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Abstract 

This work was conducted on 18 normotensive, 7 hypertensive elderly 

subjects above the age of 60 and 10 normal young adults below the age of 

40. They were subjected to blood pressure determination, body mass index 

estimation, estimation of fasting and 2 hour postprandial plasma glucose 

and serum insulin. Age and blood pressure both significanlty correlated 

with postprandial serum glucose and insulin levels. We thus concluded that 

there was an insulin resistant state and glucose intolerance in elderly poeple. 

Hypertension in elderly individuals was associated with and aggrevated in- 

sulin resistance and glucose intolerance. Postprandial serum insulin was a 

better predictor of insulin resistance and glucose intolerance in elderly in- 

dividuals than the fasting levels. 

Introduction 

HYPERINSULINEMIA and insulin 

resistance are common in patients with es- 

sential hypertension even in the absence 

of diabetes mellitus or overt obesity 

UJI. 

It was found that the mean systemic 
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arterial pressure and the incidence of non 

insulin dependent diabetes mellitus 

(NIDDM) increased significantly with ag- 

ing [3,4]. 

Recent studies reported that hyperinsu- 

linemia is a pathogenic mechanism rather 

than purely an association with hyperten- 

sion [5,6]. 
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The aim of this paper is to study the 

relationship between serum insulin level, 

plasma glucose and systemic blood pres- 

sure in normal elderly subjects. 

Material and Methods 

The study was conducted on 25 

healthy elderly subjects above the age of 

60 years with no history of hypertension 

or diabetes and 10 normal control group 

below the age of 40 years. 

Patients were chosen from outpatient 

clinic of Ahmed Maher Hospital. They 

were: subjected to the following: 

1. Complete clinical assessment. 

2. Estimation of plasma glucose fasting 

and 2 hours.after 75g oral glucose us- 

ing the glucose oxidase method on the 

Beckman ASTRA-4 (automated state 

routine analyser) [fl. 

3. Estimation of serun insulin by radioim- 

munoassay method [8]. 

Results 

Out of the 25 elderly subjects studied, 

18 were normotensive and 7 were acciden- 

taly found to he hypertensive and acord- 

ingly were classified to 2 groups; a nor- 

motensive and a hypertensive group. The 

results of the work are shown in tab!es l- 

5 and Figs. l-3. 

Table (1): Results of the Work. 

SPP 

DBP 

MBP 

FBG 

PPG 

FSI 

PPSI 

Control 

Mean S.D 

122.0 7.9 

75.0 5.3 

99.0 5.7 

85.9 7.5 

9K.6 9.3 

13.0 6.5 

22.2 5.4 

T. Elderly 

Mean S.D 

141.2 24.5 

81.8 10.1 

111.7 16.5 

103.1 23.6 

153.3 40.4 

14.8 6.9 

69.5 39.3 

Normoten. 

Mean S.D 

127.8 10.0 

76.6 4.9 

102.5 6.0 

96.2 18.4 

137.8 32.9 

12.6 6.2 

49.1 12.8 

Hyperten. 

Mean S.D 

175.7 14.0 

95.0 7.6 

135.4 7.6 

120.0 27.5 

193.3 29.7 

20.3 5.4 

122.1 35.1 

SBP, DBP, MBP: systolic, diastolic and mean blood prwsure (mm Hg). 

FBG, PPG: fasting and 2hr postprandial serum glucose (mg / dl). 

FSI, PSI: fasting and 2 hr postprandial serum insulin (VW / ml) 
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Table (2): Correlation Obtained between 

Age and each of the Following. 

Parameter r P 

Systolic blood pressure 0.34 < 0.05 

Diastolic blood pressure 0.39 < 0.05 

Fasting blood glucose 0.42 < 0.02 

2 hrs blood glucose 0.48 < 0.01 

Fasting plasma insulin 0.1 > 0.05 

2 hrs plasma insulin 0.5 < 0.01 

Discussion 

Insulin resistance can be physiological, 

but most often is associated with various 

metabolic disorders, such as obesity, 

NIDDM, hypertension and dyslipidemia 

191. 

