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Abstract

Diabetes affects 9.8% of Australian women. Breakfast cereal consumption is potentially
protective against diabetes. This study investigated the effects of breakfast cereal
consumption on the 12-year risk of developing diabetes among mid-aged participants of the
Australian Longitudinal Study of Women’s Health (ALSWH). It was hypothesized that any
breakfast cereal and higher-fiber breakfast cereals would be protective against the risk of
developing diabetes. Data from Survey 3 (S3) to Survey 7 (S7) inclusive, from the 1946-51
ALSWH cohort were analyzed. Dietary data were obtained at S3 and the outcome was
incident diabetes between S4-S7. Women were excluded if: they reported existing diabetes or
impaired glucose tolerance at S3; dietary data were incomplete; or daily energy intake was
<4,500 or >20,000kJ. Logistic regression with discrete time survival analyses investigated the
association between breakfast cereal intake and incident diabetes. Models were adjusted for
income, BMI, smoking, physical activity, education, and dietary intakes and included a
measure of time. There were 637 incident cases of diabetes. Breakfast cereal intake per se
was not associated with incident diabetes (OR: 1.00; p=0.98). Muesli consumption on its own
(OR: 0.74; p=0.00) or as a part of oats-based cereal (OR: 0.84; p=0.047) was significantly
associated with a decrease in the odds of developing diabetes. No other breakfast cereals
were significantly associated with diabetes risk. Among mid-aged Australian women, muesli
consumption was associated with a reduction in diabetes risk. This effect may be due to a

particular profile of muesli eaters, but the relationship warrants further investigation.
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1. Introduction
Diabetes mellitus is a major public health concern which affected 9.8% of Australian women
in 2012 [1]. Worldwide, 8.5% of adults had diabetes in 2014 [2]. Diabetes has a significant
impact on quality of life as it is the main cause of renal failure, lower limb amputation and
blindness, and a major contributor to cardiovascular disease [2]. One and a half million
deaths were due to diabetes in 2012 worldwide [2]. The World Health Organization (WHO)

[2] estimated that the cost of diabetes is US$827 million per year worldwide [3, 4].

Breakfast cereal can be defined as a grain-based food product usually made from oats, rice,
wheat or corn, which may be minimally processed, such as drying and rolling the grain (eg.
rolled oats), or cooked and flaked or puffed [5]. Several grain varieties may be combined, and
fruit and/or nuts added. It is often consumed with milk or yogurt, or in a dry state. Breakfast
cereal is often eaten at breakfast, but it can also be consumed as a snack or at other meals

during the day.

It has been hypothesized that whole grain breakfast cereals might reduce the risk of diabetes
because of their high fiber content and high nutrient density (phytochemicals, vitamins and
minerals). The fiber content of wholegrain cereal products is hypothesized to improve the
glycemic response to breakfast, and through this mitigate the development of Type 2 diabetes
[6, 7]. Concomitantly, refined grains may increase the risk of developing diabetes due to low

fiber content and subsequent high glycemic index (GlI) or glycemic load [7].



The findings of a recent study conducted by Pastorino et al [8] found a significant increase in
the risk of developing diabetes for 43 year old women who consumed a diet higher in fat,
higher in Gl and lower in fiber (p<0.01 adjusted for confounding factors). This suggests a
protective effect for a low fat, low Gl and high fiber diet in the development of diabetes for
women of this age; however, similar analyses were not significant for men. The Pastorino et
al study [8] investigated these characteristics for the diet generally, but the results suggest
that the effect of varying glycemic load, fiber and fat content of breakfast cereals warrants

investigation in the development of diabetes.

A study by Xu et al [9] reported that in the NIH-AARP Diet and Health Study a highly
significant reduction in mortality from diabetes was found for breakfast cereal consumers
compared with non-consumers in 367,442 subjects in the U.S.A. (p<0.05, quartile four
(highest) OR 0.70, CI: 0.47,1.03) [9]. These promising findings in a U.S. population support

the need to investigate these relationships further in other populations.

In 2014 a systematic review [10] conducted by Williams concluded there was limited
evidence (grade B of the Australian National Health and Medical Research Council
guidelines (NHMRC) [11-13]) supporting the protective effect of regular whole grain and
high fiber breakfast cereal consumption regarding the development of diabetes [10]. These
findings were supported by a recent systematic review that reported a significant association
between high whole grain ready to eat cereal consumption and reduced risk of Type 2
diabetes risk [14]. Furthermore, the systematic review conducted by Williams found only
weak evidence (grade D) to indicate that regular breakfast cereal consumption per se may

reduce the risk of developing diabetes [10].



