
The Association between Dietary Fat Pattern and the Risk of 
Type 2 Diabetes

Zahra Gaeini1, Zahra Bahadoran2, Parvin Mirmiran3, and Abolghasem Djazayery1

1Department of Clinical Nutrition and Dietetics, Science and Research Branch, Islamic Azad University, Tehran 19585-466, Iran
2Nutrition and Endocrine Research Center and 3Obesity Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti 
University of Medical Sciences, Tehran 19395-4763, Iran

Prev. Nutr. Food Sci. 2019;24(1):1-7
https://doi.org/10.3746/pnf.2019.24.1.1
pISSN 2287-1098ㆍeISSN 2287-8602

Received 5 October 2018; Accepted 12 February 2019; Published online 31 March 2019

Correspondence to Abolghasem Djazayery, Tel: +98-21-8895-5975, E-mail: djazayery@yahoo.com
Author information: Zahra Gaeini (Researcher), Zahra Bahadoran (Researcher), Parvin Mirmiran (Professor), Abolghasem Djazayery (Professor)

Copyright © 2019 by The Korean Society of Food Science and Nutrition. All rights Reserved.
 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT: Despite several studies examining single dietary fats on type 2 diabetes (T2D) incidence, little is known 
about the effects of multiple fatty acids on the risk of T2D. We aimed to address this question in the Tehran Lipid and 
Glucose Study (TLGS) population. Dietary intakes of participants without T2D (n=2,139) were assessed using the vali-
dated food frequency questionnaire. To assess the risk of T2D after 6 years of follow-up, we used multivariate Cox propor-
tional hazard regression models. Three major dietary fat patterns were: (1) high amounts of dietary cholesterol, saturated 
fats, oleic acid, linoleic acid, linolenic acid, and trans fats; (2) high amounts of long-chain polyunsaturated fats; and (3) 
high amounts of dietary cholesterol and saturated fats. Dietary total fat intake hazard ratio [HR=1.31, 95% confidence 
interval (CI)=0.77∼2.23 and HR=0.69, 95% CI=0.27∼1.76, in the second and third tertile, respectively] was not related 
to the development of T2D. Animal- and plant-based dietary fat intakes were additionally not related to the risk of T2D. 
After adjustment for confounding variables, there was no significant association between dietary fat pattern score and T2D 
incidence. Whereas, the third pattern had a borderline negative association with diabetes development (HR=0.56, 95% 
CI=0.29∼1.07). These novel data suggest that dietary fat composition may modify the risk of T2D incidence.
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INTRODUCTION

Type 2 diabetes (T2D) is an important public health 
problem with an increasing prevalence at the global level 
(1). There are several metabolic, genetic, and lifestyle risk 
factors that contribute to T2D development; among these, 
modifiable lifestyle factors, including dietary factors, are 
of particular importance for disease prevention and con-
trol (2). Some prospective cohort studies have examined 
associations of several individual fatty acids with T2D 
risk (3-9). Studies show conflicting results regarding the 
effect of fish consumption omega-3 polyunsaturated fat-
ty acids (PUFAs) on T2D: some reported no effect (4,5), 
some an adverse effect (6,7), while others found a bene-
ficial effect (8). Moreover, consumption of the monoun-
saturated fatty acids (MUFA) n-3 and n-6 PUFA were 
positively associated with incidence of T2D in a large co-
hort study (9). Almost all such studies have focused on 
individual fatty acids as separate exposures, and may 
therefore have missed synergistic or additive effects of 

intake of multiple fatty acids. Analyzing patterns of fats 
could dissolve these complexities through uncovering in-
terrelations of dietary fatty acids.

The fatty acids pattern in plasma and erythrocytes in 
relation to insulin resistance and risk of T2D have been 
investigated in two previous studies. Imamura et al. (10) 
suggested that a plasma fatty acid pattern with high con-
centrations of linoleic acid, odd-chain fatty acids, and very 
long-chain fatty acids, may be associated with lower risk 
of T2D. Likewise, a longitudinal follow-up study under-
taken by Bigornia et al. (11) showed that an erythrocyte 
fatty acid pattern with low concentrations of n-6 PUFAs 
and de novo lipogenesis fatty acids was associated with 
impaired insulin sensitivity.

