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The relationship between antihypertensive
combination therapies comprising diuretics and/or
b-blockers and the risk of new-onset diabetes:
a retrospective longitudinal cohort study

Yi-Sheng Liou1, Tsochiang Ma2,5, Liyun Tien3, Chieh-Min Lin2 and Gwo-Ping Jong4,5

We investigate the associations of antihypertensive drugs in double and triple combination regimens comprising diuretics and/or

b-blockers on the development of new-onset diabetes (NOD). This study was a retrospective cohort study carried out using data

from claim forms provided to the central regional branch of the Bureau of National Health Insurance (BNHI) in Taiwan from

January 2001 to December 2006. We estimated the odds ratios (ORs) of NOD associated with antihypertensive combination

therapy use; non-NOD individuals served as the reference group. A total of 2361 NOD cases were identified among the 12386

hypertensive patients (6143 men and 6243 women, aged 28–86 years (mean age: 68+11)) during the study period. The risk of

NOD was higher after adjusting for age and sex among users of double combinations of diuretics plus b-blockers (adjusted OR,

1.25; 95% confidence interval (CI): 1.12–1.58), diuretics plus calcium channel blockers (CCBs; adjusted OR: 1.14; 95%

CI: 1.06–1.26) and b-blockers plus calcium channel blockers (adjusted OR: 1.12; 95% CI: 1.04–1.29) than that among

non-users. Patients who took angiotensin-converting enzyme (ACE) inhibitors, or a-blockers as part of a double-drug regimen

were at a lower risk of developing NOD than were non-users. Double- or triple-drug combinations comprising angiotensin

receptor blockers (ARBs) and vasodilators were not associated with risk of NOD. The results of this study suggest that users

of double-drug combination therapies containing diuretics and/or b-blockers and an ACE inhibitor or a-blocker are at a

significantly lower risk of developing NOD than are other classes.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus is increasing worldwide.
Concerns of new-onset diabetes (NOD) have been raised because of
the economic burden it poses in various countries.1,2 Recently, some
multiple prospective trials in hypertension opened a debate about the
clinical value of NOD in treated hypertensive patients.3–8 It seems
obvious that cardiovascular risk is higher when diabetes and hyper-
tension coexist than when the two conditions stand alone.9 Therefore,
the prevention of diabetes in patients with hypertension is of primary
importance.

Combination therapy has been recommended as a potential first-
line therapy in clinical practice, especially for higher-risk patients, such
as those with stage 2 hypertension.10,11 First-line ‘old’ classes of
antihypertensives, such as diuretics and b-blockers, seem to have
deleterious effects on glycemic control, whereas the ‘newer’ agents

seem to have either neutral or beneficial effects.12,13 However, data
from these studies, which were designed to address the benefit of a
single-drug class in diabetes prevention, did not simultaneously
compare all major drug classes. Therefore, we evaluated the effect of
antihypertensive combination therapy comprising a diuretic and/or a
b-blocker on the development of NOD in patients with hypertension
in central Taiwan.

METHODS

Study population
Our data were taken from claim forms provided to the central regional branch

of the Bureau of National Health Insurance (BNHI) in Taiwan from January

2001 to December 2006. The BHNI stores information from the claim forms in

two tables: a visit table and a prescription table. Visit tables contain information

regarding patient identification numbers, sex, age, three diagnostic codes,
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medical expenditures and hospital’s and physician’s information. The prescrip-

tion table contains the quantity and expenditure for all drugs, operations and

treatments. Patients were included in the study if they had hypertension

without diabetes at baseline (1 January 2001). We summarized the claim

records of each patient into one record.

Study procedures
We used the International Classification of Diseases, Ninth Revision (ICD-9)

Clinical Modification code to define hypertension (ICD-9 codes 401–405) and

diabetes (ICD-9 codes 250). Patients with a diagnosis of diabetes and/or

patients who had taken antidiabetic drugs between 1 January 1999 and 31

December 2000 were excluded. The primary end point was the development of

NOD, which was defined as the first time that a diabetes code or antidiabetic

prescription appeared in the outpatient claim records. We identified all

prescriptions for antihypertensive drugs administered to patients with and

without NOD within a 6-year period before the date on which NOD was

diagnosed. In Taiwan, these drugs are available only by prescription. Patients

who had used only one type of antihypertensive drug before the date on which

NOD was diagnosed were categorized as single users according to the following

antihypertensive-drug class that they took: diuretics, a-blockers, b-blockers,

calcium channel blockers (CCBs), vasodilators, angiotensin-converting enzyme

(ACE) inhibitors and angiotensin receptor blockers (ARBs; Table 1). Patients

using more than one type of antihypertensive drug before the date on which

NOD was diagnosed were categorized as combined users. Patients who had

used antihypertensive drugs within the previous 6 years, but not the same drug

class continuously before the date on which NOD was diagnosed, were

excluded from the analyses. This study was approved by our hospital’s ethics

committee.

