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ABSTRACT
Objective: Obesity contributes directly to the risk of
diabetes and hypertension. Effective management of
diabetes is essential to prevent or delay the onset of
comorbid hypertension. In this study, we delineate the
association body mass index (BMI) has with risk and
age at onset of hypertension and explore how this
association is modulated by sex and the pre-existing
condition of diabetes.
Design: Cross-sectional study using retrospective
data.
Setting: Kuwait Health Network that integrates primary
health and hospital laboratory data into a single system.
Participants: We considered 3904 native Kuwaiti
comorbid individuals who had the onset of type 2
diabetes prior to that of hypertension, and 1403 native
Kuwaiti hypertensive individuals with no incidence of
diabetes. These participants have been regularly
monitored for BMI, glycated haemoglobin and blood
pressure measurements. Mean variance in BMI per
individual over the period from registration is seen to
be low.
Main outcome measures: Association between age
at onset of hypertension and BMI (as measured at
hypertension diagnosis); HRs for developing
hypertension.
Results: Risk of hypertension increases with obesity
levels, and is higher in patients with diabetes than in
patients without diabetes but of similar obesity levels.
Age at onset of hypertension is inversely related to
BMI; this relationship is seen to be stronger in men
compared to women (slope estimate in men,
−0.62 years per unit increase in BMI; in women
−0.18) and in individuals (particularly women) with
diabetes compared to those without (slope estimate in
women, −0.39 vs −0.18, p<0.001; in men −0.66 vs
−0.62; p=0.66).
Conclusions: The observation that the presence of
diabetes doubles the slope of inverse relationship
between hypertension onset age and BMI in women
(while the slope is high in men irrespective of diabetes

status) leads to a possible proposition that pre-existing
diabetes narrows down sex-specific differences in the
impact of obesity on blood pressure.

INTRODUCTION
Arterial hypertension is a chronic medical con-
dition in which blood pressure in the arteries
is elevated. Blood pressure is generated when
the heart contracts against the resistance of
blood vessels. The relationship between
increasing age and hypertension prevalence
has been illustrated.1 2 The increase in blood
pressure with age is associated mostly with
structural changes (such as stiffness) in the
arteries. Pathophysiological factors influencing
the onset of hypertension include impaired
kidney sodium excretion, altered renal and
sodium metabolism, reset baroreflexes, reset
local autoregulation responses, altered
renin-aldosterone relationship and increased
responsiveness to sympathetic nervous system

Strengths and limitations of this study

▪ This is the first report to examine associations
between body mass index and age at onset (and
risk) of hypertension in individuals with diabetes
versus those without diabetes.

▪ For the first time, sex specific differences in
the impact of the preexisting condition of dia-
betes on the above-mentioned associations are
demonstrated.

▪ Absence of assessment of residual confounding
by family history, lifestyle factors and dietary pat-
terns may be considered as potential limitations
of the study. Other limitations include absence of
other indices of obesity, such as waist
circumference.
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stimuli.3 4 Obesity-induced hypertension, the subject of
this study, most often involves the aforementioned factors
(that mediate ageing-related hypertension). Obese indivi-
duals have increased fatty tissue which elevates vascular
resistance and subsequently increases the workload on the
heart to pump blood. Obesity provides an impetus for sym-
pathetic nervous system activation as well as for changes in
renal structure and function. The arterial-pressure control
mechanism of diuresis and natriuresis seems to shift to
higher blood pressure levels in obese individuals. Leptin5

and other neuropeptides are possible links between
obesity and hypertension. Other mechanisms involved in
obesity-induced hypertension are hyperinsulinaemia and
insulin-induced sodium retention.
Obesity acts as the foremost risk factor for hyperten-

sion6 7 in adults8 and children.9 Body mass index (BMI)
exhibits a direct linear relationship with the risk of
hypertension;10–14 the association seems to hold in
multiethnic populations, though the extent can vary.15

Increase in risk per unit increase in BMI is high in men
compared to women. Age at onset of hypertension is
related to a lifetime risk of cardiovascular disease.16

Despite the above reports on BMI and risk of hyperten-
sion, a clear illustration of associations between BMI and
age at onset of hypertension is not available.
Hypertension is an extremely common comorbid

condition in diabetes. Depending on obesity levels and
ethnicity, approximately 20–60% of patients with dia-
betes are affected with hypertension.17 Obesity acts as
a common factor in the aetiology of hypertension and
diabetes.18 Diabetes and hypertension share common
biological pathways6 19 and influence the development
of one another in the same individual. It is seen that
in as many as 70% of instances of Kuwaiti native
comorbid individuals, onset of diabetes either pre-
cedes or occurs simultaneously with onset of hyperten-
sion.20 Despite these observations, the impact of a
pre-existing condition of diabetes on relationships
between BMI and hypertension onset has not been
quantified.
In this study, we aim to evaluate the association

between BMI and age at onset of hypertension, and to
assess the sex-specific differences that exist in such an
association. We further examine whether the pre-existing
condition of type 2 diabetes impacts the extent of the
association.

