
Copyright © 2022 Korean Diabetes Association https://e-dmj.org

D I A B E T E S  &  M E T A B O L I S M  J O U R N A L

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://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.

D I A B E T E S  &  M E T A B O L I S M  J O U R N A L

Association between Metabolic Syndrome and 
Microvascular Complications in Chinese Adults with 
Type 1 Diabetes Mellitus
Qianwen Huang1,*, Daizhi Yang1,*, Hongrong Deng1, Hua Liang1, Xueying Zheng2, Jinhua Yan1, Wen Xu1, Xiangwen Liu1,  
Bin Yao1, Sihui Luo2, Jianping Weng1,2

1Guangdong Provincial Key Laboratory of Diabetology, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, 
2Division of Life Sciences and Medicine, The First Affiliated Hospital of USTC, University of Science and Technology of China, Hefei, China 

Background: Both type 1 diabetes mellitus (T1DM) and metabolic syndrome (MetS) are associated with an elevated risk of mor-
bidity and mortality yet with increasing heterogeneity. This study primarily aimed to evaluate the prevalence of MetS among adult 
patients with T1DM in China and investigate its associated risk factors, and relationship with microvascular complications.
Methods: We included adult patients who had been enrolled in the Guangdong T1DM Translational Medicine Study conducted 
from June 2010 to June 2015. MetS was defined according to the updated National Cholesterol Education Program criterion. Lo-
gistic regression models were used to estimate the odds ratio (OR) for the association between MetS and the risk of diabetic kid-
ney disease (DKD) and diabetic retinopathy (DR).
Results: Among the 569 eligible patients enrolled, the prevalence of MetS was 15.1%. While female gender, longer diabetes dura-
tion, higher body mass index, and glycosylated hemoglobin A1c (HbA1c) were risk factors associated with MetS (OR, 2.86, 1.04, 
1.14, and 1.23, respectively), received nutrition therapy education was a protective factor (OR, 0.46). After adjustment for gender, 
age, diabetes duration, HbA1c, socioeconomic and lifestyle variables, MetS status was associated with an increased risk of DKD 
and DR (OR, 2.14 and 3.72, respectively; both P<0.05). 
Conclusion: Although the prevalence of MetS in adult patients with T1DM in China was relatively low, patients with MetS were 
more likely to have DKD and DR. A comprehensive management including lifestyle modification might reduce their risk of mi-
crovascular complications in adults with T1DM.
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INTRODUCTION

Metabolic syndrome (MetS) is characterized by glucose intol-
erance, central obesity, hypertension, and dyslipidemia [1]. 
MetS is not only generally associated with an increased risk of 
cardiovascular disease and type 2 diabetes mellitus [2] but is 
also increasingly observed in patients with type 1 diabetes mel-
litus (T1DM) [3-5]. 

As known, T1DM prevalence and clinical characteristics 
vary among populations. The prevalence of MetS and its com-
ponents in various populations also differed [6,7]. For exam-
ple, T1DM patients have a higher risk for long-term microvas-
cular complications than the general population, causing a 
high health burden and excessive mortality. MetS and T1DM 
may have a different impact on the development of microvas-
cular complications among diverse populations. In nondiabet-
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ic adults, both MetS and all its components were associated 
with an increased risk for chronic kidney disease and retinopa-
thy [8-11]. However, these effects remain controversial in 
T1DM patients: some studies showed that MetS was associated 
with a higher risk of diabetic kidney disease (DKD) and dia-
betic retinopathy (DR) [3,5,12], whereas others failed to estab-
lish such associations [13,14]. Therefore, investigations are 
necessary on the relationship between MetS and microvascular 
complications in different T1DM populations.

To date, the evidence concerning the coexistence of MetS 
and T1DM has mostly been established in Caucasian popula-
tions. According to the National Cholesterol Education Pro-
gram, Adult Treatment Panel III (NCEP-ATPIII) criterion, the 
prevalence of MetS among Caucasian patients with T1DM was 
25% to 42% [3-5,15]. It is well known that obesity epidemics 
and dietary patterns vary considerably between Caucasian and 
Asian populations. In patients with T1DM, the proportion of 
obesity among adult patients in the T1DM Exchange clinic 
registry [16] and our previous T1DM registry study in China 
[17] were 22% and 0.9%, respectively, suggesting that obesity 
was more prevalent among Caucasian patients with T1DM. 
Moreover, previous studies demonstrated that the adherence 
to the western dietary pattern was associated with an increased 
risk of MetS [18]. In contrast, the adherence to the Mediterra-
nean diet was associated with a reduced risk of MetS [19]. As 
obesity and insulin resistance are closely linked and are both 
associated with MetS [20], a discrepancy between obesity epi-
demic and dietary patterns may impact the prevalence of MetS 
in different populations. 

Only a few studies investigated the MetS status in Asian pa-
tients with T1DM and reported varied prevalence rates for 
MetS. Research conducted in southern India, Korea, and Chi-
na reported that MetS occurred in 22.2%, 55.1%, and 10.1% of 
patients with T1DM, respectively [21-23]. However, all these 
studies were performed in all-age populations. Previous stud-
ies among the Caucasian population showed that adults with 
T1DM had a higher prevalence of MetS than children and ado-
lescent patients (25.5%–39.0% vs. 7.0%–9.5%) [24-26]. Hence, 
identifying the disease burden in the adult population would 
enable the prioritization and implementation of interventions. 
Although the study from China [23] enrolled patients from 
two different cities from northern and southern China (Beijing 
and Shantou), the International Diabetes Federation (IDF) cri-
terion was applied for the diagnosis of MetS, which hindered 
the comparison of their results with those of other studies. 