Insulin resistance and hyperinsuline- 

mia is common in patients with essential 

hypertension, even in the absence of dia- 

betes mellitus or overt obesity [2]. Recent 

studies reported that this hyperinsulinemia 

is a pathogenic mechanism rather than 

Tahle (3): Correlation Obtained between SBP, DBP and each of the Following: 

Parameter 1 ? 1 P 

Fasting blood glucose 0.37 < 0.05 0.63 < 0.001 

2 hrs blood glucose 0.69 < 0.001 0.92 < 0.001 

Fasting plasma insulin 0.47 < 0.01 0.34 < 0.05 

2 hrs plasma inslin 0.85 < 0.01 0.84 < 0.001 

Table (4): Correlation Ohtained between 

waist/ Hip Ratio and each of the 

Following: 

Parameter r P 

Fasting blood glucose 

2 hrs blood glucose 

Fasting plasma insulin 

2 hrs plasma inslin 

0.13 > 0.05 

0.48 < 0.01 

0.19 > 0.05 

0.35 < 0.05 

Table (5): Correlation Ohtained between 

Serum Insulin and Bloood 

Glucose: 

Parameter r P 

Fasting blood glucose 

vs 2 hrs blood glucose 0.43 < 0.05 

Fasting plasma insulin 

vs2 hrs plasma inslin 0.76 < 0.001 
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Fig. (3): Mean fasting and posprandial serum insulin in all groups 
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purely an association with hypertension or 

obesity [5,6]. 

Diabetes mellitus and hypertension are 

common diseases that coexist at a greater 

frequency than chance alone would predict 

[lo]. It was found that the prevalence of 

hypertension among diabetic subjects was 

twice that of non diabetics and that the 

prevalence of diahetes significantly in- 

creased as the mean akerial pressure rose 

[Ill. 

Kitzman and colleagues [3] reported 

that the mean systemic arterial pressure in- 

creased significantly with normal aging 

independent of gender. Croxson and col- 

leagues [4] found that the incidence of 

NIDDM increased with age. 

The aim of our work was to study the 

relationship between plasma glucose, ser- 

um insulin and systemic blood pressure in 

normal elderly subjects. 

The systolic, diastolic and mean blood 

pressure were shown to be significantly 

higher in the total elderly versus control 

group (p c 0.02; p c 0.01; p c 0.01 re- 

spectively). There was a significant posi- 

tive correlation between age and systolic 

and diastolic blood pressure (p c 0.05 in 

each). These results are in agreement with 

McFate [12] who stated that the observa- 

tional changes in all Western sociaties 

studied have shown an increase in systolic 

and diastolic blood pressure with age. 

Wilking and colleagues [13] supported 

this conclusion and added that this in- 

crease occurs until at least the sixth dec- 

ade, then the systolic blood pressure con- 

tinues to increase almost linearly with 

advancing age. 

The reason for this rise of blood pres- 

sure is not well established. It appears 

that the major hemodynamic abnormality 

is an increased peripheral resistance [14] 

which is a consequence of reduction in 

connective tissue elasticity of large blood 

vessels and an increase in aortic impe- 

dence or a decrease in aortic wall compli- 

ance [IS]. Shimamoto and colIeagues 

[16] concIuded that the response of ter- 

minal aortic vascular bed to sodium Ioad- 

ing contributes to the change in total peri- 

pheral resistance in elderly subjects. 

Imoka and colleagues [17], found 

that elderly hypertensive patients com- 

pared to normotensive elderly and young 

controls had an increased level of basal 

serum parathyroid hormone and vitamin D 

with excessive loss of calcium and phos- 

phorus in urine. This may participate in 

the abnormality of calcium metabolism in 

low renin hypertensive elderly. Abrass 

[18] suggested that there is a diminished 

beta adrenergic mediated vasodilatation 

with age whereas alpha adrenergic mediat- 

ed vasoconstriction continues unabated. 