MATERIALS AND METHODS
The study was approved by the Ethics Committee at
Dasman Diabetes Institute. It uses epidemiology data on
human participants from Kuwait.
The data for this study were taken from Kuwait Health

Network,20 21 which is an initiative of Dasman Diabetes
Institute in collaboration with the Ministry of Health
(MOH) and the Public Authority of Civil Information
(PACI) of the State of Kuwait. The network integrates
health data from MOH primary health centres, with

laboratory data from the MOH hospitals across Kuwait.
The data registry contains information on 270 172
unique participants that includes both natives and
expatriates (see online supplementary appendix 1 for
ethnicity distribution). The data records are retro-
spective over the past 12 years. Of the 270 172 partici-
pants, 74 134 and 58 745 were diagnosed with type 2
diabetes and hypertension, respectively. A total of
30 522 participants were diagnosed with comorbidity
of hypertension and diabetes. For each of these
patients, the data registry holds as many records as the
number of times the patient has visited the hospitals.
Measurements such as BMI, glycated hemoglobin
(HbA1c) levels, and blood pressure readings were
made as per international guidelines (see online sup-
plementary appendix 2). Clinical guidelines were fol-
lowed to ascertain the diagnosis for diabetes and
hypertension (see online supplementary appendix 3).
Since the participating clinics and hospital laborator-
ies are part of MOH, the protocols and diagnosis cri-
teria used by the participating clinics are uniform and
standardised. The names and civil identification
numbers of the patients were anonymised before the
data were exported to us.
We carved out the following two data sets: (1) native

comorbid patients with diagnosis for diabetes preceding
hypertension (n=3904); and (2) native hypertensive
patients with no incidence of diabetes (n=1403). The
methods adopted to carve out the data sets are as out-
lined in figure 1 and as detailed in online supplemen-
tary appendix 4.
The study considers only those patients who have

been regularly monitored for BMI (at least every
6 months) over the period from the date of registration
to the date of hypertension diagnosis. The average vari-
ance in BMI per individual is seen to be low at 1.60
(data set of hypertension in patients with diabetes) and
1.81 (data set of hypertension in patients with non-
diabetes). These observed average variances translate to
variances of 4.36 and 4.92 kg in weight at an average
height of 1.65 m (average heights of Kuwaiti native men
and women are 1.72 and 1.58 m, respectively). This does
not necessarily imply a gain in weight in all the indivi-
duals; it just represents the dynamics in weight over the
period from registration to onset of hypertension.
Though the variance in terms of weight seems to be
large, the variance in BMI does not necessarily mean a
transition into a higher or lower obesity class. The differ-
ence in these average variances in BMI between the two
data sets is statistically insignificant (p=0.066). To reduce
complexities arising due to the BMI dynamics while
building the models, we considered the BMI measure-
ments made at the time of hypertension diagnosis in
our analysis. While it is essential to consider the BMI
taken at the time of registration in studies relating to
prognosis models, consideration of BMI at the time of
onset in our study is in agreement with the practice as
exemplified in.22
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Figure 1 Flow chart for the methodologies used to carve out data sets used in this study.
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BMI classifications approved by the WHO were used
to categorise patients: normal weight (BMI=18.5–
24.9 kg/m2), overweight (25.0–29.9), class I obesity
(30.0–34.9), class II obesity (35.0–39.9) and class III
obesity (≥40). HRs, using Cox Proportional Hazards
Regression models, were calculated to evaluate the risk
of developing hypertension by BMI categories for those
with and without diabetes; the HRs were calculated
against the baseline characteristics of patients with non-
diabetes from the normal weight category and were
adjusted for age and sex. Sex differences in HRs were
evaluated by introducing an interaction term between
BMI category and sex in the Cox regression model.
We evaluated associations between BMI and age at

onset of hypertension by performing multiple linear
regression analysis with age at onset of hypertension as
the dependent variable, and sex and BMI measurements
(as measured at the time of hypertension diagnosis) as
independent variables. Effect modifications due to dia-
betes (or sex) were evaluated by performing test of
interaction between the terms of presence/absence of
diabetes (or sex) and BMI in the regression models.
Differences in mean onset ages in various BMI categor-
ies were evaluated by considering BMI as a categorical
variable and performing ANOVA (ANalysis Of VAriance)
tests.
Data analyses were performed using the R Project for

Statistical Computing (http://www.r-project.org/).
Differences among groups were assessed using t tests.
Results are considered statistically significant at p values
<0.05. Normality assumptions are assessed by examining
normal probability plots. Quantitative data are expressed

as mean and SD, while categorical data are expressed as
absolute subject numbers and percentages.