Fats are physiologically crucial in development of T2D, 
however there is a lack of data on the association between 
dietary fat pattern and diabetes. The aim of this study  
was therefore to investigate possible associations of diet-
ary fat patterns with the risk of diabetes mellitus.
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MATERIALS AND METHODS

Study population
Population-based analysis was conducted within the 
framework of the Tehran Lipid and Glucose Study 
(TLGS). TLGS is a prospective cohort study, aimed at 
preventing non-communicable disease risk factors, which 
included a sample of residents under the coverage of 3 
medical health centers in District No.13 of Tehran, Iran 
(12). Up until now, the prospective ongoing phase of 
TLGS has consisted of 5 examination phases, with 3-year 
interval follow-up assessments. During the 3rd phase of 
the TLGS (2006∼2008), 3,687 participants who had 
completed food frequency questionnaire (FFQ) were se-
lected from a total of 20,188. From those aged 20 to 70 
years (n=2,924), participants with diabetes mellitus at 
baseline (n=321) and who reported daily energy intakes 
outside the range of 800∼4,200 kcal/d (n=284) were 
excluded. In addition participants with missing anthro-
pometrics, physical activity, or 2 h post challenge plasma 
glucose (2 h-PCPG) data (n=63), and participants who 
did not have any follow-up data (n=117) were excluded. 
After 6 years of follow-up, data for 2,139 subjects was 
available for the final analysis.

Ethical consideration
The study protocol was approved by the ethics committee 
of the Research Institute for Endocrine Sciences, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran. In-
formed written consent was obtained from all partici-
pants. The ethical number of the study is IR.SBMU.EN-
DOCRINE.REC.1396.460.

Dietary assessment
The normal dietary intake of participants was assessed 
using a 168-item semi-quantitative FFQ. The validity and 
reliability of the FFQ have been previously described in 
detail (13). During face-to-face interviews, trained die-
ticians collected data on participant’s consumption fre-
quency for a given serving of each food item during the 
previous year on a daily, weekly, and monthly basis. 
Prior to analysis, the reported frequency for each food 
item was converted to daily intake, and portion sizes of 
consumed food were converted to grams. Since the Ira-
nian Food Composition Table (FCT) is incomplete, the 
US Department of Agriculture’s (USDA) Food Composi-
tion Table was used to obtain the amount of energy per 
grams of each type of food, and the fatty acids composi-
tions. For traditional Iranian foods not included in the 
USDA FCT, including ‘kashk’ (a traditional yogurt drink), 
the content of fatty acids was determined using the Ira-
nian FCT. Total fat intakes, and intakes of plant-derived 
and animal-derived fats were estimated. Plant-derived 
fats included fats from plant-based foods including nuts, 

seeds, vegetable oils, olive and olive oil, and grains. Ani-
mal-derived fats were included fats from animal-based 
foods including meats, processed meats, poultry, egg, fast 
foods, dairy, cream, butter, and ice cream.

To assess the validity and reliability of the FFQ, a ran-
dom subsample of 132 participants (61 male and 71 fe-
male) aged 20 years and over completed a 168-item FFQ 
twice with a 14-month interval, and 12 dietary recalls 
(once per month). Data from each FFQ and the 12 dietary 
recalls were compared to show correlation coefficients 
between the FFQ and multiple 24 h recalls of 0.53 and 
0.39, and between the two FFQs of 0.59 and 0.60 in 
males and females, respectively (13).

Biochemical assessment
Blood samples were taken from all study participants 
whilst in sitting positions between 7:00 and 9:00 am, 
following fasting overnight for 12 to 14 h. All blood ana-
lyses was carried out at the research laboratory of TLGS 
on the day of blood collection using a Selectra 2 auto-
analyzer (Vital Scientific, Spankeren, the Netherlands). 
Fasting plasma glucose (FPG), 2 h-PCPG, and serum tri-
glyceride (TG) levels were assayed using an enzymatic 
colorimetric method, with glucose oxidase and glycerol 
phosphate oxidase, respectively. High-density lipoprotein 
cholesterol (HDL-C) was measured after precipitation of 
apolipoprotein B-containing lipoproteins with phospho-
tungstic acid. Both inter- and intra-assay coefficients of 
variation were less than 5% at baseline and at follow-up 
phases.

