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Abstract

Objective: To investigate the association between macronutrient intake and type 2
diabetes risk in middle-aged Australian women.
Design: A prospective cohort study, with 6 years (2002–2007) of follow up. Dietary
intake was assessed with a validated FFQ. Relative risks with 95% confidence
intervals were used to examine risk associations.
Setting: Australian Longitudinal Study on Women’s Health, Australia.
Subjects: Australian women (n 8370) from the Australian Longitudinal Study on
Women’s Health aged 45–50 years and free of type 2 diabetes at baseline.
Results: After 6 years of follow-up, 311 women developed type 2 diabetes. After
adjusting for sociodemographic, lifestyle and other dietary risk factors, MUFA, total
n-3 PUFA, a-linolenic acid and total n-6 PUFA intakes were positively associated
with the incidence of type 2 diabetes. The relative risks for type 2 diabetes for the
highest compared with the lowest quintiles were 1?64 (95% CI 1?06, 2?54), P 5 0?04
for MUFA; 1?55 (95% CI 1?03, 2?32), P 5 0?01 for n-3 PUFA; 1?84 (95% CI 1?25, 2?71),
P , 0?01 for a-linolenic acid; and 1?60 (95% CI 1?03, 2?48), P 5 0?04 for n-6 PUFA.
Other dietary macronutrients were not significantly associated with diabetes risk.
Conclusions: The data indicate that consumption of MUFA, n-3 PUFA and n-6 PUFA
may influence the risk of developing type 2 diabetes in women.
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The increasing prevalence of diabetes remains an important

global public health problem(1). Globally, the excess mortal-

ity from diabetes was estimated as 4 million adult deaths

in 2010, which accounted for 6?8% of global deaths(2).

As research has shown that lifestyle factors, including diet,

are key modifiable risk factors for the prevention of type 2

diabetes(3), optimizing the balance of macronutrients in the

diet is an important protective influence in reducing the risk

of developing type 2 diabetes.

Current evidence on the association between dietary

macronutrients and type 2 diabetes has been conflicting

and not yet fully elucidated. Observational studies that

examined the association between dietary carbohydrates

and type 2 diabetes have provided mixed results(4,5) and

results of the few epidemiological studies that examined

protein intake and type 2 diabetes risk are inconsistent(6–8).

Fatty acid consumption has received a lot of attention

given their properties that relate to both health out-

comes and disease. Such effects include influencing glucose

metabolism by altering cell membrane function, enzyme

activity, insulin signalling and gene expression(9). Despite

the metabolic impact of fatty acids in type 2 diabetes,

research investigating dietary fat intake and type 2 dia-

betes is sparse(10,11).

One putative explanation for these conflicting results

may be the diet variation between countries. Therefore,

from a preventive perspective, it would be useful to

examine the association of macronutrient intake with type

2 diabetes risk in various populations. Considering that

information on macronutrient intake and type 2 diabetes

risk in Australian populations is scarce, an additional

cohort analysis within the Australian population may pro-

vide important evidence on this association. The purpose

of the present analysis was to examine the association

between dietary macronutrients and the risk of developing

type 2 diabetes over 6 years of follow-up, with particular

emphasis on dietary fatty acids, in a nationally represen-

tative cohort of middle-aged Australian women.
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Materials and methods

The Australian Longitudinal Study on Women’s Health

(ALSWH) commenced in 1996 when approximately 40 000

women from all states and territories completed a mailed

questionnaire investigating factors affecting the health

and well-being of three age cohorts of women: young

(18–23 years), middle (45–50 years) and old (70–75 years).

Women were randomly selected from the national health

insurance database (Medicare) that includes all permanent

residents of Australia with an over-representation of

women from rural and remote areas. The study collects

self-reported data using mailed surveys at 2- to 3-year

intervals. Further details of the cohort profile have been

reported elsewhere(12).

