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Abstract

Background: To evaluate the association and dose—response relationship between polyunsaturated fatty acid (PUFA)
intake and incidence of type 2 diabetes (T2D) in adults.

Methods: PubMed, Embase, Cochrane Library, and Web of Science databases were searched for cohort studies that
examined the association between PUFA and T2D incidence published up to September 6, 2021. Relative risk (RR) or
hazard ratio (HR) was used as the effect indicator, each effect size was expressed by 95% confidence interval (Cl). The
presence of heterogeneity of effect size between studies was assessed by the Q-test and 12 statistics. If 12> 50%, the
random-effects model was applied, otherwise the fixed effects model was used. Sensitivity analysis was performed for
all models. Potential publication bias was assessed. We conducted linear and nonlinear dose—response meta-analyses,
calculated summary relative risk (SRR).

Results: Twenty-five articles were selected including 54,000 patients in this study. Our estimates observed no linear
associations between total PUFA and the incidence of T2D. However, the summary dose—response curve of T2D risk
increased in a nonlinear pattern with the consumption of omega-3 PUFA (P, jinearity < 0.001) and docosahexaenoic
acid (DHA) (Propjinearity = 0.040). Our subgroup analysis showed that total PUFA intake was associated with increased
incidence of T2D in Europe (RR: 1.040, 95% CI 1.009 to 1.072), and Australia (RR: 1.188, 95% CI 1.113 to 1.269). However,
total PUFA intake was associated with decreased T2D incidence in Asia (RR: 0.897, 95% CI 0.860 to 0.936). Subgroup
analysis based on PUFA types showed that DHA intake was associated with decreased T2D incidence (RR: 1.164, 95%
Cl1.048 to 1.294) while linoleic acid (LA) decreased T2D incidence (RR: 0.956, 95% CI 0.930 to 0.983). Regarding the sex
subgroup, women'’s intake of total PUFA would increase the risk of T2D (RR: 1.049, 95% Cl 1.019 to 1.079) while total
PUFA intake decreased the risk of T2D in men (RR: 0.955, 95% Cl 0.913 to 0.999).

Conclusion: For specific PUFA, dose—response curves show nonlinear significant associations between PUFA intakes
and T2D. It may be necessary to pay attention to the effects of PUFA and type of intake on T2D.

Trial registration Not applicable
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Background

Type 2 diabetes (T2D) accounts for 90-95% of all diabe-

tes cases and is a complex metabolic disorder character-

ized by insufficient insulin secretion and hyperglycemia
*Correspondence: candyT0831@163.com caused by insulin resistance (IR) [1, 2]. It is estimated
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171 million people in 2000 to 366 million people in 2030
[3], which will have a devastating effect on overall health
[4]. T2D increases the risk for diabetes-related compli-
cations, including cardiovascular disease, nephropathy,
retinopathy, microangiopathy [5], and premature death
[6], and thus contributes to high healthcare costs [7].
Thereby, it may be necessary to understand the factors
associated with T2D incidence for preventing and reduc-
ing adverse outcomes of T2D.

Epidemiological and clinical trial evidence demon-
strates that diet plays a major role in preventing or devel-
oping T2D [4, 8, 9]. Currently, a diet low in total and
animal fats and high in plant fats was recommended to
prevent T2D [7]. A previous study showed that a diet rich
in unsaturated fatty acid (UFA), such as the Mediterra-
nean dietary pattern, may prevent the development of
T2D [10]. Polyunsaturated fatty acid (PUFA) is a classi-
fication of UFA that contains two or more double bonds
[11], which has been recommended to prevent T2D by
the American Diabetes Association [12]. Evidence from a
review demonstrates that PUFA has a protective effect on
T2D development [13]. Omega-3 PUFA has been shown
to decrease the production of inflammatory media-
tors, decreasing the development of T2D [14]. Omega-6
PUFA, but not omega-3 PUFA was reported to improve
insulin sensitivity in a meta-analysis [15]. Specific PUFA
may differ in their health effects, the association between
the type of PUFA intake and the incidence of T2D merit
further evaluation. Besides, from China Health and
Nutrition Survey, low and moderate marine omega-3
PUFA consumption was associated with higher T2D risk
whereas high marine omega-3 PUFA consumption was
not associated with T2D risk [16]. Whether there is a
relationship between PUFA intake at different doses and
the incidence of T2D and what kind of relationship also
needs to be clarified.

