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Abstract

Objective To understand the prevalence of hypertension and hyperlipidaemia as well as the current status of glycae-
mic control and its influencing factors among type 2 diabetes mellitus patients in the community in South China, and
to provide recommendations for the prevention and control of diabetes.

Methods Questionnaires, physical examinations and laboratory tests were conducted on patients with type 2 diabe-
tes mellitus who participated in the National Basic Public Health Service Programme in Guangzhou in 2020. The chi-
square test, t-test and multi-factor unconditional logistic regression analysis were performed using R 4.1.2 software.

Result Among 127,423 type 2 diabetic patients in Guangzhou, 57,695 achieved glycemic control standards, with a
glycemic control rate of 45.28%.In this study, the proportion of T2DM patients with hypertension and hyperlipidae-
mia together was 27.79%, The percentage of T2DM patients with hypertension alone and hyperlipidaemia alone was
28.34% and 20.53% respectively, and the rate of no complications was 23.34%. There was a statistically significant
difference in the rate of glycaemic control between the different disease combination states (P < 0.05). The glycaemic
control rate was 47.67% in diabetic patients without hypertension and hyperlipidaemia, 52.54% and 37.24% in those
with combined hypertension alone and hyperlipidaemia alone respectively, compared to 41.80% in diabetic patients
with hypertension and hyperlipidaemia. After adjusting for all covariates, multivariate analysis showed that combined
hypertension alone was associated with good glycaemic control (OR 0.817,95% C1 0.791, 0.843, P<0.001),when using
comorbid T2DM as a control group, combined hyperlipidaemia alone, combined hypertension and hyperlipidaemia
were associated with poor glycaemic control (OR 1.521,95% Cl 1.470,1.574, P<0.001 and OR 1.250, 95% CI 1.211,1.291,
P<0.001), Subgroup analyses as well as multifactorial unconditional logistic regression analyses showed that

patients with type 2 diabetes who were overweight and obese, smoked, drank alcohol, had a diagnosis of diabetes
for > 6 years, had fair or poor adherence and had a family history of diabetes had lower rates of glycaemic control.
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Conclusion The results of this study showed that the co-morbidity of hypertension and hyperlipidaemia was high
and prevalent among diabetic patients in Guangzhou. Moreover, glycaemic control of T2DM patients with hyper-
lipidaemia was lower than other diabetic patients. Obesity and overweight, poor lifestyle and dietary habits are also
major factors affecting the treatment and control of T2D patients in this region. Therefore, comprehensive measures
should be actively taken to control blood glucose levels in type 2 diabetic patients by also incorporating lipid man-
agement into the community and strictly controlling lipid levels.

Keywords Diabetes, Hypertension, Hyperlipidemia, Blood glucose control

Introduction

The type 2 diabetes mellitus (T2DM) is a group of meta-
bolic diseases characterised by hyperglycaemia due to
defects in insulin secretion, insulin action or both [1].
With socio-economic development, T2DM has become
an important public health issue affecting the health of
the Chinese population. According to the International
Diabetes Federation and the Global Burden of Disease
(GBD) [2], approximately 462 million people have been
diagnosed with diabetes, equivalent to 6.28% of the
world’s population, and nearly 4 million people world-
wide die of hyperglycaemia and the complications each
year, with approximately US$850 billion spent on health-
care for adults with diabetes in 2017 [3]. Epidemiologi-
cal findings showed that the prevalence of diabetes in
China ranges from 9.7 to 11.6%, and the situation has
not improved significantly in recent years, so the overall
prevention and control of diabetes in China still faces a
daunting challenge [4]. The World Health Organization
(WHO) and other authorities believe that only active
prevention and intervention can slow down and gradu-
ally stop the onset and progression of diabetes at its root
[5].

