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Antihypertensive Therapy and Incidence
of Type 2 Diabetes
A systematic review
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RESEARCH DESIGN AND METHODS — The Cochrane Controlled Trials Register,
Medline, and Embase were searched for English-language case-control, cohort, and randomized
controlled trials involving the major antihypertensive classes and reporting type 2 diabetes as an
end point. Reference lists of original studies and narrative reviews were also hand searched. One
reviewer (R.P.) performed the electronic searches. Both reviewers independently extracted data
and assessed all potentially relevant studies for inclusion and methodological quality. Abstracts
were not included, and unpublished studies were not sought.
RESULTS — One case-control study, 8 cohort studies, and 14 randomized controlled trials
met inclusion criteria. No study examined diabetes incidence as a primary end point. Poor
methodological quality limits the conclusions that can be drawn from most nonrandomized
trials. Evidence from randomized studies is also potentially limited by several sources of bias,
including treatment contamination and bias inherent in post hoc analyses. Data from the highestquality studies suggest that diabetes incidence is unchanged or increased by thiazide diuretics
and ␤-blockers and unchanged or decreased by ACE inhibitors, calcium channel blockers, and
angiotensin receptor blockers.
CONCLUSIONS — The major antihypertensive classes may exert differential effects on diabetes incidence, although current data are far from conclusive. Ongoing placebo-controlled
randomized trials involving potentially beneficial drug classes and examining diabetes incidence
as a primary end point should provide more definitive evidence.
Diabetes Care 27:247–255, 2004

ype 2 diabetes accounts for ⬃90%
of the estimated 17 million people,
or 6.2% of the U. S. population, who
currently suffer from diabetes (1). The

T

prevalence of type 2 diabetes is expected
to increase dramatically in the coming decades, primarily due to the increasing
prevalence of obesity (2– 4). Further-
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OBJECTIVE — To systematically review the available evidence examining the effects of the
major antihypertensive drug classes on the incidence of type 2 diabetes.

more, the burden of pre-diabetes is already substantial, with impaired glucose
tolerance (IGT) affecting an estimated 16
million and impaired fasting glucose
(IFG) affecting ⬃10 million U.S. adults
aged 40 –74 years (1).
Patients with type 2 diabetes, metabolic syndrome X, and pre-diabetes are
often treated with antihypertensive medications because of concomitant hypertension or cardiovascular disease (5,6).
The frequency of antihypertensive drug
usage in such patients will undoubtedly
grow as current guidelines recommending aggressive control of blood pressure
and cardiovascular risk are implemented
(6,7).
Previous studies have shown that antihypertensive agents may exert different
effects on glycemic control (8 –10). In
general, ACE inhibitors, angiotensin receptor blockers, and calcium channel
blockers seem to have neutral or beneficial effects, whereas ␤-blockers and thiazide diuretics tend to worsen insulin
resistance or glycemic control. However,
these are broad generalizations, and studies have shown conflicting results, even
between agents within the same class (8 –
10). Differences in study design, study
duration, sample size, comparison
groups, laboratory techniques, patient
populations, drug dosage, and agent used
likely explain the discrepancies in results.
Rather than using surrogate end
points, such as blood glucose levels or insulin sensitivity, it may be more clinically
relevant to examine the effect of various
antihypertensive agents on outcomes
such as the incidence of type 2 diabetes. If
other factors are equal, agents that delay
or prevent the onset of diabetes may be
preferred therapy, particularly in those
individuals at high risk of developing type
2 diabetes. Given the large projected increase in the use of antihypertensive
agents in this population, we conducted a
systematic review in order to summarize
the available evidence examining the effects of the major antihypertensive drug
classes on type 2 diabetes incidence.
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146 hypertensive MexicanAmerican and Caucasian
subjects (25–64 years)

480 hypertensive patients
from Finland (65–74 years)

Mykkanen et al. (16)

