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The Effect of Enalapril With and Without 
Hydrochlorothiazide on Insulin Sensitivity 
and Other Metabolic Abnormalities of 
Hypertensive Patients With NIDDM 
A. Shamiss, J. Carroll, E. Peleg, E. Grossman, and T. Rosenthal 

The effect of 20 mg of enalapril with and without 
12.5 mg of hydrochlorothiazide on glucose metabo- 
lism insulin sensitivity and lipids was evaluated in 
hypertensive non-insul in-dependent  diabetes. Ten 
mild to moderate hypertensive patients with non-  
insulin-dependent diabetes mellitus were treated 
for 8 weeks with 20 mg enalapril once a day, and 
then divided into two groups of 5 patients each for 
a second 8 weeks of treatment with enalapril alone 
or in combination with hydrochlorothiazide, 12.5 
mg once a day. Blood pressure, fasting plasma glu- 
cose, lipids and insulin, glycosylated hemoglobin,  
and insulin sensitivity were measured at baseline 
and after 8 and 16 weeks. Results were analyzed 
by the ANOVA test for repeated measures and all 
values are given as mean ± SD. 

Diastolic blood pressure decreased significantly 
after the first and second period of enalapril and 
after the combination of enalapril and hydrochlo- 
rothiazide. Glycosylated hemoglobin dropped sig- 
nificantly after the first and second period of enal- 
april monotherapy. Plasma triglycerides and fast- 

ing plasma insulin decreased significantly after the 
16 weeks of enalapril. Insulin-mediated glucose 
uptake increased significantly after 8 and 16 weeks  
of monotherapy with enalapril. No significant dif- 
ference was observed in any of the metabolic char- 
acteristics, including insulin sensitivity, between 
the values after 8 weeks of enalapril alone and the 
final values of the enalapril-treated and the enala- 
pril/hydrochlorothiazide-treated groups. 

It is concluded that enalapril improves some of 
the metabolic parameters, including insulin sensi- 
tivity, of hypertensive diabetic patients. Despite 
the small number of hydrochlorothiazide patients, 
these results lead us to suggest that the coadminis- 
tration of low-dose hydrochlorothiazide may not 
adversely affect these parameters, and that enala- 
pril may have blunted the metabolic adverse effect 
of the diuretic. Am J Hypertens 1995;8:276-281 
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I 
t is becoming clear that hypertension, although 
an independent  risk factor for adverse vascular 
events, exists also as part of a syndrome of car- 
diovascular, endocrine, and metabolic abnor- 

12 malities. ' While the pathogenesis of hypertension in 
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non-insulin-dependent diabetes mellitus (NIDDM) is 
not completely understood, its importance is obvious 
since 30% to 50% of those with NIDDM are also 
hypertensive. 3 Since it has been suggested that insu- 
lin resistance may provide a common pathophysio- 
logic link between diabetes and hypertension, one 
would prefer to use an antihypertensive medication 
which does not adversely affect insulin action in 
these patients. 

The thiazide diuretics are still widely used as the 
initial therapy in essential hypertension, and in both 
hypertensive and diabetic patients they are known to 
impair glucose tolerance and exacerbate insulin resis- 
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tance. 4"5 Small doses have, however, been reported 
not to diminish control of blood glucose. 6 The an- 
giotensin-converting enzyme (ACE) inhibitors capto- 
pril and enalapril have been found to have favorable 
effects on glucose metabolism. Several studies have 
shown they improve glycemic control in the hyper- 
tensive diabetic patient. 4"7-1° Flapan et a111 have 
shown that captopril may confer protection against 
diuretic-induced glucose intolerance in nondiabetic 
hypertensive patients. Nevertheless, it must be re- 
membered that here, too, there is a difference of 
opinion, with some authors 12 claiming no effect of 
long-term enalapril treatment on glucose tolerance in 
non-obese, non-insulin-resistant patients with mild 
to moderate hypertension. ACE inhibitors are the 
preferred medication for the hypertensive diabetic 
patient because of their ability to delay diabetic ne- 
phropathy,  13 in addition to the above-mentioned 
positive effects on glucose metabolism. ACE inhibi- 
tors are often administered together with diuretics in 
hypertension because of their ability to potentiate the 
antihypertensive effect and further reduce blood 
pressure in more severe cases. 14 

These observations led us to investigate the net ef- 
fect of enalapril on the insulin resistance, glycemic 
control, and lipid profile of hypertensive patients 
with NIDDM. We further determined whether  enal- 
april can protect against the adverse metabolic effect, 
if there is one, of low-dose hydrochlorothiazide when 
administered in combination. 

