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Background: Type 2 diabetes mellitus (T2DM)-associated mortality and morbidity are strongly dependent on glycemic con-
trol. With T2DM prevalence increasing in China, we aimed to assess glycemic control rates in Chinese T2DM
outpatients.

Material/Methods: A total of 9065 adult T2DM outpatients (5035 men) were assessed in 26 Chinese medical centers between August
2010 and April 2012. Patients were stratified according to BMI (kg/m?): <24, 24-28, and >28. Successful glyce-
mic control was defined as glycated hemoglobin Alc (HbA1c) <7% or fasting plasma glucose (FPG) <7.0 mmol/L.

Results: Among the participants included in this study, 2939 had BMI <24, 3361 had BMI of 24-28, and 2764 had BMI
>28. The glycemic control rate was only 32.6%, and the triple control rate for glycemia, blood pressure, and
lipidemia was only 11.2%. Glycemic control rates by BMI group were 33.7% (<24), 33.8% (24-28), and 30.2%
(>28) (p=0.005), and corresponding incidences of cardiovascular diseases (CVD) were 12.2%, 15.7%, and 15.9%
(p<0.001). Multivariate logistic regression analysis demonstrated that older age (p<0.001), higher BMI (p=0.026),
larger waist circumference (p<0.001), less education (p<0.001), and recent diagnosis (p<0.001) were indepen-
dent risk factors for poor glycemic control.

Conclusions: The T2DM glycemic control rate in China is currently low, especially in older obese patients with poor educa-
tion and recent diagnosis.
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Background

Diabetes is a worldwide epidemic, and China is no exception
[1,2]. Type 2 diabetes mellitus (T2DM), the most common form,
accounts for nearly 90% of all cases [3]. T2DM incidence is in-
creasing not only in adults but also in youths [4], making it the
most urgent public health issue in both developed and devel-
oping countries. T2DM is caused by insufficient insulin pro-
duction from beta cells due to insulin resistance [5]. A combi-
nation of lifestyle factors, most notably obesity, and genetic
factors has been shown to exacerbate T2DM incidence [6,7].

A new term, “diabesity”, has been coined to describe the close
association between increasing diabetes incidence and obesity
[8]. In UK patients diagnosed with T2DM, for example, almost
90% were also obese or overweight [9]. The increasing preva-
lence of obesity contributes substantially to the ongoing epidem-
ic of type 2 diabetes [10]. According to current statistics, diabe-
sity will become the major cause of chronic diseases worldwide
by the year 2020 [11], and thus represents a substantial current
and future economic burden in both developed and developing
countries [8]. The deleterious health effects of T2DM are large-
ly due to comorbidities and complications such as hypertension,
cardiovascular diseases (CVD), nephropathy, neuropathy, retinop-
athy, obstructive sleep apnea-hypopnea syndrome (OSAHS), and
dyslipidemia, which can result in poor quality of life and reduced
life expectancy. Therefore, we examined the associations of dia-
betes complications and comorbidities such as smoking, drink-
ing, and diabetes duration. Diabesity has important diagnostic
and therapeutic implications, as it links various pathophysiolog-
ical mechanisms associated with insulin resistance and hyper-
insulinemia [12]. Obesity worsens insulin resistance and thus
promotes the development of diabetes [13,14]; therefore, pre-
vention of obesity is critical for reducing the incidence of T2DM.

Management of T2DM involves controlling risk factors such as
hyperlipidemia, and maintaining plasma glucose levels with-
in the normal range [6]. Self-control of glycemia by T2DM pa-
tients is recommended [15,16], but its success is generally un-
known and the efficacy of self-monitoring in particular groups
of patients is controversial [16]. Age, degree of education, and
duration of diabetes could impact patient self-control and gly-
cemia control practices. However, little is known about the cur-
rent status of diabesity in China.

Body mass index (BMI), which is commonly used to identify ex-
cessive weight and obesity, is strongly associated with diabe-
tes [17]. Other factors, including hyperglycemia, elevated blood
HbA1c, fasting plasma glucose (FPG), and triglyceride (TG), are
also indicators of T2DM and some are even more closely cor-
related with diabetes than BMI [18]. However, studies explor-
ing the association of BMI with other indicators of T2DM or
factors affecting T2DM management are scarce.
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Despite the increasing prevalence of T2DM in China, with over
110 million adult patients to date [19], limited information is
available on the status of glycemic control and management
of this population. Therefore, this study aimed to assess gly-
cemic control status and risk factors associated with T2DM
management in China.

