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Abstract

Purpose: To assess blood pressure control and to evaluate and compare the utilization pattern of
antihypertensive therapies in Chinese patients with diabetes.

Design: Cross-sectional study.

Setting: Tertiary care centre.

Methods: Prescription/drug usage and clinical data were collected from medical records of patients with
coexistent uncomplicated hypertension and type-2 diabetes from July 2014 to August 2015. Univariate
analysis with Chi-square and t- test was performed followed by logistic regression to evaluate
independent predictors.

Results: Out of 1166 diabetics, 968 (83%) had coexistent hypertension (57.75% men; 42.25% women).
In total, controlled blood pressure was noted in 337 (34.81%) patients (18.9% isolated systolic
hypertension, 4.44% isolated diastolic hypertension, and 41.83% both). Nearly 42.98% patients were on
monotherapy and 57.02% on polytherapy. Overall, calcium channel blockers (CCBs) were prescribed
mostly (58.47%) (monotherapy or polytherapy), secondly angiotensin receptor blockers (ARBs)
(45.45%) and then angiotensin converting enzyme inhibitors (ACEIs) (25.93%), diuretics (DIs) (24.9%)
and beta-blockers (BBs) (18.9%).

Conclusion: The majority of diabetic outpatients with hypertension received polytherapy achieving BP
target in accordance with recommendations. The most often used antihypertensives were CCBs,
followed by ARBs, ACEIs, BBs and DIs, suggesting the non-optimized treatment of hypertension.

Continued efforts are needed in order to improve antihypertensive drug usage.
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Introduction

Diabetes is a metabolic disease with diverse etiology
distinguished by persistent hyperglycaemia along with defects
in insulin secretion and/or action leading to carbohydrate, fat
and protein metabolism disturbances. The consequences of
diabetes include dysfunction, damage, and failure of the body's
systems on long-term [1]. The incidence as well as prevalence
of diabetes is increasing [2,3]. A study conducted by Klein et
al projected the rise in the number of diabetics to 366 million
by 2030 from 171 million in 2000 [4]. In 2014, there were 9%
of adult diabetics of age 18 years and older. Diabetes leads to
the death of 1.5 million people in 2012. Hypertension is
predicted to rise in adult population by nearly 60% by 2025 to
an aggregate of 1.56 billion people. Nearly 70% of diabetics
are affected by hypertension which is approximately twice as
common in diabetics vs. non-diabetics [1,4]. As per 2014
Diabetes Atlas, the number of diabetics (20 to 79 years) in
China presently is about 96.3 million with 1 in 11 adults
suffering from diabetes [5]. The prevalence of hypertension is
rising continuously [6].
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Coexistent diabetes and hypertension prevalence differs with
respect to various social, ethnic, and racial classes.
Additionally, hypertension in diabetics leads to a rise in the
vascular complications risk significantly, thereby leading to
predisposition to chronic kidney disease [7,8]. Also the
coexistent diabetes and hypertension raises the risk of several
complications like retinopathy, ischemic cerebrovascular
disease, and sexual dysfunction substantially [9].

A study conducted by Kostis et al. demonstrated that the
lowering blood pressure (BP) is the most cost efficient method
than strict control of blood glucose in patients with diabetes
mellitus with beneficial results that are apparent earlier [10].
There is a constant rise in the number of approvals every year
in regards to treatment options for hypertensive patients,
although the selection of antihypertensives is directed by
diverse factors particularly comorbidities. According to the
Joint National Committee on the Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC) 7th
report, the chief treatment regimen for control of blood
pressure in diabetics is the combination of angiotensin
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converting enzyme inhibitors and angiotensin receptor blockers
(ACEI/ARB) [11].

As far as our knowledge is concerned, there is no study
conducted specifically in order to determine the utilization
pattern of antihypertensives in diabetics of China. The
objective of the study was to assess blood pressure control in
addition to evaluation and comparison of the utilization pattern
of antihypertensive therapies in patients with diabetes.

