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Abstract

Background: Few studies have associated anthropometric measurements and lipid profile with hypertension in adult
populations and to the best of our knowledge none has been done in Turkey

Objectives: To relate anthropometric detivatives of overweight/obesity with hypetlipidemia status in a group of Turkish
hypertensive adults.

Methods: Six hundred forty nine (307 male, 342 female) hypertensive adults aged between 20 and 64 yearswere included in
the study.

Results: The mean systolic and diastolic blood pressure (BP) of participants were measured as 147.6£17.2 and 91.4£10.4
mmHg for males and 149.9+16.3 and 91.1£9.4 mmHg for females, respectively. With respect to BMI classification systolic
BP was significantly higher in obese males and females, and diastolic BP was only higher in obese females (p<0.05).
According to BMIs for lipid profile, high-density lipoprotein-cholestero/ (HDI1.-C), total cholesterol (T'C) levels were found to be
lower in normal females than other BMI groups. Age and waist circumference (WC) in particular was the most related factor
for systolic and diastolic BP in both genders (p<<0.05).

Conclusions: This study indicates most hypertensive adults surveyed were overweight and obese. Furthermore, age and
WC were the important factors that affects the systolic and diastolic BP in both genders.
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Introduction

Hypertension, as defined by Joint National
Committee-7, is an important public health problem
worldwide and is the most widely recognized
modifiable risk factor for cardiovascular disease,
cerebrovascular disease (stroke) and end-stage renal
disease'?. Worldwide, prevalence estimates for
hypertension may be as much as one billion
individuals per year, and approximately 7.1 million
deaths per year may be attributable to it’. In
particular, Turkey has a high prevalence figure of
hypertension: age- and gender-adjusted prevalence
was 31.8% *.
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Obesity is a major independent risk factor
for hypertension®. The petformance of different
anthropometric measurements and indices in
predicting obesity-related outcomes has been
addressed in several reports®®. There is, howevet,
controversy regarding which anthropometric
indicator best defines obesity and conveys the highest
risk of hypertension’. Cross-sectional and
prospective epidemiological studies have shown that
blood pressure (BP) and, worse still, hypertension
increases significantly with higher body mass index
(BMI) and waist citcumference (WC) ™.

Hypertension is also positively associated
with a cluster of risk factors characteristic of the
metabolic syndrome, of which overweight/central
obesity could be the cornerstone. Indeed it is
recommended that management of arterial
hypertension should focus both on lowering high
BP and correcting associated lipid disorders’.

The present study was therefore undertaken
to determine and evaluate the overweight/obesity
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and hiperlipidemia status in a group of hypertensive
adults.

Methods

This study was conducted among 649 (307 male,
342 female) hypertensive adults with an age range
of 20 to 64 years between November 2009 and
May 2010 in Ankara, Turkey. The participants were
chosen randomly from the nephrology clinics of
governmental hospitals. All subjects were
hypertensive and they had no chronic diseases. The
study design was case series. In total, 931 individuals
were admitted to the clinics but the individuals who
had not had lipid profile analyses in the last month
were excluded from the study sample. We used data
of individuals who had had lipid profile analyses in
the last month. The lipid profile included total
cholesterol (TC), high-density lipoprotein-cholesterol
(HDL-C), low-density lipoprotein-cholesterol (LDL-
C) and triacylglycerols (T'G). Early-morning venous
blood samples had been obtained from each
participant for biochemical screening tests, following
a twelve-hour overnight fasting. Professional staff
had performed venipuncture by using vacutainers
to obtain 15 ml of whole blood. Blood had been
centrifuged for plasma separation at the
governmental hospitals where the actual biochemical
analyses were performed. Roche Diagnostic Kits
were used for TG, HDL-C and TC analysis. The
LDL-C was calculated by Friedewald and colleagues’
formula; LDL-C= TC - (HDL-C + (TG/5)) ".
In this study, BP measurements were
performed by specially trained and experienced
healthcare workers. Sitting BP was measured after
10 minutes of rest with a standard adult
sphygmomanometer at the beginning of the
interview and again at the end. The mean BP value
was used for analysis. Hypertension was defined on
the basis of the Joint National Committee-7 cut-off
point of 140 mmHg and above for systolic blood
pressure (SBP) and/or 90 mmHg and above for
diastolic blood pressure (DBP), and also took into
account whether the subject was on antihypertensive
medication''. After measurement of SBP and DBP
volunteers were included if they met these criteria:
All anthropometric measurements were
taken by trained dieticians and with participants
wearing light clothes and no shoes. A portable scale
was used to measure body weight to the nearest
half-kilogram. Height was measured to the nearest
0.1 cm with a wall-mounted stadiometer. Body mass
index (kg/m?® was calculated by weight in kilograms
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divided by the square of height in meters. Adults
were classified according to their BMI into three
groups: normal weight (BMI: 18.5-24.9 kg/m?2),
overweight (BMI: 25.0-29.0 kg/m?2) and obese (BMI
e” 30 kg/m2)'% Waist circumference was measured
above the iliac crest and below the lowest rib margin
at minimum respiration. Hip circumference (HC)
was measured at the widest part of the hip at the
level of the greater trochanter to the nearest half-
centimetre. The waist and hip circumferences were
measured with a flexible tape.

