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Evaluation of Lipid Profile and Antioxidant
Status in Hypertensive Smokers:
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ABSTRACT

Introduction: Hypertension and smoking are two independent
risk factors for oxidative stress and dyslipidaemia, thereby
development of cardio and cerebrovascular diseases are common.
The effect of smoking on oxidants, antioxidants and lipid profile
in hypertensive individuals is the matter of concern.

Aim: To compare fasting serum lipid profile, Glutathione (GSH)
and Thiobarbituric Acid Reactive Substances (TBARS) of
hypertensive smokers and hypertensive non smokers.

Materials and Methods: This case-control study was conducted
in the Department of Biochemistry, Kanachur Institute of Medical
Sciences, Mangalore, Karnataka, India, between September
2021 to December 2021. The study population consisted of 58
hypertensive smokers and 58 hypertensive non smokers visiting
the Department of Internal Medicine, tertiary care hospital.
Height, weight, smoking intensity, family history of hypertension
was recorded, fasting serum lipid profile, GSH and TBARS were
estimated. Smoking intensity was expressed as pack-years.
Body Mass Index (BMI) was calculated using the measured
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height and weight. The data were analysed using Chi-square
test, independent sample t-test and Pearson’s correlation.

Results: The mean age of cases were 40.38+14.96 years
whereas among controls, it was 45.98+14.96 years. Among
cases, 50 were males and eight were females, whereas among
the controls, 47 were males and 11 were females. Out of total
58 subjects in each group, 43 in cases and 45 in controls had a
family history of hypertension. A significant increase in the levels
of serum TC, TAG, LDL-C, TBARS and a significant decrease
in GSH, BMI in cases compared to the control (p<0.001) was
observed. Total Cholesterol (TC), Triacylglycerol (TAG), Low
Density Lipoprotein- Cholesterol (LDL-C) and TBARS exhibited
a significant positive correlation whereas, BMI, HDL-C and GSH
showed a negative correlation with pack-years.

Conclusion: Smoking was found to be significantly associated
with dyslipidaemia and oxidative stress in hypertensive individuals.
It was observed that the dyslipidaemia and oxidative damage was
correlated with the pack-years in hypertensive smokers.
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INTRODUCTION

Hypertension is a major growing global health issue leading to
mortality by being one of the causative factors for various disorders
such as cardiovascular disease, renal disease, metabolic syndrome,
diabetes mellitus, preeclampsia and many more [1]. Hypertension
causes upregulation of the renin-angiotensin-aldosterone system,
inflammatory response, activation of the immune system and
increased oxidative stress which may end up in both micro and
macrovascular complications [2]. Studies showed that reactive oxygen
species have a considerable role to play in the pathophysiology
of hypertension [3,4]. There are pieces of evidence that elevated
lipid peroxidation indicated by Malondialdehyde (MDA) which is
estimated as TBARS and dyslipidaemia are observed in hypertensive
individuals [3,5,6].

Cigarette smoking is a commonly observed habit in individuals
of both genders regardless of socio-economic status. The risk of
several complications like cerebral and cardiovascular diseases
increases with cigarette smoking [7]. The mechanism involved in
the development of coronary heart diseases by cigarette smoke is
not yet very clear [8]. Dyslipidaemia was observed in smokers and
the degree of dyslipidaemia showed a dose-dependent relationship
with the grades of smoking [9-11]. Smoking was found to affect the
oxidant, antioxidant status of the body, where the serum antioxidant
levels, such as that of vitamin A, E, C reduced GSH and superoxide
dismutase were lowered whereas the extent of lipid peroxidation
was increased, the product being MDA, which is measured as
TBARS [12]. Earlier studies documented that smoking decreases
the body weight [13-15]. Authors obtained sufficient materials
on the effect of smoking and hypertension separately on general

population, to the best of the knowledge, the effect of smoking on
lipid profile and antioxidant status in hypertensive individuals has
not been documented. Knowing the ill-effects of smoking, the effect
of the same on hypertension and its complications is a matter of
concern. Thus, the present study was aimed to compare the levels
of serum MDA, GSH and lipid profile of hypertensive smokers and
hypertensive non smokers.

