); total red
meat OR in general

consumption (high =
>2x serves per week
vs. low = < once per
wk):

1.89 (0.94-3.82, p for

red meat consumption
tortile (F/M): 0.36/0.55
vs. 3.5/2.7 serves per
wk:

1.9 (1.5-2.2, p for

consumption vs.
daily/several times
weekly for all cancer
cases:

1.53 (0.94-2.48), p for

consumption vs.
daily/several times
weekly:
Adenocarcinoma: 1.21
(0.68-2.15), p for trend

range 1.2-1.9 (0.7-3). | trend =0.54) trend <0.001) trend not given =0.240
RR for cohort study Other lung ca's: 1.81
(total red meat) 1.6 (1.04-3.18, p for trend
(95% CI 1.0-2.6) for =0.042)
1.4 vs. 9 serves/wk.
Overall there is some
indication that higher
total red meat and beef
consumption may be
linked with lung
cancer incidence with
7/8 studies indicating
increased risk. CIs are
quite wide however,
limiting the overall
strength of this
association.
Effect on Risk Varies - majority None Increase None For lung cancers other
(Increase/None/Protect) | Increase than adenocarcinoma -
Increase
Adenocarcinoma -
None
Clinical importance [9] | 4 4 4 4 4
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Clinical relevance [10]

Generalisability

<

<

Applicability

<

<

<

<

<
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4.6 MEAT and RENAL CANCER

Does a particular intake of meat affect the risk of renal cancer in adults?

Evidence statement Consumption of fresh red meat is associated with risk of
renal cancer.

Grade C

Component Rating Notes

Evidence Base Satisfactory 3 meta analyses Level I1I studies (cohort and/or case
controls) with low to moderate risk of bias and 1 case
control.

Consistency Satisfactory Some inconsistency but overall trend for no effect (2 meta

analyses) or slight increased risk (1 meta-analysis) with
higher levels of meat consumption. Inconsistency might be
due to differences in included studies for each meta-analysis
and heterogeneity between studies (e.g. definition of red
meat, level of consumption).

Clinical impact Poor ORs generally in the direction of no effect to increased risk
(1.01-1.3 with 95% CI range 0.86-1.63). Confounder
adjusted ORs generally <1.06 (95% CI range 0.91-1.15).

Generalisability Good Some differences in populations with respect to
ethnicity/culture and level of red meat consumption but it is
sensible to apply this evidence to the target population.

Applicability Satisfactory Meta analyses may have included studies that included
processed meat within the definition of red meat. The
Australian meat supply, type and composition differ from
other countries (agricultural/environmental factors).

The three meta analyses and one case control study contributing to the body of evidence are shown in
Table 4.6. These studies cover a wide range of populations, including the USA, UK, Europe, Asia
and Australia. Point estimates and confidence intervals were very close to, or crossed 1, for the two
highest quality and most robust meta analyses (WCRF and Alexander 2009). Definitions of red meat
intake and differences in study populations may help to explain inconsistencies in findings between
the meta analyses. Of note, significant heterogeneity was found for both analyses that reported
aggregated results. Heterogeneity was diminished however when only studies appropriately adjusted
for confounders (eg smoking, BMI) were included in analysis, as per Alexander 2009. Although the
USA case control study showed a highly significant increased risk for women, this is largely negated
by evidence from the more robust meta analyses which indicate no effect.
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Table 4.6: Studies used to make evidence statements for meat and renal cancer

Reference [1] Mayer 2006 - WCRF Alexander 2009 a [1127] | Faramawi 2007 [1210] Grieb 2009 [1130]
Report

Type of study [2] Meta Analyses Meta Analyses Meta Analyses Case-Control

Level of evidence [3] 111-2 111-2 1-2 111-2

Intervention/
comparator [4]

Red meat / <2 -up to 10
serves per week

Red meat / low versus high
intake ( amoounts vary)

Red meat consumption / tertiles,
quartiles or quintiles

Red meat (including beef steaks, pot
roasts and ground meat) / <once /
wk up to 5 or more times/wk

N [5]

5 case control.
Total participant n unclear.

11 (7 case-control, 3 cohort
and 1 pooled analysis
(from 13 international
cohorts)).

Total participant n unclear.
The pooled analysis (Lee

6 case-control

Total participant n unclear.
Several large (>5000) case
control studies included.

335 cases
337 controls

2008) included 530 469

women and 244 483 men.
Population/study M and F adults M and F adults M and F adults M and F (wide age range <50 - >80)
information [6] international international (including international from Florida / Georgia USA.

Australia, UK, Europe,
USA and Canada)

Cases histologically confirmed renal
cell carcinoma diagnosis between
2000-2004

Controls matched from population
(identified using random digit
dialling).

Diet measured using validated 70
item Block FFQ assessing previous
yr / yr prior to diagnosis intake.

Quality [7]

Positive - extensive protocol
followed as per WCRF
systematic literature review

Neutral. Only Medline
searched. Quality
assessment of included

Neutral. Key limitations are that
quality and validity of included
studies not assessed/reported; and

Positive
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process guidelines. Articles
quality checked and only
those with sufficient data
included in meta-analysis

studies unclear. However,
still better quality than
Faramawi 2007.

not all included studies were
adjusted for smoking or BMI.

Results [8]

Summary relative risk not
included (due to small
number of studies with key
design differences).

Studies from same
population:

Unadjusted RR: 1.02 (1-
1.04)

Adjusted RR: 1.06 (1-1.13)
Studies from not same
population

Unadjusted RR: 1.18 (1.08-
1.30)

Adjusted RR: 1.01 (0.971-
1.05)

Summary relative risk
estimate (highest vs lowest
intakes):

1.12 (95% CI1 0.98-1.29)
Heterogeneity p=0.015
For sub analysis of studies
that adjusted for smoking,
BMI and energy intake
(n=5):

SRRE: 1.02 (0.91-1.15),
heterogeneity p=0.181.

Pooled RR (highest vs lowest
intakes) random effects model:

1.30 (1.03-1.63); p not reported.

Heterogeneity p=0.06

Adjusted odds ratio for combined
M/F according to lowest vs. highest
red meat intake (<1 week vs. >5
serves/wk) =4.43 (2.02-9.75); p for
trend 0.001

AOR men (<1 serve/wk vs. >3
serves) = 2.08 (1.08-4.00); p for
trend 0.22

AOR women (<1 serve/wk vs. >3
serves) = 3.04 (1.60-5.79); 0.001

Effect on Risk None to slight Increased None Increase Increase
(Increase/None/Protect)

Clinical importance [9] | 4 4 4 4
Clinical relevance [10] |1 1 1 1
Generalisability Y Y Y Y
Applicability Y Y Y Y
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4.7 MEAT and COLORECTAL CANCER

Does a particular intake of meat affect the risk of colorectal cancer in adults?

Evidence statement

Grade

Consumption of (greater than, at least 100-120g/d) fresh red
meat is associated with an increased risk of colorectal
cancer.

B

Component Rating

Evidence Base Good

Consistency Good

Clinical impact Good

Generalisability Good

Notes

Three neutral quality meta analyses of cohort, or cohort and
case-control studies (Level III evidence) and 6 major cohort
studies (Level III) (5 positive, 1 neutral quality) with low
risk of bias. Only 1 positive quality case-control study.

Meta analyses all support an increased risk for colorectal
cancer with increased meat consumption (RR range 1.24-
1.43), as does one case control study OR 2.2(1.2-4.2). All 6
recent cohort studies show no increased risk overall. One
nested case-control in Nurses Health Cohort (Chan et al.,
2005) showed increased risk only for rapid acetylators
(NAT2) OR 3.10 (1.10-8.18). Recent cohort studies
included in this review from the Netherlands, Japan, China,
Canada and the US. Diverse populations may explain the
inconsistencies as majority of previous studies have been
from Europe and the USA. Forest plots from meta analyses
show most of the included cohort studies had wide Cls
around the point estimates, which were only slightly greater
than one. A major inconsistency occurs with the definition
of red meat. While cohort studies in this review were
limited to those where fresh red meat was reported
separately and mostly included meats described as "fresh
muscle meats", other definitions of "red meat" from
excluded papers included ham, bacon, liver, sausage,
hamburger, offal etc. Meta analyses will have included
papers which include these items within their definition of
red meat.

Reported RRs (1.24-1.43) from meta analyses have
potential to make significant impact on colorectal cancer
risk if it indeed relates to fresh red meat consumption, but
evidence tends to be inconsistent.

All of the studies examined are randomly selected
community samples from large cohort studies, though from
varied countries and ethnicity profiles. American and
European studies most generalisable. There seems to be a
larger representation of women-only studies in the recent
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cohorts.

Applicability Satisfactory This is limited due to the heterogeneity associated with the
definition of red meat for most studies and the major
differences in the meat supply and types of meat eaten in
Australia compared with other countries.

Three meta analyses within systematic reviews, six cohorts (one with a nested case-control of a
genetically defined sub-group) and one additional case-control study contributed to the body of
evidence and are shown in Table 4.7. For Dose-Response, all three meta analyses (two of cohort
studies and one of case-control studies) consistently demonstrated an increased risk of colorectal
cancer with increasing meat consumption. This dose-response relationship was quantitated in the
table below for all three. Reporting varied from increased relative risk per additional one serve per
day and increased relative risk per increase of 100g/d in one meta-analysis; to increased relative risk
for highest versus lowest consmers and increased relative risk for a increase of 120g/d in two meta
analyses. All six recent cohort studies show no increased risk overall. A major inconsistency occurs
with the definition of red meat. While cohort studies in this review were limited to those where fresh
red meat was reported separately and mostly included meats described as "fresh muscle meats", other
definitions of "red meat" from excluded papers included ham, bacon, liver, sausage, hamburger, offal
etc. Meta analyses will have included papers which include these items within their definition of red
meat. A large cohort study (Sinha et al 2009) did find a positive association, but was not included
due to issues with definition of red meat (as above). The WCRF reported a convincing relationship
between red and processed meat and increased risk of colorectal cancer (WCRF 2007).

NB — There were 2 negative quality studies not included in the BOE (Marques-Videl 2006, Truswell
2002).
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Table 4.7 Studies used to make evidence statements for meat and colorectal cancer

Reference [1] WCRF Larsson | Noratet | Brinket Chan et Obaetal., | Leeetal., | Kabat et Satoetal., | Seow et al., 2002
Colorectal | &Wolk, |al.,, 2002 | al.(2005) | al., 2005 2006 2009 al., 2007 2006 [1364]
Ca 2007 2006 [1389] [1289] [1288] [1227] [481] [1191] [1240]
[1224]
Type of study [2] Meta- Meta- Meta- Cohort Nested Cohort Cohort Cohort Cohort Case-control
analysis analysis analysis Case-
control
within
Cohort
Level of evidence I11-2 I11-2 1-2 11-2 I1-2 I1-2 I1-2 I1-2 1-2 I11-2
[3]
Intervention/ Colorectal | Colorectal | Colorectal | Beef and Beef, Pork | Fresh beef | Red Meat | Red Meat, | Fresh Beef | Exposure - red meat
comparator [4] incidence Ca Cancer Pork intake | or Lamb as | and pork (including | total iron, | and Pork (including pork,
incidence | incidence main meal | intakes beefand | heme iron, | intake lamb, beef and
or pork) meat iron (frequency | mutton)
mortality only)
N [5] Not 1,042,824 | Not 2948 sub- 183 Total Total Total 41,835 121 Cases; 222
specified total; Reported | cohort incident Cohort: cohort: cohort: (20,174 controls
almost participants | cases, 443 13,894 73.224; 49,654; men,
8000 ; 448 colon | matched men, 394 colorectal 21,661
incident ca cases; controls 16.327 incident cases 617 women).
cases 160 rectal | among women. cases (colon 428, | 474
cancer cohort of Incident colorectal | rectal 195) | incident
cases 32,826 colon cancer cases
cancer (colon=23 colorectal
cases: men | 6, cancer (280
111, rectal=15 colon
women 102 | 8) cancers,
198 rectal
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cancers, 4

cases
colontrecta
| cancer)
Population/study Men and Menand | Menand | The Nurses Japanese Shanghai | Canadian | Japanese Male and Female
information [6] Women women Women Netherland | Cohort, Takayama | Women's | National men and Chinese
from major | from from s Cohort women 30- | Cohort, Health Breast women Singaporeans >=40
internation | major cohort Study, men | 55 yrs at men and Study, Screening | from years
al cohort internatio | and case- | and women | baseline women Chinese Study Miyagi
studies nal cohort | control 55-69 yrs 35+ years | women (Women Cohort
studies studies at baseline at baseline | 40-70 40-59 Study
years at years)
baseline
Quality [7] Neutral Neutral Neutral P P P P 0 P P
Results [8] RR 1.43 RR=1.28 | High No No assoc of | No No No sig No Significant positive
(1.06,1.94) | (1.15,1.42 | intake of | significant | red meat association | associatio | association | association | association of highest
for an ) for red meat | association | with found with | n of CRC | of CRC of CRC vs lowest tertile of
increase of | highest vs | associated | for fresh colorectal | colon risk and risk for red | risk and red meat intake
1 serve per | lowest with beef or cancer cancer and | red meat | meat, total | either fresh | (portions) with CRC
day ofred | consumpti | moderate | pork intake | incidence | red meat intake iron, heme | beef or incidence [OR 2.2
meat; RR on but with either | overall. OR | intake for iron or Pork intake | (1.2-4.2)], but
1.29 groups; significan | colon or 3.10(1.10- | men or meat iron. | (frequency) | portions not defined.
(1.05,1.59) | RR=1.28 | tincrease | rectal 8.18) for women . Relationship was
for an (1.18,1.39 | in cancer, rapid modified by
increase of | ) for an colorectal | neither acetylators, vegetable intake
100g/d of | increase cancer overall or | no assoc (again portions not
red meat of 120g/d | risk. RR | with K-ras | for slow defined). OR for
1.35 mutation acetylators. highest tertile of red
(1.21- status. OR for meat and low
1.51) for high red vegetable intake 2.6
highest vs meat, (1.0-6.7)
lowest NAT2 and
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quartile smoking

intakes. >35 pack

RR 1.24 years was

(1.08- 17.6 (2.0-

1.41) for 158.3

increase

in 120g/d.
Effect on Risk Increase Increase | Increase | None None None None None None Increase
(Increase/None/Pro
tect)
Clinical importance | 4 4 4 4 2 4 3 3 3 4
[9]
Clinical relevance 1 1 1 1 1 1 1 1 1 1
[10]
Generalisability y y y y n n n y n n
Applicability y y y y n n n y n n
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Summary of Studies not included in BOE statements for Meat:
Data was extracted from papers for the following outcomes but there was an inadequate evidence base to
create BOE statements.

Iron status:

Two RCT studies (1 Level I and 1 Level 111, both of positive quality) in different population sub-groups
but both consistent for higher iron stores with higher intakes of bioavailable iron (Snetselaar 2004 Wells
2003).

Hypertension:

Two studies (both Level III, one positive and one neutral quality). Cohort study (Miura 2004) showed
increasing Hypertension with increasing red meat while RCT (Nowson 2009) showed reduced BP on a
low DASH diet including lean red meat.

Mental Health:
Two studies (both Level 111, one positive, one neutral quality) in older people. Neither study showed an
association with meat intake and mental health (Barberger-Gateau 2002, Almeida 2006).

Type 2 Diabetes:

One study (Level I1II, positive quality) in Shaghai women showing no clear linear relationship of meat
intake with Type 2 diabetes incidence (Villegas 2006). Modest positive association with meat intake for
overweight women and modest negative association for normal weight women.

Cardiovascular Disease:

Three studies (2 Level I1I small RCTs and 1 Level III medium cohort, 2 positive and 1 neutral quality).
One large cohort study had to be excluded based on the definition of red meat (Sinha 2009). While there
was major variability in the study designs, none showed an increased risk of CVD with meat intake. The
cohort study (Wagemakers 2009) showed no increase in the main CVD risk factors with increasing meat
intake, while the RCTs (Rubio 2003, Melanson 2003) showed no adverse effects on lipid profiles of
including lean red meat.
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5. DAIRY (SI.1 and Cat 2 S2.6)

Evidence Statements



5. DAIRY (S1.1 & Cat 2 S2.6)
Search results

The search of the databases included 2738 references for dairy and the specified disease outcomes. An
additional 18 studies were found by reviewing reference lists of retrieved studies and through hard
copies submitted from external sources. Unless otherwise specified, throughout this document dairy
consumption is defined as the total consumption of cheese, milk, and yoghurt. Unless specified in the
narrative and the data extraction table, butter was not included as a dairy food. Due to few studies that
examined high fat dairy foods versus low fat dairy foods, the body of evidence statements include dairy
foods of varying fat levels unless otherwise specified. The detailed search is included in a separate
document on searches. Data was extracted from 53 references concerning dairy foods, and 38
publications were used to form the final body of evidence statements. Sufficient evidence was found to
make statements for the relationships between dairy foods and bone health, hip fracture, heart disease,
stroke, hypertension, type 2 diabetes, metabolic syndrome, obesity, social equity, and colorectal, rectal,
renal cell, prostate, breast, and endometrial cancers. Evidence was found on the following factors, but
was not strong enough to develop a body of evidence statement: mental health (two cohort studies), lipid
profile in adults (two randomised controlled trials), lipid profile in infants (three randomised controlled
trials), adiposity in children (one randomised controlled trial), dental health (one cohort), child growth
(one cohort study), pancreatic cancer (one cohort study), ovarian cancer (one cohort study), dairy
consumption during pregnancy and size of infant (one cohort study), and the effect of nutrition
education on dairy consumption (two randomised controlled trials).
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5.1 DAIRY and BONE HEALTH

Does a particular intake of dairy affect bone health?

Evidence statement Consumption of dairy products (particularly milk) is
associated with improved bone mineral density

Grade C

Component Rating Notes

Evidence Base Satisfactory One systematic review (1 N) (of 4 cross-sectional studies, 3

randomised controlled trials); 1 small cohort study in
pregnant women (1 P) and 4 randomised controlled trials:
(one in boys aged 13-17 y (1 0), one in men (1 P), one in
younger women (18-30y) and one in post-menopausal
women (2 P)).

Consistency Good 2 of 3 RCTs in the first systematic review reported a
significant association. In the systematic review included in
the second systematic review, 6 studies reported no effect, 5
reported a positive effect, and 1 reported a negative effect.
3 of 4 additional RCTs and the 1 additional cohort study
reported a significant association between milk
consumption and bone health.

Clinical impact N/A Study outcomes and populations were varied and no
summary statistic can be provided.

Generalisability Excellent Systematic review included studies from Australia, USA,
The Netherlands, China; additional studies conducted in
Canada, China, France, UK, USA.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL.

The Lanou 2005 systematic review was of poor quality and did not critically analyse included studies.
This review focused on calcium intake rather than dairy food intake and its conclusion does not support
our body of evidence statement. Examining only the included studies within the Lanou review that
evaluated dairy intake and had high level evidence (i.e. cross-sectional studies were excluded), two of
three randomised controlled trials in this review reported a positive association between either milk or
dairy intake and increase in total bone mineral content and lumbar spine bone mineral density.
Therefore, using only the data from the review that is directly applicable to our body of evidence
statement (high level evidence and examining dairy food consumption), the results are in support of our
body of evidence statement. The Alvarez-Leon 2008 review was also of poor quality and did not

include sufficient detail of the studies included and did not contribute to the body of evidence statement.
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This review reported that of 12 randomised controlled trials, six reported no effect, five reported a
positive effect, and one reported a negative effect.

