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It has been suggested that hyperinsulinemia secondary to insulin resistance may be a pathogenetic factor common to obesity, 
non-insulin-dependent diabetes mellitus (NIDDM), and hypertension. Furthermore, 13-blockers and thiazide diuretics have 
been shown to be capable of increasing insulin resistance and thus of inducing NIDDM in predisposed individuals. We used the 
minimal model approach (MMA) to glucose metabolism and insulin kinetics to compare peripheral insulin sensitivity and 13-cell 
function in hypertensive and normotensive obese men. The hypertensive group consisted of 37 obese men with mild to 
moderate hypertension; following a drug-free period of 4 weeks, 20 of these subjects received diltiazem and 17 quinapril over 
the 12-week study period. The normotensive (control) group contained 17 obese men without microalbuminuria, dyslipidemia, 
or a family history of essential hypertension or NIDDM. Before and at the end of the 12-week study period, subjects underwent 
frequently sampled intravenous glucose tolerance (FSIGT) tests. The results were used to estimate an insulin sensitivity index 
(S.), a glucose effectiveness index (SJ, and 13-cell sensitivity to glucose indices during first- and second-phase insulin secretion 
(@1 and @2) using the minimal models of glucose metabolism and insulin kinetics. No significant differences in S. or SG were 
detected between the hypertensive and control groups. Twelve weeks" treatment with diltiazem led to a slight but significant 
increase in @1; however, neither diltiazem nor quinapril had significant effects on S~ Or SG. We conclude that men with obesity 
and hypertension have no greater insulin resistance than those with obesity alone, suggesting that hypertension is not 
generally associated with any significant increase in insulin resistance. Treatment with diltiazem or quinapril does not have 
undesirable effects on glucose metabolism. However, treatment with diltiazem led to a significant increase in 13-cell sensitivity 
to glucose; this is of particular interest, given the importance of @1 for peripheral glucose uptake. 
Copyright © 1997 by W.B. Saunders Company 

T HE ASSOCIATION OF non-insulin-dependent diabetes 
mellitus (NIDDM), obesity, and essential hypertension is 

common in industrial societies, particularly in older people. 
Both NIDDM and obesity are generally accompanied by 
hyperinsulinemia unless [3-cell function is impaired. In both 
disorders, hyperinsulinemia has been reported to be secondary 
to increased insulin resistance/-3 More recently, insulin resis- 
tance has been reported to be abnormally high in subjects with 
essential arterial hypertension, 4 and Modan et aP have sug- 
gested that hyperinsulinemia may constitute the pathogenetic 
link between the three conditions. 

In subjects with NIDDM or obesity, insulin resistance is due 
to a reduced sensitivity of both muscle and hepatic tissue. 1 On 
the other hand, the insulin resistance putatively associated with 
essential hypertension has been reported to be exclusively due 
to reduced sensitivity of muscle, 6,7 and it has thus been 
suggested that insulin resistance is induced in essential- 
hypertensive subjects by a different mechanism than in subjects 
with NIDDM or obesity. 

On the other hand, despite the proven efficacy of modern 
drugs in the treatment of essential arterial hypertension and the 
prevention of its principal complications, epidemiological stud- 
ies have shown a much less marked decline than expected in the 
incidence of ischemic atherosclerotic cardiopathy. 8 This appar- 
ent inconsistency may be due, in part, to the effects of certain 
antihypertensive drugs on glucose metabolism. Specifically, 
[3-blockers 9 and thiazide diuretics 1° may induce insulin resis- 
tance and consequent compensatory hyperinsulinemia, or, con- 
versely, may inhibit the secretion of insulin by [3 cells; such 
effects may lead to NIDDM in predisposed individuals. By 
contrast, angiotensin-converting enzyme (ACE) inhibitors ap- 
pear to have no significant effects on insulin-related glucose 
metabolism, l° whereas prazosin causes only a slight increase in 

sensitivity to insulin.ll The possible effects of calcium channel 
blockers on insulin-related metabolism are not well understood. 
On the basis of experiments in vitro, such drugs have been 
reported to cause an increase in the insulin sensitivity of 
adipocytes, 12 although in other in vitro studies, numerous 
adverse metabolic effects were detected in rat skeletal muscle.13 
In eugtycemic-hyperinsulinemic clamp studies of human sub- 
jects, diltiazem had no effect on insulin sensitivity, 14 whereas 
case-control studies have indicated that long-term diltiazem 
treatment of subjects with insulin-dependent diabetes mellitus 
only rarely leads to insulin resistance. 15 

