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Introduction
More than 25% of the world adult population
has hypertension (1). Prevalence of hypertension
increasesprogressivelywithincreasingBMI(2). The 
exact mechanisms for the development of essential 
hypertension are not known. Now it is generally
accepted that genetic and environmental factors 
contributeequallytodevelopmentofhypertension
(3). Among the environmental factors, dietary
factors seem to have a prominent role in blood 
pressure (BP) homeostasis. Each meal initiates a

series of integrated physiological events, which
facilitate digestion and absorption of nutrients. It
is also associated with haemodynamic, hormonal
and electrolyte changes that can affect the BP in
hypertensiveandnormo-tensivesubjects.

Thereissomecontroversyaboutthehemodynamic
responses to oral ingestion of glucose in normo-
tensive and hypertensive subjects.  A significant
increase in BP following glucose intake was 
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Abstract

Background and objectives: Hypertensionisacommonhealthproblem.Theprevalenceofhypertension
increasesprogressivelywithincreasingBodyMassIndex.Theaimofthisstudyistoinvestigatechanges
inbloodpressure(BP),plasmaglucose(PG)andinsulinlevelafteringestionoforalglucose;andtoassess
therelationbetweeninsulinlevelandBPinobeseandnon-obesenormo-tensiveandhypertensivesubjects.

Materials and Methods: Seventyfivegglucosedissolvedin250mlofwaterwasgivenorallyto20fasting
newly diagnosed untreated patients with essential hypertension and 15 normo-tenisve control subjects
matchedforage,genderandBodyMassIndex(BMI).Smokersandsubjectswithdiabetes,hyperlipidemia,
cardiac or renal disease or those taking medications were excluded. Subjects were monitored for 2 hours. 
HalfhourlyBP,PGandinsulinweremeasured.

Results: Subjects were classified into obese (BMI≥ 30 Kg/m2) (11 patients, 8 normo-tensives) and 
nonobese(BMI<30Kg/m2)(9patients,7normo-tensives).Inobesehypertensivepatients,insulinshowed
significantpositivecorrelationwith:systolicBP(SBP)(P=.04),diastolicBP(DBP)(P=.04)andmeanBP
(MBP)(P=.03).Obesehypertensivepatientsshowedasignificantlyhigherinsulinresponsetooralglucose
thanobesenormo-tensivesubjects(P=.02).

Inobeseandnon-obesehypertensivepatientsglucoseintakewasassociatedwithsignificantdropinDBP
((P≤.005),(P<.05))andMBP((P<.005),(P<.05))respectively.

Conclusions: In obese hypertensive patients, the hyperinsulinemic response to oral glucose and the
positivecorrelationofinsulinwithBPsuggestthatinsulinmaybeinvolvedindevelopmentofessential
hypertensionespeciallyinobesepatients.
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reported in normo-tensive subjects(4,5) and in 
hyper-insulinemic, but not in normo-insulinemic 
hypertensive patients (5). It is not known whether 
the effect of glucose on elevation of BP is higher in 
hypertensive subjects or in subjects with normal BP 
(6). Some studies reported a significant decrease in 
BP after ingestion of glucose load in hypertensive 
patients (7-9). It was suggested that insulin may not be 
directly involved in the pathogenesis of postprandial 
hypotension(9). Postprandial hyperinsuliemia 
has been found in patients with mild essential 
hypertension(10).

The aim of this study is to compare changes in 
BP, plasma glucose (PG) and insulin levels after 
ingestion of an oral glucose load and to assess the 
relation between insulin level and BP in obese and 
non-obese normo-tensive and hypertensive subjects. 
This study may contribute to the understanding 
of the pathophysiology of essential hypertension 
taking into consideration the BMI of the patients and 
controls. Results of this study may throw new light 
on the rationale of dietary management of patients 
with essential hypertension regarding sugar intake.