Therefore, we conducted this retrospective, cross-sectional 
study, using data at the enrollment from the Guangdong 
T1DM Translational Medicine (GTT) study. We aimed to fully 
present the MetS status in adult T1DM patients in China and 
compare data of other populations, using the NCEP-ATPIII 
criterion of MetS. The characteristics of MetS among adult 
Chinese patients with T1DM were investigated, including the 
prevalence, and its risk factors, and relationship with micro-
vascular complications.

METHODS

Study design and participants
Patients from the GTT study, which was initiated in June 2010, 
were included. The GTT study has established the T1DM net-
work database system, which comprised 16 tertiary hospitals 
throughout 12 cities in Guangdong, China and whose details 
were previously reported [17,27]. It was approved by the Ethics 
Committee of the Third Affiliated Hospital of Sun Yat-sen Uni-
versity (IRB No. [2014] 2-55). Each participant provided a 
written informed consent. 

The inclusion criteria for T1DM patients were essentially 
based on the descriptions of T1DM by the American Diabetes 
Association (ADA) and the World Health Organization 
(WHO), and the inclusion criteria of the Search for Diabetes in 
Youth Study (SEARCH) and the Diabetes Control and Com-
plications Trial (DCCT), as outlined in a previous report [17]. 
In brief, patients enrolled in the GTT study were diagnosed 
with T1DM by an endocrinologist and characterized by insu-
lin dependency shortly after diagnosis. In addition, they had to 
meet at least one of the following criteria: (1) symptoms of hy-
perglycemia at diagnosis; (2) a history of diabetic ketoacidosis 
or ketosis; (3) tested positive for T1DM associated autoanti-
bodies; and (4) fasting and stimulated C-peptide levels <200 
pmol/L. After the initial diagnosis, we ensured that the patients 
would be followed-up for no less than 18 months to confirm 
their insulin-dependency to avoid misdiagnosis [28]. 

We included adult patients (aged ≥18 years) with T1DM 
and with diabetes duration ≥1 year, whose data at enrollment 
were analyzed. As thyroid function has an impact on lipid and 
glucose metabolism as well as blood pressure [29], patients 
with abnormal thyroid-stimulating hormone (TSH) levels (ref-
erence range, 0.35 to 4.94 µIU/mL) were excluded. We further 
excluded patients who had missing measurements regarding 
MetS components (waist circumference, fasting blood glucose, 
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blood pressure, serum triglyceride, and high-density lipopro-
tein cholesterol [HDL-C]). 

Definitions 
We collected participants’ demographic and clinical informa-
tion from their medical records or self-reports (obtained using 
a standardized questionnaire) at enrollment. A physical exami-
nation was performed, and blood and urine samples were also 
collected for biochemical measurements. Participants aged be-
tween 1 and 17 years that were diagnosed with T1DM were 
classified to have a childhood-onset form of T1DM, whereras 
those diagnosed at 18 years or older were categorized to have 
an adult-onset form of the disease. A family history of diabetes 
or T1DM was defined as at least one first-degree family mem-
ber with a positive history of diabetes or T1DM, respectively. 

Based on the nutrition recommendations and interventions 
for diabetes by the ADA [30], a recommended diabetic diet in-
cluded a proper amount of carbohydrate intake based on insu-
lin-to-carbohydrate ratios and good-quality protein, low-satu-
rated fat and dietary cholesterol. Each participant’s meal condi-
tion during a week was recorded, and ≥50% of the partici-
pant’s meals following the above instruction were defined as 
adhering to a diabetic diet. Nutrition therapy education re-
ceived was defined as the education received from physicians, 
nurses, nutritionists, or other healthcare providers. We defined 
the patients who reported to have received nutrition therapy 
education and to be adherent to diabetic diet as ‘effectively ed-
ucated for nutrition therapy.’ 

“Physically active” was defined as having an exercise time 
≥150 min/week. “Smoker” was any current smokers or a pa-
tients that had ever smoked any amount of tobacco during the 
last year before enrollment. “Alcohol drinker” was a patient 
who was a current alcohol drinkers or had ever drunk any al-
cohol in the year preceding enrollment. “Active-clinic-visit sta-
tus” was defined as clinic visit times per year ≥12. The insulin 
regimen was categorized as insulin pump, basal-bolus insulin 
therapy, and others. “Basal-bolus insulin therapy” was defined 
as basal insulin plus bolus insulin injections ≥3 times per day. 
“Others” represented basal insulin therapy or bolus insulin 
therapy, or premixed insulin regimen alone.

Body mass index (BMI) cut-off values for underweight, nor-
mal weight, overweight and obesity were set at <18.5, 18.5–
24.9, 25.0–29.9, and ≥30 kg/m2, respectively. Poor glycemic 
control was defined as glycosylated hemoglobin A1c (HbA1c) 
≥9%. Insulin resistance was calculated by a model derived 

from Chinese adult patients with T1DM: napierian logarithm 
of glucose disposal rate (lnGDR) =4.964–0.121 ×HbA1c 
(%)–0.012×diastolic blood pressure (mm Hg)–1.409×waist-
to-hip ratio [31]. 