The aims of the study reported herein were (1) to quantify 
sensitivity to insulin and glucose-induced insulin secretion in 
men with mild or moderate essential-hypertension and obesity, 
and (2) to investigate the effects on these parameters of 
treatment with a calcium channel blocker (diltiazem) or an ACE 
inhibitor (quinapril). 
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SUBJECTS A N D  METHODS 

Subjects 
Thirty-seven obese hypertensive men aged 18 to 55 years were 

selected for inclusion in the drug-treated group (Table 1). This age range 
was chosen because some degree of insulin resistance exists at puberty 
and in those older than 55) 6 Diastolic blood pressure (DBP) was 
between 95 and 115 mm Hg. Both supine and standing blood pressure 
were determined 2 Weeks and 1 week before the start of the study, ar/d in 
no case did these values differ by more than 10 mm Hg for DBR 
Glucose intolerance (World Health Organization criteria), microalbumin- 
uria, dyslipidemia, and a family history of NIDDM were ruled out 
(Table 1). 

The control group contained 17 obese but otherwise healthy norm0- 
tensive men (Table 1). The possibility of a family history of essential 
hypertension or NIDDM was ruled out for all contro ! group subiects, 
since the prevalence of insulin resistance has been reported to be high in 
subjects with essential-hypertensive or N!DDM parents I7-22 and since 
NIDDM is characteristically associated with [3-cell dysfunction) A 
family history of NIDDM and hypertension was ruled out by a personal 
interview with the parent and s{blings of the subjects and by measuring 
blood pressure twice and with a routine glycemic control. The subjects 
were not taking any medication that could alter glucose tolerance or 
lipid metabolism. 

All subjects were fully informed of the characteristics of the study 
and provided writte n consent. The project was approved by the 
Research Ethics Committee of our hospital. 

Experimental Design 
The study was an open-label trial. Drug treatment of hypertensive 

subjects was discontinued at least 4 weeks before the start of the study 
as a washout period, and then resumed over the 12-week study period. 
In the course of recruitment, hypertensive patients were randomly 
assigned to one or the other therapeutic protocol. Diltiazem-treated 
subjects received 120 mg of the drug twice daily tat breakfast and 
dinner) over the first 4 weeks, and 120 nag three times daily ~at 
breakfast, lunch, and dinner) over the subsequent 8 weeks. Quinapril- 
treated subjects received a single 20-rag dose daily throughout the study 
period. In all cases, the first dose was administered in the Outpatient 
Department. with monitoring of systolic and diastolic arterial blood 
pressure (SBP and DBP) over the subsequent 3 hours. 

Before week 1 and at the end of week 12 of the study period. 

Table 1. Basic Statistics for the Obese Normotensive 
and Hypertensive Subjects 

Variable OBC OBH P 

No. 17 37 

Age (yr) 28 x 10 44 : 6 <.01 

BMI [kg/m 2) 36 -+ 6 31 -~ 3 <.05 

WHR 0.90 -- 0,02 0.92 z 0.03 NS 

SBP(mm Hg) 135 ± 8 151 = 13 <.001 

DBP(mm Hg) 81 -= 4 101 - 16 <.001 

Basal glucose (mmol/L) 5.1 _~ 0.4 5.3 = 0.5 NS 

2-hour glucose * 6.8 ± 0.9 6.6 = 1,0 NS 

Triglycerides (mmol/L) 1.58 +- 0.39 1.55 = 0.42 NS 

Total cholesterol (retool/L) 5.68 ± 0.65 5.53 = 0.78 NS 

HDL cholesterol tmmol/L/ 1.30 -+ 0.11 1.35 = 0.28 NS 

LDL cholesterol Immol/L) 3.95 -+ 0.69 3.82 = 0.71 NS 

LDLfHDL cholesterol 3.02 ± 1.28 2.82 = 1.01 NS 

Abbreviations: OBC, obese normotensive subjects; OBH, obese 

hypertensive subjects; WHR, waist to hip ratio, 
*Plasma glucose at 120 minutes after 75-g oral gmcose tolerance 

test. 
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Fig 1. Glucose (g) and insulin (B) responses during a FSIGT test in 
17 obese normotensive subjects ( [ ] )and 37 obese hypertensive 
subjects ( , )  before adjusting fo r age and BMI. Statistically significant 
differences are presented for each time point: *P < .05. Values are the 
mean -+ SD. 