Methods:

This is a short-term experimental study including 
20 newly diagnosed untreated adult patients with 
essential hypertension, and 15 normo-tensive 
control subjects matched for age, gender, and BMI. 
Sample size was calculated using the formula for 
experimental study with serial samples:

n=1+2C(s/d)2,  Equation2  
(SnedecorandCochran1989) (11)

Subjects with BP ≥ 140/90 were considered as 
hypertensive patients (12). Blood pressure was 
measured using mercury sphygmomanometer 
(Kawamoto, Japan), according to the standardized 
methodology (12).

Hypertensive patients were recruited from primary 
health care centers. After screening visits to identify 
and select newly diagnosed cases of essential 
hypertension, patients signed an informed consent 
form approved by the Ethical Committee of 

Faculty of medicine, University of Khartoum and 
filled a questionnaire including: personal data and 
medical history. Complete physical examination 
and electrocardiogram (ECG) were done to the 
patients and control subjects. Known hypertensive 
patients, smokers, alcoholics, and subjects with 
hyperlipidemia, diabetes mellitus or with random 
blood glucose more than 200 mg/dl were excluded. 
Patients with mandatory reason for immediate 
initiation of treatment e. g. very high blood pressure, 
target organ damage, were also excluded. Weight in 
(Kg) and height in meters (M) were measured using 
standardized scale (Seca, Germany). The BMI in 
kg/m2 was calculated as a ratio between body 
weight (kg) and squared height (m2). Random blood 
glucose, urea, creatinine, lipid profile (Biosystem, 
Spain) were measured by spectrophotometer for 
each subject to exclude any abnormality. 

Patients were advised to continue their normal dietary 
habits and not to restrict their usual carbohydrates 
intake. On the day of the experiment the selected 
subjects fasted overnight (8- 10 hrs). Water was 
allowed, and they attended at the laboratory in the 
early morning. After resting for 15 minutes, a base 
line fasting BP and blood sample were taken. Then 
each subject took 75gm glucose solution dissolved 
in 250 ml of water to be consumed in not more than 
5 minutes. Each subject was monitored for 2 hours. 
Half hourly BP measurements and venous blood 
samples were taken to measure plasma glucose 
using glucose oxidase method (Biosystem, Spain) by 
spectrophotometer and serum insulin by quantitative 
immunoassay test kits (Immunospec, USA) using 
ELISA (Enzyme Linked Immunosorbent Assay) 
technique.

 All BP measurements were done in the sitting 
position by the same investigator in a quiet office 
with comfortable room temperature. A larger 
cuff was used for measurement of BP in obese 
patients. SBP was taken as the point of onset of 
the auscultated pulsation (phase 1), and DBP was 
the point before the disappearance of the sounds 
(phase 5). Three readings were taken by the same 
investigator at intervals of at least 1 minute, and the 
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average of those readings was used for statistical 
analysis. If there is >5 mm Hg difference between 
readings, an additional reading was obtained, and 
then the average of all the readings was used(13).

Results obtained were saved and analyzed using 
the Statistical Package Program for Social sciences 
(SPSS) version 17. Descriptive statistics were done 
for all variables. The relation between BP, plasma 
glucose and serum insulin was tested with Pearson 
correlation. Comparison of the above variables 
between hypertensive and control subjects was 
done with independent student t-test. To determine 
changes in BP, plasma glucose and insulin following 
intake of glucose paired samples T- test was done.

Results:

This study included 20 patients with essential 
hypertension: 11 were obese (BMI≥ 30Kg/m2) and 
9 were non-obese patients (BMI< 30Kg/m2) (14). The 
normo-tensive control group included 15 subjects 
matched for age, gender and BMI; 8 were obese and 
7 were non-obese subjects. 

To assess BP responses to oral glucose, comparison 
of each of the 4- half- hourly samples with the 
baseline BP (fasting BP at 0 minute) was done 
using paired sample T- test in obese and non-obese 
hypertensive patients and normo-tensive control 
subjects (table 1). 

Variable Time
min.