Material and Methods

Study design and participants

This multicenter study assessed patients with T2DM in 26 outpa-
tient medical centers in mainland China, including tertiary hospi-
tals and community health service centers, between August 2010
and April 2012. We performed the surveys by face-to-face inter-
views and all laboratory indicators were measured in the local
hospitals. For study purposes, we defined diabetes mellitus as
FPG concentration >7.0 mmol/L, 2-h plasma glucose >11.1 mmol/L
during an OGTT, random plasma glucose >11.1mmol/L with classic
symptoms of hyperglycemia, HbAlc value >7.0%, by self-report-
ed history of physician-diagnosed T2DM or history of drug treat-
ment for diabetes (insulin or oral hypoglycemic agents). All partic-
ipants gave informed written consent. The protocol was approved
by the Ethics Committee of all included centers, and the study
was conducted in accordance with the Declaration of Helsinki.

Inclusion criteria were confirmed T2DM, age >18 years, body mass
index (BMI) over 18, and written informed consent. Patients with
gestational diabetes mellitus, secondary diabetes (steroid-in-
duced, cystic fibrosis, hemochromatosis, and chronic pancreatitis),
or type 1 diabetes were excluded. Stratified sampling survey was
applied during grouping according to the Chinese BMI standard
(normal BMI: 18-24, overweight: 24-28, and obese: >28) [20].

Assessments and outcome measures

Individual demographic characteristics, including level of edu-
cation, duration of T2DM, medications, self-monitoring status,
and other parameters were obtained by a standardized inter-
view. Patients were also required to report specific informa-
tion about T2DM treatments since their diagnosis, including
the types of insulin and oral anti-diabetic drugs. Comorbidities
and complications of diabetes such as hypertension, coronary
heart disease, and diabetic neuropathy were also recorded. The
diagnosis of hyperlipidemia and hypertension was carried out
according to Chinese guidelines [21,22].

Cigarette smoking was defined as having smoked a lifetime
total of at least 100 cigarettes. Information was obtained on
the amount and type of alcohol consumed during the previ-
ous year, and “alcohol drinking” was defined as the consump-
tion of at least 30 g of alcohol per week for at least 1 year.
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Fasting blood samples were collected at 7:00-9:00 AM for mea-
surement of FPG, blood lipids (TG, triglyceride; TC, total cho-
lesterol; HDL, high-density lipoprotein; LDL, low-density lipo-
protein), and glycosylated hemoglobin HbA1lc. Blood samples
were obtained 120 min after meals to measure postprandi-
al glycemia (PPG). Plasma glucose was measured immediate-
ly and remaining blood samples were frozen at -80°C until
assayed for blood lipids. Body height, weight, and waist cir-
cumference were measured. Blood pressure was measured
with the participant sitting for at least 5 min and at least 30
min after exercise; it was measured 3 times and the average
was recorded. The study participants refrained from cigarette
smoking and drinking of coffee, tea, and alcohol for at least 3
h before BP measurement. Successful glycemic control was
defined as glycated hemoglobin Alc (HbAlc) <7% or fasting
plasma glucose (FPG) <7.0 mmol/L

Statistical analyses

Demographic and clinical characteristics of participants are
expressed as mean + standard deviation for continuous vari-
ables and percentages for categorical variables. Groups and
subgroups were compared using t-tests and chi-square tests,
as appropriate. The adjusted correction of glycemic control
rate and BMI was analyzed by partial corrections. A univariate
analysis was conducted to identify associations between di-
abetes control status and demographic and clinical variables.
We performed a multivariable logistic regression analysis to
identify independent risk factor for poor glycemic control rate
by adjusting for age, BMI, waist circumference (WC), level of
education, duration of diabetes, smoking, drinking, and hyper-
tension. We present 95% confidence intervals (Cl). All P values
are 2-tailed, and a P<0.05 was considered statistically signif-
icant. Statistical analyses were performed using the statisti-
cal software package SPSS for Windows, version 17.0 (IBM-
SPSS, Chicago, IL).

Results

Characteristics of eligible patients

A total of 9644 subjects with T2DM were enrolled in this study,
and 9065 (55.5% male) completed the survey, laboratory tests, and
physical measurements used for the final analyses. Demographic
data and baseline characteristics of participants are shown in
Table 1. Among them, 2764 patients had BMI >28 kg/m?, 953 had
BMI >30 kg/m? (34.5%), and 420 had BMI 532 kg/m? (15.2%).

Glycemia, lipidemia, and blood pressure control status

Only 656 (7.2%) subjects had never received any oral anti-dia-
betic drugs (OADs) or insulin, with 221, 243, and 192 subjects
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in the BMI <24, BMI 24-28, and BMI >28 groups, respectively.
In the whole study cohort, 60.32% had never received OADs
and 41.03% were insulin naive. The lowest usage rates were
in the BMI >28 group - only 36.09% patients used OADs and
only 35.05% were on insulin (Table 1).

