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Abstract. – OBJECTIVE: Thiazide diuretics
are still widely used as an initial therapy in es-
sential hypertension, sometimes in both hyper-
tensive and diabetic patients. However, the
metabolic effects in type 2 diabetes treated
with a thiazide diuretic have not been fully elu-
cidated.

MATERIALS AND METHODS: Randomized
controlled trials (RCTs) were identified from the
electronic databases: the Cochrane Library,
MEDLINE, and PubMed web of knowledge. The
trials compared the metabolic effects of hy-
drochlorothiazide (HCTZ) versus no- HCTZ hy-
pertension treatment in type 2 diabetes.

RESULTS: A total of 368 papers showed a
match, in the keyword search. Upon screening
the title, reading the abstract and the entire ar-
ticle, 13 parallel-design RCTs, described in 7
reports, involving 720 patients, showed fasting
glucose (FG) (SMD = 0.27, 95% CI 0.11-0.43) and
HbA1c (SMD = 1.09, 95% CI 0.47-1.72)significant-
ly increased in the patients treated with HCTZ
groups and high-density lipoprotein-cholesterol
(HDL-C) (SMD = -0.44, 95% CI -0.81- -0.08) de-
creased in the patients treated with low-dose
HCTZ groups. Our study showed FG, HbA1c
and HDL-C significantly affected in the patients
treated with low-dose HCTZ groups.

CONCLUSIONS: Our study showed FG and
HbA1c increased in the patients treated with
the low-dose HCTZ groups, and HDL-C de-
creased in the patients. While thiazide diuretics
are still a recommended medication of hyper-
tension therapy for type 2 diabetes, treatment
with low-dose HCTZ should be attempted to
evaluate the effectiveness and adverse meta-
bolic effects.
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Introduction

The prevalence of diabetes with hypertension
is 1.5 to 3 times greater than those without dia-
betes in age-matched groups. About 20-60% of
type 2 diabetics suffer from high blood pressure.
Research shows type 2 diabetics with hyperten-
sion are 1.5 times more common than those with-
out diabetes1. Age, obesity, insulin resistance and
other factors such as racial differences may have
high blood pressure causes. Therefore, the com-
plex disease management mechanism makes dif-
ferences in prevalence difficult to estimate cor-
rectly.

In 2014, the Eighth Joint National Committee
from many experts confirmed the lower BP treat-
ment goal of less than 140/90 mm Hg for pa-
tients with diabetes2. A recent study involving
patients without diabetes who had hypertension
reported patients randomly assigned to a tight-
control BP (systolic BP <130 mm Hg) treatment
group had a significantly lower prevalence of left
ventricular hypertrophy, an intermediate out-
come known to be a strong predictor of cardio-
vascular outcomes, and a significantly reduced
risk of a secondary outcome, which included car-
diovascular morbidity or all-cause mortality3.
The ACCORD BP trial evaluated the effect of
targeting a systolic blood pressure of 140 mm
Hg, among patients with type 2 diabetes at high
risk for cardiovascular events4.

Thiazide diuretics are still widely used as the
initial therapy in essential hypertension, and are
superior in preventing one or more major forms
of cardiovascular disease. Studies show an ad-
vantage in cardiovascular outcomes of initial
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active peptic ulcer, or any gastrointestinal dis-
ease that may affect absorption.

Trials with pre-term infants were excluded,
as this patient group is covered in another
Cochrane Review. Studies in animal models
were excluded.

Primary Analyses
Patients were randomized into a parallel group

study, with mild to moderate essential hyperten-
sion and NIDDM in a stable metabolic controlled
diet, hypoglycemic agents or/and stable albumin-
uria throughout these studies. The utilized defini-
tion of ‘HCTZ’ was as given by the authors of
the studies.