Three of four additional randomised controlled trials found some association between milk or dairy
consumption and reduced markers of bone turnover or increased whole body bone mineral density. The
three studies that reported a significant effect were conducted in adolescent boys (12 week intervention
of low fat milk with 18 month follow-up), postmenopausal women (six week intervention of skim milk),
and women aged 18-30y (12 month intervention of dairy foods). The study that reported no effect was
conducted in men and had a 12 week treatment period of skim milk, but only bone mineral content, not
bone mineral density or markers of bone turnover, was measured in this study. The cohort was small
(n=307), and was conducted in pregnant women. This study reported an association between greater
milk consumption before pregnancy and a reduction in loss of bone mass during pregnancy. Because
the retrieved studies were conducted in populations of varying ages and measured different markers of
bone health, the body of evidence overall is assessed as fairly weak. Because most of the included
studies examined milk rather than dairy, the body of evidence statement is based on milk, and includes
milk of all fat levels.
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Table 5.1 Studies used to make evidence statement for dairy and bone health

Reference [1]

Lanou 2005 [R14]

Alvarez-Leon 2006 [R36]

Hartman 2007 [2277]

Bonjour 2008 [850]

Type of study [2] | Systematic review of 4 Non-systematic review of 1 | RCT RCT
cross-sectional, 3 RCTs systematic review
Level of evidence | Level I Level I Level 11 Level II
Intervention/ Effect of dairy products on | Effect of dairy or milk (1) Resistance training + 4 week adaptation period of

comparator [4]

bone mineralisation.

consumption on bone
health.

500ml cow’s milk (fat free)
vs. (2) Resistance training
+ 500ml soy milk (fat free -
macronutrient matched)
consumed immediately
after exercise and then 1h
after exercise vs (3)
Control (resistance training
+ 500ml maltodextrin
based drink). Outcome is
bone mineral content
(BMC).

250ml skim milk followed
by either (1) additional
500ml skimmed milk
(600mg calcium) per day +
standardised background
diet (total of 1200mg
calcium/d), or (2) no
additional skim milk +
standardised background
diet (total of 600mg
calcium/d) — cross-over
design. Outcomes are
dietary intake, blood
biochemistry (PTH, CTX,
PINP, osteocalcin, BAP,
IGF-1, creatinine, albumin,
total protein, vit D).

N [5]

Not given

Number of subjects not
provided. SR included 12
RCTs and cohort studies.

Interv 1=18, Interv 2=19,
Control =19

n=30, cross over design
(15+15)

Population/ study

USA, Australia, The

Popluation characteristics

Men aged 18-30y, Canada.

Postmenopausal women in

information Netherlands, China; not reported. 12 week follow up. France of normal to low
Children, adolescents, and bone mineral density. 6
young adults aged 1 to 25y. week follow up.

Quality [7] N. N P P

Results [8] Review conclusions: SR found 6 studies reported | There were no significant Skim milk supplementation
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"available evidence does
not support nutritional
guidelines focused
specifically on increasing
milk or other dairy product
intake for promoting child
and adolescent bone
mineralisation." There is
not enough data on the
effect of dairy on bone
mineralisation in children
under the age of 7.
However, when only
studies examining dairy
food consumption as
opposed to calcium intake
were examined, 1 of 4
cross-sectional studies and
2 of 3 randomised
controlled trials reported a
positive association
between dairy intake and
bone health.

no effect, 5 reported a
positive effect, 1 reported a
negative effect. Most
beneficial effect in women
under age 30y and with
milk (rather than dairy in
general). No statistics
reported.

differences in BMC
between the fat free cow’s
milk, soy milk, or control
groups after the 12 wk
intervention, and no
significant change within
any group after treatment
compared to before
treatment. Change in BMC
—cow’s milk: 1.7%, soy
milk: 0.8%, control: 0.6%.

providing a calcium intake
of 1105mg/d can reduce
markers of bone turnover in
postmenopausal women in
6 weeks. Compared to no
milk supplementation, skim
milk supplementation
resulted in a reduction in
serum PTH (-3.2pg/mL,
P=0.0054), carboxy
terminal crosslinked
telopeptide of type I
collagen (-624pmol/L,
P=0.0001), propeptide of
type I procollagen (-
5.5ng/mL, P=0.0092), and
osteocalcin (-2.8ng/mL,
P=0.0014). There were no
changes in bone alkaline
phosphatise (Opg/mL) or
insulin-like growth factor-1
(+6.7ng/mL, P=NS).

Effect on risk Protect Protect None Protect
Importance Not reported 1 1 1
Relevance 1 1 2 2
Generalisability | Yes Yes Yes Yes
Applicability Yes Yes No Yes
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Table 5.1 Studies used to make evidence statement for dairy and bone health (cont.)

Reference [1]

Volek 2003 [2385]

Javaid 2005 [243]

Teegarden 2005 [R34]

Type of study [2]

RCT

Cohort

RCT

Level of evidence

Level 11

Level 111

Level 11

Intervention/
comparator [4]

Effect of 3 servings (708mL) of 1%
fluid milk per day compared to 3
servings of unfortified apple and grape
juice supplementation on bone mineral
density and bone mineral content.

Effect of milk intake on bone
mass lost during pregnancy.
Outcomes = speed of sound
(SOS), broadband ultrasound
attenuation (BUA), and
calcaneal width, measured at
heel using quantitative
ultrasound.

Effect of high dairy group (goal of 1200-1300
mg of calcium per day from dairy foods) vs
medium dairy group (goal of 1000-1100mg of
calcium/d from dairy foods) vs control (maintain
current dietary consumption of <800mg calcium
per day) on total body, spine, and total hip bone
mineral density (BMD) and bone mineral
content (BMC) (measured with DEXA).
Administered intervention with dietary
counseling and monitored with daily food
records.

N [5]

28

307

High dairy group: 29 not using OCP, 19 using
OCP; Medium dairy group: 25 not using OCP,
20 using OCP; Control group: 24 not using OCP,
18 using OCP.

Population/
study
information [6]

Healthy boys aged 13-17 yrs
participating in resistance training
program; USA; 12 wk interval, 18
month follow up.

Pregnant women aged 20-34 yrs;
Southampton, UK; 22 wk follow

up.

Young, healthy women in USA aged 18-30 yrs
with calcium intakes <800 mg per day. 57 of
135 on oral contraceptive pill (OCP). Mean age
ranged from 19.5-21.1 yrs among the groups. 12
month follow-up.

Quality [7]

0

P.

P

Results [8]

Supplementation with 3 servings of 1%
milk per day resulted in a greater
increase in whole body bone mineral
density compared to supplementation
with juice in physically active
adolescent boys: milk group:

Milk consumption during
pregnancy was not associated
with a change in QUS.
Compared to women who drank
<1 pint of milk per day pre-
pregnancy, women who drank

There was no difference in spine BMD in control
vs medium dairy group vs high dairy group in
OCP nonusers (P=0.14). Loss of 1.33% in spine
BMD in control, OCP user group and gain of
0.67% in combined medium and high dairy,
OCP user groups (P=0.002). Increased dairy

176




1.126g/cm” + 1.167 at wk 0 and 1.154
+ 0.172 at wk 12, juice group:
1.111g/cm? + 0.089 at wk 0 and 1.125
+0.087 at wk 12, P=0.017. BMD at
specific sites and BMC at specific sites
or whole body were not significantly
difference between groups.

>1 pint milk per day preserved
calcaneal SOS during pregnancy
(B=0.3,95% C1 0.07-0.6,
P=0.01), indicating less loss of
bone mass.

intake improved total hip BMD and BMC and
protected OCP users from both total hip and
spine BMD loss.

Effect on risk Protect Pregnancy: none; Pre- Protect
pregnancy: protect

Importance 1 1 1

Relevance 2

Generalisable Yes Yes Yes

Applicability Yes Yes Yes
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5.2 DAIRY and HIP FRACTURE

Does a particular intake of dairy affect the risk of hip fracture in adults?

Evidence statement

Consumption of less than 1 serving* of milk per day during
adult life is not associated with risk of osteoporotic or hip
fracture.

Grade C

Component Rating Notes

Evidence Base Good One meta-analysis derived from 6 prospective cohort studies
including Australian data. One additional cohort study
(Nurses’ Health Study) of over 27 000 post-menopausal
women.

Consistency Excellent  Studies were consistent.

Clinical impact Poor The meta-analysis data indicates the relative risk was not
significant: relative risk of osteoporotic fracture for low
milk intake = 1.06 (95% CI 0.95-1.19); relative risk of hip
fracture for low milk intake = 1.10 (95% CI 0.83-1.47). The
cohort data indicates a relative risk of hip fracture for >1.5
servings of milk/day = 0.83 (95% CI 0.61-1.10).

Generalisability Excellent Western populations: Australia, USA, Europe, Canada.

Applicability Excellent  Directly applicable.

*1 serving of milk = 240mL.

The meta analysis and large cohort study are in agreement, both concluding that milk consumption
during adult life is not associated with reduced risk of hip fracture. It is important that more studies have
been conducted in women compared to men. The meta-analysis did not conduct a systematic search, but
instead included six cohort studies known to the meta-analysis authors. The pooled statistic from meta-

analysis found no increased risk of fracture in participants who consumed <1 serving of milk/day

compared to the rest of the population. The Nurses’ Health Study reported the consumption of >1.5

servings of milk/day in women, but also found no association with risk of hip fracture. The term “milk”
includes full fat, low fat, and fat free milk.
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Table 5.2 Studies used to make evidence statement for dairy and hip fracture.

Reference [1]

Kanis 2005 [5]

Feskanich 2003 [427]

Type of study [2] Meta-analysis of 6 Cohort
prospective cohort studies
Level of evidence [3] Level I Level I

Intervention/ comparator [4]

Effect of low milk intake
(<1 glass milk per day) on
risk of osteoporotic and hip
fracture

Effect of milk consumption
(quintiles: <1 times per wk,
1-3.9 times per wk, 4-6.9
times per wk, 1-1.4 times per
day, and > 1.5 times per day)
on risk of hip fracture.

N [5]

39,563

72,337 in entire cohort,
27,632 identified in 1980 as
meeting qualifications for this
study, 603 cases of hip
fracture.

Population/study information [6]

Europe, Australia, Canada;

Post-menopausal women, US

M (31%) and F (69%); (Nurses Health Study), 98%
Adults. white. 18 years total, follow-
up every 2 years.
Quality [7] 0 P.
Results [8] Overall, a low intake of milk | Milk consumption was not

(<I glass milk per day) was
not significantly associated
with an increased risk of
either osteoporotic fracture
adj RR 1.06 (95% CI 0.95-
1.19) or hip fracture adj RR
1.10 (95% CI 0.83-1.47) in
either men or women. The
size of a glass of milk was
not standardised in this
study, but 1 glass is
generally equivalent to

associated with a reduced risk
of hip fracture in post-
menopausal women: adj RR
for >1.5 servings milk per
day (>360mL per day) = 0.83
(95% CI10.61-1.10). P for
trend = 0.21.

approximately 240mL.
Effect on risk None None
(Increase/None/Protect)
Importance [9] 3 3
Relevance [10] 5 1
Generalisable Yes Yes
Applicability Yes Yes
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5.3 DAIRY and HEART DISEASE

Does a particular intake of dairy affect the risk of cardiovascular disease in adults?

Evidence statement Consumption of at least 2 servings* per day dairy foods
(milk, yoghurt, and cheese) is associated with reduced risk
of ischemic heart disease and myocardial infarction.

Grade B
Component Rating Notes
Evidence Base Good One recent meta-analysis (neutral quality) evaluating 11

prospective studies (ischemic heart disease) and 4 case-
control studies (myocardial infarction). One earlier meta-
analysis (2004) of similar studies (7 cohort studies, 2 case-
control studies) by the same authors (1 P).

Consistency Satisfactory For ischemic heart disease, the 2008 meta-analysis found a
protective effect with dairy consumption. Results of
individual studies included in meta-analysis were mixed: 4
found a protective association, 10 found no association, and
1 found increased risk. For myocardial infarction, the meta-
analysis found a protective effect and all individual studies
found a nonsignificant, protective effect.

Clinical impact Satisfactory Meta-analysis of highest quartile/quintile of dairy food
intake and relative risk of ischemic heart disease: 0.91 (95%
CI 0.82-1.00) including whole milk; 0.84 (95% CI 0.76-
0.93) including low fat milk (low fat milk data includes
females only). Meta-analysis of highest quartile/quintile of
dairy food intake and relative risk of myocardial infarction:
0.83 (95% CI 0.66-0.99).

Generalisability Excellent Included western populations, such as USA, UK, Italy, and
Canada.
Applicability Good Evidence for low fat milk is only available for women

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The two meta analyses are in agreement for the association between dairy consumption and risk of
ischemic heart disease, but have many studies in common and are written by the same authors. The
2008 study examines both dairy and milk consumption, while the 2004 study examines only milk
consumption. The 2008 meta analysis includes all but one of the seven cohort studies in the 2004 meta
analysis on ischemic heart disease, and adds four additional prospective studies. Therefore, the 2008
meta analysis influences the body of evidence statement to a greater degree, but the 2004 study is still
included for reference. Although the association with ischemic heart disease appears stronger with low
fat milk compared to whole milk, only one study included in the meta-analysis made this comparison,
and data is available in females only. Data may be confounded by the varying levels of fat in dairy
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foods in the other studies. In addition, three studies included in the meta analysis reported dietary or
dairy calcium rather than dairy food intake, potentially further confounding the data.

Only the 2008 publication examined the association between dairy consumption and risk of myocardial
infarction. Four case-control studies were included in the meta-analysis. Although none of the
individual studies reported significant results, all found a slightly protective effect, and the meta-analysis
statistic showed a significant, protective effect.

Because meta analysis statistics provide strong evidence, this body of evidence statement can be used to
guide practice in most situations. The definition of the highest and lowest quartile/quintile of dairy
intake is variable and is not always defined. When defined, it ranged from >0.5 to >2 servings/d for
highest quartile/quintile, and none to <1 serving/d for lowest quartile/quintile. Therefore, it is difficult
to include a serving size in the body of evidence statement. However, if this is required, a safe estimate
is a recommendation of at least two servings of dairy foods/day (including milk, yoghurt, cheese of
varying fat levels).
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Table 5.3 Studies used to make evidence statements for dairy and heart disease.

Reference [1]

Elwood 2004 [R1]

Elwood 2008 [2533]

Type of study [2]

Meta analysis of 7 cohort
studies and 2 case-control
studies examining ischemic
heart disease.

Meta analysis of 11 cohort
studies examining ischemic
heart disease, meta-analysis of
4 case-control studies
examining myocardial

infarction.
Level of evidence [3] Level Level I
Intervention/ comparator [4] | Effect of milk intake (usually | Effect of milk and dairy

highest quintile or quartile
compared to lowest quintile or
quartile; definition of
quintile/quartile varied among
studies and were not defined in
the meta-analysis) on ischemic
heart disease.

consumption (usually highest
quintile or quartile (“milk
drunk” to 480mL per day)
compared to lowest quintile or
quartile (none to <240mL per
day)) on myocardial infarction
and ischemic heart disease.

N [5]

Cohort studies: n=399 762;
Case-control studies: n=1921

1 861 185

Population/study information

[6]

M and F adults;
Continental USA, UK, The
Netherlands, Italy; Smokers
and non-smokers.

M and F adults;

USA, UK, The Netherlands,
Japan, Canada;

Smokers and non-smokers.

Quality [7]

P

0

Results [8]

Ischemic heart disease: RR
0.87 (95% CI 0.74-1.03).

The analysis provides some
evidence of a beneficial effect
of milk and dairy on
myocardial infarction and
ischemic heart disease. RR of
myocardial infarction 0.83
(95% CI1 0.66-0.99), RR of
ischemic heart disease of 0.91
(95% CI1 0.82-1.00) for high fat
milk, RR of ischemic heart
disease of 0.84 (95% CI 0.76-

0.93) for low fat milk.
Effect on risk Protect Protect
(Increase/None/Protect)
Importance [9] 2 2
Relevance [10] 1 1
Generalisable Yes Yes
Applicability Yes Yes
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5.4 DAIRY and STROKE

Does a particular intake of dairy affect the risk of stroke in adults?

Evidence statement Consumption of 2 or more servings* of dairy foods per day
is associated with reduced risk of stroke.

Grade B

Component Rating Notes

Evidence Base Good One meta-analysis evaluating 7 prospective studies, and 1

earlier meta-analysis (2004) of similar studies (5 prospective
studies) by the same authors (1 P, 1 0). One additional large
cohort examined the effect of dairy fat (1 P).

Consistency Excellent Reviews, all individual studies in reviews, and additional
cohort were all consistent.

Clinical impact Good Relative risk for highest quartile/quintile of dairy food
intake = 0.79 (95% CI1 0.75-0.82). More than 1 serving of
high fat dairy foods/day had no association: RR 1.23 (95%

CI10.74-2.03).
Generalisability Excellent ~ Populations include USA, UK, and Japan.
Applicability Excellent  Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The two meta analyses are in agreement, both concluding that a diet high in dairy foods may reduce the
risk of stroke, but they have most studies in common and are written by the same authors. The 2008
study examines both dairy and milk consumption, while the 2004 study examines only milk
consumption. The 2008 meta-analysis includes all five of the studies in the 2004 meta-analysis, and
adds two additional prospective studies. Therefore the 2008 meta-analysis influences the body of
evidence statement to a greater degree, but the 2004 study is included for reference. The definition of
the highest and lowest quartile/quintile of dairy intake is variable and is not always defined. When
defined, it ranged from >0.5 to >2 servings/d for highest quartile/quintile, and none to <0.67 serving/d
for lowest quartile/quintile. Data may be confounded by the varying levels of fat in dairy foods. In
addition, three of the seven studies included in the 2008 meta-analysis report dairy calcium rather than
dairy food intake, potentially further confounding the data. The additional systematic review was of
poor quality and did not provide many details, but was in agreement with the findings of the two meta
analyses, reporting two studies that found men who do not consume milk have twice the risk of stroke
compared to men who consume > 2 glasses of milk/d. The cohort study (Health Professionals Follow-
up Study) found there was no increase in incidence of stroke in US men who consume >one serving of
high fat dairy product per day compared to those who consume <one per week. Dairy food in the body
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of evidence statement is defined as all milk, yoghurt, and cheese of varying fat levels. No weighting was
given to the review by Alvarez-Leon (2006) due to poor quality.
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Table 5.4 Studies used to make evidence statement for dairy and stroke.

Reference [1] Elwood 2008 [2533] Elwood 2004 [1] Alvarez-Leon 2006 He 2003 [5]
[R36]
Type of study [2] Meta-analysis of 7 Meta-analysis of 5 Non-systematic review | Cohort
prospective studies prospective studies of 1 systematic review.
Level of evidence [3] I I I 11
Intervention/ Effect of milk and dairy | Effect of milk intake Relationship between Effect of high fat dairy

comparator [4]

consumption (usually
highest quintile or
quartile (>0.5 to >2
servings per day)
compared to lowest
quintile or quartile (none
to <0.67 serving per

(usually highest quintile
or quartile compared to
lowest quintile or
quartile; definition of
quintile/quartile varied
among studies and were
not defined in the meta-

milk consumption and
incidence of stroke.

foods (<1 per wk vs >1
per day) intake and risk
of stroke.

day)) on risk of stroke. analysis) on risk of
stroke.

N [5] 1,861,185 Cohort studies: Number of subjects not | 43 732 total, including
n=399,762; Case-control | provided. SR included 2 | 455 cases of ischemic
studies: n=1,921 studies on dairy (type of | stroke, 125 cases of

study not reported) and | haemorrhagic stroke,
was published in 2001. and 145 cases of stroke
of unknown type

Population/study M and F adults; M and F adults; Men in US (no other US men in health

information [6] USA, UK, Hawaiians Continental USA, UK, details provided). profession aged 40-75y

(Japanese ancestry), Japan, Hawaii (Japanese in 1986; Excluded those
Japan; ancestry); Smokers and with history of DM or
Smokers and non- non-smokers CVD; 14 year follow up.
smokers

Quality [7] 0 P N P
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Results [8]

The analysis provides
some evidence of a
beneficial effect of milk
and dairy on stroke. RR
0.79 (95% CI1 0.75-0.82)
for highest intake vs
lowest intake.

RR of stroke 0.83 (95%
C10.77-0.90) for highest
intake vs lowest intake.