MATERIALS AND METHODS

This case-control study was conducted in the Department of
Biochemistry, Kanachur Institute of Medical Sciences, Mangalore,
Karnataka, India, between September 2021 to December 2021.
Ethical clearance was obtained from the Institutional Ethical
Committee (IEC) before starting the project work (IEC/31-08-2021).

Inclusion criteria: The study included hypertensive individuals
visiting the Outpatient Department (OPD) having a Systolic Blood
Pressure (SBP) >140 mmHg or Diastolic Blood Pressure (DBP)
>90 mmHg [16], of either sex, aged between 18-65 years. Cases
included hypertensive smokers who have been smoking atleast
from past one year. The controls were age and sex-matched
hypertensive non smokers.

Exclusion criteria: Hypertensive individuals who quit smoking
and female subjects diagnosed with gestational hypertension were
excluded.

Sample size: Sample size for the present study was calculated
using the formula: n={2(Z, +Z, )?c*}/d?, Where, Z, =1.96 for 95%
confidence interval, Z, ;=0.84 for 80% statistical power, 6=3.92 is
anticipated standard deviation [3], d=1.22 is acceptable margin of
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error. The minimum sample size was estimated to be 58 subjects
each in case and control group. Non probability convenience
sampling technique was used.

The study subjects were explained about the protocol, informed
consent was obtained from the willing individuals. Personal
information such as the age, blood pressure, smoking habit,
frequency of smoking, past history of illness was collected by
interacting with the individuals. A general physical examination
including measurement of height and weight of the individual was
conducted and the findings were noted. The serum lipid profile
estimation included TC, TAG, LDL-C, High Density Lipoprotein
Cholesterol (HDL-C) and Very Low Density Lipoprotein Cholesterol
(VLDL-C). Serum TBARS and GSH were also estimated.

Serum TC, TAG, LDL-C, HDL-C were estimated using appropriate
kits from ortho-clinical diagnostics in dry-chemistry analyser, Vitros
5600, as per the standard procedures mentioned in the Kkits.
VLDL-C was calculated using the formula, VLDL-C=1/5xTAG [17].

TBARS was estimated as a measure of MDA [18] and GSH was
estimated by its reaction with 5,5’-dithio nitrobenzoic acid [19] using
UVNis analyser Labotech from BD instrumentation using standard
procedures. The biological reference intervals of the lipid profile
parameters in the central clinical laboratory are given in [Table/Fig-1].

Parameter Test Normal range
TC Cholesterol oxidase peroxidase method | <200 mg/dL

TAG Lipase-glycerol kinase method <150 mg/dL

LDL-C Precipitation method <100 mg/dL

HDL-C Precipitation method 40-59 mg/dL
VLDL-C Calculated by the formula 2-30 mg/dL

[Table/Fig-1]: Reference intervals of the biochemical parameters.

TC: Total cholesterol; TAG: Triacylglycerol; LDL-C: Low density lipoprotein-cholesterol; HDL-C: High
density lipoprotein-cholesterol; VLDL-C: Very low density lipoprotein-cholesterol

Using the measured values of height and weight, BMI was calculated
using the formula, BMI=W/Hz2, where W=weight in kg, H=height in
meters [20]. BMI was categorised according to the World Health
Organisation (WHO) Asia-pacific classification, where BMI of
<18.5 kg/m? was considered as underweight, 18.5-22.9 kg/m? as
normal BMI, 23-24.9 kg/m? as overweight and obese when BMI
was >25 kg/m? [21]. The smoking burden was expressed as pack-
years, which is the product of the average number of cigarettes
smoked in a day and the duration of smoking in years [22].