The diagnosis of MetS was based on the updated NCEP-AT-
PIII criterion [1]. All participants were assumed to have hyper-
glycemia. Participants were diagnosed with MetS if they had 
two or more of the following four components: (1) central 
obesity (waist circumference ≥90 cm in men or ≥80 cm in 
women); (2) hypertension (systolic blood pressure ≥130 and/
or diastolic blood pressure ≥85 mm Hg and/or a history of an-
tihypertensive therapy); (3) hypertriglyceridemia (serum tri-
glyceride levels ≥1.7 mmol/L); and (4) low HDL-C level (HDL-
C <1.0 mmol/L in men or <1.3 mmol/L in women). The pri-
mary outcomes are the proportion of MetS and its relationship 
with DKD and DR in T1DM patients.

According to the Modification of Diet in Renal Disease 
(MDRD) formula recalibrated for the Chinese population, esti-
mated glomerular filtration rate (eGFR) expressed in mL/min/ 
1.73 m2 was calculated using the following formula: eGFR= 
175×(serum creatinine×0.011)–1.234×(age)–0.179 (×0.79 if fe-
male), where serum creatinine was expressed in μmol/L [32]. 
DKD was defined as a urinary albumin-creatinine ratio of ≥30 
mg/g or by an eGFR <60 mL/min/1.73 m2 or associated treat-
ment history. The presence of DR was determined on stereo-
scopic fundal photography or a retinopathy treatment history 
[33].

Measurements 
Waist circumference was measured at the mid-point between 
the lowest rib and the iliac crest. Hip circumference was mea-
sured at the widest point of the gluteal muscles. Resting systolic 
and diastolic blood pressure values were the averages of two 
measurements taken in a sitting position with a random zero 
sphygmomanometer. HbA1c, lipid profile, serum creatinine 
levels, urine albumin, and creatinine levels were measured as 
previous studies reported [3,15,27]. 

Statistical analysis
We used descriptive statistics to describe participants’ charac-
teristics. Normally distributed variables were expressed as 
mean±standard deviation. Non-normally distributed variables 
were presented as median (interquartile range). Categorical 
variables were described as numbers and percentages. A two-
sample Student’s t-test, Wilcoxon rank-sum test, or chi-square 
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test was used to compare the characteristics of patients with 
and without MetS. The receiver operating characteristic (ROC) 
curve was applied to assess the sensitivity and specificity of us-
ing variables, including diabetes duration, BMI, HbA1c levels, 
or a combination of the above variables to diagnose MetS in 
T1DM patients. Logistic regression models were implemented 
to examine the association between MetS, DKD, and DR. Esti-
mate odds ratio (OR) and 95% confidence interval (CI) were 
calculated. A two-tailed P value <0.05 was considered statisti-
cally significant. All statistical analyses were performed using 
SPSS software version 20.0 (IBM Co., Armonk, NY, USA). 

RESULTS

Study population and metabolic syndrome
A total number of 1,412 patients with T1DM were enrolled in 
the GTT study between June 2010 and June 2015. We excluded 
those with diabetes duration <1 year, aged <18 years at enroll-
ment, with missing data on at least one MetS component or 
with an abnormal TSH level. Finally, 569 patients with T1DM 
(55.4% female) were included in this analysis. Details are pre-
sented in Fig. 1.

The mean age was 34.8 years, and the median diabetes dura-
tion was 5.9 years. The proportion of participants who met the 
updated NCEP-ATPIII definition of MetS was 15.1%. The pro-

portions of the patients having 1, 2, 3, or 4 MetS components 
were 51.0%, 33.9%, 11.4%, and 3.7%, respectively. The propor-
tions of participants with central obesity, hypertension, hyper-
triglyceridemia, and low HDL-C were 14.2%, 19.5%, 16.9%, 
and 17.2%, correspondingly. 

Compared to adult-onset patients, childhood-onset patients 
had a higher percentage of MetS (13.3% vs. 21.2%, P=0.026). 
In addition, childhood-onset patients had a longer diabetes 
duration and higher HbA1c level than the adult-onset patients 
(9.3% vs. 5.1%, P<0.001; and 9.0% vs. 8.4%, P=0.044, respec-
tively). It is also noteworthy that the prevalence of DKD in 
childhood-onset patients was higher than that in adult-onset 
patients (28.0% vs. 19.5%, P=0.026) (Supplementary Tables 1 
and 2).

The proportion of women with MetS was higher than that of 
men with MetS (21.3% vs. 7.5%, P<0.001). Additionally, fe-
male patients with T1DM had a higher proportion of central 
obesity and lower HDL-C level than male patients (23.5% vs. 
2.8%, and 24.4% vs. 8.3%, respectively; both P<0.001). 

Demographic, socioeconomic, and lifestyle characteristics 
of the patients with and without MetS at the enrollment are 
provided in Table 1. Diabetes duration was longer in patients 
with MetS than in those without MetS. Participants with MetS 
were more likely to be female and childhood-onset. Besides, 
patients with MetS had a lower rate for received nutrition ther-
apy education than those without MetS. 