2 studies reported men
who do not consume
milk have 2x increased
risk of stroke compared
to men who consume > 2
glasses of milk per day
(480ml milk per day),
P<0.05. No further
statistics reported.

There was no association
between intake of high
fat dairy and incidence
of stroke in males. RR
1.23 (95% CI 0.74-2.03)
for highest intake vs
lowest intake.

Effect on risk Protect Protect Protect None
(Increase/None/Protect)

Importance [9] 2 2 1 3
Relevance [10] 1 1 1 1
Generalisability y y y y
Applicability y y y y
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5.5 DAIRY and HYPERTENSION

Does a particular intake of dairy affect the risk of hypertension in adults?

Evidence statement Consumption of 3 servings of low fat dairy foods is
associated with reduced risk of hypertension

Grade B

Evidence statement Consumption of 3 servings of any dairy foods a day is
associated with reduced risk of hypertension

Grade C
Component Rating Notes
Evidence Base Satisfactory/Good One review (1 N) and one large and four small cohort

studies (5 P). (Good for low fat dairy foods)

Consistency Good The systematic review and 4 of the 5 additional
cohort studies reported a protective effect of either
total dairy or low fat dairy on change in blood
pressure or development of hypertension. 1 cohort
study reported no association for either total or low
fat dairy.

Clinical impact Excellent Odds and risk ratios for development of hypertension
ranged from 0.81 to 1.11 for total dairy intake; odds
and risk ratios ranged from 0.46-0.89 for low fat dairy
intake (confidence intervals not crossing 1).

Generalisability Excellent Western populations, including Denmark, USA, and
Spain.
Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The review was of poor quality and included one systematic review examining dairy foods, published in
2003; the number of studies or number of participants in this review was not reported. No weighting was
given to the review by Alvarez-Ledn (2006) due to poor quality. The included review reported that
compared to a diet high in fruits and vegetables but low in dairy foods, consumption of 3-4 servings of
dairy foods per day can lower systolic blood pressure by -2.7 mmHg (97.5% CI -4.6 - -0.9) and diastolic
BP by -1.9 mmHg (97.5% CI -3.3 - -0.6). One small cohort study also examined change in blood
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pressure, and reported a protective effect with 2.5 servings of low fat dairy per day, but no effect with
high fat dairy. The remaining four cohort studies examined development of hypertension, with three
reporting a protective effect from one to two servings of low fat dairy per day (including the large
cohort) and two reporting a protective effect from one to three servings of total dairy per day (one of
these studies included butter in their definition of total dairy). Two of these studies examined specific
types of dairy products, reporting a significant effect with consumption of one serving of milk or milk
drinks and two servings of skim milk per day, but no association with yoghurt or cheese. The final
cohort reported no significant association between either total dairy (three servings per day), low fat
dairy (two servings per day), or high fat dairy (one serving per day) intake and development of
hypertension. Low fat in Australia is defined as < 1.5 g fat/100 g milk and < 3 g fat/100 g cheese or
yoghurt.
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Table 5.5 Studies used to make evidence statement for dairy and hypertension

Reference [1]

Engberink 2009 [672]

Pereira 2002 [10]

Alvarez-Leon 2006 [R36]

Type of study [2] | Cohort Cohort Non-systematic review of 1 systematic
review

Level of Level II Level 11 Level

evidence

Intervention/
comparator [4]

Relationship between intake of total
dairy (quintiles: median 765 g per day
vs. 110 g per day), low fat dairy
(quintiles: median 507 g per day vs 21 g
per day), and high fat dairy (quintiles:
median 186 g per day vs 27 g per day)
and development of hypertension.

Effect of dairy consumption (1 serving
per day of total dairy, reduced fat dairy,
high fat dairy, milk and milk drinks,
cheese and sour cream, butter and
cream, dairy-based desserts, and
yoghurt) on development of elevated
blood pressure.

Effect of dairy or milk consumption on
risk of hypertension.

N [5]

3454

3157 including 923 who were
overweight

Number of subjects not provided.
Number of studies in SR not provided.

Population/study
information [6]

Denmark; M and F aged 20-65 yrs
(mean 49 yrs). 5 year follow up.
Participants from an original cross-
sectional study were followed up after 5
years for incidence of hypertension.

CARDIA study; USA; Black and white
young adults aged 18-30 yrs. Follow up
of 10 yrs.

Population characteristics not reported.

Quality [7]

P

P

N

Results [8]

No association between total adj OR
1.11 (95% CI 0.85-1.44), low fat adj
OR 0.82 (95% CI 0.64-1.06) or high fat
dairy adj OR 1.19 (95% CI 0.92-1.54)
and risk of hypertension was found.

Association between high dairy intake
and low risk of development of elevated
blood pressure in young, overweight,
black and white men and women. Adj
OR for elevated blood pressure with 1
serving per day of total dairy products
0.81 (95% CI 0.71-0.93), reduced fat
dairy products 0.79 (95% CI 0.64-0.98),
high fat dairy products 0.84 (95% CI
0.71-0.99), milk and milk drinks 0.80

SR reported 3-4 servings of dairy
products per day can lower systolic BP
by -2.7 mmHg (97.5% CI -4.6 to -0.9)
and diastolic BP by -1.9 mmHg (97.5%
CI -3.3 t0 -0.6), compared to a diet rich
in fruits and vegetables but low in dairy
products.
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(95% CI 0.64-0.99), cheese and sour
cream 0.67 (95% CI1 0.43-1.06), butter
and cream 0.86 (95% CI 0.70-1.05),
dairy-based desserts 0.37 (95% CI 0.12-
1.13), yoghurt 0.78 (95% CI 0.22-2.72).
The OR was similar for blacks and
whites and for men and women. This
inverse association was not seen in
subjects who were of normal weight at
baseline.

Effect on risk None Protect Protect
Importance [9] 3 1 1
Relevance [10] 2 1 1
Generalisable Yes Yes Yes
Applicability Yes Yes Yes
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Table 5.5 Studies used to make evidence statement for dairy and hypertension (cont.)

Reference [1]

Alonso 2005 [R31]

Toledo 2009 [R23]

Wang 2008 [R20]

Type of study [2] | Cohort Cohort Cohort
Level of Level 11 Level IT Level IT
evidence

Intervention/
comparator [4]

Relationship between total dairy,
low fat dairy, and whole fat dairy
consumption (5th quintile vs 1st
quintile) and development of
hypertension.

Relationship between dairy food
consumption (quintiles of intake of
low fat dairy and whole fat dairy) and
change in systolic and diastolic blood
pressure over 12 months.

Relationship between total dairy food, low
fat dairy food, high fat dairy food, skim milk,
low fat yoghurt, and low fat cottage cheese
consumption and the development of
hypertension over 10 years.

N [5]

6686 at baseline

2290

28 886 total, with 8710 cases of incident
hypertension developing over the 10 yrs.

Population/study
information [6]

University of Navarra Follow-up
Study. Former students of
University of Navarra, registered
nurses from some Spanish
provinces, university graduates from
other associations. Spain. Aged 20-
90 yrs at baseline. 3-5 yrs follow-up.

Men aged 55-80 yrs and women aged
60-80 yrs with no history of CVD but
at high cardiovascular risk. Spain. 12
month follow-up.

Women's Health Study - female health
professionals in US older than age 45 yrs.
Mean age 53.8 yrs. 10 yr follow-up.

Quality [7]

P

P

P

Results [8]

Total dairy food consumption
(P=0.12) and whole fat dairy food
consumption (P=0.44) were not
associated with development of
hypertension. Low fat dairy food
consumption was associated with a
reduced risk of hypertension: adj HR
0.46 (95% CI 0.26-0.84, P trend =
0.02).

Consumption of low fat dairy
consumption (mean 632 g per day
(quintile 5) vs mean 3 g per day
(quintile 1)) is associated with reduced
systolic blood pressure (-4.2 mm Hg,
(95% CI-6.9 - -1.4, P=0.01) and
diastolic blood pressure (-1.8 mm Hg
(95% CI -3.2 - -0.4, P=0.09). There
was no association between whole fat
dairy food consumption and systolic
(P=0.84) or diastolic (P=0.61) blood

Adj RR of hypertension for 5th quintile
(2.99-22.1 servings per day) compared to 1st
quintile (0-0.85 servings per day of total
dairy food intake 0.86 (95% CI 0.79-0.94, P
trend = 0.003). Adj RR of hypertension for
5th quintile (2-9.6 servings per day)
compared to 1st quintile (0-0.27 servings per
day) of low fat dairy food intake = 0.89 (95%
CI10.81-0.98, P trend = 0.01). No association
between hypertension and high fat dairy
consumption (P trend = 0.13). Adj RR of
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pressure.

hypertension for 5th quintile (> 2 servings
per day) compared to 1st quintile (<1 serving
per month) of skim milk intake = 0.93 (95%
CI0.86-1.01, P trend = 0.002). No
association between hypertension and low fat
yoghurt (P trend = 0.36) or low fat cottage
cheese consumption (P trend = 0.33). Effect
of total dairy is heavily influence by skim
milk intake.

Effect on risk

Protect for low fat dairy, none for
total dairy or whole fat dairy.

Protect for low fat dairy, none for
whole fat dairy.

Protect for total dairy, low fat dairy, and skim
milk. None for high fat dairy, yoghurt, and
cottage cheese.

Importance [9] 1 1 1
Relevance [10] 1 1 1
Generalisable Yes Yes Yes
Applicability Yes Yes Yes
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5.6 DAIRY and TYPE 2 DIABETES

Does a particular intake of dairy affect the risk of type 2 diabetes?

Evidence statement Consumption of at least 1.5 servings* of dairy foods (milk,
youghurt, cheese) per day is associated with reduced risk of
type 2 diabetes.

Grade C

Component Rating Notes

Evidence Base Good Two meta analyses (2 0), each evaluating 4 prospective

studies. One small cohort study (1 P) examining insulin
resistance syndrome.

Consistency Satisfactory Both meta analyses reported a significant protective
correlation. The individual studies in the meta analyses
were mixed, with 3 reporting a significant protective
correlation, and 2 reporting no significant effect. The
additional cohort study reported a protective effect in
overweight subjects only.

Clinical impact Satisfactory Meta-analysis reported a relative risk for high dairy intake
0f 0.92 (0.86-0.97).

Generalisability Excellent Western populations, including USA and UK.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

Although the pooled statistics of both meta analyses report a significant protective association between
risk of type 2 diabetes and high dairy food intake compared to low dairy food intake, only three of the
five individual studies found significant results. Each of the two meta analyses examined four
prospective studies. Three of these studies appeared in both meta analyses. Yet each meta-analysis
differed as each had selected different odds ratios from the component studies. For example, while the
Elwood 2008 study selected from one paper the odds ratio for skim milk intake, the Pittas 2007 study
selected the odds ratio for total low fat dairy. From another component study, the Elwood 2008 study
selected the odds ratio for quintiles of dietary calcium intake while the Pittas 2007 study selected the
odds ratio for intake of low fat dairy. The definition of the highest and lowest quartile/quintile of dairy
intake is variable, ranging from >0.29 to >4.1 servings per day for the highest grouping, and none to
<0.5 serving per day for lowest grouping. The small cohort study supports the result of the meta-
analysis, finding an inverse association between high dairy consumption (>35 servings per week) and
the insulin resistance syndrome among overweight young adults in the US, but not among those of a
healthy weight (this study included butter in their definition of dairy). Therefore, there is support for a
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protective relationship between dairy intake (including milk, cheese, and yoghurt of varying fat levels)
and risk of type 2 diabetes, and the recommendation can be trusted to guide practice in most situations.
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Table 5.6 Studies used to make evidence statements for dairy and type 2 diabetes

Reference [1]

Elwood 2008 [2533]

Pereira 2002 [10]

Pittas 2007 [R33]

Type of study [2] Meta analysis of 4 prospective Cohort Meta analysis of 4 prospective
studies studies

Level of evidence [3] I 11 I

Intervention/ Effect of milk and dairy Effect of dairy consumption (0-10 servings | Relationship between dairy intake

comparator [4] consumption (ranging from >0.29 | per wk versus >35 servings per wk) on and development of type 2

to >2 servings per day for highest
quartile/quintile, and none to
<0.14 serving per day for lowest
quartile/quintile) on risk of type 2
diabetes.

insulin resistance syndrome and abnormal
glucose homeostasis. Dairy = milk, milk
drinks, butter, cream, cheese (90%) and
yoghurt, dips, ice cream, pudding, other
dairy-based desserts (10%).

diabetes. High intake compared to
low intake - high intake ranged
from >1-5 servings per day and
low intake ranged from 0 to <1.5
servings per day.

N [5] 1,861,185 3157, including 923 who were overweight | 203,402
Population/study M and F adults CARDIA study; USA; Black and white M and F in USA (Health
information [6] USA and UK young adults aged 18-30y. Professionals Follow-Up Study,

Smokers and nonsmokers.

Women's Health Study, Nurses’
Health Study, Black Women's

Health Study)
Quality [7] 0 P 0
Results [8] The analysis provides some OR for one serving of dairy products per There was an inverse association

evidence of a beneficial effect of
milk and dairy on diabetes (RR
0.92 (95% CI 0.86-0.97).

day in overweight subjects was 0.83 (95%
CI 0.73-0.95) for abnormal glucose
homeostasis and 0.79 (95% CI 0.72-0.88)
for insulin resistance syndrome. The OR
was similar for blacks and whites and for
men and women. Inverse association was
limited to high fat dairy only for abnormal
glucose homeostasis, but was for both low
fat and high fat products for insulin
resistance syndrome. This inverse
association was not seen in subjects who

between dairy intake (highest
intake vs lowest intake) and
incident type 2 diabetes: summary
OR 0.86 (95% CI 0.79-0.93). OR
based on adjusted data from
individual studies.
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were of normal weight at baseline.

Effect on risk Protect Protect if overweight, none if healthy Protect
(Increase/None/Protect) weight.

Clinical importance [9] | 2 1

Clinical relevance [10] | 1 1

Generalisable Yes Yes

Applicability Yes Yes
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5.7 DAIRY and METABOLIC SYNDROME

Does a particular intake of dairy affect the risk of metabolic syndrome?

Evidence statement Consumption of 2-4 serves™® of dairy foods per day is
associated with reduced risk of metabolic syndrome.

Grade C

Component Rating Notes

Evidence Base Satisfactory One meta-analysis (1 0) evaluating 4 case-control studies. 1
additional cohort study (1 P).

Consistency Good 3 of the 4 case-control studies and the additional cohort
study reported a significant protective effect.

Clinical impact Excellent Relative risk for highest quartile/quintile of dairy intake =
0.74 (95% CI 0.64-0.84).

Generalisability Excellent Populations include France, USA, UK, and Iran.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

Of the four case-control studies included in the meta-analysis, two reported reduced incidence of
metabolic syndrome in participants who consumed two servings of milk per day (males) or > 3.1
servings of dairy per day, one found reduced incidence in males but not females consuming > 4 servings
of dairy per day, and the last reported reduced risk in females who consumed >3 servings of dairy/day,
but no association with consumption of >1.08 servings of milk/day. Data may be confounded by varied
levels of fat in dairy foods. Overall, the highest category of intake ranged from >1.08 servings of milk
to > 4 servings of dairy per day, and the lowest category of intake ranged from <0.13 servings of milk to
<1.7 servings of dairy per day. The additional cohort study found reduced development of metabolic
syndrome in participants who consumed a mean of 3.3 servings of dairy per day compared to those who
consumed 0.3 servings of dairy per day. As the meta analysis included case-control studies only, care
must be taken when applying this recommendation to practice.
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Table 5.7 Studies used to make evidence statements for dairy and metabolic syndrome

Reference [1]

Elwood 2008 [2533]

Lutsey 2008 [R25]

Type of study [2] Meta analysis of 4 case- Cohort
control studies.
Level of evidence [3] I I
Intervention/ comparator [4] Effect of milk and dairy Relationship between dairy

consumption (highest intake
(>1.08 to > 4 servings/d)
compared to lowest intake
(<1.7 to <0.13 servings/d)) on
risk of metabolic syndrome.

consumption (top quintile vs
bottom quintile) and
development of metabolic
syndrome over 9 years.

N [5]

1,861,185

9514

Population/study information

[6]

M and F adults
France, Iran, USA, UK
Smokers and nonsmokers.

Free-living subjects in the USA
(NC, MS, MN, MD). Cohort
reexamined every 3 years and
followed for 9 years.
Atherosclerosis Risk in
Communities (ARIC). White and
black men and women aged 45-
64 yrs at baseline.

Quality [7]

0

P

Results [8]

The analysis provides some
evidence of a beneficial effect
of milk and dairy on metabolic
syndrome. RR 0.74 (95% CI
0.64-0.84) for highest category
of dairy intake compared to
lowest category.

Quintile 5 intake of dairy
products 3.30 servings per day
compared to quintile 1 intake
0.28 servings per day, adj HR for
metabolic syndrome in M and F
0.87 (95% CI1 0.77-0.98) P
trend=0.006. Individual dairy
foods were not associated with
incidence of metabolic syndrome
(statistics not reported).

Effect on risk Protect Protect
(Increase/None/Protect)

Clinical importance [9] 2

Clinical relevance [10] 1

Generalisable Yes Yes
Applicability Yes Yes
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5.8 DAIRY and OBESITY

Does a particular intake of dairy affect the risk of obesity?

Evidence statement Consumption of dairy foods is not associated with weight
change or risk of obesity.

Grade C

Component Rating Notes

Evidence Base Satisfactory Two systematic reviews (2 N), the first including 6

randomised controlled trials of 765 adults (with 71 men
only). The second review included 10 randomised
controlled trials in adults who were mainly overweight or
obese. In addition there was 1 small randomised controlled
trial (1 P) of a 12 week intervention in overweight or obese
subjects, and 3 cohort studies (3 P), with 9 to 12 year
follow-ups, in normal and overweight adults.

Consistency Satisfactory Both systematic reviews, the RCT, and 1 cohort study found
no association. 2 cohort studies found no association with
low fat dairy products. One found a protective effect of
whole milk and cheese consumption in postmenopausal
women, and one found a protective effect of high fat dairy
product consumption in overweight subjects but not in
subjects at a healthy weight.

Clinical impact Satisfactory Most studies found no association. In the two studies
reporting an association, OR ranged from 0.70 to 0.85 for
high fat dairy products.

Generalisability Excellent Western populations, including Australia, USA, and

Sweden; China.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

Both systematic reviews included similar studies, but are of poor quality. The reviews did not analyse
the quality of component studies and included studies that were not designed to examine weight change
as an outcome. The reviews did not report BMI or examine development of overweight or obesity. In
addition, one of the reviews had very limiting inclusion criteria (excluding studies when authors failed to
respond to their email enquiries). This review probably therefore did not include all relevant studies.
Regardless, both systematic reviews concluded there was no effect on change in body weight with an
intervention to increase consumption of dairy foods. Of the six randomised controlled trials of adults
included in the Barr 2003 review, one reported greater weight loss in postmenopausal Chinese women
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supplemented with low fat milk powder compared to controls, four found no effect of dairy intake on
weight change in women in the US and Australia, and one reported greater weight gain in US men and
women supplemented with two cups of low fat milk (the author did not disclose that this final study was
examining the use of milk as a supplement to provide additional nutrition in the elderly, and was not
focused on weight loss). The Lanou 2008 review reported similar findings in their stratification of
studies without energy restriction, and included four of the six studies in the Barr review. Of the six
randomised controlled trials of overweight or obese adults included in the Lanou 2008 review that
involved energy restriction, three studies reported no effect of high dairy consumption on weight
change, and three studies (by the same author) reported weight loss in the study groups with high dairy
intake. However, the three studies that reported an outcome of weight loss did not examine baseline
energy intake or change in energy intake during the intervention period, so it cannot be determined if
energy intakes were equivalent among groups.