3,804 hypertensive subjects
from the Atherosclerosis
Risk in Communities
(ARIC) cohort in the U.S.
(45–64 years).
Hypertensive subgroup of
original cohort of 13,877
patients
2,737 subjects from the East
Boston Senior Health
Project (ⱖ65 years) (cohort
divided into two 3-year
follow-up intervals)

1,462 women from Sweden
(38–60 years)

4,794 case and 3,211 control
subjects (New Jersey
Medicaid administrative
database) (ⱖ35 years)

Morales et al. (15)
(San Antonio Heart
Study)

Gurwitz et al. (14)

Gress et al. (13)

Cohort studies
Bengtsson et al. (12)

Case-control study
Gurwitz et al. (11)

Population (age)*

RR compared to no
antihypertensive therapy:
thiazides: 0.99 (0.59–1.6);
nonthiazides: 1.8 (1.1–3.0)

New use of an antidiabetic
agent at the end of two
3-year intervals

Users of thiazides and/or BB
compared with users of
other agents and untreated
hypertensives: OR 1.2
(0.26–5.46)

Diuretics plus BB versus
untreated hypertensive
patients: OR 2.1 (1.1–4.3)

FPG ⱖ7.8 mmol/l or RPG
ⱖ11.1 mmol/l or use of
antidiabetic agent

FPG ⱖ7.8 mmol/l or PG
ⱖ11.1 mmol/l 2-h postOGTT or physician
reported

FPG ⱖ7.0 mmol/l or RPG
ⱖ11.1 mmol/l or use of
antidiabetic agent or
physician-reported
diagnosis

RR compared with women not
taking antihypertensive
drugs: diuretics: 3.4 (1.5–
7.9); BB: 5.7 (2.6–12.5);
diuretics and BB: 11.4 (5.0–
26.0)
HR of diabetes compared to
no therapy: thiazides: 0.91
(0.73–1.13); BB: 1.28
(1.04–1.57); CCB: 1.17
(0.83–1.66); ACE
inhibitors: 0.98 (0.72–1.34)

Thiazides: 1.0 (referent); AB:
1.1 (0.75–2.0); ACE
inhibitors: 1.2 (0.9–1.5);
BB: 0.95 (0.8–1.1); CCB:
1.1 (0.9–1.3)

Risk of type 2 diabetes
(95% CI)

Two FPG levels ⱖ7.0 mmol/
l or physician-reported
diagnosis

New users of type 2 diabetes
medication

Definition of type 2 diabetes

3.5 (88%)

Continued

1) Missed cases of untreated
diabetes; 2) no adjustment
for baseline glucose, race,
FH, SES, or concomitant
meds 3) nonthiazides
analyzed as one group
1) No adjustment for
concomitant meds, exercise,
FH, or SES; 2) diuretics and
BB analyzed as one group
and compared to other
treated and untreated
hypertensives; 3) small
sample size
1) No adjustment for
concomitant meds, exercise,
FH, or SES; 2) diuretics and
BB combined into one
category; 3) small sample size

Two 3-year
periods
(91%)

8 (80%)

1) No major limitations

1) No adjustment for
hypertension status,
concomitant meds, exercise,
FH, or SES

1) Missed untreated cases of
type 2 diabetes; 2) no control
for BMI, baseline glucose,
FH, or exercise

Major limitations

6 (not specified;
follow-up rate
in larger
cohort was
90%)

12 (79%)

Not applicable

Follow-up
(years)/(rate†)
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Study

Table 1—Case-control and cohort studies

Antihypertensive therapy and type 2 diabetes incidence

1,834 Swedish men (47–53
years)
Skarfors et al. (19)

*Patients with diabetes at baseline are not included in the sample sizes reported. †Refers to the percentage of patients with complete follow-up rounded up. AB, ␣-blockers; BB, ␤-blockers; BP, blood pressure;
CCB, calcium channel blockers; FPG, fasting plasma glucose; FH, family history; OGTT, oral glucose tolerance test; RPG, random plasma glucose; SES, socioeconomic status.