The clinical characteristics of the patients with and without 
MetS at enrollment are listed in Table 2. The participants with 
MetS were more likely to be overweight or obese, and to have 
higher levels of HbA1c, and a higher percentage of poor glyce-
mic control (HbA1c ≥9%). Furthermore, the patients with 
T1DM and MetS presented lower lnGDR (1.7 vs. 1.9, P< 0.001), 
suggesting lower GDR and more severe insulin resistance. 

Risk factors associated with MetS
The logistic regression analysis results, inlcluding the risk fac-
tors significantly associated with MetS in the univariate analy-
sis have been summarized in Table 3. We found that female 
gender (OR, 2.86; 95% CI, 1.63 to 5.02), longer diabetes dura-
tion (OR, 1.04; 95% CI, 1.00 to 1.08), higher BMI (OR, 1.14; 
95% CI, 1.03 to 1.25) and HbA1c (OR, 1.23; 95% CI, 1.11 to 
1.36) were risk factors associated with MetS. By contrast, re-
ceived nutrition therapy education (OR, 0.46; 95% CI, 0.26 to 
0.78) was protective against MetS (all P<0.05). Logistic regres-
sion analysis showed that the number of hypoglycemic events 

Fig. 1. Flow chart of patient selection process. T1DM, type 1 
diabetes mellitus; MetS, metabolic syndrome; TSH, thyroid-
stimulating hormone.
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per month is not associated with being overweight/obese in 
our participants (OR, 0.92; P=0.154). 

 As shown in Fig. 2, the ROC curve was used to evaluate the 
diagnosis of MetS with different variables among T1DM pa-
tients. The area under curve (AUC) for the combination of dia-
betes duration, BMI, and HbA1c was 0.68 (95% CI, 0.61 to 
0.75; P<0.001). Among these three variables, AUC for BMI 
appeared to be the highest, which was 0.66 (95% CI, 0.59 to 
0.73; P<0.001). Moreover, the AUC for diabetes duration and 
HbA1c alone were 0.59 (95% CI, 0.52 to 0.66; P=0.012) and 
0.57 (95% CI, 0.50 to 0.63; P=0.055), respectively. Youden in-
dex indicated that BMI value of 21.6 kg/m2, diabetes duration 
of 9.5 years, and the HbA1c level of 9.4% correlated best with 
the presence of MetS, respectively. 

Relationship between MetS and microvascular 
complications
The prevalence of DKD and DR in all participants was 21.5% 

and 10.4%, correspondingly. The prevalence of DKD and DR 
among patients with MetS was approximately twice than that 
without MetS (36.5% vs. 18.9%, 19.8% vs. 8.7%, respectively; 
both P<0.001). Regarding the association between MetS status 
and microvascular complications, logistic regression analysis 
showed that MetS increased the risk of DKD (OR, 2.14; 95% 
CI, 1.12 to 4.11) and DR (OR, 3.72; 95% CI, 1.59 to 8.72) after 
adjustment for potential confounding factors (Table 4). 

DISCUSSION

To our knowledge, this is the first study to investigate MetS sta-
tus, its associated risk factors, and the relationship with micro-
vascular complications in Chinese adult patients with T1DM. 
Our results showed that the prevalence of MetS in Chinese 
adult patients with T1DM was relatively low. Importantly, lon-
ger diabetes duration, female gender, higher BMI, and HbA1c 
were risk factors associated with MetS, whereas received nutri-

Table 1. Demographic and socioeconomic characteristics of adults with T1DM according to metabolic syndrome status

Parameter Alla (n=569) MetS present (n=86) MetS absent (n=483) P value

Female sex 315 (55.4) 67 (77.9) 248 (51.3) <0.001

Age at enrollment, yr 34.8±12.4 35.7±15.1 34.6±11.9 0.440

Diabetes duration, yr 5.9 (3.1–10.3) 6.7 (3.9–11.9) 5.8 (3.1–9.5) 0.028

Age at diagnosis, yr 25.6 (18.3–33.8) 24.7 (16.0–34.2) 25.8 (18.6–33.8) 0.307

Childhood-onset cases 132 (23.2) 28 (32.6) 104 (21.5) 0.026

Family history of diabetes 149 (26.5) 29 (34.1) 120 (25.1) 0.083

Family history of T1DM 25 (4.4) 3 (3.5) 22 (4.6) 1.000

Education level: less than university 177 (31.4) 20 (23.5) 157 (2.8) 0.088

Having insurance 490 (86.1) 70 (81.4) 420 (87.0) 0.169

Marital status (married) 344 (61.3) 47 (56.0) 297 (62.3) 0.273

Living status (alone) 45 (8.3) 7 (9.0) 38 (8.2) 0.812

Diabetic education 432 (77.6) 58 (67.4) 374 (77.4) 0.109

Received nutrition therapy education 239 (42.0) 23 (26.7) 216 (44.7) 0.002

Adhering to diabetic diet 398 (71.2) 53 (63.9) 345 (72.5) 0.109

Exercise ≥150 min/week 228 (49.0) 33 (47.8) 195 (49.2) 0.828

Smoker 92 (16.2) 9 (10.6) 83 (17.2) 0.128

Alcohol drinker 50 (8.8) 2 (2.4) 48 (9.9) 0.023

Clinical visit times per year <12 289 (53.7) 37 (46.8) 252 (54.9) 0.184

Values are presented as number (%), mean±standard deviation, or median (interquartile range). P value: MetS present vs. MetS absent.
T1DM, type 1 diabetes mellitus; MetS, metabolic syndrome.
aMissing data: family history of diabetes, 7 (1.2%); family history of T1DM, 7 (1.2%); family history of T1DM, 7 (1.2%); living status, 26 (4.6%); 
marital status, 8 (1.4%); diabetic education, 12 (2.1%); adhering to diabetic diet, 10 (1.8%); exercise status, 104 (18.4%); alcohol drinker, 1 
(0.2%); smoker, 1 (0.2%); clinical visit times per year, 31 (5.4%).
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Table 2. Clinical characteristics of adults with type 1 diabetes mellitus according to metabolic syndrome status

