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Abstract

Background: The presence of metabolic syndrome among diabetes patients is frequent and is associated with an
increased incidence of chronic complications and mortality. Despite several studies have been conducted, there is
no overall estimation on the prevalence of metabolic syndrome among type 1 diabetic patients. Therefore, this study
aimed to estimate the pooled prevalence of metabolic syndrome among patients with type 1 diabetes mellitus.

Methods: Medline via PubMed, CINAHL, ScienceDirect, Ovid, Google Scholar, ResearchGate and African Journals
Online were searched by limiting publication period from January 2005 to October 2020. Data were extracted with

a standardized format prepared in Microsoft Excel and exported to Stata 16.0 for analyses. The I? statistic was used to
check heterogeneity across the included studies. DerSimonian and Laird random-effects model was applied to esti-
mate pooled prevalence and 95% confidence interval across studies. Funnel plot symmetry, Begg's test and Egger’s

regression test were used to determine the presence of publication bias. Subgroup and sensitivity analysis as well as
meta-regression were conducted to explore the potential sources of heterogeneity. The study protocol is registered
on PROSPERO with reference number: CRD42020213435.

Results: In this meta-analysis, a total of 27 studies with 45,811 study participants were included. The pooled preva-
lence of metabolic syndrome was 23.7% with substantial heterogeneity (I”=98.2%; P<0.001). Geographical-based
subgroup analysis revealed that the highest prevalence was observed in Australia (27.3%). As per meta-analysis of 17
studies, the pooled prevalence of metabolic syndrome in female type 1 diabetes patients (25.9%) was slightly higher
than male T1DM patients (22.5%).

Conclusion: Nearly a quarter of the type 1 diabetes mellitus patients were affected by metabolic syndrome. There-
fore, more attention should be paid to the prevention and control of the epidemic and for the reduction of the mor-

bidity and mortality associated with metabolic syndrome among type 1 diabetes mellitus patients.
Keywords: Prevalence, Metabolic syndrome, Type 1 diabetes mellitus, Systematic review, Meta-analysis

Background

The metabolic syndrome (MetS) also called Syndrome X
and Insulin Resistance Syndrome refers to the commonly
occurring disorder comprising central obesity, systemic

*Correspondence: rebuma.belete2016@gmail.com

! Department of Medical Laboratory Sciences, College of Health
and Medical Sciences, Haramaya University, Harar, Ethiopia

Full list of author information is available at the end of the article

B BMC

hypertension, insulin resistance, atherogenic dyslipi-
demia specifically hypertriglyceridemia and reduced lev-
els of high-density lipoprotein cholesterol [1, 2]. In the
general population, MetS increases the risks of cardio-
vascular disease (CVD), type 2 diabetes mellitus (T2DM),
stroke and cardiovascular mortality [3]. The presence of
metabolic syndrome components in Type 1 diabetes mel-
litus (T1DM) patients is frequent and is associated with
an increased incidence of chronic complications and
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mortality [4—6]. Studies suggest that numerous risk fac-
tors are responsible for metabolic syndrome in T1DM
patients including older age, higher body mass index
and glycosylated hemoglobin level [7], elevated diastolic
blood pressure and waist circumstance [8] and alcohol
consumption [5].

A number of expert groups have developed many dif-
ferent types of clinical criteria for the diagnoses of meta-
bolic syndrome, none of which has gained unanimous
acceptance. The first proposal came in 1998 from World
Health Organization (WHO) [9], followed by the Euro-
pean Group for Study of Insulin Resistance (EGIR) [10].
In 2001, the National Cholesterol Education Program
(NCEP) Adult Treatment Panel III (ATP III) devised
a definition for the metabolic syndrome [11], which
was updated by the American Heart Association and
the National Heart Lung and Blood Institute (modified
NCEP) in 2005 [12]. Another set of criteria for the clini-
cal diagnosis of metabolic syndrome has been published
in 2005 by the International Diabetes Federation (IDF)
[13]. In 2009, a Joint Interim Statement (JIS) was agreed
and released by many organizations [14]. Although these
organizations have proposed measuring the same com-
ponents, they have suggested different combinations
and different cut-off points. Therefore, the prevalence

Table 1 The definitions of metabolic syndrome
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of MetS varies according to the diagnostic criteria used
(Table 1).