Studies have shown that comorbidities such as car-
diovascular disease (CVD), hypertension (HTN), dys-
lipidaemia and renal insufficiency often coincide with
a diagnosis of T2D [6-8]. Therefore, a focus on T2DM
needs to be accompanied by a focus on its comorbidities.
For example, 60% of people with hypertension also have
diabetes and 73% have dyslipidaemia [9]. Among people
with diabetes, 30% may also have dyslipidaemia [10]. Pre-
vious studies have shown that the presence of multiple
risk factors additionally increases the risk of cardiovas-
cular disease [11]. Coexisting comorbidities, particularly
the presence of any form of combination of diabetes,
hypertension and dyslipidaemia have an even higher risk
of developing cardiovascular and renal disease than each
of these conditions alone [12].

Evidence suggested that the primary treatment goal for
all patients with diabetes was to maintain good glycaemic
control to prevent organ damage and microvascular and
macrovascular complications. However, most patients
failed to achieve good glycaemic control and the causes

of poor glycaemic control are complex and multifacto-
rial [13, 14]. Patients with poor glycaemic control may
experience cognitive impairment, immune dysfunction,
as well as hospital admissions and diabetic complications
[15].

Guangzhou is a representative of a developed city in
China. It has a developed economy and abundant medi-
cal resources, but it is also accompanied by a serious
ageing population and a rising incidence of chronic dis-
eases. In order to understand the current situation of
hypertension and hyperlipidaemia complications as well
as glycaemic control among diabetic patients in Guang-
zhou and their related influencing factors. This study was
conducted on patients with type 2 diabetes managed by
the National Basic Public Health Service in Guangzhou
in 2020 to provide a reference basis for developing more
targeted diabetes prevention and control measures.

Research design and methods

Data sources and study population

The study took patients with type 2 diabetes mellitus
who were included in the management of national basic
public health services in Guangzhou in 2020 as the
study subjects, and according to the inclusion criteria,
the included study subjects must have complete demo-
graphic and physical examination data, so patients with
missing demographic statistics and those who did not
participate in comprehensive health examination (i.e.,
missing physical examination data) in the current year
were excluded, and before collecting questionnaires in
different areas of Guangzhou, they must Comply with
the following quality control guidelines: (1) Develop a
manual for investigators, strictly train investigators, unify
survey methods, improve survey quality, and only partic-
ipate in formal surveys after passing the assessment; (2)
Physical measurements, body composition determina-
tion, blood sample collection and laboratory testing tests
are conducted using national standard methods, unified
methods and reagents, and standardized operations; (3)
All investigators count questionnaires immediately after
their collection quantity, and the quality of question-
naires was strictly controlled; (4) the questionnaires were
entered using a two-person parallel entry method and
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were tested for consistency. A total of 127,423 type 2 dia-
betic patients with complete medical examination data
were included in this study.

Research method

Gender, age, education, smoking status, alcohol con-
sumption, physical activity, history of hypertension,
hyperlipidemia, family history of diabetes and medical
compliance were collected from the study population
through health records, questionnaires and health check-
ups, as well as laboratory tests: fasting blood glucose,
glycated haemoglobin, total cholesterol, triglycerides,
low-density lipoprotein, high-density lipoprotein and
field Measurement of the patient’s systolic and diastolic
blood pressure.

