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Treatment of hypertension with the major available anti-
hypertensive classes results in a significant improvement 
in cardiovascular morbidity and mortality. However, 
there is controversy about whether specific classes 
of drug therapy have deleterious or beneficial effects 
on glucose and lipid metabolism. Myths and miscon-
ceptions have thus arisen. Although “old” classes of 
antihypertensives, such as diuretics and β-blockers, 
seem to have deleterious effects on glucose and lipid 
metabolism, the “newer” agents appear to have either 
neutral or beneficial profiles. The long-term signifi-
cance of these metabolic changes is still debated. It 
is known that insulin resistance plays a major role in 
the pathogenesis of hypertension and type 2 diabetes 
mellitus. There is increasing evidence that blocking 
the renin-angiotensin-aldosterone system by using 
angiotensin-converting enzyme inhibitors or angioten-
sin-receptor blockers favorably affects insulin sensitivity 
and, accordingly, decreases the incidence of new-onset 
type 2 diabetes mellitus.

Introduction
Approximately 60 million Americans have hypertension 
(HTN), and currently normotensive 55-year-old individuals 
have a 90% lifetime risk for developing high blood pressure 
(BP) [1,2]. HTN and type 2 diabetes mellitus (T2DM) are 
both insulin-resistant states [3••,4]. T2DM is frequently 
associated with concomitant hypertension. T2DM is also 2.5 
times more likely to develop in hypertensive people compared 
to their normotensive counterparts [5]. In a recent cross-
sectional study in 420 patients with essential hypertension, 
approximately 68% had impaired glucose metabolism, and 
45% had undiagnosed glucose abnormalities [6]. Similarly, 

approximately 40% of newly diagnosed T2DM patients 
are already hypertensive [7]. However, the cardiovascular 
disease (CVD) complications of T2DM begin well before a 
clinical diagnosis of diabetes [8,9]. 

HTN, dysglycemia, and dyslipidemia tend to clus-
ter among the same population. They are components 
of the cardiometabolic syndrome (CMS), along with 
other factors such as central obesity, increased inflam-
mation, oxidative stress, and thrombosis. In the case 
of HTN, several mechanisms of insulin resistance have 
been observed, as shown in Table 1. These mechanisms 
include defects in post-receptor insulin action and glu-
cose metabolism, decreased delivery of glucose and 
insulin to skeletal muscles, and altered skeletal-muscle 
tissue composition.

The development of HTN in an insulin-resistant 
state seems to be the result of multiple, interconnected, 
maladaptive pathways that involve sodium retention, 
increased sympathetic nervous system (SNS) activity, 
vascular dysfunction, increased renin-angiotensin-aldo-
sterone system (RAAS) activity, oxidative stress, and 
inflammation [10••,11].

Controlling BP results in a significant improvement 
in CVD morbidity and mortality within both diabetic 
and nondiabetic populations [1,12]. In most patients, 
monotherapy is not sufficient to achieve current goals of 
hypertension treatment; this is especially true in diabetics, 
whose recommended target BP is even lower. More than 
two thirds of hypertensive individuals need multidrug 
regimens, consisting of medications from different classes, 
to manage their hypertension [1,13,14].

When treating a patient with high BP, it is necessary 
to consider concomitant pathologies, that is, dysglycemia 
and dyslipidemia. Lowering BP at the expense of wors-
ening other conditions that are known to exacerbate 
the clinical outcomes might not be the most appropriate 
approach. Ideally, a medication that improves all aspects 
of the patient’s condition would be best.

The metabolic safety of the various hypertension 
classes has been at the center of debate for many years. 
In this respect, different classes of hypertensive medi-
cations have been found to possess distinct metabolic 
profiles. Most of the clinical data concerning new-
onset T2DM and antihypertensive drugs come from 
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observational studies [5,15••] or short-term trials [13], 
are a product of post hoc analysis [16], or are second-
ary results of studies projected primarily for different 
cardiovascular or renal outcomes [14,17–21]. In 2003, 
a systematic review of the relevant literature found that 
the incidence of T2DM is likely unchanged or increased 
by some classes and unchanged or decreased by others. 
However, the authors concluded that the available data 
were “far from conclusive” [22].

In this review, we focus on the metabolic safety of 
the five major antihypertension medication classes that 
are currently used—namely, thiazide diuretics, β-adren-
ergic blockers, angiotensin-converting enzyme inhibitors 
(ACEIs), angiotensin II type 1 receptor (AT1) blockers 
(ARBs), and calcium channel blockers (CCBs). We discuss 
the current data on the effects of these drugs on glucose 
intolerance, insulin resistance, and lipid metabolism and 
the implications of the recent clinical trials. 

