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Patients with high blood pressure tend to be insu- 
lin resistant, glucose intolerant, hyperinsulinemic, 
and dyslipidemic. Since these metabolic defects 
are accentuated by obesity, we thought it impor- 
tant to compare the effects of 3 months’ treatment 
with either lisinopril (20 mg/day) or low dose hy- 
drochlorothiazide (12.5 mg/day) on blood pressure 
and glucose, insulin, and lipoprotein metabolism 
in obese patients with hypertension. There were 14 
patients in each group, and they were similar 
(mean + SE) in age (54 + 3 v 50 f 4 years), gender 
(nine men/five women), and body mass index (33.4 
& 0.8 v 33.9 -C 0.9 kg/m’). Patients treated with 
lisinopril had a somewhat greater fall in both sys- 
tolic (18 + 3 v 10 f 3 mm Hg) and diastolic (12 f 2 
v 8 f 1 mm Hg) blood pressure, but only the 
change in systolic pressure was statistically signifi- 
cant (P < .05). Plasma glucose, insulin, and tri- 
glyceride concentrations were measured at hourly 
intervals from 8 AM to 4 PM (breakfast at 8 AM and 
lunch at 12 PM), and there was a modest increase in 

all three variables following hydrochlorothiazide 
treatment (P < .05 to P < .09). However, daylong 
plasma glucose, insulin, and triglyceride concen- 
tration did not change with lisinopril treatment. 
Finally, neither the ability of insulin to mediate 
glucose disposal nor fasting lipid and lipoprotein 
concentrations, changed with either treatment. In 
conclusion blood pressure decreased significantly 
following treatment with either lisinopril (20 mg/ 
day) or hydrochlorothiazide (12.5 mg/day). Both 
treatments were associated with little or no unto- 
ward effect on multiple aspects of glucose, insulin, 
and lipoprotein metabolism that increase risk of 
coronary heart disease, although these metabolic 
variables did increase somewhat in hydrochlorothi- 
azide-treated patients. Am J Hypertens 1995;8:461- 
466 
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T he use of thiazide diuretics in the treatment 
of hypertension has been associated with ab- 
normalities of glucose, insulin, and lipopro- 
tein metabolism,‘m5 known&l2 to increase 

risk of coronary heart disease (CHD). At the same 
time, these drugs have been used extensively in the 
prospective clinical trials that have shown that mor- 
bidity and mortality can be decreased by antihyper- 
tensive treatment.‘31*4 Given evidence of the appar- 
ent disparity of the efficacy of antihypertensive 
agents to reduce stroke, compared to CHD,13 some 
controversy exists as to the appropriate use of thia- 
zide diuretics in the treatment of patients with hyper- 
tension.15,16 There is some evidence that the unto- 
ward metabolic effects associated with thiazide di- 
uretic therapy are more dose-related than are the 
beneficial effects on blood pressure,i7 raising the pos- 
sibility that low dose thiazide treatment of high blood 
pressure provides the means to gain the benefits of 
using these drugs, without the potential untoward 
effects. This study was initiated to test this hypothe- 
sis, and performed in 28 obese patients with high 
blood pressure. The decision to study obese individ- 
uals was based on the knowledge that such individ- 
uals are more likely to have at baseline the abnormal- 
ities of glucose, insulin, and lipoprotein metabolism 
that can develop with thiazide treatment,” and, as 
such, might be the most susceptible to the untoward 
metabolic effects of this class of drugs. For purposes 
of comparison, the 28 subjects selected for this study 
were randomly assigned to receive either 12.5 mgiday 
hydrochlorothiazide or 20 mgiday lisinopril. Mea- 
surements were made of various facets of glucose, 
insulin, lipid, and lipoprotein metabolism, as well as 
changes in blood pressure, before and after treatment 
with either agent. Finally, if the blood pressure goal 
was not reached, subjects were given the opportunity 
to have the other agent added to their treatment pro- 
gram, and studied again at the end of the combined 
drug program. We here present the results of this 
protocol. 