Obesity, arteriosclerosis, atherosclero- 

sis, baroreceptor insensitivity, decline in 

renal function, physical inactivity and in- 

somnia are factors that can lead to or 
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aggrevate hypertension in old patients 

[191. 

In our work, the total elderly group 

had a central type of obesity with a signif- 

icantly higher waist/hip ratio than controls 

@ ~0.001). Their blood pressure values 

were significantly higher than the con- 

trols. This is in accordance with Landen 

and colleagues [to] who found that the 

blood pressure was significantly higher in 

those with central fat distribution (waist 

hip ratio > 0.8). 

The fasting blood glucose was signifi- 

cantly higher in the total elderly group 

and in the hypertensive elderly group than 

the control group @ < 0.002 in each). 

Fasting blood glucose was also signifi- 

cantly higher in the normotensive elderly 

group than both the control group and the 

hypertenive elderly group @ c 0.02 for 

each). 

The postprandial blood glucose was 

significantly higher in the total elderly, 

the normotensive elderly and the hyperten- 

sive elderly groups than the control group 

@ c 0.001 in all). Also, the postprandial 

blood glucose was significantly higher in 

the normotensive elderly group than the 

hypertensive elderly group @ c 0.001). 

A positive correlation was obtained 

between age and both fasting blood glu- 

cose and postprandial blood glucose @ 

0.02 and 0.01 respectively). 

Our results are in accord with others 

[21, 22, 231 who reported that glucose 

intolerance increased with age and that the 

greater effect of age was on the two hours 

postprandial glucose level. 

The importance of peripheral insulin 

resistance c,aused be deficiency of post re- 

ceptor mechanisms in the pathogenesis of 

glucose intolerance occurring with advanc- 

ing age was reported by others [21]. 

Broughton and colleagues [24] added 

that the late insulin secretion may also be 

responsible. Mencilly and coworkers [251 

found that with normal aging there is an 

impairment in non insulin mediated glu- 

cose disposal only in the basal state. This 

may explain in part the increase in fasting 

glucose with age. 

Normal aging is associated with sig- 

nificantly delayed but overall equal post 

hepatic delivery of oral glucose in men 

[26], also much of the abnormal glucose 

metabolism that occurs with aging is pos- 

tulated to be a result of changes in body 

composition and body fat distribution 

[27]. Our rt!sults showed that the waist 

hip ratio was positively correlated with 

both postprandial serum insulin and blood 

glucose levels @ c 0.05 and c 0.01 re- 

spectively). This is in agreement with 

others [28, 291. 

The fasting and postprandial serum in- 

sulin were significantly higher in the hy- 

pertensive elderly group than the control 

and the normotensive elderly groups @ c 

0.01 and co.001 in both groups 

respectively). 
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There was a positive correlation he- 

tween systolic blood pressure and hoth 

fasting and postprandial serum insulin @ 

c 0.01 and 0.001 for each respectively). 

Also, diastolic blood pressure positively 

correlated with both fasting and postpran- 

dial serum insulin levels @ < 0.05 and 

0.001 for each respectively). These results 

agree with others [28, 301. 

The postprandial serum insulin was 

significantly higher in the normotensivr 

elderly group than the codtrol group 0, c 

0.001). There was a highly significant 

correlation between postprandial serum in- 

sulin and age in normoknsive patients 0, 

c 0.001). 

There was a significantly positive cor- 

relation between age and postprandial ser- 

urn insulin @ c O.Ol), while there was no 

statistically significant correlation be- 

tween age and fasting serum insulin. 

These findings agree with those of Reaven 

and colleagues [30] who explained the 

associated age related postprandial hyprr- 

insulinemia hy increased secretion rather 

than decreased insulin clearance. 

The insulin resistance in elderly sub- 

jects is suggested by our results as serum 

insulin level positively correlated with 

blood glucose both in the fasting and 

postprandial states @ c 0.05 and c 0.001 

respectively). Smith [31] suggested in- 

sulin resistance as a cause of this hyperin- 

sulinemia in the elderly. Broughton and 

colleagues [24] suggested that insulin re 

sistance with aging might he due to inade- 

quate increase of calcium in adipocytes. 

