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The associations between G972R polymorphism of
the IRS-1 gene, insulin resistance, salt sensitivity
and non-dipper hypertension

Joanna Dziwura1, Agnieszka Bińczak-Kuleta2, Tomasz Miazgowski1, Joanna Ziemak1 and Krystyna Widecka1

The aim of this study was to assess the association between G972R polymorphism of the insulin receptor substrate-1 (IRS-1)

gene and the circadian variation in blood pressure, insulin sensitivity and salt sensitivity in subjects with uncomplicated,

never-treated essential hypertension receiving low-, normal- and high-salt diets. The study was performed on 115 subjects aged

27.48±5.1 years with never-treated, uncomplicated hypertension. In the 7-day consecutive period of time, subjects received

a normal-, low- and high-salt diet. At the end of each dietary regimen, the following parameters were recorded: 24-h blood

pressure monitoring, lipid profile, insulin level, glucose level, aldosterone level and plasma renin activity. Insulin resistance was

evaluated by the homeostasis model assessment (HOMA). In comparison with Gly/Gly carriers, subjects with the G972R

polymorphism had higher concentrations of total and LDL cholesterol and triglycerides and HOMA but lower HDL cholesterol.

On a high-salt diet, patients with the G972R polymorphism had an increased risk for insulin resistance (odds ratio (OR)¼11.42,

95% confidence interval (CI) 7.68–28.44), salt sensitivity (OR¼5.38, 95% CI 1.14–25.34) and non-dipper hypertension

(OR¼3.6, 95% CI 1.07–12.09). Regardless of the dietary salt intake, blood pressure values were similar between G972R and

Gly/Gly carriers. In conclusion, the results of our study suggest that the G972R polymorphism of the IRS-1 gene is associated

with insulin resistance, salt sensitivity and non-dipper hypertension.
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INTRODUCTION

Hypertension is rarely an isolated condition and is commonly
associated with an abnormal glucose tolerance, abnormal lipid profile
and increased risk for cardiovascular diseases. Insulin resistance is
generally recognized as a core factor in the pathogenesis of type 2
diabetes as well as hypertension and atherosclerosis.
Insulin resistance and hyperinsulinemia affect B50% of patients

with hypertension.1 Hyperinsulinemia increases renal sodium
reabsorption, leading to an increase in the circulating blood volume
and the development of salt-sensitive hypertension.2–5 In turn, the
salt-sensitive hypertension, defined as the variation of blood pressure
in response to different dietary salt intakes, is recognized as an
unfavorable feature of the disease because it may predispose patients
to organ complications induced by elevated blood pressure.6–8

It has been documented that increased genetic predisposition to
hypertension is often accompanied by an increased predisposition to
insulin resistance.9,10 In the search for susceptibility loci predisposing
to insulin resistance, earlier studies have identified a common coding
variant of the substitution of a glycine residue for arginine at position
972 (G972R) of the insulin receptor substrate-1 gene (IRS-1) as
possibly being associated with impaired insulin action, resulting in

the development of type 2 diabetes and obesity.11–18 However, the
role of the G972R polymorphism in uncomplicated hypertension has
not been elucidated. It has been suggested that, in human endothelial
cells, the G972R polymorphism may reduce insulin’s ability to activate
the signaling pathway that regulates nitric oxide activity and, therefore,
contribute to the development of endothelial dysfunction and
cardiovascular disease.19,20

There have been no earlier reports testing for associations between
the G972R variant of the IRS-1 gene and the salt sensitivity
of hypertension. Thus, the purpose of this study was to assess the
impact of this polymorphism on the circadian variation in blood
pressure, insulin sensitivity and salt sensitivity in patients
with uncomplicated, never-treated essential hypertension receiving
low-, normal- or high-salt diets.

METHODS

Study population
The study was performed on 115 unrelated Caucasian patients with hyperten-

sion aged 27.5±5.1 years. The inclusion criteria during this study were

as follows: age below 35 years and uncomplicated, never-treated, essential

hypertension grade 1 or 2 according to the European Society of Hypertension
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(ESH) and the European Society of Cardiology (ESC) classifications.21 We

included only those subjects who did not have any medical conditions

requiring treatment on the first visit. Exclusion criteria included: obesity

(body mass index X30kgm�2), history of chronic renal disease, chronic heart

or hepatic failure, diabetes mellitus, cardiac arrhythmia and edema. None of

the patients received any concomitant treatments within the three weeks

preceding this study.

Hypertension was diagnosed during three visits performed on different days.