Herein, the objective of this study was to evaluate the
association and the dose—response relationship of T2D
and PUFA intake. In addition, a subgroup analysis con-
cerning gender, geographic locations, duration of follow-
up, and PUFA classifications was performed in this study
to further explore the association between PUFA intake
and the incidence of T2D in adults.

Methods

Search strategy

Published data for this meta-analysis were identified by
search and selection in PubMed, Embase, Cochrane
Library, and Web of Science databases from inception to
September 6, 2021. Search strategy keywords included
“Acids, Unsaturated Fatty” OR “Unsaturated Fatty Acids”
OR “Unsaturated Fatty Acid” OR “Acid, Unsaturated
Fatty” OR “Fatty Acid, Unsaturated” OR “Polyunsaturated
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Fatty Acids” OR “Acids, Polyunsaturated Fatty” OR “Fatty
Acids, Polyunsaturated” OR “Polyunsaturated Fatty Acid”
OR “Acid, Polyunsaturated Fatty” OR “Fatty Acid, Poly-
unsaturated” OR “Fatty Acid” OR “Fatty Acids, Esterified”
OR “Esterified Fatty Acids” OR “Esterified Fatty Acid” OR
“Acid, Esterified Fatty” AND “T2DM” OR “type 2 diabe-
tes mellitus” OR “type 2 diabetes” OR “T2D”. The detailed
search strategy from PubMed is listed in Additional file 1.

Eligibility criteria

Studies were included if they met the following crite-
ria: (1) individuals who consume PUFA; (2) individuals
> 18 years old; (3) cohort studies that reported the asso-
ciation between intake of PUFA and the incidence of T2D
(The T2D diagnosis was self-reported diabetes or fast-
ing glucose); (4) studies reported a hazard ratio (HR) or
relative risk (RR) with a 95% confidence interval (CI); (5)
studied published in English; (6) latest research results of
the same author.

Exclusion criteria were as follows: (1) animal experi-
ments; (2) randomized controlled trials (RCTs); (3)
reviews and meta-analyses, conference articles, and
letters.

Data extraction

Data extraction was independently performed by Min-
gyuan Hu and Zhengmei Fang. If a discrepancy existed,
a third party (Tao Zhang) would participate in the extrac-
tion of data. The extracted information included the last
name of the first author, year of publication, the country
where the study was conducted, duration of follow-up,
number of participants, sex, age, the total number of par-
ticipants, T2D assessment, exposure, PUFA intake per
category, adjusted risk estimates expressed as HR, or RR
with 95% Cls and adjustment factors.

Risk of bias assessment

The Risk of bias in non-randomized studies of interven-
tions (ROBINS-I) assessment tool [17] was used to evalu-
ate the methodological quality of the included studies.
The scale includes seven aspects: bias due to confound-
ing, bias due to selection of participants, bias due to
exposure assessment, bias due to misclassification dur-
ing follow-up, bias due to missing data, bias due to meas-
urement of results, and bias due to selective reporting of
results. The overall risk of bias of each paper was catego-
rized into “Low’, “Moderate’, and “Serious”

Statistical analysis

RR or HR was used as the effect indicator, each effect
size was expressed by 95% Cls. The presence of hetero-
geneity of effect size between studies was assessed by the
Q-test and I? statistics. If I>>50%, the random-effects
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model was applied, otherwise the fixed effects model
was used. Models were stratified by sex, geographic loca-
tion (United States, Europe, Australia, Asia), duration of
follow-up (<10 years and > 10 years), and exposures of
PUFA types [PUFA, omega-3, omega-6, alpha-linolenic
acid (ALA), eicosapentaenoic acid (EPA), docosahexae-
noic acid (DHA), EPA in combination with DHA, lin-
oleic acid (LA), arachidonic acid (AA)] to perform the
subgroup analysis. Sensitivity analysis was performed to
test whether each single study could influence the stabil-
ity of the results. Potential publication bias was assessed
by Begg’s test. When publication bias occurred, the “cut-
and-fill method” was adopted to adjust publication bias.
A linear and nonlinear trend of the dose-response
relation was estimated. Each study’s specific slope (lin-
ear trend) and its standard error were calculated from
the RR /HR of PUFA intake and relevant natural loga-
rithms. Then meta-regression and restricted maximum
likelihood (REML) of random effects were used to esti-
mate the synthetically study-specific slope. The nonlin-
ear dose-response relationship between PUFA intake
and the incidence of T2D was evaluated using binary
random-effects meta-regression and REML estimation.
The method of restricted cubic splines with three knots
at percentiles 10%, 50%, and 90% of the distribution was
adopted using the generalized least-square model to syn-
thesize the research results of two specific trends. We
tested for potential nonlinearity using quadratic splines.
All analyses were performed using Stata 15.1 software
(Stata Corporation, College Station, TX, USA). And
P<0.05 was considered to be statistically significant.