MATERIALS AND METHODS 

The study enrolled 16 patients, 13 males and 3 fe- 
males, aged 42 to 70 years, with mild to moderate 
untreated hypertension and NIDDM. Patients were 
included in the study when repeated diastolic mea- 
surements were 95 to 105 mm Hg after a placebo pe- 
riod of 2 weeks. Blood pressure was recorded in the 
sitting position after 5 min rest, using a mercury 
sphygmomanometer .  Secondary hypertension was 
ruled out by the usual clinical and laboratory criteria. 

NIDDM was of varying degrees of glycemic con- 
troI: mean fasting plasma glucose and glycosylated 
hemoglobin were 154 --- 13 mg/dL and 9.34 -+ 0.64 
g/dL, respectively. All patients were being treated 
with diet and sulfonylurea hypoglycemic agent (glib- 
enclamide 5 to 20 mg/day). 

Patients were excluded when they had severe tar- 
get organ damage, active ischemic heart disease, re- 
nal failure (serum creatinine > 1.5 mg/dL), evidence 
of chronic liver disease, active peptic ulcer, or any 
gastrointestinal disease that may affect absorption. 
Six patients were dropped early in the study: three 
refused further glucose clamp studies and three failed 
to reach the desired blood pressure after the placebo 
period. Ten completed the study protocol. 

Patients were put on placebo (for hypertension) for 
2 weeks, followed by 8 weeks of enalapril, 20 mg once 
a day. Enalapril treatment was started with a test 
dose of 5 mg once a day to prevent an exaggerated 
hypotensive effect. After 8 weeks of enalapril, 12.5 
mg/day of hydrochlorothiazide was added in five pa- 
tients whose diastolic blood pressure was still >90 
mm Hg. Treatment was continued in the two groups 
for a second period of 8 weeks. 

Blood pressure, weight, and adverse effects were 
recorded every 2 weeks for each patient by the same 
investigator. Metabolic parameters were measured in 
all patients three times: before drug treatment and 
after 8 and 16 weeks  of the study. This included 
routine laboratory tests of kidney function, liver 
enzymes, electrolytes, blood count and urinalysis, 
total and HDL cholesterol, total triglycerides, fast- 
ing plasma glucose and insulin, and glycosylated 
hemoglobin. 

Insulin sensitivity was measured by the euglycemic 
hyperinsulinernic clamp technique of DeFronzo et 
al, 15 as described by Del Prato et al. 16 The priming 
infusion of insulin was calculated as the amount  re- 
quired to raise plasma insulin concentration to 100 
~U/mL during the insulin clamp, and the insulin in- 
fusion rate thereafter was 40 mU/m2/min in all sub- 
jects. Steady-state plasma insulin and glucose con- 
centrations were calculated as the mean of all values 
taken between the 60th and 120th min of the study. 
There were no significant differences in the three 
measurements in any of the patients on these param- 
eters. Insulin sensitivity was calculated from the 
mean glucose uptake rate for the last 60 min of the 
clamp, and expressed as the amount of glucose in- 
fused during that time (in mg/kg/min). 

All values are given as mean - SD. Results were 
analyzed by analysis of variance (ANOVA) with re- 
peated measures. Each patient was informed of the 
nature, purpose, and possible risks of the study, and 
all gave their informed consent. 

RESULTS 

The clinical and laboratory data on all 10 patients are 
presented in Table 1. Patients were all mildly obese 
(BMI = 28.7 + 3.3 mg/kg2), but their weight did not 
change significantly during the study period. The 
enalapril-treated patients and the enalapril/HCTZ- 
treated patients were comparable in age, baseline val- 
ues of BMI, systolic and diastolic blood pressure, fast- 
ing plasma glucose concentrations, glycosylated he- 
moglobin, triglycerides, HDL-cholesterol, fasting 
insulin levels, and insulin sensitivity index. 

Data on the two drug subgroups are presented in 
Table 2. Total cholesterol at entry was slightly but 
significantly higher in the group of patients who were 
to be treated with combined enalapril and hydrochlo- 
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TABLE 1. CLINICAL AND LABORATORY DATA ON ALL PATIENTS THROUGHOUT THE STUDY 

At Entry After Enalapril Enalapril Group E + HCTZ group 
Parameter (n --- 10) (n = 10) (n = 5) (n = 5) 

Age (years) 
Body mass index (kg/m 2) 
Weight (kg) 
Diastolic blood pressure (mm Hg) 
Fasting glucose (mg/dL) 
Glycosylated hemoglobin (g/dL) 
Total cholesterol (mg/dL) 
Triglycerides (mg/dL) 
High density lipoprotein cholesterol 