Diuretics
Diuretics are considered to be one of the oldest treat-
ment options. According to the Seventh Report of the 
Joint National Committee on the Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC 
7), thiazide diuretics are better or at least similar to 
other hypertensive classes in their ability to prevent the 
CVD complications of hypertension [1,14]. ALLHAT is 
the largest evaluation of antihypertensive medications 
to date, with more than 33,000 participants. ALLHAT 
used chlorthalidone as the representative diuretic in 
comparison to an ACEI and a CCB. There was no dif-
ference in fatal CHD, nonfatal myocardial infarction 
(MI), and all-cause mortality among these drug classes. 
Similar findings were present in nondiabetic patients, 
as well as patients with either T2DM or impaired fast-
ing glucose (IFG) [23]. Although the benefit of thiazide 
diuretics is well recognized, there are concerns regard-
ing the possible metabolic side effects of these agents. 
Thiazide diuretics may have unwanted effects on glucose 
metabolism, lipids, electrolytes, and uric acid levels. 

Glucose metabolism
There have been reports of glucose intolerance related to 
thiazide diuretics since the 1950s [24]. Thiazide diuretics 
are known to increase the activity of the RAAS. Other 
factors that might contribute to thiazide-induced glucose 
intolerance are hypokalemia and hypomagnesemia, by 
affecting insulin release or insulin sensitivity [25]. The evi-
dence from the controlled clinical trials on the diabetogenic 
effect of thiazide diuretics is mixed. Multiple clinical trials 
have shown increased incidence of new-onset T2DM. One 
of these is the re-evaluated SHEP, which compared thiazide-
treated hypertensive patients to those given a placebo [26]. 
Similar trends were also observed when thiazide diuretics 
were evaluated against the “new” hypertensive agents, such 
as ACEIs (ANBP 2) [27], ARBs (ALPINE) [20], and CCBs 
(INSIGHT) [17]. In ALLHAT, following 4 years of treat-
ment with chlorthalidone, amlodipine (CCB), or lisinopril 
(ACEI), diabetes was found in 11.8%, 9.6%, and 8.1% of 
participants, respectively [14].

Contrary to these trials, a few other studies have failed 
to demonstrate the diabetogenic effects of thiazide diuretics 
[5,28,29]. In one case, Gress et al. [5], in the ARIC Study, 
evaluated hypertensive individuals taking thiazide diuretics 
after 3 years and after 6 years and found that they did not 
have a greater risk for developing T2DM (when compared 
to subjects taking placebo). Furthermore, it has been sug-
gested that the deleterious effects of thiazide diuretics on 
glucose intolerance are dose-dependent [30]. Therefore, 
low-dose diuretics provide nearly the same benefits, but the 
side effects associated with higher doses are avoided [1].

Some of the data on the prognostic effect of drug-
induced T2DM suggest an increased risk for CVD [26]. 
Verdecchia et al. [15••] reported that in treated hyperten-
sive people, the diagnosis of new-onset diabetes carries 
cardiovascular risk that is not statistically different from 
that in previously known T2DM. After adjustment for 
various confounders, including BP control, the relative 
risks for CVD events in patients with new diabetes or 
previous diabetes were 2.92 and 3.75, respectively, as 
compared with those who did not develop T2DM. In that 
study, the two independent risk factors for developing 
new-onset T2DM were increased fasting plasma glucose 
and diuretic use. Therefore, it seems that diuretics (and 
β-blockers, as discussed later) have an accelerating effect 
on the development of diabetes mellitus in predisposed 
individuals. Consequently, it is advised that patients with 
IFG or obesity should be monitored for glycemic changes 
when they are started on these medications [9].

Lipids
Thiazide diuretics increase serum total cholesterol (TC) 
and low-density lipoprotein cholesterol (LDL-C) by 5% 
to 10%, modestly decrease high-density lipoprotein 
cholesterol (HDL-C), and increase serum triglycerides 
by 5% to 15% [31,32]. These changes tend to be dose-
dependent and more obvious in the nonresponders [30]. 

Table 1. Factors promoting insulin resistance  in 
essential hypertension

Impaired insulin signaling

Decreased insulin-mediated glucose transport

Decreased glycogen synthesis

Decreased nitric oxide generation

Increased reactive oxygen species

Increased vasoconstruction

Vascular hypertrophy

Increased skeletal muscle fat content

Decreased slow-twitch insulin-sensitive skeletal  
muscle fibers
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Furthermore, they are short-term; interim lipid changes 
seen when a patient begins diuretic therapy appear to be 
ameliorated with time [1,13,32].

β-Blockers
β-adrenergic receptor antagonists have been used to 
treat HTN for many years. They clearly improve clinical 
outcomes in patients with coronary artery disease, previ-
ous acute MI, and congestive heart failure [1,12]. In the 
UKPDS, atenolol was as effective as captopril in decreas-
ing microvascular and macrovascular complications in 
T2DM patients [12]. However, the role of β-blockers in 
treating uncomplicated essential HTN is less clear [33].