The cohort studies and randomised controlled trial also reported mixed results. Only one reported
development of obesity, while the others reported change in weight and did not report BMI. The large
cohort study in peri-menopausal and early menopausal Swedish women found an inverse association
between having a mean weight gain of at least one kg per year and a daily intake of > 1 serving of whole
milk, but no association with low fat milk. A small cohort study found an inverse association between
total and high fat dairy intake and obesity in overweight young adults in the US, but not in young adults
at a healthy weight and not with low fat dairy (this study included butter in their definitions of total dairy
and high fat dairy). The third cohort study, the Health Professionals Follow-Up Study, also found no
association with change in weight. Finally, the randomised controlled trial reported no difference in
weight change between an intervention of 296 mL milk per day compared to two different forms of
calcium supplements or a placebo. Therefore, there is weak evidence of an association in women who
consume at least one serving of full fat dairy daily, but this cannot be extended to the rest of the
population or to dairy products of all fat levels.

Of the 10 studies included in the Lanou 2008 review that were published after 2002 (meeting the
NHMRC search criteria), only two were recovered in the original NHMRC search, indicating a possible
gap in the NHMRC search criteria on this topic. Due to the poor quality of the systematic reviews and
the inconsistency of the additional cohorts and the randomised controlled trial, no evidence statement
can be developed on this topic until an improved systematic review is performed.

S.2.6. What is the dose response relationship between different types of milk intake and weight
change in adults?

Because both systematic reviews were of poor quality and did not critically analyse the included studies,
only the two cohort studies (Rosell 2006, Pereira 2002) and one randomised controlled trial (Wagner
2007) that examine milk and were retrieved by our search are discussed here. Only Rosell 2006
compared different types of milk. Rosell monitored the weight change of healthy weight and
overweight women, finding that consuming > 1 serving per day of whole milk compared to < 1 serving
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per day resulted in a reduced likelihood of weight gain greater than 1 kg per year OR 0.85 (95% CI 0.73-
0.99), but found no significant effect of > 1 serving per day of either medium fat or low fat milk. Pereira
2002 reported a reduced risk of the development of obesity OR 0.83 (95% CI 0.68-1.00) in overweight
young adults consuming one serving of milk and milk drinks per day, but found no effect in the total
cohort including both healthy weight and overweight young adults. The type of milk was not examined.
Wagner 2007 compared the addition of approximately 2.5 servings per day (the exact dose is not
reported; this value is calculated from the amount of calcium provided) of milk (1% fat) to calcium
supplementation or a placebo, finding no difference in weight change among the groups. No other types
of milk were examined in this study. Because only one study examined the type of milk in relation to
change in weight, no body of evidence statement can be developed on this topic.
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Table 5.8 Studies used to make evidence statement for dairy and obesity

Reference [1]

Barr 2003 [R6]

Lanou 2008 [R28]

Wagner 2007 [103]

Type of study [2] | Systematic Review of 6 RCTs Systematic review of 10 RCTs RCT
Level of Level Level Level II
evidence
Intervention/ Effect of dairy consumption on body | Effect of increasing dairy foods or (1) Diet with 500 kcal deficit +
comparator weight change. calcium intake from dairy foods on exercise 3x/wk + Ca lactate vs (2) Diet
change in weight. Divided into with 500 kcal deficit + exercise 3x/wk
studies without energy restriction and | plus Ca phosphate vs (3) Diet with
studies with energy restriction. 500 kcal deficit + exercise 3x/wk + 10
0z (250g) milk (1% fat) vs (4) Diet
with 500 kcal deficit + exercise 3x/wk
+ placebo. Outcome = change in body
weight.
N [5] 221 adolescent girls Studies without energy restriction: 12 in calcium lactate group

765 adult women
71 men

number of subjects in each individual
study ranged from 34 to 200, total not
reported. Studies with energy
restriction: 271 subjects.

16 in calcium phosphate group
17 in milk group
13 in placebo group

Population/study
information [6]

US, Australia, New Zealand, UK,
China; 72% adult female
(premenopausal and postmenopausal),
7% adult male, 21% adolescent
female. Follow up of 12 weeks to 3

Without energy restriction: adults.
With energy restriction: overweight or
obese adults in Australia (1) and US

(5).

Pre-menopausal adult women who
were overweight or obese, BMI 25-45.
Mean age 36-42 yrs. 12 week follow
up. Ohio, USA.

years.
Quality [7] N N P.
Results [8] Increased dairy consumption is not In studies without energy restriction Weight change did not differ between

related to a change in body weight.
No quantitative data reported.

(n=4): 1 study reported weight gain
with milk supplementation (not

mentioned in this review, the study
was examining the use of milk as a

any of the groups. Milk did not effect
weight change.
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supplement to provide additional
nutrition in the elderly). 3 studies
reported no effect of high dairy
consumption on weight change. In
studies with energy restriction (n=6), 3
studies reported no effect of high dairy
consumption on weight change, and 3
studies (by the same author) reported
weight loss in the study groups with
high dairy intake. In these 3 studies
reporting an effect, baseline energy
intake and change in energy intake
during intervention period were not
reported, so cannot determine if
energy intakes were equivalent among
groups. Overall, authors conclude that
increased dairy or calcium
consumption does not aid in weight
loss.

Effect on risk None None None
Importance [9] |3 3 3
Relevance [10] 1 1 1
Generalisable Yes Yes Yes
Applicability Yes Yes Yes
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Table 5.8 Studies used to make evidence statement for dairy and obesity (cont.)

Reference [1]

Rosell 2006 [2237]

Pereira 2002 [R10]

Rajpathak 2006 [R11]

Type of study [2] | Cohort Cohort Cohort

Level of Level II Level II Level 11

evidence

Intervention/ Effect of dairy consumption (<1 Effect of dairy consumption (0-10 versus Dairy consumption and mean 12 yr

comparator versus > 1 servings per day) on >35 servings dairy per wk) on risk of weight change. Total dairy intake: 4.3
odds ratio for a mean weight gain | obesity. Dairy = milk, milk drinks, butter, | vs 0.7 servings per day. High fat
of > 1 kg per year during the 7-9 cream, cheese (90%) and yoghurt, dips, ice | dairy intake: 2.8 vs 0.2 servings per
yrs follow-up. cream, pudding, other dairy-based desserts | day. Low fat dairy intake: 2.6 vs 0.1

(10%). servings per day.
N [5] 19,352 3157, including 923 who were overweight | 23,504 at baseline

19,615 for change of intake analysis

Population/study
information [6]

Peri-menopausal and early
menopausal women in central
Sweden (a population vulnerable to
weight gain), aged 40-55years at
baseline. BMI ~20-28. Follow up

CARDIA study; USA; Black and white
young adults aged 18-30 yrs. Follow up of
10 years.

Men aged 40-75 yrs from the Health
Professionals Follow-Up Study, USA;
BMI of ~25. 12 year follow up.

of 9 years.
Quality [7] P P P
Results [8] There was an inverse association There was an association between high Baseline high fat dairy intake in the

between having a mean weight
gain of >1kg per year and habitual
intake of > 1 serving per day of
whole milk or whole sour milk adj
OR 0.85 (95% C1 0.73-0.99) and
cheese adj OR 0.70 (95% CI 0.59-
0.84). There was no association
with medium-fat milk adj OR 0.90
(95% CI 0.74-1.10) or low fat milk
or sour milk adj OR 1.03 (95% CI

dairy intake and low risk of development of
obesity in young, overweight, black and
white men and women. For overweight
subjects at baseline, adj OR for obesity
with 1 serving of total dairy products per
day: 0.82 (95% CI 0.72-0.93), reduced fat
dairy products per day: 0.84 (95% CI 0.70-
1.02), high fat dairy products per day: 0.84
(95% C1 0.73-0.97), milk and milk drinks
per day: 0.83 (95% CI 0.68-1.00), cheese

higher quintiles was associated with
lower weight gain (2.86kg + 0.11 for
highest quintile, 3.24kg + 0.11 for
lowest quintile, adj P for trend =
0.03). Subjects who increased dairy
consumption during the study period
had greater weight gain over the 12
years (3.14kg = 0.11 for highest
quintile, 2.57kg + 0.13 for lowest
quintile, adj P for trend = 0.001).
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0.90-1.18).

and sour cream per day: 0.85 (95% CI
0.72-1.02), butter and cream per day: 0.85
(95% CI1 0.72-0.93), dairy based desserts
per day: 0.63 (95% CI 0.24-1.64), yoghurt
per day: 0.47 (95% CI 0.16-1.43). The OR
was similar for blacks and whites and for
men and women. This inverse association
was not seen in healthy weight subjects.

Overall, higher intake of dairy
products was not associated with less
weight gain in men.

Effect on risk None for low fat milk products. Protect for high fat dairy. None for low fat | None
Protect for whole milk. dairy. Overweight only.

Importance [9] 1 1 3

Relevance [10] 1 1 1

Generalisable Yes Yes Yes

Applicability Yes Yes Yes
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5.9 DAIRY and CHILD BODY MASS INDEX

Does a particular intake of dairy affect BMI in children?

Evidence statement Consumption of milk is not associated with BMI or BMI
change in childhood.

Grade C

Component Rating Notes

Evidence Base Good One systematic review (1 N) including 3 randomised

controlled trials of 221 adolescent girls. 6 cohort studies (2
P, 4 0) examining milk intake, 4 measuring change in BMI
and 1 measuring BMI. One cohort study examining both
milk and cheese intake.

Consistency Satisfactory Most of the studies examining milk are in agreement: 5
reported no effect, 1 reported a protective effect, 1 reported
increased risk. Only 1 study examined cheese intake, so
consistency cannot be evaluated.

Clinical impact Poor There was no association found.

Generalisability Excellent Western populations, including US, Australia, New
Zealand, and UK China.

Applicability Excellent Directly applicable.

Of the three randomised controlled trials of children included in the systematic review, none found any
association between milk or dairy supplementation and weight change. This systematic review was of
poor quality because due to its limiting inclusion criteria, it likely did not include all relevant studies. Of
the six additional cohort studies, one reported lower fat mass accumulation in UK children consuming
one serving of milk per day, four found no association between milk consumption and BMI or BMI
change in adolescents and children, and one found greater weight gain in US adolescents consuming >3
servings of milk daily. One study examined cheese intake in preschool children, reporting a positive
relationship between frequency of cheese consumption and incidence of overweight or obesity. From
these studies, it appears there is no association between milk intake and BMI or BMI change in
childhood, and there is very weak evidence for an association between cheese consumption and risk of
overweight. There is not enough evidence to extend this statement to include all dairy foods.
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Table 5.9 Studies used to make evidence statement for dairy and child body mass index

Reference [1]

Barr 2003 [6]

Berkey 2004 [338]

Berkey 2005 [257]

Type of study [2] Systematic review of 3 RCTs Cohort Cohort

Level of evidence [3] Level | Level 11 Level 11

Intervention/ comparator [4] Effect of dairy consumption on Effect of milk (1.75-2.25 servings | Effect of milk, dietary calcium, and
body weight change per day) on 1 year change in BMI | dietary fat on 1 year change in BMI

N [5]

221 adolescent girls, 765 adult
women, 71 men

16,771

16,771

Population/study information

[6]

US, Australia, New Zealand, UK,
China; 72% adult female
(premenopausal and
postmenopausal), 7% adult male,
21% adolescent female. Follow up
of 12 weeks to 3 years.

Girls and boys aged 9-14 at start
of study; 94.7% white; 23.2% of
boys and 17.5% of boys were
overweight; 7.2% of boys and
8.6% of girls were very lean at
baseline. 2 year follow up. USA.

Children of participants in the
Nurses' Health Study II aged 9-14
yrs at baseline; Boys and girls;
94.7% white; USA.

Quality [7]

N

0

0

Results [8]

Increased dairy consumption is
not related to a change in body
weight. Increased dairy
consumption is not related to a
change in body weight. No
quantitative data reported.

Average milk intake significantly
declined each year. There was a
non-significant positive
association between milk intake
and change in BMI over 1 yr in
both boys and girls (P=0.056 and
P=0.077, respectively), when
energy intake is not adjusted. This
association was weakened with
energy adjustment (P=0.320 for
boys and P=0.153 for girls).

High milk intake (>3 servings per
day) was associated with weight
gain compared to lower milk intake
(<0.5 serving per day): For boys,
B=0.019 kg/m” + 0.009, P=0.03.
For girls, =0.015 kg/m* + 0.007,
P=0.04. This association was
reduced when adjusted for energy
intake, but still remained significant
for skim milk in girls adj 8 0.020
kg/m® (95% CI 0.001-0.039)
P<0.1). There was no association
between dairy fat intake and weight
gain.
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Effect on risk None None Increase for skim milk. None for
(Increase/None/Protect) other milks.

Importance [9] 3 3 1

Relevance [10] 1 1 1

Generalisability Yes Yes Yes

Applicability Yes Yes Yes
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Table 5.9 Studies used to make evidence statement for dairy and child body mass index (cont.)

Reference [1]

Huus 2009 [754]

Johnson 2007 [1546]

Newby 2004 [2000]

Striegel-Moore 2006 [1801]

Type of study [2] Cohort Cohort Cohort Cohort
Level of evidence [3] Level 11 Level II1 Level 11 Level 11
Intervention/ 16,058 babies at birth (74% | Relationship between Effect of milk intake Effect of intake of milk (100

comparator [4]

of babies born in region at
that time) enrolled in cohort
at food frequency and BMI
recorded at 2.5 and 5 yrs of
age. Dairy intake of 1 serving
per day versus <1 serving per
week.

milk consumption (1
serving per day) and
change in fat mass over
4 yrs.

(ounce per day) on change
in weight and change in
BML

per day) on BML.

N [5]

8763 at 2.5 years
7356 at 5 years of age

521

1345

2371

Population/study
information [6]

Children born in Sweden
followed from birth to 5 yrs.
Baseline=48% boys, 52%
girls, maternal age 29.6 yrs,
Uni degree mother 31.7%,
single parent 2.1%.

Children, followed
from age 5to 9 in
United Kingdom. 4 year
follow up.

Low-income preschool
children aged 2-5 yrs in
North Dakota WIC
program; 83% white. 6-12
month follow up.

Girls in the US aged 9-10 yrs
at start of study; Black or
white non-Hispanic; 10 year
follow-up.

Quality [7]

0

P

0

P

Results [8]

Frequency of consumption of
cheese at 2.5 yrs was
positively associated with
overweight and obesity at 5
yrs. Frequency of milk
consumption was not
associated with overweight
and obesity. Results should
be interpreted with caution as
statistics were poorly

Milk consumption was
associated with a
reduction in fat mass
accumulation at age 5 (-
0.51 (95% -0.86 to -
0.16) and age 7 (-0.35
(95% CI1-0.57 to -0.14)
in the fully adjusted
analyses (P<0.01), but
not in the unadjusted

There was no association
between milk intake and
change in weight (adj
=0.001b = 0.01, P=0.86)
or change in BMI (adj
p=0.00 kg/m’ + 0.00,
P=0.93).

Girls' milk intake reduced by
greater than 25% during the
10 years. There was no
association between milk
intake and BMI (-0.002 kg/m?,
SE 0.006).
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explained and poorly
reported.

analyses (P=0.06 at age
5, P=0.10 at age 7).

Effect on risk Increase for cheese. None for | Protect None None
(Increase/None/Protect) | milk.

Importance [9] 2 2 3 1
Relevance [10] 2 2 1 2
Generalisable No Yes Yes Yes
Applicability No Yes Yes Yes

213




5.10 DAIRY and SOCIAL EQUITY

Does social equity affect dairy intake?

Evidence statement

Grade

Higher occupational level is associated with consumption of
cheese and skim milk.

B

Evidence statement
Grade

Higher educational level is associated with consumption of
cheese.

B

Component Rating

Evidence Base Good

Consistency Good

Clinical impact N/A
Generalisability Excellent

Applicability Good

Notes

One meta-analysis (1 P) of 12 population-based studies
examining differences in intake of whole milk, skim milk,
and cheese in relation to education (12 studies) and
occupational (9 studies) level in European populations.

The meta-analysis reported a positive relationship between
both cheese and skim milk consumption and occupational
level. 8 of the 9 included studies reported a positive
association between cheese consumption and occupational
level in men and women, with 5 being significant in men
and 3 being significant in women. Results of individual
studies examining the relationship with skim milk
consumption were not reported, so consistency cannot be
evaluated.

No health outcomes.
Western Europe.

Food types and occupations may differ in Australia.

The meta analysis was of high quality and collected data on cheese and milk consumption in western

European subjects with a range of education (12 studies) and occupation (nine studies) levels. The term
“cheese” includes non-fat, low-fat, and full-fat cheeses. The review did not examine total dairy
consumption. The pooled statistics indicated a significant, positive relationship with cheese

consumption, but not total milk consumption, and both education and occupation level in men and
women. When the highest category of education and occupation was compared to the lowest category
of education and occupation measured, those in the highest level consumed significantly more cheese.

There was also a significant, positive relationship between skim milk consumption and occupation level,
but only four individual studies made this comparison and the association was not consistent with

education level.
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Table 5.10 Studies used to make evidence statement for dairy and social equity

Reference [1]

Sanchez-Villegas 2003 [1917]

Type of study [2]

Meta-analysis of 12 population-based
studies.

Level of evidence [3]

I

Intervention/
comparator [4]

Relationship between occupational level
(highest category vs lowest category)
and educational level (highest category
vs lowest category) on cheese and milk
consumption (g per day).

N [5]

Education: 61,814;
Occupation: 20,143

Population/ study
information [6]

Finland, Norway, Sweden, Estonia,
Denmark, Ireland, The Netherlands,
Germany, Spain; Males and females;
Adults (11-85 yrs).

Quality [7]

P

Results [8]

There was a significant, positive
relationship between cheese
consumption and education (men: +6.76
g per day (95% CI 3.40-10.12), women:
+9.03 g per day (95% CI 7.06-11.00))
and occupation level (men: +4.56 g per
day (95% CI 2.13-7.00), women:
+5.08¢g per day (95% CI 3.65-6.50)).
There was no significant association
between milk consumption and
education or occupation level in either
women or men. In addition, there was a
positive, significant relationship
between skimmed milk and occupation
level (men: +32.89¢g per day (95% CI
15.68-50.10), women: +35.04g/d (95%
C19.09-61.00)), but not education level.

Effect on risk
(Increase/None/Protect)

N/A

Importance [9] 1
Relevance [10]
Generalisability yes
Applicability yes
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DAIRY and CANCER

5.11 DAIRY and COLORECTAL CANCER

Does a particular intake of dairy affect the risk of colorectal cancer?

Evidence statement Consumption of more than 1 serving* of dairy per day,
especially milk, is associated with a reduced risk of
colorectal cancer.

Grade B
Component Rating Notes
Evidence Base Excellent ~ Two Level I studies for colorectal cancer (2 P). One meta-

analysis is particularly robust, having used a sample of
>500,000 based on original data of 10 cohorts. The other
(of 14 cohort studies and 13 case-control studies) was based
on published studies and was funded by the National Dairy
Council. One additional recent, large cohort study in
Chinese women that provides further evidence.

Consistency Good All studies included in the meta-analysis were fairly
consistent except for a study published by Kune et al.
(1987). This study was conducted in Australia, introduced a
large amount of heterogeneity into the meta-analysis, and
found a 2.37 times (95% CI 1.57-3.58) increased risk of
colorectal cancer among high-dairy consumers.

Clinical impact Good RR of colorectal cancer with >250mg milk/d = 0.88 (95%
CI10.79-0.99). RR of colorectal cancer with total dairy
consumption = 0.84 (95% CI 0.75-0.95). The fat content of
milk must be considered.