Conclusions: 

1. There is an insulin resistant state 

and glucose intolerance in elderly poeple. 

2. Hypertension in the elderly individ- 

uals is associated with an insulin resistant 

state. 

3. Hypertension in elderly individuals 

aggrevates insulin resistant state and glu- 

cose intoltkmcr. 

4. Postprandial serum insulin is a het- 

ter predictor of insulin resistance and glu- 

cose intolerance in elderly individuals 

rather than the fasting lrvrls. 

References 

FERANNINI E , BAZZIGOLI G, 

BONADONNA R, et al.: Insulin resis- 

tance in essential hypertension. N. Eng. J. 

Med., 317350-57, lYH7. 

A.MANClNl M , FERRARA-AL, 

STRAZZULLO P and MAROTTA T.: 

Metdxdic disturbances and anlihyperten- 

sive therapy. J. Hypertension Suppl., Y 

(3): 547-50, 1991. 

3. KITZMAN DW, SULIVANI MJ. BERR PA 

and HIGGINBOTHAM MB, DUKEU.: Ef- 

fect of age and gender on pulmonary he- 

modynamks. HAC, 21-422A, 199.3. 

4. CROXSON SC, BURDEN AC, BODING- 

TON M, BOTHA JL.: The prevalence of 

dinhelcs in cldcrly people. Diahctic 

Med., 8: 2X-31. 1991. 



Nadia M. Khalil, et 21. 

5. JOHNSTON-CI, COOPER ME, NI- 

CHOLLS GM.: Meeting report of the in- 

tenational society of hypertension confer- 

ence on hypertension and diabetes. J. 

Hypertens., 10 (41): 393-7, 1992. 

6. YVES ALLEMANN, FRITZ F HORBER, 

MARCO COLOMBO, PAOLOFERRARI, 

SIDNEY SLAW, PHILIPE JALGER, PE- 

TER WEIDMANN.: Insulin sensitivity 

and body fat distribution in normoten- 

sive offspring of hypertensive parents. 

Lancet, 34: 327-31. 1993. 

7. KADlSH AH, Rl LlTTLE, and JC ST’ERN- 

BERG.: A new and rapid method for the 

determination of glucose by measurement 

of rate of oxygem consumption. Clin. 

Chem., 14: 116, 1986. 

8. VARLEY H.: Practical clinical biochemis- 

try, Vol 1, 5th edition, William Hein- 

mann Medical Book Ltd. London, P 673. 

9. ROBERT H, ECKEL.: Insulin resistance: 

an adaptation for weigth maintenance. 

Lancet, 340 (12): 1452-53, 1992. 

10. EPSTElN M, SOWERS JR .: Diabetes 

mellitus and hypertension. Hyperten- 

sion, 19 (5): 403-1X. 1992. 

11. TA1 TY, CHUANG LM, CHEN CJ, LIN 

BJ.: Link between hypertension and dia- 

betes mellitus, epidemiological study in 

Chinese adult. in Taiwan. Diabetes Care, 

14 (II): 1013-20, 1991. 

12. McFATE SMlTH W.: Epidemiology of 

hypertension in older patients. Am. J. 

Med., 85: 2-6, 1988. 

13. WILKING SV, BELANGER A, 

KANNEL WB, D’AGOSTINO RB, 

STEEL K.: Determinans of isolated sys- 

tolic hypertension. JAMA, 260: 3451- 

3455, 1988. 

14. McVEII JJ, SILAGY CA.: Hypertension 

in the elderly.: epidemiology and pa- 

thophysiology. Cardiovasc. Drugs. 

Ther., 4: 1197-201, 1991. 

15. PROBSTFIELD JL. FURBERG D.: Sys- 

tolic hypertension in the elderly: con- 

trolled or uncontrolled. Cardiovasc. 

Clin., 65-84, 1990. 

16. SHIMAMOTO H, SHIMAMOTO Y.: Ter- 

minal aortic response to sodium intake is 

the major determinant of total peripheral 

resistance in elderly hypertensives. J. 