Parameter Alla  (n=569) MetS present  (n=86) MetS absent  (n=483) P value

BMI, kg/m2 20.7±2.6 21.8±2.9 20.5±2.4 <0.001

   Underweight 110 (19.4) 13 (15.1) 97 (20.2) 0.005

   Normal weight 424 (74.9) 61 (70.9) 363 (75.6)

   Overweight/Obesity 32 (5.7) 12 (14) 20 (4.2)

Waist circumference, cm 74.5±7.6 79.2±8.1 73.7±7.2 <0.001

   In female 73.8±7.5 79.5±7.8 72.3±6.7 <0.001

   In male 75.4±7.7 78.3±9.2 75.0±7.5 0.081

WHR 0.8±0.1 0.9±0.1 0.8±0.1 <0.001

SBP, mm Hg 114.3±14.3 122.9±16.9 112.8±13.2 <0.001

DBP, mm Hg 72.9±9.2 78.0±10.9 71.9±8.6 <0.001

HbA1c, % 8.4 (7.1–10.1) 9.2 (7.5–10.5) 8.4 (7.1–10.1) 0.057

   HbA1c ≥9% 223 (40.9) 42 (50.6) 181 (39.2) 0.051

TC, mmol/L 4.8±1.2 5.3±2.0 4.7±1.0 <0.001

Triglyceride, mmol/L 0.9 (0.7–1.4) 1.9 (1.1–2.4) 0.9 (0.7–1.3) <0.001

HDL-C, mmol/L 1.5±0.4 1.2±0.4 1.5±0.4 <0.001

LDL-C, mmol/L 2.5 (2.0–3.2) 2.7 (2.0–3.6) 2.5 (2.0–3.1) 0.030

lnGDR 1.8±0.4 1.7±0.4 1.9±0.4 <0.001

UACR, mg/g 11.5 (5.9–25.6) 22.3 (7.2–83.7) 10.7 (5.8–21.7) <0.001

UACR ≥30 mg/g 117 (22.7) 30 (40.5) 87 (19.7) <0.001

eGFR, mL/min/1.73 m2 119.9 (94.3–149.0) 119.0 (92.3–139.1) 120.4 (94.4–150.2) 0.335

eGFR <60 mL/min/1.73 m2 32 (6.0) 6 (7.9) 26 (5.7) 0.437

Diabetic complications

   Hypoglycemic events, /mo 1 (0–4) 1 (0–4) 1 (0–4) 0.680

   Diabetic kidney disease 122 (21.5) 31 (36.5) 91 (18.9) <0.001

   Diabetic retinopathy 59 (10.4) 17 (19.8) 42 (8.7) 0.002

Insulin regimen 0.749

   Insulin pump 65 (11.5) 8 (9.5) 57 (11.9)

   Basal-bolus insulin therapy 195 (34.6) 28 (33.3) 167 (34.8)

   Others 304 (53.9) 48 (57.2) 256 (53.3)

MetS components

   Abdominal obesity 81 (14.2) 44 (51.2) 37 (7.6) <0.001

   Hypertension 111 (19.5) 47 (54.7) 64 (13.3) <0.001

   Abnormal TG 96 (16.9) 49 (57.0) 47 (9.7) <0.001

   Abnormal HDL 98 (17.2) 53 (61.6) 45 (9.3) <0.001

Values are presented as mean±standard deviation, number (%), or median (interquartile range). P value: MetS present vs. MetS absent.
MetS, metabolic syndrome; BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HbA1c, glycosylated hemoglobin A1c; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; lnGDR, napierian logarithm of glucose disposal rate; UACR, urinary albumin-creatinine ratio; eGFR, estimated glomerular filtration 
rate; TG, triglyceride.
aMissing data: BMI, 3 (0.5%); HbA1c, 24 (4.2%); UACR, 54 (9.5%); eGFR, 38 (6.7%); diabetic kidney disease, 2 (0.4%); insulin regimen, 5 
(0.9%); hypoglycemic events per month, 6 (1.1%).
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tion therapy education is protective against MetS. MetS status 
was also associated with an increased risk for DKD and DR af-
ter adjustment for confounding variables. 

MetS was far more prevalent among Caucasian patients with 
T1DM than in Chinese patients with T1DM. For example, 
42.1%, 39.0%, 33.7%, and 25.4% of T1DM patients from Aus-
tralia, Finland, Italy, Germany, and Austria, respectively, met 
the NCEP-ATPIII criterion of MetS [3,4,12,15]. As for MetS 
components, participants from the FinnDiane study had a 
markedly higher percentage of hypertension and a lower HDL-
C level than our participants. Moreover, the patients in the 
FinnDiane study were also more obese than the participants 
included in this investigation regardless of their MetS status. 
The difference in diabetes duration also accounted for MetS 
prevalence difference between the FinnDiane study and our 
study, which as supported by our finding that MetS was associ-
ated with diabetes duration.