Glucose metabolism
In the ARIC study, β-blocker treatment was associated 
with a 28% increased risk for developing T2DM [5]. In the 
same study, neither diuretics, ACEIs, nor CCBs were asso-
ciated with significant development of T2DM after the 
6-year follow-up period. Potential mechanisms by which 
β-blockers may be related to new-onset T2DM are weight 
gain, attenuation of pancreatic release of insulin, and promo-
tion of insulin resistance in the peripheral tissues [28]. The 
majority of clinical studies have shown that “traditional” 
β-blockers are associated with a higher incidence of T2DM 
compared to ACEIs [19], ARBs [20], and CCBs [18].

Not all β-blockers are equivalent when it comes to 
their effects on metabolism and on blood vessel tone. 
“Traditional” β-blockers, both nonselective β1 and β2 
antagonists such as propranolol and β1-selective antago-
nists such as atenolol and metoprolol, are vasoconstrictive 
due to the consequent unopposed α1-adrenergic activ-
ity. They all have negative metabolic effects on insulin 
resistance and lipid metabolism [34]. Conversely, newer 
vasodilating β-blockers, such as carvedilol, nebivolol, 
and celiprolol, are associated with better metabolic pro-
files [35]. In a small, controlled clinical trial, Giugliano 
et al. [36] reported on 45 diabetic hypertensive patients; 
carvedilol increased total glucose disposal by 20% 
compared to atenolol, which showed a 10% decrease. 
Carvedilol also decreased the plasma glucose response 
to oral glucose, reduced the triglyceride level by 20% 
(versus a 12% elevation with atenolol), and increased the 
HDL-C level by 8% (as opposed to a 12% decrease with 
atenolol). The GEMINI trial included 1235 hypertensive 
patients with T2DM, who were taking either an ACEI 
or an ARB [37]. After 5 months, whereas metoprolol 
treatment increased hemoglobin A1C by 0.15%, carve-
diolol had no effect. Furthermore, insulin resistance as 
determined by Homeostasis Model Assessment-Insulin 
Resistance (HOMA-IR) was decreased in the carvedilol 
group but increased with metoprolol. There are no data 
from long-term clinical outcome trials regarding the 
effects of carvedilol on new-onset T2DM.

Lipids
Although the consequences of β-blockers on TC and 
LDL-C are slight, these drugs have been found to elevate 
triglycerides by 10% to 40% while lowering HDL-C by 
5% to 20% [31]. In one study [32], atenolol was shown 
to have a slight tendency to cause temporarily increased 
triglyceride, TC, and apolipoprotein B levels; however, 
these changes did not persist for more than 1 year. In the 
GEMINI trial, metoprolol increased triglycerides by 13%, 
whereas carvedilol had no significant effect on lipids [37].

Angiotensin-converting Enzyme Inhibitors 
and Angiotensin-receptor Blockers
Angiotensin II has several deleterious effects in the vessels, 
heart, kidney, adipose tissue, and skeletal muscles that 
promote oxidative stress, vasoconstriction, and insulin 
resistance [3••,4]. There is cumulative evidence from clini-
cal trials suggesting that the inhibition of RAAS by using 
ACEIs or ARBs decreases the rate of new-onset diabetes 
in high-risk patients when compared to any other class of 
antihypertensives [13,14,16,19–21,27,38].

Glucose metabolism
In a recent meta-analysis that included 11 trials, an ACE 
or ARB prevented new-onset T2DM (odds ratio, 0.78; 
95% CI, 0.73–0.83) with the absolute risk reduction of 
1.7 (95% CI, 1.3–2.1). The results were valid with either 
an ACEI or an ARB, regardless of the indication of use—
that is, hypertension, coronary artery disease (CAD), or 
congestive heart failure (CHF) [39]. The positive effect 
after RAAS inhibition could not be simply interpreted as 
a worse effect in the comparative group as it was observed 
not only versus β-blocker or diuretic but also versus pla-
cebo or calcium channel antagonist, which is generally 
considered to be metabolically neutral [39]. The data from 
the CHARM-added trial indicate that adding an ARB to 
an ACEI in CHF patients does not seem to offer further 
protection from T2DM [21].