None of the participants used any vitamins,
mineral supplements or oral contraceptives. None
of the females were pregnant or breast-feeding. The
participants were informed about the subject,
purpose and rules of the research. Each participant
signed a voluntary participation form.

Data Analysis

The data analysis was carried out using SPSS version
13.0 software (SPSS Inc., Chicago, 1L, USA). The
descriptive statistics of means with 95% coefficient
interval were used to summarise the data collected.
Means were compared by using independent, the t-
test according to gender. Pearson’s correlation
coefficients were used for continuous variables. One-
way analysis of variance (ANOVA) was conducted
to compare the anthropometric measurements and
lipid profiles of the participants on BMI
classification. A significance level of 0.05 was used
in all statistical analyses done in this study.

Results

Mean age, BP, anthropometric measurements and
blood lipid levels of participants according to gender
are given in table 1. Mean age of participants was
54.1+12.4 years. Mean SBP and DBP of participants
were 147.6+17.2 and 91.4+10.4 mmHg for males
and 149.9+16.3 and 91.1+9.4 mmHg for females,
respectively. There were significant differences
between height, BMI, HC, TC, HDL-C and LDL-
C according to gender (p<0.05). No statistically
significant differences were found in BP
measurements by gender (p>0.05); but SBP was
found to be higher in females than in males.

In the evaluation of BMI classification, 43.6%
of subjects were classified as obese and 37.4% of
them overweight. In terms of gender prevalence
obesity was higher in females (50.3%) although
prevalence of overweight was higher in males (41.0%)
as shown in figure 1.
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Table 1: Comparison of general characteristics according to gender

Male (n:307)  Female (n:342)  Total (n:649)

Mean £SD Mean £SD Mean £SD p

Age (year) 53.5+12.9 54.6+11.9 54.1+12.4 0.263
SBP (mmHg) 147.6%£17.2 149.9%16.3 148.8%16.8 0.076
DBP (mmHg) 91.4+10.4 91.1£9.4 91.3£9.9 0.707
Body weight (kg) ~ 71.2117.4 70.6+16.8 70.9+17.1 0.652
Height (cm) 165.6£8.6 158.5£10.4 161.9+10.2 <0.001*
BMI (kg/m?) 26.0+5.9 28.1%6.4 27.1%6.3 <0.001*
WC (cm) 94.1+16.1 93.4+14.9 93.7+15.5 0.558
HC (cm) 103.5£10.2 107.3£11.0 105.5£10.8 <0.001*
WHR 0.9+0.1 0.9+0.1 0.9%0.1 <0.001*
TC(mg/dL) 201.5%+46.1 216.0+44.4 209.1+45.8 <0.001*
HDL-C(mg/dL)  41.4%12.3 44.7£11.6 43.1+12.0 <0.001*
LDL-C(mg/dL) 129.6£54.3 138.8+48.8 134.6£51.6 0.036*
TG(mg/dL) 186.0£111.2 179.0£76.2 182.2+93.9 0.384

SBP: Systolic blood pressure, DBP: diastolic blood pressure, BMI: Body mass index, WC: Waist circumference, HC: Hip
circumference, WHR: Waist-hip ratio, T'C: Total cholesterol, HDL-C: High density lipoprotein-cholesterol, LDL-C: Low
density lipoprotein- cholesterol, TG: Triglyceride

*p<0.05

Figure 1.Percentage of BMI classification according to gender
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According to BMI classification SBP was significantly evaluation of BMIs for lipid profile HDL-C in
higher in obese males and females, and DBP was normal males, TC in normal females was found to
only higher in obese females (p<0.05). In the be lower than in other BMI groups (table 2).