RESULTS
Descriptive statistics on the data sets carved
out for the study
Descriptive statistics on the two data sets are summarised
in table 1. The mean BMI and percentage distributions
of participants as per BMI classifications or as per sex do
not differ significantly between the two data sets. The
mean HbA1c values at the time of diagnosis for hyper-
tension are significantly different between patients with
and without diabetes. The mean blood pressure values
measured at onset of hypertension point to stage 1
hypertension in both the data sets while those measured
at the time of registration are normal.
The mean age of the participants at the time of registra-

tion is around 45±10 years. The mean time period between
registration and onset of hypertension is 8.81±6.19 years in
the case of hypertension in patients with diabetes, and 4.52
±2.58 years in the case of hypertension in patients without
diabetes. The mean duration of type 2 diabetes before
onset of hypertension is seen at 2.85±1.94 years.

Associations between obesity levels and risk of
hypertension in patients with diabetes versus those
without diabetes—HRs for developing hypertension in
patients with and without diabetes from increasingly
obese categories
We evaluated Cox proportional HRs (adjusted for age
and sex) for developing hypertension in patients with
and without diabetes against the baseline characteristics

Table 1 Descriptive statistics of the data sets used in the study

Hypertension

in patients with

T2DM (n=3904)

Hypertension

in patients without

diabetes (n=1403) p Value*

Mean age at the time of registration 47.48±10.92 43.24±10.74 <0.001

Mean blood pressure values in mm Hg at registration SP=122.05±9.07

DP=79.09±6.77

SP=120.98±10.12

DP=79.39±8.32

<0.001

0.225

Mean BMI in kg/m2 32.58±6.16 33.11±6.66 0.11

Mean blood pressure values in mm Hg at onset of hypertension SP=141.11±21.48

DP=84.0±10.75

SP=145.89±19.76

DP=91.69±11.71

<0.001

<0.001

Mean HbA1C values in % 8.68±1.90 5.9±0.47 <0.001

Mean duration of T2DM before onset of Hypertension in years 2.85±1.94 NA

Mean duration of registration before the onset of hypertension in

years

8.81±6.19 4.52±2.58

Sex distribution

Men 41.0% (n=1599) 42.6% (n=597) 0.51

Women 59.0% (n=2305) 57.4% (n=806) 0.59

BMI distribution

Normal weight 7.9% (n=307) 8.3% (n=117) 0.56

Overweight 29.6% (n=1157) 28.2% (n=396) 0.55

Class I obesity 30.5% (n=1191) 28.4% (n=398) 0.21

Class II obesity 18.9% (n=738) 20.2% (n=284) 0.35

Class III obesity 13.1% (n=511) 14.8% (n=208) 0.19

*The mean values presented in the previous two columns are compared using t test.
BMI, body mass index; HbA1C, glycated haemoglobin; T2DM, type 2 diabetes.
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of patients without diabetes from the normal weight cat-
egory. The variability in HRs in different BMI categories
is presented in figure 2A and online supplementary
table S1. The results point to the following observations:
(A) the risk of developing hypertension increases with
BMI levels in both patients with and without diabetes
(the fold increase in hazard in obese categories is in the
range of 1.69–2.61 in individuals with diabetes, and
1.26–1.56 in individuals without diabetes); and (B) the
risk is higher in patients diabetes with than in patients
without diabetes in every BMI category (eg, the hazard
of developing hypertension in individuals with diabetes
from class III obese category increases 2.61-fold, while
the increase is only 1.56-fold in individuals without dia-
betes from the same BMI category). Thus, there is a con-
tribution to risk of hypertension from both the obesity
level and pre-existing condition of diabetes. Sex differ-
ences in HRs in different BMI categories are presented
in figure 2B (patients with diabetes) and figure 2C
(patients without diabetes) (also see online
supplementary table S2). It is seen that HRs are higher

in men than in women in every obese category—the dif-
ference is prominent in the case of class III obesity cat-
egory for which the fold increase in hazard for men
with diabetes is 2.48 as opposed to 1.87 for women with
diabetes.

Propositions on associations between BMI and age at
onset of hypertension, on impact of diabetes and on
sex-specific differences
In order to first demonstrate that high BMI is associated
with younger onset age for hypertension in Kuwaiti
population, we examined the mean age at onset of
hypertension at various BMI measurements. This was
achieved by using the data set of hypertensive patients
with no incidence of diabetes. We observed that age at
onset of hypertension was higher at lower BMI values,
and the drop in onset age per unit increase in BMI was
very sharp (at −0.40 years per unit increase in BMI;
p<0.001) (see online supplementary figure S1).
We explicitly test the hypothesis that association

between BMI and age at onset of hypertension can be

Figure 2 Forest plots to illustrate (A) differences in HRs for developing hypertension in individuals with diabetes versus those

without diabetes, (B) sex differences in HRs for developing hypertension in individuals with diabetes, and (C) sex differences in