10.2 (not
specified)
Users of thiazides, BB or
hydralazine compared with
nonusers: OR 1.7 (1.1–2.6)

659 hypertensive men from
Sweden (47–54 years)
Samuelsson et al.
(18)

FPG ⱖ7.8 mmol/l or PG
ⱖ11.1 mmol/l 2-h postOGTT

10 (not
specified)

1) Separate analysis not performed for
each antihypertensive class because of
very small sample size; 2) no
adjustment for age, sex, exercise,
concomitant meds, SES, or FH; 3)
control group was nonhypertensive
patients
1) Number of patients on multi-drug
therapy and combined BB/thiazide
therapy (excluded) unclear; 2) no
adjustment for age, baseline glucose,
concomitant meds, SES, exercise, or
FH
1) Separate analysis not performed for
each antihypertensive class; 2) no
adjustment for age, exercise, SES, or
concomitant meds
4.6 (84%)

Compared with
nonhypertensives: thiazides
⫾ other antihypertensive
agents: OR 7.7 (2.1–28.2);
other agents (BB, CCB, ACE
inhibitors, AB): OR 2.6
(1.0–6.7)
Annual urine dipstick for
Users of BB compared with
glucosuria, confirmed by a
nonusers: RR 2.1 (1.2–3.9);
FPG ⱖ7.0 mmol/l
users of thiazides compared
with nonusers: RR 0.74
(0.5–1.2)

One 2-h level ⱖ11.1 mmol/l
on OGTT or 2 FPG levels
ⱖ6.7 mmol/l
207 subjects with IGT from
Finland
Rajala et al. (17)

Risk of type 2 diabetes (95%
CI)
Definition of type 2 diabetes
Population (age)*
Study

Table 1—Continued
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RESEARCH DESIGN AND
METHODS — The Cochrane Controlled Trials Register (Cochrane Library,
Third Quarter, 2003), Medline (1966 to
September, week 3, 2003), and Embase
(1980 to week 39, 2003) were searched
for English-language articles examining
the effects of antihypertensive agents on
the incidence of type 2 diabetes. Reference lists of original studies and narrative
reviews were also hand searched. Studies
were required to report type 2 diabetes
incidence or provide sufficient data to calculate this end point. The search was limited to adult patients (aged ⬎18 years)
and included the following MeSH headings: diabetes mellitus, antihypertensive
agents, glucose intolerance, metabolic
syndrome X, insulin resistance, and impaired fasting glucose.
Case-control studies, cohort studies,
and randomized controlled trials involving the following drug classes were included: diuretics, ␤-blockers, calcium
channel blockers, ACE inhibitors, angiotensin receptor blockers, and ␣-blockers.
Case series and reports were not included.
Studies in which ⬍10 patients developed
type 2 diabetes were excluded if they were
not adequately powered to provide any
meaningful comparison between groups.
Studies published only in abstract form
were also excluded because of the difficulty in judging study quality from an abstract alone.
One reviewer (R.P.) performed the
electronic searches and reviewed the results. Articles that clearly did not meet
inclusion criteria were rejected on initial
review. If uncertainty existed, the full text
of the article was reviewed. Two reviewers
(R.P. and A.L.) independently assessed all
potentially relevant studies for inclusion
and performed data extraction. Disagreements were resolved by consensus. Reviewers were not blinded to the journal,
author, or institution of publication.
RESULTS — Of 250 potentially appropriate studies, 227 were excluded because diabetes was not an end point (n ⫽
218), the number of diabetes cases was
too low for adequate power (n ⫽ 6), data
were not extractable (n ⫽ 2), or the analysis was flawed (n ⫽ 1). The 23 studies
that met the inclusion criteria included 1
case-control study, 8 cohort studies, and
14 randomized controlled trials. Quantitative meta-analysis was not attempted
due to differences in study designs,
249
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(years)/(rate†)

Major limitations
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SCOPE (31)

NORDIL (30)

LIFE (29)