Demographic and anthropometric measures
The anthropometric and demographic measures were as-
sessed at baseline (2006∼2008). Weight measurements 
were carried out using digital scales (Seca, Hamburg, 
Germany) while subjects were minimally dressed and 
without shoes, and was recorded to the nearest 0.1 kg. 
Subject height was measured while without shoes and 
with shoulders in a normal position. Height was recorded 
to the nearest of 0.5 cm. Body mass index (BMI) was cal-
culated as weight (kg) divided by height squared (m2). 
Waist circumference, determined as midway between the 
lower border of the ribs and the widest part of the iliac 
crest, was measured using a soft measuring tape without 
applying any pressure to the body, and was recorded to 
the nearest 0.1 cm. For measurements of both systolic 
(SBP) and diastolic blood pressure, two measurements of 
blood pressure were taken on the right arm using a stand-
ardized mercury sphygmomanometer, after a 15-min rest 
in the sitting position. The mean of the two measure-
ments was considered to be the participant’s blood pres-
sure.

Levels of physical activity were expressed as metabolic 
equivalent task hours per week (METs h/week), calcu-
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Table 1. Baseline characteristics and dietary intakes of the par-
ticipants

Baseline characteristics T2D+ 

(n=143)
T2D− 

(n=1,996) P-value

Age (y) 47.3±12.4 38.9±12.4 <0.001
Men (%) 47.6 45.2 0.592
Family history of 
T2D (%)

24.5 18.5 0.077

Current smoker (%) 13.3 12.2 0.930
Low physical activity (%) 39.7 39.3 0.926
Body mass index 
(kg/m2)

30.9±4.6 26.7±4.6 <0.001

Total energy intake 
(kcal/d)

2,176.7±689.5 2,273.6±714.9 0.117

Total fiber intake (g/d) 38.2±19.7 37.5±20.6 0.682
Total fat intake 
(%energy)

13.5±3.4 13.9±3.1 0.099

SFA (g/d) 23.5±9.8 26.5±11.6 0.003
MUFA (g/d) 25.3±11.2 27.4±11.2 0.040
Oleic acid (g/d) 22.9±10.5 24.8±10.6 0.037
PUFA (g/d) 15.5±8.1 16.5±7.8 0.160
Linoleic acid (g/d) 13.3±7.3 14.3±7.1 0.144
α-Linolenic acid (g/d) 1.07±0.6 1.2±0.6 0.083
EPA (g/d) 0.02±0.03 0.03±0.09 0.510
DHA (g/d) 0.08±0.09 0.1±0.3 0.480
Total trans fatty 
acids (g/d)

5.6±5.2 6.0±4.6 0.350

Cholesterol (mg/d) 193.2±88.4  226.9±141.1 0.005

Data are mean±SD.
T2D, type 2 diabetes; SFA, saturated fatty acid; MUFA, mono- 
unsaturated fatty acid; PUFA, poly-unsaturated fatty acid; EPA, 
echosapanthaenoic acid; DHA, docosahexaenoic acid.

lated using the modifiable activity questionnaire. Light 
levels of physical activity were classed as MET <3 h/week, 
moderate levels classed as MET 3 to <6 h/week, and 
heavy levels classed as MET ≥6 h/week (14). Additional 
covariate information including age, medical history, 
smoking habit, and demographic data was obtained at 
the beginning of the study using an orally pretested 
questionnaire.

Definition of terms
Diabetic patients were defined as participant who met at 
least one of the following criteria: FPG ≥126 mg/dL, 2 
h-PCPG ≥200 mg/dL, or taking anti-diabetic medication 
(15). A participant who had at least one parent or sibling 
with T2D were considered to have a positive family his-
tory of diabetes. The diabetes risk score (DRS) was cal-
culated as SBP (mm Hg): <120 (0 point), 120∼140 (3 
point), ≥140 (7 point); family history of diabetes (5 
point); waist to height ratio (WHtR): <0.54 (0 point), 
0.54∼0.59 (6 point), ≥0.59 (11 point); TG/HDL-C: <3.5 
(0 point), ≥3.5 (3 point); FPG (mmol/L): <5.0 (0 point), 
5.0∼5.5 (12 point), 5.6∼6.9 (33 point) (16).

Statistical analysis
Baseline characteristics of participants are shown as mean 
±standard deviation (SD) or frequency (%). Significant 
differences in general characteristics and total dietary in-
take of energy and fats between healthy and diabetic sub-
jects were evaluated using one-way analysis of variance, 
and was reported as mean±SD. For qualitative variables 
reported as frequency (%), the Chi-square test was used 
to detect any significant differences.