A total of 9101 middle-aged women who completed the

FFQ in survey 3 (2001) were considered for the present

analysis. Women who reported a daily energy intake of

less than 3347kJ (800kcal) or above 25 104kJ (6000kcal;

n 291) or who had a history of diabetes (n 440) were

excluded from the analysis, leaving 8370 women for the

final study analyses.

The study was conducted according to the ethical guide-

lines of the University of Newcastle and the University of

Queensland Human Research Ethics Committees.

Dietary intake assessment

Diet was assessed using the Dietary Questionnaire for

Epidemiological Studies (DQES) version 2, which was

developed for use with Australian adults(13). This FFQ was

administered at survey 3 and asked respondents to report

their usual consumption of seventy-four foods and six

alcoholic beverages. Ten possible consumption responses,

ranging from ‘never’ to ‘up to three or four times per day’,

were given for each food. Portion photographs of vege-

tables, potatoes, meat and casserole dishes were provided

to assist with quantifying the amounts of food consumed.

Additional questions were asked about the number of

servings and type of fruit, vegetables, bread, dairy products,

eggs, fat spreads and sugar consumed. Nutrient intakes

were computed from NUTTAB 1995, a national govern-

ment food composition database of Australian foods(14),

using software developed by the Cancer Council of Vic-

toria. The validation of the FFQ was previously assessed

for sixty-three women of childbearing age against 7 d

food diaries and was found to be a valid instrument

for assessing dietary intake. Energy-adjusted correlation

coefficients for macronutrient intakes ranged from 0?30

(protein) to 0?78 (carbohydrate), but this did not include

fatty acids composition such as n-3 PUFA and n-6 PUFA as

data were not available(15).

Ascertainment of type 2 diabetes

The occurrence of type 2 diabetes was self-reported by

participants. At each survey women were asked if a doctor

had told them that they had type 2 diabetes. At survey 1

they were asked whether they had ever had a diagnosis

of type 2 diabetes and then at surveys 2, 3, 4 and 5 they

were asked whether they had been diagnosed with type 2

diabetes in the time period that had elapsed since the

previous survey. Incidence of type 2 diabetes at each

survey was defined as the proportion of these women who

reported at each survey that they had been diagnosed with

type 2 diabetes since completing the previous surveys.

Self-reports of type 2 diabetes were validated in middle

and old age cohorts by linking to Medicare (MBS) and

Pharmaceutical Benefits Scheme (PBS) databases for the

years 2002–2005. A total of 6921 middle-aged women

completed survey 4 and consented to the release of Medi-

care data. Among these women, 388 (6%) of the middle-

aged women reported they had diabetes on at least one

survey. Of these women with diabetes, ninety (23%)

of the middle-aged women had a Medicare item for annual

cycle of care for diabetes (ACC), which includes a glycated

haemoglobin (HbA1c) test at some time during the years

2002–2005. A further 184 (47%) of the middle-aged women

had HbA1c but not the full ACC. The remainder of

the women reporting diabetes (30%) had no record of

either of these Medicare items. Therefore, diabetes report-

ing was confirmed in 70% of self-reported diabetics in

this population(16).

Other measurements

The baseline questionnaire included questions on known

or suspected type 2 diabetes risk factors which are

potentially associated with quality of food intake. Area of

residence was categorized based on an index of distance to

the nearest urban centre as: urban (capital city or other

metropolitan centres); rural (large rural centre, small rural

centre or other rural); or remote areas(17). Education was

categorized as: less than year 10 or equivalent (schooling

to age 15/16 years); year 12 or equivalent (schooling to

age 17/18 years); trade/certificate; or university degree.

Physical activity scores were derived from self-reported

frequency and intensity of leisure-time physical activity.