INSIGHT (28)

HOPE (27)

HAPPHY (26)

EWPHE (25)

CHARM (24)

6,569 caucasian men enrolled in the trial
(40–64 years) (hydralazine and
spironolactone were second-line
agents)
5,720 patients from 19 countries at high
cardiovascular risk (ⱖ55 years)
5,019 hypertensive patients from Europe
and Israel with at least one additional
cardiovascular risk factor (55–80 years)
(atenolol or enalapril were second-line
agents)
7,998 hypertensive patients from the U.S.
and Europe with left ventricular
hypertrophy (55–80 years); (thiazides
were the preferred second-line agent)
10,154 hypertensive patients from
Norway and Sweden (50–69 years)
(ACE inhibitors or angiotension
receptor blockers were add-on therapy
in 25% of each study arm)
4,342 hypertensive patients with mild to
moderate hypertension (70–89 years)
(thiazides/BB were common secondline agents)

10,413 hypertensive patients from
Sweden and Finland (25–66 years)
(diuretics were second-line therapy in
the ACE inhibitor arm and CCBs were
add-on therapy in both arms)
5,439 patients with symptomatic heart
failure (ⱖ18 years)
840 patients enrolled in trial (ⱖ60 years)
(on-treatment analysis)

CAPPP (23)

ALPINE (22)

14,816 hypertensive patients from North
America at high cardiovascular risk
(ⱖ55 years) (reserpine, clonidine and/
or hydralazine were add-on therapy)
392 hypertensive patients from Sweden
(mean age 55 years)

ALLHAT (21)

Population (age)*

Not specified (predefined end points)

Exact criteria not specified
(predefined end point)

3.7 (100%)

4.5 (99%)

4.8 (99%)

3 (98%)

RPG ⬎11.0 mmol/l or use of
antidiabetic medication.
Prespecified end point

2 FPG levels ⱖ6.7 mmol/l.
Prespecified end point

4.5 (99%)

3.8 (98%)

FPG ⬎6.8 mmol/l and two positive
urine dipsticks for glucosuria

Patient self reported

4.7 (85%)

3.1 (100%)

6.1 (100%)

1 (100%)

4 (38%)

Mean follow-up
(years)/(rate†)

Physician reported

Not specified (predefined end point)

Physician-reported or prescription of
diabetes medication or two FPG
levels ⱖ7 mmol/l. Predefined end
point
Two FPG levels ⱖ6.7 mmol/l
(predefined end point)

FPG ⱖ7.0 mmol/l

Definition of type 2 diabetes

Major limitations

1) Diabetes not a predefined end point; 2)
type 2 diabetes was self-reported
1) Relative percentage of patients on BBs
and ACE inhibitors as second-line
therapy in both study arms not stated

Continued

Candesartan (4.3) vs. placebo (5.3%): 0.81 1) 84% of patients in the placebo group and
(0.62–1.06)
75% of patients in the candesartan group
were on additional agents

Losartan (6) vs. atenolol (8%): 0.75 (0.63– 1) Results may represent a beneficial effect
0.88)
of losartan, a deleterious effect of
atenolol, or both; 2) relative frequency of
thiazide use in each study arm not given
Diltiazem (4) vs. diuretics/BB (5%): 0.87
1) Open-label design (possible detection
(0.73–1.04)
bias); 2) second-line agents were drugs
from other study arms (contamination)

Ramipril (3.6) vs. placebo (5.4%): 0.66
(0.51–0.85)
Nifedipine (4.3) vs. HCTZ/amiloride
(5.6%): 0.77 (0.62–0.96)‡