Blood pressure was measured in sitting position between 0800 and 0900 hours

by a mercury sphygmomanometer 3 times in 2-min intervals, and a mean

value of these measurements was assumed in further analyses, according to the

ESH/ESC guidelines.21 Using imaging techniques as well as biochemical

and hormonal assessment, all patients were examined to rule out secondary

hypertension.

Methods
Patients were hospitalized in the Department of Hypertension and Internal

Medicine, Pomeranian Medical University, Szczecin, Poland for twenty-one

consecutive days. During this time, patients received a diet containing normal

(100–120mmol per day), low (10–20mmol per day) and high (220–240mmol

per day) salt loads for seven-day intervals. Only those subjects who were in salt

balance, as evaluated by a 24-h urinary sodium excretion, during all three diet

regimens were included in the analysis. Regardless of the salt intake, dietary

potassium intake was stable (40–50mmol per day) throughout the whole

study period. Meals were prepared by a trained hospital dietician. The dietary

compliance was monitored by a daily sodium urinary excretion.

On the seventh day of the normal-salt diet, after an overnight fast, blood

samples were collected in a supine position to record the serum sodium,

potassium, creatinine, glucose, insulin and cholesterol (total and its LDL and

HDL fractions) levels, plasma renin activity (PRA) and aldosterone (ALDO).

Additionally, blood samples were collected for DNA isolation.

After consuming the normal-salt diet, patients received the low-salt diet

followed by the high-salt diet. On the sixth and seventh day of each of the

dietary regimens, 24-h urine samples were collected for urinary sodium and

potassium excretion. On the 6th day of each of the dietary regimens, at 0900

hours, a 24-h blood pressure monitoring (ABPM) protocol was performed

using a Spacelabs 90207 monitor (Spacelabs Healthcare; Issaquah, WA, USA).

Blood pressure was measured every 20min during the daytime (0600–2200)

and every 30min at nighttime (2200–0600). The following parameters were

recorded: 24-h mean (MAP), daytime mean (DMAP) and nighttime mean

(NMAP) blood pressures. A patient was defined as having dipper hypertension

if his or her declines in blood pressure at night were at least 10% of the daytime

values; a patient was defined as having non-dipper hypertension if his or her

declines in blood pressure at night were below 10%.22

On the seventh day of the low- and high-salt diets, after an overnight fast,

blood samples were drawn in a supine position to record the serum glucose and

insulin levels, ALDO and PRA. Salt sensitivity of hypertension was diagnosed

when MAP increased410mmHg after switching from a low- to high-salt diet

given for at least 5 days.23,24

Insulin resistance was evaluated by the homeostasis model assessment

(HOMA) index, calculated as blood glucose (mmol l�1)�insulin concentration

(mIUml�1)/22.5.25,26

Body mass index was calculated as weight (kilograms) divided by height

(meters) squared.

Assays
Insulin was assessed by an ELISA (DPC Biermann GmbH, Bad Nauheim,

Germany), serum glucose by an enzymatic method (Cobas Integra; Roche

Diagnostica GmbH, Mannheim, Germany) and lipid profile by an enzymatic

colorimetric method (Cobas Integra). Blood samples for PRA and ALDO

evaluation were centrifuged at 3900 g for 10min at 4 1C, and the specimens

were stored at �70 1C for subsequent batch analysis by RIA (Serono, Milan,

Italy). The results of ALDO and PRAwere expressed as the ALDO/PRA ratio.27

Genomic DNA was extracted from peripheral EDTA-treated blood cells using

the QIAamp DNA Mini Kit (QIAGEN Genomics, Bothell, WA, USA). The

Arg972 substitution was detected by digestion of polymerase chain reaction

products with restriction enzymes, as described previously.28

The study protocol was approved by the institutional ethics committee,

and informed written consent was obtained from each subject in accordance

with principles of the Declaration of Helsinki.

Statistical analysis
The distribution of continuous variables was tested for normality by the

Shapiro–Wilk test. Parametric data are reported as mean±s.d. Two-way

analysis of variance (ANOVA) for correlated errors was used to determine

the associations between the G972R polymorphism of the IRS-1 gene and

insulin resistance, salt sensitivity and non-dipper hypertension on normal-,

low- and high-salt diets. Unpaired t-tests were used in addition to ANOVA for

comparisons between groups. Categorical variables were compared using the w2

test. Univariate logistic regression models adjusted for gender and BMI were

used to test for relationships between salt sensitivity, insulin resistance, non-

dipper phenotype and the IRS-1 G972R polymorphism. The results of the

analysis were expressed as odds ratios (ORs) and 95% confidence intervals

(CIs). All comparisons were performed using the statistical package Statistica

(Statsoft, Tulsa, OK, USA).