STATISTICAL ANALYSIS

Statistical Package for the Social Sciences (SPSS) version 20.0
was used for the analysis of data. Qualitative data was represented
as frequency and percentage whereas quantitative data were
expressed as mean+Standard Deviation (SD) for both case and
control groups. Independent t-test was used to compare the values
of serum TBARS, GSH, lipid profile and BMI between case and
control groups. Correlation between serum TBARS, GSH, lipid
profile parameters and BMI in cases was done by using Pearson’s
correlation test. The p<0.05 was considered to be statistically
significant.

RESULTS

In the present study, the mean age of cases were 40.38+14.96
years whereas among controls the mean age was 45.98+14.96
years (p=0.216). No significant difference was observed between
cases and control in terms of gender (p=0.451) and family history
of hypertension (p=0.664) [Table/Fig-2]. There was a significant
association of BMI with cases and controls (p=0.001) [Table/Fig-3].
The intensity of smoking, expressed as pack-years in cases, was on
average 7.89 with a standard deviation of 4.5.
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Parameters Case Control p-value
Age (years) 40.38+14.96 | 45.98+14.96 0.216
Gender n (%) Male 50 (86.2) 47 (81.1)
0.451
Female 8(13.8) 11 (18.9)
Family history Present 43 (74.1) 45 (77.6)
of hypertension 0.664
n (%) Absent 15 (25.9) 13 (22.4)

[Table/Fig-2]: Age, gender wise distribution and family history of hypertension in

study participants (N=58 in each group).
Statistical test used for age: Student-t test, and for gender and family history: Chi-square test

BMI Cases n (%) Control n (%) p-value
Underweight (<18.5 kg/m?) 2(3.45) 1(1.72)

Normal (18.5-22.9 kg/m?) 45 (77.59) 23 (39.66)

Overweight (23.0-24.9 kg/m?) 8(13.79) 18 (31.03) 0001
Obese (>25 kg/m?) 3(56.17) 16 (27.59)

[Table/Fig-3]: Association between BMI among cases and controls (N=58 in each

group).
Statistical test used: Chi-square test; p-value <0.05 considered significant

[Table/Fig-4] demonstrates that mean TC level, TAG, LDL-C, TBARS
among cases were comparatively higher than controls and the
difference was found to be statistically significant (p-value=0.001).
A significant decrease in serum GSH was observed in cases
compared to controls (p-value=0.001). There was no statistically
significant difference in HDL-C and VLDL-C levels between the
cases and controls (p=0.774 and 0.968, respectively). A significant
positive correlation of parameters was observed in TC, TAG, LDL-C,
VLDL-C and TBARS with the pack-years of smoking among the
cases, whereas GSH and HDL-C showed a significant negative
correlation with the pack-years (p=0.001). However, BMI did not
show significant correlation with the pack-years [Table/Fig-5].

Biochemical parameters Cases (n=58) Control (n=58) p-value
TC (mg/dL) 256.41+21.738 203.93+14.99 0.001
TAG (mg/dL) 198.47+25.330 177.33+£26.683 0.001
HDL-C (mg/dL) 49.86+5.443 50.24+6.934 0.774
LDL-C (mg/dL) 137.65+15.63 91.05+12.09 0.001
VLDL-C (mg/dL) 38.55+11.407 38.40+27.034 0.968
GSH (mg/dL) 85.50+9.705 156.16+10.801 0.001
TBARS (mM/L) 5.55+1.26074 2.57+0.637 0.001

[Table/Fig-4]: Comparison (Mean+SD) of serum biochemical parameters between

cases and controls.

GSH: Reduced glutathione; TBARS: Thiobarbituric acid reactive substances; The values
provided for cases and controls- mean+SD; Statistical test used- Independent sample t-test;
p-value <0.05 considered significant

Smoking (Pack-years)
Clinical parameters r value p-value
BMI (kg\m?) -0.059 0.662
TC (mg/dL) 0.803 0.001
TAG (mg/dL) 0.496 0.001
HDL-C (mg/dL) -0.493 0.001
LDL-C (mg/dL) 0.652 0.001
VLDL-C (mg/dL) 0.56 0.001
GSH (mg/dL) -0.540 0.001
TBARS (mM/L) 0.822 0.001

[Table/Fig-5]: Correlation between clinical parameters and smoking (pack-years).