Statistical analysis
Continuous variables are presented as mean+s.d. They were compared by the

unpaired Student’s t-test. Categorical and discrete variables are presented as

frequencies and percentages. When appropriate, they were compared by either

Fisher’s exact test or by the w2-test. The probability of developing NOD was

determined for each combination antihypertensive group. Adjusted and unad-

justed odds ratios (ORs) were estimated using logistic regression analysis. The

OR was used to measure the probability of developing NOD. The Wald

confidence interval (CI) for OR (y) was used to define the significant difference

under a¼0.05. If the CI equals 1.0, it is plausible that the true odds of

developing NOD are equal among these drug classes. If it is 41, the probability

of developing NOD among patients who took these drug classes is higher than

that among patients who did not take those classes of drugs. An OR o1

indicates that the combination drug class has a low probability of being

associated with the development of NOD. All analyses were carried out using

statistical analysis software (SAS, version 9.1; SAS Institute Inc., Cary, NC, USA).

RESULTS

Description statistics
Of the 4 139 245 enrollees included in the database, 12 608 patients
were treated with a combination antihypertensive initially. Individuals
with a diagnosis of diabetes and/or patients who had taken antidia-
betic drugs between 1 January 1999 and 31 December 2000 at baseline

(n¼42), those treated irregularly, who died or were lost to follow-up
(n¼180) were excluded. Finally, a total of 12 386 outpatients with
hypertension only met the inclusion criteria. Overall, 19.0% (n¼2361)
of the patients developed NOD; patients ranged in age from 28 to 86
years. The mean age of NOD patients was 67.9 years and that of non-
NOD patients was 67.6 years. There were no significant differences in
age between these two groups of patients (P¼0.24). Men comprised
less than half (6143, 49%) of the sample population. Approximately
90% (11 116) of the patients took two drug classes and 10% (1270)
took three drug classes (Table 2). More than one-third of the patients
(4940, 39%) took CCBs within double- or triple-drug combination
therapy regimens with diuretics and/or b-blockers. Only 3% (477) of
the patients took ARBs. The distributions of prescription diuretics,
a-blockers, ACE inhibitors and vasodilators are shown in Table 2.

Logistic regression results after adjusting for sex and age
Double combination. After adjusting for sex and age, the logistic
regression model showed that the risk of developing NOD was lower
for individuals who took double-combination therapies comprising
diuretics plus a-blockers (OR: 0.85; 95% CI: 0.76–0.96) or diuretics
plus ACE inhibitors (OR: 0.86; 95% CI: 0.78–0.94; Po0.05) than that
for non-users. Diuretics plus ARBs (adjusted OR: 0.91; 95% CI: 0.78–
1.04) and diuretics plus vasodilators (adjusted OR: 0.94; 95%
CI: 0.86–1.05) were not associated with an increased risk of NOD
(P40.05). However, diuretics plus b-blockers (adjusted OR: 1.25;
95% CI: 1.12–1.58) and diuretics plus CCBs (adjusted OR: 1.14; 95%
CI: 1.06–1.26) had the highest risk estimates of NOD (Po0.05;
Table 3).