peripheral glucose metabolism and glucose-induced insulin secretion 
were investigated on the basis of frequently sampled intravenous 
glucose tolerance (FSIGT) tests, as follows. A cannula was inserted into 
an antecubital vein in each arm, after which the subject rested for 15 
minutes in a chair with armrests. Basal blood samples were then taken 
20, 15, 10, 5, and 1 minute before administration (over a period not 
longer than 2 minutes ) of 0.33 g/kg 40% dextrose. Blood samples (4 
mL) were then taken 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 19, 22, 25, 30, 40, 50, 
60, 70, 80 100, 120, 140, 160, and 180 minutes after administration of 
dextrose (Fig 1). In all cases, FSIGT testing was performed between 8 
and 9 AM to avoid the afternoon reduction in glucose tolerance that has 
been reported for normal subjects, 23,24 although no such reduction has 
been detected in obese subjects. 2s BloOd samples were collected on ice 
in glass tubes containing 16 IU heparin (sodium salt) to prevent 
coagulation and 4 mg sodium fluoride to prevent glycolysis. After 
centrifugation (2,500 rpm at 4°C for 20 minutes), the plasma :fraction 
was stored at -20°C until analysis. GlucoSe was determined by the 
glucose oxidase technique. Insulin was determined by radioimmunoas- 
say with kits from Coming Medical Scientific (Corning Hazelton North 
Yorkshire, UK). All assays were performed in tripIicate, and all were 
previously validated in our laboratory (glucose, intraassay coeffiCient of 
variation [CV] 2.5% and interassay CV 3.2%; insulin, intraassay CV 
6.0% and interassay CV 7.9%). 

FSIGT test data were Used to evaluate sensitivity to insulin, glucose 
effectiveness, and [3-cell sensitivity to glucos e using the minimal model 
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approach (MMA) 26,27 with Fortran 77 software developed in our 
laboratory. 2s For least-squares minimization, these programs use the 
ZXSSQ subroutine 29 based on a modification of the Levcnberg- 
Marquardt algorithm. 3° Table 2 lists definitions of the parameters 
estimated by MMA and other variables. The trapezoid method was used 
to calculate the area under the curve of insulin. 

Statistical Analysis 

Student's t test was used for between-group comparisons of mean 
basal parameter values, following verification of normality and subse- 
quent logarithmic or square-root transformation when necessary. To 
avoid the influence of both age and body mass index (BMI) on the 
parameters studied and to discard any effect stemming from these 
variables, analysis of covariance was used, with age and BMI as 
covariates, including equality of slopes, zero slopes, and equality of 
adjusted means tests, thereby investigating the effects of hypertension 
on parameter values. For paired comparisons, the nonparametric 
Wilcoxon test was used. Results are expressed as the mean _+ SD. For 
the accuracy of minimal model indices, the fractional standard deviation 
(FSD) was calculated31; when the FSD of the insulin sensitivity index 
(SO was higher than 6% or the FSD of the glucose effectiveness index 
(So,) was higher than 15%, the CV o£ these indices was Calculated using 
a Monte Carlo technique and only CVs less than 34% were accepted as 
valid, 32 P less than .05 was taken to indicate statistical significance. 
Statistical analysis was performed with the software package BMDR 

RESULTS 

Analysis of covariance indicated that none of the MMA 
parameters differed significantly between the hypertensive 
obese group and the control obese group (Table 3). Most 
importantly; neither glucose uptake (whether total uptake as 
reflected by I~,  insulin-dependent uptake as reflected by Sj, or 
insulin-independent uptake as reflected by SG) nor glucose- 
induced insulin secretion (~l  and alP2) differed significantly 
between hypertensive and normotensive groups. These results 
indicate that neither insulin resistance nor [3-cell sensitivity 
differ between hypertensive and norm0tensive obese subjects. 