These questions were revised from those developed for

monitoring and evaluation of the national Active Australia

campaign(18). Physical activity was categorized as: none;

low; moderate; or high. Cigarette smoking status was

defined as: never smoked; ex-smoker; smoker (,10

cigarettes/d); smoker (10–19 cigarettes/d); or smoker

($20 cigarettes/d). Menopausal status was classified as:

postmenopausal; perimenopausal; premenopausal; sur-

gical menopause; hormone replacement therapy; or oral

contraceptive pill. BMI was calculated as weight (in

kilograms) divided by the square of height (in metres)

and categorized according to the WHO recommendations

as: underweight (,18?5 kg/m2); normal weight ($18?5

to ,25?0 kg/m2); overweight ($25?0 to ,30?0 kg/m2);

or obese ($30?0 kg/m2)(19). Alcohol consumption was

classified according to National Health and Medical

Research Council classifications as: non-drinker; low-risk
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drinker (#14 drinks/week); risky drinker (15–28 drinks/

week); or high-risk drinker (.28 drinks/week)(20). Self-

reported health was categorized as good or poor.

Statistical analysis

The 6-year incidence of type 2 diabetes from survey 3

(2001) to survey 5 (2007) was modelled using logistic

regression models. The regression coefficients reflect the

relationship between the incidence of diabetes and the

corresponding explanatory variables adjusted for total

energy intake using the residual method described by

Willett and Stampfer(21). Intakes of macronutrients (g/d)

were categorized as quintiles, with the lowest quintile

serving as the reference category. Tests for trend were

performed by entering the macronutrient variables into the

regression models using the quintile number. Two models

were created for each macronutrient of interest. Model 1

adjusted for lifestyle and sociodemographic factors, which

were treated as categorical. Model 2 adjusted simulta-

neously for other fat types, fibre and energy, which were

treated as continuous. A P value of ,0?05 was considered

statistically significant and all statistical tests were two-

sided. All analyses were completed with the statistical

software package SAS version 9?2.

Results

During the 6 years of follow-up, 311 incident cases of

type 2 diabetes were documented. Selected baseline

characteristics of the study population by quintiles of total

carbohydrate, protein and fat intakes are presented in

Table 1. Women with a higher intake of total carbohy-

drate were less likely to be physically inactive and more

likely to have never smoked. Women with higher intakes

of total protein were less likely to live in an urban area,

have a university degree or be of normal weight and

more likely to be overweight or obese. Women with a

higher intake of total fat were less likely to be living in an

urban area, more likely to have a have a lower level of

education, be physically inactive, be obese and be regular

smokers. Women in the highest quintile of total carbo-

hydrate, protein and fat consumed higher intakes of

saturated fats, monounsaturated fats, fibre and energy.

Relative risks (RR) of type 2 diabetes and 95% confi-

dence intervals for the highest quintile of total dietary

macronutrient intake compared with the lowest quintile

are presented in Table 2. After adjustment for potential

confounding variables, no statistically significant associa-

tion was observed between type 2 diabetes and intake

of total carbohydrate (RR50?97, 95% CI?0?61, 1?55;

P 50?63), total protein (RR 50?88, 95% CI 0?61, 1?27;

P 50?32) or total fat (RR51?27, 95% CI 0?84, 1?91; P 50?25).

Relative risks and 95% confidence intervals for type 2

diabetes by dietary fatty acid intakes are presented in Table 3.

After controlling for potential confounding variables, type 2

diabetes risk was significantly associated with a higher

intake of MUFA (RR 5 1?64, 95 % CI 1?06, 2?54; P 5 0?04),

total n-3 PUFA (RR 5 1?55, 95 % CI 1?03, 2?32; P 5 0?01),

a-linolenic acid (ALA; RR 5 1?84, 95 % CI 1?25, 2?71;

P , 0?01) and total n-6 PUFA (RR 5 1?60, 95 % CI 1?03,

2?48; P 5 0?04). There was no statistically significant

association between SFA or PUFA intake and type 2 dia-

betes risk. In addition, neither individual intakes of

marine sources of n-3 PUFA (DHA and EPA) nor the

combined intake of EPA and DHA was significantly

associated with type 2 diabetes risk. Although intakes of

both n-3 PUFA and n-6 PUFA were positively related with

type 2 diabetes risk, the ratio of n-6 PUFA to n-3 PUFA

was not significantly associated with type 2 diabetes risk

(RR 5 1?14, 95 % CI 0?80, 1?64; P 5 0?83).