Measurements and definitions

(1) smoking: people who were still smoking (not quit)
at the time of the survey, whether or not they smoked
daily [16]; (2) Alcohol consumption: defined as hav-
ing consumed alcohol in the past 12 months [17]; (3)
Physical activity: Adequate physical activity is defined
as 150—300 min of moderate-intensity, or 75-150 min of
vigorous-intensity physical activity, or some equivalent
combination of moderate-intensity and vigorous-inten-
sity aerobic physical activity per week [18] and insufficient
physical activity is defined as physical activity but not
meeting the criteria for adequate exercise. No physical
activity is defined as not engaging in physical activity;(4)
Hypertension: persons whose blood pressure measure-
ment at the current year’s health check-up is > 140 mmHg
systolic (1 mmHg=0.1333 kPa) and/or 90 mmHg dias-
tolic, or who have been diagnosed as hypertensive by a
township (community) level hospital or above [19];(5)
Dyslipidemia: those with triglycerides>2.26 mmol/L
and/or total cholesterol>6.22 mmol/L  and/or
HDL cholesterol<1.04 mmol/L. and/or LDL cho-
lesterol>4.14 mmol/L [20]; (6) body mass index
(BMI) = Weight/height2 (kg/m2), according to the rec-
ommendations of the Chinese Guidelines for the Preven-
tion and Control of Overweight and Obesity in Adults,
BMI<18.5 kg/m? is considered low weight, 18.5 kg/
m?<BMI<23.9 kg/m? is normal weight, 24.0 kg/
m? < BMI <27.9 kg/m? is overweight, and BMI > 28 kg/
m? was considered obesity [21]; (7) Glycemic control
rate: The proportion of diabetic patients identified in
this survey whose fasting blood glucose is currently con-
trolled at<7.0 mmol/L or whose glycated haemoglobin
is<7% [22].

Statistical analysis
Statistical analysis of the data was performed using
R4.1.2 software. Count data were expressed as rates and/

Page 3 of 12

or composition ratios with chi-square tests for com-
parison between groups, while measurement data were
expressed as mean =+ standard deviation with t-tests for
comparison between groups. Multi-factor unconditional
logistic regression analysis was used to analyse the fac-
tors affecting the rate of glycaemic control, followed by
subgroup analysis for the presence of hypertension as
well as hyperlipidemia, and the included variables with
corresponding assignments are shown in Additional
file 1: Table S1. differences were considered statistically
significant at 2 <0.05.

Results

Baseline information for people with diabetes

The 127,423 diabetic patients in this study were
(69.5+9.8) years old, of whom (68.6+10.2) were male
and (70.0 +9.4) were female, with a BMI of (24.8+5.9)
kg/m? and a duration of diabetes of (8.7 +5.7) years in
the survey population. The study population was pre-
dominantly married, middle school and high school/
junior high school populations. There were 57,695 cases
(45.28%) in the group with standard glycaemic control
and 69,728 cases (54.72%) in the group with substandard
diabetes control in this study. The differences between
those who achieved and those who did not achieve the
standard rate of diabetes control were statistically signifi-
cant (P<0.05) in terms of age, gender, years of diabetes
diagnosis, family history of diabetes, and poor lifestyle
and dietary behaviours. The difference in the history of
hypertension and hyperlipidemia complications among
the different glycemic controls was statistically significant
(P<0.05). In this study, the glycemic control rate in dia-
betic patients without hypertension and hyperlipidemia
complications was 47.67%, compared with 52.54% and
37.24% in diabetic patients with hypertension alone and
hyperlipidemia alone, respectively, and 41.80% in dia-
betic patients with both hypertension and hyperlipidemia
(Table 1).

Co-morbidity of hypertension and hyperlipidemia

in diabetic patients

In this study, 28.34% of diabetic patients had hyperten-
sion alone, 20.53% had hyperlipidemia alone, and 27.79%
had complications of hypertension and hyperlipidemia
compared to 23.34% of patients without hypertension
and hyperlipidemia (Table 2).

Glycemic control in T2DM patients combined

with hypertension and hyperlipidemia

By adjusting for age, gender, education level, marital sta-
tus, years since diagnosis of diabetes, BMI, physical activ-
ity, smoking status, alcohol consumption, family history
of diabetes and medical compliance, glycemic control
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Table 1 Basic information on hypertension and dyslipidemia in type 2 diabetic patients in Guangzhou [n (%)]

Variable category Male(n=51,406) Female(n=76,017) Total(n=127,423)