Results

Literature search and study characteristics

A total of 7617 articles were identified through databases
searching, of which 6282 were duplicated articles. After
title/abstract review, 54 records were selected. Finally,
25 articles [16, 18—41] including 54,000 patients met the
established inclusion criteria and were enrolled in this
study. The literature search strategy of included studies is
depicted in Fig. 1. There were 10 studies from the USA,
7 studies from Europe, 6 studies from Asia, and 2 stud-
ies from Australia. The characteristics of these studies are
presented in Table 1. And the risk of bias assessment of
included studies is shown in Table 2.

PUFA intake and incidence of T2D

A total of 25 articles were included to assess the asso-
ciation between PUFA intake and the incidence of T2D.
The heterogeneity test showed that I = 68.2%, so the ran-
dom-effect model was used for analysis. The result dem-
onstrated that total PUFA intake could not be considered
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to be associated with the development of T2D (RR: 1.012,
95% CI10.992 to 1.032, P=10.246) (Table 3).

Based on sex subgroup, consumption of total PUFA
would increase the incidence of T2D among women
(I?=77.1%, RR: 1.049, 95% CI 1.019 to 1.079, P=0.001),
while decreasing the incidence of T2D among men
(I?=62.2%, RR: 0.955, 95% CI 0.913 to 0.999, P=0.044)
(Table 3).

When concerning geographic location, total PUFA
intake was associated with increased incidence of T2D
in Europe (I>=54.8%, RR: 1.040, 95% CI 1.009 to 1.072,
P=0.012), and Australia (I>=0.0%, RR: 1.188, 95% CI
1.113 to 1.269, P<0.001). However, total PUFA intake
decreased the incidence of T2D in Asia (I>=45.4%, RR:
0.897, 95% CI 0.860 to 0.936, P<0.001) (Table 3).

Subgroup analysis based on the duration of follow-up
indicated that there was no association between total
PUFA intake and T2D when the duration of follow-up
was <10 years (I?=38.4%, RR: 0.999, 95% CI 0.968 to
1.031, P=0.942), and > 10 years (I>=79.2%, RR: 1.016,
95% CI10.991 to 1.042, P=0.200) (Table 3).

Subgroup analysis based on PUFA types indicated that
no association with T2D incidence for omega-3 PUFA
(I?=69.0%, RR: 1.028, 95% CI 0.987 to 1.070, P=0.183),
omega-6 PUFA (I?=60.7%, RR: 0.985, 95% CI 0.942 to
1.030, P=0.511), ALA (I’=59.2%, RR: 1.003, 95% CI
0.966 to 1.041, P=0.887), EPA (I?=64.9%, RR: 1.078,
95% CI 0.965 to 1.203, P=0.183), and AA (I>=92.5%, RR:
1.286, 95% CI 0.964 to 1.716, P=0.087). Consumption of
DHA was associated with T2D incidence (I>=61.4%, RR:
1.164, 95% CI 1.048 to 1.294, P=0.005). However, lower
T2D incidence was observed with LA intake (IZ=40.4%,
RR: 0.956, 95% CI 0.930 to 0.983, P=0.001) (Table 3).

Dose-response relationship between PUFA and incidence
of T2D

We observed no linear associations between PUFA and
the incidence of T2D. Thus, we summarized the non-lin-
ear dose—response of different types of PUFA to the inci-
dence of T2D. The dose-response relationship showed an
increasing nonlinear trend as the accumulated omega-3
PUFA intake increased (P,pineariey <0-001) (Fig. 2a)
while there were no significant nonlinear associations
between total PUFA, omega-6 PUFA, ALA, LA intakes
and T2D incidence. When EPA intake was between 110
and 150 mg/d, an increasing nonlinear trend of T2D
incidence was observed (P, oyjinearity = 0.023), after which
the curve decreased slightly, remaining close to no asso-
ciation (Fig. 2b). The T2D risk was highest when DHA
intake was 200—-300 mg/d, and the dose—response asso-
ciation was statistically significant (P,onjinearity =0-040)
(Fig. 2¢).
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Studies identified through databases
searching (n=7617)