Generalisability Excellent =~ Western populations, including Australia, USA, and western
Europe.
Applicability Excellent  Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The two meta analyses are in agreement, reporting an inverse association between both milk and dairy
food intake and risk of colorectal cancer in adults. One meta analysis is particularly robust, using
original data from a sample of >500,000 (Pooling Project of Prospective Studies of Diet and Cancer).
Although there was no attempt to include studies in addition to the Pooling Project, the individual
cohorts evaluated are understood to be reputable, and provide the benefit of analysing individual data
rather than published literature. This study reported a reduced incidence of colorectal cancer with the
consumption of > 250 g milk per day compared to <70g per day. No association was found with
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consumption of cheese or yoghurt. The other meta-analysis was funded by the National Dairy Council
and reported pooled data of 14 cohort studies and pooled data of 13 case-control studies. The results of
the individual studies are almost consistent except for one study published by Kune et al. (1987) and
conducted in Australia. This case-control study introduces a large amount of heterogeneity into the meta
analysis, and reports a 2.37 times increased risk of colorectal cancer among high-dairy consumers. The
authors of the meta analysis reported a significant inverse association between colorectal cancer and
milk intake among case-control studies only when this outlier is removed. Meta analysis of the cohort
studies consistently found inverse relationships between colorectal and colon cancer and milk and dairy
intake. In addition, the recently published cohort study includes over 73,000 women in China, reporting
a small inverse association between >200g daily milk intake and incidence of colon cancer (P=0.05), but
no association with colorectal cancer. This body of evidence statement is stronger for milk intake than
for total dairy intake. This body of evidence statement is consistent with the WCRF report that indicates
that it is “probable” that milk is protective against colo-rectal cancer.
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Table 5.11 Studies used to make evidence statement for dairy and colorectal cancer

Reference [1]

Cho 2004 [334]

Huncharek 2009 [736]

Lee 2009 [659]

Type of study [2] Meta-analysis of 10 Meta-analysis of 14 cohort | Cohort
cohorts (used original | studies and 13 case-control
data, not published studies
data)
Level of evidence [3] Level I Level I Level 11
Intervention/ Effect of milk intake Effect of milk and dairy Effect of milk intake (0
comparator [4] (<70 compared to >250 | intake ("high" vs "low" compared to >200g
g per day) on risk of intake quartiles) on milk day) on risk of
colorectal cancer. colorectal cancer risk. colorectal cancer.
N [5] 534,536 10,294 73,224 total, with 394

incident cases of
colorectal cancer
(colon = 236; rectal =

158) diagnosed
Population/study M and F adults Mand F Women aged 40- 70y
information [6] USA, Finland, Canada, | Norway, Finland, The of age from Shanghai

Netherlands, Sweden;
Smokers and non-

Netherlands, USA, France,
Japan, Sweden, Italy,

Women's Health
Study. Mean follow up

smokers. Switzerland, Singapore, 7.4 yrs.
Australia, Argentina.
Quality [7] P P P
Results [8] Milk consumption was | There is an inverse Milk intake was

inversely related to risk
of colorectal cancer:
RR 0.88 (95% CI
0.79-0.99) for
consumption of >250 g
milk per day. Supports
hypothesis that
moderate milk intake
can reduce risk of
colorectal cancer.
There was no
association between
risk of colorectal
cancer and cheese or
yoghurt consumption.

relationship between
milk/dairy intake and risk
of colorectal cancer. Data
from cohort studies: RR
for colon or colorectal
cancer and milk
consumption 0.90 (95% CI
0.83-0.97); RR for colon
cancer only and milk
consumption 0.78 (95% CI
0.67-0.92), RR for
colorectal cancer and total
dairy consumption 0.84
(95% CI1 0.75-0.95). Data
from case-control studies:
RR for colon or colorectal
cancer and milk
consumption 0.90 (95% CI
0.81-1.00), excluding Kune
et al. data; RR for

inversely associated
with the risk of colon
cancer (RR=0.8, 95%
C104-1.3,P
trend=0.05). RR for
colorectal cancer =
0.8(95% C10.5-1.2, P
trend=0.09).
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colorectal cancer and total
dairy consumption 0.90
(95% CI 0.78-1.04).

Effect on risk Protect Protect Protect
(Increase/None/Protect)

Clinical importance [9] | 1 1 1
Clinical relevance [10] | 1 1 1
Generalisability Yes Yes Yes
Applicability Yes Yes Yes
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5.12 DAIRY and RECTAL CANCER

Does a particular intake of dairy affect the risk of rectal cancer?

Evidence statement Consumption of more than 1 serving* of milk per day is
associated with reduced risk of rectal cancer.

Grade C

Component Rating Notes

Evidence Base Excellent Two Level I studies on rectal cancer (2 P): one is very

strong and uses a sample of >500,000 and original data
from 10 cohorts, one is slightly weaker and evaluates
published studies (7 cohort studies and 3 case-control
studies). One additional cohort (1 P) study examines
unpasteurised milk.

Consistency Satisfactory The high quality meta-analysis found a protective effect
from milk consumption, while the slightly lower quality
meta-analysis found no association. The additional cohort
study found a protective effect from unpasteurised milk
consumption.

Clinical impact Good Relative risk of rectal cancer for intake of > 250g milk/day
=0.80 (95% CI 0.66-0.96), but nonsignificant relative risks
for high cheese and high yoghurt consumption.

Generalisability Excellent Western populations, including Australia, USA, and
western Europe.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL

The two meta analyses are conflicting. One meta analysis is of higher quality and influences the body of
evidence statement to a greater degree. The high quality meta analysis uses original data from a sample
0f>500,000 (Pooling Project of Prospective Studies of Diet and Cancer), and reports a reduced
incidence of rectal cancer with the consumption of > 250 g milk per day compared to <70 g milk per
day. No association was found with high intake of cheese or yoghurt. The other meta-analysis was
funded by the National Dairy Council. This study included seven cohort and three case-control studies
examining the relationship between milk intake and rectal cancer, but found no significant relationship.
The additional cohort study examines the relationship between unpasteurised milk consumption as a
child and later development of cancers. The results are consistent with the high quality meta analysis,
but no specific statement can be made on the effect of unpasteurised milk consumption as the study
design lacked sufficient detail.
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Table 5.12 Studies used to make evidence statement for dairy and rectal cancer

Reference [1] Cho 2004 [334] Huncharek 2009 Sellers 2008 [846]
[736]
Type of study [2] Meta analysis of 10 Meta analysis of 7 Cohort
cohorts (used original | cohort and 3 case-
data, not published control studies
study data)
Level of evidence [3] Level I Level I Level I
Intervention/ Effect of milk intake Effect of milk intake | Risk of cancers and
comparator [4] (<70 compared to ("high" vs "low" unpasteurised milk
>250g per day) on risk | intake) on rectal consumption
of rectal cancer cancer risk
N [5] 534,536 10,294 22,808
Population/study M and F adults M and F Iowa, USA; Post

information [6]

USA, Finland,
Canada, Netherlands,
Sweden;

Smokers and non-

Norway, Finland, The
Netherlands, USA,
France, Japan,
Sweden, Italy,

menopausal women aged
55-69 yrs; Follow-up: 11
yrs

smokers Switzerland,
Singapore, Australia,
Argentina
Quality [7] P P P
Results [8] Milk consumption was | There is no association | The only site specific

inversely related to
risk of rectal cancer:
RR 0.80 (95% CI
0.66-0.96) for
consumption of >250g
milk per day. There
was no association
between risk of rectal
cancer and
consumption of cheese

between milk intake
and risk of rectal
cancer. RR of rectal
cancer with milk
consumption from
cohort data 0.95 (95%
CI10.80-1.14). RR of
rectal cancer with milk
consumption from
case-control data 1.01

cancer that was found to
be associated with
unpasteurized milk
consumption was rectal
cancer: RR (only as a
child) 0.66, 95% CI:
0.39-1.11 p=0.02) or RR
(as a child and an adult)
0.26 (95% CI 0.1-0.68).

or yoghurt. (95% CI 0.79-1.28).
Effect on risk Protect for milk, none | None Protect
(Increase/None/Protect) | for yoghurt and

cheese.
Clinical importance [9] | 1 1 2
Clinical relevance [10] | 1 1 1
Generalisable Yes Yes Yes
Applicability Yes Yes No
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5.13 DAIRY and RENAL CANCER

Does a particular intake of dairy affect the risk of renal cancer?

Evidence statement Consumption of 3 or more servings® of milk per day is not
associated with risk of renal cell cancer.

Grade B

Component Rating Notes

Evidence Base Good One meta-analysis (1 P) of 13 prospective studies examining

intake of milk.

Consistency Good One meta-analysis, but consistency among studies was not
well reported.

Clinical impact Poor There was no observed effect of milk on renal cell cancer,
so impact is limited. Relative risk for multivariate analysis
for high milk consumption = 1.00 (95% CI 0.94-1.06).

Generalisability Excellent =~ Western populations, including USA, Finland, Canada,
Netherlands, and Sweden.

Applicability Excellent  Directly applicable.

*1 serving of milk = 240mL.

The meta analysis uses original data from the Pooling Project of Prospective Studies of Diet and Cancer,
and includes a sample of nearly 800,000 from 13 prospective studies. While there was no attempt to
include studies in addition to the Pooling Project, the individual cohorts included are understood to be
reputable, and provide the benefit of analysing individual data rather than published literature. No
association was found between milk consumption (> 3 glasses per day compared to <1) and renal cell
cancer risk. The lack of association remained when whole milk and reduced fat milk were analysed
separately. Because the results of individual studies were not reported, consistency among studies
cannot be evaluated.

The WCREF reportdoes not examine the relationship between dairy and renal cancer.
References

Lee, J. E., Hunter, D. J., Spiegelman, D., Adami, H. O., Bernstein, L., van den Brandt, P. A., Buring, J.
E., Cho, E., English, D., Folsom, A. R., Freudenheim, J. L., Gile, G. G., Giovannucci, E., Horn-Ross, P.
L., Leitzmann, M., Marshall, J. R., Ménnisto, S., McCullough, M. L., Miller, A. B., Parker, A. S.,
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Table 5.13 Studies used to make evidence statement for dairy and renal cancer.

Reference [1]

Lee 2007 [7]

Type of study [2]

Meta analysis of 13 cohort studies

Level of evidence [3]

Level I

Intervention/ comparator [4]

Effect of milk consumption (> 3
servings per day compared to <I
serving per day) on risk of renal
cell cancer.

N [5]

530,469 women total

244,483 men total

709 renal cell cancer cases in
women

769 renal cell cancer cases in men

Population/study information

[6]

M and F adults

USA, Finland, Canada,
Netherlands, Sweden.
Smokers and non-smokers.

Quality [7]

P

Results [8]

There was no association found
between > 3 servings of milk/d
and renal cell cancer risk. The
lack of association remained when
whole milk and reduced fat milk
were analysed separately.

Effect on risk None
(Increase/None/Protect)

Clinical importance [9] 3
Clinical relevance [10] 1
Generalisability Yes
Applicability Yes
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5.14 DAIRY and PROSTATE CANCER

Does a particular intake of dairy affect the risk of prostate cancer?

Evidence statement Consumption of milk is associated with increased risk of
prostate cancer.

Grade D

Component Rating Notes

Evidence Base Good One non-systematic review (1 N) of 1 meta-analysis (2004,

of 11 case-control studies) and 1 systematic review (2004,
of 27 cohort and intervention studies).

Consistency Poor Meta-analysis reported increased risk, systematic review
reported inconclusive evidence and cannot determine an
association. Results of individual studies were not reported.

Clinical impact Good MA reported increased risk of prostate cancer in higher vs
lower consumers of milk: adj OR =1.56 (95% CI 1.30-
1.83); intake of milk not reported.

Generalisability Poor Assume a wide variety of populations due to the inclusion of
38 individual studies between the meta-analysis and
systematic review, but specific populations were not
reported.

Applicability Excellent  Directly applicable.

*1 serving of milk = 240mL.

The poor quality review included one meta-analysis and one systematic review and did not provide
sufficient detail on the included studies. The included meta-analysis, published in 2004, reported an
increased risk of prostate cancer in participants who consumed higher vs lower amounts of milk adjOR
1.56 (95% CI 1.30-1.83), but the level of milk consumption not reported. The included systematic
review, also published in 2004, concluded that the evidence was too inconclusive to determine a
relationship between dairy consumption and prostate cancer. Therefore, this body of evidence statement
is weak and must be applied with caution. This weak body of evidence statement is consistent with the
WCREF report that indicates that while diets high in calcium are a “probable” cause of prostate cancer,
there is limited evidence suggesting that high consumption of milk and dairy products are causative.

References

Alvarez-Leon, E. E., Roman-Vinas, B. & Serra-Majem, L. 2006, "Dairy products and health: a review of
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Table 5.14 Studies used to make evidence statement for dairy and prostate cancer

Reference [1]

Alvarez-Leon 2006 [R36]

Type of study [2]

Non-systematic review of 1 meta-
analysis and 1 systematic review.

Level of evidence [3]

Level 1

Intervention/ comparator [4]

Effect of milk consumption on
risk of prostate cancer.

N [5]

Number of subjects not provided.
MA included 11 case-control
studies; SR included 27
prospective cohorts and
intervention studies.

Population/study information

[6]

Popluation characteristics not
reported.

Quality [7]

N

Results [8]

MA reported increased risk of
prostate cancer in higher vs lower
consumers of milk: unadjOR 1.68
(95% CI 1.34-2.12), adjOR 1.56
(95% CI 1.30-1.83); intake of
milk not reported. SR reported
available evidence remains
limited or inconclusive.

Effect on risk Increase
(Increase/None/Protect)

Clinical importance [9] 1
Clinical relevance [10] 1
Generalisability Yes
Applicability Yes
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5.15 DAIRY and BREAST CANCER

Does a particular intake of dairy affect the risk of breast cancer?

Evidence statement Mean consumption of 1 serving® of dairy food per day is
not associated with the risk of breast cancer.

Grade C

Component Rating Notes

Evidence Base Good One meta-analysis of 8 prospective studies (1 P), and one

non-systematic review (1 N).

Consistency Satisfactory The meta-analysis reported no association, but results of
individual studies were not reported so consistency cannot
be assessed. The systematic review included one meta-
analysis that reported increased risk with high dairy food
consumption, and included one systematic review that
reported no association.

Clinical impact Satisfactory There was no association in the meta-analysis. The
systematic review reported a relative risk of 1.17 (95% CI
1.04-1.30) for high dairy food consumption.

Generalisability Excellent All studies were in women. Western populations.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The meta analysis examining breast cancer uses original data from the Pooling Project of Prospective
Studies of Diet and Cancer, and includes a sample of over 350,000. While there was no attempt to
include studies in addition to the Pooling Project, the individual cohorts included are understood to be
reputable, and provide the benefit of analysing individual data rather than published literature. The meta
analysis found no association between breast cancer incidence and either dairy solids or dairy fluids
(highest quartile of intake compared to lowest quartile). Quartile intakes were not reported, but the 95™
percentile for intake of total dairy fluids for the individual studies ranged from 555-1101 g per day,
mean intakes ranged from 203-262 g per day, and 5™ percentile intakes ranged from 0-32 g per day. 95"
percentile intakes for total dairy solids for the individual studies ranged from 70-111 g per day, mean
intakes ranged from 23-34 g per day, and 5" percentile intakes ranged from 0-6 g per day. Butter was
included in the category of dairy solids. The additional poor quality systematic review included one
meta-analysis from 1993 and one systematic review from 2004. The meta-analysis from 1993 reported
an increased risk of breast cancer with high dairy food consumption RR 1.17 (95% CI 1.04-1.30), but
intakes of dairy were not reported. The systematic review from 2004 reported that the evidence was too
inconsistent to determine an association between intake of dairy foods and development of breast
cancer. Although this systematic review is of poor quality, it introduces inconsistency to the association,
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so care must be taken when using this evidence to guide practice. This WCREF report does not make any
statement about dairy and breast cancer.
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Table 5.15 Studies used to make evidence statement for dairy and breast cancer

Reference [1]

Missmer 2002 [8]

Alvarez-Leon 2006 [R36]

Type of study [2]

Meta analysis of 8 cohort studies

Non-systematic review of | MA
and 1 SR

Level of evidence [3]

Level I

Level I

Intervention/ comparator [4]

Effect of intake of dairy fluids (whole
cream, whipped cream, custard or
pudding, ice cream, milk — skim,
0.5%, 1%, 2%, and whole, evaporated
milk, buttermilk, sherbet, ice milk,
sour cream, yoghurt — light and
regular, yoghurt dressing) and dairy
solids (butter, cheese — high and low
fat, hard, cottage cheese, ricotta
cheese, cream cheese, and other) (4th
quartile vs Ist quartile, and 100 g per
day) on risk of breast cancer.

Effect of dairy food or milk
consumption on incidence of breast
cancer.

N [5]

351,041 total
7379 cases

Number of subjects not provided.
MA included 5 cohort and 12 case-
control studies. Number of studies
in SR not reported.

Population/study
information [6]

8 large prospective studies from
Pooling Project of Prospective Studies
of Diet and Cancer with a 5-11 year

Population characteristics not
reported. MA done in Canada.

follow up.
Quality [7] P N
Results [8] There was no significant association | MA (Boyd 1993) reported

between intake of dairy fluids or dairy
solids and risk of breast cancer. Adj
RR for dairy fluids (highest quartile
vs lowest quartile) 0.93 (95% CI 0.84-
1.03, P=0.09). Adj RR for dairy
solids (highest quartile vs lowest
quartile) 1.01 (95% CI 0.93-1.09,
P=0.94). Quartile intakes were not
reported, but 95™ percentile for total
dairy fluids for the individual studies
ranged from 555-1101 gper day, mean
intakes ranged from 203-262 g per
day, and 5" percentile intakes ranged
from 0-32 g per day. 95™ percentile
intakes for total dairy solids for the
individual studies ranged from 70-111
g per day, mean intakes ranged from

increased risk of breast cancer with
greater intakes of milk: RR 1.17
(95% CI 1.04-1.30), but intake of
milk not reported. SR reported no
consistent evidence for an
association between the
consumption of dairy foods and
breast cancer risk.
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23-34 g per day, and 5™ percentile
intakes ranged from 0-6 g per day

Effect on risk None Increase for one study, none for the
(Increase/None/Protect) other study

Clinical importance [9] 3 1

Clinical relevance [10] 1 1

Generalisability Yes Yes

Applicability Yes Yes
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5.16 DAIRY and ENDOMETRIAL CANCER

Does a particular intake of dairy affect the risk of endometrial cancer?

Evidence statement Consuming dairy food is not associated with risk of
endometrial cancer

Grade C

Component Rating Notes

Evidence Base Satisfactory One meta-analysis of 1 cohort study and 8 case-control
studies (1 P).

Consistency Good One meta-analysis. All but one individual study found no
association between dairy intake and endometrial cancer.

Clinical impact Poor There were no associations. Pooled OR =0.97 (95% CI
0.93-1.01) per serving of dairy/day.

Generalisability Excellent All studies were in women. Western populations.

Applicability Excellent Directly applicable.

*1 serving of milk = 240mL, 1 serving of yoghurt = 240mL, 1 serving of cheese = 45g.

The meta analysis examining endometrial cancer included one cohort study and eight case-control
studies (three hospital-based and five population-based) with data on dairy intake (sample of just over
32,000). Both the pooled analysis and most individual studies were consistent, finding no association
between total dairy food intake and risk of endometrial cancer. One individual study reported a
significant association. Intake levels in individual studies were not reported in this review. This body of
evidence statement is consistent with the WCRF report that indicates that there is no convincing or
probable evidence suggesting that high consumption of milk and dairy products are causative of
endometrial cancer.
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Table 5.16 Studies used to make evidence statement for dairy and endometrial cancer

Reference [1]

Bandera 2007 [13]

Type of study [2] Meta analysis of 1 cohort and
8 case-control studies

Level of evidence [3] Level I

Intervention/ comparator [4] | Effect of dairy food

consumption (highest
category compared to lowest
category — specific levels
were not reported) on risk of
endometrial cancer.

N [5]

32,013 total with data on
dairy
2881 cases with data on dairy

Population/study information

[6]

USA, Sweden, Greece,
Mexico; Ages 18-84; Females

Quality [7]

P

Results [8]

There was no association
found between total dairy
food intake and incidence of
endometrial cancer. Pooled
OR 0.97 (95% CI1 0.93-1.01)
per serving of dairy per day.