Number of Composition Number of Composition Number of Composition
people ratio % people ratio % people ratio %
No hypertension or hyperlipidemia 12,683 42.65 17,053 57.35 29,736 2334
Combined hypertension alone 14,323 39.66 21,795 60.34 36,118 28.34
Combined hyperlipidemia alone 10,516 40.20 15,641 59.80 26,157 20.53
Combined hypertension, hyperlipidemia 13,884 39.21 21,528 60.79 35412 27.79
X’ 92.151
p <0001

Table 2 A multifactorial analysis of glycemic control in patients with diabetes mellitus combined with triple high co-morbidities in

Guangzhou
OR OR95% Cl Pvalue
Model 1
No hypertension or hyperlipidemia Reference
Combined hypertension alone 0.823 (0.798,0.849) <0.001
Combined hyperlipidemia alone 1.535 (1.484,1.588) <0.001
Combined hypertension, hyperlipidemia 1.268 (1.230,1.308) <0.001
Model 2
No hypertension or hyperlipidemia Reference
Combined hypertension alone 0.834 (0.809,0.861) <0.001
Combined hyperlipidemia alone 1.534 (1.483,1.587) <0.001
Combined hypertension, hyperlipidemia 1.285 (1.246,1.326) <0.001
Model 3
No hypertension or hyperlipidemia Reference
Combined hypertension alone 0.817 (0.791,0.843) <0.001
Combined hyperlipidemia alone 1.521 (1.470,1.574) <0.001
Combined hypertension, hyperlipidemia 1.25 (1.211,1.291) <0.001

OR=0dds ratio; Cl=confidence intervals;
Model 1: Unadjusted
Model 2: Adjusted for age, gender,Education level,Marital status

Model 3: Adjusted for Model 2 4 years since diagnosis of diabetes, BMI, physical activity, smoking status, alcohol consumption, family history of

diabetes,medical compliance

was better in diabetic patients with combined hyperten-
sion alone compared to those with uncomplicated diabe-
tes (OR 0.817, 95% CI 0.791-0.843, P<0.001), while those
with combined hyperlipidemia alone (OR 1.521, 95% CI
1.470-1.574, P<0.001) and diabetic patients with com-
bined hypertension and hyperlipidaemia (OR 1.250, 95%
CI 1.211-1.291, P<0.001) had poor glycaemic control
(Table 3).

Factors influencing glycemic control in patients

with diabetes mellitus

The multivariate unconditional logistic regression
analysis was conducted, with the dependent variable

being whether the control status of the diabetic patient
was up to standard and 12 factors as independent vari-
ables. Results showed that those aged>60 years (OR
0.897, 95% CI 0.870-0.926, P<0.001), those with lower
BMI (OR 0.851, 95% CI 0.789-0.918, P<0.001), those
with high school/middle school education and above
(OR 0.936, 95% CI 0.908-0.964, P<0.001 and OR 0.869,
95% CI 0.847-0.891, P<0.001) had higher rates of dia-
betes control. Smoking (OR 1.145, 95% CI 1.101-1.190,
P<0.001), alcohol consumption (OR 1.178,95% CI 1.131-
1.226, P<0.001), appropriate exercise (OR 1.032, 95% CI
1.004-1.061, P=0.023), and diabetes diagnosis > 6 years
(OR 1.421, 95% CI 1.388-1.455, P<0.001), fair or poor
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Table 3 Multivariate unconditional logistic regression analysis of factors influencing diabetes control in type 2 diabetic patients in