The principle component analysis (PCA) was used to 
determine patterns of fat intakes based on 8 fat groups 
[dietary cholesterol, saturated fatty acids (SFA), oleic ac-
id, linoleic acid, linolenic acid, eicosapentaenoic acid, doc-
osahexaenoic acid, and trans fatty acids]. Due to a high 
correlation between fats, the promax rotation was used. 
To determine the number of factors to retain, we consid-
ered eigenvalues >0.3, the scree plot, and the interpret-
ability of the patterns. All 8 fat groups contributed to the 
pattern score calculation, however fats with an absolute 
component loading score of ≥0.50 were selected to de-
scribe the pattern. The Kaiser-Meyer-Olkin statistic, a 
measure of sampling adequacy, was 0.59, and the P val-
ue for Bartlett’s test of sphericity was <0.001.

The factor score for each pattern was calculated using 
the sum of fat intake weighted by respective factor load-
ings on each fat pattern. The fat pattern scores were as-
sessed as tertiles.

To assess the hazard ratios (HRs) of total dietary fat, 
in relation to the diabetes mellitus incidence, we used 

cox proportional hazard regression models, with person- 
year as the underlying time metric. The confounder vari-
ables were adjusted in two models: Model 1 was adjusted 
for DRS, whereas Model 2 was additionally adjustment 
for total energy intakes (kcal/d), dietary intakes of carbo-
hydrate (g/d) and total fiber intake (g/d), based on uni-
variate analysis. DRS, which comprises of FPG, WHtR, 
and TG to HDL-C ratio, and SBP is a simple pragmatic 
risk score, which has been validated among the Iranian 
population as a main predictor of T2D (16). This ap-
proach is thought to be superior to relying on common 
individual risk factors for identifying individuals at high 
risk of developing T2D in a large Middle Eastern adult 
population (16). An important advantage of using this 
score is to account for major T2D confounders without 
adding variables that may lead to instability of our mod-
els.

Variables with PE (P entry) values of less than 0.2 in 
the univariate analyses were selected as confounders.

All statistical analyses were conducted using the SPSS 
version 20 (IBM Corp., Armonk, NY, USA) and STATA 
version 12 SE (Stata Corp LP, College Station, TX, 
USA). Two-tailed P values of <0.05 were considered 
significant.
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Table 2. The hazard ratio (95% confidence interval) of diabetes mellitus across tertile categories of dietary fats 

Dietary fat T1 T2 T3 P for trend

Total dietary fat
  Crude 1.00 0.92 (0.63∼1.35) 0.65 (0.43∼0.98) 0.037
  Model 1 1.00 1.23 (0.81∼1.87) 0.58 (0.36∼0.95) 0.026
  Model 2 1.00 1.31 (0.77∼2.23) 0.69 (0.27∼1.76) 0.458
Animal fats
  Crude 1.00 0.73 (0.50∼1.08) 0.62 (0.41∼0.93) 0.022
  Model 1 1.00 0.75 (0.48∼1.16) 0.55 (0.35∼0.87) 0.011
  Model 2 1.00 0.80 (0.50∼1.28) 0.65 (0.36∼1.17) 0.152
Plant-based fats
  Crude 1.00 0.77 (0.52∼1.14) 0.69 (0.46∼1.03) 0.075
  Model 1 1.00 1.02 (0.66∼1.57) 0.70 (0.44∼1.10) 0.117
  Model 2 1.00 1.28 (0.75∼2.20) 1.19 (0.52∼2.73) 0.705

Model 1, adjusted for diabetes risk score; Model 2, additional adjustment for total energy intakes (kcal/d), dietary intakes of 
carbohydrate (g/d), and total fiber intake (g/d).

Table 3. Component loadings for dietary fatty acid patterns

Fatty acids
Patterns

1 2 3

Cholesterol 0.565 0.732
SFA 0.815 0.360
Oleic acid (MUFA) 0.952
Linoleic acid (PUFA) 0.876
Linolenic acid (PUFA) 0.862
EPA 0.962
DHA 0.964
Trans fatty acids 0.697

SFA, saturated fatty acid; MUFA, mono-unsaturated fatty acid; 
PUFA, poly-unsaturated fatty acid; EPA, echosapanthaenoic 
acid; DHA, docosahexaenoic acid.

RESULTS

A total of 2,139 adult participants aged 20 years and over 
were included in this study. 55.1% of study participants 
were female, with an overall mean age of 38.3±12.7 
years. After an average follow-up of 5.1 years, 143 partic-
ipants had diabetes (6.6%). The total fat intake for the 
study population was 78.7±31.0 g/d (data not shown).