Comparison of the data for diltiazem-treated hypertensive 
subjects at the start and end of the study period showed no 
significant differences in glucose uptake; however, [3-cell 

Table 2. Definitions for the Output Parameters of the Minimal 
Models of Glucose Metabolism and Insulin Secretion Kinetics 

and Other Variables Used in the Study 

Variable Definition 

KG Glucose disappearance rate (Tin- l ) ,  estimated as the slope 

of the regression of the natural logarithm of plasma glu- 

cose concentration on time over 10 to 40 minutes from 

:the start of the FSIGT 
Si Insulin sensitivity index ( x l 0  -5 . T in  -1 • pmol/L -1 ) 

SG Glucose effectiveness index (glucose-induced glucose 
uptake) (× 10 -1 • T in  -~) 

• ~ ~-cell sensitivity to glucose during the first phase of insulin 
secretion (pmol/L. T in  • mmol/L -~) 

~2 ~-cetl sensitivity to glucose during the second phase of 
insulin secretion (pmol/L • T in  n • mmol/L 1) 

AUC1 Area under the curve of insulin; first phase of insulin secre- 

tion, minute 0 to 10 o f th  e FSIGT test (pmol/L • Tin) 

AUCT Area under the curve of insulin; insulin secretion over the 

full 180 minutes of the FSIGT (pmol/L • Tin) 
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Table 3. Results of Analysis of Covariance to Compare MMA Values 
Obtained for Obese Hypertensives Before Drug Treatment (n = 37) 

and Obese Normotensives (n = 17) 

Parameter oBC OBH P 

Fasting insulin (pmol/L) 126 ± 78 102 -+ 24 .05 

(114) (90) (NS) 

Fasting glucose (retool/L) 5.1 ± 0.4 5.3 -- 0.5 NS 

(5. t l )  (5.05) (NS) 

KG (Tin 1) 1.96 + 0.7 1.42 ± 0.5 .01 

(1.59) (1.68) (NS) 

SG(X10 ~.min 1) 0.203 ~ 0.09 0.208-+0.08 NS 

(0.19) (0.22) (NS) 
S= (× 10-5. T in -1 .  pmol/L 1) 5 . 8 ± 4 . 0  5.43-+3.0 NS 

(6.78) (3.63) (NS) 

AUC1 (pmol/L • rnin) 8,704 -+ 5,076 4,890 -+ 4,266 .001 

(4,146) (4,614) (NS) 

AUCT (pmol/L • Tin) 60,242 -+ 37,764 42,669 + 23,561 .05 

(35,136) (35,220) (NS) 

~1 (pmol/L. T in  • mmol/L 1) 1,035 ± 864 657 ± 572 .06 

(592) (468) (NS) 

~2 (pmol/L'min-2•mmol/L -1) 4,644 -+ 5,292 1,836 -+ 1,512 .05 

(1,674) (2,257) (NS) 

NOTE. Values in parentheses are means adjusted for the covariates 

(BMI and age) and the corresponding Pvalue. Each variable shown 

equals the slope not different from zero. 

Abbreviations: OBC, obese normotensive subjects; OBH, obese 

hypertensive subjects. 

sensitivity during (Ii)1 w a s  slightly but significantly higher after 3 
months' treatment (Table 4). 

Comparison of the data for quinapril-treated hypertensive 
subjects at the start and end of the study period showed no 
significant differences in glucose metabolism or [3-cell sensitiv- 
ity (Table 5). 

It is important to emphasize that the apparent lack of effects 
of diltiazem and quinapril on glucose metabolism and insulin 
secretion (except for (I)1 in the case of diltiazem) contrasts with 
the clearly significant effects of both drugs on blood pressure 
(Tables 4 and 5). 

DISCUSSION 

In this study, the association between upper-body obesity and 
essential hypertension in normolipidemic men did not increase 
the insulin resistance already present in obesity. No change was 

Table 4. MMA Values (mean --- SD) for Obese Hypertensives (n = 201 
Before Treatment With Diltiazem and After 12 Weeks at a Daily Dose 

of 240 to 360 mg 

Before After 
Parameter Treatment Treatment 

KG (Tin 1) 1.32 --+ 0.51 1.44 --+ 0.50 
SG ( x l 0  1 , Tin 1) 0.19 _+ 0.08 0.18 + 0.08 

S= (×10 -5 • T in 1, retool/L-i) 4.92 ± 2.98 4.96 ± 3.1 

AUC1 (pmol/L • Tin) 3,906 ± 3,670 3,936 -+ 2,862 

AUCT (pmol/L. Tin) 36,706 -+ 19,710 34,188 _+ 19,914 
( ] ) 1  (pmol/L - T in  - mmol/L 1) 659 _+ 572 950 -+ 745* 

q]~2 (pmol/L • T in  -2 • mmol/L ~) 1,825 _+ 1,512 2,473 _+ 1,825 

SBP (ram Hg) 153 -+ 10 139 _+ 9t  
DBP (ram Hg) 99 -+ 5 91 _+ 6t  

* P <  .05. 

t P <  .001. 