RESULTS

Genotype frequencies were Gly/Gly 86%, Gly/Arg 14% and Arg/Arg
0% that was in Hardy–Weinberg equilibrium. Baseline clinical
characteristics of Gly/Gly patients (GG) and heterozygous carriers
for the G972R IRS-1 variant (GA) receiving a normal-salt diet are
given in Table 1. In comparison with the GG genotype, patients with
the GA genotype had higher concentrations of total and LDL

Table 1 Baseline characteristics of the study population receiving

normal-salt diet in relation to the IRS-1 polymorphism

Gly/Arg

patients

(n¼16)

Gly/Gly

patients

(n¼99) P

Age (years) 25.6±4.7 27.8±5.2 0.15

Gender (males/females) 6/10 54/45 0.29

Smokers (n) 3 (19%) 18 (18%) 0.91

Body mass index (kg m�2) 24.8±1.1 24.5±1.9 0.44

Systolic blood pressure (mmHg) 150.3±6.7 151.1±7.2 0.23

Diastolic blood pressure (mm Hg) 97.8±4.1 97.4±3.1 0.92

Mean blood pressure (mm Hg) 115.3±4.0 114.9±3.8 0.36

Serum glucose (mg dl�1) 89.8±4.7 88.9±6.8 0.21

Serum insulin (mIU ml�1) 13.5±5.9 7.1±3.5 0.003

HOMA 3.0±1.3 1.6±0.8 0.004

Total cholesterol (mg dl�1) 218.3±36.0 196.4±26.9 0.009

HDL cholesterol (mgdl�1) 37.7 ±10.8 49.9±11.3 0.004

LDL cholesterol (mg dl�1) 150.7±39.6 124.7±30.1 0.001

Triglycerides (mgdl�1) 149.1±47.1 109.2±34.8 0.001

Creatinine (mgdl�1) 0.95±0.13 0.89±0.14 0.09

Serum sodium (mmol l�1) 140.5±1.8 140.7±2.3 0.68

Serum potassium (mmol l�1) 4.3±0.3 4.4±0.36 0.81

Urinary sodium excretion

(mmol per 24h)

121.4±15.1 124.4±10.9 0.14

Urinary potassium excretion

(mmol per 24h)

39.8±15.6 42.1±19.3 0.22

Plasma renin activity

(ng AIml�1 h�1)

2.8±0.98 2.5±0.9 0.10

Aldosterone (pgml�1) 198.5± 41.8 195.0±42.0 0.17

Aldosterone/plasma renin activity ratio 7.9±3.0 8.9±3.3 0.11

Abbreviation: HDL, high-density lipoprotein; HOMA, homeostasis model assessment;
IRS-1, insulin receptor substrate-1; LDL, low-density lipoprotein.
Data are means±s.d.
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cholesterol, triglycerides and HOMA index, but lower HDL choles-
terol levels.
On the low- and high-salt diets, GA and GG patients had similar

values for the 24-h blood pressure recordings, both during the daytime
and at night (Table 2). Similarly, PRA and ALDO concentration did
not differ between groups. By contrast, fasting insulin levels and
insulin resistance, estimated from the HOMA index, were significantly
higher in heterozygous carriers of the G972R polymorphism
compared with Gly/Gly carriers. These differences were much more
pronounced on a high-salt diet.
As expected, when analyzing the impact of low- and high-salt diets

on blood pressure, PRA, serum insulin, glucose and ALDO, in both
groups a high-salt diet increased 24-h MAP and nighttime blood
pressure, but decreased PRA and ALDO. Of note, a nighttime blood
pressure fall on the high-salt diet was significantly smaller than on the
low-salt diet (P¼0.02), but only in GA carriers. Moreover, in hetero-
zygous carriers of the G972R IRS-1 variant, but not in Gly/Gly
carriers, a high-salt diet resulted in a significant increase in serum
insulin and insulin resistance, although glucose concentrations
were still within the normal range.
The frequency distribution of insulin resistance, defined as HOMA

values X2.5,26 non-dipper and salt-sensitive hypertension is shown in
Table 3. In comparison with GG carriers, we found higher incidence of
salt-sensitive hypertension in GA carriers. Regardless of the dietary salt
intake, the frequency of insulin resistance was significantly higher
in the GA group. Moreover, on the high-salt diet the frequency of
non-dipping hypertension was also significantly higher in GA carriers.