Discussion

The aim of the present study was to investigate the asso-

ciation between dietary macronutrient intake and type 2

diabetes risk in middle-aged Australian women. After

adjustment for established risk factors of type 2 diabetes,

high intakes of MUFA, total n-6 PUFA and total n-3 PUFA

were positively associated with type 2 diabetes risk.

Further examination of the source of n-3 PUFA revealed

that a higher ALA intake, but not EPA or DHA, was signi-

ficantly associated with type 2 diabetes risk.

Epidemiological data on the association between diet-

ary fat and type 2 diabetes risk are inconclusive. While

dietary MUFA has tended to be neutral regarding type 2

diabetes risk in some earlier studies(10,11,22–24), a positive

association was observed with MUFA and type 2 diabetes

in the current study and in some previous studies(25,26).

Dietary MUFA is also associated with impaired glucose

tolerance(27) and fasting serum insulin(28). Given that

MUFA intake is highly correlated with animal fat (SFA) in

a typical Western dietary pattern as they are commonly

found in the same foods, the current result did not change

after controlling for SFA. Increased type 2 diabetes risk

with total n-3 PUFA intake observed in the present study

is in agreement with the results of a double-blinded con-

trolled study which showed that a high intake of n-3 PUFA

moderately increased blood glucose and decreased insulin

sensitivity(29). In the Insulin Resistance Atherosclerosis study,

higher intake of n-3 PUFA was associated with a lower

insulin sensitivity among obese individuals(30). A cross-

sectional study found a positive relationship between dietary

ALA and fasting insulin level(31). In the Melbourne Colla-

borative Cohort Study, ALA was positively associated with a

higher risk of type 2 diabetes before controlling for BMI(25).

Other investigators, however, reported contradictory results

for total n-3 PUFA and ALA. No association was found

between total n-3 PUFA intake and glucose metabolism(32),

fasting insulin(33) or type 2 diabetes risk(34). Two clinical

trials showed no beneficial effect of ALA in the form of
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Table 1 Baseline characteristics of 8370 middle-aged Australian women who completed the third survey of the ALSWH in 2001 according to quintile of dietary macronutrient intakes*

Total carbohydrate Total protein Total fat

Characteristic at survey 3 (2001) Q1 Q3 Q5 P value Q1 Q3 Q5 P value Q1 Q3 Q5 P value

Area of residence (%)
Urban 35?72 36?04 35?60 0?82 38?65 35?90 31?18 0?0003 37?87 36?34 30?88 ,0?0001
Large rural centre 14?22 14?23 14?16 15?05 14?58 14?22 14?34 16?74 13?68
Small rural and remote 13?92 15?06 14?81 13?62 13?56 15?05 15?35 12?97 16?01
Other rural and remote 36?14 34?67 35?42 32?68 35?96 39?55 32?44 33?95 39?43

Education (%)
Year 10 or equivalent 47?36 46?06 47?04 0?10 47?11 43?79 50?60 0?0002 45?05 45?27 49?61 0?001
Year 12 or equivalent 18?27 16?66 15?66 16?39 18?30 15?12 18?32 17?24 16?78
Trade/certificate 18?69 20?14 21?83 19?76 21?24 21?20 21?32 20?37 20?81
University degree 15?69 17?14 15?49 16?75 16?68 13?07 15?32 17?12 12?81

Physical activity (%)
None 19?94 16?18 14?64 0?0002 18?90 14?36 17?60 0?058 14?38 16?03 19?49 0?001
Low 37?03 39?54 39?21 35?62 38?99 36?38 35?46 38?04 38?85
Moderate 19?81 18?80 21?65 20?59 20?85 20?75 22?57 20?76 18?68
High 23?22 25?48 24?50 24?89 25?80 25?26 27?59 25?17 22?98