It is clear that further research to investigate the effect of breakfast cereal consumption on the
risk of developing diabetes is warranted. It was hypothesized that consumption of any
breakfast cereal and consumption of higher-fiber breakfast cereals would be protective
against the risk of developing diabetes. This hypothesis was investigated by undertaking a
longitudinal analysis assessing the effect of consuming any breakfast cereal, higher-fiber
breakfast cereal and different types of breakfast cereal on the risk of developing diabetes in a

large representative cohort of mid-aged Australian women over a 12-year period.

2. Methods and materials

The ALSWH is a longitudinal study of women in Australia (n=58,000) collected from four
age cohorts (14,247 women aged 18-23 y, 13,714 women aged 45-50 y and 12,432 women
aged 70-75 y in 1996, and 17,015 women aged 18-23 y in 2013). Data were prospectively
gathered from 1996 to 2013. More details regarding the ALSWH are described elsewhere

[15].

For the purpose of these analyses, data were obtained from the mid-aged (women aged 45-50
y in S1in 1996) cohort. Surveys were conducted every 2-3 years since 1996. Dietary data
obtained from a food frequency questionnaire [16, 17] at S3 were used to identify participants
who consumed breakfast cereal from a list of options. Diabetes incidence data were obtained

at S4 (2004) to S7 (2013), up to 12 years after S3 (2001).



2.1 Participants
Data from a representative sample of Australian women born between 1946-51 who formed
the mid-aged cohort of the ALSWH [18] were used. These women were randomly sampled
from the database of the national health insurance scheme, Medicare, which included all
Australian permanent residents and citizens. The women from rural and remote areas were
sampled at double the rate of women in urban areas [15]. Ethics approval for the ALSWH
was provided from the Human Research Ethics Committees of the University of Newcastle
and the University of Queensland [15]. Permission for access to these data for the purpose of

these analyses was provided on the 19" of January 2015.

2.2 Predictor variables

The predictor variable was breakfast cereal consumption reported at S3. Dietary data were
obtained from a validated food frequency questionnaire: the Dietary Questionnaire for
Epidemiological Studies Version 2 (DQES-FFQv2). The DQES-FFQv2 was developed by
the Cancer Council Victoria [16-18]. The dietary data were analyzed using the Australian
NUTTAB 95 database [19]. The DQES-FFQv2 has been validated amongst childbearing age
women who completed the DQES-FFQv2 and a 7-day weighed food diary; the comparison
between these two dietary methods confirmed that the DQES-FFQv2 is a valid tool to assess

dietary intake in adult women [17].

The DQES-FFQv2 asked the following question: ‘Over the last 12 months, on average, how

often did you eat the following foods?” The following breakfast cereal options were listed: 1)



All-Bran; 2) Sultana Bran, Fiber Plus, Branflakes; 3) Weet Bix, Vita Brits, Weeties; 4)
Cornflakes, Nutrigrain, Special K; 5) muesli; 6) porridge. Sultana bran, Fiber Plus and
Branflakes are predominantly flaked wheat products that are high in insoluble fiber and may
contain dried fruit. All-bran is a predominantly wheat cereal with a very high total fiber
content. Weet Bix, Vita Brits and Weeties are wheat-based products in the form of biscuits.
Cornflakes, Nutrigrain and Special K are breakfast cereals low in fibre. Muesli is a rolled-
oats based cereal, which may or may not be toasted. It usually contains dried fruit and/or nuts
and seeds. Porridge is a cooked cereal from rolled oats. It may be whole rolled oats or it may
consist of oats that are finely chopped and fast cooked. The frequency of consumption
options allowed categorization into a dichotomous variable where ‘yes’ referred to any

consumption higher than ‘never’ and ‘no’ referred to no consumption (‘never’).

The ‘any breakfast cereal’ variable was a dichotomous variable assigned ‘yes’” when at least
one of the six breakfast cereal categories was consumed and ‘no’ when no breakfast cereal
from these categories was consumed (all six breakfast cereal variables were equal to
‘never’)[5]. The oats-based cereal category was a dichotomous variable assigned ‘yes’ when
muesli or porridge or both were consumed and ‘no’ when neither of these breakfast cereals
were consumed (both these breakfast cereals were equal to ‘never’). The wheat cereal
category was ‘yes’ if any or a multiple of Sultana Bran, Fiber Plus, Branflakes, All-Bran,
Weetbix, Vitabrits and Weeties were consumed, and ‘no’ if none of these cereals were
consumed (i.e., all these breakfast cereals were equal to ‘never’). The ‘higher fiber’ (or whole
grain) breakfast cereal was a dichotomous variable assigned ‘yes’ when at least one of the
five breakfast cereal groups (muesli, porridge, All-Bran, Sultana Bran group, Weet Bix

group) was consumed.