HRs for developing hypertension in individuals without diabetes. HRs are calculated against the baseline characteristics of

individuals without diabetes from the normal weight category.
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different in patients with diabetes versus those without
diabetes. We achieve this by pooling together the two
data sets and performing a test of interaction between
diabetes status and BMI in a regression analysis (with sex
as a covariate and age at onset of hypertension as a
dependent parameter). The resultant regression model
(table 2) points to a significant interaction (p=0.02)
between BMI and diabetes status in the determination
of age at onset of hypertension.
We further tested the hypothesis that the association

between BMI and age at onset of hypertension can be
different in men versus women. We carried this out by
performing a test of interaction between sex and BMI in
a regression analysis. The resultant model (see table 2)
points to a significant interaction (p value <0.001)
between sex and BMI on age at onset of hypertension.

Quantifying the association of BMI with age at onset of
hypertension in men and women with diabetes versus
those without diabetes
Having tested the different propositions on the impact
of diabetes and sex-specificity on the association
between BMI and age at onset of hypertension, we set
out to quantify the associations. We performed linear
regression analysis with an interaction term between the

predictor variables of BMI and sex. The slopes for the
association of BMI with age at onset of hypertension, as
observed with the resultant models (see table 2), were:
−0.66 (95% CI (−0.83 to −0.48)) in men with diabetes
and −0.39 (95% CI (−0.45 to −0.32)) in women with
diabetes; and −0.62 (95% CI (−0.90 to −0.33)) in men
without diabetes and −0.18 (95% CI (−0.29 to −0.07))
in women without diabetes. While the slopes are similar
in men with diabetes versus those without diabetes, they
are significantly different in women (p value <0.001).
The difference in onset age for hypertension in men
versus women (both in patients with diabetes and non-
diabetes) becomes increasingly prominent with increas-
ing levels of BMI (see online supplementary figure S2).
Confounders, such as the use of antidiabetic medication
by patients in the year preceding the onset of hyperten-
sion, seem to have no influence on the associations
mentioned above (see table 2, and online supplemen-
tary appendix 5).
As hypertension and diabetes are comorbid condi-

tions, it is desirable to examine whether the observed
association of BMI with age at onset of hypertension
also holds in individuals who are destined to become
diabetic. For this purpose, we considered a third set of
patients with onset of hypertension succeeding that of

Table 2 Regression models, derived in this study, for hypertension onset age

To examine Data set Regression model

Interaction term between diabetes status

and BMI

Pooled data—both the data

sets are pooled together

(N=5307)

Ŷ=60.49−0.36 (× BMI)−2.94 (× sex=male)−0.12
(BMI×diabetes status=yes)+12.73 (× diabetes

status=yes)

p Value for the term (BMI×diabetes status=yes)

=0.02

Interaction term between sex and BMI Pooled data—both the data

sets are pooled together

(N=5307)

Ŷ=65.70−0.33 (× BMI)−9.0 (× sex=male)−0.37
(BMI×sex=male)

p Value for the term (BMI×sex=male) <0.001

Association of BMI with age at onset of

hypertension in patients with diabetes

Data set of hypertension in

patients with diabetes

(N=3904)

Ŷ=70.13−[(0.39×(BMI)]−[(0.27×sex=male)×(BMI)]

+[5.6×(sex=male)]

Translates onto

Onset age (in men)=75.73−0.66×(BMI):

Onset age (in women)=70.13−0.39×(BMI)

Slope of onset age on BMI (men)=−0.66
Slope of onset age on BMI (women)=−0.39

Association of BMI with age at onset

of hypertension in patients without

diabetes

Data set of hypertension in

patients without diabetes

(N=1403)

Ŷ=54.34−[0.18×(BMI)]−[(0.44×sex=male)×(BMI)]

+[11.72×(sex=male)]

Translates onto

Onset age (in men)=66.06−0.62×(BMI):

Onset age (in women)=54.34−0.18×(BMI):

Slope of onset age on BMI (men)=−0.62
Slope of onset age on BMI (women)=−0.18

Confounding due to antidiabetic

medication

Data set of hypertension in

patients with diabetes

(N=3904)

Ŷ=70.28−[0.39×(BMI)]−[(0.27×sex=male)×(BMI)]

+[5.6×(Sex=male)]−[0.39 (× medication

status=yes)]

p Value for the term (medication status=yes)=0.4

Association of BMI with age at onset of

hypertension in participants destined to

develop diabetes

Data set of diabetes onset

after that of hypertension

(N=575)

Ŷ=61.64−[−0.32× (BMI)]−[(0.36×Sex=male)×(BMI)]

+[9.13×(sex=male)].

BMI, body mass index.
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diabetes (see figure 1 and online supplementary
figure S3). The slope of the association of BMI with age
at onset of hypertension in patients destined to become
diabetic is seen at −0.32 (see table 2) and it is of the
same order as that observed with patients who are
already diabetic.