Methods

Setting and subjects

This cross-sectional study was performed in diabetics attending
the outpatient department of Internal Medicine at a tertiary care
setting, China (patients are majorly from central urban region)
over a period of a year from July 2014 to August 2015.

Participants were patients with coexistent uncomplicated
hypertension and type-2 diabetes, 18 years of age and more
attending the Internal Medicine during the study period.
Exclusion criteria included type 1 diabetics with hypertension
and breastfeeding/pregnant women. All the included
participants provided the informed and written consent after
complete explanation of involved procedure. The institutional
ethics committee has provided the study approval, and patient
confidentiality was maintained strictly. All the relevant patient
medical records were examined for demographic, clinical and
prescription/drug usage information.

Measurement blood pressure

Measurement of Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) was done twice with three minutes
interval in the sitting position after resting for 15 minutes, and
the average was considered. The following criteria were used
for the confirmation of hypertension: a) diagnosis of
hypertension for minimum of two times during outpatient visits
or b) minimum of one antihypertensive agent prescription and
diagnosis of hypertension for minimum of one time during
outpatient visit or ¢) minimum of two measurements of
elevated BP (as per JNC 7 report, > 130/80 mmHg) along with

Song/Fang/Chen

one outpatient hypertension diagnosis or d) minimum of two
measurements of elevated BP.

Statistical analysis

Values are expressed as numbers and percentage, mean with
standard deviation (SD) as well as median along with inter
quartile range (IQR). The wvarious predictor variables
considered are age group, gender, and duration of blood
pressure, duration of diabetes, SBP, DBP, and type of therapy.
For analysis of prescription pattern, single antihypertensive
drug of any frequency was considered as monotherapy whereas
polytherapy was considered to be blend of two or more
antihypertensives of distinct classes at any frequency and dose.
Utilization pattern of antihypertensives in regards to controlled
as well as uncontrolled hypertension was also analyzed. All
data collected were analyzed using Statistical Package for
Social Science (SPSS) of version 18.0 (Chicago IL, USA).
Univariate analysis with Chi-square and t- test was performed
followed by logistic regression to compute independent
predictors. Multiple logistic regression analysis was used to
evaluate the relationship between prescription of a particular
class of drug and predictor variables. Results are expressed as
odds ratio (OR) with 95% confidence interval (CI). P value <
0.05 was considered statistically significant.

Results

Study characteristics

During the study period, 968 (83%) patients from 1166
diabetics had coexistent hypertension. The mean age of type 2
diabetics with hypertension was 54.41 (5.37 [SD]) yrs
comprising 559 (57.75%) male and 409 (42.25%) female
patients. There were 793 (81.9%) patients aged less than 61 yrs
and 175 (18.1%) patients aged above 60 yrs. The mean (SD)
duration of diabetes (DOD) was 11.13 (4.38) yrs whereas the
mean (SD) duration of hypertension (DOHT) was 6.47 (3.28)
yrs. Higher DOD and DOHT were observed in male compared
to female (P<0.05). The clinical and demographic
characteristics of diabetics with hypertension are presented in
Table 1.

Table 1. Clinical/ Demographic Characteristics of Diabetics with Hypertension (n=968).

Characteristics Total Men Women P value
(n=968) (n=559) (n=409)
Age, yrs
Mean (SD)* 54.41 (5.37) 55.2 (5.29) 53.32 (5.3) <0.001
Median (IQR) 55 55 (51-58) 52 (48-59)
(49-58)
Age group
40-60 years, n (%)t 793 (81.9) 430 (76.9) 363 (88.8) <0.001
>60 years, n (%) 175 (18.1) 129 (23.1) 46 (11.2)
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Duration of Diabetes, yrs

Mean (SD)* 11.13 (4.38) 12.7 (4.19) 8.99 (3.65) <0.001
Median (IQR) 11.5(7.5-16)  13.5 (10-16.5) 7.5 (6-12)