The prevalence of the metabolic syndrome ranges from
20 to 25% in the adult population [15, 16] and 0 to 19.2%
[17] in children; but it can reach almost 80% in type 2
diabetes patients [18]. Previous studies reported that the
prevalence of MetS in T1IDM patients varies between
3.2% in Poland [19] and 57.1% in Finland [20] depending
on the study population characteristics and the diagnos-
tic criteria used [4]. Even though there are review arti-
cles published on the prevalence of MetS among T1IDM
patients [4, 21], they failed to quantitatively estimate the
overall pooled prevalence. Therefore, this study aimed to
estimate the pooled prevalence of metabolic syndrome
among patients with type 1 diabetes mellitus.

Methods

Protocol and registration

The study protocol is registered on PROSPERO with
reference number: CRD42020213435. To ensure scien-
tific rigor, the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guideline was
used [22]. The completed checklist is provided as Addi-
tional file 1.

WHO [9] NCEP [11]

Modified NCEP [12] IDF[13] JIS[14]

Criteria for diagnosis of MetS Diabetes diagnosis or

FBG> 110 mg/dL of the following
or IR with> 2 of the
following
Hyperglycemia Fasting glucose Already required > 110 mg/dl
Dyslipidemia  TG: > 150 mg/dl > 150 mg/d|
HDL-C: M: <35 mg/dl M: <40 mg/dl
F:<40 mg/dl F:<50 mg/dl oron

HDL-C Rx

Hypertension  Blood pressure > 140/90 mmHg >130/85 mmHg

Obesity WC M:>102 cm
F:>88cm
Waist/hip ratio: - M:>0.9
F:>0.85 or
BMI> 30 kg/m?
Other UAE > 20 pg/min

Presence of any 3 of 5

WC:>94 cm
(men); >80 cm
(women) with the
presence of > 2 of
the following

Presence of any 3 of
5 of the following

Presence of any 3 of 5
of the following

> 100 mg/dL oron
Rx for elevated
glucose

>150 mg/dL or on
TG Rx

M: <40 mg/dL

F: <50 mg/dL oron
HDL-C Rx

SBP:> 130 mmHg or
DBP:> 85 mmHg or
on hypertension Rx
M:>102 cm
F:>88cm

> 100 mg/dl or diag-
nosed diabetes

> 150 mg/dl oron
TG Rx

M: <40 mg/dl

F:<50 mg/dl oron
HDL-C Rx

SBP:> 130 mmHg or
DBP:> 85 mmHg or
on hypertension Rx

Already required

> 100 mg/d| or diag-
nosed diabetes

>150 mg/dl oron
TG Rx

M: <40 mg/dl

F:<50 mg/dlin
women or on HDL-C
Rx

SBP:> 130 mmHg or

DBP:>85 mmHg or

on hypertension Rx

Ethnic dependent

BMI: body mass index; DBP: diastolic blood pressure; F: female; FBG: fasting blood glucose; HDL-C: high density lipoprotein cholesterol; IDF: International Diabetes
Federation; IR: insulin resistance; JIS: Joint Interim Statement; M: male; NCEP: National Cholesterol Education Program; Rx: treatment; SBP: systolic blood pressure; TG:
triglyceride; UAE: urinary albumin excretion; WHO: World Health Organization; WC: waist circumstance
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Search strategy

The searches were carried out in Medline via PubMed,
CINAHL, ScienceDirect, OVID and other supplemen-
tary sources including Google Scholar, ResearchGate and
African Journals Online (AJOL). Advanced search strate-
gies were applied in major databases. We used the follow-

ing key search terms: “metabolic syndrome’, “syndrome
” o«

” «

X’, “insulin resistance syndrome’, “type 1 diabetes’, “auto-
immune diabetes’, “insulin dependent diabetes” and “dou-
ble diabetes” The key terms were used in combination
using Boolean operators like “OR” or “AND” (see Addi-
tional file 2). We also added a hand-search of bibliogra-
phies of the included studies for additional references and
grey literature. Articles published in subscription based
journals were accessed through HINARI. The date of the

final search for literatures was October 16, 2020.

Study selection

All observational studies that reported prevalence of met-
abolic syndrome among T1DM patients and fulfilled the
following criteria were entered into the analysis: (1) origi-
nal studies; (2) human studies; (3) published between Jan-
uary 1, 2005, and October 16, 2020. Non-English articles
were also included by translating using Google translate.
Studies were excluded if: (1) not fully accessible; (2) pos-
sessed a poor quality score as per the stated criteria; (3)
duplicate studies, short communications, case reports,
conference abstracts, and letters to editors and/or (4)
failed to measure the desired outcome of interest.