BMI as a categorical variable: reduction in age at onset of
hypertension in patients of increasing BMI categories—
Impact of diabetes and sex-specific differences
We consider BMI as a categorical variable (as opposed
to considering it as a quantitative variable in the analysis
presented so far) and examine the changes in age at
onset of hypertension across different BMI categories of
patients with and without diabetes (tables 3 and 4).
Considering the increase in body weight measurements
from normal to obese categories, the mean onset age
for hypertension is seen to decrease considerably. The
decrease in the case of patients with diabetes is in the
range of 3.3 years (overweight category) to 10.1 years
(class III obesity category) (table 3A), and the decrease

in the case of patients without diabetes is in the range of
3.0 (class I obesity category) to 7.8 years (class III obesity
category) (table 4A). The decrease in age at onset of
hypertension (against the increases in body weight) is
seen to be sex-specific: in the case of men, statistically
significant decreases are seen with both patients with
and without diabetes (tables 3B and 4B); however, in
women, statistically significant differences are seen only
with patients with diabetes (table 3C) but not in patients
without diabetes (table 4C).

DISCUSSION
Prevalence of diabetes and of the accompanying hyper-
tension is an increasing problem, particularly in the
Arab States of the Gulf (GCC).20 23 The chronic nature
and long-term economic burden make diabetes and
hypertension prototypical public health problems.24 25

Obesity is a major cause for metabolic syndromes which
leads to the development of hypertension and diabetes.
Hypertension has a tendency to develop more often in

Table 3 Change in the observed mean age at onset of hypertension (in years) for patients with overweight and obese

diabetes as compared with that of patients with normal weight diabetes

BMI categories

of patients Overweight Class I obesity Class II obesity Class III obesity

(A) Both men and women (corrected for sex)

Normal weight −3.29 years

(95% CI −5.11 to −1.47)
p<0.001

−6.2 years

(95% CI −7.98 to −4.4)
p=0.00

−7.7 years

(95% CI −9.59 to −5.75)
p=0.00

−10.1 years

(95% CI −12.16 to −8.07)
p=0.00

(B) Men

Normal weight −3.5 years

(95% CI −6.0 to −1.07)
p<0.001

−7.6 years

(95% CI −10.18 to −5.07)
p=0.00

−10.8 years

(95% CI −13.8 to −7.7)
p=0.00

−13.2 years

(95% CI −16.61 to −9.86)
p=0.00

(C) Women

Normal weight −3.2 years

(95% CI −5.9 to −0.41)
p<0.05

−5.7 years

(95% CI −8.33 to −2.98)
p<0.001

−7.19 years

(95% CI −9.93 to −4.45)
p=0.00

−9.7 years

(95% CI −12.53 to −6.84)
p=0.00

Table 4 Changes in the observed mean age at onset of hypertension (in years) for overweight and obese patients with

diabetes as compared with that of normal weight patients without diabetes

BMI categories

of patients Overweight Class I obesity Class II obesity Class III obesity

(A) Both men and women (corrected for sex)

Normal weight −3.0 years*

(95% CI −6.04 to 0.12)

p=0.07

−3.3 years

(95% CI −6.36 to 0.20)

p=0.03

−4.1 years

(95% CI −7.31 to 0.87)

p<0.005

−7.8 years

(95% CI −11.17 to 4.41)

p=0.00

(B) Men

Normal weight −5.8 years

(95% CI −10.05 to −1.54)
p<0.005

−6.9 years

(95% CI −11.22 to −2.6)
p<0.001

−10.1 years

(95% CI −14.85 to −5.4)
p=0

−15.2 years

(95% CI −20.51 to −9.95)
p=0

(C) Women

Normal weight −0.3 years*

(95% CI −4.76 to 4.1)

p=1

−0.6 years*

(95% CI −4.9 to 3.8)

p=1

−0.7 years*

(95% CI −5.2 to 3.8)

p=1

−2.9 years*

(95% CI −7.5 to 1.7)

p=0.4

*These values are not significant. p Value >0.05.