Captopril (6.5) vs. BB/thiazides (7.2%):
1) Open-label design; 2) add-on therapy in
0.86 (0.74–0.99) from intention-to-treat
the ACE inhibitor group was a diuretic,
analysis; 0.79 (0.67–0.94) from onwhich may have contaminated results; 3)
treatment analysis
relative proportions of patients on BB and
thiazide therapy not given
Candesartan (6) vs. placebo (7%): 0.78
(0.64–0.96)
Triamterene plus HCTZ ⫾ methyldopa
1) Post hoc analysis; 2) diagnosis depended
(7.0) vs. placebo (4.7%): 1.5 (0.85–2.6)
on physician reporting; 3) small sample
size
Thiazides (2.3) vs. BB (2.6%): 0.88 (0.65– 1) Open-label design; 2) 4% of patients were
1.19)
on both thiazides and BB; 3) post hoc
analysis

Amlodipine (9.8) vs. chlorthalidone
1) Post hoc analysis; 2) of those that had a
(11.6%): 0.80 (0.64–0.99)‡; lisinopril
baseline FPG; measurement, only 38%
(8.1) vs. chlorthalidone (11.6%): rr 0.70
had a repeat measurement at 4 years
(0.56–0.86)‡
Candesartan ⫾ felodipine (0.5) vs. HCTZ 1) Low number of type 2 diabetes case
⫾ atenolol (4.1%): 0.13 (0.02–0.99)‡
subjects (nine total) resulting in wide CIs

Incidence of type 2 diabetes RR
(95% CI)
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Table 2—Randomized controlled trials

Antihypertensive therapy and type 2 diabetes incidence

2.9 (94%)
FPG ⱖ7 mmol/l on two occasions
311 patients with left ventricular
dysfunction from Canada (⬍80
years) (local center of SOLVD trial)
Vermes et al (34)

STOP-2 (32)

*Patients with diabetes at baseline are not included in the sample sizes reported. †Refers to the percentage of patients with complete follow-up. ‡RRs and CIs calculated from the data presented or obtained
from study authors. §Incidence rates of type 2 diabetes not provided in STOP-2. BB, ␤-blockers; CCB, calcium channel blockers.

1) Post hoc analysis of a single study center;
2) small sample size

1) Open-label design; 2) second-line agents
were drugs from other study arms
(contamination)

ACE inhibitors vs. diuretics/BB: 0.96
(0.72–1.27); CCB vs. diuretics/BB: 0.97
(0.73–1.29); ACE inhibitors vs. CCB:
0.96 (0.74–1.31)§
Enalapril (6) vs. placebo (22%): 0.26
(0.13–0.53)‡
4 (100%)
Two FPG levels ⱖ6.7 mmol/l
(predefined end points)

Chorthalidone ⫾ atenolol (8.6) vs. placebo 1) 33% of participants in the placebo arm
(7.5%): 1.2 (0.9–1.5)‡
were on active antihypertensive therapy at
the end of the study; 2) post hoc analysis
3 (not reported)
Self-reported or FPG ⱖ7.8 mmol/l or
on antidiabetic medication

4,153 subjects from the U.S. with
isolated systolic hypertension (ⱖ60
years) (reserpine was an additional
second-line agent)
5,893 hypertensive patients from
Sweden (70–84 years)
SHEP (33)

Mean follow-up
(years)/(rate†)
Definition of type 2 diabetes
Population (age)*
Study