2.3 Outcome variable
The outcome variable was diabetes incidence from S4-S7. Women with pre-existing diabetes
(S1-3) or impaired glucose tolerance (IGT) (S3) were excluded from the analyses. These
outcomes were determined from the following questions: ‘Have you ever been told by a
doctor that you have’, which was followed by a list of diseases including diabetes in S1 or
insulin dependent diabetes and non-insulin dependent diabetes in S2. In the subsequent
surveys (S3-S7) the question was: ‘In the past three years have you been diagnosed or treated
for’ where the list of options included IGT, insulin dependent diabetes and non-insulin
dependent diabetes (high blood sugar) in S3; or diabetes (high blood sugar) in S4 to S7.
Diabetes and IGT variables were dichotomous variables (yes/no development of diabetes
and/or IGT). Lowe et al [20] compared 388 mid-aged women suffering from diabetes in one
or more of these surveys (S1-4) with the Medicare (MBS) and Pharmaceutical Benefits
Scheme (PBS) databases for the years 2002-2005 [20]. This study demonstrated self-reported

diabetes to be a reliable assessment of diabetes incidence in this cohort [20].

2.4 ldentification and measurement of confounding factors
Marital status, income, body mass index (BMI), smoking, physical activity, education, area of
residence, sedentary behavior, dietary intakes (fiber and daily energy) were considered as
potential confounders. The potential confounding variables were obtained from S3 apart from

education level which was collected at S1.



Income was considered in terms of the ability to manage on current income rather than
consideration of the actual monetary income level. The ability to manage on current income
was categorized as: easy (it is not too bad or it is easy) or difficult (it is impossible; it is
difficult all the time; it is difficult some of the time). BMI was calculated based on self-
reported height and weight. Burton et al [21] validated the self-reported height, weight and
BMI in 159 women from the mid-aged cohort and found substantial agreement between the
measured and self-reported height, weight and BMI [21]. BMI was provided as a continuous
variable, however for the purpose of this analysis, this variable was categorized as: BMI <30
and BMI >30 kgm™. Smoking status was categorized as: never-smokers, ex-smokers, or

smokers.

Physical activity was determined using items from Active Australia’s 1999 National Physical
Activity Survey [22]. Physical activity level was estimated in Metabolic Equivalent Task
(MET) minutes. MET refers to a unit of resting metabolic rate (RMR) and is typically
considered to be 3.5mL O/kg/minute [23]. MET minutes were calculated using different
coefficients for each intensity of physical activity as follows: 3.0* X minutes of walking, 4.0*
X minutes of moderate intensity activities, and 7.5 * X minutes of vigorous intensity
activities; activity was then summed to provide total MET minutes per week [23, 24].
Physical activity was categorized as: Nil/sedentary for <40, low for 40 to <600, moderate for

600 to <1200, and high for > 1200 MET minutes per week [24].

Education was determined at Survey 1 and was categorized as the following three options: no
formal qualifications; Intermediate Certificate (or equivalent) or Higher School or Leaving

Certificate (or equivalent) or Trade/apprenticeship (eg. Hairdresser, Chef) or
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Certificate/diploma (eg. Child Care, Technician); University degree or University Higher

degree (eg. Grad Dip, Masters, PhD).

The dietary factors, daily energy intake (kJ/d) and daily fiber intake (g/d) intake), were

derived from the DQES-FFQv2 using the NUTTAB 95 database [19] as described above.

2.5 Statistical analyses

The characteristics of the women who did or did not report consuming breakfast cereal were
compared using two sample t tests for proportions, two sample independent t tests (for

parametric distributions), or Wilcoxon Rank Sum Tests (for non-parametric distributions).

Multiple logistic regression models were used to investigate the association between
breakfast cereal intake category (coded as yes/no consumption) at S3 and the risk of
developing diabetes between S4 to S7. Associations between breakfast cereal consumption
and subsequent incidence of diabetes were determined using unadjusted and adjusted (for
confounding factors) logistic regression with discrete time survival analysis models. Women
were excluded if: DQES-FFQv2 at S3 was not completed; they reported existing diabetes at
S1-3 or impaired glucose tolerance at S3; or if daily energy intake at S3 was <4,500 or >

20,000 kJ/d [25, 26].
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The following method was used to identify potentially confounding factors for the
longitudinal analyses. A variable was considered a potential confounder when the p value of
the regression analysis for the potentially confounding variable with both the predictor and
outcome variables was <0.2 [5]. Variables that met these criteria were included in
multivariate analyses. In order to account for the consumption of breakfast cereals in addition
to the category being investigated, the ‘other breakfast cereal consumption’ variable (coded

as ‘yes’ or ‘no’) was created and adjusted for in the analysis.