Table 2: Differences in BP and blood lipid level according to BMI classification

BMI Classification

Normal Overweight Obese

Mean £SD Mean £SD Mean £SD p
Males
SBP (mmHg) 141.7£12.8* 148.6+18.4° 150.1£17.5° 0.004*
DBP (mmHg) 89.217.7 91.5+11.0 92.7+11.0 0.094
TC (mg/dL) 196.7£53.2  202.9+41.0 202.8+47.3 0.631
HDL-C (mg/dL) 46.6+10.7*  40.9+12.8" 38.8+11.6° <0.001*
LDL-C (mg/dL) 118.21£31.5  128.5+42.9 138.3173.4 0.081
TG (mg/dL) 152.9452.6*  190.2%92.1° 203.4+149.4" 0.021*
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Continuation of table 2

BMI Classification

Normal Overweight Obese

Mean £SD Mean £SD Mean xSD p
Females
SBP (mmHg) 143.8+12.6° 147.3£15.1 153.6+17.2> <0.001*
DBP (mmHg) 87.1£7.1° 89.8£8.4* 3.3110.0>0  <0.001*
TC (mg/dL) 213.1£42.3 214.3142.7° 230.7153.6°  0.048*
HDL-C (mg/dL) 43.8+10.1 44.1+11.6 45.3%12.1 0.627
LDL-C (mg/dL) 135.9+36.1 136.7£39.2 14114574 0.713
TG (mg/dL) 170.0£46.8 183.41064.0 178.6£89.9  0.617
Total
SBP (mmHg) 142.6£12.7*  148.0£16.9°  152.2+17.4¢ <0.001*
DBP (mmHg) 88.3£7.5 90.7£9.9* 93.1£10.4° <0.001*
TC (mg/dL) 210.8+55.7 208.5%£42.1  209.0£44.5 0.902
HDL-C (mg/dL) 45.5+10.5 4251123 42.7+12.3 0.071
LDL-C (mg/dL) 125.7434.5*  132.6+41.2° 140.1+63.8" 0.047*
TG(mg/dL) 160.1£50.7*  186.8£79.0 188.0+116.4° 0.028*

SBP: Systolic blood pressure, DBP: diastolic blood, TC: Total cholesterol, HDI -C: High density lipoprotein-cholesterol, .DI-C: Low
density lipoprotein- cholesterol, TG: Triglyceride

*»<0.05 according to BMI classification

Values bearing different superscript (a,b)represent statistically significiant p<0.05

Values bearing same superscript (a,a)represent statistically not significiant p>0.05

Age and WC in particular were the most related
factors for SBP and DBP in both genders (p<0.05).
In addition, LDL-C was found to be positively

associated with SBP in males and DBP in females
and only in males HDL-C level was found to be
negatively associated SBP with (p<0.05) (table 3).

Table 3. Standardized regression coefficient 4, Standard error and p-values from the Multiple linear
Regression Model in male and female

Male Female

B SE p B SE p
Systolic blood pressure#
Age (year) 0.367  0.083 <0.001* 0.320 0.079  <0.001*
TC (mg/dL) 0.012  0.028 0.658 0.017 0.024 0.468
HDL-C (mg/dL) -0.208  0.084 0.014* -0.075 0.079  0.343
LDL-C (mg/dL) 0.059  0.022  0.008* -0.011 0.020  0.571
TG (mg/dL) 0.015  0.010 0.163 -0.010 0.014 0.454
WC (cm) 0.072  0.083 0.010* 0.225 0.096 0.020*
HC (cm) 0.093  0.119 0.438 0.015 0.078 0.844
BMI (kg/m?) 0.107  0.196 0.586 -0.094 0.176 0.592
Diastolic blood pressure##
Age (year) -0.263 0.053 <0.001* -0.117 0.047  0.013*
TC (mg/dL) 0.002 0.018 0.917 0.004 0.014  0.789
HDL-C (mg/dL) -0.073 0.054  0.180 0.067 0.046  0.144
LDL-C (mg/dL) -0.025 0.014 0.078 0.026  0.012  0.029*
TG (mg/dL) -0.005 0.007 0.441 0.000 0.008  0.991
WC (cm) 0.145 0.053  0.007* 0.192  0.044 <0.001*
HC (cm) -0.071 0.077  0.355 -0.050 0.056  0.378
BMI (kg/m?) -0.149 0.126  0.238 0.042  0.103  0.684

TC: Total cholesterol, HDL-C: High density lipoprotein-cholesterol, LDIL-C: Low density lipoprotein- cholesterol, TG
Triglyceride, WC: Waist circumference, HC: Hip circumference, BMI: Body mass index

#Systolic blood pressure Male R%:0.292; Female R%:0.259

## Diastolic blood pressure Male R%0.247; Female R%0.272, *p<0.05
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Discussion

There is much evidence showing that being
overweight and having hypertension are positively
associated in developed countries'*'® but only a few
published data analysing the relationship
betweenbeing overweight and hypertension'”"’
available in developing countries, which have
relatively lower overweight rates. We aimed to
determine the overweight/obesity and
hiperlipidemia status in a group of hypertensive

are

adults in this study.

Generally the studies data indicated that age
has a positive correlation with BP'*'5%0, Park et al.”
found that there was a significant difference in
hypertension prevalence between the age groups:
hypertension prevalence rates of 19-29-year-old and
30-49-year-old groups were 3% and 14.6%,
respectively (p<0.001). In another study, the
prevalence rate of hypertension between 25 and 64
years of age was 18.9 % and between 45 and 64
years it was 33.5 % "°. Similarly, in this study, age was
found to be positively related with SBP and DBP
(p<0.05).