The glycemia control rates among study subjects are shown
in Table 2. According to Chinese criteria, 1809 of 8434 (32.6%)
achieved glycemic control and 943 of 8434 (11.2%) achieved
triple control of glycemia, blood pressure, and lipidemia. Next,
we evaluated the impact of BMI on the glycemic control rate.
Glycemic control rates differed among BMI groups, with 33.7%
in the <24 group, 33.8% in the 24-28 group, and 30.2% in
the >28 group (p=0.005), even after partial corrections anal-
ysis adjusting for age, degree of education, duration of dia-
betes, HbA1lc, and FPG (p=0.006). The glycemic control rates
also differed significantly across subgroups defined by age,
level of education, and duration of diabetes (p=0.015, <0.001,
and <0.001, respectively). Glycemic control rates differed sig-
nificantly in the 3 BMI subgroups of patients >75 years old
(p=0.022), with high school education (p=0.019), <3 year dis-
ease duration (=0.007), and with 3-5 years disease duration
(p=0.026). Glycemic control rates also differed significantly
across age groups (p=0.015), education levels (p<0.001), and
disease durations (p<0.001) (Table 2). With increasing BMI, tri-
ple control rate decreased significantly — 12.8% was recorded
for BMI <24, while 12.1% and 8.5% were obtained for the BMI
24-28 and BMI »28 groups (p<0.001, Table 2).

Comorbidities and complications

The incidences of CVD differed significantly in the 3 BMI groups,
with 12.2% in the <24 group, 15.7% in the 24-28 group, and
15.9% in the >28 group (p<0.001). The incidences of CVD also
differed significantly across disease duration groups (8.1%
at <3 years, 19.7% at 3-5 years, and 15.8% in the >5 years
group; p<0.001). Moreover, the incidences of CVD varied sig-
nificantly by BMI within the 3-5 years disease duration group
(p<0.001). Overall, 7.2% of T2DM outpatients had nephropa-
thy, regardless to the BMI value (7.1% in the <24 group, 6.6%
in the 24-28 group, and 7.9% in the 28 group; p=0.153).
Overall incidences of retinopathy and neuropathy were 9.2%
and 11.5%, similar across BMI groups (p=0.256, p=0.199, re-
spectively) (Table 1).

Risk factors of good glycemia control

Age, BMI, WC, level of education, and duration of diabetes
were significant risk factors according to univariate analysis.
In agreement with this, multivariate logistic regression dem-
onstrated that age (OR: 1.170, 95%Cl: 1.094-1.251, p<0.001),
BMI (OR: 1.100, 95%Cl: 1.011-1.195, p=0.026), WC (OR: 0.983,
95%Cl: 0.977-0.989, p<0.001), education level (OR: 1.380,
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Table 1. Baseline characteristics of included patients.

Characteristics BMI <24 kg/m? 24-28 kg/m? BMI >28 kg/m? P
Number of patients 2939 3361 2764

FPG — fasting plasma glucose; PPG — postprandial hyperglycemia; TG — triglyceride; TC — total cholesterol; HDL — high density
lipoprotein; LDL — low density lipoprotein; OADs — oral anti-diabetic drugs; OSAHS — obstructive sleep apnea-hypopnea syndrome.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




ChenR. et al.:

c LI N ICAL RES EARC H Management of Chinese patients with T2DM

© Med Sci Monit, 2015; 21: 1440-1446

Table 2. Glycemia control rates of each groups and subgroups in T2DM patients.

Total BMI <24 24 <BMI <28 BMI >28 P
Triple control rates 11.2% 12.8% 12.1% 8.5% <0.001
Glycemia controlrates 6% B7% 38% 02% 0005
CAge
ogecasy 24% 21% 23% 6% 0353
 assagecs0 23% 0% 39w 07% 0261
"""" e0<age<7s  3as%  349%  3s8%  320% 0212
oagess 9% 8% 2% %6% 002
"""" b oo1s
CDegreeofeducation
"""" Witeracy — 234%  246%  245%  209% 0709
"""" Pimaryschool  277%  284%  283%  262% 0774
"""" Highschool  327%  338%  342%  299% 0019
"""" College and higher ~ 382%  393%  405%  344% 0088
"""" e W
CDuration of diabetes
"""" sy  37m%  4ue%  49%  35% 0007
"""" sy 3% 3Le%  336%  277%  00%
"""" Sy om3% 3ew  24%  318% 0939
"""" e W