METHODS 

Subjects This open-labeled, randomized, parallel 
group study of the effects of low dose hydrochloro- 
thiazide (HCTZ) and lisinopril treatment on glucose, 
insulin, and lipid metabolism in obese patients with 
hypertension was approved by the Stanford Human 
Subjects Committee, and each subject gave written, 
informed consent before entering the study. The 
study population consisted of 28 overweight adults, 
18 men and 10 women, with mild to moderate hyper- 
tension, who responded to a newspaper advertise- 
ment describing our experimental goals. To be en- 
rolled in the study, each subject was required to meet 
the following inclusion criteria: 1) diagnosis of essen- 

tial hypertension, with a sitting diastolic blood pres- 
sure greater than 90 mm Hg, but not higher than 110 
mm Hg, at the end of a 4-week drug-free baseline 
period (previously treated patients discontinued their 
usual antihypertensive medication); 2) age between 
30 and 75 years; 3) body mass index (BMI) between 28 
and 38 kg/m2; 4) good general health, as assessed by 
an unremarkable medical history and physical exam- 
ination, a normal 12-lead resting electrocardiogram, 
normal blood chemical analyses, with a fasting 
plasma glucose concentration ~140 mg/dL, and a 
normal urine analysis and hemogram; 5) and no con- 
comitant medication known to influence lipid metab- 
olism or glucose tolerance (stable hormone replace- 
ment therapy was allowed). Baseline data for both 
groups are shown in Table 1. At the end of the base- 
line period, the subjects were admitted to the Stan- 
ford General Clinical Research Center (GCRC) the 
evening before the metabolic studies. During the 
3baseline and treatment period, the subjects were seen 
at weekly intervals, and they were asked not to alter 
diet intake or level of exercise during the entire study 
period. 

Metabolic Measures Resistance to insulin-mediated 
glucose disposal was determined by a modification” 
of the insulin suppression test.20 After an overnight 
fast, each subject received a continuous intravenous 
infusion of somatostatin (5 kgimin), insulin (25 mU/ 
m’imin), and glucose (240 mg/m2/min). The continu- 
ous infusion was given for 180 min, and venous 
blood was obtained before and 30, 60, 90, 120, 150, 
160, 170, and 180 min after starting the infusion for 
measurement of plasma glucose and insulin. The 
mean value of the four measurements made during 
the last 30 min of the test was used to calculate the 
steady-state plasma insulin concentration (SSPI) and 
steady-state plasma glucose concentration (SSPG). 
Since the SSPI levels are similar in all subjects, the 
SSPG concentration provides a measure of insulin- 
mediated glucose disposal, ie, the higher the SSPG, the 
more insulin resistant the research subject; the lower 
the SSPG, the more insulin sensitive the subject. 

Postprandial glucose, insulin, and triglyceride (TG) 
metabolism were evaluated by serving the subjects 
equicaloric test meals containing (as percent of total 
calories) 15% protein, 45% fat, and 40% carbohy- 
drate. After an overnight fast, subjects were given 
breakfast at 8 AM (20% of daily calories) and lunch at 
noon (40% of daily calories). Venous blood for deter- 
mination of plasma glucose, insulin, and TG was 
drawn into tubes containing EDTA at hourly intervals 
from 8 AM to 4 PM. 

Blood was obtained in EDTA tubes for measure- 
ment of fasting plasma and lipoprotein TG and cho- 
lesterol concentrations on two separate days. These 
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TABLE 1. BASELINE CHARACTERISTICS 

HCTZ Lisinopril 
Variable (n = 14) (n = 14) 

Age (years) 53 ‘- 2 50 * 3 
Males/females 915 915 
BMI (kg/m’) 33.4 k 0.8 33.9 + 0.9 
SBP (mm Hg) 152 k 2 158 k 3 
DBP (mm Hg) 97 2 1 97 ‘-c 1 

Ahbreuiations: BMI, body mass it&x; SEP. systolic blood pressure: 

lisinopril was added to the HCTZ the first week, and 
10 mg the following week to reach 20 mg lisinopril 
after 14 days. The patients were followed as outpa- 
tients as described above, and then admitted to the 
GCRC after another 8 weeks of the combined treat- 
ment program, and the metabolic studies repeated. 

