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erum Insulin,

This study was designed to evaluate the role of
fasting serum insulin and plasma renin activity in
obesity-induced hypertension. In view of this,
plasma catecholamines, fasting serum insulin
(IRD), urinary sodium excretion (NaU), plasma re-
nin activity (PRA), and plasma aldosterone (PA)
levels were assessed in young (age less than 40
years) normotensive (n = 27) and hypertensive (n =
14) subjects with central obesity and in lean normoten-
sives (n = 20). Central obesity was evaluated by waist-
to-hip ratio (WHR) according to the indication of the
Italian Consensus Conference of Obesity.

FRA, PA, IRI, and plasma norepinephrine levels
were significantly (P < .05) higher in both obese
groups than in lean normotensives.

PRA was significantly (P < .05) higher and NaU
was significantly (P < ,05) Iower in obese hyper-

tensives than in obese normotensives, Diastolic
blood pressure correlated directly with WHR and
PRA in normotensive and hypertensive obese sub-
jects and with IRI but only in normotensive obese
subjects,

Multiple regression analysis indicated that dia-
stolic blood pressure values increased with WHR
(P < .05), IRI (P < .005), and PRA (P < .002), but
not with body mass index, NaU, and norepineph-
rine levels.

Our results indicated that increased PRA could
play an important role in the development of hy-
pertension in subjects with central obesity. Am J
Hypertens 1994;7:314-320
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besity has been shown to be associated

with essential hypertension.! In fact,

some prospective studies indicated that

weight gain was positively associated
with future blood pressure®® and with the risk of
developing primary hypertension.*

However, human obesity is not a homogeneous
condition. Some studies have indicated that the dis-
tribution of excess adipose tissue to central or periph-
eral areas is associated with different prevalence rates
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-subjects to developing hypertension. They include

of associated metabolic abnormalities as well as risk
for cardiovascular disease,”® In addition, hyperten-
sion appears to be related to obesity (defined as en-
largement of body fat mass) as such, as well as to
central distribution of body fat,”® There is consistent
evidence that hypertension associated with visceral
excess of body fat is particularly harmful as a risk
factor for development of cardiovascular disease.”?
Although this strong association is known, the
mechanisms of obesity-induced hypertension are still
unclear.’® Some abnormalities have been sug-
gested to explain the higher susceptibility of obese

sodium retention? and dysregulation in salt-
regulating hormones, ™ increased plasma volume and
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cardiac output,’* hyperinsulinemia and insulin resis-
tance,’'® and enhanced sympathetic nervous sys-
tem activity.2®

Despite these indications, few studies have ad-
dressed the evaluation of these abnormalities in a
particular subset of young normotensive or hyperten-
sive abese subjects, ie, those with central obesity.

In this study, plasma catecholamine levels, fasting
serum insulin, urinary sodium excretion, plasma re-
nin activity, and plasma aldosterone were evaluated
in young hypertensive and normotensive subjects
with central obesity, and in lean normotensives.

Our final goal was to recognize the relationship
between hormonal profile and blood pressure, to im-
prove the understanding of the mechanisms respon-
sible for obesity-induced hypertension. )

SUBJECTS AND METHODS

Subjects A total of 41 obese subjects, 14 with estab-
lished hypertension and 27 normotensives, and 20

lean normotensive subjects with ages less than 40

years were included in the study. Obese subjects
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were recruited from the obese population attending
the obesity center of the Internal Medicine Depart-

ment at the University of Palermo, Italy. Lean con-

trols were volunteer subjects chosen from a group of
subjects undergoing a clinical checkup and found to
be healthy.

The subjects were defined as obese according to
Garrow’s criteria’” and to body mass index values
(BMI = 30 kg/m?). Subjects were considered lean
when BMI values were =25 kg/m?.

Each subject’s fat distribution was assessed by
measurement of waist-to-hip girth ratio (WHR) in the
standing position, as previously reported.’® Central
fat distribution was defined on the basis of sex-speci-
fic 85th percentile of WHR values as suggested by the
Italian Consensus Conference on Obesity.”® In view
of this, the cutoff value of central obesity was consid-
ered =0.81 for women and =0.92 for men. According
to these criteria obese subjects with peripheral obe-
sity (WHR values <0.81 for women and <0.92 for
men} were excluded. Duration of obesity (DO) was
evaluated by accurate medical history,*** and it was
176 = 107 months in normotensive obese subjects and