As summarized in Table 4, in patients with the G972R substitution
in the IRS-1 gene, an increase in dietary salt intake was associated with
a significant risk for insulin resistance and salt-sensitive hypertension.
These patients were also at risk for a non-dipper pattern of nocturnal
blood pressure decrease. However, after including insulin resistance in
this model, the G972R polymorphism was still found to be associated
with salt sensitivity (OR¼1.45, 95% CI 1.14–2.56; P¼0.04) but not
with non-dipper hypertension (OR¼0.86, 95% CI 0.62–2.14). Insulin
resistance alone substantially increased the risk for salt-sensitive
hypertension (OR¼3.2, 95% CI 1.09–9.28; P¼0.034).
In the subgroup of patients with salt-sensitive hypertension,

GA carriers had significantly higher HOMA than GG carriers on the

Table 2 Comparison of biochemical parameters and 24-h blood pressure monitoring on low- and high-salt diet in relation to IRS-1

polymorphism

Low-salt diet High-salt diet

Gly/Arg patients (n¼16) Gly/Gly patients (n¼99) Gly/Arg patients (n¼16) Gly/Gly patients (n¼99)

Glucose (mgdl�1) 86.81±7.7 87.32±8.5 89.11±6.8 88.20±7.5

Insulin (mIUml�1) 10.82±4.8 7.01±3.7* 14.33±5.4z 9.17±4.5**

HOMA 2.22±0.99 1.53±0.9** 3.11±1.1z 1.61±0.7**

Plasma renin activity (ng AIml�1 h�1) 4.78±1.07 4.50±0.9 1.73±0.8zz 1.39±0.6zz

Aldosterone (pg ml�1) 342.62±76.9 376.33±62.1 119.54±20.5zz 112.44±21.6zz

Aldosterone/plasma renin activity ratio 7.61±2.3 8.67±2.2 8.29±3.4 9.45±3.3z

24-h urinary sodium excretion (mmol) 22.61±3.9 19.11±4.2 221.12±8.9 218.42±9.1

24-h mean blood pressure (mm Hg) 103.33±15.0 103.69±13.5 107.22±18.6z 109.17±17.4zz

Daytime blood pressure (mm Hg) 106.33±16.0 107.94±14.5 110.63±19.8 112.75±18.7z

Nighttime blood pressure (mm Hg) 94.67±12.2 94.92±15.7 100.75±18.9z 101.04±18.8z

Nighttime blood pressure fall (mmHg) 11.67±5.0 12.98±5.5 9.88±4.1z 11.71±4.1

Abbreviations: HOMA, homeostasis model assessment; IRS-1, insulin receptor substrate-1.
*Po0.01, **Po0.005 in comparison with G972R carriers.
zPo0.05, zzPo0.001 in comparison with low-salt diet.
Data are means±s.d.

Table 3 Frequency distribution of insulin resistance, non-dipper hypertension and salt-sensitive hypertension

Gly/Arg carriers (n¼16) Gly/Gly carriers (n¼99)

High-salt Normal-salt Low-salt High-salt Normal-salt Low-salt

Insulin resistance n (%) 13 (81%)zz 12 (75%)zz 6 (37%)z 12 (12%) 11 (11%) 11 (11%)

Non-dipper hypertension, n (%) 12 (75%)z 11 (68%) 5 (33%) 45 (45%) 30 (30%) 23 (25%)

Salt-sensitive hypertension, n (%) 14 (87%)z 56 (57%)

zPo0.01, zzPo0.001 in comparison with Gly/Gly carriers receiving the same diet.

Table 4 The impact of G972R mutation on the risk of insulin

resistance, salt-sensitive hypertension and non-dipper hypertension

Odds ratio 95% CI P

Insulin resistance

Low-salt diet 2.47 1.33–10.93 0.053

High-salt diet 11.42 7.68–28.44 0.0001

Non-dipper hypertension

Low-salt diet 1.52 0.46–4.98 0.484

High-salt diet 3.60 1.07–12.09 0.038

Salt-sensitive hypertension 5.38 1.14–25.34 0.033

Odds ratio adjusted for age, gender and body mass index.

Associations between G972R polymorphism of the IRS-1 gene
J Dziwura et al

1084

Hypertension Research



high-salt diet (3.28±1.06 vs. 1.67±0.7; P¼0.0007) and normal-salt
diet (3.13±1.16 vs. 1.55±0.78; P¼0.0086). Furthermore, salt-sensi-
tive hypertension substantially increased risk of insulin resistance, but
only in the GA group (OR¼3.47, 95% CI 1.22–9.34; P¼0.017).
However, the G972R polymorphism was not a marker for the
coexistence of both insulin resistance and salt sensitivity (OR¼1.12,
95% CI 0.6–3.8; P¼0.11).