The prevalence of Mets among Asian patients with T1DM 
varied considerably across countries. A study in adult and chil-
dren patients with T1DM conducted in southern India showed 
MetS prevalence of 22.2% [21]. In Korea, age and sex-adjusted 
patients with T1DM of all ages showed MetS prevalence of 
55.1% [22]. However, the authors of the Korean study admitted 
that they might have overestimated the percentage of MetS as 
they expanded the criteria of high triglyceride and low HDL-C 
level for MetS to lipid-lowing therapy. One Chinese survey en-
rolled 849 patients with T1DM and reported that the percent-
age of MetS was 10.1% [23]. However, these researches adopt-
ed the IDF criterion for the diagnosis of MetS and enrolled 
both adult and children patients, which hindered the compari-
son with data from other populations.

We found that longer diabetes duration, higher BMI, and 

Table 3. Logistic regression analysis of risk factors associated 
with metabolic syndrome in patients with type 1 diabetes mel-
litus

Variable OR 95% CI P value

Female sex 2.86 1.63–5.02 0.047

Diabetes duration, yr 1.04 1.00–1.08 <0.001

BMI, kg/m2 1.14 1.03–1.25 0.009

HbA1c, % 1.23 1.11–1.36 <0.001

Received nutrition 
therapy education

0.46 0.26–0.78 0.005

OR, odds ratio; CI, confidence intervals; BMI, body mass index; 
HbA1c, glycosylated hemoglobin A1c.

Fig. 2. Receiver operating characteristics (ROC) curves of dia-
betes duration, body mass index (BMI) and glycosylated he-
moglobin A1c (HbA1c) correlating with the presence of meta-
bolic syndrome in adult patients with type 1 diabetes mellitus. 
The area under curve for BMI, HbA1c, diabetes duration, and 
combination of the above variable are 0.66, 0.59, 0.57, and 0.68, 
respectively. 

1.0

0.8

0.6

0.4

0.2

0

Se
ns

iti
vi

ty

 0.2 0.4 0.6 0.8 1.0

1-Specificity

Diabetes duration
BMI
HbA1c
Combination
Random prediction

Table 4. Logistic regression analysis of metabolic syndrome 
and microvascular complications in patients with type 1 diabe-
tes mellitus

Variable OR 95% CI P value

Diabetic kidney disease

   Model 1 2.47 1.50–4.06 <0.001

   Model 2 2.40 1.43–4.03 0.001

   Model 3 2.27 1.34–3.85 0.002

   Model 4 2.14 1.12–4.11 0.022

Diabetic retinopathy

   Model 1 2.59 1.40–4.80 0.003

   Model 2 2.48 1.25–4.91 <0.001

   Model 3 2.75 1.37–5.51 0.004

   Model 4 3.72 1.59–8.72 0.002

Model 1: unadjusted; Model 2: adjusted for age, gender, and diabetes 
duration; Model 3: model 2 plus glycosylated hemoglobin A1c; Model 
4: model 3 plus university education level, insurance, marital status, 
diabetic education, received nutrition therapy education, adhering to 
diabetic diet, exercise status, clinical visit times per year, smoking and 
alcohol drinking status.
OR, odds ratio; CI, confidence intervals. 
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HbA1c were associated with MetS, which is consistent with the 
results of previous studies [12,21]. Intensive insulin therapy in 
long-standing patients may play a role in this phenomenon. 
Intensively treated patients gained an average of 4.8 kgs more 
than the conventionally treated group after 6-year follow-up in 
the DCCT study [34]. A European investigation of 3,250 pa-
tients with T1DM revealed that patients with significant weight 
gain had higher blood pressure and lipids levels [35]. In these 
patients, insulin therapy and obesity might have also induced 
and aggravated insulin resistance. Under the condition of insu-
lin resistance and multiple metabolic abnormalities, patients 
not only required a higher insulin dose but also had poor gly-
cemic control. Thus, the clustering of the above abnormalities 
poses great difficulty in treating long-standing patients. In sup-
port of this, we found that the childhood-onset patients in our 
study had longer diabetes duration, higher HbA1c level and a 
higher proportion of MetS. The aforementioned findings call 
for comprehensive management of the above risk factors in 
clinical care.

In the current study, we found that MetS was much more 
common among women than among men (22.8% vs. 7.4%, re-
spectively; P<0.001), which was in agreement with the find-
ings of the studies conducted in Finland, Italy, and Korea [3, 
4,22]. The differences between women and men were due 
mainly to the higher percentage of central obesity and low 
HDL-C level in the women. However, the underlying reason 
for this discrepancy is unclear. Moreover, we did not notice a 
significant difference in risk factors of MetS between child-
hood-onset and adult-onset T1DM patients in our study (Sup-
plementary Table 3).