Duration of Hypertension, yrs

Mean (SD)* 6.47 (3.28) 7.71 (3.07) 4.77 (2.76) <0.001
Median (IQR) 7 (3-9.5) 8(5.5-10.5 3(3-7)

SBP, mmHg

Mean (SD)* 143.04 (11.64) 14261 (12.17) 143.64 (10.86) 0.169
Median (IQR) 145 (130-155) 145 (128-155) 145 (136-148)

DBP, mmHg

Mean (SD)* 87.98 (5.37) 88.69 (5.4) 87 (5.18) <0.001
Median (IQR) 88 (85-92) 87 (85-94) 88 (85-90)

DBP, Diastolic blood pressure; IQR, Inter quartile range; SBP, Systolic blood pressure; SD, Standard deviation;

* Compared using student t test; + compared using chi square test

Blood pressure control

In total, controlled blood pressure was noted in 337 (34.81%)
patients, including 121 (29.09%) patients on monotherapy and
631 (65.19%) patients on polytherapy. Uncontrolled SBP or
isolated systolic hypertension (> 140 mmHg) was noted in 183
(18.9%) patients and uncontrolled DBP or isolated diastolic
hypertension (> 90 mmHg) was noted in 43 (4.44%) patients
whereas both uncontrolled SBP and DBP were observed in 405
(41.83%) patients. Utilization pattern of antihypertensive drugs
with respect to controlled and uncontrolled hypertension were
demonstrated in Table 3.

Utilization pattern of antihypertensive drugs

Overall, 416 (42.98%) patients were on monotherapy (one
drug) and 552 (57.02%) on polytherapy (more than one drugs).
Among the patients on polytherapy, 409 (42.25%) patients
were on combination of two drugs, 126 (13.02%) on
combination of 3 drugs, and 17 (1.75%) were on blend of
greater than three drugs. In monotherapy, majority of the
patients were on calcium channel blockers (CCBs) (52.4%),
followed by angiotensin receptor blockers (ARBs) (23.56%),
angiotensin converting enzyme inhibitors (ACEIs) (17.31%),
beta-blockers (BBs) (5.05%) and diuretics (DIs) (1.68%). In
polytherapy, the most common treatment regimen is of two
drug combination. Out of 409 patients on two drug
combination regimen, the ARBs+DIs combination (31.05%)
was prescribed often, followed by BBs+CCBs (20.05%),
ARBs+CCBs (18.83%), ACEIs+CCBs (15.4%), ACEIs+ARBs
(9.54%) and ACEls+diuretics (5.13%). For the 126 patients on
combination of three drugs regimen, 6 distinct combinations
were observed. The most often prescribed three drug
combinations were ARBs+CCBs+DIs (27.78%), ARBs+BBs
+CCBs (21.43%), ACEIs+BBstCCBs (17.46%), ACEIs
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+CCBs+DIs and ARBs+BBs+DIs (13.49% each) and ACEIs
+ARBs+CCBs (6.35%). In 4 or more drug combinations,
ARBs+BBs+CCBs+DIs (47.06%) were commonly prescribed
(Tables 2 and 3).

CCBs were prescribed mostly 566 (58.47%) either as
monotherapy or polytherapy, secondly ARBs 440 (45.45%)
and then ACEIs 251 (25.93%), DIs 241 (24.9%) and BBs 183
(18.9%) (Table 2).