Pubmed (n=1469) Embase (n=2616)
Web of Science (n=2833)

Cochrane Library (n=699)

Studies after duplicates
removed (n=6282)

N\

Titles and abstracts screened
for eligibility (n=54)

Number of studies excluded (n=6228)
Reviews or Meta-analyses (n=2482)
Case reports or abstracts (n=303)
Animal trials (n=338)

Subjects not meeting the requirements

Full-text articles screened for
eligibility (n=25)

A

Studies included in qualitative

synthesis (n=25)

Fig. 1 The literature search strategy of included studies

Full-text articles excluded (n=29)

Data not available (n=2)
Not relevant to research (n=12)
Subjects not meeting the requirements (n=15)

Sensitivity analysis and publication bias

Our sensitivity analysis suggested the stability of the
result, indicating our findings are robust (Table 3).
Begg’s test result showed that there was a publication
bias in this study, so the “cut-and-fill method” was
adopted to adjust the bias and effect size. The combined
prevalence of the random effect model before the “cut-
and-fill method” was 1.012 (95% CI 0.992 to 1.032). The
estimated number of missing studies was 7. Then, all
the studies were re-meta-analyzed after the studies with
missing estimates were included. After the “cut-and-fill
method’, the combined prevalence of the random effect
model was 0.903 (95% CI 0.785 to 1.038) (Fig. 3).

Discussion

The prevalence of T2D is rising sharply in nearly all
nations in the world [42], which highlights the need for
widespread preventive treatment. Of all the major guide-
lines, diet is the cornerstone of prevention and treatment
[43]. Nevertheless, the association between PUFA and
T2D incidence is inconclusive [5]. Thus, in this study,
we estimated the associations and the dose-response
relationship between the dose of PUFA intake and T2D
development. We found that omega-3 PUFA and DHA
intakes had nonlinear dose—response relationships with
T2D incidence. Moreover, subgroup analysis suggested
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Table 2 Risk of bias in non-randomized studies of interventions quality assessment
Study Bias due to Bias due to Bias due to Bias due to Bias due to Bias due to Biasdueto  Overall
confounding selectionof  exposure misclassification missing data measurement selective judgement
participants assessment  during follow-up of the reporting of
outcome the results
Alhazmi 2013 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Brostow 2011 Moderate Low Moderate Moderate Low Moderate Low Moderate
Djoussé 2011a  Moderate Low Moderate Moderate Low Moderate Low Moderate
(WHS)
Djoussé 2011b  Serious Moderate Moderate Low Low Low Low Serious
(CHS)
Dow 2016 Moderate Low Moderate Moderate Moderate Moderate Low Moderate
Ericson 2015 Moderate Moderate Moderate Moderate Low Low Low Moderate
Guasch-Ferre  Moderate Moderate Moderate Low Low Low Low Moderate
2017
Kaushik 2009 Moderate Low Moderate Low No informa- Moderate Low Moderate
tion
Kroger 2011 Moderate Low Moderate Moderate Low Low Low Moderate
Meyer 2001 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Salmeron 1997 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Salmeron 2001 Moderate Moderate Moderate Moderate No informa- Low Low Moderate
tion
Song 2004 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Van Dam 2002 Moderate Moderate Moderate Low Low Moderate Low Moderate
Van Wouden-  Moderate Moderate Moderate Moderate Moderate Low Low Moderate
bergh 2009
Villegas 2011 Moderate Low Moderate Low Low Low Low Moderate
Virtanen 2014 Moderate Low Serious Moderate Low Low Low Serious
Wang 2015 Moderate Low Moderate Low Low Low Low Moderate
Zheng 2018 Moderate Low Moderate Moderate Moderate Low Low Moderate
Zong 2019 Moderate Moderate Moderate Low Low Moderate Low Moderate
Hodge 2007 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Nanri 2011 Moderate Moderate Moderate Moderate Low Moderate Low Moderate
Mirmiran 2018 Moderate Low Moderate Moderate Moderate Moderate Low Moderate
Zhang 2019 Moderate Low Moderate Moderate Low Low Low Moderate
@yen 2021 Moderate Moderate Moderate Low Low Moderate Low Moderate

total PUFA intake was associated with increased inci-
dence of T2D in Europe and Australia whereas it was
associated with a decreased incidence in Asia. Regard-
ing the type of PUFA, DHA intake was associated with
an elevated T2D incidence, while LA was associated with
a decreased incidence of T2D. Additionally, consump-
tion of total PUFA would increase the incidence of T2D
in women while decreasing the incidence of T2D in men.
However, there was no linear association between PUFA
intake and the incidence of T2D.