The presence of MetS in the individual studies was
considered if defined according to one of the following
mostly accepted criteria; (1) JIS; (2) IDF; (3) modified
NCEP; (4) NCEP and (5) WHO (Table 2). Furthermore,
if more than one diagnostic criteria of MetS were used
in a study, the first choice was the JIS followed by IDF.

Articles that fulfilled inclusion criteria were imported
into Endnote9 citation manager. After deleting dupli-
cate records between different bibliographic databases,
the remaining titles and abstracts were independently
reviewed by two authors (RB and ZA) to identify poten-
tially eligible articles that required a full appraisal. In cases
of multiple publications from the same study or overlap-
ping data, preference was given to the most recent one
or the one with the most inclusive information. Consen-
sus was achieved for any discrepancies in study eligibility
selection through discussion with other authors (AA and
or MS).

Data extraction and quality assessment

Data from the selected studies were recorded into the
pre-prepared MS Excel extraction form (see Additional
file 3). For each included study, the following data were
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extracted: first author, publication year, country, mean
age, mean diabetes duration, study design, study par-
ticipants, MetS diagnostic criteria, and outcome of
interest (MetS cases and prevalence of MetS). Data
not presented in the articles were accessed by con-
tacting the corresponding author or, if possible, were
calculated from the available data. The methodologi-
cal quality of each included study was assessed using
the modified Newcastle—Ottawa scale (see Additional
file 4) [23]. Each article’s quality was graded as ‘high’ if
score 8—10; ‘moderate’ if score 5-7; and ‘low’ if score <5
points. Studies were included in the analysis if they
scored > 5 out of 10 points.

Furthermore, data extraction and quality checks were
independently performed by two authors (RB and AA).
Any disagreements were resolved by discussion and if
that fails, other authors (ZA and MS) called on to adjudi-
cate the final judgments.

Statistical analysis

Meta-analysis using DerSimonian and Laird random-
effects model was utilized to obtain the pooled preva-
lence of metabolic syndrome among T1DM due to
expected heterogeneity among studies. The pooled effect
size (i.e. prevalence) with a 95% confidence interval (CI)
was generated and presented using a forest plot. Hetero-
geneity between studies was assessed using the Cochran’s
Q and I? statistic. I? values of 25%, 50%, and 75% were
considered to represent low, moderate and high hetero-
geneity, respectively [24]. Potential sources of heteroge-
neity were investigated by subgroup and meta-regression
analysis. In addition, potential outliers were investigated
in a sensitivity analysis by omitting each study at a time.
We also used Funnel plot symmetry, Egger’s regression
test and Begg’s test for evaluating the possibility of pub-
lication bias [25, 26]. P-value < 0.05 was considered statis-
tically significant. All statistical analyses were performed
using Stata/MP 16.0 (StataCorp, College Station, TX,
USA).

Results

Search results

Our comprehensive search strategy owns us a total of
3459 articles. Of these, 445 from Medline via PubMed,
1637 from ScienceDirect, 669 from CINAHL, 737 were
from Ovid interface and 54 were found through a manual
search. After excluding duplicate publications, 1672 arti-
cles remained. About 1615 articles were excluded after
reading the titles and abstracts based on the pre-defined
eligibility criteria. Out of them 57 articles were screened
for further assessment. Finally, 27 articles were included
in the synthesis and analysis (Fig. 1).
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Fig. 1 Flow diagram of study selection

Baseline characteristics of the included studies

From the studies included in the final analysis, 23 (85.2%)
of them were cross-sectional and 7 (14.8%) were pro-
spective cohort studies. The sample size of the included
studies ranged from 77 [27] to 31,119 [28] with a total
number of 45,811 participants. Twenty three countries
were represented in this review. Most of the studies
were reported from Europe 13 (48.1%) followed by Asia
4 (14.8%). The rest were reported from South America
3 (11.1%), North America 3 (11.1%), Australia 3 (11.1%)

and Africa 1 (3.7%). In terms of diagnostic criteria, a total
of 15 studies [8, 19, 27, 29-40] used IDF, 5 studies [24,
37-40] used NCEDP, 3 studies [41-43] used WHO, 3 stud-
ies [20, 44, 45] used JIS and 1 study [7] used modified
NCEP (Table 2).

Prevalence of metabolic syndrome

The overall pooled prevalence of MetS among patients
with TIDM was 23.7% (95% CI: 19.8, 27.8) with sub-
stantial heterogeneity (I>=98.2%; P value of<0.001).
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Individual study prevalence estimates ranged from 3.2 to
57.1% whereas studies individual weight was from 3.25 to
3.97%. Figure 2 presents the Forest Plot derived from the
meta-analysis.