DBP, diastolic blood pressure. 

samples were subjected to sequential density ultra- 
centrifugation2’ to separate very low density lipopro- 
tein (VLDL), intermediate low density lipoprotein 
(IDL), low density lipoprotein (LDL), and high den- 
sity lipoprotein (HDL) fractions at densities less than 
1.006, 1.019, and 1.063 g/mL, respectively. The TG 
and cholesterol contents of the various fractions were 
determined. 

Results are expressed as mean 2 SE. Comparisons 
of the baseline characteristics of the two groups were 
evaluated by Student’s unpaired t test, as were the 
changes in blood pressure and fasting lipid and li- 
poprotein concentrations. Statistical significance of 
differences in the daylong plasma glucose, insulin, 
and TG concentrations were evaluated by two-way 
analysis of variance. 

RESULTS 

Concentrations of plasma glucose,22 TG,23 and cho- 
lestero124 were measured enzymatically, and insulin 
was determined by radioimmunoassay. 

Treatment Plan After the baseline metabolic stud- 
ies, patients were randomly assigned to treatment 
with either HCTZ or lisinopril. Half a 25mg tablet of 
HCTZ per day was given in the morning, and then 
discharged to outpatient follow-up. Patients in the 
lisinopril treatment group were started on an initial 
lo-mg test dose, and titrated to 20 mg the following 
week given as one tablet a day in the morning. Dur- 
ing the weekly, or biweekly visits, drug compliance 
and potential side effects were recorded. After 8 
weeks of maintenance treatment, patients were read- 
mitted to the GCRC and the metabolic tests done at 
baseline were repeated. The goal of treatment was a 
sitting diastolic blood pressure below 90 mm Hg and 
a reduction in sitting diastolic blood pressure of at 
least 10 mm Hg. If the goal of either treatment pro- 
gram was not reached, the patient was offered a treat- 
ment extension combining 12.5 mg HCTZ and 20 mg 
lisinopril. Subjects from the lisinopril group were 
switched to the combination therapy right after the 
second admission, whereas subjects from the HCTZ 
group entered a 2-week titration period, where 5 mg 

All 28 patients enrolled finished the study, and no 
significant side-effects were encountered. Blood pres- 
sure values before and after the two monotherapy 
treatment programs are shown in Table 2. There were 
no statistically significant differences in the blood 
pressure in either treatment group, at baseline, or 
after therapy. However, the treatment-related fall in 
blood pressure was somewhat greater in those 
treated with lisinopril, and this difference was statis- 
tically significant (P < .05) in the case of systolic pres- 
sure. It should be noted that these data include the 
blood pressures of eight of the original 28 patients 
who did not reach the blood pressure goal, four 
treated with lisinopril, and four with HCTZ. It should 
also be remembered that the differences in the blood 
pressure responses to the two treatments were ob- 
served in relatively few patients. 

Plasma glucose (A), insulin (B), and TG (C) con- 
centrations from 8 Ah4 to 4 PM following treatment 
with either HCTZ or lisinopril are shown in Figure 1. 
The results in all three instances were similar in that 
HCTZ treatment was associated with slightly higher 
daylong values for glucose (P < .07), insulin (P < 
.05), and TG (P < .09) concentrations. In contrast, 
values for all three variables did not change signifi- 
cantly (P > .l) in association with lisinopril treat- 
ment. Another way to analyze these data is to directly 
compare the treatment-treated changes in day-long 
glucose, insulin, and TG concentrations of the two 

HCTZ 
Lisinopril 
P 

TABLE 2. EFFECT OF TREATMENT ON BLOOD PRESSURE (mm Hg) 

Systolic Blood Pressure Diastolic Blood Pressure 

Before After Fall Before After Fall 

152 ? 2 142 2 3 10 k 3 97 +- 1 89 2 2 8kl 
158 5 3 140 k 3 18 + 3 97 k 1 85 L 2 12 2 2 

NS NS c.05 NS NS NS 
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TABLE 3. CHANGES IN MEAN HOURLY PLASMA 
GLUCOSE, INSULIN, AND TG CONCENTRATIONS 