The inhibitors of the renin-angiotensin system
(RAS) might further reduce albuminuria in
hypertensive diabetic patient. In general,
ACEIs and ARBs are the same pharmacologic
mechanisms. Combination therapy is fre-
quently required for optimal control of BP,
and the amount of the decrease in BP by a
two-drug combination is approximately the
same as the sum of the decrease by each indi-
vidual drug if their mechanisms of action are
independent, with the exception of the com-
bination of ACEIs and ARBs10. ADA recom-
mendation11, ABCD trial12, and Micro-HOPE13

have suggested that RAS may have unique ad-
vantages for initial or early therapy of hyperten-
sion in people with diabetes.

We performed a validation study to compare
the high dose of HCTZ with the low dose, a dose
> 25 mg per day is considered high, and is as-
sociated with a significant increase in side ef-
fects, including metabolic derangement10.

Data Collection
The following variables were collected: blood

samples for measurements of fasting glucose
(FG), HbA1c, triglyceride (TG), total cholesterol
(TC), high-density lipoprotein-cholesterol (HDL-
C), low density lipoprotein-cholesterol (LDL-C),
uric acid (UA), and potassium(K) between
HCTZ and conventional therapy. We converted
these levels to the same unit. For example: to
convert LDL-C or HDL C levels from mmol/L to
mg/dL, we divided the number given in mmol/L
by 0.025914. All analyses were not adjusted in
this study.

Subgroup Analyses
In subgroup analyses we assessed the metabolic

effects of HCTZ according to dose (any treatment

therapy with low-dose thiazide diuretics5,6.
However, the optimal dose of thiazide/thiazide-
like diuretics is unclear, and the metabolic effects
in NIDDM treated with a thiazide diuretic have
not been fully elucidated.

An international verapamil SR-trandolapril
study (INVEST)7 showed the addition of hy-
drochlorothiazide (HCTZ) dose-dependently in-
creased the risk for new-onset diabetes, not only
in patients who received atenolol, but also in
those who were treated with verapamil. Similar-
ly, a valsartan antihypertensive long-term use
evaluation (VALUE) trial8 showed a greater inci-
dence of new-onset diabetes can be tentatively
explained by the greater occurrence of hy-
pokalemia induced by the association of HCTZ.

Materials and Methods

Criteria for Considering Studies
for this Review

A computerized literature search used the
electronic databases: the Cochrane Library (De-
cember 2014), MEDLINE (1966-December
2014), and PubMed (1966-December 2014).
Randomized controlled trials (RCTs) investigat-
ing the effect of HCTZ in the treatment of pa-
tients with type 2 diabetes and hypertension were
examined. Specific endpoints, particularly death,
can only be assessed with parallel group trials.
Therefore crossover trials were excluded. Cross-
over studies did not present data in a way that
could be included in the meta-analyses9. Patients
with unstable or type 1 diabetes were not includ-
ed in the study.

Literature references were manually retrieved
at the same time. The keywords for the search
were hydrochlorothiazide and thiazide. Other
words used were non insulin-dependent diabetes
mellitus, type 2 diabetes mellitus, diabetes, RCT
or clinical trials. All of the literature included at
least an abstract in the English language, fol-
lowed by the full text.

The resulting citations were then limited to hu-
man subjects, clinical trials, and English lan-
guage publications. To identify additional rele-
vant trials, a manual search of references from
reports of clinical trials or review articles was
performed. Patients with unstable or insulin-de-
pendent diabetes mellitus were not included in
the study. Patients were excluded when they had
severe target organ damage, active ischemic
heart disease, evidence of chronic liver disease,
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dose or ≤ 25 mg per day) versus no-HCTZ, and
HCTZ with low dose (HCTZ+ACEI or ARB) ac-
cording to pharmacologic mechanisms with no-
HCTZ (ACEI+CCB, ACEI or ARB) hypertension
treatment in NIDDM.

