FLIREESE 65 (6) 511~520 (1996)

ARFEMBEMEICBT 54 >R VEZHEOREIER
—— Y RY AR LA YR Y SAESIERO

% B OB X N 8 ¥ H 24
HRERAFESHAREBEME (BE BRI %)

Pathophysiological Role of Insulin Sensitivity in Essential Hypertension

—— Comparison of Insulin Resistant and Non-resistant Essential Hypertensives —

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

ABSTRACT Insulin resistance and hyperinsulinemia have been reported to be linked with essen-
tial hypertension and it’s complications. But a wide ranging variation in insulin sensitivity has been
observed in essential hypertensives, indicating that there are insulin resistant and non-resistant
essential hypertensives. To clarify the characteristics of insulin resistant essential hypertensives, the
euglycemic hyperinsulinemic glucose clamp technique and the 75 g oral glucose tolerance test (OGTT)
was applied in 28 normotensives (NT) and 51 essential hypertensives (EHT). Insulin sensitivity was
evaluated as M value (metabolic clearance rate of glucose, mg/m?/min). Mean—1SD of M value in
NT (145.0 mg/m?/min) was chosen as the cut- off limit for insulin resistance. At this cut-off limit,
EHT were divided into two groups; insulin resistant essential hypertensives (EHT-R, M value <145.0
mg/m?/min) and insulin non-resistant essential hypertensives (EHT-N, M value=145.0 mg/m?/min).
Blood samples were collected before GC to measure fasting blood sugar (FBS), plasma immunor-
eactive insulin level (F-IRI), total cholesterol (TC), triglyceride (TG), free fatty acid (FFA), high
density lipoprotein-cholesterol (HDL-C), plasma norepinephrine level (PNE) and plasma renin
activity (PRA).

There was no significant difference between NT, EHT-R and EHT-N in age and body mass
index. EHT-R showed significantly lower M value than NT and EHT-N, but no difference was
observed between EHT-N and NT. EHT-R showed significantly higher FBS, summation of blood
sugar levels during the OGTT and significantly higher F-IRI, summation of insulin levels and value
of insulin level at 120 minutes into the OGTT when compared with NT and EHT-N. EHT-R showed
higher FFA and TG, and lower HDL-C than the other two groups, but no significant difference was
observed in TC between the three groups. PNE was significantly higher in EHT-R than in NT,
while no difference was observed between NT and EHT-N. There was no significant difference
between the three groups in PRA.

In summary, 1) EHT-N showed no difference in glucose and lipid metabolisms compared with
NT, 2) in EHT-R, hyperinsulinemia and metabolic disturbance in lipid and glucose were observed,
and 3) PNE and F-TIRI were higher in EHT-R than in EHT-N and NT. These results suggest that
EHT-R might have more risk factors for arteriosclerotic complications than EHT-N. Increased
PNE observed in EHT-R, possibly due to increased insulin, might be one of the causes of blood pres-
sure elevation in this group. (Received December 19, 1996 and February 5, 1997)
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2-4 FRETALER

HIFEE Y + B2 (mean+SEM) & U TRD
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ZNEHT H1 D 35.3%, 64.7%% & & 7=, M{& i
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EHT-R 7 108.8+5.3 mg/m?/min, EHT-N T
187.1+5.8 mg/m?/min &7% 0, NT & EHT-N 2
HEEEIRDZPo120, SBARO I eia3s EHT-R X
NT RO EHT-N i LEE (p<0.0D) kL -
7> (Fig.2). & B E#, BMI X NT, EHT-N Rkt
EHT-R @ 3 M3 EEREZRR ks o7z (Table.
1.
3:2 #BO7 FUEEEREER

ZofE i gEE (FBS) ik NT (87.3%=1.3mg/dl)
¥ EHT-N (86.6+1.6 mg/dl) ORI TEEZBFD %
»oizh, EHT-R (93.7+£4.1mg/dl) T NT &Lt
BWLUEETHBEA(p<0.1) 2R, E5KEHT-N
LU BHEE p<0.05) CEETH- Tz, EXROTSN
TREATEIFD BS OMAITH S SBSIKELTHHE
Bz, NT (650.1+36.3mg/dl), EHT-N (629.1+
20.9mg/dl) OB IXTEEERZRD Lo,
EHT-R (731.0%+33.7 mg/dl) Tid NT izt U &E{E
THhDER (p<0.1) 2RL, SHWEHT-NXV 3%