Smoking status (%)
Never smoked 48?86 57?99 59?78 ,0?0001 53?05 57?99 56?73 0?096 55?45 57?30 55?12 0?01
Ex-smoker 30?98 28?19 28?97 30?66 28?13 28?83 31?25 26?93 28?33
Smoker (,10 cigarettes/d) 3?13 2?21 1?85 3?21 2?64 2?22 3?06 3?39 2?41
Smoker (10–19 cigarettes/d) 5?29 3?50 3?08 4?32 3?44 3?40 3?25 3?82 4?51
Smoker ($20 cigarettes/d) 11?74 8?11 6?33 8?76 7?80 8?83 6?99 8?56 9?63

Menopausal status (%)
Premenopausal 20?97 23?97 24?21 0?19 21?98 23?30 23?01 0?73 21?92 22?10 23?13 0?78
Perimenopausal 5?50 4?18 3?89 5?62 4?60 4?06 4?48 4?42 4?72
Postmenopausal 0?18 0?18 0?18 0?18 0?24 0?12 0?12 0?18 0?18
Surgical menopausal 21?09 20?62 20?68 19?65 20?79 22?41 22?94 19?95 21?40
HRT use 16?67 14?29 14?76 15?35 14?04 15?24 14?04 16?91 14?88
OCP use 35?60 36?76 36?28 37?22 37?04 35?15 36?50 36?44 35?68

BMI (%)-
Low (,18?5 kg/m2) 4?66 4?30 4?84 0?17 5?20 4?72 3?88 ,0?0001 3?52 4?72 5?26 ,0?0001
Normal weight ($18?5–,25?0 kg/m2) 52?75 51?79 48?21 56?63 51?55 45?82 52?81 52?93 46?83
Overweight ($25?0–,30?0 kg/m2) 27?96 27?48 29?51 25?93 28?55 29?45 29?51 26?88 27?36
Obese ($30?0 kg/m2) 14?64 16?43 17?44 12?25 15?17 20?85 14?16 15?47 20?55

Alcohol intake (%)
Non-drinker 10?28 12?58 16?71 0?53 14?25 12?06 14?72 0?016 11?67 13?05 15?02 0?11
Low risk drinker 81?37 82?66 80?77 80?70 83?29 79?82 82?88 82?08 80?05
Risky drinker 7?03 3?97 2?34 4?27 4?22 4?88 4?49 4?39 4?27
High-risk drinker 1?32 0?78 0?18 0?78 0?42 0?66 0?96 0?48 0?66
Self-rated health as good 88?21 89?88 88?52 0?09 88?08 89?10 88?35 0?32 89?10 89?59 87?63 0?15

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

SFA (g/d)-- 18?5 7?2 24?2 8?4 36?9 14?9 ,0?0001 16?7 5?9 23?6 7?5 39?0 14?1 ,0?0001 13?4 3?1 23?5 3?9 42?5 12?0 ,0?0001
MUFA (g/d)-

-

16?3 5?9 21?4 6?7 32?5 12?1 ,0?0001 14?5 4?0 20?9 5?2 35?1 11?2 ,0?0001 12?2 2?4 21?0 2?2 37?1 9?7 ,0?0001
Fibre (g/d)-

-

13?1 3?4 19?5 4?5 30?0 8?3 ,0?0001 14?7 4?9 19?8 5?9 28?0 9?0 ,0?0001 16?7 6?0 19?6 7?1 26?4 8?6 ,0?0001
Energy intake (kJ/d)-

-

4530 904 6424 911 9936 2278 ,0?0001 4558 778 6408 955 9953 2330 ,0?0001 4590 826 6356 954 10 000 2267 ,0?0001

ALSWH, Australian Longitudinal Study on Women’s Health; HRT, hormone replacement therapy; OCP, oral contraceptive pill.
*Data are expressed as percentage (%); P value obtained using x2 test of association.
-[Weight (kg)]/[height (m)]2.
-

