
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Systematic review/Meta-analysis

Corresponding author:
Fuyuan Zhuge 
Department of Endocrine  
and Metabolism
Shaoxing People’s Hospital
Shaoxing Hospital  
of Zhejiang University
No. 568, Zhongxing North 
Road
Yuecheng District, Shaoxing, 
Zhejiang
312000, China
Phone: +86 575-88228888
Fax: +86 575-88228888
E-mail: ffyyzg120@126.com

1 Clinical Laboratory Center, Shaoxing People’s Hospital, Shaoxing Hospital of Zhejiang 
University, Shaoxing, Zhejiang, China

2 Department of Hospital Management, Shaoxing People’s Hospital, 
Shaoxing Hospital of Zhejiang University, Shaoxing, Zhejiang, China

3 Department of Endocrine and Metabolism, Shaoxing People’s Hospital, 
Shaoxing Hospital of Zhejiang University, Shaoxing, Zhejiang, China

Submitted: 2 August 2019; Accepted: 18 February 2020
Online publication: 29 November 2020

Arch Med Sci 2023; 19 (5): 1421–1427
DOI: https://doi.org/10.5114/aoms.2020.101299
Copyright © 2020 Termedia & Banach

Polyunsaturated fatty acid status and risk of type 1 
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A b s t r a c t

Introduction: The existing findings about the association between polyun-
saturated fatty acid (PUFA) status (especially long-chain n-3 PUFAs) and the 
risk of preclinical or clinical type 1 diabetes (T1D) in children are controver-
sial. This review aimed to evaluate the definite association. 
Material and methods: Three databases were systematically viewed until 
July, 2019 to identify relevant articles, without language restriction. Any ob-
servational study or randomized controlled trial reporting the risk estimates 
of preclinical or clinical T1D for PUFA status in infants and children was en-
rolled. Regardless of the statistical heterogeneity assessed by the I2 statistic, 
we pooled the odds ratios (ORs), relative risks (RRs) or hazard ratios (HRs) 
with 95% confidence intervals (CI) through random-effects models. 
Results: Five observational studies were enrolled in the meta-analysis. The 
status of n-3 PUFAs was negatively and significantly associated with the risk 
of preclinical, but not clinical, T1D (pooled RR = 0.85; 95% CI: 0.73–0.99) 
with substantial heterogeneity (I2 = 72.2%). However, no such association 
was found between n-6 PUFA status and the risk of preclinical or clinical 
T1D. 
Conclusions: The meta-analysis suggests that n-3 PUFA might play a  po-
tential protective role in the cause of preclinical T1D, and n-3 PUFA intake 
may be beneficial, since the n-3 PUFA status was associated with a  sig-
nificant decrease in the risk of preclinical T1D in children. Nevertheless, 
more well-designed prospective studies are necessary to determine whether 
dietary or supplemental intake of specific n-3 PUFA alters the risk of pre-
clinical T1D. 

Key words: polyunsaturated fatty acid status, type 1 diabetes, islet 
autoimmunity, risk, systematic review, meta-analysis.

Introduction

Type 1 diabetes (T1D), a  chronic autoimmune disease, commonly 
attacks children [1], and its global incidence has increased for the last  
10 years [2]. Before the clinical phase of T1D manifested with hyper-
glycemia, a  months- or years-long asymptomatic period is observed, 
during which β-cell autoantibodies and their antigens are found in the 
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bloodstream. Examining the risk factors of auto-
antibodies, which appear prior to clinical diabetes, 
would reveal critical clues concerning the early 
pathogenic incidents of autoimmunity and proba-
bly the causes of T1D. The cause for autoimmunity 
is still unknown, but it may involve both a genet-
ic background [3] and environmental factors [4, 
5]. Dietary factors, such as polyunsaturated fatty 
acids (PUFAs) [6] and vitamin D [7, 8], are critical 
in the causes of T1D and in the initiation of auto-
immunity that results in the occurrence of clinical 
diseases. 