Omega fatty acids are PUFA with an acid end con-
taining the functional carboxylic acid group and a
methyl end, also known as the omega end. In omega-3
and omega-6 fatty acids, the first site of desaturation

is located after the third and the sixth carbon from the
omega end, respectively [44]. Omega-3 fatty acids are
found in salmon, mackerel, and other cold-water fish, as
well as flaxseed, walnuts, and canola oil [45]. DHA and
EPA are long-chain omega-3 fatty acids that are present
in fish oils, seafood, algae, and fortified foods, while ALA
is derived from plant sources [37]. Our nonlinear dose—
response meta-analysis indicated a significant associa-
tion of increased T2D incidence with increasing omega-3
PUFA intake. A study [16] evaluating the current level
of omega-3 PUFA intake and risk of T2D in China has
found that intake of marine omega-3 PUFA was dose-
dependently associated with higher T2D risk for both
men and women. Dow et al. [22] found high omega-3
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Table 3 Overall results and sensitivity analysis

Indicators Summary RR (95% Cl) p 1 (%)
Total PUFA 1.012(0.992,1.032) 0.246 68.2
Sensitivity analysis 1.012(0.992, 1.032)
Publication bias =246 0.014
Sex
Women 1.049 (1.019, 1.079) 0.001 77.1
Men 0.955 (0.913,0.999) 0.044 62.2
Mixed 0.984 (0.955,1.013) 0.269 412
Geographic location
United States 1.011(0.982, 1.041) 0.467 782
Europe 1.040 (1.009, 1.072) 0.012 548
Australia 188 (1.1 269) <0.001 0.0
Asia 0.897 (O 860, 0. 936) <0.001 454
Duration of follow-up, y
<10 0.999 (0.968, 1.031) 0.942 384
>10 1.016 (0.991, 1.042) 0.200 79.2
Exposure
PUFA 0.979 (0.905, 1.058) 0.588 63.7
Omega-3 1.028 (0.987,1.070) 0.183 69.0
Omega-6 0.985 (0.942, 1.030) 0511 60.7
ALA 1.003 (0.966, 1.041) 0.887 59.2
EPA 1.078 (0.965, 1.203) 0.183 64.9
DHA 64 (1.048,1.294) 0.005 614
EPA 4 DHA 0.992 (0.926, 1.064) 0.830 00
LA 0.956 (0.930, 0. 983) 0.001 404
AA 1.286 (0.964, 1.716) 0.087 92.5

RR relative risk, PUFA polyunsaturated fatty acid, ALA alpha linolenic acid,
EPA eicosapentaenoic acid, DHA docosahexaenoic acid, LA linoleic acid, AA
arachidonic acid

PUFA consumption was associated with T2D even after
adjustment for confounders. The association between
omega-3 PUFA and T2D risk may be due to the effects
of mega-3 PUFA on blood glucose and insulin sensitiv-
ity. A high intake of omega-3 PUFA has been found to
increase blood glucose and decrease insulin sensitivity
[46]. In our dose—response analysis, further examination
of the source of omega-3 PUFA revealed that a higher
DHA intake was significantly associated with T2D inci-
dence and the risk was highest when DHA intake reached
200-300 mg/d. Kaushik et al. examined the association
between dietary omega-3 PUFA and incidence of T2D
in 3 prospective cohorts of women and men [25], finding
an increased risk of T2D with the intake of long-chain
omega-3 PUFA (EPA and DHA) especially with higher
intakes (200 mg/d). The result of our dose-response
analysis indicates that the potentially detrimental effect
of DHA or omega-3 PUFA intake threshold should be
focused on and further studied.
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LA is the predominant omega-6 PUFA [47] and
accounts for 80—90% of total dietary PUFA, which was
associated with a reduction in the incidence of T2D in
this study. The protective effect of LA on insulin homeo-
stasis has been well characterized [48]. In a consortium
of 20 studies across ten countries, biomarker levels of
LA were inversely associated with incident T2D; dietary
PUFA (mostly LA) improved blood sugar, IR, and insulin
secretion compared with carbohydrates, saturated fats,
and even monounsaturated fats at some endpoints [49].
In the European Prospective Investigation into Cancer
and Nutrition study, Forouhi et al. provided evidence of
strong and significant inverse associations between T2D
and LA; the risk decreased by 20% for every 1-standard
deviation increased LA [50]. Based on U.S. data, Zong
et al. provided additional evidence that LA intake was
inversely associated with the risk of T2D [37]. Experi-
mental evidence supports the biological plausibility of
beneficial effects of omega-6 LA, on several mechanisms
associated with insulin sensitivity and the development of
T2D [51]. The incorporation of unsaturated fats improves
cell membrane fluidity and function, such as glucose
transporter (GLUT) translocation, insulin receptor bind-
ing and affinity, cell signal transduction, and ion perme-
ability, which together improve insulin sensitivity [52].

