FLRESE 65 (5) 367~376 (1996)

EEMTEY, AKEEESMERZCBT2EA XY VED
B vy AMRFHC RTINS o s

Nk 2 B A N B ¥ H =
HIRERAPEZMARES 2 ME (B BA A% #)

The Effects of Hyperinsulinemia on Calcium Metabolism in Normotensives and
Essential Hypertensives—Special Reference to the Age-related Change

Hideyuki MUurRAKAMI, Kazuaki SHIMAMOTO
and Atsushi MASUDA
Second Department of Internal Medicine, Sapporo Medical University School of Medicine
(Chief : Prof. K. SHIMAMOTO)

ABSTRACT Insulin resistance and accompanying hyperinsulinemia are often linked with essen-
tial hypertension. The proposed hypertensive mechanisms of insulin are as follows: the enhancement
of renal tubular sodium reabsorption, the augmentation of renin-angiotensin aldosterone system,
sympathetic nerve stimulation and intracellular calcium accumulation. On the other hand, it has
also been reported that acute insulin administration has elicited renal calcium retention and might
contribute to the development of hypertension. To clarify the effect of hyperinsulinemia on calcium
metabolism, the euglycemic hyperinsulinemic glucose clamp technique (GC) was applied in 43 nor-
motensives and 35 essential hypertensives. The subjects were divided into four groups, young (<40
years old) and elder (=40 years old) normotensives and hypertensives. Insulin sensitivity was
evaluated as M value (mg/m?/min), blood and urine samples were collected before and at the end of
2-hour hyperinsulinemia to measure the following parameters: plasma free calcium ion (pCa?*),
serum inorganic phosphorus (Pi), plasma parathyroid hormone (PTH), urinary calcium, inorganic
phosphorus and sodium excretion (UCaV, UPiV and UNaV), fractional excretion of calcium, in-
organic phosphorus and sodium (FECa, FEPi and FENa).

Elder normotensives and both young and elder hypertensives showed significantly lower M values
than young normotensives. After GC, pCa?* was elevated and Pi and PTH had decreased
significantly in both normotensives and hypertensives. UCaV, FECa, UNaV and FENa increased
significantly during GC only in young normotensives. In the other three groups, UNaV and FENa
decreased significantly, and UCaV and FECa showed no change under hyperinsulinemia. On the
other hand, diminished UPiV and FEPi were ohserved in all four groups through GC. Significant
negative correlations were found between age and changes of UNaV, UCaV, FENa or FECa in nor-
motensives, but not in hypertensives. There were significant positive correlations between the
changes of UNaV and those of UCaV, and between the changes of FENa and those of FECa.

In summary, 1) insulin sensitivity decreased with aging in normotensives, while hypertensives
were insulin resistant regardless of age; 2) in young hypertensives, hyperinsulinemia augmented
renal sodium excretion and concomitant renal calcium excretion, and 3) hyperinsulinemia caused
sodium retention in elder mormotensives and both young and elder hypertensives with suppressed
calcium excretion. These results suggest that hyperinsulinemia associated with insulin resistance
could contribute to blood pressure elevation due to sodium and calcium retention.
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Table Basal characteristics of study groups

Normotensives Essential Hypertensives

Youn, Elder Young Elder

(n=24 (n=19) (h=11) (n=24)
Age (y.0.) 23.0%+0.8 54.0+1.8* 30.3+1.6 53.1+1.5%
Sex (M/F) 23/1 11/8 10/1 11/13
BMI (kg/m?) 21.440.4 22.9%0.6 25.440.9%4% 25.7+0.6%#
MBP (mmHg) 83.2%2.0 85.7+2.9 110.7+6.8*# 111.2%2.5*#
Cer (m//min) 116.0+5.7 107.9£17.7 122.6+33.3 94.2+6.5
M-value (mg/m?/min) 273.6%£12.7 182.44+10.3* 162.9+19.7* 170.0+14.6*
BMI : body mass index, MBP: mean blood pressure, Ccr: creatinine clearance (mean+SEM)