Four statistical models were produced. The first (unadjusted, univariate) had only the
breakfast cereal variable of interest and a discrete measure of time (survey wave). The second
model included non-dietary confounding factors (income, BMI, smoking status, physical
activity and education). The third model included the dietary confounding factors (daily
energy intake, fiber intake, and consumption of other breakfast cereal). The fourth fully
adjusted model included all confounding factors (dietary and non-dietary). Separate analyses
were undertaken to examine associations with consumption of any breakfast cereals; for each
of the six categories of cereals listed in the survey; for any of the wheat-based cereals; for any
of the oats-based cereals and for any of the higher fiber (whole grain) breakfast cereals. The
Hosmer—Lemeshow goodness-of-fit test was used to determine how well the logistic

regression models fit the data. All analyses were completed using STATA version 13.

3. Results
A total of 11,226 women completed S3 of whom 10,629 completed the DQES (5.3% did not
complete the DQES-FFQV2); 536 (4.8%) women were excluded because they reported

existing diabetes at S1/S2/S3 and 60 (0.5%) women were excluded because they reported
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existing IGT at S3 (baseline); 1611(14.4%) women were excluded because their daily energy
intake at S3 was either <4500 kJ or > 20,000 kJ/day. A total of 8422 (75%) women were

included in the analyses (Figure 1).

3.1 Participant characteristics

The characteristics are presented for all participants, and for those who consumed any
breakfast cereal, no cereal, and each individual breakfast cereal category (Tables 1 and 2).
For the overall population, age was 52.5 (1.5) y (median (inter quartile range)). Most women
(82.0%) were either married or in a defacto relationship. A large proportion of the study
population (61.8%) found that managing on their income was either easy or not too bad.
Forty two percent were healthy weight, 30.4% were overweight and 21.5% were obese. The
majority of the participants (61.7%) were never smokers. Fifty percent of the population was
sedentary or engaging in low levels of activity. The majority of the study population (68.8%)
had a school qualification (Intermediate Certificate (or equivalent) or Higher School or
Leaving Certificate (or equivalent) or Trade/apprenticeship (eg. Hairdresser, Chef) or
Certificate/diploma (eg. Child Care, Technician)). The median and interquartile range for
dietary factors were: energy intake from diet 6699 (2482) kJ/d, energy intake from alcohol
121.3 (435.2) kJ/d, and fiber intake 20.0 (9.2) g/d. When compared to the Nutrient Reference
Values for Australians and New Zealanders, median alcohol intake provided 1.7% of energy
ingested, which met the Australian recommendation of <5% [27]. Median fiber intake (20.0

g/d) was lower than the Australian recommendation of 28 g/d [27].

Breakfast cereal consumers differed significantly from those who did not eat any breakfast

cereal on a number of characteristics (Table 1). Those who did not eat cereal were more
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likely to be smokers, sedentary or less engaged in moderate levels of physical activity, and
had lower education qualifications. Furthermore, those who did not eat breakfast cereal
consumed lower daily energy from diet but more energy from alcohol and had lower fiber

intakes than cereal consumers.

3.2 Breakfast cereal consumption and the risk of developing Diabetes

During 12 years of follow-up, 637 (7.6%) incident cases of diabetes mellitus were reported.
Table 3 presents the logistic regression models with survival analyses for all breakfast cereal
categories both unadjusted and adjusted for confounding factors. Consumption of ‘any’
breakfast cereal (one or more cereal categories) was not significantly associated with the risk
of developing diabetes (OR: 1.00; p=0.98). Muesli was the only individual breakfast cereal
found to be significantly associated with a reduction in the risk of diabetes (OR: 0.74,
p=0.00). None of the other individual breakfast cereal categories were associated with a
reduction in the risk of diabetes (Table 2). Oats-based cereal (either porridge or muesli or
both) consumption was significantly associated with a reduction in the risk of developing
diabetes (OR: 0.84; p=0.047). Wheat-based cereal (one or more of Sultana Bran, Fiber Plus,
Branflakes; All-Bran; Weet bix, Vita Brits, Weeties) consumption was not significantly
associated with risk of developing diabetes (OR: 1.16; p=0.14). Higher fiber breakfast cereal
(one or more of five breakfast cereal categories excluding Cornflakes, Nutrigrain and Special