Nonobese 
patients Mean± 

S.E
 (n=9)

Paired T-test

P value

Obese patients 
Mean± S.E

(n=11)

Paired T-test

P value

Systolic Blood Pressure 0 153.0 ±5.2 149.9± 4.6

(SBP) 30 150.95 ±5.2 .47 146.6± 4.6 .209

60 149. 85 ±5.2 .27 146.3± 4.6 .247

90 150.75 ±5.2 .49 145.4± 4.6 .179

120 148.55.2± .18 144.5± 4.6 .147

Diastolic Blood Pressure 0 100.7± 5.7 98.7 ±5.0

(DBP) 30 95.2± 5.7 .009* 92.4 ±5.0 .003*

60 94.3 ±5.7 .009* 92.5± 5.0 .004*

90 94.9± 5.7 .03* 92.5± 5.0 .005*

120 95.9± 5.7 .03* 92.4± 5.0 .002*

Mean Blood Pressure 0 118.1 ±5.4 115.9 ±4.8

(MBP) 30 114.1 ±5.4 .08 110.5 ±4.8 .008*

60 112.7± 5.4 .03* 110.4 ±4.8 .02*

90 113.3 ±5.4 .09 110.0 ±4.8 .01*

120 113.3 ±5.4 .06 110.0 ±4.8 .009*

*P is significant at <0.05

Table: Changes in plasma glucose, serum insulin& blood pressure after intake of oral glucose

Hyperinsulinemic response to oral glucose in obese patients with essential hypertension
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Following the intake of oral glucose load, the DBP 
decreased significantly in both obese (P≤ .005) 
and non-obese hypertensive patients (P< .05) at 30 
minutes and continued throughout the 2 hour period 
of follow up (table 1). SBP did not show significant 
changes in any of the hypertensive groups. In non-
obese hypertensive patients, a significant drop in 
MBP occurred only at 60 minutes (P= .03). In obese 
patients Mean BP also dropped significantly by 
about 5 mmHg throughout the period of follow up 
(P< .05) (table 1).

At baseline fasting, insulin was significantly higher 
in obese hypertensive subjects than obese normo-
tensive control subjects (P=.02) with no significant 
difference in fasting blood glucose.  After intake 
of glucose, the plasma glucose and serum insulin 
increased significantly in all groups. However, 
the mean of insulin levels in response to oral 
glucose intake in obese hypertensive patients was 
significantly higher than obese normo-tensive 
subjects (P=.02), despite no significant differences 

Figure 1. Plasma glucose in obese and non-obese hypertensive and normo-
tensive subjects after oral glucose

in plasma glucose between hypertensive and 
normo-tensive subjects (figures 1 & 2). Obese 
hypertensive patients showed a significantly higher 
insulin glucose ratio (0.55) compared to obese 
normo-tensive subjects (0.35) (P=0.009) (table 
2). However, there was insignificant statistical 
difference in insulin glucose ratio in non-obese 
hypertensive patients and their matched normo-
tensive control subjects (P=0.08). 
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Table 2. Means of the variables for hypertensive patients and control subjects.

Variables

(mean± SE)

Obese Patients Obese Control Nonobese Patients Nonobese Control

BMI

(Kg/m2)

33.4±0.4 35.6±0.9 25.3±0.3 25.4±0.3

MBP

(mmHg)

113±2.2 91.5±1.1 111.9±1.5 91.8±1.4

Blood Glucose (mg/dL) 126.7±4.8 131.1±4.8 129.7±6.2 125.7±5.8

Serum Insulin (µIU/ml) 71.7±7.8 48.8±4.2 54.2±5.8 41.8±4.1

Insulin/Glucose ratio 0.55 0.35 0.40 0.32

* The means for MBP, blood glucose and serum insulin were calculated from the 5 half hourly samples for 
patients and control subjects.

In obese hypertensive patients insulin levels showed significant positive correlation with: SBP (P=.04), 
DBP (P=.04) and MBP (P=.03). This association was insignificant in normo-tensive subjects and non-obese 
hypertensive patients. 