The existing findings about the association be-
tween PUFA status (especially long-chain n-3 PUFAs)  
and the risk of preclinical or clinical T1D in children 
are controversial, with some studies reporting a neg-
ative association [9, 10] and other studies reporting 
a positive association [6, 11]. The inconsistent re-
sults among the previous studies might be attribut-
ed to the various patient characteristics, types of 
PUFAs, and biomarkers of PUFA status. Different 
PUFA status biomarkers reflect intake, and metab-
olism of fatty acids differs (lasting from 4–6 weeks  
for erythrocyte membrane [12] to 1–2 weeks for 
serum [13]). A  recent systematic review and me-
ta-analysis [14] suggests that the risk of preclinical 
T1D might be reduced by n-3 PUFA intake only in 
early life. It is unclear whether the effect depends 
on the improvement of the status of n-3 PUFA since 
conflicting results about intake/status and the risk 
of disease were found in previous reviews [15, 16]. 
PUFA intake also does not necessarily lead to an 
equivalent change or other change in the status of 
PUFA [17]. Compared with PUFA intake, PUFA sta-
tus may provide important insights into the role of 
PUFA in the pathogenesis of preclinical or clinical 
T1D. Biological effects of dietary PUFA depend on 
their ability to be absorbed in the intestine and 
transported to the systemic circulation and target 
tissues (i.e., bioavailability), which could greatly 
differ among individuals [18]. As reported, the pos-
sible protective effect of n-3 PUFA on islet auto-
immunity (IA) may be attributed to a complicated 
interaction between the intake and gene-regulated 
desaturation of fatty acids [10]. Thus, PUFA status 
depends on both the diet intake and PUFA metab-
olism. Meanwhile, Zhao et al. [19] drew the conclu-
sion that vitamin E may play a role in the mainte-
nance of the plasma n-3 PUFA profile in humans 
with consequent desirable health effects since they 
found there are statistical relationships between 
plasma fatty acid profile and vitamin E intake.

Given the considerations above, we systemat-
ically reviewed and meta-analyzed the observa-
tional studies (OSs) and randomized controlled 
trials (RCTs) that have evaluated the association 
between PUFA status and the risk of preclinical or 
clinical T1D in infants and children.

Material and methods

Search scheme and selection criteria

Embase, Wiley Cochrane Central Register of 
Controlled Trials, and PubMed were systematically 
reviewed to identify clinical trials or observation-
al studies published before July 18, 2019 (date of 
last search) following relevant guidelines [20, 21]. 
The search string broadly included “Fatty Acids,” 
“Omega-3”, “Omega-6”, “Docosahexaenoic Ac-
ids”, “Eicosapentaenoic Acid”, “Linolenic Acids”, 
“Linoleic Acids”, “pufa”, “polyunsaturated*”, “type 
1 diabetes”, “IDDM”, “T1DM”, “islet autoimmuni-
ty”, or “autoimmunity”. We scanned the reference 
lists of the reports found in our search to identify 
other potentially relevant studies. The searches 
were performed by X.M.W. and J.F.D. independent-
ly, and any conflict between them was modulat-
ed by F.Y.ZG. The authors were contacted for de-
tailed data if necessary. No ethical approval was 
required here.

Inclusion and exclusion criteria

The inclusion criteria included the following: 
(I) OSs or RCTs that evaluated the association be-
tween PUFA status and the risk of preclinical T1D 
(including islet or β-cell autoimmunity) or clinical 
T1D in infants and children without restriction of 
follow-up duration (the case definitions of preclin-
ical and clinical T1D were based on the criteria 
provided by individual studies) and (II) relative 
risks (RRs), hazard ratios (HRs) or odds ratios 
(ORs) that were available, or data that were pro-
vided for their estimation. The exclusion criteria 
were as follows: (I) PUFA status that was evalu-
ated from pregnant mothers and (II) quasi-RCT, 
cross-controlled trial, case report, comment, edi-
torial letter, or unpublished article.

Data extraction and quality assessment

Demographic data (e.g., age and sex), maternal 
educational level, breastfeeding duration, high-
risk genotype in the study populations, family 
history of T1D, and PUFA status biomarker were 
all extracted in standardized forms. The quality 
of each article was scored according to the New-
castle-Ottawa Scale (NOS) by X.M.W. and J.F.D. in-
dependently, and any discrepancy between them 
was addressed by re-evaluating the original arti-
cle with F.Y.ZG. A score > 6 stars, with a  total of  
9 stars, indicates high quality of an article [22].