176 CERRATO ET AL 

Table 5. M M A  Values (mean -+ SD) for Obese Hypertensives (n = 17) 
Before Treatment With Quinapril and After 12 Weeks 

at a Daily Dose of 20 mg 

Parameter Before Treatment After Treatment 

KG (rain -~) 1.57 +_ 0.47 1.54 -+ 0.42 

SG (10 ~ • min 1) 0.21 -+ 0.08 0.21 -+ 0.08 

S~ (10 -5 • min -1 • pmol/L 1) 6.48 ± 4.9 5.5 -+ 3.21 

AUC~ (pmol/L • min) 3,534 +_ 1,998 4,110 _+ 2,484 

AUCT(pmol /L .  min) 29,256 ± 12,156 29,712 +- 13,584 

• ~ (pmol/L • rain • mmol/L -~) 464 ± 400 529 -+ 335 

q~2 (pmol/L-  rain -2. mmol/L 1) 1,750 _+ i,145 2,862 ± 3,629 

SBP(mm Hg) 162 -+ 15 148 -- 14t 

DBP(mm Hg) 104 _+ 6 97 ± 7* 

* P <  .05. 

t P <  .001. 

found in glucose effectiveness or in [3-cell responsiveness to 
glucose. Moreover, hypertension did not increase obesity- 
associated hyperinsulinemia. On the other hand, anfihyperten- 
sive therapy with an immediate-acting calcium channel antago- 
nist (diltiazem) or with an ACE inhibitor (quinapril) does not 
seem to have any influence on insulin-related glucose metabo- 
lism, with the possible exception of a slight but significant 
increment in [3-cell responsiveness to glucose during the first 
phase induced by the former. 

Although the results of this study suggesting that the 
presence of mild to moderate hypertension does not signifi- 
cantly exacerbate insulin resistance in obese subjects agree with 
several previous reports. 33-35 they are discordant with studies 
that observed differences in insulin sensitivity between normo- 
tensive and hypertensive obese subjects. 36,37 A possible explana- 
tion for such a difference might be the different methodology 
used to calculate insulin sensitivity. Although it is well known 
that modified FSIGT tests with tolbutamide or insulin improve 
the accuracy of minimal model indices. 3z38 we did not use such 
modified protocols, because we wanted to use the insulin 
kinetics minimal model. However, it does not seem that these 
differences in the FSIGT protocol can account for the discrep- 
ancy with the other studies, 36,37 for several reasons. First, 
because the CVs for SE and SG indices of all subjects studied 
were within the criteria previously selected, which is a guaran- 
tee of accuracy. 32 Second. because we 39 and others. 4° using the 
standard FSGIT test. have found significant differences in 
insulin sensitivity of approximately 40% when comparing 
nonhypertensive lean and obese subjects, a decrement in insulin 
sensitivity similar to that found by Istfan et aP 6 in comparing 
nonhypertensive and hypertensive obese subjects (43%). And 
finally, because others 33-35 using the euglycemic-hyperinsulin- 
emic clamp for measuring insulin sensitivity did not find that 
hypertension exacerbates the defect in glucose disposal present 
in obesity. 

There are probably other reasons thai could explain the 
discrepancy with the ab0ve-mentioned studies. 36,37 In a recent 
study, Lind et a141 demonstrated that the prevalence of insulin 
resistance in the lean hypertensiv6 population is 16%. These 
data question the concept that essential hypertension is a 
generalized state of insulin resistance such as obesity or 
NIDDM. 4 Most importantly, their study 41 Clearly indicates that 

there is an important degree of clustering of metabolic impair- 
ments (high waist to hip ratio, hypertriglyceridemia, and low 
high-density lipoprotein [HDL] cholesterol) in hypertensive 
subjects with insulin resistance. In our study, we excluded 
people with dyslipidemias and all subjects had normal HDL 
cholesterol, low-density lipoprotein (LDL), and triglycerides, 
which, in light of their study; 41 reduces the probability of finding 
higher insulin resistance in our hypertensive obese subjects. 
Moreover, these results agree with those of Bonora et al, 34 
wherein the lipid profiles of obese subjects were normal. Since 
Istfan et al36 and Maheux et aP 7 did not indicate the lipid levels 
of their subjects, it is not possible to know if this fact could 
affect their results. Another important point is the gender 
difference between our study and their study. 36 We studied only 
men; however, 70% of the nonhypertensive obese group in their 
study 36 were women and the mean waist to hip ratio was 0.82. 
This ratio is less than the minimum value of 0.85 used to define 
abdominal obesity in women, and consequently, lower insulin 
resistance would be expected in this group. 