(mg/dL) 
Fasting insulin (mm/mL) 
Insulin mediated glucose uptake 

(mg/kg/min) 

58.3 + 9.4 
28.7 -+ 3.3 28.7 -+ 3.4 28 -+ 4.5 28.6 -+ 2.7 

82 -+ 10.5 82 +- 10 80 -+ 9.2 81.7 -+ 11.1 
100.2 +- 3.4 90.6 -+ 3.8* 86 + 1.9" 84.3 + 3.3 
154.1 + 13 146.7 -+ 12.1 140 + 17 161 + 15 

9.34 -+ 0.64 8.68 -+ 0.51t 8.50 -+ 0.6t 9.4 + 0.4 
247 -+ 29 239 --- 26 224 --- 28 254 -+ 16 
301 -+ 61 247 -+ 34 221 + 26~: 266 + 41 

33 - 6.1 34.6 + 4.7 37 + 3 31 + 5 
23.8 + 3.7 20.5 + 3.8 19 + 2** 21.4 +-- 4.5 

3.22 +- 0.38 3.96 + 0.5"t 4.21 + 0.88 3.36 --- 0.35 

*P < .00001 compared to baseline value; tP < .02 compared to baseline value; Y;P < .01 compared to baseline value; **P ~ .05 compared to baseline 
value. 

ro th iaz ide :  265 +- 16 (n = 5) v 229 -+ 30 (n = 5) mg/dL,  
P = .046. 

Enalapri l ,  20 m g  once  a d a y  for 8 weeks ,  c aused  a 
s ignif icant  dec rease  in diastol ic  b lood  p res su re  (Fig- 
u re  1), w h i c h  w a s  fur ther ,  bu t  no t  significantly,  re- 
d u c e d  in b o t h  the  enalapr i l  a n d  the  ena lapr i l /HCTZ 
g r o u p s  d u r i n g  a s e c o n d  8 -week  pe r iod  (Table 1). 

Fas t ing p l a s m a  g lucose  levels d id  no t  c h a n g e  sig- 
n i f i c a n t l y  t h r o u g h o u t  t he  s t u d y ,  a l t h o u g h  t h e y  
t e n d e d  to dec rease  d u r i n g  t r e a t m e n t  w i th  enalapri l  
a lone.  

A signif icant  dec rease  w a s  seen  in the  concen t ra -  
t ions  of  g lycosy la t ed  h e m o g l o b i n  (Figure 1) d u r i n g  
the  t w o  p e r i o d s  of  ena lapr i l  t r e a t m e n t  (P < .02), 
whi le  t h e y  r e t u r n e d  to basel ine  va lues  after  8 weeks  
on  c o m b i n e d  enalapr i l  a n d  hyd roc h l o ro t h i a z i de .  

S e r u m  t r ig lycer ide  levels w e r e  dec rea sed  signifi- 
cant ly  on ly  af ter  the  s e c o n d  pe r iod  of  enalapri l  treat-  
m e n t  (P < .01), whi le  the re  w a s  no  s ignif icant  c h a n g e  

after  the  first pe r iod  of  enalapri l ,  or  c o m b i n e d  enala-  
pril a n d  hyd roch lo ro th i az ide .  There  w a s  n o  signifi- 
can t  change  in the  levels of  total choles tero l  or  H D L  
choles terol  d u r i n g  b o t h  t rea tments .  

A small  bu t  s ignif icant  r educ t i on  in fas t ing  insu l in  
levels was  n o t e d  after the  s e c o n d  pe r iod  of  enalapr i l  
t r e a t m e n t  c o m p a r e d  to base l ine  va lues  (P < .05), 
whi le  there  w a s  no  c h a n g e  after  the  t r e a t m e n t  w i th  
b o t h  enalapri l  a n d  h y d r o c h l o r o t h i a z i d e .  

The  on ly  p a r a m e t e r s  w h e r e  there  w a s  a s ignif icant  
d i f ference at the  e n d  of the  s t u d y  b e t w e e n  the  enal-  
april- a n d  ena l ap r i l / hyd roch lo ro th i az ide - t r ea t ed  pa-  
t ients w e r e  g lycosy la t ed  h e m o g l o b i n  a n d  tr iglycer-  
ides (Figure 1). 