Effect on risk
(Increase/None/Protect)

None

Clinical importance [9] 3
Clinical relevance [10] 1
Generalisability Yes
Applicability Yes
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S1.1/S2.6 Dairy
Summary of studies not included in Body of Evidence statements
Dairy and Mental Health

One small cohort study (n=1449, positive quality) in men and women in Finland reported no association
between fat intake from milk products and development of dementia over a 21 year follow-up (Laitinen
2006).

One small cohort study (n=601, neutral quality) in men in Western Australia aged >80 yrs reported that
regular consumption of full-cream milk is inversely related to successful mental health aging (unadj OR
0.63 (95% CI 0.45-0.89) (Almeida 2006).

Dairy and Lipid Profile in Adults

One RCT (positive quality) of 14 healthy men in Denmark compared the effect of consumption of 1.5L
whole milk, 205g cheese, or 64g butter, and reported that there were no differences in the
cholesterolemic effect, postprandial glucose response, or postprandial insulin response of diets
containing whole milk and butter. However, LDL cholesterol was lower after the cheese diet compared
to the other diets (P=0.098), but this must be verified through additional studies (Tholstrup 2004).

One RCT (positive quality) of 41 healthy adults in New Zealand reported that compared to three to six
servings of cow's milk products per day, the same consumption of sheep's milk products resulted in a
reduction in plasma total cholesterol, HDL cholesterol, and LDL cholesterol (Skeaft 2004).

Dairy and Lipid Profile in Infants

One randomised controlled trial of healthy infants in Belgium (n=189, positive quality) reported that ad
libitum consumption of infant milk formula with 0.6 g/100 mL of GOS/IcFOS (9:1) did not affect serum
cholesterol levels compared to control formula. Total cholesterol and LDL cholesterol in breast-fed
infants were higher compared to formula-fed infants (p<0.016) (Alliet 2007).

Two randomised controlled trials of healthy infants in the USA compared the effect of consumption of
regular infant formula versus infant formula supplemented with 40-100 mg/L cholesterol versus breast
milk. Demmers 2005 (neutral quality) reported that plasma cholesterol concentrations were higher and
cholesterol synthesis was lower at 4 months in the groups with a higher intake of dietary cholesterol
(n=47). At 12 months, Bayley 2002 (neutral quality) did not see a change in cholesterol synthesis,
plasma total cholesterol, or plasma LDL cholesterol levels in the groups with a higher intake of dietary
cholesterol (n=49), and Demmers did not see the differences maintained at 18 months. This suggests
there is “no imprinting of cholesterol biosynthesis,” and that differences in plasma lipid profiles before
the introduction of solid foods do not last (Demmers 2005).
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Dairy and Adiposity in Children

One randomised controlled trial (positive quality) of 90 overweight children in Chile reported that an
intervention of nutrition education and 200g milk per day reduced the consumption of sugar-sweetened
beverages (P<0.0001). There was no change in body fat, but there was an increase in lean body mass in
the intervention group (P=0.04) (Albala 2008).

Dairy and Dental Health

One cohort study (positive quality) of 695 newborn infants in the USA followed through age 5 yrs
reported that compared to children without dental caries, children with dental caries had lower median
intakes of milk at 2 and 3 years of age (P<0.05). Low intakes of non-milk dairy foods
(cheesetyoghurt+dairy desserts) compared to high intakes of non-milk dairy foods were associated with
fewer teeth having caries (P<0.05) (Marshall 2003).

Dairy and Child Growth

One large cohort study (neutral quality) of 16,491 healthy infants reported that compared to breast milk,
formula and other milks increased weight and length growth during infancy from three months to 12
months. There was no difference in growth among infants receiving whole cow's milk compared to
formula (Kramer 2004).

Dairy and Pancreatic Cancer

One large cohort study following 88,802 women in the USA (Nurses Health Study, positive quality) for
18 years reported 178 cases of pancreatic cancer (Michaud 2003). There was no association between
total dairy product intake (first quartile (13g/d) versus fourth quartile (91g/d)) and pancreatic cancer risk
(adj RR 1.04 (95% CI 0.62-1.77). There was also no association between intake of specific types of
dairy foods (skim milk, hard cheese, butter) and pancreatic cancer risk.

Dairy and Ovarian Cancer

One large cohort study of 61,084 women in Sweden (Swedish Mammography Cohort, positive quality)
followed for 13 years revealed 66 incident cases of invasive epithelial ovarian cancer (Larsson 2004).
High intakes of lactose and milk were associated with an increased risk of serous ovarian cancer but not
of other subtypes of ovarian cancer. The adjusted relative risk for serous epithelial tumours was: 2.0
(95% CI 1.1-3.7) for >4 servings total dairy per day, 2.0 (95% CI 1.1-3.7) for >2 servings total milk per
day, 1.4 (95% CI 0.9-2.2) for >1 serving total yoghurt per day, 1.1 (95% CI 0.7-1.9) for >2 servings
cheese per day.

Dairy and Dairy Consumption During Pregnancy and Size of Infant

One large cohort (positive quality) of 50 117 pregnant women in Denmark reported that mother's milk
intake while pregnant is positively associated with a reduced risk of small for gestational age (adjOR for
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>6 glasses of milk/day vs none = 0.51 (95% CI 0.39-0.65) P<0.001), an increased risk of large for
gestational age (adjOR for >6 glasses milk per day vs none 1.59 (95% CI 1.16-2.16, P<0.001), and an
increased mean birth weight, abdominal circumference, placental weight, birth length, and head
circumference (adjusted for gestational age at birth) (Olsen 2007).

Dairy and Effect of Nutrition Education on Dairy Consumption

One randomised controlled trial (n=38 for intervention, positive quality) of men and women >70 yrs of
age in the USA intervened with an individualised home based nutrition education and behaviour change
program focused on five servings of fruit and vegetables per day and three servings of calcium rich
foods per day. The intensive individual nutrition education, counselling, and support increased intake of
calcium-rich foods in this elderly population. The intervention group reached 0.9 + 0.21 servings of
milk or dairy per day and 0.3 + 0.06 servings of cheese per day (P<0.05) (Bernstein 2002).

One randomised controlled trial (positive quality) of boys and girls aged 8-11 years in the USA reported
that children who received intensive nutrition education consumed significantly more low fat milk and
more calcium per day than the control group (Friedman 2007).

S2.6 What is the dose response relationship between different types of milk intake and weight
change in adults?

See Dairy topic chapter.
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6. CEREALS (1.1

Evidence Statements



6. CEREALS (S1.1)
Search Results

The initial search of the data bases included 2693 references for cereals generally (S1.1) and
wholegrain and refined cereals (S1.9) and the specified disease outcomes. The detailed searches are
included in a separate document on searches. As there were many duplicates, the two searches were
combined into one Endnote library and coded as one. 193 references were retrieved for detailed
review and 144 references had data extracted. 54 papers were used to form the body of evidence
statements for cereals. Sufficient evidence (i.e. at least five different studies) was only found to make
statements for adults aged 19+yrs for cereals generally and cancer, cardiovascular disease, weight
gain and obesity, and type 2 diabetes. For the effect of wholegrain or refined grain cereals separately,
sufficient evidence was only available for colorectal cancer, cardiovascular disease, weight gain and
obesity, and type 2 diabetes. There was inadequate evidence to make statements for any other disease
states or other age of sex groups. No data was available to make any statements for children or
adolescents.

The term ‘wholegrain food’ is problematic, with definitions varying between countries. The US Food
and Drug Administration permits health claims on foods that contain at least 51% of whole grains
(including milled products). The most commonly used definition in research (Jacobs et al. 1998)
defines wholegrain foods as those containing 25% or more of wholegrains and includes some foods
such as bran-based cereals that do not meet the FSANZ definition of wholegrain: “wholegrain
means the intact grain or the dehulled, ground, milled, cracked or flaked grain where the
constituents — endosperm, germ and bran — are present in such proportions that represent the typical
ratio of those fractions occurring in the whole cereal, and includes wholemeal”. This same definition
is supported by Go Grain in Australia
(http://www.gograins.com.au/display.php?menuld=wholegrains).

Nonetheless many of the best epidemiological studies have used the Jacobs et al. (1998) definition,
and such studies have been included in this review, on the assumption that if a health relationship is
found for a more lenient definition, then it will also be found for foods with a higher proportion of
wholegrain ingredients.
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6.1 CEREALS and CANCER

Does a particular intake of cereal foods affect the risk of cancer in adults?

Evidence Consumption of wholegrain cereal foods is associated
Statement with reduced risk of cancer in adults.

Grade D

Component Rating Notes

Evidence Base Satisfactory 1 Level I studies (a review of 7 other reviews of all

cancers); 1 Level II study; 2 Level III studies with low
risk of bias.

Consistency Satisfactory Some inconsistency (2 Protect; 2 No effect; 0 Increase
risk).

Clinical impact Satisfactory Protective ORs generally in range 0.40-0.70.

Generalisability ~ Good Populations in body of evidence differ but it is sensible to

apply this evidence to the target population.

Applicability Good Levels of intake in normal range of Australian intake of
wholegrain cereals.

The studies used to make the body of evidence statement are listed below and summarised in Table
6.1.

RCTs of interventions with wheat bran supplementation have been included in this evidence base
because bran cereals are regarded as wholegrain cereals in most epidemiological studies (although
they do not meet the FSANZ definition of a wholegrain food). The two meta analyses both reviewed
prevention of colorectal adenomas and carcinomas and have one study in common, but used different
publications of different data analysis of the results. The most recent analysis of high fibre cereal
intervention finds a protective effect for men but not women. A reduced risk was also reported in two
recent case-control studies. A list of studies with specific cancers (too few to make body of evidence
statements) is given at the end of this section. The various case-control and cohort studies of other
cancer types report diets with higher cereal content associated with reduced risk for gastric, small
intestinal and thyroid cancers. There seems to be no relationship with prostate cancer risk.

In the 2007 World Cancer Research Fund report the following statements were made about Cereal
Foods and Cancer:

Cereals Generally

The evidence was too limited in amount, consistency, or quality to draw any conclusions

Given the evidence from the most recent meta analysis (Jacobs et al. 2006) and the very large case-
control study (LaVecchia et al. 2003), an evidence statement can be supported, but the level of
consistency in the data limits the overall evidence rating to Grade D.
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6.2 CEREALS and COLORECTAL CANCER

Does a particular intake of refined or wholegrain forms of cereals affect the risk of colorectal
cancer in adults?

Evidence Consumption of 1-3 serves per day of cereals high in

statement fibre is associated with reduced risk of colorectal cancer
in adults*.

Grade C

Component Rating Notes

Evidence Base Good 3 Level I studies; 3 Level III studies.

Consistency Satisfactory Most studies consistent with favourable or no effect of

wholegrains (2 Level I and 2 Level III studies Protective;
1 Level I and 1 Level III No effect). 2 studies report no
effect of refined grains.

Clinical impact Good Protective ORs for wholegrain generally in range 0.6-
0.88.
Generalisability ~ Satisfactory Populations in body of evidence differ but it is sensible

to apply this evidence to the target population.

Applicability Good Levels of intake in normal range of Australian intake of
wholegrain cereals.

* One serve of cereal defined as 1 slice bread, 1 cup cereal or cooked grain, 1 item serve of
muffin, cracker or pancake.

The studies used to make the body of evidence statements are listed below and summarised in Table
6.1.

RCTs of interventions with wheat bran supplementation have been included in this evidence base
because bran cereals are regarded as wholegrain cereals in most epidemiological studies (although
they do not meet the FSANZ definition of a wholegrain food). The two meta analyses which
reviewed the effect of wheat bran cereal on prevention of colorectal adenomas and carcinomas have
one study in common, but used different publications of different data analysis of the results. The
2002 meta analysis found no effect of bran supplementation on colorectal cancer. The more recent
analysis of the two largest intervention trials finds a protective effect for men but not women. The
other non-systematic review of Williams and Hord concludes that the strongest evidence linking
specific foods with decreased cancer risk is for fruits, vegetables and wholegrain.

Two recent case control studies report differing results. Deneo-Pellegrino et al. reported a modest
increased risk with total grain consumption but the confidence interval included 1.0. The very large
PLCO Cancers Screening Trial (with 3591 cases) found an OR of 0.88 across quintiles of dietary
fibre from cereals and the NIH-AARP Diet and Health Cohort Study (2974 cases) found a similar
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OR of 0.86, but notes that wholegrain but not refined grain was associated with modest risk
reduction. The lower level of consistency in the data limits the overall evidence rating to Grade C.

Since the evidence is based on a mixture of studies of cereal fibre (including RCTs with bran
supplementation) and studies of wholegrain intake in cohort studies it is concluded that a statement
about cereals high in fibre is more appropriate than wholegrain per se. However, increasing
wholegrain consumption would increase cereal fibre intake.

The evidence statement is consistent with the 2007 World Cancer Research Fund report in which the
following statement was made about Cereal Foods and Colorectal Cancer:

Food Containing Dietary Fibre

Foods containing dietary fibre probably protect against colorectal cancer.

The level of one to three serves used in the evidence statement derives from the third and highest
quintile levels in the paper by Schatzkin (1.2 serves per 1000 Kcal in quintile 5).
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Table 6.1 Summary of studies of cereals and Cancer

A

B C D E F G H
Asano Cochrane 2002 [570]| Jacobs AJCN 2006 [263] | Williams &Hord Nutr Clin | Prentice JNCI 2007 [121] | LaVecchia ProcNutrSoc | Engeset EJCancPrev 2009 | Deneo-Pellegrino EJCPrev
Prac 2005 [2812] 2003 [2565] [740] 2002 [551]
1 Reference [1]
Non-systematic Review (7
2 Type of study [2] Meta-analysis (5 RCTs) Meta-analysis (2 RCTs) other reviews) RCT Case-control Cohort Case-control
3 Level of evidence [3] 1 1 1 11 111-2 111-2 111-2
Energy adjusted OR of
Intake measured with colorectal cancer
questionnaire of calculated by multiple
frequency of consumption logisitic regression, using
of WG food (bread or Six different clusters of |quartiles of intake. Results
Low fat diet + veg&fruit | pasta) in 3 levels: rarely, 1] dietary patterns, including| presented for total grains,
(>5 serves/d) and grains | 3d/week,or >3d/week. "Bread" (17% of and rice, polenta, pasta
Dietary fibre and wheat Wheat bran - colorectal Whole grain foods - all (=6 serves/day) for 6 Outcome: all confirmed | cohort)/Total and breast | and white bread. Quintile
4 | Intervention/ comparator [4]| bran - Colorectal cancer cancer cancers years - all cancers cancers cancer over 7 years levels not reported
3642(dietary fibre); 1954 intervention; 29294 11,990cases; 10,058 1348 cases; 34,353 in
5 N [5] 1195(wheat bran) 3209 not reported control controls cohort 484 cases; 14542 controls
M+F, USA, 10 European
Population/study countries, Canada and M+F; US; 40-80y; BMI US Postmenopausal Norway; Women mean
6 information [6] Australia; 40-85y 27+4; 92% Caucasian not reported women aged 50-79y Italy; M+W 45-74y age 48y Uruguay M+W 30-89y
7 Quality [7] P P N P 0 P 0
Consistent pattern of Total grains showed
inverse relationship increased risk (OR1.4, 95%!
between wholegrain Cl 1.0-1.9; p=0.02). Rice a
For men, but not women, foods and risk of cancer slight protective effect
the intervention of a low OR were 0.3-0.5 for (OR 0.7, 95%Cl 0.5-0.9;
fat higher fibre diet with The strongest evidence digestive, respiratory and p+0.006) but s no effect
cereals was associated with|  linking specific foods to No evidence of any colon, 0.6 for rectum and | There was no significant with polenta or pasta.
a statistically significant | decrease cancer risk include |relationship between total| liver, 0.4 for bladder and association between White bread was
No evidence of protective reduced adenoma the consumption of fruits, | grain consumption and | kidney, 0.7 for ovary, 0.5 dietary patterns and associated with elevated
effect for recurrent recurrence: OR: 0.81 (0.67,| and vegetables and whole invasive cancer risk in for non-Hodgkins cancer risk, including the | risk in women only (OR
8 Results [8] adenoma 0.98) p<0.03. grains postmenopausal women. | lymphoma (all p<0.01) Bread pattern. 2.8,95%Cl 1.7-4.7)
Effect on risk
9 (Increase/None/Protect) None Protect Protect None Protect None None
10 Clinical importance [9] 3 1 1 3 1 3 4
11 Clinical relevance [10] 1 1 1 1 1 1 1
12 Generalisable Yes Yes Yes Yes Uncertain No No
13 Applicable Yes Yes Yes Yes Yes Yes Yes
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6.3 CEREALS and CARDIOVASCULAR DISEASE

Does the consumption of particular levels of cereal foods affect the risk of CVD in adults?

Evidence Consumption of cereal foods (especially wholegrains and

Statement those with fibre from oats or barley) is associated with a
reduced risk of cardiovascular disease in adults.

Grade B

Component Rating Notes

Evidence Base Excellent 2 Level I studies (1 meta-analysis of 10 RCTs and one

systematic review of 14RCTs, 9 cohort and 5 cross-
sectional studies); 5 Level II studies; 10 Level III studies.

Consistency Good Most studies consistent (14 Protect; 3 No effect; None
increased risk).

Clinical impact Good Substantial protective OR of cereals (total, wholegrain or
cereal fibre) in meta analyses and cohort studies of
around 30% reduction in CVD risk.

Generalisability Good Populations studied in the body of evidence are similar to
the target audience of the guidelines.

Applicability Good Applicable to Australian healthcare context with few
caveats.

The studies used to make the body of evidence statements are listed below and summarised in Table
6.2.

Three meta analyses all report a protective effect of cereal fibre with an estimated 25% reduction of
coronary death risk for each 10g increment in cereal fibre calculated by Pereira et al. (2004). Almost
all the RCTs have been conducted with oats, and there is evidence of beneficial lowering of levels of
LDL and total cholesterol levels, but longer term studies and with other grains are needed. The other
systematic reviews of cohort and cross-sectional studies consistently report significant effects. Most
studies are about wholegrain consumption particularly, rather than cereals generally.

Intervention studies with oats and barley show beneficial effects but there is no clear association with
wheat consumption. Nonetheless there is a strong body of evidence from cohort studies of the
protective effect of wholegrain foods in general, which in the studies from the US are primarily
wheat-based, and therefore relevant to the Australian diet. Therefore the evidence statement is not
restricted to cereal foods high in soluble fibre.
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6.4 CEREALS and CARDIOVASCULAR DISEASE

Does a particular intake of refined and wholegrain forms of cereals affect the risk of CVD in
adults?

Evidence Consumption of 1-3 serves per day of wholegrain cereals
Statement is associated with a reduced risk of cardiovascular
disease™

Grade B

Component Rating Notes

Evidence Base Excellent 2 Level I studies (1 meta-analysis of 10 RCTs; 1
(wholegrains) systematic review of 14 RCTs, 9 cohort and 5 cross-
Satisfactory sectional studies); 2 Level II studies; 7 Level III studies.

(refined grains)

Consistency Good Almost all report a favourable effect of Wholegrain
cereals (10 Protect; 1 No effect; 0 Increase). The no
effect study was with a liquid meal product. Three Level
IIT studies report no association with refined grain intake.

Clinical impact Good Protective OR for wholegrain of approximately 0.70 in
meta analyses.

Generalisability Good Populations studied in the body of evidence are similar to
the target audience of the guidelines.

Applicability Good Applicable to Australian healthcare context with few
caveats.

* Note: One serve of cereal defined as 1 slice bread, 1 cup cereal or cooked grain; 1 item serve
of muffin, cracker or pancake.

The 11 studies used to make this body of evidence statements are listed below and summarised in
Table 6.2 (which also includes seven other studies about cereals in general).

The three meta analyses all report an association of reduced risk of CVD with wholegrain food
consumption. The most recent systematic review (DeMoura 2008) concludes three serves a day is
associated with a 30-48% risk reduction and in seven of the cohort studies summarised in that review
there was a significant reduction in relative risk from 1 serve of wholegrain per day. Therefore the
evidence statement above refers to consumption of one to three serves per day.