*: p<0.01 vs Young Normotensives
#: p<0.01 vs Elder Normotensives
$: p<0.01 vs Young Essential Hypertensives
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Fig. 1 Changes of the plasma free Ca ion (pCa?")
and serum inorganic phosphorus (Pi) levels
by the euglycemic hyperinsulinemic glucose
clamp (GC) in normotensives and essential
hypertensives. Upper panels show pCa?*
before and after GC in young and elder nor-
motensives (YNT, ENT) (left) and in young
and elder essential hypertensives (YHT,
EHT) (right). Lower panels show Pi before
and after GC in YNT and ENT (left) and in
YHT and EHT (right).

*p<0.01; *p<0.05; Tp<0.1 versus before
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Fig. 2 Changes of the plasma parathyroid hormone

concentration (PTH) by the euglycemic
hyperinsulinemic glucose clamp (GC) in nor-
motensives and essential hypertensives. Left
panel shows PTH before and after GC in
young and elder normotensives (YNT, ENT)
and right panel shows PTH before and after
GC in young and elder essential hypertensives
(YHT, EHT).
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T U7 (Fig. 4). FEPi @BwWTb GC TR CIRET
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Fig. 3 Changes of the urinary Ca excretion (UCaV)
and the fractional excretion of Ca (FECa)
by the euglycemic hyperinsulinemic glucose
clamp (GC) in normotensives and essential
hypertensives. Upper panels show UCaV
before and after GC in young and elder nor-
motensives (YNT,ENT) (left) and those in
essential hypertensives (YHT, EHT) (right).
Lower panels show FECa before and after GC
in YNT and ENT (left), and those in YHT
and EHT (right).

*p<0.05 versus before
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Fig. 4 Changes of the urinary Pi excretion (UPiV)
and the fractional excretion of Pi (FEPi) by
the euglycemic hyperinsulinemic glucose
clamp (GC) in normotensives and essential
hypertensives. Upper panels show UPiV
before and after GC in young and elder nor-
motensives (YNT, ENT) (left) and those in
essential hypertensives (YHT, EHT) (right).
Lower panels show FEPi before and after GC
in YNT and ENT (left), and those in YHT
and EHT (right).

** p<0.01; * p<0.05 versus before

i FE BE T 108.8+12.5 pEq/min 2> 5 136.81+14 .4
uEq/min ¥ HE (p<0.05) EHL, —FH, #- 7
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12.9 uEqg/min &, GCHAEZE (p<0.05) ET L/,

Fig. 5 Changes of the urinary Na excretion (UNaV)
and the fractional excretion of Na (FENa)
by the euglycemic hyperinsulinemic glucose
clamp (GC) in normotensives and essential
hypertensives. Upper panels show UNaV
before and after GC in young and elder nor-
motensives (YNT, ENT) (left) and those
in essential hypertensives (YHT, EHT)
(right). Lower panel shows FENa before
and after GC in YNT and ENT (left), and
those in YHT and EHT (right).

*p<0.05 versus before
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Fig. 6 Upper panels show the correlation between
age and the changes of urinary Na excretion
(AUNaV) (left) and those between age and
urinary Ca excretion (AUCaV) (right).
Lower panels show the correlation between
age and fractional excretion of Na (AFENa)
(left) and those between age and fractional
excretion of Ca (AFECa) (right) in nor-
motensives.
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Fig. 7 Upper panels show the correlation between
age and the changes of urinary Na excretion
(AUNaV) (left) and those between age and
urinary Ca excretion (AUCaV) (right).

Lower panels show the correlation between
age and fractional excretion of Na (AFENa)
(left) and those between age and fractional
excretion of Ca (AFECa) (right) in essential
hypertensives.
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Fig. 8 The correlation between the changes of uri-
nary Na excretion (AUNaV) and the
changes of urinary Ca excretion (AUCaV) in
all cases is shown in left panel, and the corre-
lation between the changes of fractional
excretion of Na (AFENa) and the changes of
fractional excretion of Ca (AFECa) in all
cases is shown in right panel.
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