-

Data are expressed as mean and standard deviation; P value obtained using ANOVA.
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flaxseed oil on insulin response and glycaemic con-

trol(35,36). Other studies suggested a protective effect

of ALA against type 2 diabetes risk(37–39). Although the

underlying mechanisms responsible for the positive asso-

ciation between ALA intake and type 2 diabetes risk remain

unclear, an in vitro study suggested that ALA stimulated the

development of a pro-inflammatory environment within

the vascular endothelium(40), which is a marker of type 2

diabetes(41). Findings from an animal study indicated that

feeding hamsters a diet rich in ALA for 9 weeks resulted in a

40% decrease in insulin secretion compared with hamsters

fed a diet rich in SFA(42).

A substantial body of evidence highlights the importance

of reducing n-6 PUFA intake in order to decrease the

adverse health effects of excess arachidonic acid and its

eicosanoid products. Intake of n-6 PUFA has also been

linked with CVD and increased inflammatory markers(43).

In the present study, n-6 PUFA was positively associated

with type 2 diabetes risk. This finding is consistent with

cross-sectional studies with questionnaire-assessed diet

intake(44). A 10-year prospective study reported that indi-

viduals who developed diabetes had higher proportions

of g-linolenic acid (18 : 3n-6) and dihomo-g-linolenic acid

(20 : 3n-6) in serum cholesterol esters at baseline than

did normal individuals(45). In a nested case–cohort design,

erythrocyte 18 : 3n-6 was directly related to type 2 diabetes

risk(34). Similarly, a nested case–referent study showed that

adrenic acid (22 : 4n-6) was associated with increased

diabetes risk(46). In a large cross-sectional study of elderly

Swedish men, n-6 PUFA content of adipose tissue was also

negatively associated with insulin sensitivity(47).

The present investigation did not find evidence for an

effect of total carbohydrate intake on type 2 diabetes risk,

consistent with results of previous cohort studies(4,7,48).

The lack of an association between total protein intake

and type 2 diabetes risk observed in the present study

is consistent with a recent meta-analysis(49). The lack

of association between intakes of SFA and total PUFA

and type 2 diabetes risk in the current study was also

observed in the Nurses’ Health Study(7,11) and the Iowa

Women’s Health Study(10). Similarly, dietary EPA and DHA

were not significantly associated with type 2 diabetes

risk in the current study, supporting findings of two meta-

analyses based on randomized controlled trails(50,51).

Previous evidence showed that n-3 PUFA and n-6 PUFA

metabolize to longer-chain fatty acids and that an exces-

sive amount of one may imbalance the protective role of

the other(52). However, in the present study there was no

evidence that n-6 PUFA:n-3 PUFA is associated with type

2 diabetes risk, supporting findings from the Singapore

Chinese Health Study(37).

The major strengths of the current study include the

large representative sample of Australian women of similar

age, the availability of detailed information on important

lifestyle and sociodemographic factors, and the use of an

FFQ that was specifically designed and validated in the

Australian population. Limitations of the current analysis

should also be noted. The possibility that the observed

positive association between fatty acids and type 2 dia-

betes was due to bias should be considered. Furthermore,

residual confounding cannot be fully omitted as a potential

explanation for the current observations. It is conceivable

that there are other confounders that were not controlled

for or were unable to be completely controlled for and this

may potentially have led to an overestimate of the asso-

ciation. Because screening for blood glucose level was not

feasible in this large cohort, misclassification of participants

with undetected diabetes is likely due to the self-reporting.