Prevalence of metabolic syndrome by gender

Seventeen studies (N =40,493) had separate data on the
prevalence of MetS for males and females. The pooled
prevalence for males was 22.5% (95%: CI 16.7 to 28.9%)
(Fig. 3) while, it was 25.9% (95% CI: 20.5 to 31.6%) for
females (Fig. 4). A significant heterogeneity was found in
both males (I =97.7%; P <0.001) and females (I*> = 97.0%;
P<0.001).

Subgroup and sensitivity analysis
To identify the source of heterogeneity across the
included studies, subgroup analyses were done for
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publication year, study design, geographical region, diag-
nostic criteria, and sample size. Time based subgroup
revealed that the prevalence of MetS from 2015 to Octo-
ber 2020 (26.6%) was higher when compared with 2005
to 2014 (21.8%) whereas the results of subgroup analysis
based on geographical region showed the highest preva-
lence was from Australia (27.3%) and the least was from
Africa (13.1%). Another subgroup analysis with diagnos-
tic criteria showed the highest prevalence, 40.5% (95%
CI 17.7, 65.6), of MetS was observed with JIS whereas
the lowest, 19.8% (95% CI 13.6, 26.8), was observed with
IDE. Furthermore, the pooled prevalence of MetS in stud-
ies conducted by cross sectional and cohort study design
was 24.0% (95% CI 18.3, 30.1) and 22.2% (95% CI 14.9,
30.4) respectively. Results of the subgroup analysis are
depicted in Table 3.

%

Study ES (95% Cl) Weight
Ahola et al., 2017 : —%— 57.1(53.6,60.6) 3.89
Barros et al., 2017 P —— 28.2 (26.1,30.5) 3.93
Billow et al., 2015 —— 22.2 (18.4,26.3) 3.82
Blaslov et al., 2015 | * 33.8(23.4,45.4) 3.25
Bonadonna et al., 2006 1 —_— 40.8 (36.9,44.7) 3.87
Chillarén et al., 2010 —— 31.9 (22.5,42.5) 3.34
Davis et al., 2007 : —_—— 39.4 (30.8,48.4) 3.50
Ferreira-Hermosillo et al., 2015 : —_— 43.6 (35.2,52.2) 3.54
Ghosh et al., 2010 | —— 30.7 (26.0, 35.7) 3.79
Hawa et al., 2009 | —— 31.9 (26.6,37.7) 3.75
Huo et al., 2018 - : 10.1 (8.0, 12.5) 3.88
Kilpatrick et al., 2007 —0—: 21.8(19.6,24.1) 3.92
Koken et al., 2020 —_—— 1 10.5 (6.6, 15.6) 3.66
Lee et al., 2020 o 30.3 (28.4,32.3) 3.94
tuczynski et al., 2011 - : 3.2(1.8,5.1) 3.84
McGill et al., 2008 —_— 1 15.0 (11.7, 18.7) 3.82
Merger et al., 2016 . 25.5(25.0,26.0) 3.97
Mollo et al., 2013 . 14.1(7.3,23.8) 3.26
Nadas et al., 2009 : —_— 36.2 (32.1,40.5) 3.85
Pambianco et al., 2007 - 1 8.4 (6.1, 11.1) 3.84
Rodrigues et al., 2011 —— ' 13.4(9.5,18.2) 3.73
Saki, 2016 —t— 29.9 (20.5, 40.6) 3.32
Santos et al., 2009 -:—0— 31.7 (22.8,41.7) 3.39
Soliman et al., 2019 —_— 13.1(8.3,19.4) 3.59
Szadkowska et al., 2009 —— : 7.4(3.9,125) 359
Thorn et al., 2005 : b 39.1(37.1,41.1) 3.94
Valerio et al., 2012 —— 1 95(6.8,12.7) 3.81
Overall ("2 =98.2%, p =0.0) <> 23.7 (19.8, 27.8) 100.00

:

1

I I I | I |
0 10 20 30 40 50 60
Prevalence
Fig. 2 Forest plot of showing pooled prevalence of MetS among patents with TIDM
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%