Risk during the use of double-combination treatments was also
estimated for drug classes other than diuretics plus b-blockers. The
risk of NOD was significantly higher for patients taking b-blockers

Table 1 Number of drug classes in this study

Drug class Name CODE N

1 a-Blocker AB 43

2 Angiotensin converting enzyme inhibitor ACEI 132

3 Angiotensin II receptor blocker ARB 9

4 b-Blocker BB 279

5 Calcium channel blocker CCB 228

6 Diuretic DIUT 205

7 Vasodilator VASO 246

Table 2 Baseline characteristics of all patients

Number of NOD

(n¼2361)

Number of non-NOD

(n¼10025) P-value

Age (years) 67.9±11.1 67.6±11.3 0.242

Male (%) 1025 (43) 5118 (50) 0.148

Double combination 2096 9020

Diuretics and BBs 655 2340

Diuretics and CCBs 408 1652

Diuretics and ABs 123 680

Diuretics and ACEIs 149 895

Diuretics and ARBs 46 219

Diuretics and vasodilators 92 389

BBs and CCBs 388 1585

BBs and ABs 37 240

BBs and ACEIs 82 489

BBs and ARBs 30 136

BBs and vasodilators 83 395

Three drug combination 265 1005

Diuretics, BBs and CCBs 197 710

Diuretics, BBs and ABs 10 48

Diuretics, BBs and ACEIs 33 156

Diuretics, BBs and ARBs 10 36

Diuretics, BBs and vasodilators 15 55

Abbreviations: ABs, a-blockers; ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BBs, b-blockers; CCBs, calcium channel blockers.
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plus CCBs (adjusted OR: 1.12; 95% CI: 1.04–1.29) than that for non-
users after adjusting for age and sex. b-Blockers plus ARBs (adjusted
OR: 0.92; 95% CI: 0.79–1.07) and b-blockers plus vasodilators
(adjusted OR: 0.95; 95% CI: 0.86–1.05) were not associated with an
increased risk of NOD (P40.05). However, the risk of developing
NOD was significantly lower for patients taking b-blockers plus
a-blockers (adjusted OR: 0.86; 95% CI: 0.78–0.97) and for those
taking b-blockers plus ACE inhibitors (adjusted OR: 0.87; 95% CI:
0.80–0.96; Po0.05) than that for non-users (Table 3).

Triple combination. Among the triple-combination therapies, the
risk of developing NOD was significantly higher for patients taking
diuretics plus b-blockers and CCBs (adjusted OR: 1.28; 95% CI: 1.11–
1.56) than that for non-users (Po0.05). Although most triple-
combination regimens seem to be associated with a trend of increased
risk of NOD, our study does not show statistical significance as shown
in Table 3.

DISCUSSION

This study suggests that double antihypertensive drug regimens
comprising diuretics or b-blockers and ACE inhibitors or a-blockers
were independently associated with a decreased risk of developing
NOD. However, CCBs were independently associated with
an increased risk of NOD. Most triple combinations (diuretics plus
b-blockers plus another drug class) were associated with an increased
risk of NOD.

In this study, both ACE inhibitors and a-blockers were found to be
associated with a low risk of NOD when used in a double-combina-

tion therapy that included a diuretic or b-blocker. Numerous studies
have consistently suggested that ACE inhibitor and a-blocker classes of
antihypertensive medications have differential effects on carbohydrate
and lipid metabolism in humans.14,15 The Captopril Prevention
Project was the first controlled clinical trial to suggest that an ACE
inhibitor reduces the development of NOD in patients with hyper-
tension.16 Since then, many reports including that of the DREAM trial
(the biggest random control trial specifically designed to test the
question of whether ACE reduces diabetes risk) have resulted in
compatible findings,6,14,17 but not STOP-2.18 However, no studies
have reported that a-blockers are associated with a reduced risk of
NOD in double-combination therapies that include a diuretic or
b-blocker. In this study, we found that a-blockers are associated
with a decreased risk of NOD.

Some studies have reported that the use of CCBs was independently
associated with a decreased risk of NOD in double-combination
therapies that include a diuretic or b-blocker.19 In the Anglo-Scandi-
navian Cardiac Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT–BPLA) study, it was reported that the relative risk of
developing NOD was 30% lower in individuals taking CCB plus a
diuretic than that in individuals taking a diuretic plus a b-blocker.17

In contrast to the results of the ASCOT–BPLA study, Padwal
and Laupacis12 reported in their study involving 76 176 patients
with hypertension that the use of thiazide diuretics, b-blockers,
ACE inhibitors and CCB was not associated with NOD.
However, the mean length of follow-up in that study was o1 year.
Furthermore, their study was an observational community study,
and therefore, the results may have lacked the statistical power to
show an association between those classes of antihypertensive drugs
and NOD.19