Hyperinsulinemic response to oral glucose in obese patients with essential hypertension

Figure 2. Serum insulin in obese and non-obese hypertensive and normo-tensive 
subjects after oral glucose 
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Discussion:

BP response to oral glucose load:

In this study, we found that DBP and MBP 
decreased significantly in both obese and non-obese 
hypertensive subjects following oral glucose intake 
which is comparable to previous studies(7-9). It has 
been reported that the SBP and DBP decreased 
significantly during oral glucose tolerance test 
(OGTT) in hypertensive patients but not in normo-
tensive subjects)7(. However, in our study the 
change in SBP was not significant in hypertensive 
or normo-tensive control subjects. In normo-tensive 
subjects we found that the changes in SBP, DBP 
and MBP were not significant. Similar results 
were reported in lean healthy young subjects after 
ingestion of 60 g glucose dissolved in 500 ml of 
water (15). Contradictory results were found in other 
studies that reported increases in SBP in normo-
tensive subjects after OGTT (5) and after intake 
of 100 g glucose (4). In this study, the BP did not 
change significantly in normo-tensive subjects. 
This could be explained by the counteracting 
effects of the increasing insulin level after glucose 
ingestion causing both vasodilatation and increased 
sympathetic discharge which resulted in  increased 
heart rate and stroke volume (16). It has been found 
that acute increases in plasma insulin within the 
physiological range elevated sympathetic neural 
outflow, produced forearm vasodilatation but did 
not elevate arterial pressure in normo-tensive 
humans (16). Scott et al reported that physiological 
insulinaemia following ingestion of a carbohydrate 
meal in healthy subjects was associated with 
overriding skeletal muscle vasodilatation, despite an 
increase in sympathetic vasoconstrictor discharge to 
the same vascular bed. The vasodilatation preceded 
the increase in sympathetic activity, and the time of 
the increase in muscle sympathetic nerve activity 
corresponded to the return of BP towards baseline 
values (17). We found that obese hypertensive 
patients had significantly higher insulin level than 
their normo-tensive control subjects. It has been 
shown that the vasodilatation caused by insulin 
occurs early compared with the sympathetic 
activation (17). Our results showed that the DBP 

and MBP decreased significantly in both obese and 
non-obese hypertensive subjects following OGTT 
can be explained by the vasodilatory effect of the 
high level of insulin which may be followed later 
by exaggerated sympathetic discharge leading to 
higher BP. We suggest that the disturbance in the 
balance of vasodilator and vasoconstrictor action of 
insulin may be one of the causes of high BP in obese 
hypertensive patients. However, the possibility of 
ethnic genetic differences cannot be excluded.

Insulin & BP in hypertensive patients:

In obese hypertensive patients, we found that serum 
insulin had significant positive correlation with: 
SBP, DBP and MBP after intake of glucose. Obese 
hypertensive subjects also showed significantly 
higher fasting and post-load insulin levels and higher 
insulin glucose ratio compared with obese normo-
tensive subjects without a significant difference in 
plasma glucose.  Xun et al (18) reported that fasting 
serum insulin levels or hyperinsulinemia in young 
adulthood was positively associated with incidence 
of hypertension later in life. It was suggested that 
fasting insulin may help clinicians to identify 
those at high risk of developing hypertension. The 
Diabetes Prevention Program Research Group 
(19) found that there was a weak, but significant, 
association between BP and insulin, proinsulin 
and insulin resistance (IR) which can be largely 
explained by overall adiposity. 