Hypertension 1.044 (0.953-1.143) 0.357 1.044 (0.932-1.169) 0.458

95%Cl: 1.280-1.489, p<0.001), and recent diagnosis (OR: 0.841,  Discussion

95%Cl: 0.785-0.901, p<0.001) were significant independent

risk factors for poor glycemic control (Table 3). Diabetes is becoming a major public health issue and eco-
nomic burden in China. Glycemia control is closely associated
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with complications and prognosis [23-25], so efficient glyce-
mia control is considered a cornerstone of diabetic treatment.
The results of this multi-center investigation revealed an un-
satisfactory overall glycemia control rate for T2DM patients;
most patients did not meet the management criteria of the
American Diabetes Association (ADA) or Chinese glycemia con-
trol of HbAlc <7%. Moreover, the glycemia control rate was
very low for obese patients, particularly those with BMI >28
kg/m?. Level of education, duration of T2DM, waist circumfer-
ence, and HbA1c level were found to be major factors affect-
ing glycemic control rate in T2DM patients.

The overall glycemia control rate in our study was 32.6%, lower
than the 39.7% obtained in a study assessing individuals with
HbA1c <7% [26]. In a more recent study in China, only 31.78%
of 238 639 diabetes patients exhibited HbAlc <7% after treat-
ment [27]. The latter study assessed drug use (OADs and/or in-
sulin) but did not include education level or lifestyle data. To
explore possible risk factors influencing the management of
glycemia, we evaluated age, educational level, BMI, WC, dura-
tion of T2DM, smoking, drinking, and hypertension, which are
factors strongly linked to T2DM risk in previous studies and
easily measured in large cohorts. We found that high level of
education, recent diagnosis of T2DM, young age, and low BMI
were strongly related to good glycemia control. Here, the cut-
off BMI value for obesity was set at >28 kg/m?, in accordance
with a study reporting the most effective index for T2DM in
China [28]. Due to the diversity of Chinese diet and difficul-
ty in quantifying exercise, exercise and diet control were not
taken into consideration in this analysis. Multivariate logistic
results also demonstrated that age, education, BMI, and dura-
tion of T2DM were important risk factors for glycemia control.
Therefore, significant efforts should be undertaken to monitor
and encourage elderly patients, patients with low-level educa-
tion, long-term T2DM patients, and high BMI patients to im-
prove glycemic control, which would ameliorate treatment out-
come in these individuals and decrease T2DM prevalence. The
observation that individuals with high education levels have
reduced risk of hyperglycemia may results from their better
understanding of diabetes, obesity risks, and glycemic control
[29]. These findings stress the importance of education in the
epidemiology of T2DM. At this point, it is not clear why higher
BMI and elderly individuals were reluctant in applying glyce-
mia control. However, this phenomenon was more pronounced
in diabesity patients >75, indicating that poor general fitness
might play a role in the reduced glycemia control. Further stud-
ies need to address this point. A recent study showed that age
and BMI are less important factors that can influence quality
of life; a weak positive relation was determined for these fac-
tors only with 4 of 10 fields of quality of life, including social
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functioning, emotional state, physical health, and mental health
[30]. A study conducted in the USA indicated that 84.5% of the
hospitalized type 2 diabetes patients were overweight or obese
(BMI>25 kg/m?), suggesting the need for effective weight loss
intervention in this population [31].

As smoking and drinking are proven risk factors for several
chronic diseases, we evaluated their roles in diabetes complica-
tions. In this study, we found no significant effects for smoking
and drinking, possibly due to the limited sample size and the
larger impacts of other parameters studied, including educa-
tion level, WC, and duration of T2DM. It is possible that prop-
er patient education could also help patients control drinking
and smoking when these habits put them at risk.

High BMI is a known important risk factor for comorbidities
and complications of T2DM [32]. In agreement, higher BMI was
found to be associated with increased prevalence of CVD and
other comorbidities, indicating that weight loss strategies are
an important component of both T2DM prevention and treat-
ment. Interestingly, acupuncture therapy was recently shown
to be effective in preventing the development of type-2 dia-
betes mellitus in a rat model [33], suggesting an alternative
method that might be widely accepted by the Chinese popu-
lation. However, it should be noted that acupuncture did not
reduce body weight in rats.

There are several limitations in this study. First, we did not
use multistage cluster sampling methods. Second, data de-
rived from interviews rather than tests may have been affect-
ed by recall errors or bias. Descriptive analyses were applied
throughout this study without attempting to control for con-
founding factors. Nonetheless, we present a comprehensive
portrait of current glycemic control rates in Chinese outpa-
tients and identify risk factors affecting control of blood glu-
cose and other aspects of disease management.

Conclusions

The T2DM glycemic control rate in China is currently poor, es-
pecially in older obese patients with poor education and recent
diagnosis. Efforts to achieve good glycemic control and reduce
risk factors are highly recommended. Educational interven-
tions for glycemic control and weight loss could help patients
with low-level education and decrease diabetes prevalence.
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