Table 2—Continued
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patient populations, and methodological
quality.
Case-control and cohort studies
These studies are summarized in Table 1
(11–19). None were originally designed
for the primary purpose of determining
the effect of antihypertensive therapy on
type 2 diabetes incidence. In general,
studies were of suboptimal quality and
enrolled prevalent, not incident, hypertensive patients, making it difficult to adjust for duration of therapy and severity of
comorbid illness. One study used normotensive control patients (17), and another
used control patients that were not using
hypertensive medications (12) but failed
to adjust for the presence of hypertension
in the analysis. Hypertension is an important confounder in these studies because
of the tendency for high blood pressure
and type 2 diabetes to cluster together
(20). Information on drug dosages was
not available in any study, and many
studies also failed to adjust for several of
the following potentially important covariates: age, sex, race, baseline glucose
level, BMI, family history of diabetes, concomitant medications impairing glycemic
control, physical activity, and socioeconomic status. Many studies also suffered
from limited power and tried to compensate by combining various antihypertensive agents into the same comparison
group, which made it impossible to distinguish the effects of a particular drug
class.
The most methodologically rigorous
cohort study was an analysis of data from
13,877 adults enrolled in the Atherosclerosis Risk in Communities cohort, a prospective study from four communities in
the U.S. (13). This study controlled for all
potentially important covariates, including the presence of hypertension. In an
analysis confined to 3,804 hypertensive
adults, users of ␤-blockers were at increased risk of type 2 diabetes compared
with untreated hypertensive patients (RR
1.28; 95% CI 1.04 –1.57). Users of ACE
inhibitors, calcium channel blockers, and
thiazide diuretics were not at increased or
decreased risk for type 2 diabetes, although the study may have been underpowered to exclude clinically important
differences for these drug classes.
Randomized controlled trials
Fourteen randomized controlled trials
met inclusion criteria, none of which ex-

amined diabetes incidence as a primary
end point (Table 2) (21–31). In eight trials, incidence of type 2 diabetes was a predefined secondary end point: the
Antihypertensive Treatment and Lipid
Profile in a North of Sweden Efficacy Evaluation (ALPINE) (22), the Captopril Prevention Project (CAPPP) (23), the
Candesartan in Heart Failure Assessment
of Reduction in Mortality and Morbidity
(CHARM) (24) study, the Intervention as
a Goal in Hypertension (INSIGHT) trial
(28), the Losartan Intervention for Endpoint (LIFE) trial (29), the Nordic Diltiazem (NORDIL) trial (30), the Study on
Cognition and Prognosis in the Elderly
(SCOPE) (31), and the Swedish Trial in
Old Patients with Hypertension-2
(STOP-2) (32), and in the remainder this
outcome was examined in post hoc analysis (21,23–25,29,30). All studies were
double blind except the Heart Attack Primary Prevention in Hypertension trial
(HAPPHY) (26), CAPPP (23), NORDIL
(30), and STOP-2 (32), which utilized an
open-label design with blinded end point
assessment. The European Working Party
on High Blood Pressure in the Elderly
(EWPHE) (25) study reported ontreatment analysis, and the CAPPP (23)
trial reported both on-treatment and intention-to-treat analysis. The remaining
trials reported intention-to-treat analysis.
In this study, only the results and sample
sizes of patients who were free of diabetes
at baseline are reported.
Placebo-controlled trials
Six randomized controlled trials were placebo-controlled studies (24,25,27,
31,33,34). Thiazide diuretic-based
treatment regimens were associated with
nonstatistically significant increases in the
incidence of type 2 diabetes in the Systolic
Hypertension in the Elderly Program
(SHEP) (33) (RR 1.2; 95% CI 0.9 –1.5)
and EWPHE (25) (1.5; 0.85–2.6) trials.
ACE inhibitor therapy lowered the incidence of self-reported diabetes in the
Heart Outcomes Prevention Evaluation
Trial (HOPE) (27) trial (0.66; 0.51– 0.85)
and laboratory-confirmed diabetes in a
group of patients with left ventricular dysfunction (0.26; 0.13– 0.53) (34). Treatment with angiotensin receptor blockers
resulted in a statistically significant decrease in the incidence of type 2 diabetes
in the CHARM (24) study (0.78; 0.64 –
0.96) and a nonsignificant decrease in
type 2 diabetes incidence in the SCOPE
251
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Incidence of type 2 diabetes RR
(95% CI)