Cross-sectional  and  prospective
epidemiological studies have shown that BP and
hypertension risk increase significantly with higher
BMI>"*"% The relation between BP and BMI is
explained by an increase in body weight and thus
BMLI is related to increases in body fluid volume,
peripheral resistance, and cardiac output®.
Individuals with a BMI of 24 kg/m? or more showed
an increase in both SBP and DBP?. A study done in
the United States has shown that the risk of
hypertension increases by 12% for an increase of 1
kg/m? in BMI*. In our study, the mean BMI of
hypertensive males was 26.015.9 kg/m? and that
of females was 28.1+6.4 kg/m?

In this study, we classified obesity according
to BMI and we found that SBP of overweight and
obese males was higher than for normal-weight
males, but only obese females” SBP and DBP were
higher than that of normal-weight groups (p<0.05).
In both genders SBP and DBP of obese people
were significantly higher than for other groups. It
was seen that, although the hypertensive adults in
this study had antihypertensive medical therapy, their
BP tends to increase with an increase of their body
weight.

It is known that weight loss moderates
activation of the renin—angiotensin—aldosterone axis
and the sympathetic nervous system and diminishes
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sodium retention. Decreases in abdominal visceral
fat also improve the functioning of both conduction
and resistance of vessels®. The long-term effect of
weight control has demonstrated elsewhere that
weight reduction could lower the odds of
hypertension by 77%This is a very important point
for our subjects: with the help of a weight-reducing
diet , BP would be lower and therefore better than
it is now.

Compared with BMI, WC and WHR are good
indicators for body fatness in adults at the population
level and provide additional information about
central fat distribution*?"*. Men whose WC
increased >6 cm had an odds ratio of 1.22 of
becoming hypertensive compared with those whose
waists decreased’. A follow-up study using casual
BP measurement reported that among males with
WC-102 cm the odds ratio for hypertension was
approximately three times that of males with waist
circumference <94 cm and females with WC-88 cm
have a risk of hypertension twice that of females
with WC<80 cm®. In this study hypertensive females
had higher mean WC than risk level, but in males
mean WC was at border level. In addition to this,
both gender WC were found to be related with both
SBP and DBP

Tuan et al.” studied on 7,336 Chinese adults
aged 18 to 65 years in the 2004 China Health and
Nutrition Survey and found that the prevalence of
hypertension (17% and 23% for women and men,
respectively) was significantly and positively related
to increased BMI, WC, and WHR (p for trend <
0.001) #.  Similarly, in another study it was found
that weight, BMI, and WC were significantly different
between normal and hypertensive groups; the
hypertensive group had higher weight, BMI, and WC
than the normal group (p<0.001)*. In the present
study, in both genders WC were found to be related
with both SBP and DBP.

There is evidence of a relationship between
serum lipids and blood pressure. Furthermore, a
combination of hyperlipidaemia and hypertension
increased the risk of cardiovascular disease in a
potentiating rather than an additive manner'**.
Research has shown that low HDL-C, high LDL-C
and high TG levels are positively associated with an
increase in BMI''%%7. Xu et al.”” indicated that there
was a significant upward trend for blood pressure,
TG, TC, and LDL-C to increase, whereas HDL-C
decreases, with increasing BMI and WC adjustment
for age. In the same study, for men and women the
age-adjusted means of TC, LDL-C, TG, SBP and
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DBP were higher. In this study, we observed that
hypertensive overweight and obese subjects had
lower HDL-C levels than normal-weight
hypertensive people, but no statistical significance
among BMI classes was noted. In the regression
analysis model, LDL-C was found to associate with
SBP in male and DBP in female positively and HDL-
C was found to associate with SBP in males negatively
(p<0.05). Similarly to our study, in another study it
was found that significantly more non-medicated and
medicated hypertensive subjects had higher LDL-
cholesterol and lower HDL-cholesterol than
normotensive subjects'.

Study limitations

The main limitation of this study is that we were not
able to adjust for, e.g, the physical activity level,
dietary food intake and socioeconomic status of
participants: Further studies therefore need to be
conducted on a large population. Additionaly the
blood pressure of participants was taken during the
interview three times. These measurements might not
reflect the changes in the blood pressure during the
day.

Conclusion

Central obesity is a stronger correlation factor than
BMI for high blood pressure. This study suggests
that carlier prevention of excessive weight gain is
needed to reduce hypertension in these population-
beneficial effects of lifestyle modification, and this

and the ‘Dietary Approaches to Stop Hypertension’

(DASH) diet should be top priorities for health and
government officials. Epidemiological studies are
needed to indicate the relation between central
obesity and hypertension incidence across the country.
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