K) was not significantly associated with risk of developing diabetes (OR:0.82; p=0.12).
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4. Discussion

This study investigated the role of consuming breakfast cereal on the risk of developing
diabetes in a large cohort of mid-aged Australian women. The majority of the breakfast cereal
categories had no protective effect on developing diabetes over 12 years. Only muesli,
consumed either by itself or as part of the oats-based cereal category, was protective against
the development of diabetes. Also, consumption of higher fiber (whole grain) cereals did not
provide protection from diabetes in these women. Therefore, our analysis did not support the
hypothesized protective effect of consuming any breakfast cereal or higher-fiber cereals on

diabetes risk.

Williams [10] conducted a systematic review that investigated a number of research questions
pertinent to this study. Although Williams [10] found only limited evidence supporting the
beneficial effect of regular breakfast cereal consumption on diabetes, our study found no
significant relationship between breakfast cereal intake per se and risk. Xu et al [9] reported a
highly significant reduction in mortality from diabetes for breakfast cereal consumers
compared with non-consumers in a large cohort in the US. The odds ratio (0.70) of benefit
was similar to the one obtained with muesli (0.75) in our study investigating diabetes
incidence. In our cohort, although there was not a significant relationship between ‘any’
breakfast cereal intake and diabetes incidence, breakfast cereal eaters had significantly
healthier lifestyle characteristics compared with non-consumers, specifically regarding
smoking status, physical activity and dietary intake, which are all factors believed to be

protective against the risk of developing diabetes.

15



The protective effect of oats-based breakfast cereal (muesli and porridge) in our study did not
extend to porridge when analyzed individually. It is possible that this association of oats-
based cereal with diabetes is being driven by muesli consumption, and that something other
than the oats in muesli is protective against diabetes, or that there is something particular
about muesli eaters that we have not been able to adjust for. Also, porridge consumption in
Australia is very seasonally based and is mostly consumed in the winter months. Therefore,
porridge intake may not be sufficiently consistent to exert a protective effect against diabetes.
Another option is that porridge intake may have not been assessed to its full potential due to

the season when the dietary data were gathered.

Williams [10] did not report on cohort studies that investigated muesli or oats-based cereal
and diabetes, but did review short-term interventions in diabetic or normal populations
investigating the effect of oats-based cereal, muesli or other types of breakfast cereals on
glucose and insulin metabolism. In the majority of the studies conducted in diabetic
populations, consumption of oats-based cereals or barley resulted in better glycemic control
[28-32]. This suggests that the better glycemic control may be a possible mechanism of
action for the protective effect of muesli or oats-based breakfast cereals on diabetes.
However, this potential mechanism of action does not help to explain the differences we have

observed in this study between muesli and porridge consumption.

The trials summarized in the systematic review by Williams [10] were predominantly short-
term studies and in populations diagnosed with diabetes. Long-term intervention studies and

longitudinal analyses in prospective cohorts (like the analysis in this paper and the one
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conducted by Xu et al [9]) are needed in other populations to further investigate the effects of

muesli, porridge and other breakfast cereals on diabetes risk to develop more robust evidence.

Two systematic reviews [14, 33] reported evidence supporting an association between regular
or frequent whole grain or higher fiber breakfast cereal consumption and lower risk of
diabetes from two prospective studies: the Physicians Health study [29] and the Nurses
Health study [34]. Specifically, Kochar et al [35] found that breakfast cereal consumption
was associated with a significantly decreased risk of diabetes over a mean of 19.1 years
follow up among 21,152 US males physicians (fully adjusted models: <1 serving/week 0.83
(0.79 to0 0.93); 2-6 servings/week 0.76 (0.67 to 0.86), >7 servings/week 0.69 (0.60 to 0.79); p
for linear trend <0.0001). This association was stronger for whole grain consumption (fully
adjusted models: <1 serving/week 0.75 (0.64 to 0.88); 2-6 servings/week 0.76 (0.66 to 0.87);
>7 servings/week 0.60 (0.50 to 0.71); p<0.001) compared to refined grains (fully adjusted
models: <1 serving/week 0.88 (0.70 to 1.1); 2-6 servings/week 0.69 (0.53 to 0.90); >7
servings/week 0.95 (0.73 to 1.3); p for linear trend= 0.05). The findings from the analyses of
the Nurses Health study [34] also reported a significant protective effect of whole grain
breakfast cereal on diabetes risk over 10 years among 75,521 women (fully adjusted models:
<I serving/week 0.81 (0.71, 0.93); 2 to 4 servings/week 0.70 (0.60, 0.81); 5-6 servings/week
0.71 (0.62, 0.82); <1 serving/day 0.66 (0.55, 0.80), p trend <0.0001) [34]. However,
Williams’ review reported on another prospective study (Whitehall Study II), which found
conflicting results [36]. This study analyzed 7,339 participants aged 39-63 y for 12 years and
found no significant association between medium or higher fiber breakfast cereal
consumption and diabetes risk. These conflicting results suggest the need for more studies to
be conducted on this topic to further explore the effects of whole grain and higher fiber cereal