Three other systematic reviews all conclude that evidence from epidemiological studies show CVD
risk reduction with consumption of wholegrain foods. Definitions of wholegrain foods vary from
requiring 25% to 51% wholegrain ingredients. Using the few studies employing the stricter FDA
definition of 51%, the body of evidence was insufficient to draw conclusions. However most
observational studies, such as the lowa Women’s Health Study, the Physicians Health Study and the
Nurses Health study use the lower definition and since they report an association, the effect is also
likely to be present for foods with a higher percentage of wholegrain.
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Table6.2. Summary of studies of cereals and CVD

A B C D E F G
Kelly Cochrane 2007 [2075] | Anderson ProcNutSoc 2003 Pereira ArchintMed 2004 DeMoura ILSI 2008 [2574] Flight Eur J Clin Nutr 2006
1 Reference [1] [2829] [2464] [212] Jacobs CurrAthRep 2004 [375]
Systematic Review (14RCT, 9
2 Type of study [2] Meta-analysis (10 RCT) Meta-analysis (5 cohort) Meta-analysis (10 cohort) cohort, 5 cross-sectional) Systematic Review (9 cohort) |Systematic Review (13 cohort)
3 Level of evidence [3] | -2 -2 I -2 1I-2
Intervention/ comparator | Wholegrain cereals and CHD -| Wholegrains & cereal fibre Wholegrain intake and CVD
4 [4] 8/10 studies with oats only and CVD Cereal fibre and CHD surrogate endpoints Cereals and WG and CVD Wholegrain and CVD
325303 (WG and CHD); 310278
5 N [5] 924 77,002 336,244 20045 (cereal fibre and CHD) 405,613
M+W; USA and Finland; 30-60 M+F, 20-61y, mean BMI 19-34,
Population/study years; 6 with participants with in USA, Sweden, Germany, UK | M+W, US and Europe. Ages M+W, US and Europe. Ages
6 information [6] elevated cholesterol M+W, USA, 25-69y M+W; USA and Europe; 35-99y and Japan and BMI not given and BMI not given
7 Quality [7] P N P 0 0 N
Weighted mean diff of -
0.19mmol/L TC (Cl: -.31 to - All observational studies, Prospective epidem studies
0,10; p=0.0001) and - Consumption of dietary fibre regardless of grain, showa | show WG foods reduce risk of
0.018mmol/L LDL (Cl: -0.28 to 1 from cereals is inversely protective assoc between WG | CHD. Whether all grain are
.09; p<0.0001) oatmeal vs RG associated with risk of & CVD. 3 serves / day equal cannot be concluded
diets. Some evidence that coronary heart disease. Each | associated with 30-48% less from these studies, nor the
oatmeal foods can lower TC 10g increment of cereal fibre | risk. Intervention studies with | effect of different parts of the All 13 studies report
and LDL, but need longer RR Wholegrains = 0.71 is associated with a 25% oats & barley but not wheat, |grain. Many studies don't show| significant CVD risk reduction
studies and studies with other| (0.48;0.94). RR Cereal fibre = | reduction in coronary deaths | show up to 15-20% reduction | independent effect of fibre on|  with consumption of WG
8 Results [8] grains. 0.90 (0.80-1.10) RR 0.75 (0.63-0.91; p=0.003) in TC and LDL levels CHD events or deaths foods. OR: 0.56-0.86
Effect on risk
9 | (Increase/None/Protect) Protect (oats) Protect Protect Protect Protect Protect
10 Clinical importance [9] 1 1 1 1 1 1
11 Clinical relevance [10] 1 1 1 1 1 1
12 Generalisable Yes Yes Yes Yes Yes Yes
13 Applicable Yes Yes Yes Yes Yes Yes
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G

H

| J K L M
Truswell EurJClinNut 2002 Berg AnnNutrMetab 2003 Katcher AJCN 2008 [98] Ortega IntJVitMinRes 2006 Rave BrJNutr 2007 [122] Djousse ArchintMed 2007
1 |Jacobs CurrAthRep 2004 [375] [596] [450] [191] [2120]
Systematic Review (36 RCT
wheat fibre; 36 RCT oats; 7
2 |Systematic Review (13 cohort) cohort) RCT RCT RCT RCT Cohort
3 II-2 Il Il Il Il Il -2
20% hypocaloric diet +
increased cereals (Special K
cereals and bars) and other
Fat modified and calorie CHO for a min 3x per day). Hypoenergetic diet with 200g
restricted diet with addition of | Inclusion of at least 5 serves of| Difference achieved approx | wholegrain based diet product
35-50g oat bran daily wholegrain foods in a one extra serve: 4.07 to 4.94 (WG) made up as a drink
(providing 5g soluble fibre) | hypocaloric (-500kcal/d) diet-| serves per day (p<0.01) - 6 replacing 2 meals a day to Q1 (0 serves/week) vs Q5 (7+
incorporated in bread, sauces | 12 week study. Size of serves | week study. Size of serves not | provide 21.4g dietary fibre - 8 serves/week) of breakfast
4 Wholegrain and CVD Cereal grains and CHD and desserts, for 4 weeks not specified specified week study cereal;
36RCT wheat fibre; 38RCT 1018 cases Heart Failure
oats; 7 prospective cohort identified over 19.6y in cohort
5 405,613 studies 99 25 36 36 of 21376
German hospital: Males aged
30-65 with increased risk CVD US, adults with metabolic Germany. Obese (BMI >29 to
M+W,; USA, Finland and (BMI 27.5-35 and total syndrome (BMI>30 and 3 or <40); adults aged 18-70 with US Male Physicians Health
M+W, US and Europe. Ages | Norway (cohort studies); age | cholesterol >150mg/dl). Mean | more NCEP criteria), aged 20- | Spain. Women aged 20-35y | elevated fasting blood glucose | Study; mean age 53.7y (range
6 and BMI not given range not stated age 53y; mean BMI 30. 65y. Mean age 45y with BMI 24-35 (mean 28) (6.1-7.1 mmol/L) 40-86y); mean BMI 24.1-25.1
7 N 0 0 P 0 P 0
There is no clear association
between total cereal
consumption and CHD. Wheat HR for highest total breakfast
fibre does not lower cereal intake vs lowest was
All 13 studies report cholesterol but the majority Change in C reactive protein; - Significant reduction in % 0.71 (0.60-0.85). All effect was
significant CVD risk reduction of human trials with oats | TC: -12.0mg/dl (p<0.05); LDL-| 2.4 vs +0.2mg/L P=0.01. No |energy from fat (28.2 vs 32.6%;| No significant improvements in| due WG cereal (HR 0.72 [0.59-
with consumption of WG found modest reduction in 14.1mg/dl (p<0.01); ApoB - |significant differences in blood| p<0.05) and increase in fibre | total, LDL or HDL cholesterol | 0.88], not RG cereal (HR 0.83
8 foods. OR: 0.56-0.86 total and LDL cholesterol 11.0mg/dl (p<0.01) lipids, PAI-1, TNF or IL-6 (19.3 vs 25.1g/d; p<0.001). (all p>0.05) [0.58-1,18]).
9 Protect Protect (oats) Protects (oat) Protect Protect None Protect
10 1 1 1 1 2 3 1
11 1 1 2 1 1 2 1
12 Yes Yes Yes Uncertain Yes Yes Yes
13 Yes Yes Yes Yes Yes No Yes
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N

0

P

Q

R

Erkkila AmHeartJ 2005 [303]

Liu JAmCollNutr 2002 [2568]

Liu AJCN 2003 [2569]

Nettleton JADA 2008 [34]

Negri EJCN 2003 [497]

1

Cohort (included in the Pereira
2 Cohort Cohort review) Cohort Case-Control
3 -2 11-2 -2 11-2 -2

MCAD and mean percent stenosis
(%S), controlled for age, BMI, smoking,
medication, HRT, diabetes, alcohol,
energy intake, sat and PUFA intake,
lipids and BP. Comparing <3 or >3g
cereal fibre /1000cal/d. Median intake
of 6 serves WG foods per week (serve s

Quintiles of intake of cereal
fibre (Q1: 3g/d; Q5 6.5g/d)

Serves per week of breakfast
cereals (from Never to =21
serve/d)

Number of serves of WG food
per day (defined as 1 slice
bread, 1 cup cereal or cooked
grain; 1 item serve of muffin,
cracker or pancake)

Tertiles of cereal fibre derived
from various food groups in
diet

570 incident cases of CVD in
cohort of 38480 followed 6

3114 total deaths (1381 due to
CVD; 146 due to stroke) in

1140 cases of incident Heart
Failure, in cohort of 14,153

5 248 followed for 3.2y years cohort of 86190 followed 5.5y followed 13.3y 507 cases; 478 controls
Italy; patients with first episode
of non-fatal acute myocardial
infarction (AMI) admitted to a
US. Postmenopausal women; mean | USA; Women's Health Study; network of Milan hospitals
age 6516y, with established CAD, in | women aged 45-75y (men 54) | US Physicians Health Study; |US, ARIC study; M+W; aged 45{1995-1999; M+W 25-79y mean
6 the ERAT trial BMI: 26 males, aged 40-84y 64y age 61y
7 P P P 0 P
RR of Incident CVD, adjusted
for age, smoking, PA, alcohol, |CVD specific mortality inversely
Change in MCAD was smaller in HRT, smoking, BMI, vitamin associated with WG (but not
women with higher cereal fibre intake supplements, Hx Ml and refined grain) breakfast cereal Whole grain intake was OR of AMI by tertile of cereal
(-0.04£0.02 vs -0.09£0.02). Non energy intake was 1.11 (0.84- intake. RR WG cereals = significantly less in those with | fibre intake; 1.12 (0.71-1.77).
significant trend to lower change in 1.46) p=0.38. Total fibre but | 0.80(0.66-0.97; p=0.008); RR | incident HF (p<0.001). HR for Fruit but not cereal or
%S. Effect was found with WG but not not cereal fibre inversely Refined grain cereals = 1.04 |1 serving per day of WG cereal| vegetable fibre associated with
8 RG associated (0.84-1.27; p=0.37) was 0.92 (0.86-0.98) p<0.05 reduced risk of AMI
9 Protect None Protect (WG); None (RG) Protect None
10 1 3 1 1 2
11 2 1 1 1 1
12 Yes Yes Yes Yes Yes
13 Yes Yes Yes Yes Yes
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6.5 CEREALS and OBESITY

Does a particular intake of cereal foods affect the risk of weight gain and obesity in adults?

Evidence Consumption of 3-5 serves per day of cereal foods
Statement (mainly wholegrain) is associated with a reduced risk
of weight gain

(Note: original evidence statement has been merged
with the following statement in the Dietary Guidelines-
the original wording stated: Consumption of 5 serves
per day of cereal foods (mainly wholegrain) is
associated with a reduced risk of weight gain.

Grade
B

Component Rating Notes

Evidence Base Excellent 1 Level I study (reviewing 11 RTCs, 8 cohort and 17
cross-sectional studies); 8 Level II studies; 2 Level III
studies with low risk of bias.

Consistency Satisfactory Some inconsistency. Mostly favourable effect of all
cereal foods (7 Protect; 4 No effect; 0 Increase).

Clinical impact Satisfactory Moderately protective OR of all cereals in cohort
studies approximately 0.80 for significant weight gain.

Generalisability Good Populations studied in the body of evidence are similar
to the target audience of the guidelines.

Applicability Good Applicable to Australian healthcare context with few
caveats.

* Note: One serve of cereal defined as 1 slice bread, 1 cup cereal or cooked grain; 1 item serve
of muffin, cracker or pancake.

The studies used to make the body of evidence statements are listed below and summarised in Table
6.3. The nine RCTs are all for limited time periods and mostly use wholegrain foods. The three
reviews of cohort and cross-sectional studies (de la Hunty 2007, Harland 2008, and Williams 2008)
all conclude that there is an association between cereal intake and reduced risk of weight gain or
overweight. In the Multiple Risk Factor Intervention trial those achieved the greatest weight loss
were those who had the largest increases in bread and cereal consumption, and in the EPIC study,
bread and cereal consumption significantly predicted weight loss (Williams 2008). A study of at least
five serves per day of wholegrain foods in a hypocaloric diet led to significantly greater reduction of
abdominal body fat, but there have been no studies since 2002 examining the effect of higher intakes.
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6.6 CEREALS and OBESITY

Does a particular intake of refined and wholegrain forms of cereals affect the risk of weight
gain and obesity in adults?

Evidence
Statement

Grade

(Note: original evidence statement has been merged with
the previous statement and grading increased from C to B
in the Dietary Guidelines- the original wording stated:
Consumption of 3 serves of wholegrain cereals per day is
associated with a reduced risk of weight gain*®).

B

Component

Evidence Base

Consistency

Clinical impact

Generalisability

Applicability

Rating

Excellent

Satisfactory

Satisfactory

Good

Good

Notes

1 Level I study (reviewing 11 RTCs, 8 cohort and 17
cross-sectional studies); 5 Level II studies; 2 Level 111
studies with low risk of bias.

Some inconsistency. Mostly favourable effect of
wholegrain cereals (6 Protect; 2 No effect; 0 Increase).
Only 3 studies report refined grain effect: 1 Increase; 2
no effect.

Moderately protective OR of wholegrain in cohort
studies approximately 0.80 for significant weight gain.
Effect in short term studies ranges 0-1.3kg greater loss in
weight loss diet over 3 months. Possible increased risk of
significant weight gain with high intake of refined
cereals.

Populations studied in the body of evidence are similar to
the target audience of the guidelines.

Applicable to Australian healthcare context with few
caveats.

* Note: One serve of cereal defined as 1 slice bread, 1
cup cereal or cooked grain; 1 item serve of muffin,
cracker or pancake.

The studies used to make the body of evidence statements are listed below and summarised in Table

6.3. The meta-analysis of 11 cohort studies on the relationship between wholegrain consumption and
body reported a mean BMI reduction of 0.63 between highest (>3 serves per day) and lowest intakes
of wholegrain foods (Harland 2008). There is not sufficient data to evaluate the effect of lower levels
of intake. There is no evidence that changing from refined to wholegrain foods without energy
restriction will lead to weight loss, but a study of at least 5 serves per day of cereals foods in a

hypocaloric diet led to significantly greater reduction of abdominal body fat with wholegrain vs
refined grain cereals (Katcher 2008). There are insufficient studies to make an evidence statement

related to the effect of consumption of refined cereals.
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In the 2007 World Cancer Research Fund Report, the following statements were made about Cereal
Foods and Obesity (which are consistent with an Evidence Statement about wholegrain cereals):

Wholegrain cereals and cereal products

Wholegrain cereals and cereal products are assessed here as high-fibre foods and as a marker for
low energy-dense foods. For this reason no separate judgement is made for wholegrain cereals and
cereal products.

The evidence, compelling on physiological grounds and supported by experimental and
observational evidence, is for diets with plenty of low energy-dense foods to limit weight gain.
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Table 6.3 Summary of studies of cereals and obesity

A B C D E F G
de La Hunty NutBull 2007 | Harland Pub Health Nutr 2008 Williams Nutr Rev 2008 Andersson J Nutr 2007 [166] | Aston IntJ Obes 2008 [570]
1 Reference [1] [2036] [64] Behall ] Am Diet Assoc 2006 [971]
Systematic Review (1RCT, 1 Systematic Review (11 RCT, 8 cohort,
2 Type of study [2] cohort, 3 cross-sectional) Meta-analysis (11 cohort) 17 cross-sectional) RCT RCT RCT
3 Level of evidence [3] 11-2 11-2 1 1l 1] 1]
Two six week periods of diet AHA Step 1 diet for 2 weeks,
intervention including 7 serves | Two 12-week periods with high| followed by three 5-week periods
per day of wholegrain (>50%) | or low Gl foods in habitual diet| of diets with same total fiber but
or refined grain products (3 | (mean diff 28 Gl units inl foods | different grain sources: 20% energy
bread slices, 2 crispbread provided -bread, breakfast (1) whole wheat and brown rice,
Regular breakfast cereal Wholegrain consumption and | Cereal consumption and measures of slices, 1 portion muesli, 1 cereals, rice, pasta, potatoes). | (2) half barley & half whole wheat
4 |Intervention/ comparator [4] consumption and BMI measure of body weight body weight portion pasta) Target diff 12 Gl units and brown rice, or (3) barley only
5 N [5] 49,519 119,829 129,047 (8 cohort);790 (11 RCT) 30 19 25
M+F; USA, UK, Spain, France; US M+W Healthy subjects (7 men,
43,642 adults 19-84y 5887 M+W healthy or overweight adults in Women 34-65y BMI>25 and 9 premenopausal women, 9
Population/study children 4-15; rarely or never | M+F; US, UK, Scandinavia, Iran;| intervention studies in US and Europe| M4+F; 35-70y; BMI 26-35 in fasting plasma insulin postmenopausal women) mean
6 information [6] eat - daily consumers Age 13-98y, and Australia Sweden >50pmol/L, weight stable in UK| ages 43y, 47y, 50y respectively
7 Quality [7] 0 P P P P P
Consistent assoc between Cohorts show WG help reduce weight
breakfast cereal consumption |Mean BMI reduction of 0.63 gain. High RG may cause WC increases
and a healthy weight (5/5 for |(Cl: 0.46-0.80), p<0.001, in women. Nurses Health: more RG No evidence of significant
increased risk of BMA>25; 4/5 |between lowest and highest likely to become obese benefit of WG substitution on No evidence of beneficial Increase consumption of
for increased BMI), but limited |intakes of WG; WC was (OR1.18;p<0.0001) or major weight BMI in healthy moderately effect of change to low GI wholegrain diets from insoluble or
evidence on a proposed reduced by 2.7 (0.2,5.2)cm gain (OR1.26;p=0.04). No evidence |overweight adults (BMI change| cereals on body weight, waist | soluble sources resulted in greater
mechanism that suggest (p<0.03); WHR was reduced by changing RG to WG w/o energy over 6 weeks; 0.3 vs 0.2kg; circumference % body fat, or | decreases in body weight (-0.8kg in
8 Results [8] causality 0.023 (0.016,0.030), p<0.0001). restriction leads to wt loss. p=0.046) satiety. 5 weeks; p<0.05)
Effect on risk
9 (Increase/None/Protect) Protect Protect Protect (WG); Possible effect (RG) None None Protect
10 Clinical importance [9] 2 1 2 4 4 1
11 Clinical relevance [10] 1 1 1 2 1 2
12 Generalisable Yes Yes Yes Yes Yes Yes
13 Applicable Yes Yes No No Yes Yes
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H | J K L M N
Gilhooly Aging Clin Exp Res | Hallfrisch Nutr Res 2003 [923] | Hamedani Am J Clin Nutr 2009| Katcher Am J Clin Nutr 2008 Lightowler Nutr Bull 2009 [2731] Ortega Int J Vit Min Res 2006
1 |Freeland Appetite 2009 [1609] 2008 [2] [2693] [98] [191]
2 RCT RCT RCT RCT RCT RCT RCT
3 1l 1l 1l 1l 1] 1l 1l
20% hypocaloric diet with
AHA Step 1 diet for 2 weeks increased consumption of cereals
then three 5-week periods with 2 x 45g serves/d of low fibre (1.7g) (Special K cereal and bars) and
20g extra dietary fibre per day | different WG: (1) whole wheat | 60 g serve of high fibre cereal cereal (1 for breakfast; 1 for lunch) with| other CHO for a min 3x per day).
Breakfast of high fibre wheat from a high wheat fibre and brown rice (soluble fibre | (28g) served with 250mL milk 125mL low fat milk for 2 weeks; then | Difference achieved approx one
cereal (90g providing 41g fibre)|  breakfast cereal, in a 30% from barley), (2) half barley & | after overnight fast; followed 3| Inclusion of at least 5 serves of | breakfast only for further 6 weeks. Ad | extra serve: 4.07 to 4.94 serves
made up in liquid with oil and | calorie restricted diet (total half whole wheat and brown h later with ad lib pizza meal wholegrain foods in a lib rest of the day. Comparisons had per day (p<0.01) - vs extra
whey vs Low Fibre control - 2 44g fibre per day). All food rice (extra 3g soluble fibre), or (vs low fibre cereal) - 4.5h | hypocaloric (-500kcal/d) diet-| choice of 3 cereals: 1 low fibre and 2 consumption of vegetables (3
4 hour study provided for first 24 weeks |(3) barley(extra 6g soluble fibre) study 12 week study higher serves/d)
5 17 16 21 32 25 23 36
Canadian healthy non smoking| US; Healthy overweight (BMI | US 16 men mean age 47+10y; | Canada; Healthy M+W adults UK: 54 Healthy overweight subjects 20-
males ages 18-35y (mean 25) | 25-30) men and women aged | mean BMI 26.7; BP: 120/74 and| aged 20-26y with normal BMI | US; M+W, mean age 46y, BMI | 60 years (mean 45) with BMI 25-35 | Spanish women aged 20-35y with
6 | with BMI 20-27 (mean 23.4) 20-42y mildly hypercholesterolemic and not restrained eaters 36 (19M; 35W) BMI 24-35
7 P P N P P 0 0
A serving of 41g insoluble fibre
at breakfast reduces food Increased consumption of low
intake independently of Loss of >1kg in 53% all subjects at 2 fibre breakfast cereals in
volume and weight at 60 A HF breakfast supports weeks. Greater loss at 6 weeks in hypocaloric diet may reduce
minutes (0.9Mj; p=0.004) but No significant difference cumulative reduction in energy variety cereal group compared to single | percentage energy from fat in the
this effect is not maintained at| between groups in energy intake (-92kcal at breakfast and| Significantly greater decreases |cereal (-0.6kg vs -2.0kg) and sig change diet to a greater extent than
120minutes (0.1Mj; p=0.2). intake (p=0.51) or weight No evidence of effect of grain lunch; p=0.01) and higher in abdominal body fat % with |from baseline at 6 weeks in VC group  |increasing vegetable intake (28.2%
Hunger and fullness did not | change (p=0.96) or satisfaction| type on weight over 5 week | satiety value per kilojoule (-17 | WG vs RG (-2.2 vs -0.9; p=0.03) |(p<0.01). Significant difference in waist vs 32.6%; p<0.05), but had no
8 differ between treatments. | with amount of food (p=0.08) period (p>0.05) vs -10; p<0.01) over 12 week period circumference from base effect on W:H ratio or skinfolds
9 Protect None None Protect Protect Protect None
10 3 3 2 1 1 2 3
11 2 2 1 1 1 1 2
12 Yes No Yes Yes Yes Yes Yes
13 Yes No Yes Yes Yes No Yes
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0] P Q R
Ortega Eur J Clin Nutr 2007 Rodgriguez Pub Health Nutr Waller J Am Coll Nutr 2004 Huus Acta Pediatr 2009 [1]
1 [187] 2009 [14] [387]
2 RCT RCT RCT Cohort
3 1] Il 1l 11-2
20% hypocaloric diet with
increased consumption of
cereals (Special K cereal and Hypoenergetic diet (20% Subjects instructed to eat 1 cup
bars) and other CHO for a min deficit) with increased of RTEC with 2/3 cup low fat
3x per day). Difference consumption of WG cereals | milk, at least 90 minutes after
achieved approx one extra |(cereal at breakfast and dinner,| dinner (from a selection of
serve: 4.07 to 4.94 serves per plus a cereal bar as mid- Kellogg cereals providing 1.0- Highest (Daily) vs lowest
day (p<0.01) - vs extra morning snack) - versus extra | 1.5g dietary fibre per cup) - (<1x/week) consumption of
consumption of vegetables (3 3 serves of vegetables in controls continued normal diet { porridge and risk of overweight
4 serves/d) controls - 6 weeks study 4 weeks study over 2.5y
5 36 29 29 7,356
US adults aged 18-65y, BMI
225, who endorsed a question | Sweden; Children recruited to
that snacking after dinner the ABIS (All babies in SE
Spanish women aged 20-35y | Spanish women aged 20-35y contributed to their weight Sweden) study from 1997-
6 with BMI 24-35 with BMI 24-35 problem 1999; studied at age 5
7 0 P 0 0
Subjective feelings of satiety
were better on the cereal vs
vegetable supplemented diet There was a trend to more | Consumption of porridge daily
Both groups lost weight but the| (0.3 vs 0.2 cm/kcal; p=0.006). | weight loss with compliers but | at age 2.5y was negatively
cereal group lost significantly Higher cereal content may not statistically significant (- associated with being
more weight over 6 weeks (- assist in compliance to low 1.85vs 1.17 kg over 4 weeks; | overweight or obese at age 5y
8 2.8 vs -2.0kg; p<0.001) energy diet p=0.06). (OR 0.55: 0.36-0.85)
9 Protect Protect None Protect
10 2 2 3 1
11 1 5 1 2
12 Yes Yes No Yes
13 Yes Yes No Yes
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6.7 CEREALS and TYPE 2 DIABETES