Our results also showed that a history of nutrition therapy 
education was protective against MetS in patients with T1DM. 
A study from Brazil found that patients with T1DM who re-
ported adherence to the diet prescribed by health care profes-
sionals had better BMI and lower HbA1c, diastolic blood pres-
sure, and triglyceride levels [36]. The underlying mechanisms 
may be related to the improvement of inflammation and endo-
thelial dysfunction [37,38]. Consistent with this result, a ran-
domized trial revealed that MetS patients following a Mediter-
ranean-style diet had improved their endothelial dysfunction 
and vascular inflammation, and decreased the prevalence of 
MetS [39]. Therefore, from a practical perspective, education 
on nutrition therapy of T1DM-MetS patients should be pro-
moted.

Previous studies have shown that MetS are associated with a 

higher risk of DKD [3,4,14,21] and DR [4] in patients with 
T1DM. For instance, the FinnDiane study showed that pa-
tients with MetS had a 3.75-fold OR for diabetic nephropathy. 
Moreover, an Indian study showed that MetS was positively as-
sociated with DR (OR, 2.82). Consistent with the above results, 
our investigation found that the MetS status was associated 
with DKD and DR. Most probably, central obesity, hyperten-
sion, and dyslipidemia contributed to the interaction between 
insulin resistance, oxidative stress, chronic inflammation, en-
dothelial dysfunction, as well as microvascular damage and re-
modeling, which led to the onset and progression of microvas-
cular complications [4]. The DCCT study has shown that in-
tensive glycemic control significantly reduced the risk of mi-
crovascular complications in patients with T1DM [40,41]. The 
Diabetic Retinopathy Candesartan Trials (DIRECT) and the 
Ace-Inhibitor Trial to Lower Albuminuria in Normotensive 
Insulin-Dependent Subjects Study (ATLANTIS) have revealed 
that lowering the blood pressure reduced the risk of the inci-
dence or progression of DR and DKD in T1DM [42,43]. The 
aforementioned evidence necessitated multifactorial manage-
ment among T1DM-MetS patients for better long-term out-
comes.

The current study has some limitations. First, it was hospital-
based. However, for the diagnosis of T1DM in Chinese pa-
tients was confirmed in tertiary hospitals. After diagnosis, pa-
tients with T1DM were subsequently followed up in the same 
tertiary hospitals or primary care centers. Therefore, through 
the recruitment of patients from these tertiary hospitals, we 
could access most T1DM patients in China. Second, cross-sec-
tional nature of this investigation revealed only associations 
rather than causative relationships. Hence, a follow-up study 
with measurements of MetS components and HbA1c during 
the follow-up period would be more appropriate to conduct. 
Lastly, data were missing because of our study’s retrospective 
data acquisition, such as insulin doses, hypertension and hy-
perlipidemia treatments. However, the demographic charac-
teristics of the participants were similar with and without the 
missing data. 

In conclusion, we found that the prevalence of MetS in Chi-
nese adult patients with T1DM was relatively low. Importantly, 
longer diabetes duration, female gender, higher BMI, and 
HbA1c are risk factors associated with MetS, whereas the re-
ceived nutrition therapy education is protective against MetS. 
MetS status was associated with an increased risk for DKD and 
DR. Efforts are required to identify such patients, and compre-
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hensive management, including lifestyle modification, might 
reduce their risk of microvascular complications.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.4093/dmj.2020.0240.
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Supplementary Table 1. Demographic and socioeconomic characteristics of patients with childhood-onset and adult-onset 
T1DM

Parameter Alla (n=569) Childhood onset (n=132) Adult onset (n=437) P value

Female sex 315 (55.4) 81 (61.4) 234 (53.5) 0.113

Age at enrollment, yr 34.8±12.4 23.8±5.6 38.1±12.0 <0.001

Diabetes duration, yr 5.9 (3.1–10.3) 9.3 (5.8–13.7) 5.1 (2.6–8.5) <0.001

Age at diagnosis, yr 25.6 (18.3–33.8) 13.9 (11.6–16.1) 29.1 (23.5–36.5) <0.001

Family history of diabetes 149 (26.5) 35 (26.7) 114 (26.4) 0.940

Family history of T1DM 25 (4.4) 2 (1.5) 23 (5.3) 0.064

Education level: less than university 177 (31.4) 46 (35.4) 131 (30.3) 0.269

Having insurance 490 (86.1) 112 (84.8) 379 (86.7) 0.582

Marital status (alone) 344 (61.3) 26 (20.2) 318 (73.6) <0.001

Living status (single) 45 (8.3) 11 (8.7) 34 (8.2) 0.861

Diabetic education 432 (77.6) 90 (70.9) 342 (79.5) 0.040

Received nutrition therapy education 239 (42.0) 50 (37.9) 188 (43.0) 0.294

Adhering to diabetic diet 398 (71.2) 84 (65.1) 314 (73.2) 0.075

Exercise ≥150 min/week 228 (49.0) 56 (52.8) 172 (47.9) 0.373

Smoker 92 (16.2) 10 (7.6) 82 (18.8) 0.002

Alcohol drinker 50 (8.8) 5 (3.8) 45 (10.3) 0.020

Clinical visit times per year <12 289 (53.7) 75 (61.5) 214 (51.4) 0.051

Values are presented as number (%), mean±standard deviation, or median (interquartile range). P value: childhood-onset vs. adult-onset.
T1DM, type 1 diabetes mellitus.
aMissing data: family history of diabetes, 7 (1.2%); family history of T1DM, 7 (1.2%); family history of T1DM, 7 (1.2%); living status, 26 (4.6%); 
marital status, 8 (1.4%); diabetic education, 12 (2.1%); adhering to diabetic diet, 10 (1.8%); exercise status, 104 (18.4%); alcohol drinker, 1 
(0.2%); smoker, 1 (0.2%); clinical visit times per year, 31 (5.4%).
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Supplementary Table 2. Clinical characteristics of patients with childhood-onset and adult-onset type 1 diabetes mellitus