TABLE 1. DETAILS OF LEAN NORMOTENSIVES AND OF THE TWO GROUPS OF SUBJECTS WITH
CENTRAL OBESITY

Lean subjects

Obese subjects

Normotensives Normotensives Hypertensives

(n = 20) (n =27 (n = 14)
Gender (M/F) 10/10 12715 6/8
Age (years) 31 £4.9 30.3 £ 5.4 30.9+£52
Weight (kg) 61 + 8.1 90.7 = 19.9* 90.3 = 18.5*
Height (cm) 165 + 8.3 161 = 11 163 = 10
BMI (kg/m?) 22x21 34.6 £ 5.9* 355 = 4.3*
WHR (%) 0.85 = 0.07 0.93 = 0.07* 0.94 = 0.05"
SBP (mm Hg) 123 = 4.2 126 = 12 160 = 5.2%¢
DBP (mm Hg) 77.6 8.1 78+9 101 = 4.9%¢
MBP {mm Hg) 93 +£6.9 94 + 8.5 121 = 6.1%t
HR (beats/min) 71+ 41 75.6 = 4.5* 76.5 = 5.2%
DO (months) — 176 + 107 185 = 99
FBS (mg/dL) 88.8 £ 2.9 9 =37 90.9 = 4.3
CHOL {(mg/dL) - 180 = 8.5 182 £ 7.5 180 = 7.7
TRIG (mg/dL) 120 = 18 115 = 22 114 = 32
IRI (pU/mL) 9.1=x32 15.6 £ 9.7¢ 19 = 9.5%
PRA (ng/ml/h) 1.5%09 2302 2.9 = 0.7
PA (pg/mL) 250 = 27 276 = 41* 301 =+ 53*
NOR-EP (pg/mL) 278 = 30 332 = 23* 344 + 25*
EP (pg/mL) 173 = 38 179 = 41 180 + 32
NaU (mmol/L/24 h) 117 + 39 134 = 24.3 1056 * 31+

*P < .05 v lean normotensives.
TP < .05 v obese normotensives.

BMI, body mass index; WHR, waist/hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; HR, heart rate;
DO, duration of obesity; FBS, fasting blood sugar; CHOL, total cholesterol; TRIG, serum triglycerides; IRI, immunoreactive insulin; PRA, plasma renin

activity; PA, plasma aldosterone; NOR-EP, plasma norepinephrine; EP, plasma epinephrine; Natl, 24-hour urinary sodium excretion.

+
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185 = 99 months in hypertensive obese subjécts. This
difference was statistically not significant (Table 1).

According to Joint National Committee (JNC)* cri-
teria, essential hypertension was defined when dia-
stolic blood pressure was =90 mm Hg with the sub-
jects in the supine position on at least three visits at
l-week intervals. Arterial pressure was measured
with an appropriate large cuff in obese subjects.”
According to these criteria the subjects were subdi-
vided as follows:

Group1 (Lean Normotensive Subjects) This group con-
sisted of subjects (10 men and 10 women) aged 24 to
39 years (mean age 31 = 4.9) with BMI mean value of
22.2 + 2.1 and WHR mean value of 0.85 = 0.07.

Group 2 (Normotensive Subjects With Central Obesity)
This group consisted of subjects (12 men and 15
women) aged 27 to 40 years (mean age 30.9 * 5.2)
and with BMI mean value of 34.6 * 5.9 and WHR
mean value of 0.93 = 0.07.

Group 3 (Hypertensive Subjects With Central Obesity)
This group consisted of subjects (6 men and 8
women) aged 25 to 40 years (mean age 30.3 £ 5.4)
with BMI mean value of 35.5 + 4.3 and WHR mean
value of 0.94 = 0.05.

All the subjects were matched as closely as possible
with regard to age, gender, and body height.

Exclusion criteria included secondary form of hy-
pertension, severe hypertension, cardiovascular dis-
eases, tenal disease and renal failure (serum creati-
nine > 1.4 mg/dL), insulin-dependent or -indepen-
dent diabetes mellitus, electrolyte imbalances,
moderate or severe Keith-Wagener hypertensive ret-
inopathy, alcoholism, or psychiatric problems.

The patients with concomitant left ventricular hy-
pertrophy assessed by echocardiographic criteria or
with other target organ damage were also excluded.?

All the patients were unireated for at least 4 weeks
before the study, and they maintained a normal so-
dium intake (120 mEqg/day). During this withdrawal
period no significant changes in body weight were
observed. Each patient gave informed consent after
receiving a detailed description of the study proce-
dure; the study was also approved by the Ethical
Committee of our institution.

Preliminary investigations included measurements
of blood and urinary eIectrolytés, creatinine clear-
ance, fasting blood sugar and oral glucose tolerance
test, serum cholesterol, triglyceride levels, and liver
function tests.