Channanath AM, et al. BMJ Open 2015;5:e007043. doi:10.1136/bmjopen-2014-007043 7

Open Access

http://bmjopen.bmj.com/lookup/suppl/doi:10.1136/bmjopen-2014-007043/-/DC1
http://bmjopen.bmj.com/lookup/suppl/doi:10.1136/bmjopen-2014-007043/-/DC1


patients with diabetes17 20 26 and can lead to severe com-
plications including diabetic retinopathy, cardiovascular
disorders and kidney disease.26–28 This study examines
the associations that BMI has with risk and age at onset
of hypertension, and illustrates how these associations
are differentially modified by sex and pre-existing condi-
tion of diabetes. It considers BMI both as a quantitative
variable (continuous risk) and as a categorical variable
(threshold risk).
Enumeration of Cox proportional HRs illustrates that

the risk of developing hypertension increases with BMI
levels in both patients with and without diabetes, and
that the risk is higher in patients with diabetes than in
patients without diabetes in every BMI category. HRs
were higher in men than in women in every obese cat-
egory—the difference was prominent in the case of class
III obesity category for which the fold increase in hazard
for men with diabetes was 2.48 as compared to 1.87 for
women with diabetes.
A negative correlation between BMI and age at onset

of hypertension is observed. The slope of the association
is larger in men than in women. An alteration in the
slope due to the presence of diabetes was seen promin-
ently in women (−0.39 vs −0.18; p value <0.001) than in
men (−0.66 vs −0.62; p=0.66). Age at onset of hyperten-
sion in men is significantly decreased in overweight and
increasingly obese categories of patients with and
without diabetes; however, in women, a significant
decrease is seen only in patients with diabetes.
The participants considered in this study are natives

from each of the six governorates of Kuwait (namely
Hawally, Farwaniya, Jahara, Ahmadi, Mubarak Al-Kabeer
and Al Asimah); thus, the study generalises the popula-
tion. In general, Kuwaiti natives are observed to be more
obese than people from other ethnicities—the mean
BMI, as calculated using data from Kuwait Health
Network, of Kuwaiti natives (from the age group of 30–
60 years) is 33.0±6.6 (class I obesity) while that of Asian
expatriates is less at 27.0±4.00 (overweight). As a future
work, it would be interesting to evaluate whether the
observations made with the Kuwaiti population will hold
true for lean populations such as Asians. In general,
associations between BMI and risk of hypertension seem
to hold in multiethnic populations, though the extent
can vary.14

Earlier literature reports have pointed out that men
develop diabetes at lower body mass indices than
women.29 30 In this study, we point out that at a given
BMI men develop hypertension earlier than women,
and that being diabetic can accelerate the onset of
hypertension in women.
A pre-existing condition of diabetes makes high blood

pressure and cardiovascular problems more likely
because diabetes complications damage arteries and
make them targets for hardening (atherosclerosis).
Gorya et al31 indicate that the prevalence of coronary
atherosclerosis among younger women in the absence of
diabetes is lower than among men; and among those

younger women with diabetes, the prevalence of athero-
sclerosis increases to the level seen in men. Sex-specific
differences are seen in clinical characteristics of hyper-
tension onset32 and in the regulation of blood pres-
sure.33 34 In general, blood pressure is higher in men
than in women of similar ages; however, after meno-
pause, blood pressure in women increases to levels even
higher than in men. The mechanisms responsible for
the increase in blood pressure are multifactorial and
include loss of oestrogen, oxidative stress, endothelial
dysfunction, modification in renin-angiotensin system
spillover and sympathetic activation.
Delaying the onset of hypertension reduces the life-

time risk of heart disease and stroke. Individuals who
experience increases in blood pressure during middle
age have been associated with a higher lifetime risk of
cardiovascular disorders.16 Clinical practice guidelines
that help in the prevention of hypertension present
recommendations on dealing with the associated
risk factors. The risk factors are at least of three types:
(1) Modifiable risk factors such as obesity,
diabetes, unhealthy diet and low physical activity;
(2) Non-modifiable risk factors such as sex, family
history and ethnicity; and (3) environmental risk factors
such as low socioeconomic status and religious practices.
Impact due to risk factors on onset of hypertension is
exerted through a combinatorial interplay of factors of
the above three types. Delineation of this interplay, such
as that reported in this study (namely the impact of
interplay among BMI, sex and pre-existence of diabetes
on the age at onset of hypertension), will help in devel-
oping further the current guidelines on hypertension
prevention and management.

CONCLUSIONS
The study clearly demonstrates the added risk due to
the presence of diabetes for developing hypertension in
obese individuals. Hazard for developing hypertension
increases with obesity levels, and is higher in patients
with diabetes compared to patients without diabetes of
similar obesity levels. HRs are higher in men than in
women in every obese category. We further demonstrate
that age at onset of hypertension is inversely related to
BMI; this relationship is seen to be stronger in men
compared to women and in persons with diabetes
compared to those without. A pre-existing condition of
diabetes doubles the impact of obesity on age at onset
of hypertension in women. The results of our cross-
sectional study present a case for initiating future
prospective follow-up studies that consider various con-
founding factors.

Acknowledgements The authors thank Dr Bahareh Azizi at Dasman Diabetes
Institute for her support and encouragement. The authors thank the members
of Kuwait-Scotland eHealth Innovation Network for useful discussions. Aridhia
Informatics Ltd, Scotland is acknowledged for carving out research data from
the KHN resource. The Kuwait Foundation for the Advancement of Sciences
(KFAS) is acknowledged for funding the activities at our institute.