Guangzhou
Variable category References B sx! Wald value P value OR OR95% Cl
Gender Female Male — 0016 0013 1425 0233 0984 (0.959,1.010)
Age >60 <60 —0.108 0.016 45.779 <0.001 0.897 (0.870,0.926)
Education level High School/Secondary Lower Second- —0.067 0.015 18.802 <0.001 0.936 (0.908,0.964)
College and above aryandbelow 0147 0013 114198 <0001 0869  (0.847,0.891)
BM\(kg/mz) <185 18.5-24 —0.161 0.039 17.355 <0.001 0.851 (0.789,0918)
24-28 0099 0013 61.967 <0001 1104  (1.077,1.131)
>28 0.130 0.017 60.514 <0.001 1.139 (1.102,1.177)
Smoking Yes No 0135  0.020 45519 <0001  1.145 (1.101,1.190)
Drinking alcohol yes No 0.164 0.021 63.263 <0.001 1.178 (1.131,1.226)
Physical activity Not enough No exercise — 0005 0018 0.088 0.766 0995 (0.959,1.031)
Adequate 0032 0014 5.172 0023  1.032 (1.004,1.061)
Medical compliance fair Good 0.053 0.013 17.111 <0.001 1.054 (1.028,1.081)
Poor 0219 0.044 24.343 <0.001 1.245 (1.141,1.358)
Family history of diabetes Yes No 0.150 0.024 39.233 <0.001 1.161 (1.108,1.217)
Years since diagnosis of >6 <6 0352 0012 859.952 <0.001 1421 (1.388,1.455)

diabetes (years)

adherence (OR 1.054, 95% CI 1.028-1.081, P<0.001 and
OR 1.245,95% CI 1.141-1.358, P<0.001) and a family his-
tory of diabetes (OR 1.161, 95% CI 1.108-1.217, P<0.001)
had lower rates of diabetes control in patients with diabe-
tes (Table 4).

Subgroup analysis

This study also analysed subgroups of people with and
without complications of hypertension and hyperlipi-
daemia. The results showed that overweight and obesity,
smoking, alcohol consumption, poor medical adher-
ence, family history of diabetes and long years of diabe-
tes diagnosis were risk factors for glycaemic control in all
diabetic patients, regardless of the presence or absence
of hypertension and hyperlipidaemic complications.
(Figs. 1,2, 3, 4).

Discussion

This study assessed the glycemic control rate and the fac-
tors affecting the glycemic control rate in patients with
type 2 diabetes combined with high blood lipids and
hypertension in Guangzhou in 2020. The results showed
that the overall glycemic control rate of diabetic patients
in Guangzhou in 2020 was 45.28%, previous studies
investigating glycaemic control rates in the Chinese
diabetic population have ranged from 49.2% to 68.5%
[23-27]. This suggests that the overall glycaemic control
situation of diabetic patients in Guangzhou is critical. All
we need to improve the glycaemic control rate of dia-
betic patients by addressing the weaknesses in diabetes
management.

The results of this study showed that diabetic patients
with combined hyperlipidaemia had a lower control rate
compared to diabetic patients without any complications
(37.24% vs. 47.67%) because free fatty acids, as precur-
sors to hepatic glucose metabolism, increase apoptosis
of pancreatic -cells and increase muscle insulin resist-
ance[28], leading to impaired insulin secretion and per-
sistent hyperglycaemia [29], which requires diabetic
patients to be aware of abnormalities in their lipid metab-
olism while controlling their blood glucose.

Previous studies have shown that hypertension is an
independent risk factor for diabetes, and that hyper-
tension increases C-reactive protein, interleukins and
inflammatory markers such as adhesion molecules
related to insulin signalling pathways and -cell function,
and further promotes the development of diabetes [30,
31]. In this study, it had shown the higher control rate of
diabetic patients with combined hypertension.The reason
may be due to the integration of diabetes and hyperten-
sion into community management, which allowed people
with combined hypertension and diabetes to receive bet-
ter basic public health services in the community.