FROM 8 AM TO 4 PM 

HCTZ 
Lisinopril 
P 

Glucose Insulin 
(mg/dL) W/mL) 

+3 +12 
-2 -2 
<.Ol c.01 

(rn%L) 

+9 
-2 

<.05 

treatment programs. The results of such a compari- 
son are shown in Table 3, which presents the changes 
in mean hourly plasma glucose, insulin, and TG con- 
centrations from 8 AM to 4 PM associated with the two 
treatment programs. This analysis again shows that 
values for all variables tended to be somewhat higher 
after HCTZ and lower after lisinopril, and that the 
differences between the changes noted with the two 
drugs were statistically significant for all three 
measurements. 

Steady-state plasma insulin (SSPI) and glucose 
(SSPG) concentrations following monotherapy with 
HCTZ or lisinopril are shown in Table 4. It should be 
noted that the SSPG values were very high in both 
groups before treatment was started, presumably due 
to the coexistence of obesity and hypertension in the 
population. However, there was no change in SSPG 
with treatment, indicating that resistance to insulin- 
mediated glucose disposal did not change in associ- 
ation with the use of either drug to lower blood pres- 
sure. Table 3 also contains the values for fasting 
plasma lipid and lipoprotein concentrations before 
and after treatment with HCTZ or lisinopril. Al- 
though there were some changes in the values for the 
variables measured, no significant treatment-asso- 
ciated differences were seen. 

As indicated above, eight patients (four in each 

A. Glucose (mg/dl) 
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group) did not reach the treatment goal with mono- 
therapy. The addition of lisinopril(20 mg/day) to low 
dose HCTZ led to a dramatic fall in blood pressure 
from 150 ? 4/94 + 2 to 122 ? 4/76 ? 5 mm Hg, with 
little or no change in any metabolic variable. Al- 
though the addition of 12.5 mg/day of HCTZ to pa- 
tients initially treated with lisinopril was also without 
metabolic effect, the decline in blood pressure was 
less pronounced in these individuals, decreasing 
from 147 + 4/95 ? 2 to 135 + 5/86 + 4 mm Hg. 

DISCUSSION 

At the simplest level, the results of this study are 
quite straightforward. Treatment of hypertension 
with HCTZ at a dose of 12.5 mg/day was associated 
with a significant fall in blood pressure, with little, if 
any, untoward effect on glucose, insulin, lipid, and 
lipoprotein metabolism. These data are of great clin- 
ical relevance, and demonstrate that the hemody- 
namic and metabolic effects of HCTZ can, to a large 
extent, be disassociated. As such, it is clear that it is 
possible with the use of low dose HCTZ to take ad- 
vantage of the proven efficacy of HCTZ in the treat- 
ment of mild to moderate hypertension, without a 
substantial worsening of glucose, insulin, lipid, and 
lipoprotein metabolism. Furthermore, this could be 
accomplished in obese patients, who are at particular 
risk to display these metabolic abnormalities. 

On the other hand, it is important not to ignore 
other implications of the results presented. Although 
the untoward metabolic effects of low dose HCTZ 
were relatively minimal in the patients we studied, 
they were present. In light of the evidence that the 
metabolic side-effects of thiazide diuretics are dose- 
related,” ’ it 1s quite possible that the untoward effects 
of HCTZ in doses greater than 12.5 mg/day would be 
accentuated, and not so easily dismissed. 

6. Insulin (pU/ml) C. Triglyceride (mgldl) 

160 

T - 
“Cc! ‘BO 

f 
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140 140 
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Time of Day 

250. 