Levin et al found that high serum glucose and 
insulin levels were associated with increased risk of 
the incidence of hypertension in community-based 
cohort. They suggested that these associations were 
independent of adiposity and other established 
hypertension risk factors as the magnitudes 
of association were attenuated by 50% after 
adjustment for serum cystatin C concentration, 
urinary albumin/creatinine ratio, and arterial 
elasticity measured by tonometry. They suggested 
that hyperglycemia and hyperinsulinemia contribute 
to hypertension in the absence of clinical diabetes, 
in part by damaging the kidney and arterial wall 
(20). Hyperglycemia may damage the kidney and 
the arterial wall through deposition of advanced 
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glycation end products, generation of reactive 
oxygen species, and activation of protein kinase 
C (21, 22). Furthermore, hyperinsulinemia stimulates 
the sympathetic nervous system and the renin-
angiotensin- aldosterone system, which may lead to 
kidney and vascular damage (23, 24). Mendizapal et al 
have clarified the possible pathophysiology of IR 
and its relationship to development of hypertension 
(25). A number of proposed mechanisms caused by 
compensatory hyperinsulinemia associated with 
IR have been suggested as causes of hypertension. 
Insulin affects the BP through its direct 
cardiovascular effects as well as its systemic actions 
affecting the sympathetic nervous system and 
kidneys. Insulin increases cardiac contractility (26), 
increases cardiac output (27), stimulates secretion of 
the vasoconstrictor ET-1 from vascular endothelium 
and stimulates vascular smooth muscle cells 
proliferation and pro-inflammatory activity (28-30). IR 
is associated with increased systemic and vascular 
inflammatory responses and oxidative stress, which 
may contribute to vascular dysfunction (31). Insulin 
also activates the sympathetic nervous system (17) 
and can increase blood volume by increasing renal 
sodium retention (32, 33).

Contradictory results were reported by Akanji et al 
(34) who did not find any association between insulin 
level and BP in hypertensive or their age- and sex-
matched healthy normo-tensive subjects at any time 
following a standard 75 g OGTT. Savage et al (35) 
voiced doubt about a direct role of insulin in the 
short-term regulation of BP. In non-obese normo-
tensive and hypertensive subjects we did not find 
significant association between insulin and BP. 
Similar results were observed by Baba et al (36) who 
did not find an association between hyperinsulinemia 
and elevated BP after OGTT in non-obese middle-
aged patients with essential hypertension and their 
normo-tensive control subjects. 

We suggest that most of the studies which failed 
to detect an association between insulin and BP, 
investigated the hypertensive and their matched 
normo-tensive control subjects as one group 
matched for age and gender and did not take BMI 

and obesity into consideration. In this study, obese 
hypertensive patients showed higher insulin levels 
and the insulin levels correlated directly with BP 
after intake of glucose. In the non-obese, whether 
hypertensive or not, we did not find association 
between insulin and BP. We suggest a link 
between high BP and elevated insulin. However, 
to determine whether it is a cause or effect will 
need further investigation by cohort studies. Our 
results confirm the old hypothesis that obesity or 
the metabolic syndrome, especially associated with 
abdominal obesity, is the link between hypertension 
and hyperinsulinemia. 

Conclusions

The findings from the current study point to the 
fact that the metabolic, hormonal and BP responses 
to glucose are highly inter-correlated. Thus, the 
time and constituents of the last meal prior to BP 
measurement should be taken into consideration 
especially when diagnosing hypertension or 
conducting research on hypertension. The higher 
insulin response to oral glucose load observed in 
obese hypertensive patients and the associated 
acute significant drop that occurred in DBP suggest 
that the disturbed balance between vasodilator 
and the well-documented delayed vasoconstrictor 
sympathetic response caused by high insulin, may 
play a role in pathophysiology of hypertension 
especially in obese patients.

Acknowledgment: We would like to thank     the 
Ministry of Higher Education – Sudan for funding 
this work.

Conflicts of interest: No Conflicts of interest in 
this study.

References:

1.	 Kearney PM, Whelton M, Reynolds K, 
Muntner P, Whelton PK, He J. Global burden 
of hypertension: analysis of worldwide data. 
Lancet. 2005;365:217-23.

2.	 Ong KL, Cheung BM, Man YB, Lau CP, Lam 
KS. Prevalence, awareness, treatment, and 
control of hypertension among United States 

Hyperinsulinemic response to oral glucose in obese patients with essential hypertension



1367

adults 1999-2004. Hypertension. 2007;49:69-
75.