8 Channanath AM, et al. BMJ Open 2015;5:e007043. doi:10.1136/bmjopen-2014-007043

Open Access



Contributors TAT undertook the study design, directed the reported work and
directed the development of the manuscript. KB participated in the study
design and discussions. AMC handled data extraction and performed all the
reported data analysis; he contributed significantly to the writing of the
manuscript. BF participated in discussions.

Funding This research received no specific grant from any funding agency in
the public, commercial or non-profit sectors.

Competing interests None declared.

Ethics approval The study has been approved by the Ethics Committee at
Dasman Diabetes Institute.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension

in the US adult population. Results from the Third National Health
and Nutrition Examination Survey, 1988–1991. Hypertension
1995;25:305–13.

2. Franklin SS, Gustin W IV, Wong ND, et al. Hemodynamic patterns of
age-related changes in blood pressure. The Framingham Heart
Study. Circulation 1997;96:308–15.

3. Pinto E. Blood pressure and ageing. Postgrad Med J
2007;83:109–14.

4. Weber MA, Neutel JM, Cheung DG. Hypertension in the aged:
a pathophysiologic basis for treatment. Am J Cardiol 1989;63:25–32.

5. Alsmadi O, Melhem M, Hebbar P, et al., Response to leptin and
nitric oxide in blood pressure regulation in humans. Am J Hypertens
2014;27:1429–30.

6. Davy KP, Hall JE. Obesity and hypertension: two epidemics or one?
Am J Physiol Regul Integr Comp Physiol 2004;286:R803–13.

7. He YH, Jiang GX, Yang Y, et al. Obesity and its associations with
hypertension and type 2 diabetes among Chinese adults age
40 years and over. Nutrition 2009;25:1143–9.

8. Shihab HM, Meoni LA, Chu AY, et al. Body mass index and risk of
incident hypertension over the life course: the Johns Hopkins
Precursors Study. Circulation 2012;126:2983–9.

9. Robinson RF, Batisky DL, Hayes JR, et al. Body mass index in
primary and secondary pediatric hypertension. Pediatr Nephrol
2004;19:1379–84.

10. Brown CD, Higgins M, Donato KA, et al. Body mass index and the
prevalence of hypertension and dyslipidemia. Obes Res
2000;8:605–19.

11. Gelber RP, Gaziano JM, Manson JE, et al. A prospective study of
body mass index and the risk of developing hypertension in men.
Am J Hypertens 2007;20:370–7.

12. Kaufman JS, Azuzu MC, Mufunda J, et al. Relationship between
blood pressure and body mass index in lean populations.
Hypertension 1997;30:1511–16.

13. Mufunda J. Body mass index and blood pressure: where are we
now. J Hum Hypertens 2007;21:5–7.

14. Tesfaye F, Nawi NG, Van Minh H, et al. Association between body
mass index and blood pressure across three countries in Africa and
Asia. J Human Hypertens 2007;21:28–37.

15. Bell C, Adair LS, Popkin BM. Ethnic differences in the association
between body mass index and hypertension. Am J Epidemiol
2002;155:346–53.

16. Allen N, Berry JD, Ning H, et al. Impact of blood pressure and blood
pressure change during middle age on the remaining lifetime risk for
cardiovascular disease: the cardiovascular lifetime risk pooling
project. Circulation 2012;125:37–44.

17. American Diabetes Association. Treatment of hypertension in adults
with diabetes. Diabetes Care 2002;25:571–3.

18. Cheung BM. The hypertension-diabetes continuum. J Cardiovasc
Pharmacol 2010;55:333–9.

19. Cheung BM, Li C. Diabetes and hypertension: is There a common
metabolic pathway? Curr Atheroscler Rep 2012;14:160–6.

20. Channanath AM, Farran B, Behbehani K, et al. State of diabetes,
hypertension, and comorbidity in Kuwait. Diabetes Care 2013;
36:e75.

21. Farran B, Channanath AM, Behbehani J, et al. Predictive
models to assess risk of type 2 diabetes, hypertension and
comorbidity: machine-learning algorithms and validation using
national health data from Kuwait—a cohort study. BMJ Open 2013;3:
e002457.

22. Hillier TA, Pedula KL. Characteristics of an adult population with
newly diagnosed type 2 diabetes: the relation of obesity and age of
onset. Diabetes Care 2001;24:1522–7.

23. Alhyas L, McKay A, Majeed A. Prevalence of type 2 diabetes in the
states of the co-operation council for the Arab States of the Gulf:
a systematic review. PLoS ONE 2012;7:e40948.

24. Kearney PM, Whelton M, Reynolds K, et al. Global burden
of hypertension: analysis of worldwide data. Lancet
2005;365:217–23.

25. Narayan KMV, Williams D, Gregg EW, et al. Diabetes public health.
From data to policy. USA: Oxford University Press, 2010.