Hum. Hypertens., 353-8, 1992. 

17. IMOKA M. MORIMOTO S, KITANO S, 

FUKUO F, OGIHARA T.: Calcium meta- 

bolism in elderly hypertensive patients: 

possible participation of exaggerated so- 

dium, calcium and phosphate excretion. 

Clin. Exp. Pharmacol. Physiol., 18 631- 

41, 1991. 

18. ABRASS IB.: Catecholamine levels and 

vascular responsiveness in aging. In: Ho- 

van J. J. Steinberg GM; Dunbar JB. ais. 

Blood pressure regulation and aging, in 

NIH-Symposium. New York: biochemi- 

cal information Corporation, 123-30, 

1986. 

19. KOCHAR M.S.: Hypertension in elderly 

patients. The special concerns in this 

growing population. Postgrad. Med., 91: 

393-400, 1992. 



InsuIin Resistance and Systemic Hypertension with Aging 151 

20. LANDIN K, KROTKIEUSKI M, SMITH 

U.: Importance of obesity for the meta- 

bolic abnormatlities associated with an 

abdominal fat distribution. Metabolis:m, 

38: 572-16, 1989. 

21 

77 

OLIVERIA M, MALHEIRO F.: Diabetes 

Mellitus in the elderly. Acta Med. Port., 

1: 47s-SOS., 1989. 

LA. TONINO Rp, MINAKER KL, ROWE 

23. 

24. 

25. 

26 

JW.: Effect of age on systemic delivery of 

oral glucose in men. Diabetes Care, 12: 

394-8, 1989. 

SAVAGE PJ, WAHL FT, TRACY RP, ET- 

TINGER WH.: Association of abnormal 

glucose tolerance with coronary heart 

disease in older men and women: The car- 

diovascular health study (Abstract). Cir- 

culation, 84 (Suppl. II): II 21176, 1991. 

BROUHTON DI, JAMES OW, ALBERT1 

KG, TAYLOR R.: Peripheral and hepatic 

insulin sensitivity in healthy elderly hu- 

man subjects. Eur, J, clin, Invest., 21: 13- 

21, 1991. 

MENEILLY S, ELAHI D, MINAKER 

KL, SCLATER AL, OWE HY.: Impair- 

ment of non insulin mediated glucose 

disposal in the elderly. J Clin. Endocrin- 

01. Metab., 68: 566-71, 19X9. 

GOLDBERG AP, ANDRES R. 

BIERMAN EL.: Diabetes in the elderly. 

in Hazzard W, Andres K, Bierman El. BI, 

Blass JP (eds), Principles of Geriatric 

Medicine and Gerontology. New York, 

McGraw-Hill, pp. 739-58, 1990. 

27. FERRANNINI E, HAFFNER SM. 

MITCHELL BE, STERN MP.: Hyperin- 

sulinaemia: The key feature of a cardio- 

vascular and metabolic syndrome. Dia- 

betologia, 34 (6): 416-22, 1991. 

28. MYKKANEN L, LAAKSO M, PENT- 

TIL.4 I, PYORALA K.: Asymptomatic hy- 

perglycemia and cardiovascular risk fac- 

tors in the elderly. Atherosclerosis, 88: 

153-161, 1991. 

29. PONTREMOLI R, ZAVARONI, 1, 

MAZZA S, BATTEZZATI M, 

MASSARINO F, TIXIANELLO A, 

REAVEN GM.: Changes in blood pres- 

sure, plasma triglyceride and aldosterone 

concentration and red cell cation con- 

centration in patients with hyperinsuli- 

nemia. Am. J. Hypertens., 4: 159-63, 

1991. 

30. REAVEN GM, N. HOLLEN BECK C, 

CHEN FD.: Effect of age on glucose tol- 

erance and glucose uptake in healthy in- 

dividuals. J. Am. Geriatr. Sot., 37: 735- 

40, 1989. 

31. SMITH LJ.: Insulin resistance a major 

hazard for cadiovascular disease? J. Int. 

Med., 227: 219-20. 