Statistical Analysis
The statistical analysis was performed using

MedCalc Version 9.6 software (MedCalc Soft-
ware, Belgium)15. Meta-analysis of studies with
a continuous measure was used to test the sig-
nificance of the treatment effect. MedCalc uses
the Hedges g statistic as a formulation for the
standardized mean difference (SMD) under the
fixed effects model. The heterogeneity statistic
is incorporated to calculate the summary stan-
dardized mean difference under the random ef-
fects model (DerSimonian and Laird16). This as-
sumption is tested by the “Heterogeneity test”.
If this test yields a low p-value (p<0.05), then
the fixed effects model may be invalid. SMD
with 95% CI is given both for the fixed effects
model and the random effects model. If the test
of heterogeneity is statistically significant
(p<0.05), then more emphasis should be placed
on the random effects model. Statistical hetero-
geneity was assessed using the I2 statistic and
the Chi-square test for heterogeneity17. A two-
sided significance level of 5% was considered
evidence of statistical significance and corre-
sponding confidence intervals (CI) were calcu-
lated.

Results

A total of 479 articles were identified. We
excluded duplication (73 articles), review arti-
cles (8 articles), cross-over studies (37 article),
studies in which patients did not receive HCTZ
(11 articles), studies which did not examine the
association between HCTZ and metabolic ef-
fect outcomes (32 articles), and studies which
did not have a comparator (3 articles). Of the 7
publications included, 1 reported 6 separate
trials, 1 reported two independent trials and
5 reported one trial within their publica-
tion. Following this, 13 parallel-design RCTs
described in 7 reports involving 720 patients
met our inclusion criteria (Figure 1).

Six reports were performed in western coun-
tries and one in Taiwan. Five reports were de-
scribed as double-blind and two were open-label.
Four reports reported participants with NIDDM

and stable microalbuminuria, and three reports
did not provide information on albuminuria. Six
trials were described as high-dose therapy from
Lacourcière et al18 1993 and six were low-dose
therapy from others.

The characteristics of the studies included in
the meta-analysis are presented in Table I.

Metabolic Effects of HCTZ Versus
No-HCTZ Hypertension Treatment
in NIDDM (Table II)

There were 12 trials described in 7 reports in-
volving 696 patients that were included in the
meta-analysis.

FG (SMD = 0.27, 95% CI 0.11-0.43, p<0.05)
and HbA1c (SMD = 1.09, 95% CI 0.47-1.72,
p<0.05) significantly increased in the patients
treated with HCTZ groups, then the test of FG
for heterogeneity was not heterogeneous and the
fixed effects model was used.

Potassium levels were significantly decreased
in the HCTZ groups with SMD -0.55 (95% CI -
1.05- -0.04, p<0.05). The test for heterogeneity
was significant.

TG, HDL-C, LDL-C and UA were not signifi-
cantly affected by either treatment, while TC sig-
nificantly increased (SMD = 0.53, 95% CI 0.1-
0.96, p<0.05) in the patients treated with the
HCTZ groups. The test for heterogeneity was
significant.

Metabolic Effects of HCTZ with low Dose
Versus no- HCTZ Hypertension
Treatment in NIDDM (Table II)

There were 7 trials described in 6 reports in-
volving 615 patients that were included in the
meta-analysis.

FG (SMD = 0.27, 95% CI 0.11-0.43, p<0.05)
and HbA1c (SMD = 0.92, 95% CI 0.3-1.55,
p<0.05) significantly increased in the patients
treated with the HCTZ groups, then the test of
FG for heterogeneity was not heterogeneous and
the fixed effects model was used.

Potassium levels were significantly decreased
in the HCTZ groups with SMD -0.55 (95% CI -
1.05- -0.04, p<0.05). The test for heterogeneity
was significant.

TC, TG, LDL-C and UA were not significant-
ly affected by either treatment, while HDL-C sig-
nificantly decreased (SMD = -0.44, 95% CI -
0.81- -0.08, p<0.05) in the patients treated with
the HCTZ groups. The test for heterogeneity was
significant.
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Metabolic Effects of HCTZ with low Dose
(HCTZ+ACEI or ARB) Versus no- HCTZ
(ACEI or ARB) Hypertension Treatment
in Type 2 Diabetes (Table III)

There were 3 trials described in 2 reports in-
volving 129 patients that were included in the
meta-analysis.