Table 2. Pattern of antihypertensive drug therapy.

n (%)
Antihypertensive drug treatment regimen
Monotherapy 416 (42.98)
Polytherapy
Two-drug combination 409 (42.25)
Three-drug combination 126 (13.02)
2 Four-drug combination 17 (1.75)
Antihypertensives received both as
Monotherapy and Polytherapy
CCBs
ARBs 566 (58.47)
ACEls 440 (45.45)
BBs 251 (25.93)
Dls 183 (18.9)
241 (24.9)

ACEls: Angiotensin Converting Enzyme Inhibitors; ARBs: Angiotensin Receptor
Blockers; BBs: Beta Blockers; CCBs: Calcium Channel Blockers; Dls, Diuretics
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Table 3. Utilization pattern of antihypertensive drugs in controlled vs uncontrolled hypertension.
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Drugs n (%)

Total
(968 [100])

Controlled BP
[34.81])

(337 Uncontrolled BP (631 [65.19])

SBP (183 [18.9]) DBP (43 [4.44]) Both (405

[41.83]
Monotherapy 416 (42.98) 121 (29.09) 86 (20.67) 20 (4.81) 189 (45.43)
CCBs 218 (52.4) 68 (56.20) 44 (51.16) 16 (80) 90 (47.62)
ARBs 98 (23.56) 25 (20.66) 19 (22.09) 3 (15) 51 (26.98)
ACEls 72 (17.31) 19 (15.70) 18 (20.93) 1(5) 34 (17.99)
BBs 21 (5.05) 6 (4.96) 5 (5.81) 0 10 (5.29)
Dis 7 (1.68) 3 (2.48) 0 0 4(2.12)
Polytherapy 552 (57.02) 216 (39.13) 97 (17.57) 23 (4.17) 216 (39.13)
Combination of 2 drugs 409 (74.09) 162 (75) 65 (67.01) 18 (78.26) 164 (75.93)
ARBs+Dls 127 (31.05) 71 (43.83) 13 (20) 5 (27.78) 38 (23.17)
BBs+CCBs 82 (20.05) 31(19.14) 17 (26.15) 7 (38.89) 27 (16.46)
ARBs+CCBs 77 (18.83) 22 (13.58) 13 (20) 4(22.22) 38 (23.17)
ACEIls+CCBs 63 (15.40) 20 (12.35) 12 (18.46) 0 31(18.90)
ACEIs+ARBs 39 (9.54) 11 (6.79) 6(9.23) 1 (5.56) 21 (12.80)
ACEls+Dls 21 (5.13) 7 (4.32) 4 (6.15) 1 (5.56) 9 (5.49)
Combination of 3 drugs 126 (22.83) 46 (21.30) 30 (30.93) 3(13.04) 47 (21.76)
ARBs+CCBs+Dls 35 (27.78) 16 (34.78) 11 (36.67) 2 (66.67) 6 (12.77)
ARBs+BBs+CCBs 27 (21.43) 7 (15.22) 5 (16.67) 0 15 (31.91)
ACEls+BBs+CCBs 22 (17.46) 7 (15.22) 6 (20) 0 9 (19.15)
ACEIs+CCBs+Dls 17 (13.49) 6 (13.04) 4 (13.33) 0 7 (14.89)
ARBs+BBs+Dls 17 (13.49) 5(10.87) 4(13.33) 0 8 (17.02)
ACEIs+ARBs+CCBs 8 (6.35) 5(10.87) 0 1(33.33) 2 (4.26)
Combination of = 4 drugs 17 (3.08) 8(3.7) 2(2.06) 2(8.70) 5(2.31)
ARBs+BBs+CCBs+Dls 8 (47.06) 3(37.5) 2 (100) 2(100) 1 (20)
ACEIs+BBs+CCBs+Dls 5(29.41) 3(37.5) 0 0 2 (40)
ACEIs+ARBs+CCBs+Dls 3 (17.65) 2 (25) 0 0 1(20)
ACEls+ARBs+BBs+CCBs+Dls 1(5.88) 0 0 0 1(20)

ACElIs: Angiotensin Converting Enzyme Inhibitors; ARBs: Angiotensin Receptor Blockers; BBs: Beta Blockers; BP: Blood Pressure; CCBs: Calcium Channel Blockers;