The existence of identical mechanisms for essential hyperten- 
sion, obesity, and NIDDM-associated insulin resistance would 
impede any additional hypertension-induced increase in insulin 
resistance in obese subjects and obese NIDDM subjects; 
however, this did not appear to be the case, as pointed out 
earlier. It is also possible that when insulin resistance reaches a 
particular level as a result of obesity, it is not possible to 
increase it due to another factor (such as essential hyperten- 
sion): However, this is not the case for obesity and NIDDM, 
since the former is capable of increasing the insulin resistance 
of the latter. ~ We suggest as an alternative hypothesis that 
essential hypertension is not associated with insulin resistance 
or that insulin resistance, if it exists, is negligible. So, we have 
also studied 42 insulin sensitivity and [3-ceil sensitivity in young 
non-obese subjects with one hypertensive parent but no family 
history of NIDDM and in mildly or moderately hypertensive 
non-obese subjects with no microalbuminuria, dyslipidemia, or 
family history of NIDDM, and in neither study did we detect 
abnormal insulin resistance. 

Another point of controversy among the different studies of 
obesity and hypertension 34,36,43-45 is the different insulin re- 
sponses found in these subjects. Manicardi et a143 and Istfan et 
a136 found higher hyperinsulinemia in obese hypertensive 
subjects, but Grugni et al, 44 Sechi et al,45 Bonora et al34 and our 
group did not. However, this contradiction is only apparent if 
we take into account the hyperbolic relationship that exists 
between insulin Sensitivity and insulin secretion. 46 Thus, it is 
not surprising that studies that found obese hypertensive 
subjects to be more insulin-resistant than nonhypertensive 
obese subjects also found these subjects to have a higher 
insulinemic response, 36 whereas both the study by Bonora et 
a134 and the present study found no differences in insulin 
secretion, given that there was no decrease in insulin sensitivity. 
Factors such as the lipidemic profile, fat distribution, or degree 
of Obesity could explain the differences found in the above- 
mentioned studies. 

On the other hand, in the present study, the immediate-acting 
calcium channel antagonist, diltiazem, significantly reduced 
SBP and DBR both in the supine and standing position. 
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However, this drug had no significant effect on insulin resis- 

tance, indicating that diltiazem does not generally induce 
glucose intolerance. Diltiazem did cause a slight but significant 
increase in [3-cell sensitivity to glucose during (bl. Our results 
thus confirm that diltiazem is an effective antihypertensive drug 
and has no significant effects on insulin sensitivity, and these 
latter findings are in accordance with some previous reports 12-14 
but not with others. 15 Furthermore, our results demonstrate for 
the first time that diltiazem causes a significant increase in cbl; 
this is an interesting finding, given the importance of insulin 
secretion kinetics for glucose metabolism during phase ~ .47  
Our results also confirm that quinapril is an effective antihyper- 
tensive drug with no effects on insulin sensitivity, [3-cell 
sensitivity to glucose, or any of the other parameters studied, 
although other studies using AEC inhibitors have shown that 
these drugs slightly improve 1° or do not modify 48,49 insulin 

sensitivity. 
In summary, our results do not provide evidence of any 

significant difference between obese hypertensive and obese 
normotensive men in terms of insulin sensitivity, fasting 

insulinemia, or insulin secretion rate, suggesting that hyperten- 

sion does not cause any additional insulin resistance in nonno-  
lipidemic normoalbuminuric obese subjects. However, it should 

be stressed that essential hypertension is a heterogeneous 

condition with a high prevalence (25% in SpainS°); thus, the 

possibility that certain subsets of hypertensive patients may 

have decreased insulin sensitivity cannot be ruled out. For 
example, it has been reported that hypertensives with microalbu- 
minuria 51 and salt-sensitive hypertensives 5244 tend to have 

increased insulin resistance, although it should be kept in mind 

that the latter subgroup is itself highly heterogeneousY Finally, 
our results demonstrate that antihypertensive treatment with 

diltiazem or quinapril has no undesirable effects on glucose 

metabolism. 
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