Statistical analysis

The primary endpoints were the risk of preclini-
cal or clinical T1D in infants and children. The RRs, 
HRs or ORs with 95% confidence intervals (CIs) 
of dichotomous data were pooled. PUFA mea-
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surements in different age groups from the same 
study were merged together before being pooled 
with measurements from the other studies. More-
over, the outcomes that only reported the associa-
tion between some individual PUFA status and the 
risk of T1D in the same article were also merged. 
Separate analyses of PUFAs were prespecified giv-
en the different inherent functions.

Heterogeneity among studies was classified as 
minimal (I2 statistic < 25%), moderate (< 50%), 
or substantial (≥ 50%) [23]. The CI of I2 was es-
timated using an iterative noncentral c2 distri-
bution [24]. Due to a priori heterogeneity of OSs, 
subgroups were designed using the following:  
(1) PUFA status assessment methods (PUFA com-
position of erythrocyte films (Group 1), serum PUFA 
level (Group 2)), (2) study design (case-control 
study (Group 1), nested case-control study (Group 
2)), (3) region (United States (Group 1), Finland 
(Group 2)), (4) mean age of PUFA measurement 
(children (Group 1), infants (Group 2)), and (5) co-
hort group (DAISY (Diabetes Autoimmunity Study 
in the Young) cohort (Group 1), DIPP (Type 1 Diabe-
tes Prediction and Prevention) cohort (Group 2)).  
Sensitivity analyses were also performed to iden-
tify any measurable origin of heterogeneity.

Publication bias was tested using the visu-
ally interpreted asymmetry of funnel plots and 
Egger’s regression asymmetry test (significance  
at p < 0.10) [25] and then treated using the trim-
and-fill method [26]. All tests were completed 
using Stata 14.0 (Stata College Station, TX, USA) 
with a p in a two-tailed test less than 0.05 indicat-
ing significance.

Results

Study selection, characteristics, and quality 
assessment

The initial searches returned 405 potential arti-
cles, of which 31 articles were reserved for further 
examination. One study using the total serum 
PUFA status from the pregnant mother [27] was 
excluded. No RCT was found in our search. Final-
ly, 5 OSs involving 1,757 patients were selected, 
including two nested case-control studies within 
a prospective cohort [6, 28] and three case-control 
studies in a prospective cohort [9–11] (Figure 1).  
Table I  summarizes the key information of the  
5 OSs, with sample sizes ranging from 167 to  
674 patients. All 5 studies reported the outcomes 
of PUFA measurements from different age groups. 
One study only reported some specific, rather 
than total, PUFA status [6]. Data about the risk of 
preclinical and clinical T1D were presented in four 
OSs [6, 9, 10, 28] and one OS [11], respectively. 
The definitions of preclinical T1D varied substan-
tially among studies. The 5 OSs are all highly qual-

ified (NOS scores ≥ 7, mean = 8.60; Supplementa-
ry Table SI).

Association between n-3 polyunsaturated 
fatty acid (PUFA) status and risk of 
preclinical or clinical type 1 diabetes (T1D)

In 4 OSs, n-3 PUFA status was significantly 
associated with a reduced risk of preclinical T1D 
in children (pooled RR = 0.85; 95% CI: 0.73–0.99;  
p = 0.042), with substantial heterogeneity (I2 = 
72.2%, p = 0.013; Figure 2). Similar results of n-3 
PUFA status were observed in the Group 1 sub-
group (pooled RR = 0.57; 95% CI: 0.42–0.77; p < 
0.001), but not in the Group 2 subgroup (RR = 
0.94; 95% CI: 0.89–1.00; p = 0.069) (Supplemen-
tary Figure S1).

The evident publication bias (p = 0.023 in 
Egger’s test) was processed by performing sensi-
tivity analysis based on the trim-and-fill method. 
As a  summary, potential negative unpublished 
articles were conservatively imputed to identify 
the positive articles that were responsible for the 
funnel plot asymmetry. To explore the publication 
bias based on the trim-and-fill method, we did not 
substitute the probable missing data and found 
basically similar results.

Only one study has suggested no association 
between n-3 PUFA status and the risk of clinical 
T1D in children [11].