Study ES (95% Cl) Weight

1
Ahola et al., 2017 : ——— 58.5(53.0,63.9) 6.17
Barros et al., 2017 —0—: 19.8 (17.0, 22.8) 6.29
Billow et al., 2015 —:0— 22.8 (17.8, 28.5) 6.10
Blaslov et al., 2015 : 36.2 (22.7, 51.5) 5.12
Bonadonna et al., 2006 E —_— 34.1(28.9, 39.6) 6.16
Chillaron et al., 2010 : * 32.1(19.9, 46.3) 5.24
Ghosh et al., 2010 E ——— 56.3 (46.6, 65.6) 5.78
Huo et al., 2018 —— : 7.5(5.1,10.7) 6.19
Merger et al., 2016 E * 25.8 (25.2, 26.5) 6.38
Nadas et al., 2009 V—— 32.8 (27.1, 38.9) 6.11
Pambianco et al., 2007 -— E 2.7(1.0,5.8) 6.07
Rodrigues et al., 2011 —_— : 10.9 (6.3, 17.4) 5.88
Saki, 2016 : + 25.6 (13.0, 42.1) 4.92
Soliman et al., 2019 . : 7.8 (2.9, 16.2) 5.55
Szadkowska et al., 2009 —_—— : 6.6 (2.5, 13.8) 5.66
Thorn et al., 2005 i — 38.2 (35.4, 40.9) 6.33
Valerio et al., 2012 e : 3.7(16,7.1) 6.06
Overall (1"2 = 97.7%, p = 0.0) <> 22.5 (16.7, 28.9) 100.00

1

:

| T I T T | T
0 10 20 30 40 50 60
Prevalence
Fig. 3 Forest plot of showing pooled prevalence of MetS among male T1DM patents

To identify a single study influence on the overall
meta-analysis, sensitivity analysis using the leave-one-
out approach was performed and the result showed
that there was no strong evidence for the effect of a sin-
gle study on the overall meta-analysis result (Fig. 5). To
further explore the heterogeneity observed in the study,
we carried out meta-regression. Univariate meta-regres-
sion revealed that publication year (regression coeffi-
cient=0.99; P-value=0.77) and sample size (regression
coefficient =1.00; P-value =0.71) are not a source of het-
erogeneity (Fig. 6).

Publication bias

The funnel plot (Fig. 7) was symmetric and Egger’s
regression test (P=0.87) as well as Begg’s test (P=0.90)
provided no evidence of publication bias.

Discussion

To the best of our knowledge, this study is the first of
its kind to quantitatively pool the prevalence of MetS
among T1DM. Meta-analysis of 27 original studies with
45,811 study participants showed that approximately
23.7% of patients with T1IDM had MetS. As per meta-
analysis of 17 studies, the pooled prevalence of MetS in
female T1DM patients (25.9%) was slightly higher than
male T1IDM patients (22.5%). High degrees of variabil-
ity of prevalence of MetS among patients with TIDM
were reported in studies included in this meta-analysis.
The highest prevalence of MetS was reported in Finland
(57.1%) (20) whereas the lowest prevalence was reported
in Poland (3.2%) [19]. This variation might be due to dif-
ferences in diagnostic criteria used [46], study design,
sample size and characteristics of the population partici-
pated in the studies.
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%

Study ES (95% CI) Weight

1
Ahola et al., 2017 : ——> 56.2(51.5,60.7) 6.37
Barros et al., 2017 ' — 35.1(32.0,38.3)  6.47
Billow et al., 2015 —0—5— 21.3(15.8,27.7) 6.09
Blaslov et al., 2015 : * 30.0 (14.7,49.4) 4.31
Bonadonna et al., 2006 E —_—— 47.4 (41.8, 53.0) 6.27
Chillarén et al., 2010 . 31.6(17.5,48.7)  4.65
Ghosh et al., 2010 —_— i 19.4 (14.7,248)  6.19
Huo et al., 2018 —_— : 12.5 (9.4, 16.3) 6.32
Merger et al., 2016 OE 25.0 (24.3,25.7) 6.58
Nadas et al., 2009 ' —_—— 39.4 (33.6,45.4) 6.23
Pambianco et al., 2007 —_— E 12.7 (9.1,17.1) 6.24
Rodrigues et al., 2011 —_— : 16.1 (10.1, 23.8) 5.83
Saki, 2016 * : 22.9(12.0,37.3)  4.95
Soliman et al., 2019 —_— 18.1(10.5, 28.0) 5.52
Szadkowska et al., 2009 —_— : 8.3(3.1,17.3) 5.39
Thorn et al., 2005 i b 40.1 (37.3, 42.9) 6.50
Valerio et al., 2012 —_—— 16.1(11.2,22.0)  6.08
Overall (1*2 =97.0%, p =0.0) <> 25.9 (20.5, 31.6) 100.00
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Fig. 4 Forest plot of showing pooled prevalence of MetS among female T1DM patents

The results of subgroup analysis based on geographical
region showed that the highest prevalence was from Aus-
tralia (27.3%) and the least was from Africa (13.1%). The
possible explanations for this variation might be due to
socioeconomic and sociocultural differences between the
populations. Another possible explanations for this varia-
tion might be differences in the diagnosis definition used,
incomparable number of studies from regions and varia-
tions in the prevalence of MetS in the general population
of the respective regions.