3.	 Butler MG. Genetics of hypertension. Current 
status. J Med Liban. 2011;58:175-8.

4.	 Berne C, Fagius J, Niklasson F. Sympathetic 
response to oral carbohydrate administration. 
Evidence from microelectrode nerve recordings. 
J Clin Invest. 1989;84:1403-9.

5.	 Muscelli EO, Abdalla Saad MJ, Rocha Gontijo 
JA. Insulinemia and blood pressure responses 
to oral glucose load in primary hypertensive 
patients. Cardiology. 1991;79:14-9

.6.	 von Känel R NR, Le DT, Ziegler MG, Dimsdale 
JE. Decrease in the plasma von Willebrand factor 
concentration following glucose ingestion: 
the role of insulin sensitivity. Metabolism. 
2001;50:1452- 6.

7.	 Karcier SM, Caner M. Changes of Blood 
Pressure and its Relation with Plasma Glucose 
and Insulin Concentration During Oral Glucose 
Tolerance Test in Patients with Essential 
Hypertension. Turk Soc Cardiol 1993;21:286-9.

8.	 Narkiewicz K, Rynkiewicz A, Furmanski J, et 
al. Plasma insulin and blood pressure response 
to oral glucose tolerance test in young borderline 
hypertensives. Mater Med Pol. 1993;25:23-6.

9.	 Mitro P, Feterik K, Lenartova M, Cverckova A, 
et al. Humoral mechanisms in the pathogenesis 
of postprandial hypotension in patients with 
essential hypertension. Wien Klin Wochenschr. 
2001;113:424-32.

10.	 P Singer, W Gödicke, S Voigt, I Hajdu, Weiss 
M. Postprandial hyperinsulinemia in patients 
with mild essential hypertension. Hypertension. 
1985;7:182-6.

11.	 Dell RB, Holleran S, Ramakrishnan R. Sample 
size determination. ILAR J. 2002;43:207-13.

12.	Chobanian AV, Bakris GL, Black HR, et al. 
Seventh report of the Joint National Committee 
on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure. 

Hypertension. 2003;42:1206-52.

13.	 Pickering TG, Hall JE, Appel LJ, et al. 
Recommendations for blood pressure 
measurement in humans and experimental 
animals: part 1: blood pressure measurement 
in humans: a statement for professionals from 
the Subcommittee of Professional and Public 
Education of the American Heart Association 
Council on High Blood Pressure Research. 
Circulation. 2005;111:697-716.

14.	WH O. Obesity and Overweight. World Health 
Organization Global strategy on Diet, Physical 
activity and Health. 2014. http://www.who.int/
mediacentre/factsheets/fs311/en/. [accessed 6 
Decembert 2016].

15.	Brown CM, Dulloo AG, Yepuri G, Montani 
JP. Fructose ingestion acutely elevates blood 
pressure in healthy young humans. Am J Physiol 
Regul Integr Comp Physiol. 2008;294:R730-7.

16.	Anderson EA, Hoffman RP, Balon TW, Sinkey 
CA, Mark AL. Hyperinsulinemia produces both 
sympathetic neural activation and vasodilation 
in normal humans. J Clin Invest. 1991;87:2246-
52.

17.	 Scott EM, Greenwood JP, Vacca G, Stoker JB, 
Gilbey SG, Mary DA. Carbohydrate ingestion, 
with transient endogenous insulinaemia, 
produces both sympathetic activation and 
vasodilatation in normal humans. Clin Sci 
(Lond). 2002;102:523-9.

18.	Xun P, Liu K, Cao W, Sidney S, Williams 
OD, He K. Fasting insulin level is positively 
associated with incidence of hypertension 
among American young adults: a 20-year 
follow-up study. Diabetes Care. 2012;35:1532-
7.

19.	Diabetes, Prevention, Program, Research, 
Group. Hypertension, insulin, and proinsulin 
in participants with impaired glucose tolerance. 
Hypertension. 2002;40:679-86.