Laboratory Methods Venous blood samples were
drawn after an overnight fast to determine immuno-
reactive insulin (IRI), plasma renin activity (PRA),
plasma aldosterone (PA), and plasma catecholamines.
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Insulin  Immunoreactive insulin levels were detected
by the radioimmunoassay (RIA) double-antibody
method using a commercial kit (Sorin, Saluggia, It-
aly). Intraassay variation was 7.5% and interassay
variation was 8%. Sensitivity for detection of insulin
was 2.5 pU/mL.

Plasma Renin Activity and Plasma Aldosterone PRA
was measured by radioimmunoassay according to the
method described by Menard and Catt®™ and PA lev-
els were estimated by the RIA method using a com-
mercial kit (Sorin).

Intraassay variations were 5% for PRA and 9.5% for
PA, whereas interassay variations were 7% for PRA
and 11.2% for PA. Sensitivity of methods was 0.12
ng/mL for PRA and 15 pg/mL for PA.

Plasma Catecholamines Samples were prepared and
assayed by high-perfusion liquid chromatography as
described by Goldstein et al.*® Sensitivity for detec-
tion of norepinephrine was 15 pg and for epineph-
rine, 25 pg.

Urinary Excretion of Sodium To evaluate urinary so-
dium excretion {NaU), three consecutive 24-h urine
collections were used. NaU values were expressed as
the mean value of the three determinations. Sodium
levels in' urine were measured by the current ion-
selective electrode method (Beckman).

Statistical Analysis Data are presented as mean
value = SD. Comparisons among the three groups
were performed by one-way analysis of variance and
Newman-Keuls { test.

Linear and multiple regression analyses were uti-
lized to calculate coefficients of correlation among di-
astolic blood pressure (DBP) and both hormonal mea-
surements and obesity parameters. Independent
variables in multiple regression analysis were IRI,
BMI, WHR, PRA, plasma norepinephrine, and 24-h
NaU.

A P value <.05 was considered statistically
significant.

RESULTS

Characteristics of Lean and Obese Subjects The,
three groups were comparable with regard to gender,
age, and body height. Lean and obese normotensive
subjects were also comparable with regard to systolic,
diastolic, and mean blood pressure. Duration of obe-
sity and WHR were similar in both obese groups (Ta-
ble 1).

A mild but significant (P < .05) increase in heart
rate was found in both obese groups in comparison
with lean normotensives (Table 1).
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Subjects With Central Obesity v Lean Normoten-
sives PRA, PA, fasting serum insulin, and norepi-
nephrine levels were significantly (P < .05) higher in
both obese groups than in lean normotensives. No
significant differences in fasting blood sugar, . total
cholesterol, triglycerides, urinary sodium excretion,
and epinephrine values were observed among the
obese and lean groups (Table 1). '

-Obese Hypertensives v Obese Normotensives

Plasma renin activity was significantly (P < .05)
higher and urinary excretion of sodium was signifi-
cantly (P < .05) lower in obese hypertensive than in
obese normotensive subjects. No significant changes
in the remaining measurements were observed be-
tween the two obese groups (Table 1).

Correlations Linear and multiple correlation analy-
ses were performed in all subjects with central obe-
sity and separately in normotensive and hypertensive
obese subjects.

Diastolic blood pressure correlated directly with
WHR (r = 0.334; P < .05), PRA (r = 0.575; P < .0001),
and IRI {(r = 0.522; P < .002) in all the subjects with
central obesity.

On the contrary, DBP did not correlate with BMI,
NaU, and catecholamines. WHR correlated directly
with IRI (r = 0.370, P < .05) and with PRA (r = 0.381;
P < .05) but not with the remaining measurements.

DBP correlated directly with PRA (r = 0.51; P <
.005), IRI (r = 0.74; P < .0001), and WHR (r = 0.44;
P < .005) in normotensive obese subjects (Figure 1).
DBP correlated directly with PRA (r = 0.61; P < .03),
WHR (r = 0.80; P < .0001)} but not with IRI (r = 0.49)
in hypertensive obese subjects (Figure 2).

Multiple regression analysis indicated that DBP
values increased with WHR (P < .05), IRI (P < .005),
and PRA (P < .002) but not with NalU or norepineph-
rine levels,

DISCUSSION

This study indicated that subjects with central obe-
sity, both normotensives and hypertensives, were
characterized by remarkable changes in salt-
regulating hormones in comparison with lean nor-
motensive subjects.

In particular, PRA, PA, fasting serum insulin, and
norepinephrine levels were higher in both obese
groups than in lean normotensives. Some of these
differences seem to be related to body fat distribution
rather than to BMI.