Insul in  sensi t ivi ty  as m e a s u r e d  b y  w h o l e - b o d y  glu-  
cose  u p t a k e  i m p r o v e d  s ign i f i can t ly  for  the  en t i re  
g r o u p  of  10 pa t ien ts  after  8 w e e k s  of  enalapri l ,  20 m g  
once  a day  (3.22 + 0.38 to 3.96 + 0.5 m g / k g / m i n ,  P -- 
.02). A nons ign i f i can t  fu r the r  increase  w a s  n o t e d  in 

TABLE 2. METABOLIC PARAMETERS OF THE TWO GROUPS OF PATIENTS DURING THE SECOND PHASE 
OF THE STUDY. 

Enalapril Group (n = 5) Enalapril + HCTZ Group (n - 5) 

Parameters Baseline Week 8 Week 16 Baseline Week 8 Week 16 

Fasting glucose (mg/dL) 
Glycosylated hemoglobin 

(g/dL) 
Total cholesterol (mg/dL) 
Triglycerides (mg/dL) 
High density lipoprotein 

cholesterol (mg/dL) 
Fasting insulin (mm/mL) 
Insulin mediated glucose 

uptake (mg/kg/min) 

147.4 _+ 14 142 +- 15 140 +- 17 160.8 + 8.4 152 + 6 161 + 15 

8.96 + 0.34 8.7 -+ 0.5 8.5 + 0.6 9.72 _+ 0.68 8.9 _+ 0.4 9.4 - 0.4 
229 _+ 29.9 225 + 28 224 -+ 28 265 + 15.6" 253 + 15 254 + 16 

291.6 --- 29.5 235 + 22 221 -+ 26 309.4 + 38.9 258 + 42 266 --- 41 

35.4 _+ 3.2 37 + 3 37 -+ 3 30.6 + 7.7 33 + 5 31 + 5 
22.7 _ 3.7 20 -+ 2 19 -+ 2 24.9 -+ 2.4 21 --- 5 22 ___ 4 

3.48 + 0.8 4.02 --- 0.85 4.21 + 0.88 2.95 --_ 0.17 3.91 + 0.63 3.36 + 0.35 

*P = .046. 
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FIGURE 1. The changes in the levels of A) diastolic blood pressure (DBP); B) glycosylated hemoglobin (HbAIC); C) triglycerides 
(TG); and D) insulin-mediated glucose uptake, throughout the period of the study. Week 8, enalapril treatment; week 16, enalapril + 
hydrochlorothiazide treatment. 

half the patients after a second period of enalapril 
(4.21 --- 0.78 mg/kg/min) (Table 2). No significant 
change in insulin sensitivity was seen after the treat- 
ment with combined enalapril and hydrochlorothia- 
zide compared to after the first period of enalapril 
alone or to baseline values (3.36 + 0.35 v 3.91 +_ 0.63 
and 3.22 --- 0.62 mg/kg/min, respectively). During the 
second period of the study, there was no significant 
change in any metabolic parameter regardless of the 
treatment (Table 2). 

DISCUSSION 

The f r equen t  assoc ia t ion  of h y p e r t e n s i o n  and 
NIDDM is well known, and has been associated with 
a higher risk of cardiovascular complications. 17,1s Our 
study, like others, 7A9 shows that enalapril both as 
monotherapy or combined with low-dose hydrochlo- 
rothiazide is an effective treatment for hypertensive 
diabetic patients. Although blood pressure tended to 
decrease further following the addition of 12.5 rag/ 
day of hydrochlorothiazide, the reduction was not 
significant, apparently since most of the patients 
were already relatively well controlled after the pe- 
riod of monotherapy. 

The angiotensin-conver t ing enzyme inhibitors 
have been found generally to have the most favorable 

effect on glucose metabolism, and numerous studies 
have shown the beneficial effects of captopril 4"2° and 
enalapril 9'21 on insulin sensitivity and glucose metab- 
olism in hypertensive nondiabetic patients• It was re- 
cently reported 22 that in 13 of 34 studies in which 
some parameter of glycemic control was assessed in 
hypertensive diabetic patients, there was improve- 
ment after treatment with any ACE inhibitors. Some 
investigators found that glucose metabolism seemed 

• 2 3  • not to be affected by captopril treatment, while oth- 
2 4  2 5  ers, like Matthews et al and Domingues et al, 

demonstrated improvement in some of the glucose 
values of glucose tolerance test after 4 to 6 weeks of 
captopril treatment in hypertensive diabetic patients• 
Glycosylated hemoglobin also improved throughout 
the study period. 2s A few randomized controlled 
studies over 2 and 4 months reported marginal but  
significant decreases in glycosylated hemoglobin 
in patients with NIDDM. 1°'26'27 Another  repor t  
showed a decrease in glycosylated hemoglobin with 
enalapril. 2s 

The study presented here involved three consecu- 
tive insulin clamping measurements for each patient, 
a method that limited the number of patients in each 
group and the conclusions that can be drawn from 
the results. To the best of our knowledge, clamping 
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three times in the same diabetic patient has not been 
reported previously. Seefeldt et a129 used the clamp 
technique twice in eight normotensive patients, and 
found that treatment with enalapril had no significant 
effect on glucose metabolism in type I diabetes. Gans 
et al, 3° on the other hand, in an acute study using the 
euglycemic clamp technique in heal thy subjects 
treated for 1 week with enalapril, found that insulin 
sensitivity increased significantly during treatment 
with enalapril. 