We observed geographic differences regarding the asso-
ciation of T2D incidence and PUFA intake. An inverse
association between long-chain omega-3 PUFA and
T2D incidence was observed in the Asian population [7].
The protective association of omega-3 PUFA consump-
tion with T2D was reported by the Japan Public Health
Center-based Prospective Study in men and the Shang-
hai Women’s Health Study [33, 39]. Chen et al. and Wal-
lin et al. concluded omega-3 PUFA intakes were related
to lower T2D risk only in Asian but not North American
or European populations [4, 53]. In Caucasians, cohort
studies suggested an elevating T2D risk with the increase
of fish and omega-3 PUFA intakes [20, 25]. The discrep-
ancy in findings may be partly because an Asian popula-
tion has different metabolic and lifestyle characteristics
with T2D compared with the United States or European
populations [54]. Western dietary patterns are character-
ized by high intake of sugar, red meat, and fried foods;
The dietary pattern of Asians, especially The Chinese and
Japanese, is also known as the prudent dietary pattern,
which includes a high intake of fruits, vegetables, fish and
tofu [36, 55]. These findings have important public health
implications. The influence of genetic and gene-—diet
interactions on T2D in different populations needs to be
further explored to understand the relationship between
PUFA intake and T2D incidence.
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We found that the consumption of total PUFA was
associated with the risk of an increasing T2D in women
while the consumption of total PUFA was associated
with the risk of a decreasing incidence of T2D in men.
However, there was no linear association between
PUFA intake and the incidence of T2D. In a cohort
of Australian women from the Australian Longitudi-
nal Study of Women’s Health, total omega-3 PUFA,
ALA, and total omega-6 PUFA intakes were positively
associated with the incidence of T2D among women
[18]. A cross-sectional study in China demonstrated
that higher omega n-6 PUFA status may be protective
against the risk of T2D in men [56]. In a prospective
cohort comprising only 2189 middle-aged and older
Finnish men, Yary et al. found that omega-6 PUFA was
inversely associated with T2D in men but not in women
[57]. Males and females differ in their levels of diabetes
risk, which may attribute to the clear sex-specific dis-
parities in dietary intake habits, which lead to varying
PUFA profiles [58]. Sex differences may also be attrib-
uted to differences in the distribution and function of
different adipose tissue depots in men and women [59].

This study is a detailed assessment of PUFA intake
and T2D, including different classifications of PUFA,
sex, duration of follow-up. The large sample size of
the included studies makes this study more power-
ful to examine the associations between PUFA intake
and T2D than any individual study. Besides, we fur-
ther examined the linear and nonlinear association of
PUFA intake and T2D incidence. However, potential
limitations to this study should also be considered. Het-
erogeneity and potential publication bias may influence
the result of this meta-analysis. The extent to which
PUFA from different sources affects T2D development
remains unknown. In our study, it is not clear whether
the source of PUFA intake is food or supplements, and
the relationship between source of PUFA and T2D
needs to be elucidated in the future.

Conclusions

In this study, omega-3 PUFA and DHA intakes had
nonlinear dose-response associations with T2D inci-
dence. PUFA was likely to have different effects on T2D
incidence. In addition, regional and sex differences in
the relationship between T2D and PUFA were also
observed.

Abbreviations

T2D: Type 2 diabetes; PUFA: Polyunsaturated fatty acid; RR: Relative risk; HR:
Hazard ratio; Cl: Confidence interval; DHA: Docosahexaenoic acid; LA: Linoleic
acid; IR: Insulin resistance; UFA: Unsaturated fatty acid; RCTs: Randomized con-
trolled trials; ROBINS-I: Risk of bias in non-randomized studies of interventions;
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ALA: Alpha-linolenic acid; EPA: Eicosapentaenoic acid; AA: Arachidonic acid;
REML: Restricted maximum likelihood.
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