Association between n-6 PUFA status  
and risk of preclinical or clinical T1D

The random effects model showed that n-6 
PUFA status was not strongly associated with 
the risk of preclinical T1D in infants and children 

Figure 1. Flow chart of study selection

Records identified through database 
searching (N = 405)

PubMed: 155
Embase: 212
CENTRAI: 34

Other sources: 4

374 Excluded after duplicates removed, 
review of title and abstract 

26 Excluded after review of article
21 had no information on outcome  

of interest
5 were in abstract form only

5 Articles included in the meta-analysis
2 nested case-control studies

3 case-cohort studies

31 Articles with full-text retrieved for 
more detailed assessment 

http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dfunction%26keyfrom%3Dhao360&q=%E4%BD%9C%E7%94%A8+%E8%8B%B1%E6%96%87&ts=1500636207&t=2ee741505cff906643705b83d5bd0a5
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(pooled RR = 1.02; 95% CI: 0.94–1.11; p = 0.562), 
with non-significant heterogeneity (I2 = 29.3%,  
p = 0.236). Figure 3 shows the forest plots of 
this meta-analysis. Similar results were observed 
both in n-6 PUFA status in the Group 1 subgroup  
(RR = 0.87; 95% CI: 0.69–1.10; p = 0.251) and in 
n-6 PUFA status in the Group 2 subgroup (RR = 
1.05; 95% CI: 0.98–1.02; p = 0.178) (Supplemen-
tary Figure S2).

Neither Egger’s test nor visual inspection re-
vealed evident publication bias.

Moreover, no reliable association between n-6 
PUFA status and the risk of clinical T1D was re-
ported in one study [11].

Discussion

As far as we know, we were the first to system-
atically review and meta-analyze the association 
between PUFA status and the risk of preclinical 
or clinical T1D in infants and children. This work, 
searching all existing studies and involving 1,757 

children, shows a significant association between 
n-3 PUFA status and the risk of preclinical T1D, 
but only 4 OSs reported the relevant RRs in in-
fants and children. Two studies reported a nega-
tive association [9, 10], but the other two stud-
ies reported a positive association [6, 9, 28]. The 
between-study heterogeneity could be ascribed 
to the methodological differences in addition 
to genetic risk in the study populations. For in-
stance, (1) the expression of preclinical T1D was 
diverse among studies. They shared a  common 
expression, with positivity for insulin autoanti-
bodies, glutamic acid decarboxylase antibodies 
(GADAs) or the 65 kDa isoform of GADAs, or in-
sulinoma-related antigen-2 autoantibodies. Some 
studies confirmed the presence of clinical T1D or 
the repeated positivity for islet cell autoantibodies 
besides common expression. (2) The mean ages 
of the subjects using fatty acid measurements 
were very distinct. In the first study, membrane 
fatty acid data were available for 4 time points 

Figure 2. Forest plot of OSs on association between n-3 PUFA status and risk of preclinical T1D (X-axis: log scale; 
solid square: relative risk; horizontal lines: 95% CIs. The same in other figures)

Figure 3. Forest plot of OSs on association between n-6 PUFA status and risk of preclinical T1D

Study or subgroup Relative risk (95% CI) Weight (%)

Norris et al. 2007 0.63 (0.41, 0.96) 10.19

Virtanen et al. 2010 0.95 (0.87, 1.04) 39.46

Norris et al. 2014 0.52 (0.34, 0.79) 10.34

Niinisto et al. 2017 0.94 (0.87, 1.03) 40.01

Overall (I2 = 72.2%, p = 0.013) 0.85 (0.73, 0.99) 100.0

Note: Weights are from random effects analysis.

Study or subgroup Relative risk (95% CI) Weight (%)

Norris et al. 2007 1.02 (0.68, 1.53) 3.91

Virtanen et al. 2010 1.01 (0.93, 1.11) 43.22

Norris et al. 2014 0.80 (0.60, 1.08) 7.16

Niinisto et al. 2017 1.08 (0.99, 1.17) 45.71

Overall (I2 = 29.3%, p = 0.236) 1.02 (0.94, 1.11) 100.0

Note: Weights are from random effects analysis.