DISCUSSION

We found in a sample of 115 patients with mild, never-treated
hypertension and without concomitant diabetes mellitus or obesity
that the allelic frequency of the G972R polymorphism in the IRS-1
gene was 7%. Earlier studies have shown that the frequency of G972R
carriers in healthy subjects ranges from 3 to 10%, and this frequency
significantly increases in obese subjects, patients with coronary
artery disease, insulin-resistance syndrome and polycystic ovary
syndrome,13,14,17,29–31 and now, as suggested by this study possibly
also in essential hypertension. These observations strongly suggest
that, likely by increased insulin resistance, the G972R variant of the
IRS-1 gene may contribute to the genetic predisposition to develop
cardiovascular disease.
Our results are consistent with this thesis because we found higher

fasting insulin levels and higher values of the HOMA index in GA
patients in comparison with GG patients. This suggests that the risk
conferred by the G972R allele is likely mediated by increases in the
serum fasting insulin. A similar underlying mechanism has been
suggested in the development of insulin resistance in polycystic
ovary syndrome, as Ioannidis et al. demonstrated using the Mandelian
randomization approach.31 However, some other reports did not
confirm these findings.32,33 These discrepancies may be related to
different amounts of dietary salt intake. Whereas earlier studies did
not assess salt intake, we evaluated, for the first time, the impact of
different salt loads on insulin resistance in patients with the G972R
polymorphism and found that this impact was greatly enhanced on a
high-salt diet. This finding seems relevant in patients with arterial
hypertension because a high-salt diet was also significantly associated
with a risk for developing salt-sensitive hypertension. On the contrary,
GG patients on a normal-salt diet had HOMA index values within the
normal range. These results suggest that a high-salt diet, in combina-
tion with the G972R mutation, may predispose an individual with
genetic susceptibility to high salt-induced insulin resistance. This
suggestion might be clinically important for all of GA carriers because
recent studies have demonstrated that irrespective of age, sex and BMI,
subjects with hypertension,34,35 or even prehypertension,36 have
higher rates of conversion to diabetes than those with normal blood
pressure. Furthermore, it has been suggested that much of diabetes
risk associated with (pre)hypertension may be explained by disorders
related to the insulin resistance.36

Our results also demonstrate that the G972R polymorphism does
not influence the renin–angiotensin–aldosterone system’s response to
salt load. In both groups of patients, we found a similar increase in
PRA and ALDO in response to a low-salt diet, and normal PRA and
ALDO inhibition was induced by a high-salt diet.
We also found that the G972R coding variant of IRS-1 was

associated with a risk of non-dipper hypertension. No earlier studies
have tested for such an association. This phenomenon may be
activated by several possible mechanisms. First, non-dipper hyperten-
sion may be related to increasing insulin resistance. It has been shown
in earlier studies that hyperinsulinemia, insulin resistance and
impaired glucose tolerance are common features of non-dippers.37–40

Second, the non-dipper pattern of nocturnal blood pressure variation

might be associated with the development of salt-sensitive hyperten-
sion.41,42 It has been well documented that high dietary salt intake
impairs several pathways modulating a circadian rhythm of blood
pressure, such as an increase in sympathetic activity,43,44 hypervole-
mia,43 impaired inhibition of the renin–angiotensin–aldosterone sys-
tem and impaired renal hemodynamics.44 The high-salt diet may also
influence nitric oxide production by the endothelial cells,45 aggravat-
ing the impairment of endothelial function induced by hyperten-
sion.19 Regardless of the mechanisms involved, the increased
frequency of non-dipper hypertension in young G972R carriers with
initial stages of hypertension may predict long-term, hypertension-
induced organ complications46,47 and increased cardiovascular risk,
especially as non-dippers, like those in our study, commonly display
an unfavorable lipid profile.
Our data suggest that dietary salt restriction is an important,

first-line approach for the non-pharmacological treatment of hyper-
tension in G972R carriers. However, our study has some limitations.
First, despite of the fact that we found strong statistical associations
between the G972R polymorphism, insulin resistance, abnormal lipid
profile, salt sensitivity and non-dipper hypertension, the results of this
study should be viewed cautiously given that this is relatively a small
cross-sectional study and the sample size was modest. Therefore,
further studies testing for such associations on larger populations
are needed. Second, the study lacks a control group and thus,
statements concerning comparison of allele frequencies in our cohort
should be made with caution. Finally, ABPM was performed in a
hospital setting, which is obviously different from the everyday
conditions of the young subjects studied.
In conclusion, the results of our study suggest that the G972R

polymorphism of the IRS-1 gene is associated with insulin resistance,
salt sensitivity and non-dipper hypertension.
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