Is the consumption of particular levels of cereal foods beneficial or detrimental with respect
to Type 2 Diabetes in adults?

Evidence Consumption of cereal foods (especially 3 serves a day
Statement of wholegrains) is associated with reduced risk of type 2
diabetes

(Note was combined with following evidence statement
in the Dietary Guidelines: the original wording was:
Consumption of cereal foods (especially wholegrains) is
associated with reduced risk of Type 2 Diabetes).

Grade B

Component Rating Notes

Evidence Base Good 1 Level I study (reviewing 9 RCTS, 6 cohort and 5 cross-
sectional); 4 Level II studies (surrogate outcomes only);
6 Level III studies.

Consistency Good Most studies consistent (8 Protect; 2 No effect; 1

increased risk with white bread only).

Clinical impact Good Moderately protective OR of wholegrain from 0.57-0.85
in reviews and cohort studies and 0.38 for total grain. No
significant effect with refined grain.

Generalisability Good Populations studied in the body of evidence are similar to
the target audience of the guidelines.

Applicability Good Applicable to Australian healthcare context with few
caveats.

The studies used to make the body of evidence statements are listed below and summarised in Table
6.4. Most of the studies have examined wholegrain rather than total cereal intakes and all four
systematic reviews conclude that intake of wholegrain is inversely associated with type 2 diabetes
risk. One US cohort study reported a lower incidence of type 2 diabetes in those with the highest
quintile of fibre intake for all cereal sources (Krishnan et al. 2007). One Australia study reports no
relationship between numbers of cereal serves per week and incidence of type 2 diabetes (Hodge et
al. 2004). The few RCTs have mostly examined effects on insulin and other surrogate markers, with
variable results, rather than incidence.
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6.8 CEREALS and TYPE 2 DIABETES

Is there an association between intakes of refined and wholegrain forms of cereals and
reduced risk of Type 2 Diabetes in adults?

Evidence

Statement (Note- this evidence statement has been combined with
the previous statement in the Dietary Guidelines.
Original statement was:Consumption of 3 serves per day
of wholegrain cereals is associated with reduced risk of
Type 2 Diabetes)

Grade C

Component Rating Notes

Evidence Base Good 1 Level I study (reviewing 9 RCTS, 6 cohort and 5 cross-
sectional); 4 Level II studies (surrogate outcomes only);
6 Level III studies.

Consistency Satisfactory Most studies consistent about wholegrain (9 Protect; 2
No effect). Less consistent about refined grain.

Clinical impact Good Moderately protective OR of wholegrain from 0.57-0.85

in reviews and cohort studies. Two show no significant
effect with refined grain - one protective (OR 0.69) and
one increased risk (OR 1.11).

Generalisability Good Populations studied in the body of evidence are similar to
the target audience of the guidelines.

Applicability Good Applicable to Australian healthcare context with few
caveats.

The studies used to make the body of evidence statements are listed below and summarised in Table
6.4. All four systematic reviews support the protective effect of wholegrains and that the risk
reduction is evident even when foods with as little as 25% whole grain are consumed (Venn and
Mann 2004). The most recent concluded that, while the evidence is suggestive rather than
conclusive, overall epidemiological studies show a 21-42% reduction in the incidence of type 2
diabetes associated with the consumption of 3 serves of wholegrain per day (DeMoura 2008).

There were only four studies that provided data on the effect of refined cereals; the results were
contradictory and too few to make an Evidence Statement.
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Table 6.4 Summary of studies of cereals and Type 2 Diabetes

A B C D E F
DeMunter PLOSMed 2007 Priebe Cochrane 2008 [882] DeMoura ILSI 2008 [2574] Venn EJCN 2004 [370] Andersson JNutr 2007 [166]
1 Reference [1] [136]
Systematic Review (1 RCT and 11 Systematic Review (9 RCT; 6 Systematic Review (4 cohort
2 Type of study [2] Systematic Review (5 cohort) cohort) cohort; 5 cross-sectional) studies) RCT
3 Level of evidence [3] -2 11-2 1 -2 1]
Two six week periods of diet
intervention including 7 serves per
day of wholegrain (>50%) or
refined grain products (3 bread
slices, 2 crispbread slices, 1 portion
Wholegrain intake and T2D muesli, 1 portion pasta) vs energy
4 | Intervention/ comparator [4] | Whole grain intake and T2D Wholegrain intake and T2D surrogate endpoints Wholegrain intake and T2D matched refined grain diet
5 N [5] 286,126 335,061 373,703 158,723 30
M+W, USA and Finland; 21-75y; | M+F, 20-61y, BMI 19-88, in USA,
Population/study information | M+W; USA and Finland; Aged | freeliving persons without pre- Sweden, Finland, Canada,
6 [6] 21-75y existing diabetes Slovakia, Germany, and UK M+W; USA and Finland Sweden; M+F; 35-70y; BMI 26-35
7 Quality [7] P P 0 0 P
36% of studies did not adjust for | Evidence on WG and T2DM is Highest vs lowest intakes of WG,
relevant confounders. Intake of | suggestive but inconclusive. Short|RR of developing T2D ranges from
WG inversely associated with term studies of WG & insulin | 0.65 to 0.73. Strong evidence that
A two-serving per day T2DM risk with RR from 0.67- response are inconsistent. a variety of WGs helps in After 6 weeks there was no
increment in wholegrain 0.79 (95%Cl 0.65-0.96). Intake of | Overall, epidemiological studies prevention and treatment of | significant difference between test
consumption was associated cereal fibre was also inversely show a 21-42% reduction in the T2DM. Not clear which and controls in insulin sensitivity
with a 21% decrease in the risk| associated: RR 0.37-0.79. All incidence of T2D associated with components of WG are (6.5 vs 6.9 M/I; p=0.79) or blood
of T2DM after adjustment for | studies showed effect in same the consumption of 3 serves responsible but WG has benefits glucose (5.3 vs 5.2 mmol/L;
8 Results [8] potential confounders and BMI direct WG/d beyond effect of fibre p=0,28)
Effect on risk
9 (Increase/None/Protect) Protect Protect Protect Protect None
10 Clinical importance [9] 1 1 1 1 4
11 Clinical relevance [10] 1 1 1 1 2
12 Generalisable Yes Yes Yes Yes Yes
13 Applicable Yes Yes Yes Yes No
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G H | J K L
Henry IntJFoodSciNutr 2006 Pereira AJCN 2002 [2192] Rave BrJNutr 2009 [122] deMunter PLOSMed 2007 Hodge Diab Care 2004 [372] Krishnan ArchintMed 2007
1 [201] [136] [108]
2 RCT RCT RCT Cohort Cohort Cohort
3 1] 1l I} 11-2 11-2 111-2
Hypoenergetic diet with 200g
wholegrain based diet product
Changing type of bread in diet (WG) made up as a drink Quartiles of numbers of serves
to low glycemic index multi- | An isoenergetic diet containing| replacing 2 meals a day to per week. Q5 27 serves white
seed (54 or 49) versus white 6-10 servings of wholegrain provide 21.4g dietary fibre vs bread or 241 serves
bread (GI=71) in control; all | foods - providing 28.0g fibre/d | meal replacement drink with | Quintiles of Wholegrain intake | cereals/week; Q1 <0.5 serves
other food provided and vs 6-10 serves refined grain | same fibre using mostly inulin -| (3.2 - 45.6g/d) and incidence of|  white bread or <20 serves Quintiles of cereal fibre: Q5:
4 identical - 2 day study (18.8g fibre/d) - 12 week study 8 week study T2D cereals per week 7.6g/d-Q1:1.7g/d
4747 incident cases in cohort | 365 incident cases of T2D in 1938 incident cases T2D in
5 10 12 36 of 161737 over 18y cohort of 31641 over 4 years | cohort of 40078 over 8 years
Germany: Obese (BMI >29 to Australia: Melbourne US Women in Black Women's
UK: healthy Caucasians (5 US: Healthy overweight or <40); adults aged 18-70 with Collaborative Cohort Study. Health Study; aged 21-69y
males; 5 females); mean age | obese adults 21-65y, BMI 26- | elevated fasting blood glucose | US: Women aged 37-65y in M+W, aged 40-69y without |(median 38y); approx 30% with
6 23; mean BMI 22.7 36 free of diabetes or CVD (6.1-7.1 mmol/L) Nurses Health Study 1, 26-46y diabetes; BMI 25-8-26.6 BMI >30
7 0 P P P P P
Fasting insulin was 10% lower After multiple adjustment, RR
during consumption of (Q5 vs Q1) was 0.75 (0.68-0.83)
wholegrain vs refined grain. in NHS1, and 0.86 (0.72-1.02)
(mean difference -15%5.5 in NHS2. Similar results for
No impact of change to low GI | pmol/L; p=0.03. Improved bran and germ. RR for 40g | OR Q4vsQ1: cereal: 1.05 (0.73-
bread choices on 24-h mean | insulin sensitivity on WG: rate increment in WG (= difference | 1.52), white bread 1.13(0.86-
glucose in healthy young of glucose infusion higher by | HOMA-IR score showed better | between 5th and 95th%) was | 1.50). OR increase of one serve
adults. Int vs Control: 4.4 vs 4.8/0.07x10™ mmol/kg/min/pmol/L| improvement after WG diet (- | 0.70 (0.62-0.79) in NHS1 and white bread per week 1.11
8 mmol/L; p=0.135 (CI: 0.003 -0.144) 1.0 vs +4.3; p=0.049) 0.83 (0.70-0.98). (1.02-1.22) IRR: 0.82 (0.70-0.96); p=0.01
None (total cereals); Increase
9 None Protect Protect Protect (White bread) Protect
10 3 1 1 2 2 1
11 5 2 2 1 1 1
12 No Yes Yes Yes Yes No
13 Yes Yes No Yes Yes Yes
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Summary of studies not included in Body of Evidence statements
The following diet-health relationships had too few studies to develop a body of evidence statement.
Cereals and Bone Mineral Density

One RCT (positive quality), a sub-study of a three year wheat bran fibre trial (n=113), found no
significant differences in bone loss over three years with 13g more fibre per day (Chen 2004).

One Cross-sectional US study with men aged 69 yrs+ using cluster analysis found men in
fruit/veg/cereal group had significantly higher bone mineral density (Tucker 2002).

Cereals and Blood Pressure

Two RCTs (positive quality) examining effect of oat supplementation. No significant effect of 14 g of
fibre from oats (vs wheat) on 24h ambulatory BP in 18 subjects with elevated BP (Davy 2002). In a
study with 43 hypertensive patients on medication, 2 serves of oats/day led to greater reduction in
medication than two serves of wheat cereal (Pins 2002).

Cereals and Stroke

Two cohort studies of positive quality. In an ARIC study of 11,940 US adults, there was no association
of either wholegrains or refined grains with ischemic stroke incidence (Steffen 2003). In the Nurses
Health Study (78,770 US females), highest vs lowest cereal fibre quintile was associated with reduced of
risk hemorrhagic (RR=0.51), but not ischemic, stroke (Oh 2005).

Cereals and Mental Health

One Finnish cross-sectional study of 6243 adults reported no association between mental health scores
and consumption of dark bread or porridge cereals (Sarlio-Larteenkorva 2004).

Cereals and Dental Health

One cohort study (the US Health Professionals Follow-Up Study of 31,160 adults) found the risk of
periodontitis was negatively associated with consumption of wholegrains and cereal fibre (RR=0.77).
There was no association with refined grain consumption (Merchant 2006).

Cereals and Asthma

Two cross-sectional studies. One positive quality Dutch study of 598 children aged 8-13 yrs reported
intake of wholegrains was inversely associated with asthma: OR=0.43 (Tabak 2006). One negative
quality Indian study of 3000 children aged 6-14 yrs reported increased risk of wheeze or asthma with
consumption of pasta or noodles at least once a week (OR=2.99), but no other cereal foods were
reported (Awasthi 2004).
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Cereals and High Iron Stores

One cross-sectional study (Framingham Heart Study) of 614 IS adults reported consumption of at least
seven serves of wholegrains per week was inversely associated with high iron stores: OR=0.23 (Fleming
2002).

Cereals and Bowel Function

Two RCTs conducted in Finland with high fibre rye bread (compared to low fibre white wheat bread)
reported rye bread improved transit time and stool frequency and consistency (Grasten 2007; Hongisto
2006).

Cereals and type 2 diabetes

One US cohort study (Diabetes Autoimmunity Study of the Young), examining 34 incident cases of Islet
Autoimmunity in a cohort of 1183 children at increased risk of DM, reported first exposure of children
to any cereal between one to three months or after six months increased risk - but not with exposure in
the four to six month period (Norris 2003).

Cereals and Breast Cancer

One positive quality Danish cohort study of 25 278 postmenopausal women reported no relationship
between incidence of breast cancer and intakes of rye, oatmeal or wholegrain bread (Egeberg 2009).

One positive quality Italian case-control study of 5783 women used principal component analysis and
identified five dietary patterns. The group with highest bread and pasta consumption had highest risk of
breast cancer OR=1.23 (Edefonti 2009).

Cereals and Prostate Cancer
Four case-control studies; two report some increased risk, two report no association.

e Australian study with 993 subjects using principal component analysis reported increased OR
with Western Diet pattern (with high intake of white bread), but many cereals in other diet
patterns too (Ambrosini 2008).

e One Italian study with 650 subjects using logistic regression models reported no association with
cereal or bread consumption (Gallus 2007).

e Another Italian study with 1369 cases and 14 351 controls reported significant increased risk
with highest vs lowest quintile consumption of bread (OR-1.69), but no association with rice or
pasta (Bravi 2006).

e A Jamaican study of 408 men reported no relationship with consumption of white bread or
refined cereals (Jackson 2009).
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Cereals and Renal Cell Cancer
Three case-control studies.

e One US study with 672 subjects reported increased highest quartile consumption of white bread
was associated with higher risk in women but not men. No association with rye or wholewheat
breads (Dolwik-Grieb 2009).

e One Italian study with 2301 subjects reported no trend in risk across quintiles of fibre intake
from grains (Galeone 2007).

e Another Italian study of the same 2301 subjects using logistic regression reported a significant
risk trend across quintiles of consumption of bread (OR=1.94) and pasta and rice (OR1.29)
(Bravi 2006).

Cereals and Gastric Cancer

One cohort study in 10 European countries with 312 incident gastric adenocarcinomas by quartiles of
cereal fibre intake found a possible protective effect of cereal fibre (HR=0.69) but not vegetable or fruit
fibre (Mendez 2007).

One Polish case-control study 837 subjects reported increased risk with refined grain consumption
(OR=1.89) but not with wholegrains (Lissowska 2004).

Cereals and Aerodigestive Cancer

One US cohort study (Iowa Women’s Health Study) reported a significant protective association with
wholegrain consumption between highest and lowest tertiles (OR=0.53) but not with refined grain
consumption (Kasum 2002).

Cereals and Thyroid Cancer

One neutral quality Greek case-control study with 251 subjects reported a protective association
between pasta intake and risk of thyroid cancer, with OR=0.76 with pasta consumption at least four
times per month (Markaki 2003).
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