Dis: Diuretics; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure

Choice of antihypertensives

In multiple regression analysis, age group, gender, DOD,
DOHT, SBP, DBP, and type of therapy were taken as
independent variables. Significant difference was found in
diabetics with < 60 compared to those with >60 years with
respect to prescription of ACEIs (OR: 0.34, 95% CI 0.21-0.54).
No association of gender with regards to antihypertensive drug
prescription was noted. Significantly association of CCBs
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prescription with DOD, DOHT, SBP, DBP, and type of therapy
(OR: 0.21, 95% CI 0.07-0.59, 7.62, 95% CI 2.62-22.09, 0.49,
95% CI 0.29-0.82, 2.28, 95% CI 1.26-4.13, 1.39, 95% CI
1.04-1.87, respectively) was observed. Prescription of ARBs
was positively associated with DOHT, SBP, DBP, and type of
therapy (OR: 0.24, 95% CI 0.08-0.73, 2.28, 95% CI 1.36-3.85,
0.27, 95% CI 0.14-0.5, 6.3, 95% CI 4.5-8.77, respectively).
Similarly significant association was noted between ACEIs and
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therapy, BBs with DOD, DOHT, SBP, DBP and therapy, and

DIs with DOD, DOHT, DBP and therapy (Table 4).

Table 4. Predictors of Antihypertensive drug utilization.

Predictors CCBs ARBs ACEls BBs Dls
OR (95% P Value OR (95% P Value OR (95% P Value OR (95% P Value OR (95% CI) P Value
Cl) Cl) Cl) Cl)

Age group

<60 yrs 1.06 0.773 1.23 0.322 0.34 <0.001 1.17 0.509 1.16 0.531
(0.72-1.57) (0.82-1.85) (0.21-0.54) (0.74-1.86) (0.74-1.81)

>60 yrs 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Gender

Male 1.33 0.111 0.84 0.318 0.68 0.683 1.15 0.489 0.94 0.76
(0.94-1.89) (0.59-1.19) (0.47-1.00) (0.78-1.69) (0.63-1.39)

Female 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

DOD

<9yrs 0.21 0.003 2.78 0.065 0.6 0.345 0.09 0.019 6.59 0.002
(0.07-0.59 (0.94-8.21) (0.21-1.69) (0.01-0.67) (2.04-21.31

>9 yrs 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

DOHT

<5yrs 7.62 <0.001 0.24 0.012 1.21 0.725 16.55 0.008 0.11 <0.001
(2.62-22.09 (0.08-0.73) (0.42-3.53) (2.08-131.9 (0.03-0.36)
) )

>5yrs 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

SBP

<130 mmHg 0.49 0.007 2.28 0.002 1.48 0.154 0.43 0.003 1.47 0.201
(0.29-0.82) (1.36-3.85) (0.86-2.54) (0.25-0.75) (0.82-2.64)

>130 mm Hg 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

DBP

< 80 mmHg 2.28 0.006 0.27 <0.001 1.43 0.314 3.63 0.002 0.33 0.005
(1.26-4.13) (0.14-0.5) (0.71-2.86) (1.58-8.34) (0.15-0.71)

>80 mmHg 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Therapy

Monotherapy 1.39 0.028 6.3 <0.001 2.97 <0.001 6.57 <0.001 49.4 <0.001
(1.04-1.87) (4.5-8.77) (2.09-4.21) (3.98-10.85 (22.29-109.4

) 8)
Polytherapy 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

ACElIs: Angiotensin Converting Enzyme Inhibitors; ARBs: Angiotensin Receptor Blockers; BBs: Beta Blockers; CCBs: Calcium Channel Blockers; Cl: Confidence Interval;

DBP: Diastolic Blood Pressure; DOD: Duration of Diabetes; DOHT: Duration of Hypertension; Dis: Diuretics; OR: Odds Ratio; SBP: Systolic Blood Pressure

Discussion

This study demonstrated that approximately 83% of the
diabetics had a coexistent hypertension. Some vast,
randomized trials showed that more than 66% of hypertensive
people can’t be controlled with one drug and they will need
two or more antihypertensive drugs of drug classes [12]. About
70% of the diabetics with hypertension were on multiple-drug
treatment regimen in a study conducted by Johnson et al. [13].
In our study 57.02 % of patients were on polytherapy.
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In our study, CCBs were prescribed mostly, then ARBs,
followed by ACEIs, DIs and BBs, respectively either as mono
or poly therapy. In current study, dominant part of patients was
on polytherapy.