Baseline characteristics and dietary intakes of the par-
ticipants after 6 years of follow-up by T2D incidence are 
shown in Table 1. Compared to subjects diagnosed with 
T2D, those without T2D were significantly younger, with 
lower BMIs. However, there were no statistically signif-
icant differences by gender, family history of T2D, physi-
cal activity levels, and smoking status. Subjects with 
T2D consumed less SFA, MUFA, oleic acid, and choles-
terol verses healthy participants. There was no significant 
differences in other dietary intakes between the groups.

Total, animal-, and plant-based fat intakes in relation 
to T2D risk were assessed and are presented in Table 2. 
Total dietary and animal-based fats were related to a low-
er risk of T2D in both the crude and the first adjusted 
model (P for trend <0.05). After adjustment for overall 
confounding variables, neither total fat, nor animal- or 
plant-based fats were associated with T2D development.

PCA identified three major fatty acid patterns (Table 
3). Pattern 1 was characterized by higher loads of dietary 
cholesterol, SFA, oleic acid, linoleic acid, linolenic acid, 
and trans fatty acids; pattern 2 by higher loads of dietary 
long chain PUFAs, echosapanthaenoic acid (EPA), and 
docosahexaenoic acid (DHA); and pattern 3 by higher 
loads of dietary cholesterol and SFA. These patterns fat 
pattern 1 was significantly correlated with dietary intake 
of oils, egg, dairy products, seeds, and nuts (Pearson cor-
relation was 0.668, 0.215, 0.285, and 0.271, respectively), 
whereas the fat pattern 2 (cholesterol and SFA pattern) 
was highly correlated with dairy products, red meats and 

poultry, egg, and processed meats (Pearson correlation 
was 0.456, 0.388, 0.590, and 0.218, respectively). Fat pat-
tern 2 (long chain PUFAs pattern) showed a significant 
negative correlation with intake of oils (Pearson correla-
tion: －0.071), and was positively correlated with fish in-
take (Pearson correlation: 0.344, data not shown).

HRs (95% CI) of T2D in relation to major fat patterns 
scores are shown in Table 4. After adjustment for con-
founding variables, there were no significant relationship 
between dietary fat patterns 1 or 2 with incidence of dia-
betes, whereas pattern 3 showed a borderline negative 
association with diabetes development (HR=0.56, 95% 
CI=0.29∼1.07, in the third compared to the first tertile 
of the fatty acid pattern score). The dietary fat pattern 
with a higher load of dietary cholesterol, SFA, oleic acid, 
linoleic acid, linolenic acid, and trans fatty acids was re-
lated to decreased risk of diabetes in both the crude (HR 
=0.65, 95% CI=0.43∼0.98; P for trend=0.042) and first 
model adjusted for DRS (HR=0.52, 95% CI=0.32∼0.86; 
P for trend=0.013). The third pattern was also character-
ized by a higher load of dietary cholesterol and SFA, and 
was related to a lower risk of T2D in both the crude (HR 
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Table 4. The hazard ratio (95% confidence interval) of diabetes across tertile categories of fatty acid patterns scores

Fatty acid pattern T1 T2 T3 P for trend

Pattern 1
  Crude 1.00 0.87 (0.59∼1.27) 0.65 (0.43∼0.98) 0.042
  Model 1 1.00 0.98 (0.65∼1.48) 0.52 (0.32∼0.86) 0.013
  Model 2 1.00 1.00 (0.62∼1.61) 0.56 (0.27∼1.14) 0.167
Pattern 2
  Crude 1.00 0.94 (0.63∼1.42) 1.05 (0.71∼1.57) 0.793
  Model 1 1.00 0.98 (0.63∼1.52) 0.10 (0.63∼1.57) 0.958
  Model 2 1.00 1.07 (0.68∼1.68) 1.10 (0.70∼1.75) 0.674
Pattern 3
  Crude 1.00 0.96 (0.66∼1.38) 0.53 (0.34∼0.82) 0.005
  Model 1 1.00 1.21 (0.81∼1.83) 0.48 (0.29∼0.81) 0.012
  Model 2 1.00 1.29 (0.82∼2.01) 0.56 (0.29∼1.07) 0.174

Model 1, adjusted for diabetes risk score; Model 2, additional adjustment for total energy intakes (kcal/d), dietary intakes of 
carbohydrate (g/d), and total fiber intake (g/d).