Recent studies have suggested that ARBs that interrupt the renin–
angiotensin axis are associated with a much lower risk of NOD than
are other classes of antihypertensive agents.20,21 In the Losartan
Intervention For Endpoint (LIFE) Study, it was found that ARBs
significantly reduced NOD (25%) compared with b-blockers.21 In our
study, we found that a diuretic and/or a b-blocker plus an ARB was
not associated with NOD; this result is the same as that reported by
Bakris et al.22

An important feature of this study was the evaluation of therapies
comprising three drug classes (diuretics plus b-blockers plus another
drug class) on the risk of developing NOD. Most triple combinations
have been reported to accelerate NOD in patients with hyperten-
sion.23,24 Our results are comparable with those reported by Burke
et al.,22 who studied the risk of NOD in a cohort of 98 629 patients
taking different classes of antihypertensive drugs.24 They found that
the adjusted hazard ratio for NOD in individuals taking three or more
drug combinations compared with those taking one drug treatment
was 1.74 (95% CI: 1.46–2.08).

In conclusion, our findings provide some support for the
hypothesis that there are differences in the risk of developing NOD
between different antihypertensive drugs. Our results show
that patients with hypertension, who take either ACE inhibitors
or a-blockers, are at a lower risk of developing NOD than are
hypertensive patients who take other classes of antihypertensive
drugs in the double-drug combination therapies with diuretics or
b-blockers.

Study limitations
Four limitations in this study need to be emphasized. First, this was a
retrospective and descriptive study in central Taiwan over a period of
6 years. Moreover, we carried out analyses excluding irregularly treated

Table 3 Incidence of ORs with 95% CIs for NOD according to

prescriptions for drug combination of diuretics or b-blockers
compared with non-NOD subjects

Unadjusted Adjusteda

Combination therapy OR 95% CI P-value OR 95% CI P-value

Double combination

Diuretics and BBs 1.24 1.06–1.42 0.001 1.25 1.12–1.58 0.002

Diuretics and CCBs 1.13 1.05–1.21 0.022 1.14 1.06–1.26 0.038

Diuretics and ABs 0.86 0.78–0.96 0.006 0.85 0.76–0.96 0.024

Diuretics and ACEIs 0.89 0.82–0.96 0.004 0.86 0.78–0.94 0.003

Diuretics and ARBs 0.92 0.80–1.05 0.223 0.91 0.78–1.04 0.121

Diuretics and vasodilators 0.93 0.84–1.02 0.137 0.94 0.86–1.05 0.187

BBs and CCBs 1.11 1.03–1.19 0.005 1.12 1.04–1.29 0.024

BBs and ABs 0.88 0.80–0.98 0.023 0.86 0.78–0.97 0.019

BBs and ACEIs 0.91 0.84–0.99 0.025 0.87 0.80–0.96 0.013

BBs and ARBs 0.94 0.82–1.09 0.414 0.92 0.79–1.07 0.214

BBs and vasodilators 0.94 0.85–1.03 0.194 0.95 0.86–1.05 0.295

Three drug combination

Diuretics, BBs and CCBs 1.26 1.09–1.43 0.003 1.28 1.11–1.56 0.012

Diuretics, BBs and ABs 0.98 0.86–1.10 0.121 0.99 0.89–1.05 0.119

Diuretics, BBs and ACEIs 0.97 0.86–1.08 0.126 0.99 0.82–0.96 0.108

Diuretics, BBs and ARBs 1.08 0.96–1.20 0.369 1.11 0.99–1.25 0.279

Diuretics, BBs and

vasodilators

1.10 0.98–1.22 0.385 1.12 0.99–1.28 0.105

Abbreviations: ABs, a-blockers; ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BBs, b-blockers; CCBs, calcium channel blockers; CIs,
confidence intervals; ORs, odds ratios; NOD, new-onset diabetes.
aAdjusted for age and gender.
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hypertensive participants (loss to follow-up of 41 month), so caution
must be exercised in interpreting our data.

Second, all cases in this study are collected from secondary data of
the claim data set of primary care clinics under the central BNHI in
Taiwan. We carried out analyses restricted to participants who
reported regular follow-up during the study; therefore, it is not clear
how our findings can be generalized to patients from different areas.

Third, the risk factors for diabetes, such as obesity, family history,
diet and so on are not available in this secondary data. However, those
effects could be partly eliminated in a population-based data.

Fourth, this cohort is comprised of hypertensive patients, but they
may not be taking these drugs because of hypertension, as there are
many other indications for these drugs.
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