Parameter Alla (n=569) Childhood onset (n=132) Adult onset (n=437) P value

BMI, kg/m2 20.7±2.6 20.1±2.7 20.8±2.5 0.378

   Underweight 110 (19.4) 36 (27.3) 74 (17.1) <0.001

   Normal weight 424 (74.9) 89 (67.4) 335 (77.2)

   Overweight/Obesity 32 (5.7) 7 (5.3) 25 (5.8)

Waist circumference, cm 74.5±7.6 73.4±7.0 74.8±7.8 0.924

   In female 73.8±7.5 73.6±7.1 73.9±7.7 0.915

   In male 75.4±7.7 73.0±6.9 76.0±7.7 0.969

WHR 0.8±0.1 0.8±0.1 0.9±0.1 0.986

SBP, mm Hg 114.3±14.3 113.6±13.2 114.5±14.6 0.612

DBP, mm Hg 72.9±9.2 73.8±9.7 72.5±9.1 0.427

HbA1c, % 8.4 (7.1–10.1) 9.0 (7.3–11.7) 8.4 (7.1–10.1) 0.044

   HbA1c ≥9% 223 (40.9) 64 (48.5) 159 (38.1) 0.035

TC, mmol/L 4.8±1.2 4.7±1.5 4.8±1.1 0.006

Triglyceride, mmol/L 0.9 (0.7–1.4) 0.9 (0.7–1.5) 0.9 (0.7–1.4) 0.723

HDL-C, mmol/L 1.5±0.4 1.5±0.4 1.5±0.4 0.234

LDL-C, mmol/L 2.5 (2.0–3.2) 2.4 (2.0–3.2) 2.5 (2.0–3.2) 0.430

lnGDR 1.8±0.4 1.8±0.4 1.9±0.4 0.120

UACR, mg/g 11.5 (5.9–25.6) 11.9 (6.3–41.3) 11.4 (5.8–22.3) 0.089

UACR ≥30 mg/g 117 (22.7) 36 (27.3) 81 (20.6) 0.112

eGFR, mL/min/1.73 m2 119.9 (94.3–149.0) 116.8 (92.6–150.0) 120.0 (94.5–148.3) 0.833

eGFR <60 mL/min/1.73 m2 32 (6.0) 4 (3.1) 28 (6.9) 0.118

Diabetic complications

   Hypoglycemic events, /mo 1 (0–4) 1 (0–4) 1 (0–3) 0.118

   Diabetic kidney disease 122 (21.5) 37 (28.0) 85 (19.5) 0.038

   Diabetic retinopathy 59 (10.4) 14 (10.6) 45 (10.3) 0.919

Insulin regimen 0.442

   Insulin pump 65 (11.5) 19 (14.5) 46 (10.6)

   Basal-bolus insulin therapy 195 (34.6) 42 (32.1) 153 (35.3)

   Others 304 (53.9) 70 (53.4) 234 (54.0)

MetS and its components

   MetS 86 (15.1) 28 (21.2) 58 (13.3) 0.026

   Abdominal obesity 81 (14.2) 24 (18.2) 57 (13.0) 0.139

   Hypertension 111 (19.5) 27 (20.5) 84 (19.2) 0.754

   Abnormal TG 96 (16.9) 24 (18.2) 72 (16.5) 0.647

   Abnormal HDL 98 (17.2) 22 (16.7) 76 (17.4) 0.847

Values are presented as mean±standard deviation, number (%), or median (interquartile range). P value: childhood-onset vs. adult-onset.
BMI, body mass index; WHR, Waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin 
A1c; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; lnGDR, napierian loga-
rithm of glucose disposal rate; UACR, urinary albumin-creatinine ratio; eGFR, estimated glomerular filtration rate; MetS, metabolic syndrome; 
TG, triglyceride.
aMissing data: BMI, 3 (0.5%); HbA1c, 24 (4.2%); UACR, 54 (9.5%); eGFR, 38 (6.7%); diabetic kidney disease, 2 (0.4%); insulin regimen, 5 
(0.9%); hypoglycemic events per month, 6 (1.1%).
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Supplementary Table 3. Logistic regression analysis of risk 
factors associated with metabolic syndrome between patients 
with childhood-onset and adult-onset type 1 diabetes mellitus

Variable OR 95% CI P value

Childhood-onset patients (n=132)

   Female sex 5.83 1.59–21.39 0.008

   BMI, kg/m2 1.31 1.08–1.59 0.007

   Received nutrition therapy education 0.30 0.10–0.86 0.025

Adult-onset patients (n=437)

   Female sex 2.52 1.35–4.68 0.004

   BMI, kg/m2 1.21 1.08–1.35 0.001

   Received nutrition therapy education 0.51 0.28–0.94 0.032

OR, odds ratio; CI, confidence interval; BMI, body mass index.