=0.53, 95% CI=0.34∼0.82; P for trend=0.005) and first 
adjusted model (HR=0.48, 95% CI=0.29∼0.81; P for 
trend=0.012).

DISCUSSION

In our large, prospective cohort study of 2,139 partici-
pants, we observed no significant associations between 
dietary total, plant-, and animal-based fat and incidence 
of T2D. We identified three dietary fat patterns; the first 
pattern was associated with a high load of dietary cho-
lesterol, SFA, oleic acid, linoleic acid, linolenic acid, and 
trans fatty acids, the second pattern with a high load of 
dietary long chain PUFAs (EPA and DHA), and the third 
pattern with a high load of dietary cholesterol and SFA. 
The results from our data analysis did not show any sig-
nificant associations between fat patterns and incidence 
of T2D. However, the cholesterol and SFA pattern (third 
pattern) had a borderline negative association with the 
T2D development.

Although there are few studies that have examined the 
effect of dietary fat on T2D incidence, these have pro-
duced inconsistent results (17-22). In a recent popula-
tion-based study, a higher intake of total dietary fat was 
associated with a higher fasting glucose concentration 
(odd ratio=1.46, 95% CI=1.07∼2.00) (17), whereas a 
large-scale cohort study found that higher intakes of fat 
had no effect on T2D risk (18); however, we did not find 
evidence to support the relationship between total fat in-
take and T2D. Clinical recommendations emphasize the 
importance of low-fat diets, without drawing attention 
to the quality of fats (19). This current study examined 
the amount, as well as the type of dietary fat on T2D risk. 
Two systematic literature reviews, which summarize the 
associations between the amounts and types of dietary 
fats and T2D incidence, suggested that replacing SFA and 

trans fatty acids with PUFAs and/or MUFAs may reduce 
T2D risk. Limited evidence suggests that PUFAs n-6 
(linoleic acid), but not n-3, is inversely associated with 
risk of diabetes and insulin resistance (20,21). The con-
clusions of these systematic reviews in the context n-3 
fatty acids are in line with our findings; pattern 2 in the 
present study showed a higher load of n-3 PUFAs had no 
significant association with T2D. Studies investigating 
the association of dietary cholesterol with diabetes risk 
also have conflicting results (22,23). A recent meta-anal-
ysis of five longitudinal studies suggested that a higher 
intake of cholesterol may be positively associated with 
T2D risk (22). However, a 5-year follow-up study did not 
find any significant associations between intake of cho-
lesterol or eggs and risk of T2D in Japanese populations 
(23). In this study a negative association between T2D 
risk and higher dietary cholesterol intake was observed in 
postmenopausal women (23). Our findings in respect to 
the high-cholesterol pattern do not support those of pre-
vious studies, which report that high exposure to choles-
terol may increase the risk of T2D (22). However, the rea-
sons underlying these conflicting results remain unclear.

Although the amount and type of dietary fat is high-
lighted in a few previous studies, the fat patterns of an 
individual’s diet may elucidate the synergistic relation be-
tween fats and T2D. The present study is to our knowl-
edge the first to report results separately for animal- and 
plant-based dietary fats, as well as the dietary fat patterns. 
As noted above, in this study we observed a weak non- 
significant association between high cholesterol and SFA, 
and a null association between total fat, animal-, and 
plant-based fat and risk of T2D. Further studies in other 
populations should try and replicate these findings.

The strengths of the present study include a prospec-
tive design, a relatively large sample size, a long-term fol-
low-up period, and detailed data on potential confound-
ers, laboratory assessments for diabetes diagnosis, and 
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dietary assessment using a validated FFQ. The PCA used 
in this study to determine fat patterns generates a broad 
overview of dietary fat composition, and can dissolve 
complexities and take interrelations of dietary fats into 
account. Our study also had some limitations. First, we 
used a self-reported FFQ, therefore measurement error 
was not excluded. Second, we used the USDA food com-
position table to obtain energy of foods and fatty acids 
compositions. Although we adjusted for a wide range of 
potential confounders, we were unable to assess the role 
of environmental and genetic factors.

In conclusion, this study revealed that there is no sig-
nificant association between dietary fat patterns and risk 
of T2D. There was no relationship between total dietary 
fat intake, or animal- or plant-based fat intake and the in-
cidence of T2D. These results are suggestive that dietary 
fat composition may play a more important role than the 
total amount of fat intake for increasing the risk of T2D.
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