M value
(mg/m2/min)
300 -
8
250
200
3
150 A
N \\
50 4
NT EHT
Mean 181.7 159.4
+SEM 7.3 6.7
+sD 36.7 48.1
n=28 n=51

Fig. 1 Comparison of M wvalue (£SD) assessed by
the glucose clamp technique between nor-
motensive subjects (NT) and essential hyper-
tensives (EHT). M value lower than mean-
1SD of NT is shown as hatched area.
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M value
(mg/m2/min) [

200 -

150

100 4

50 1

NT EHT-N

Mean 181.7 187.1 108.8
+TSEM 7.3 5.8 53

EHT-R

Fig. 2 Comparison of M value (+SEM) assessed by
the glucose clamp technique between nor-
motensive subjects (NT), insulin non- resis-
tant (EHT-N) and resistant essential hyper-
tensives (EHT-R).

HE (p<0.05) EETH 7 (Fig. 3). ZZERHA >~
A EE (F-IRD B L T, NT (5.3+0.4mU/
) ¥ EHT-N (4.3+0.4mU/]) O i3BEEZI 2
»otz A, EHT-R (7.3+0.8mU/I) W NT R ¥
EHT-N 2l LEE (p<0.01) KBEE2RLE, B
BO7 F 7 EamRsEREED IRI OBATH2 SIRI, #E
£ 12043 % @ IRI (IRI-120) & B8 W T b, NT
(241.2%31.2mU/7, 57.0£9.6 mU/!) ¥ EHT-N
(240.430.5mU/l, 48.4+5.4mU/]) Oz B
BEEP R ol s, EHT-R (409.0+£57.7 mU//,
110.9+22.6 mU/) T NT RO EHT-N ictbkLEE
(p<0.01) EMETH-7 (Fig. 4).
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TC % " HDL-C X, NT (189.2-+5.9mg/d/,
37.2+2.0mg/d/), EHT-N (177.6+5.2mg/d/,
40.8+2.0mg/d!) RO EHT-R (181.0-+7.6 mg/d/,
34.6+12.2mg/d) &, WINOHEECBLTHHEEE
IED g5, EHT-R @ HDL-CIX EHT-N i@
HWUBETH 2 MEm (p<0.1) ZR L7z, TGIELT
i, NT (102.9%£10.8mg/d/) & EHT-N (90.049.2
mg/dl) OFEEIC ZBEELREZ 2RO ko720, EHT-
R(154.7+27.0 mg/d) & NT RO EHT-N i L&
E (p<0.05, p<0.0D) EfEEmRL, FFAWRBLT
b, NT (1067.3£138.7mg/dl) & EHT-N (970.5+
82.6 mg/dl) DI 3 EEZE R o7z, EHT-R
(1411.4+208.1 mg/dl) X EHT-N i2lELEE (p<
0.05) WEETH->7 (Fig.5).
34 REICHITD PNE R U PRA &St

PNEZ EHT-R (222.1+30.4pg/ml) TNT
(156.7+15.0 pg/ml) L EERSME (p<0.05) %
wUL7zHs, EHT-N (187.4+15.8pg/ml) TiE NT &

BErERPR D ol (Fig.6). PRAWX, NT
(1.62+0.34ng/mi/hr), EHT-N (1.05+0.25ng/
ml/hr) ROPEHT-R (1.07£0.24 ng/m{/hr) Wi
OHBECBWITHEEEETED ko,

4 % ES

AEMEMEREZEICBIT 24 VA VEZEOET
WZDWTE, SBHEORBELZ S QG920 |z
LOHERINTBY, 4R ) VESHETOME L
LT, 4 >RV v OERIERELA T 2 B O
FIFBEWCT S 24 Y AU AEHDET? sVRE s T
W5, ZLTIZOEFIE, 1R ) AWK, P
AR, MRIRNEREERE, MENERE LN
DERES, HEEOZE, BEHFAEMMEEE DR

Table 1 Basal characteristics of study groups.