on diabetes risk. One possible explanation for the difference between these studies is cultural
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differences in the foods eaten, that are an alternative to cereal consumption and their

association with diabetes risk.

In our study, ‘any higher-fiber cereal intake’ was significant in unadjusted analyses or models
adjusted for other dietary factors but not significant when adjusted for other lifestyle or
demographic factors, such as smoking status, physical activity level, education and income.
This suggests that the consumption of whole grain or higher-fiber cereals is associated with

other positive lifestyle and demographic characteristics aligned with good health

Our study has a number of strengths, the first of which is the large representative sample of
women used in the analysis. Furthermore, the longitudinal analysis of prospectively collected
data, reducing potential bias, is a major strength of the study. The long period of follow-up
(12 years) is a strength of this analysis in relation to other studies looking at breakfast cereal
consumption. Additional strengths include the robust statistical approach used and the

utilization of a validated FFQ.

In terms of limitations, our study relies completely on self-reported data. However, two
validation studies, one validating the DQES-FFQv2 [15, 17] and the other diabetes incidence
[20], suggest that the reported data are adequately accurate. The DQESv2 FFQ does not allow
completers to specify when the breakfast cereal was consumed or how it was prepared. Also,
rice-based breakfast cereals are not captured by the DQESv2, so we cannot comment on the
role of these on diabetes risk. Whether diabetes incidence was Type 1 or Type 2 diabetes was

not able to be determined, as the majority of the surveys did not provide this detail, however,
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considering the age group investigated, most will have developed Type 2 diabetes. This paper
followed a rigorous methodology to establish the confounding factors to adjust for in this
analysis. Though, it is possible that some unknown factors not collected in the surveys may
have acted as confounders and they could have not been adjusted for. We acknowledge that
the DQESv2 FFQ includes a limited list of breakfast cereal options, and the bluntness of this
tool is likely to have influenced our ability to examine some aspects of breakfast cereal
consumption. While the breakfast cereal categories do cover most common cereal types from
the perspective of nutrition professionals, it is possible that if the women from the ALSWH
cohort did not see their particular breakfast cereal listed in the FFQ, then they might have
chosen none. The listed brand names within the FFQ are designed to be examples of the types
of cereals that would fit in these categories (eg. Sultana Bran, Fiber Plus, Branflakes are
examples of high fiber wheat-based cereals of which there are many other brand names in
Australia). However, there is no specific direction on how to complete the breakfast cereal
questions in the DQESv2 FFQ or that these examples should be used to enable people to

categorize their cereal choices.

Finally, consumption of muesli by itself or as part of an oats-based cereal category in the
eating pattern of Australian women was found to be protective against the development of
diabetes. This effect may be due to a particular profile of muesli eaters, but these

relationships warrant further investigation.
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11,226 completed S3

597 EXCLUDED as DQES
not completed

536 EXCLUDED as
reported existing diabetes at
S1/S2/S3

10,629 completed DQES

60 EXCLUDED as
reported existing IGT at S3

1,611 EXCLUDED as their
daily energy intake at S3 was
<4500 kJ or > 20,000 kJ/day

8,422 were INCLUDED in
the analyses

Figure 1. Flow chart of participant selection
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Table 1. Characteristics of participants from the mid-age (2001) cohort of the Australian

Longitudinal Study of Women’s Health at Survey 3 (n=8422); comparison of participants

consuming ‘any’ cereal or ‘no’ cereal.