FG (SMD = 0.23, 95% CI 0.05-0.41, p<0.05)
and HbA1c (SMD = 0.85, 95% CI 0.18-1.51,
p<0.05) significantly increased in the patients
treated with HCTZ groups, then the test of FG
for heterogeneity was not heterogeneous and the
fixed effects model was used.

Potassium levels were significantly decreased
in the HCTZ groups with SMD -0.42 (95% CI -
0.78- -0.05, p<0.05). The test for heterogeneity
was not heterogeneous and the fixed effects model
was used.

Metabolic Effects of HCTZ with low Dose
(HCTZ+ACEI or ARB) Versus no- HCTZ
(ACEI+CCB) Hypertension Treatment in
Type 2 Diabetes (Table III)

Four trials described in four reports involving
486 patients were included in the meta-analysis.

FG (SMD = 0.23, 95% CI 0.05-0.41, p<0.05)
and HbA1c (SMD = 0.85, 95% CI 0.18-1.51,
p<0.05) significantly increased in the patients
treated with the HCTZ groups, then the test of
FG for heterogeneity was not heterogeneous and
the fixed effects model was used.

TC, TG, LDL-C, UA and potassium levels
were not significantly affected by either treat-
ment, while HDL-C significantly decreased
(SMD = -0.39, 95% CI -0.76- -0.02, p<0.05) in
the patients treated with HCTZ groups. The test
for heterogeneity was significant.

Figure 1. Diagram of study selection results.
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most effective first-line treatment for prevent-
ing the occurrence of cardiovascular disease
morbidity and mortality31.

Diabetic nephropathy occurs in 20-40% of pa-
tients with diabetes and is the single leading
cause of end-stage renal disease. Microalbumin-
uria is also a well-established marker of increased
CVD risk32. A higher proportion of individuals
with type 2 diabetes were found to have microal-
buminuria after the diagnosis of their diabetes33.
There are four reports including patients with sta-
ble microalbuminuria in our study, and the other
three reports did not show this. The CHILI T2D
Study34 evaluated 4110 patients with type 2 dia-
betes, all stages of hypertension and microalbu-
minuria. The research showed the favourable
metabolic profile of low-dose HCTZ therapy.

The optimal dose of thiazide/thiazide-like di-
uretics is unclear, but higher doses, that is, >25
mg hydrochlorthiazide, should be avoided be-
cause such doses will further increase the risk of
metabolic abnormalities35. Beta-blockers can also
affect blood sugar. But, low doses of HCTZ did
not include beta blockers in our study, there were
HCTZ, CCB, ACEI, and ARB in our subgroup
analysis.

Our study has several potential limitations.
First, we did not have enough information to
evaluate the effect of HCTZ therapy on glucose
and lipid metabolisms in the 7 publications. Sec-
ond, this meta-analysis includes only small-
scaled 7 trials with relatively short observation
periods. Only 1 trial had the duration more than 1
year. Thirdly, 37 crossover trials were excluded.
Cross-over studies did not present data in a way
that could be included in the meta-analyses, we
could not calculate whether 37 crossover trials
may have influenced. Consequently, additional
large and long observation period studies should
be performed to evaluate our results and further
resolve the uncertainty regarding the effect of
HCTZ on glucose and lipid metabolisms in type
2 diabetes patients.

Conclusions

The risk of type 2 diabetes is higher in persons
with metabolic syndrome and diabetes is a major
risk factor for CVD. It also examined various cri-
teria for a clinical diagnosis of the metabolic syn-
drome36. Thiazide diuretics were probably also
the main cause of the metabolic changes ob-
served with the high or low-dose HCTZ treat-

TC, TG, HDL-C and UA were not significant-
ly affected by either treatment, and there was no
report in LDL-C.