Major limitations
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(31) study (0.81; 0.62–1.06). In the
SCOPE trial, 84% of placebo-treated patients were on active therapy and approximately two-thirds were on diuretics or
␤-blockers.
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CONCLUSIONS — I n s u m m a r y ,
poor methodological quality limits the
conclusions that can be drawn from most
nonrandomized studies examining the relationship between antihypertensive
agents and the incidence of type 2 diabetes. Data from the highest quality cohort
study and randomized trials suggest that
type 2 diabetes incidence is unchanged or
increased by thiazide diuretics and
␤-blockers. The incidence of type 2 diabetes appears unchanged or decreased by
ACE inhibitors, calcium channel blockers, or angiotensin receptor blockers. We
were unable to find any previous systematic reviews on this topic, but our results
are consistent with earlier narrative reviews (8 –10,35).
It is important to note that no antihypertensive drug class has been evaluated
in a placebo-controlled trial with diabetes
incidence as a blinded, predefined end
point. This is an important next step to
address the limitations of current studies.
It is also difficult to draw firm conclusions
from the results of studies comparing two
or more antihypertensive agents because
the observed effects may represent a detrimental effect of one agent versus a beneficial effect of the other. For example, the
results of LIFE and INSIGHT may reflect
adverse effects of ␤-blockers or thiazide
diuretics on metabolic control instead of
any beneficial effect of angiotensin receptor blockers or calcium channel blocker
therapy.
Many randomized controlled trials

used second-line agents that could influence glycemic control. This would not be
expected to bias results if the relative
number of patients in each study arm on
second-line therapy was equal, but such
information was usually not reported.
Randomized controlled trials that performed post hoc analyses may have several potential sources of bias. First, only
positive results from post hoc analyses are
likely to be reported, which may predispose to publication bias. Second, studies
may not be adequately powered to detect
differences between study arms for a post
hoc end point. Third, because the end
point is not preplanned, detection bias
may occur if type 2 diabetes incidence is
ascertained with different intensities in
each study arm. This may also occur in
open-label studies, where diabetes may
be more avidly sought in thiazide or
␤-blocker arms because of previous evidence linking these drug classes to deteriorations in glycemic control.
One additional limitation to this review is the fact that our search was limited
to English-language articles. We may
have missed important articles published
solely in other languages.
Nearly all randomized controlled trials reported intention-to-treat rather than
on-treatment analyses when calculating
diabetes risk. On-treatment analysis may
be the more accurate method if large differences in treatment adherence between
study arms were observed. In the ALLHAT
trial, the rates of treatment adherence at
the end of 5 years were 81% in the amlodipine arm, 80% in the chlorthalidone
arm, and 73% in the lisinopril arm (21).
In the HOPE trial, 90% of patients randomized to ramipril remained on the
study drug and 27% of placebo-treated
patients were taking open-label ACE inhibitors (27). The CAPPP trial reported
both intention-to-treat and on-treatment
analyses and found a greater difference
between drug classes with the second analytic approach (23). However, as mentioned above, treatment contamination
limits the conclusions that can be drawn
from this trial. Ideally, trials should report
both types of analyses, particularly when
large discrepancies in treatment adherence between study arms are observed.
The major antihypertensive drug
classes may affect glycemic control
through a number of potential mechanisms. Thiazide diuretics may worsen glycemic control in a dose-dependent
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Trials comparing active therapies
Eight trials compared the incidence of diabetes between different antihypertensive
drug classes (21–23,26,28 –30,32). All
studies except HAPPHY (26) used second-line agents capable of affecting glycemic control, but only the NORDIL (30)
study specified the frequency of use of
each second-line agent in each study arm.
In the CAPPP (23), NORDIL (30), and
STOP-2 (32) trials, drugs from opposing
study arms were used as second-line
agents, raising the possibility of treatment
contamination.
Three studies compared thiazide diuretic-based therapy with other antihypertensive agents (21,26,28). In the
INSIGHT trial, nifedipine-based therapy
significantly lowered type 2 diabetes incidence compared with amiloride/
hydrochlorothiazide-based therapy (RR
0.77; 95% CI 0.62– 0.96) (28). No significant difference in the incidence of type 2
diabetes was found between thiazide diuretic-based and ␤-blocker– based treatment regimens in the HAPPHY trial (0.88;
0.65–1.19) (26). In the Antihypertensive
and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) (21), type 2
diabetes incidence was lower in the amlodipine (0.80; 0.64 – 0.99) and lisinopril
(0.70; 0.56 – 0.86) study arms than in the
chlorthalidone arm of the trial. The follow-up rate of this end point was suboptimal because only 38% of patients with a
baseline fasting plasma glucose measurement had a repeat measurement at 4
years.
Four trials compared thiazide/␤blocker combination therapy to other antihypertensive agents (23,30,32). In the
CAPPP study, captopril-based therapy
lowered the incidence of type 2 diabetes
in both the intention-to-treat analysis (RR
0.86; 95% CI 0.74 – 0.99) and the ontreatment analysis (0.79; 0.67– 0.94)
(23). In the NORDIL study, diltiazembased treatment was associated with a
nonstatistically significant reduction in
type 2 diabetes incidence (0.87; 0.73–
1.04) compared with thiazide/␤-blocker
combination therapy (30). In the ALPINE
study, a candesartan-based treatment
regimen lowered the incidence of type 2