In this study, we analysed the factors influencing gly-
caemic control in patients with diabetes as well as in
patients with diabetic comorbidities, and the results
showed that different factors have different effects on
glycaemic control. Diabetes control rates were lower
in men with T2DM than in women, which may be due
to differences in hormone levels, body fat distribution
and adherence between men and women [23]. There
is a trend for diabetes control rates to increase with
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Table 4 Univariate analysis of glycemic control in diabetic patients in Guangzhou
Variable category Satisfactory control Unsatisfactory control t/X? P
All 57,695(45.28%) 69,728(54.72%)
age(SD),year 69.8(9.9) 69.1(9.7) 12.867 <0.001
BMI(SD),kg/m2 24.6(5.0) 24.8(6.5) —6.594 <0.001
Years since diagnosis of diabetes,year 8.2(5.4) 9.2(6.0) — 33276 <0.001
Sex 54.628 <0.001
Male 22,631(44.02%) 28,775(55.98%)
Female 35,064(46.13%) 40,953(53.87%)
Education level 110.770 <0.001
Lower Secondary and below 26,796(43.94%) 34,189(56.06%)
High School/Secondary 11,635(45.27%) 14,068(54.73%)
College and above 19,264(47.29%) 21,471(52.71%)
Marital status 4.304 0.231
Unmarried 419(44.41%) 527(55.59%)
Married 52,011(45.20%) 63,065(54.80%)
Widowed 4833(46.20%) 5628(53.80%)
Divorced 430(45.84%) 508(54.16%)
Smoking 117.020 <0.001
Yes 6301(41.19%) 8996(58.81%)
No 51,394(45.84%) 60,732(54.16%)
Drinking alcohol 153.990 <0.001
Yes 5365(40.21%) 7976(59.79%)
No 52,330(45.87%) 61,752(54.13%)
Physical activity 13.021 0.001
No exercise 14,007(45.82%) 16,563(54.18%)
Not enough 9185(46.01%) 10,778(53.99%)
Adequate 34,503(44.87%) 42,387(55.13%)
Family history of diabetes 43.117 <0.001
Yes 3296(41.71%) 4606(58.29%)
No 54,399(45.51%) 65,122(54.49%)
Medical compliance 74399 <0.001
Good 40,105(46.00%) 47,081(54.00%)
Fair 16,707(43.96%) 21,298(56.04%)
Poor 883(39.56%) 1349(60.44%)
Disease comorbidity status 1691.400 <0.001
No hypertension or hyperlipidemia 14,176(47.67%) 15,560(52.33%

Combined hypertension alone 18,975(52.54%)
9741(37.24%)

14,803(41.80%)

Combined hyperlipidemia alone
Combined hypertension, hyperlipidemia

17,143(47.46%
16,416(62.76%
20,609(58.20%;

age, possibly because older people have more time and
energy to focus on their health, and consultation time
and opportunities increase. This study also observed
a reduced risk of hyperglycaemia in those with higher
levels of education, possibly due to their better under-
standing of diabetes, obesity risk and glycaemic control
[32]. The lower rate of diabetes control in patients with
a longer duration of diabetes may be due to a decrease in
insulin secretion over time as the patient’s own islet cells

fail with the progression of diabetes [33]. Studies have
shown that family history increases the risk of diabetes
mainly through lifestyle clustering, genetic entrench-
ment and genetic susceptibility [34], which is consistent
with the results of this study. The results of this study
also showed that overweight and obese individuals have
lower rates of diabetes control due to the fact that body
fat accumulation causes reduced glucose tolerance and
thus reduced use of glucose by tissues such as muscle
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Variable category
sex
male
female
age
<60
=60
Education level
Lower Secondary and below
High School/Secondary
College and above
BMI (kg/m2)
18.5-24
<18.5
2428
=28
Marital status
Unmarried
Married
Widowed
Divorced
Smoking
No
Yes
Drinking alcohol
No
Yes
Physical activity
No exercise
Not enough
Adequate
Medical compliance
Good
Fair
Poor
Family history of diabetes
No
Yes
Years since diagnosis of diabetes,year
<6
=6
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Odds ratio (95%)

Reference
0.918(0.870,0.969)

Reference
1.035(0.976,1.097)

Reference
0.956(0.899,1.016)
0.906(0.858,0.958)