The mechanisms by which interruption of RAAS 
might help in preventing new-onset T2DM are complex 
and may involve increasing pancreatic insulin secretion 
and insulin sensitivity [40,41]. Our laboratory showed 
that an ARB improves insulin resistance and decreases 
oxidative stress in an animal model that overexpresses 
angiotensin II (Ren-2 rat model with transfection of the 
mouse renin gene) [42]. In addition, inhibition of RAAS 
also results in improved muscle blood flow, restoration of 
insulin-sensitive muscular fiber composition, decreased 
sympathetic activity, enhanced insulin signaling and glu-
cose uptake, promotion of favorable effects on the adipose 
tissue, such as adipocyte differentiation and increased adi-
ponectin levels [40,41]. Additionally, certain ARBs, such 
as telmisartan and irbesartan, were found to have partial 
peroxisome proliferator-activated receptor-γ (PPAR-γ) 
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agonism activity, providing a potential mechanism for 
their antidiabetic effect [43].

There are three large-scale prospective trials under-
way to confirm the role of ACEIs and ARBs in T2DM 
prevention in both hypertensive and nonhypertensive 
individuals: DREAM, NAVIGATOR, and ONTAR-
GET—TRANSCEND [44••]. Meanwhile, based on 
the available evidence, it is advisable to consider ACEIs 
or ARBs in all conditions associated with insulin 
resistance, such as HTN, T2DM, obesity, metabolic 
syndrome, and CHF [44••].

Lipids
ACEIs do not affect levels of cholesterol fractions in non-
diabetic patients, but may decrease triglycerides. In diabetic 
patients, ACEIs tend to decrease TC and LDL-C levels 
(5% and 7%, respectively) without affecting HDL-C or 
triglycerides [31]. In the ALLHAT, after 2-year and 4-
year evaluations on cholesterol, values were higher in the 
chlorthalidone (diuretic)-treated patients compared to those 
receiving lisinopril (an ACEI) or amlodipine (a CCB) [14].

ARBs appear to have favorable effects on the lipid 
profile [13]. After 6 months of ARB treatment in 2438 
patients, a statistically significant reduction in TC, LDL-
C, TC/HDL-C, and apolipoprotein B levels as well as an 
increase in HDL-C were found [45]. Also, when compared 
to patients who had been given placebo (n = 60), valsartan 
patients (n = 63) were found to have statistically signifi-
cant lowering of TC and LDL-C [46]. Results regarding 
HDL-C, triglycerides, very low-density lipoprotein 
(VLDL) triglycerides, VLDL cholesterol, and apolipopro-
tein B were not significant.

Calcium Channel Blockers
CCBs are safe and effective antihypertensive agents. In 
the ALLHAT study, the effects of amlodipine were com-
parable to chlorthalidone on CHD, stroke, and all-cause 
mortality rate. Interestingly, noncardiovascular mortality 
rate was significantly lower and renal function better pre-
served in the amlodipine group [14].

Glucose metabolism
Generally, CCBs are considered to be metabolically neu-
tral [28]. Previous reports suggested that insulin resistance 
worsens with a short-acting CCB such as nifedipine, is 
not affected by diltiazem and verapamil, and is probably 
improved by the newer, long-acting CCBs, such as amlodip-
ine [47]. In the large clinical trials, CCBs have been shown 
to reduce new-onset T2DM compared to conventional ther-
apy, such as thiazide diuretics and/or β-blockers [14,17,18]. 
In the ALLHAT trial, the incidence of new-onset T2DM 
in the amlodipine group (9.6%) was in between lisinopril 
(8.1%) and chlorthalidone (11.8%) [14]. The VALUE trial 
compared amlodipine to valsartan and followed-up on more 
than 15,000 patients for a mean of 4.2 years. The incidence 

of new-onset T2DM was 3.3% less (13.1% as compared 
with 16.4%) in the ARB group than in the CCB group [38].

Lipids
CCBs have not been found to influence lipid levels [31].

Conclusions
Generally, lowering BP is more important than the method 
used to achieve goal levels. Usually, more than one medica-
tion is needed to reach therapy goal. Although “old” classes 
of antihypertensives, such as diuretics and β-blockers, seem 
to have deleterious effects on glucose and lipid metabolism, 
the "newer" agents appear to have either neutral or beneficial 
profiles. It is advisable to be cautious when starting diuretics 
or old β-blockers in the obese and people with IFG. The com-
bination of RAAS-affecting medications and diuretics seems 
beneficial and is usually needed to reach the goal of HTN 
treatment. Agents blocking RAAS appear to have antidiabetic 
effects as well. Generally, it is appropriate to start with an 
ACE inhibitor or ARB and add a diuretic as needed to control 
blood pressure in patients with diabetes and/or proteinuria as 
well as those with the cardiometabolic syndrome. This strat-
egy will likely abrogate adverse metabolic effects associated 
with the use of a diuretic alone. The data from ongoing large-
scale clinical trials will hopefully help in clearing up some of 
the confusion about the potential beneficial or harmful meta-
bolic effects of the antihypertensive classes. 
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