058 ’ ’ ’ ” 8tl 10a 12n 2p 4p 
The of Day Tlmi of Day 

FIGURE 1. Plasma glucose (A), insulin (B), and triglyceride (C) concentrations from 8 AM to 4 PM before and after treatment of 
hypertension with either HCTZ (before = 0, after = 0) or lisinopril (before = n , after = 0). Breakfast was at 8 AM and lunch at 
noon. 
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TABLE 4. STEADY-STATE PLASMA GLUCOSE (SSPG) AND INSULIN (SSPI) CONCENTRATIONS AND LIPID 
AND LIPOPROTEIN CONCENTRATIONS 

Variable Before 

HCTZ 

After 

Lisinopril 

Before After 

SSPG (mg/dL) 
SSPI ($J/mL) 
TG (mg/dL) 
VLDL-TG (mg/dL) 
Cholesterol (mg/dL) 
VLDL-Chol (mg/dL) 
LDL-Chol (mg/dL) 
HDL-Chol (mg/dL) 

Abbreviations: see text. 

254 k 11 
60 k 6 

182 t 19 
142 + 19 
200 + 7 
38 -t 4 

108 * 8 
43 k 2 

In addition, the differences in the metabolic effects 
of HCTZ and lisinopril, although modest on average, 
could well be of clinical importance in a subset of 
patients with high blood pressure. For example, it 
might not be prudent to use even low dose HCTZ in 
a patient with significant hypertriglyceridemia. Obvi- 
ously, we are now addressing clinical decisions 
which are best left to the judgement of the individual 
physician, but the data presented should help pro- 
vide the framework in which choices can be made on 
the basis of data, rather than feelings. Before leaving 
the issue of the metabolic differences between low 
dose HCTZ and lisinopril treatment, it should be 
noted that treatment with neither drug was associ- 
ated with changes in insulin-mediated glucose dis- 
posal. This finding is somewhat different than the 
results of Pollare et al, who showed that insulin ac- 
tion worsened somewhat in thiazide-treated patients 
and improved to a similar degree in patients treated 
with an angiotensin converting enzyme inhibitor.26 
Two obvious differences between the two studies 
might account for the disparity in data. In the first 
play, the dose of HCTZ used in the study by Pollare 
et al was twice as high as in the present study. Sec- 
ondly, we selected obese patients, who are already 
quite insulin resistant, as seen from their SSPG values 
in Table 2, and it is likely that small differences in 
insulin action associated with various treatment pro- 
grams might not be easily discerned in severely re- 
sistant individuals. 

Finally, although based on a limited number of pa- 
tients, the results in the eight patients who needed 
combined treatment to achieve the therapeutic goal 
were of interest. Of considerable relevance was the 
relatively dramatic fall in blood pressure in the four 
patients in whom lisinopril was added to low dose 
thiazide treatment, ie, from a mean of 150/94 to 122/76 
mm Hg. The addition of low dose HCTZ to lisinopril 
was also clinically effective, with a mean decrease in 
blood pressure from 147/95 to 135/86 mm Hg. Since 
the addition of neither agent had any effect on glu- 

252 +- 17 272 -t 9 280 k 9 
58 + 6 65 t 9 6426 

196 -+ 29 172 k 18 164 4 15 
158 k 30 130 k 16 124 +- 14 
193 k 8 193 + 15 200 f  12 
35 k 6 37 + 4 37 + 4 

105 k 9 101 + 10 108 ? 9 
43 * 3 44k2 43 2 2 

case, insulin, or lipoprotein metabolism, it is a rela- 
tively easy matter to achieve goal blood pressure con- 
trol without untoward metabolic side effects in pa- 
tients who have failed monotherapy. 

In conclusion, the results presented demonstrated 
that the use of low dose HCTZ treatment (12.5 mg/ 
day) was associated with a significant fall in blood 
pressure in obese patients with mild to moderate hy- 
pertension, without substantial untoward metabolic 
effects. When compared to low dose HCTZ, 20 mg/ 
day of lisinopril seemed to be somewhat more effec- 
tive in lowering blood pressure, and was not associ- 
ated with untoward metabolic effects. Finally, the 
combination of 12.5 mg of HCTZ and 20 mg of lisino- 
pril was effective in lowering blood pressure further 
in those not responding to monotherapy alone. The 
results of low HCTZ treatment shown in this study 
indicate that the beneficial blood pressure lowering 
effects of HCTZ can be separated from its untoward 
metabolic effects. The clinical relevance of the differ- 
ences noted in monotherapy with the two treatment 
programs cannot be answered within the context of 
this study. 
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