However, the validation study of self-reported diabetes

revealed that diabetes reporting was confirmed in 70% of

Table 2 Relative risk of type 2 diabetes by quintile of macronutrient intakes among middle-aged Australian women from ALSWH,
2001–2007

Quintile

1 (lowest) 2 3 4 5 (highest)

Macronutrient Reference RR 95 % CI RR 95 % CI RR 95 % CI RR 95 % CI P for trend

Total carbohydrate (g/d) 104?38 139?28 166?76 198?65 256?91
No. of cases 55 51 72 70 63
Model 1* 1?00 1?01 0?67, 1?51 1?41 0?96, 2?06 1?35 0?92, 1?98 1?14 0?77, 1?69 0?22
Model 2- 1?00 1?03 0?70, 1?50 1?04 0?71, 1?54 0?85 0?55, 1?30 0?97 0?61, 1?55 0?63

Total protein (g/d) 48?89 64?25 76?43 91?06 119?15
No. of cases 55 56 66 63 71
Model 1* 1?00 1?07 0?72, 1?59 1?13 0?76, 1?67 1?10 0?74, 1?62 1?06 0?72, 1?56 0?77
Model 2- 1?00 0?76 0?52, 1?12 0?92 0?64, 1?34 0?60 0?39, 1?90 0?88 0?61, 1?27 0?32

Total fat (g/d) 33?87 47?47 58?99 71?93 95?51
No. of cases 44 51 65 77 74
Model 1* 1?00 1?31 0?85, 2?02 1?57 1?03, 2?38 1?88 1?26, 2?81 1?53 1?02, 2?30 0?01
Model 2- 1?00 1?21 0?81, 1?82 1?12 0?74, 1?69 1?33 0?88, 2?02 1?27 0?84, 1?91 0?25

ALSWH, Australian Longitudinal Study on Women’s Health; RR, relative risk.
*Adjusted for area of residence, education, current smoking status, physical activity, self-rated health as good, menopausal status, BMI and alcohol con-
sumption.
-As model 1 with additional adjustments for total energy intake (kJ/d) and: SFA and MUFA intakes for total carbohydrate; SFA, MUFA and fibre intakes for total
protein; and fibre intake for total fat.
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self-reported diabetics in this population(16). This is similar

to results from the European Prospective Investigation into

Cancer and Nutrition (EPIC)-NL study, in which 72% of the

self-reported cases documented by mailed questionnaires

were confirmed(6); and compares favourably with the

findings from the Iowa Women’s Health Study in which

diabetes was confirmed in 64% of self-reported cases(4).

Non-differential misclassification of dietary exposure is

likely which may potentially dilute the effect estimates

found, contributing to the lack of association observed

between some macronutrients and type 2 diabetes risk. In

addition, a baseline dietary assessment limited the ability

to account for possible changes over time in macro-

nutrient intake. However, due to the relatively short

period of follow-up (6 years), the dietary patterns of

women are unlikely to have changed considerably.

Conclusion

The present data suggest that MUFA, total n-3 PUFA and

total n-6 PUFA intakes are associated with increased type 2

diabetes risk in women. These relationships require further

investigation using an objective method. The possible

biological mechanisms behind the observed association

need further investigation.
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Table 3 Relative risk of type 2 diabetes by quintile of fatty acid intakes among middle-aged Australian women from ALSWH, 2001–2007

Quintile

1 (lowest) 2 3 4 5 (highest)

Fatty acid Reference RR 95 % CI RR 95 % CI RR 95 % CI RR 95 % CI P for trend

SFA (g/d) 12?37 17?95 22?81 29?01 40?01
No. of cases 51 55 67 76 62
Model 1* 1?00 1?12 0?74, 1?70 1?31 0?88, 1?96 1?51 1?02, 2?23 1?00 0?66, 1?51 0?54
Model 2- 1?00 1?15 0?79, 1?68 1?22 0?84, 1?76 0?98 0?67, 1?43 0?71 0?47, 1?07 0?09

MUFA (g/d) 11?69 16?43 20?58 25?32 34?32
No. of cases 48 50 64 69 80
Model 1* 1?00 1?06 0?69, 1?62 1?41 0?95, 2?11 1?44 0?97, 2?14 1?43 0?97, 2?11 0?02
Model 2- 1?00 1?29 0?85, 1?94 1?18 0?76, 1?84 1?30 0?83, 2?02 1?64 1?06, 2?54 0?04

