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The Effects of Aging on the Insulin Sensitivity and on the Insulin Actions
on the Renal Function and the Pressor Systems in
Normotensives and Essential Hypertensives

Akifumi HIRATA and Kazuaki SHIMAMOTO
2nd Department of Internal Medicine, Sapporo Medical University School of Medicine
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ABSTRACT Insulin resistance and hyperinsulinemia have been reported as linked with essential
hypertension. Some epidemiological studies showed that hypertension, glucose intolerance and
diabetes mellitus increase with advancing age. To clarify the effect of aging on the insulin sensitiv-
ity and on the insulin actions on renal function and pressor systems, the euglycemic hyperinsulinemic
glucose clamp technique was applied in 36 normotensives and 32 essential hypertensives. The subjects
were divided into four groups, young (<40 years old) and elder (=40 years old) normotensive and
hypertensive groups. During the clamp, insulin (40mU/m? of body surface area/min.) was infused
continuously, and 20% glucose solution was infused simultaneously at the rate necessary to maintain
basal glucose level. The mean glucose infusion rate was used as an indicator of insulin sensitivity (M
value) . Blood and urine samples were collected before and at the end of 2-hour hyperinsulinemia to
measure the parameters described below.

In normotensives, insulin sensitivity was significantly lower in the elder group than in the young
group. A significant negative correlation (r=—0.56, p<0.01) was found between insulin sensitivity
and age. During hyperinsulinemia, urinary sodium excretion (UNaV) and fractional exeretion of
sodium (FENa) did not change in young normotensives, while those were decreased significantly in
elder normotensives. Increased plasma norepinephrine concentration (PNE) and plasma renin activ-
ity (PRA) were observed in both young and elder normotensives.

In essential hypertensives, there was no difference in insulin sensitivity between the young and
elder groups. No age related decrease of insulin sensitivity as found in normotensives was observed,
and the insulin sensitivity in essential hypertensives was already reduced in young essential hyperten-
sives. In both young and elder hypertensives, UNaV and FENa decreased, and PNE and PRA in-
creased significantly during hyperinsulinemia.

These results indicate that 1) the reduction of insulin sensitivity plays some roles in age related
accelerations of hypertension and glucose intolerance ; 2) in essential hypertensives, selective insulin
resistance with respect to glucose metabolism already exists at lower ages; and 3) both Na retention
and pressor system activation via insulin action might be a cause of blood pressure elevation in essen-
tial hypertensives. (Received September 7, 1994 and accepted October 4, 1994)
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Table 1 Basal characteristics of study groups.

Normotensives (NTD

Essential

Hypertensives (EHT)
Young Elder Young Elder
(n=24) m=12) n=8) (n=24)
Age (years old) 23.0+0.8 56.5+2,5* 29.94+1.8 53.1+1.58
BMI (kg/m? 21.4£0.4 22.7+0.7 24.3%£0.9* 25.6+0.6%*
MBP (mmHg) 84.9+2.1 94.6+1.9* 111.64+9.4% 111.3+4.4*#
BMI: body mass index, MBP: mean blood pressure (mean+=SEM)

*: p<0.01 vs Young Normotensives
** . P<0.01 vs Elder Normotensives

#: P<0.05 vs Elder Normotensives
§: P<0.01 vs Young Essential Hypertensives :
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Correlation between M value and age, and comparison of M value between young and elder normoten-

sive subjects. Upper panels show the relationship between age and insulin sensitivity (M value) in nor-
motensives. Lower panels show the comparison of M value between young and elder normotensives.
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Fig. 2 Comparison of urinary sodium excretion (UNaV) , fractional excretion of sodium (FENa) before and
after glucose clamp (GC), and of change of UNaV and change of FENa by GC in young and elder
normotensives. Upper panels show UNaV (left panel) and FENa (right panel) before and after GC in
young and elder normotensives. Lower panels show the changes of UNaV (left panel) and FENa (right
panel) in young and elder normotensives. A single asterisk indicates a p value of <0.01 for the compar-

ison with young normotensives.
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Fig. 3 Comparison of mean blood pressure (MBP) and creatinine clearance (Ccr) before and after glucose

clamp (GC) in young and elder normotensives.

The bar graphs show MBP (left panel) and Ccr (right

panel) before and after GC in young and elder normotensives.
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Fig. 4 Comparison of plasma norepinephrine (PNE) and plasma renin activity (PRA) before and after glucose
clamp (GC), and that of change of PNE and change of PRA by GC in young and elder normotensives.
Upper panels show PNE (left panel) and PRA (right panel) before and after GC in young and elder
normotensives. Lower panels show the changes of PNE (left panel) and PRA (right panel) in young

and elder normotensives.
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Fig. 5 Correlation between M value and age, and comparison of M value between young and elder essential

hypertensive subjects.
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Upper panels show the relationships between age and insulin sensitivity (M val-
Lower panels show the comparison of M value between young and elder
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Fig. 6 Comparison of urinary sodium excretion (UNaV) , fractional excretion of sodium (FENa) before and
after glucose clamp (GC), and that of change of UNaV and change of FENa by GC in young and elder

essential hypertensives.
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Fig. 7 Comparison of mean blood pressure (MBP) and creatinine clearance (Ccr) before and after glucose
clamp (GC) in young and elder essential hypertensives. The bar graphs show MBP (left panel) and
Cer (right panel) before and after GC in young and elder essential hypertensives.
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Fig. 8 Comparison of plasma norepinephrine (PNE) and plasma renin activity (PRA) before and after glucose
clamp (GC), and that of change of PNE and change of PRA by GC in young and elder essential hyper-
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Fig. 9 Comparison of M value between young normotensives (NT) and young essential hypertensives (EHT),
elder NT and elder EHT. Left panels show M value (mg/kg/min: upper panel, mg/m?/min: lower
panel) in young NT and young EHT. Right panels show M value (mg/kg/min: upper panel, mg/m2/

min: lower panel) in elder NT and elder EHT.
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