Time- based subgroup revealed that the prevalence
of MetS from 2015 to October 2020 (26.6%) was higher
when compared with 2005 to 2014 (21.8%). This could
indicate the increasing trend of MetS among type 1 DM

patients worldwide. This increased prevalence prob-
ably due to the rising prevalence of MetS as a result of
the obesity epidemic in the general population [47].
Consistent with our result, a study conducted in United
Kingdom indicated a significant increasing trend of MetS
among T1DM patients [32].

Of the five definitions used by studies included in this
review, the estimated prevalence was highest based on
JIS (40.5%) and lowest based on IDF consensus (19.8%).
This high discrepancy may be due to abdominal obesity
criteria which is not mandatory in JIS definition. Similar
findings in variation of MetS prevalence per diagnostic
criteria were also reported in many studies conducted
in different corners of the world [30, 33—-36, 38, 46]. To
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Table 3 Subgroup meta-analysis of metabolic syndrome prevalence among Type 1 diabetes mellitus patients
Subgroup No. of studies Sample size Prevalence (95% Cl) Heterogeneity
Qvalue df P value 12
Publication year
2005-2014 16 8250 21.8(15.1,29.4) 870.3 15 <0.001 98.3%
2015-2020 11 37,561 26.6 (20.8,32.7) 566.5 10 <0.001 98.2%
Study design
Cross-sectional 23 12,714 24.0(18.3,30.1) 1258.6 22 - 98.3%
Cohort 4 33,097 22.2(14.9,304) 1313 3 - 97.7%
Geographical region
Europe 13 37,470 26.2(19.3,33.7) 994.8 12 <0.001 98.8%
North America 3 1991 226(95,394) - 2 - -
South America 3 2024 23.7(13.6,35.6) - 2 - -
Asia 4 1492 0(95,26.1) 469 3 <0.001 93.6%
Australia 3 2674 27.3 (15 7,40.7) - 2 - -
Africa 1 160 1(83,194) - 0 - -
Sample size
<300 12 1773 23.8(16.6,31.8) 154.0 M <0.001 92.9%
>300 15 44,038 23.7(187,29.2) 12714 14 <0.001 98.9%
Diagnostic criteria
WHO 3 2912 25.0(15.9,354) - -
NCEP 5 34,161 24.8(17.3,33.1) 231.1 <0.001 98.3%
Modified NCEP 1 91 31.9(225,42.5) - 0 - -
IDF 15 7265 19.8 (13.6, 26.8) 666.0 14 <0.001 97.9%
JIS 3 1382 40.5(17.7,65.6) - -

solve this problem, an internationally accepted practical
and uniform definition of MetS has to be established.
This systematic review and meta-analysis indicates that
diabetic patients are facing an epidemic of MetS, and thus,
clinicians should pay more attention to the cardiometa-
bolic profiles of diabetic patients and develop targeted
strategies against components and risk factors of MetS.
We hope that the findings of the current review provide
valuable information to the policymakers, National Health
Bureaus and other concerned bodies about global and
regional prevalence of MetS among T1DM patients. These
also can be used for future complementary researches.

Limitations of the study

This study has a few potential important limitations. First
of all, different types of definitions used to diagnose MetS
in the included studies may affect the calculation of the
pooled prevalence. Additionally, studies from developing
countries are rare, which will impact the estimation of the
average prevalence of MetS globally. Furthermore, there is
substantial heterogeneity observed between studies that
may affect the interpretation of the results. Sources of het-
erogeneity might be from age category and diabetes dura-
tion as well as insulin dose which were not investigated
due to the incomplete data contained in original articles.
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Conclusion

Nearly a quarter of the TIDM patients were affected by
MetS. Therefore, more attention should be paid to the
prevention and control of MetS to ameliorate a further
increase in the epidemic and for the reduction of the
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morbidity and mortality associated with MetS among
T1DM patients.
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