Sample size (n)

*Age ()
Managing income
'Difficult

’Easy
Education

No qualification
¥School
*University
Weight status
°Healthy weight
°Overweight
°Obese
Smoking status
Never smokers
Ex-smokers

8Current smoker

All

participants

8422

52.5 (1.5)

37.2%

61.8%

15.0%
68.8%

15.5%

41.7%
30.4%

21.5%

61.7%
24.0%

13.9%

CAny,

cereal

91.5% (7702)

52.5(1.5)

37.0%

62.0%

14.7%
68.8%

15.8%

41.5%
30.6%

21.7%

62.7%
23.8%

13.1%

GNO,

cereal

8.6% (720)

52.5(1.4)

40.4%

59.2%

17.8%
69.4%

12.1%

44.0%
28.3%

19.7%

50.7%
26.3%

22.6%

No cereal vs

cereal

P value

0.7097

0.0659

0.1280

0.0288

0.7105

0.0088

0.1945

0.2082

0.2150

0.0000

0.1475

0.0000
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All ‘Any’ ‘No’ No cereal vs

participants cereal cereal cereal
P value

Physical Activity
Sedentary 17.2% 17.0% 22.1% 0.0005
Low PA 33.0% 33.1% 32.1% 0.5760
Moderate PA 20.9% 21.2% 16.9% 0.0068
High PA 27.6% 27.6% 27.4% 0.8719
Diet
*Energy from diet (kJ/d) 6699 (2482) 6737 (2507) 6249 (2178)  0.0000
*Energy from alcohol (kJ/d) 121 (435) 120 (410) 153 (650) 0.0157
*Fiber (g/d) 20.0 (9.2) 20.4 (9.3) 16.7 (6.6) 0.0000

This table summarizes the data from the 8422 women included in the analyses.*Data are presented

as median (interquartile range). The rest of the data are presented as mean (SD) or % of participants.

YIncome difficult: Managing income is impossible, difficult all or some of the time

?Income easy: Managing income is not too bad or is easy

3School: Intermediate Certificate (or equivalent) or Higher School or Leaving Certificate (or
equivalent) or Trade/apprenticeship (eg. Hairdresser, Chef) or

Certificate/diploma (eg. Child Care, Technician)

* University: University degree or University Higher degree (eg. Grad Dip, Masters, PhD)

*Healthy weight, overweight and obese classifications based on BMI.

®Current smoker: was defined as (smoker, an indeterminate amount; smoker, less than 10 per day;

smoker, 10-19 per day and smoker, 20 or more per day)
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Table 2. Characteristics of participants from the mid-age (2001) cohort of the Australian Longitudinal Study of Women’s Health at Survey 3

(n=8422) by individual breakfast cereal consumption category.

Sample size (n)
*Age (Y)
Managing income
'Difficult

’Easy

Education

No qualification
3School

*University

Muesli

36.2% (3,051)

52.5 (1.4)

32.6%

66.6%

9.1%
66.9%

23.3%

Porridge

51.1% (4,306)

52.5(1.5)

37.9%

861.4%

14.3%

68.9%

16.0%

All-Bran

22.7% (1,910)

52.5 (1.4)

35.4%

63.6%

13.3%
69.4%

16.3%

Sultana Bran,
Fiber Plus,
Branflakes
31.9% (2,685)

52.4(1.5)

37.1%

62.0%

14.5%
68.6%

15.8%

Weet Bix, Vita

Brits, Weeties

53.29% (4,478)

52.5 (1.5)

38.2%

60.9%

15.0%
70.2%

14.1%

Cornflakes,
Nutrigrain &
Special K
44.0% (3,707)

52.5 (1.5)

38.9

60.1%

15.8%
70.2%

13.3%
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Weight status
*Healthy weight
>Overweight
°Obese
Smoking status

Never smokers

Ex-smokers

®Current smoker
Physical Activity
Sedentary

Low PA

Muesli

47.2%

29.6%

18.3%

65.8%

24.3%

9.6%

12.0%

34.1%

Porridge

41.5%

31.0%

21.5%

64.3%

23.8%

11.6%

16.1%

33.4%

All-Bran

46.0%

29.8%

18.0%

65.6%

23.9%

10.2%

13.0%

33.2%

Sultana Bran,

Fiber Plus,

Branflakes

40.6%

31.5%

21.9%

65.1%

22.2%

12.3%

14.5%

35.9%

Weet Bix, Vita

Brits, Weeties

40.9%

30.5%

22.4%

63.7%

23.3%

12.8%

16.2%

34.1%

Cornflakes,

Nutrigrain &

Special K

38.3%

31.3%

23.3%

63.2%

22.7%

13.8%

17.6%

34.7%
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Muesli Porridge All-Bran
Moderate PA 22.8% 21.3% 22.8%
High PA 30.2% 28.3% 30.1%
Diet
*Energy from diet (kJ/d) 6782 (2450) 6859 (2592) 6813 (2528)
*Energy from alcohol 178 (483) 113 (387) 153 (462)
(kJ/d)
*Fiber (g/d) 21.6 (9.0) 20.9 (9.4) 23.4 (11.3)

Sultana Bran,
Fiber Plus,
Branflakes

21.6%

27.2%

6818 (2601)