 0.34 1 2.94

 0.6 1 1.67

http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dexpression%26keyfrom%3Dhao360&q=%E8%A1%A8%E8%BE%BE+%E8%8B%B1%E6%96%87&ts=1506512333&t=95180a8803d5dea11eef1b12e2104b3
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Ddiversified%26keyfrom%3Dhao360&q=%E5%A4%9A%E6%A0%B7%E5%8C%96%E7%9A%84+%E8%8B%B1%E6%96%87&ts=1506511854&t=3154d133f0c3ad0ff2247be4dfc190c
http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3Dvery%2520distinct%26keyfrom%3Dhao360&q=%E9%9D%9E%E5%B8%B8%E4%B8%8D%E5%90%8C%E7%9A%84+%E8%8B%B1%E6%96%87&ts=1507275748&t=4e723ca72b41f95f8b00bc620ebd365
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per child on average in the 214 subcohort popula-
tion [9]. In the second study, the serum fatty acids 
were measured 1 year, at least half year, before 
the subsequent occurrence of β-cell autoimmuni-
ty, and upon or before the transition to advanced 
β-cell autoimmunity [6]. Another study reported 
the n-3 and n-6 erythrocyte fatty acid contents in 
3-, 6-, and 9-year-olds [10]. Moreover, serum fatty 
acids were reported in 3- and 6-month-old infants 
[28]. It was found that long-chain n-3 PUFAs could 
protect infants from the possible development of 
preclinical T1D during their infancy, in which the 
immune system is maturing and developing. We 
previously found that n-3 PUFA intake only in early 
life might reduce the risk of preclinical T1D [14] 
based on a  subanalysis enrolling only one study 
[9]. However, it was incomprehensible since a sig-
nificant difference was only found in n-3 PUFA sta-
tus in the older age subgroup (DAISY cohort), but 
not in the younger age subgroup (DIPP cohort), in 
the present meta-analysis. One possibility is that 
PUFA intake in infancy or even in pregnancy plays 
a pivotal role in reducing the risk of preclinical T1D 
by increasing the status of n-3 PUFA in children or 
later in life. Liu et al. [14] only evaluated the effect 
of a total n-3 PUFA intake on the risk of preclin-
ical T1D. This seems to suggest that only when 
the nutrient intake is insufficient may the nutrient 
supplementation have benefits. However, when 
dietary intake is adequate, additional intake from 
supplementation may not confer further benefit 
[29]. Another possibility is that IA also could be 
predicted by specific n-3 fatty acids (e.g., docos-
apentaenoic acid), but not by α-linolenic acid, EPA, 
or DHA [10].

This meta-analysis shows no significant asso-
ciation between n-3 PUFA status and the risk of 
clinical T1D in infants and children. One study us-
ing the total serum PUFA status from the pregnant 
mother also showed no significant association be-
tween maternal serum EPA or DHA and risk of T1D 
in the offspring [27]. One probability is that the 
slight difference in n-3 PUFA status can affect the 
risk of the disease at early stage (i.e., transforma-
tion to IA), but is insufficient to impact the tran-
sition to diabetes in the case of a further disease 
process and more severe inflammation. We found 
that n-6 PUFA status was not associated with the 
risk of preclinical or clinical T1D since n-6 PUFAs 
may promote inflammation by inhibiting n-3 PUFA 
synthesis and by acting as precursors to proin-
flammatory eicosanoids, for the following reason: 
the n-6 : n-3 PUFA ratio in the diet has a higher 
possibility of affecting the risk of T1D than n-6 PU-
FAs alone [30].

This review has several advantages, such as 
the extensive searches based on standard Co-
chrane protocols. However, it also has some lim-

itations. First, RCTs or unpublished reports were 
not enrolled, and the relatively small sample siz-
es of the included studied might bias our results. 
Meanwhile, we pooled relative risk data (OR, HR, 
RR) from different publications based on the same 
study, so that even though they are not identical, 
there is a large overlap in the participants. Second, 
significant heterogeneity for some outcomes was 
observed as expected. Third, no included study fo-
cused on the PUFA status of the pregnant mother 
since it was reported only in one study [27]. Fourth, 
the reason for the absence of an association be-
tween n-3 PUFA status and the risk of clinical T1D, 
with preclinical T1D showing an association, is not 
definitely elucidated because of the small number 
of available studies. Moreover, Egger’s test eval-
uating the association between n-3 PUFA status 
and the risk of preclinical T1D shows potential 
publication bias, which might undermine the real 
effect if important articles were missed.

In conclusion, the meta-analysis suggests that 
n-3 PUFA might play a potential protective role in 
the cause of preclinical T1D, and n-3 PUFA intake 
may be beneficial, since the n-3 PUFA status was 
associated with a significant decrease in the risk 
of preclinical T1D in children. Nevertheless, more 
well-designed prospective studies are necessary 
to determine whether dietary or supplemental 
intake of specific n-3 PUFA alters the risk of pre-
clinical T1D.
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