Normotensive
subjects (%VT)
8

Insulin non-resistant
essential hypertensives (EHT-N)

Insulin resistant
essential hypertensives (EHT-R)

(n=2 (n=33) (n=18)
Male/Female 20/8 14/19 11/7
Age (years old) 47.0+2.3 52.2+2.3 52.3%3.1
BMI (kg/m?) 23.7£0.4 24.6%0.5 25.240.5
Mean blood pressure (mmHg) 90.3%1.8 110.2+1.7* 107.8x3.6*
M value (mg/m?/min) 181.7+7.3 187.1+5.8 108.845.3%%
BMI : body mass index (mean+SEM)

*: p<0.01 vs normotensive subjects
*: p<0.01 vs insulin non-resistant essential hypertensives
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BIIFE B 1z glucose clamp HEEMTL, NEREE
4 YA VEEWOED S 2 ST, EorE e
B LI & T TA v A Y RGO R S T
~RHE S lEERE, S 5w EREREEEMENE &

FBS 2BS
I p<0.1 l |
(mg/dl) p<0.05 (mg/di)
100+ T 800~
80 1 600-
60
4004
401
2001
20 -
. o -
NT EHT-N EHT-R NT EHT-N EHT-R
Mean g7.3 86.6 937 Mean  650.1 629.1 731.0
+SEM 1.3 1.6 4.1 +SEM 363 20.9 337

Fig. 3 Fasting blood sugar (FBS) and the summation of blood sugar (2BS) (=SEM) during an oral glucose
tolerance test in normotensive subjects (NT), insulin non-resistant (EHT-N) and resistant essential

hypertensives (EHT-R).

F-IRI ZIR! IRI-120
muny T P00t — (mufl) LA — (mu) Pt/
9 '—p<0.01—| 500 [—p<0.01—i 140 ,—p<0'01—1

120

400
100
6
1 300 1 80
200 60 1
8 40
100 20 .
NT EHT-N EHT-R NT EHT- EHT-R NT EHT-N EHT-R
Mean 5.3 4.3 7.3 Mean 241.2 240.4 409.0 Mean 57.0 48.4 1109
+*SEM 04 0.4 0.8 +SEM 312 305 57.7 +SEM 9.6 5.4 22,6

Fig. 4 Serum insulin level before oral glucose tolerance test (F-IRI), the summation of insulin levels (SIRI)
and 120 minutes after glucose load (IRI-120) during oral glucose tolerance test in normotensive subjects
(NT), insulin non-resistant (EHT-N) and resistant essential hypertensives (EHT-R)
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LIRS
(mg/dl) TC (mg/dl) HDL-C
200_ . 45_ r p<0.1 T
1
150 1 30
100 1
151
50+
0 0
NT EHT-N EHT-R NT EHT-N EHT-R
Mean 189.2 1776 181.0 Mean 37.2 40.8 34.6
+SEM 5.9 5.2 7.6 tSEM 2.0 2.0 2.2
TG FFA
(mg/d) p<005 (mg/d
200- ~ p<0.014 1800+ r p<0.05
150
1200{
100{—
600 -
50
0 0
NT EHT-N EHT-R NT EHT-N EHT-R
Mean 102.9 90.0 154.7 Mean 1067.3 970.5 1411.4
+SEM 10.8 9.2 27.0 +SEM 138.7 82.6 208.1
Fig. 5 Comparisons of total cholesterol (TC), HDL-cholesterol (HDL-C), triglyceride (TG) and free fatty
acid (FFA) levels at fasting between normotensive subjects (NT), insulin non-resistant (EHT-N) and
resistant essential hypertensives (EHT-R).
(pg/mi) PNE (ng/mi/hr) PRA
300 2
 — p<0.05 ] I
200
I 1 -
100
0 0
NT EHT-N EHT-R NT EHT-N EHT-R
Mean 156.7 187.4 222.1 Mean 1.62 1.05 1.07
+SEM 15.0 156.8 30.4 +SEM 0.34 0.25 0.24
Fig. 6 Comparisons of plasma norepinephrine level (PNE) and plasma renin activity (PRA) at fasting between

normotensive subjects (NT), insulin non-resistant (EHT-N) and resistant essential hypertensives
(EHT-R).
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M EBEEZRR»o7h, gl & R IR 13 1
YA CEHME ORI SNEBIZEETH -
tz. &7 HDL 2 VA5 0 — Uik A VA ) VR ERA
B OIHERER I B UEEOER 2D, 20
ZERBIIMEZOD OWEERFEELZRIETOT
B <, 4 YA) YBFEOETHRERBELZ b
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