Reference
0.916(0.812,1.034)
1.067(1.014,1.122)
1.121(1.036,1.213)

Reference
0.949(0.734,1.225)
1.004(0.765,1.317)
0.812(0.558,1.181)

Reference
1.191(1.101,1.289)

Reference
1.216(1.122,1.318)

Reference
0.869(0.805,0.937)
1.003(0.947,1.062)

Reference
1.132(1.076,1.192)
1.164(0.980,1.384)

Reference
1.205(1.095,1.326)

Reference
1.448(1.380,1.519)

r T T T T T T T T T T T 1
as as as a7 as as 1 11 12 13 14 15 16
The estimates

Fig. 1 Forest plot for subgroup analysis of glycemic control in T2D patients without hypertension and hyperlipidemia
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Variable category Odds ratio (95%)
sex

male Reference

female s ol 0.938(0.893,0.985)
age

<60 Reference

260 i 1.039(0.968,1.117)
Education level

Lower Secondary and below Reference

High School/Secondary il 0.929(0.878,0.983)

College and above iR 0.841(0.801,0.882)
BMI (kg/m2)

18.5-24 Reference
<185 —— 0.824(0.711,0.954)
24-28 il 1.169(1.116,1.225)
>28 —— 1.277(1.203,1.356)
Marital status

Unmarried Reference

Married L L 1 1.172(0.903,1.525)

Widowed L 1.158(0.885,1.520)

Divorced L L 1 1.172(0.821,1.675)
Smoking

No Reference

Yes —— 1.044(0.963,1.131)
Drinking alcohol

No Reference

Yes —l— 1.096(1.014,1.185)
Physical activity

No exercise Reference

Not enough —l— 1.092(1.020,1.170)

Adequate il 1.099(1.043,1.157)
Medical compliance

Good Reference

Fair il 0.974(0.928,1.023)

Poor — 1.199(0.999,1.439)
Family history of diabetes

No Reference

Yes —— 1.173(1.077,1.277)
Years since diagnosis of diabetes,year

<6 Reference

=6 —l— 1.532(1.464,1.603)

04 a5 08 07 08 03 1 11 12 13 14 15 18
The estimates

Fig. 2 Forest plot for subgroup analysis of glycemic control in patients with T2D in combination with hypertension
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Variable category
sex
male
female
age
<60
=60
Education level
Lower Secondary and below
High School/Secondary
College and above
BMI (kg/m2)
18.5-24
<185
24-28
=28
Marital status
Unmarried
Married
Widowed
Divorced
Smoking
No
Yes
Drinking alcohol
No
Yes
Physical activity
No exercise
Not enough
Adequate
Medical compliance
Good
Fair
Poor
Family history of diabetes
No
Yes
Years since diagnosis of diabetes,year
<6
=6

04 [13

03 1
The estimates

Fig. 3 Forest plot for subgroup analysis of glycemic control in T2D patients with comorbid hyperlipidemia
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Odds ratio (95%)

Reference
0.994(0.934,1.058)

Reference
0.854(0.802,0.910)

Reference
0.966(0.902,1.034)
0.975(0.917,1.036)

Reference
0.955(0.795,1.151)
1.041(0.985,1.100)
1.072(0.991,1.160)

Reference
0.892(0.672,1.174)
0.920(0.681,1.234)
0.892(0.602,1.321)

Reference
1.051(0.966,1.143)

Reference
1.277(1.167,1.399)

Reference
0.988(0.910,1.073)
0.953(0.896,1.014)

Reference
1.129(1.068,1.194)
1.360(1.146,1.621)

Reference
1.251(1.117,1.402)

Reference
1.374(1.304,1.448)
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Variable category Odds ratio (95%)
sex

male Reference
female — 1.031(0.979,1.085)
age

<60 Reference
260 —l— 0.848(0.792,0.907)
Education level

Lower Secondary and below Reference

High School/Secondary il 0.951(0.897,1.009)