A direct and independent relationship between di-
astolic blood pressure and WHR, a sensitive index of
body fat distribution,”® was recognized in normoten-
sive and hypertensive subjects with central obesity.
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FIGURE 1. Relationships between diastolic blood pressure
{DBF} and plasma renin activity (PRA), fasting insulin (IRI),
and waist-hip ratio (WHR) in 27 normotensive obese subjects.

This relation indicates that WHR may be considered a
predictor of diastolic blood pressure above all in
obese hypertensive subjects when we also considered
PRA, IR], NaU, and norepinephrine levels.

A direct influence of WHR on blood pressure has
been 2rf:‘-zcently reported by Gerber et al”” and by Troisi
etal.

WIR is a widely used index of fat distribution and
has been shown to correlate strongly with abdominal
fat masses in both men and women.?

Excessive alcohol use might have confounded
the WHR measurement.” For this reason we have
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FIGURE 2. Relationships between diastolic blood pressure
(DBP) and plasma renin activity (PRA), fasting insulin (IRI),
and waist-hip ratio (WHR) in 14 hypertensive obese subjects.

excluded all subjects with a history of alcohol
consumption,

The principal endpoint of this investigation was to
analyze the role of fasting serum insulin and plasma
renin activity in obesity-induced hypertension. Sev-
eral studies reported that hyperinsulinemia and insu-
lin resistance could explain the strong association be-
tween obesity and hypertension. 1015163034 [t |ao
been suggested that hyperinsulinemia and insulin re-
sistance cause blood pressure elevation by stimulat-
ing sodium reabsorption and activation of the sym-
Pathetic nervous system. 631,32
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These changes were also observed in the current
study. In fact, increased fasting serum insulin levels
and norepinephrine values were found in the hyper-
tensive subjects with central obesity. However, our
data cannot indicate whether increased fasting serum
insulin levels are responsible for hypertension in
these subjects. In fact, despite fasting serum insulin
levels remaining an independent determinant of dia-
stolic blood pressure, they were not significantly dif-
ferent between hypertensive and normotensive sub-
jects with central obesity, as also reported by Istfan
et al. 3

Despite the fact that in our study we did not assess
insulin levels during oral glucose tolerance tests or
using the euglycemic clamp technique, reported as
methods able to recognize insulin resistance,® sev-
eral data suggest the existence of insulin resistance in
obese individuals and above all in those with central
obesity.'>***> On the other hand, Bonura et al*® re-
ported that diastolic blood pressure correlated with
postglucose plasma insulin levels in lean hyperten-
sives but not in obese hypertensives. Instead, few
data are available on the renin-angiotensin-aldo-
sterone system in subjects with central obesity,13-36:37

Our previous results indicated an altered response
of this system to an acute saline load in young nor-
motensive obese subjects. It consisted of a lack of
atrial natriuretic factor (ANF) response and reduction
of PRA and PA suppression to saline load. These ab-
normalities may be involved in the higher suscepti-
bility of obese subjects to develop hypertension.?® In
the current study PRA values were significantly dif-
ferent between normotensive and hypertensive sub-
jects with central obesity.

These results are consistent with our previous in-
dications that a dysregulation in the renin-aldo-
sterone system may be involved in obesity-induced
hypertension.'® This suggestion is further supported
by multiple regression analysis indicating that PRA
remained one of the best predictors of diastolic blood
pressure in normotensive and hypertensive subjects
with central obesity, even when WHR and BMI val-
ues, fasting serum insulin, norepinephrine levels,
and urinary excretion of sodium were considered.

Higher PRA levels in obese hypertensives were as-
sociated with reduced values of NaU. This suggests
that increased PRA levels may be related to a lower-
sodium intake in these subjects. In our opinion the
lack of relationship between NaU and PRA could in-
dicate a dysregulation in renin secretion in obese hy-
pertensives independent of the amount of sodium
intake. The reduced NaU in obese hypertensives
could be due to a reduced action of ANF. This has
been reported recently in young obese subjects dur-
ing an acute saline load.!3

In conclusion, our results indicate that young obese
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subjects may be characterized by some hormonal
changes related to their body fat distribution. The
differences in PRA levels detectable between nor-
motensive and hypertensive subjects with central
obesity suggests that increased renin secretion plays
an important role in the development of hyperten-
sion in these subjects. Additional data have to be pro-
vided to indicate the mechanisms responsible for
changes in renin secretion in hypertensive subjects

10.

11.

12,

13.

14.

15.

* with central obesity.
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