138 (437)

21.4 (9.7)

Weet Bix, Vita

Brits, Weeties

21.8%

26.9%

6857 (2545)

113 (400)

20.6 (9.4)

Cornflakes,
Nutrigrain &
Special K

20.9%

25.8%

6904 (2644)

108 (398)

19.7 (9.2)

This table summarizes the data from the 8422 women included in the analyses.*Data are presented as median (interquartile range). The rest of the data

are presented as mean (SD) or % of participants.
'Income difficult: Managing income is impossible, difficult all or some of the time

?Income easy: Managing income is not too bad or is easy
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3School: Intermediate Certificate (or equivalent) or Higher School or Leaving Certificate (or equivalent) or Trade/apprenticeship (eg. Hairdresser, Chef)
or

Certificate/diploma (eg. Child Care, Technician)

* University: University degree or University Higher degree (eg. Grad Dip, Masters, PhD)

*Healthy weight, overweight and obese classifications based on BMI.

®Current smoker: was defined as (smoker, an indeterminate amount; smoker, less than 10 per day; smoker, 10-19 per day and smoker, 20 or more per

day)

29



Table 3. Logistic regression models with descrete time survival analyses of the effect of consuming breakfast cereal at S3 on the risk of

developing diabetes at S4-7 amongst 8422 mid-age women.

Breakfast cereal

Any cereal

Muesli

Porridge

All-Bran

Model 1*

Odd ratio
(C1)
0.93 (0.70,
1.23)
0.61 (0.51,
0.73)
0.89 (0.76,
1.04)
0.93 (0.77,

1.13)

value

0.60

0.00

0.15

0.46

Model 2*

Odd ratio (CI)

1.01 (0.74,
1.38)
0.74 (0.61,
0.90)
0.95
(0.80,1.13)
1.01 (0.82,

1.25)

P

value

0.95

0.00

0.55

0.91

Model 3*

Odd ratio
(C1)
0.96 (0.73,
1.28)
0.62 (0.52,
0.74)
0.88 (0.75,
1.04)
0.99 (0.81,

1.21)

value

0.80

0.00

0.13

0.93

Model 4*

Odd ratio
(C1)
1.00 (0.73,
1.38)
0.74 (0.61,
0.90)
0.93 (0.78,
1.11)
1.01 (0.82,

1.26)

P value

0.98

0.00

0.42

0.90
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Breakfast cereal

Sultana Bran/ Fiber Plus/
Branflakes

Weet Bix/ Vita Brits/ Weeties

Cornflakes/ Nutrigrain/ Special
K

Oats-based cereal

Wheat-based
cereal
Higher fiber (or whole grain)

cereal

Model 1*

Odd ratio
(Ch)
0.99 (0.84,
1.17)
1.13 (0.96,
1.32)
1.25 (1.07,
1.46)
0.74 (0.63,

0.87)

112 (0.94,

1.33)

0.76 (0.61,

0.95)

value

0.91

0.14

0.01

0.00

0.22

0.02

Model 2*

Odd ratio (CI)

1.00 (0.83,
1.20)
1.13 (0.95,
1.34)
1.16 (0.98 ,
1.38)
0.86 (0.72;
1.02)
1.15 (0.95,
1.39)

0.85

(0.67,1.08)

value

0.98

0.16

0.08

0.09

0.17

0.19

Model 3*

Odd ratio
(Ch)
1.01 (0.86,
1.20)
1.14 (0.97,
1.34)
1.23 (1.05,
1.44)
0.73 (0.62,
0.86)
1.18 (0.98,
1.41)

0.77 (0.61,

0.97)

value

0.87

0.11

0.01

0.00

0.08

0.02

Model 4*

Odd ratio
(Ch)
0.99 (0.83,
1.20)
1.13 (0.95,
1.35)
1.17 (0.99,
1.39)
0.84 (0.70,
1.00)
1.16
(0.95,1.41)
0.82

(0.64,1.05)

P value

0.96

0.16

0.07

0.05**

0.14

0.12




*Model 1 univariate model with predictor variable, outcome and a discrete measure of time (wave)

Model 2 with predictor variable, outcome, a discrete measure of time and adjusted for non dietary counfounding factors (income, education,
BMI, smoking and physical activity )

Model 3 with predictor variable, outcome, a discrete measure of time and adjusted for dietary counfounding factors (daily energy intake, fiber,

and other breakfast cereals consumption)

Model 4 with predictor variable, outcome, a discrete measure of time and adjusted for dietary and non dietary counfouding factors.

**p=0.047
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