20.	Levin G, Kestenbaum B, Ida Chen YD, et al. 
Glucose, insulin, and incident hypertension in 

N A Alaagib, M Y Sukkar, M M Kardash 



1368

the multi-ethnic study of atherosclerosis. Am J 
Epidemiol. 2010;172:1144-54.

21.	Brownlee M. The pathobiology of diabetic 
complications: a unifying mechanism. 
Diabetes. 2005; 54:1615-25.

22.	Ceriello A. Controlling oxidative stress as a 
novel molecular approach to protecting the 
vascular wall in diabetes. Curr Opin Lipidol. 
2006 ;17:510-8.

23.	 Sowers JR, Epstein M. Diabetes mellitus and 
associated hypertension, vascular disease, and 
nephropathy. An update. Hypertension. 1995 
;26:869-79.

24.	Durvasula RV, Shankland SJ. The renin-
angiotensin system in glomerular podocytes: 
mediator of glomerulosclerosis and link to 
hypertensive nephropathy. Curr Hypertens 
Rep. 2006 ;8:132-8.

25.	Mendizabal Y, Llorens S, Nava E. Hypertension in 
metabolic syndrome: vascular pathophysiology. 
Int J Hypertens.2013:ID230868.

26.	 von Lewinski D BS, Walther S, Kögler H, 
Pieske B. Insulin causes [Ca2+]i-dependent and 
[Ca2+]i-independent positive inotropic effects 
in failing human myocardium. Circulation. 
2005;24:2588-95.

27.	Baron AD, Brechtel-Hook G, Johnson A, Hardin 
D. Skeletal muscle blood flow. A possible link 
between insulin resistance and blood pressure. 
Hypertension. 1993;21:129-35.

28.	Cardillo C, Nambi SS, Kilcoyne CM, Choucair 
WK, Katz A, Quon MJ, et al. Insulin stimulates 
both endothelin and nitric oxide activity in the 
human forearm. Circulation. 1999;100:820-5.

29.	 Ferri C, Pittoni V, Piccoli A, et al. Insulin 
stimulates endothelin-1 secretion from human 
endothelial cells and modulates its circulating 
levels in vivo. J Clin Endocrinol Metab. 
1995;80:829-35.

30.	 Schulman IH, Zhou MS. Vascular insulin 
resistance: a potential link between 

cardiovascular and metabolic diseases. Curr 
Hypertens Rep. 2009 ;11:48-55.

31.	Zhou MS, Schulman IH, Raij L. Vascular 
inflammation, insulin resistance, and endothelial 
dysfunction in salt-sensitive hypertension: 
role of nuclear factor kappa B activation. J 
Hypertens. 2010 ;28:527-35.

32.	Horita S, Seki G, Yamada H, Suzuki M, 
Koike K, Fujita T. Insulin resistance, obesity, 
hypertension, and renal sodium transport. Int J 
Hypertens. 2011;2011:391762.

33.	Manhiani MM, Cormican MT, Brands MW. 
Chronic sodium-retaining action of insulin in 
diabetic dogs. Am J Physiol Renal Physiol. 
2011 ;300:F957-65.

34.	 Akanji AO, Ojule AC, Kadiri S, Osotimehin 
BO. Plasma glucose and insulin responses to 
oral glucose loading in nonobese Nigerian 
subjects with essential hypertension. J Natl 
Med Assoc. 1993;85:267-72.

35.	 Savage MW, Mohamed-Ali V, Williams G. 
Suppression of post-glucose hyperinsulinaemia 
does not affect blood pressure in either 
normotensive or hypertensive subjects. Clin Sci 
(Lond). 1998;94:609-14.

36.	Baba T, Kodama T, Tomiyama T, Fujita 
N, Takebe K. Hyperinsulinemia and blood 
pressure in non-obese middle-aged subjects 
with normal glucose tolerance. Tohoku J Exp 
Med. 1991;165:229-35.