26. Lago RM, Singh PP, Nesto RW. Diabetes and hypertension.
Nat Clin Pract Endocrinol Metab 2007;3:667–667.

27. Adler AI, Stratton IM, Neil HA, et al. Association of systolic blood
pressure with macrovascular and microvascular complications of
type 2 diabetes (UKPDS 36): prospective observational study. BMJ
2000;321:412–19.

28. Parving HH, Hommel E, Mathiesen E, et al. Prevalence of
microalbuminuria, arterial hypertension, retinopathy and
neuropathy in patients with insulin dependent diabetes. Br Med J
1988;296:156–60.

29. Logue J, Walker JJ, Colhoun HM, et al., Scottish Diabetes
Research Network Epidemiology Group. Do men develop type 2
diabetes at lower body mass indices than women? Diabetologia
2011;54:3003–6.

30. Channanath AM, Farran B, Behbehani K, et al. Impact of
hypertension on the association of BMI with risk and age at onset of
type 2 diabetes mellitus: age- and gender-mediated modifications.
PLoS ONE 2014;9:e95308.

31. Gorya TY, Leibson CL, Palumbo PJ, et al. Coronary atherosclerosis
in diabetes mellitus. A population-based autopsy study. J Am Coll
Cardiol 2002;40:946–53.

32. Chen JW, Wu SY, Pan WH. Clinical characteristics of young-onset
hypertension—implications for different genders. Int J Cardiol
2004;96:65–71.

33. Reckelhoff JF. Gender differences in the regulation of blood
pressure. Hypertension 2001;37:1199–208.

34. Leuzzi C, Modena MG. Hypertension in postmenopausal women:
pathophysiology and treatment. High Blood Press Cardiovasc Prev
2011;18:13–18.

Channanath AM, et al. BMJ Open 2015;5:e007043. doi:10.1136/bmjopen-2014-007043 9

Open Access

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1161/01.HYP.25.3.305
http://dx.doi.org/10.1161/01.CIR.96.1.308
http://dx.doi.org/10.1136/pgmj.2006.048371
http://dx.doi.org/10.1016/0002-9149(89)90112-4
http://dx.doi.org/10.1093/ajh/hpu178
http://dx.doi.org/10.1152/ajpregu.00707.2003
http://dx.doi.org/10.1016/j.nut.2009.04.003
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.117333
http://dx.doi.org/10.1007/s00467-004-1588-8
http://dx.doi.org/10.1038/oby.2000.79
http://dx.doi.org/10.1016/j.amjhyper.2006.10.011
http://dx.doi.org/10.1161/01.HYP.30.6.1511
http://dx.doi.org/10.1038/sj.jhh.1002106
http://dx.doi.org/10.1038/sj.jhh.1002104
http://dx.doi.org/10.1093/aje/155.4.346
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.002774
http://dx.doi.org/10.1097/FJC.0b013e3181d26430
http://dx.doi.org/10.1097/FJC.0b013e3181d26430
http://dx.doi.org/10.1007/s11883-012-0227-2
http://dx.doi.org/10.2337/dc12-2451
http://dx.doi.org/10.1136/bmjopen-2012-002457
http://dx.doi.org/10.2337/diacare.24.9.1522
http://dx.doi.org/10.1371/journal.pone.0040948
http://dx.doi.org/10.1016/S0140-6736(05)70151-3
http://dx.doi.org/10.1038/ncpendmet0638
http://dx.doi.org/10.1136/bmj.321.7258.412
http://dx.doi.org/10.1136/bmj.296.6616.156
http://dx.doi.org/10.1007/s00125-011-2313-3
http://dx.doi.org/10.1371/journal.pone.0095308
http://dx.doi.org/10.1016/S0735-1097(02)02065-X
http://dx.doi.org/10.1016/S0735-1097(02)02065-X
http://dx.doi.org/10.1016/j.ijcard.2003.07.010
http://dx.doi.org/10.1161/01.HYP.37.5.1199
http://dx.doi.org/10.2165/11588030-000000000-00000

	Association between body mass index and onset of hypertension in men and women with and without diabetes: a cross-sectional study using national health data from the State of Kuwait in the Arabian Peninsula
	Abstract
	Introduction
	Materials and methods
	Results
	Descriptive statistics on the data sets carved  out for the study
	Associations between obesity levels and risk of hypertension in patients with diabetes versus those without diabetes—HRs for developing hypertension in patients with and without diabetes from increasingly obese categories
	Propositions on associations between BMI and age at onset of hypertension, on impact of diabetes and on sex-specific differences
	Quantifying the association of BMI with age at onset of hypertension in men and women with diabetes versus those without diabetes
	BMI as a categorical variable: reduction in age at onset of hypertension in patients of increasing BMI categories—Impact of diabetes and sex-specific differences

	Discussion
	Conclusions
	References