In studies specific to hypertension in China revealed following
findings: in 2006, two-thirds of hypertensive outpatients in
Beijing general hospital were on monotherapy; in 2005, around
70.4% of hypertensive outpatients were on monotherapy in
Guangzhou City general hospital; and in 2005, 68.9% in
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Hangzhou City general hospital [14-16]. The utilization pattern
similar to present study was observed in a study conducted by
Cheng H in China [17].

Hypertension guidelines (2005) in China recommend the usage
of any antihypertensive class as primary treatment option
whereas the most recent guidelines suggests CCBs and DIs as
first-line treatment for uncomplicated hypertension in older
patients aged over 55 [18]. In current study, the most often
used antihypertensives are CCBs. This result is in accordance
with China national guidelines. A few studies conducted in
China demonstrated similar usage pattern of antihypertensive
agents [19-22]. The second most often used antihypertensives
were ARBs; similar results noted in study conducted by Cheng
et al. [17]. European guidelines recommend CCBs as the most
cost efficient antihypertensives and BBs as least cost efficient
based on sound economic modelling [23-25]. In current study,
treatment options were in line with European guidelines cost-
effectively. As per 2014 hypertension guidelines (JNC 8th
report), it is recommended to initiate drug treatment with
thiazide type DI or ACEI or ARB or CCB, alone or in
combination [26]. As per 2015 NICE guidelines, the 1st line
drug therapy should be ACEI or ARB. If not reduced to target,
add CCB or thiazide or thiazide related DI as dual or triple
therapy and then alpha blocker, BB, or potassium sparing DI
[27].

The preferred antihypertensive medications for the
management of hypertension in diabetics are ACEI and ARBs.
However, initial choice of therapy was mostly CCBs or ARBs.
In contrast with recommendations, ACEIs were prescribed
lesser than CCBs and ARBs. The reason might be the non-
compliance to the guidelines by internal physicians in the
hospital to the benefits of usage/non-usage of ACEIs as
preferred drugs in treatment of coexistent hypertension in
diabetics. One more factor might be the impact of the
pharmaceutical industry in drug promotion. A study by Wazana
et al. demonstrated the impact on prescribing pattern of
physicians (preference, rapid new drug prescription, and lesser
prescription of generic drugs etc) by pharmaceutical
representatives [28]. Our study results urge the need for
physicians to continually educated and certified in updates and
guidelines every few years.

Certain inherent limitations need to be considered during
interpretation of the results of current study. As the study being
a cross-sectional one, there is no way to figure out if the
current therapy was the introductory/initial one (first line) or if
it is switched over or amended/adjunct (added on) to the
original one. The wvarious treatment strategies/options
(including complementary or alternative medicine), if any over
time cannot be provided. In addition, our study allows no
causality determination. Included diabetics are mostly from
Chinese urban parts and hence do not mirror the entire patient
population. Great differences may appear in health outcomes
urban areas compared to rural areas. It’s worth to note that
health care in primary/secondary centers might have a different
pattern of antihypertensive drug utilization and the results
apply for typical tertiary care patients.
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Conclusion

This study demonstrated that majority of diabetic outpatients
with hypertension received polytherapy achieving BP target in
accordance with recommendations. The most often used
antihypertensives were CCBs, followed by ARBs, ACEls, BBs
and DIs. Thereby, suggesting the non-optimized treatment of
hypertension in the Chinese Type 2 diabetic patients.
Continued efforts are needed in order to improve
antihypertensive drug usage and a framework for continuous
prescription audit to create a database on prescribing patterns
among patients with diabetes.
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