PUFA (g/d) 4?31 6?77 9?15 11?95 16?52
No. of cases 47 46 60 74 84
Model 1* 1?00 1?12 0?73, 1?72 1?35 0?89, 2?04 1?67 1?12, 2?49 1?70 1?15, 2?52 ,0?01
Model 2- 1?00 0?81 0?53, 1?25 1?10 0?73, 1?67 1?07 0?71, 1?61 1?27 0?84, 1?90 0?11

Total n-3 PUFA (g/d) 0?61 0?86 1?08 1?37 1?97
No. of cases 43 51 58 73 86
Model 1* 1?00 1?27 0?81, 1?98 1?48 0?97, 2?28 1?71 1?13, 2?59 1?79 1?19, 2?70 0?04
Model 2- 1?00 0?98 0?63, 1?52 1?27 0?84, 1?92 1?44 0?97, 2?16 1?55 1?03, 2?32 0?01

ALA (g/d) 0?42 0?61 0?78 0?98 1?40
No. of cases 46 46 62 66 91
Model 1* 1?00 1?04 0?66, 1?63 1?43 0?94, 2?17 1?42 0?94, 2?14 1?83 1?24, 2?71 0?01
Model 2- 1?00 1?20 0?78, 1?82 1?17 0?76, 1?80 1?32 0?86, 2?01 1?84 1?25, 2?71 ,0?01

EPA (g/d) 0?02 0?04 0?07 0?12 0?24
No. of cases 59 54 52 69 77
Model 1* 1?00 0?88 0?59, 1?32 1?00 0?68, 1?49 1?20 0?82, 1?75 1?22 0?84, 1?77 0?12
Model 2- 1?00 1?06 0?71, 1?59 1?19 0?79, 1?79 1?07 0?71, 1?62 1?24 0?85, 1?82 0?31

DHA (g/d) 0?06 0?11 0?17 0?26 0?49
No. of cases 57 53 54 71 76
Model 1* 1?00 0?83 0?55, 1?25 0?99 0?67, 1?46 1?24 0?86, 1?81 1?24 0?86, 1?80 0?09
Model 2- 1?00 1?04 0?69, 1?55 1?07 0?71, 1?61 1?10 0?73, 1?64 1?19 0?81, 1?74 0?36

Total EPA1DHA (g/d) 0?09 0?17 0?25 0?38 0?73
No. of cases 60 50 55 70 76
Model 1* 1?00 0?77 0?51, 1?17 1?04 0?70, 1?54 1?18 0?81, 1?73 1?16 0?79, 1?69 0?11
Model 2- 1?00 1?07 0?71, 1?60 1?16 0?77, 1?75 1?12 0?75, 1?68 1?23 0?84, 1?80 0?30

Total n-6 PUFA (g/d) 3?54 5?47 7?43 9?86 13?87
No. of cases 48 51 60 75 77
Model 1* 1?00 1?21 0?78, 1?86 1?39 0?91, 2?11 1?66 1?11, 2?48 1?75 1?18, 2?61 0?004
Model 2- 1?00 1?25 0?83, 1?90 1?18 0?76, 1?83 1?28 0?82, 1?99 1?60 1?03, 2?48 0?04

n-6 PUFA:n-3 PUFA 0?09 0?12 0?15 0?19 0?25
No. of cases 61 70 61 40 79
Model 1* 1?00 1?12 0?77, 1?61 0?97 0?66, 1?42 0?64 0?42, 0?98 1?16 0?81, 1?66 0?73
Model 2- 1?00 1?15 0?79, 1?66 1?07 0?73, 1?57 0?71 0?47, 1?10 1?14 0?80, 1?64 0?83

ALSWH, Australian Longitudinal Study on Women’s Health; RR, relative risk; ALA, a-linolenic acid.
*Adjusted for area of residence, education, current smoker status, physical activity, self-rated health as good, menopausal status, BMI and alcohol consumption.
-As model 1 with additional adjustments for total energy intake (kJ/d), fibre and specific types of fat entered into the model simultaneously.
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