College and above il 0.875(0.834,0.918)
BMI (kg/m2)

18.5-24 Reference
<185 —— 0.801(0.655,0.979)
24-28 =i 1.062(1.012,1.115)
>28 —— 1.058(0.998,1.123)
Marital status

Unmarried Reference

Married ' il 1 0.890(0.683,1.154)
Widowed — . 0.839(0.638,1.098)

Divorced ' i 1 0.869(0.605,1.248)
Smoking

No Reference
Yes —— 1.085(1.007,1.170)
Drinking alcohol

No Reference
Yes —— 1.168(1.080,1.264)
Physical activity

No exercise Reference

Not enough —il— 1.028(0.960,1.100)
Adequate —l— 1.072(1.018,1.128)
Medical compliance

Good Reference
Fair il 0.980(0.934,1.028)
Poor L i 1 1.153(0.968,1.377)
Family history of diabetes

No Reference
Yes —— 1.090(0.996,1.192)
Years since diagnosis of diabetes,year

<6 Reference

=6 —i— 1.390(1.328,1.454)

I T L} T T T T T T T T T 1
04 05 08 07 08 09 1 11 12 13 14 15 18
The estimates

Fig. 4 Forest plot for subgroup analysis of glycemic control in T2D patients with combined hypertension and hyperlipidemia
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[35]. In addition, smoking and alcohol consumption
reduce diabetes control rates because nicotine exposure
may induce a pro-inflammatory metabolic state, which
affects insulin sensitivity and p-cell function [36]. Previ-
ous epidemiological studies have suggested that alcohol
consumption leads to an increased risk of diabetes [37],
but the exact mechanisms need further study. Moder-
ate physical activity can improve blood glucose levels
[38], and in our study, physical activity was a risk factor
for diabetes control rate, which is inconsistent with the
results of previous studies. The reason may be that there
was information bias or confounding bias in this study
when collecting data on physical activity in diabetic
patients, and the content of the questionnaire and survey
method should be improved in the future to obtain more
accurate data.

Limitations and strengths

As a strength of this study, the relatively large sample
size in this study allows for a more real world study of
the accuracy of the data and is more convincing. Fast-
ing blood glucose and glycosylated haemoglobin were
also used in this study to represent blood glucose levels
to show the true level of glycaemic control. In addition,
some limitations of this study should be noted. Firstly,
some subjects were excluded because they did not fit the
purpose of the study and/or their blood glucose or other
data were incomplete, so there may have been selection
bias. Then the data for this study were obtained through
a cross-sectional survey. Further studies are therefore
needed to explore associations in the longitudinal setting.
Nonetheless, we provide a comprehensive picture of the
current profile and glycaemic control rates of patients
with triple hypertension in Guangzhou, and identify risk
factors for disease management and other aspects that
influence glycaemic control.

Conclusion

In conclusion, the prevalence of hypertension, hyper-
lipidaemia and glycaemic control in type 2 diabetic
patients in Guangzhou is not encouraging.The public
health program is a health guidance for diabetic life-
style and lifestyle interventions to control blood glu-
cose, followed by regular blood glucose monitoring
and screening for complications. The implementation
of the public health program helps diabetic patients
to understand about the disease, while controlling
blood glucose levels, reducing the occurrence and
development of diabetes and complications, and ulti-
mately improving the quality of life, so it is important
to further strengthen the standardised management of
diabetic patients, pay attention to the follow-up man-
agement of diabetic patients, especially those with
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hyperlipidaemia.It was very necessary to bring dyslipi-
demia patients into the management of chronic disease
patients in the community, so as to realize the co-man-
agement of hypertension, hyperglycemia and hyper-
lipidemia. Therefore, it is very important for the T2DM
patients to maintain healthy lifestyle and dietary habits,
and control their weight in order to lower blood glu-
cose levels, and reduce the incidence and prevalence of
diabetic complications.
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