Discussion

Not only did the thiazide diuretics increase
blood total cholesterol, triglycerides and low-
density lipoprotein, as well have high density
lipoprotein effects, but they also consistently de-
creased plasma potassium and the secretion of
insulin, and increased blood sugar. Our study
showed FG and HbA1c increased in the patients
treated with HCTZ groups, even through low-
dose treatment, and HDL-C decreased in the pa-
tients treated with low-dose HCTZ groups. How-
ever, these results showed the high degree of het-
erogeneity except FG. A high LDL to HDL ratio
is a predictor of an increased risk of cardiovascu-
lar disease25. The relationship between insulin re-
sistance, plasma insulin level, and glucose intol-
erance is mediated to a significant degree by
changes in ambient plasma free-fatty acid (FFA)
concentration. Patients with type 2 diabetes are
also resistant to insulin suppression of plasma
FFA concentration, but plasma FFA concentra-
tions can be reduced by relatively small incre-
ments in insulin concentration26. The mechanism
by which thiazides alter lipid profiles is poorly
understood.

Other metabolic effects of thiazide diuretics
include electrolyte imbalance and sexual dys-
function. Each 0.5-mEq/L decrease in serum
potassium was associated with a 45% increased
risk of developing diabetes throughout the
course of the study27. A prospective study found
no significant correlation between changes in
serum potassium and serum glucose in HCTZ-
treated patients with 12.5 or 25 mg/day for 9
weeks, but Smith et al28 mentioned that higher
doses may be prone to significantly greater ad-
verse metabolic consequences, including more
hypokalemia and hyperglycemia. Tuck29 point-
ed out hypokalemia can impair glucose metabo-
lism by reducing insulin secretion and insulin
sensitivity. Diuretics are a number of side ef-
fects. However, the SHEP study30 showed 5-
year major cardiovascular disease (CVD) rate
was lower for diabetic patients in low-dose di-
uretic-based treatment. A meta-analysis study
indicated low-dose thiazide diuretics and other
antihypertensive agents lowered BP to a similar
degree and low-dose thiazide diuretics are the
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WW; INVEST Investigators. A calcium antagonist
vs a non-calcium antagonist hypertension treat-
ment strategy for patients with coronary artery
disease. The International Verapamil-Trandolapril
Study (INVEST): A randomized controlled trial.
JAMA 2003; 290: 2805-2816.

8) JULIUS S, KJELDSEN SE, WEBER M, BRUNNER HR, EKMAN

S, HANSSON L, HUA T, LARAGH J, MCINNES GT, MITCHELL

L, PLAT F, SCHORK A, SMITH B, ZANCHETTI A; VALUE tri-
al group. Outcomes in hypertensive patients at
high cardiovascular risk treated with regimens
based on valsartan or amlodipine: The VALUE
randomized trial. Lancet 2004; 363: 2022-2031.

9) ELBOURNE DR, ALTMAN DG, HIGGINS JPT, CURTIN F,
WORTHINGTON HV, VAIL A. Meta-analyses involving
cross-over trials: methodological issues. Int J
Epid 2002; 31: 140-149.

10) CHIANG CE, WANG TD, LI YH, LIN TH, CHIEN KL, YEH

HI, SHYU KG, TSAI WC, CHAO TH, HWANG JJ, CHIANG

FT, CHEN JH; Hypertension Committee of the Tai-
wan Society of Cardiology. 2010 Guidelines of
the Taiwan Society of Cardiology for the Manage-
ment of Hypertension. J Formos Med Assoc
2010; 109: 740-773.

11) EXECUTIVE SUMMARY: standards of medical care in
diabetes. Diabetes Care 2010; 33: S4-S10.

12) ESTACIO RO, JEFFERS BW, HIATT WR, BIGGERSTAFF SL, GIF-
FOD N, SCHRIER RW. The effect of nisoldipine as com-
pared with enalapril on cardiovascular outcomes in
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ment, notably an increase in FG and HbA1c and
a decrease in serum potassium and HDL-C with
the low-dose HCTZ groups. However, these re-
sults showed the high degree of heterogeneity
except FG.

While thiazide diuretics are still a recommend-
ed medication of hypertension therapy for type 2
diabetes, treatment with low-dose HCTZ should
be attempted to evaluate the effectiveness and ad-
verse metabolic effects. Antihypertensive medica-
tions could be due to the dosages, monotherapy or
in combination; they are suggested by internation-
al guidelines that reflect concerns about the risk
of side effects37.
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