In our study enalapril also significantly improved 
some of the metabolic parameters of these hyperten- 
sive diabetic patients, including glycosylated hemo- 
globin, triglycerides, and fasting plasma insulin, and 
had no adverse effect on fasting glucose and total and 
HDL cholesterol. More than that, enalapril increased 
the insulin-mediated glucose disposal rate by some 
30% in these patients throughout the study. 

Ferriere et al 8 also demonstrated a 30% increase in 
glucose uptake in a group of diabetic and nondiabetic 
patients after 10 days of treatment with captopril, al- 
though their results do not relate just to diabetic pa- 
tients. Jauch et a131 found that insulin-mediated glu- 
cose uptake increased significantly in a group of hy- 
pertensive diabetic patients. In a study on the effect 
on enalapril on the glucose metabolism of hyperten- 
sive diabetic patient, Prince et al 7 found that while 
enalapril caused a significant fall in glycosylated he- 
moglobin and total cholesterol, fasting glucose levels 
and peripheral insulin sensitivity improved but not 
significantly. The shorter period of enalapril treat- 
ment (6 weeks), the fact that most of their patients 
were black (most of them are low renin), and the high 
percentage of dropout  during the placebo period 
(50%) may have affected the significance of the 
results. 

Previous studies have shown that thiazide diuretics 
may adversely affect glucose and lipid control in pa- 
tients with hypertension alone 4 or in combination 
with NIDDM. 5 Klauser et a132 demonstrated a 25% 
decrease in insulin sensitivity in six diabetic patients 
after 8 weeks of treatment with hydrochlorothiazide 
compared to placebo. Since the adverse metabolic ef- 
fects of the thiazides are often dose related 33 and the 
synergistic antihypertensive effect in combination 
with ACE inhibitors is at a relatively low dose, it 
would be logical to determine the net effect of the 
combination. 

We have shown that when a low dose of hydro- 
chlorothiazide (12.5 mg) is added to enalapril in the 
treatment of hypertensive diabetic patients, no sig- 
nificant change in any of the metabolic characteris- 
tics--namely, fasting glucose, glycosylated hemoglo- 
bin, total and HDL cholesterol, triglycerides, fasting 
insulin or insulin-mediated glucose uptake--is noted 
after 8 weeks of treatment compared to baseline val- 
ues after the first period with enalapril alone. 

Previous studies are inconsistent with these re- 
sults, although we could not find any study that in- 
vestigated these parameters of the combination in di- 
abetic patients. Prince et al 7 did not find any change 
during thiazide treatment in a group of nine diabetic 
hypertensive patients who switched afterwards to 
enalapril treatment, but the study was longitudinal 
and did not compare them in combination. No sig- 
nificant change was found by Perani et a134 in the 
basic metabolic parameters in hypertensive patients 
on a fixed combination of 50 mg captopril and 25 mg 
hydrochlorothiazide. Berne et a135 showed that the 
combination of captopril and hydrochlorothiazide 
produced a slight improvement in insulin sensitivity 
in a group of hypertensive patients. The same effect 
on plasma lipids was described by Weinberger et al. 36 
When a combination of lisinopril and low-dose hy- 
drochlorothiazide (12.5 rag) was compared by Gra- 
ham 37 with the combination of captopril and hydro- 
chlorothiazide (25 mg) in hypertensive patients, there 
was no significant difference in any metabolic param- 
eter except for a slight nonsignificant increase in glu- 
cose levels in the former group. 

Our study confirms the advantage of the ACE in- 
hibitor enalapril in improving some of the metabolic 
parameters of hypertensive diabetic patients, espe- 
cially insulin sensitivity. It suggests that the coadmin- 
istration of enalapril, 20 rag, and low-dose hydrochlo- 
rothiazide, 12.5 mg, does not adversely affect insulin 
sensitivity, glucose metabolism, and lipid control in 
these patients, indicating that enalapril may have 
blunted the adverse metabolic effects of the diuretic. 
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