diabetes compared with a hydrochlorothiazide-based treatment regimen
(0.13; 0.02– 0.99) (22). Approximately
71% of patients received felodipine in the
candesartan arm, and 84% of patients received atenolol in the hydrochlorothiazide arm. The wide CIs reflect the fact that
only nine cases of type 2 diabetes occurred in this study. In the STOP-2 trial,
neither ACE inhibitor nor calcium channel blocker– based therapy significantly
reduced the incidence of type 2 diabetes
compared with thiazide/␤-blocker combination therapy (0.96; 0.72–1.27 for
ACE inhibitors and 0.97; 0.73–1.29 for
calcium antagonists) (32).
The LIFE trial demonstrated a reduction in type 2 diabetes incidence with losartan-based therapy compared with
atenolol-based therapy in patients with
left ventricular hypertrophy (RR 0.75;
95% CI 0.63– 0.88) (29).
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In the Diabetes Reduction Approaches
with Medication (DREAM) study, 5,269
patients with IGT will be randomized to
ramipril or rosiglitazone versus placebo in
a 2 ⫻ 2 factorial design (64). New-onset
diabetes is the primary end point. The
Ongoing Telmisartan Alone and in Combination with Ramipril Global End Point
Trial (ONTARGET) is a double-blind,
parallel group trial with telmisartan,
ramipril, and telmisartan plus ramipril
study arms. This study of 23,000 patients
will determine the effect of one or both
agents on a composite end point of cardiovascular death, myocardial infarction,
stroke, and hospitalization for heart failure over a 5.5-year follow-up period (65).
Patients unable to tolerate an ACE inhibitor will be enrolled in a parallel study of
telmisartan versus placebo called Telmisartan Randomized Assessment Study in
ACE Inhibitor Intolerant Patients with
Cardiovascular Disease (TRANSCEND)
(65). Incidence of type 2 diabetes is a secondary end point in both of these studies.
In the Nateglinide And Valsartan in Impaired Glucose Tolerance Outcomes Research (NAVIGATOR) trial, 7,500
patients with IGT will be randomized to
nateglinide, valsartan, dual therapy, or
placebo for at least 3 years. Incidence of
type 2 diabetes and cardiovascular disease
are the primary end points in this study
(66).
A number of additional unresolved
issues remain. Are antihypertensive
agents simply unmasking or masking latent diabetes by raising or lowering glucose levels in pre-diabetic patients, or
does therapy result in a permanent detrimental or beneficial effect? If true, are the
observed effects specific to certain agents
or generalizable to the entire drug class?
Because the majority of hypertensive patients require multiple drugs, it will also
be important to determine whether the
beneficial effects of one drug class offset
the detrimental effects of another.
In summary, the major antihypertensive classes may exert differential effects
on diabetes incidence, although current
evidence is of suboptimal quality. Therefore, definitive conclusions cannot be
made at this time and should await the
results of ongoing randomized trials.
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