Statistical analysis used- Pearson’s correlation test; p-value <0.05 considered significant

DISCUSSION

The present study showed elevated levels of serum TC, TAG, LDL-C
and MDA and lowered levels of BMI, HDL-C and GSH in hypertensive
smokers compared to hypertensive non smokers. Hypertension
and dyslipidaemia are the risk factors for the development
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of cardiovascular diseases [23]. The observed higher BMI in
hypertensive controls indicated that the majority of this population
was obese. Obesity was found to be one of the causative factors
for hypertension and cardiovascular disease by the activation of
the rennin angiotensin-aldosterone system, increased sympathetic
activity, increased insulin resistance, elevated leptin resistance,
intense procoagulatory activity and endothelial dysfunction [24].

Nicotine present in tobacco may increase energy utilisation, may
reduce appetite leading to less food intake and more energy
expenditure resulting in low body weight [13]. This may be the
probable reason in present study finding of low BMI in cases when
compared to the controls.

An earlier study on the effect of smoking on Blood Pressure (BP)
in normotensive individuals has shown that smoking causes an
increase in BP, where, the non smokers had a SBP of 119+3 mmHg
and DBP of 80+2 mmHg, whereas smokers who smoke an average
number of 20+5 cigarettes daily for a period of 12+5 years had a
SBP of 137+5 and DBP of 90+4 mmHg [12]. A slightly different
observation was obtained in a retrospective cohort study by Andriani
H et al., [25]. In this study, the effect of smoking for seven years was
studied, where they have found that male and female smokers had
different presentations of BP. The male smokers had SBP and DBP of
130.72+18.43 and 80.44+10.95 mmHg against male non smokers,
who presented SBP and DBP of 136.47+20.57 and 82.55+mm Hg,
respectively. In female population, smokers had SBP and DBP of
140.46+24.86 and 82.51+10.33 mmHg against non smokers, who
presented SBP and DBP of 133.71+£23.66 and 81.77+11.70 mm
Hg, respectively [25]. The explanation for this finding was that the
male smokers experienced relief from stress. However, protracted
smoking further exacerbates hypertension.

The present observation of dyslipidaemia in hypertensive smokers
was in agreement with a few other studies where normotensive
smokers showed dyslipidaemia compared to non smokers [26-
28]. Smokers exhibited dyslipidaemia with low HDL (p=0.001)
along with high systolic and diastolic BP compared to non
smokers [29]. Smoking induces the release of catecholamines,
which may cause increased circulatory free fatty acids, resulting in
increased VLDL-C and LDL-C levels and lower HDL-C [30]. Insulin
resistance induced by smoking causes hyperinsulinaemia which
may reduce the lipoprotein lipase activity resulting in dyslipidaemia
[31]. Contradictory to the present observation, one of the earlier
studies explained dyslipidaemia associated with smoking only
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with respect to changes in TC (mmol/L), where smokers and non
smokers had the values of 4.05+0.81 and 4.21+0.87 (p=0.017)
[32]. Hypertension and smoking are two individual risk factors of
dyslipidaemia. As dyslipidaemia is a risk factor of coronary artery
disease, hypertensive smokers have a further increased risk of
suffering from cardiovascular diseases. As observed in the present
study, hypertensive smokers showed further disturbed lipid profile.
Findings of a study conducted by Moradinazar M et al., was that the
heavy smokers who smoked on an average more than 20 cigarettes
per day had a normalised level of lipid profile upon quitting smoking
compared to the population who smoke fewer cigarettes with an
average of less than 10 cigarettes per day [10].

Lipid peroxidation results in the generation of MDA as the product.
Estimation of MDA is useful to find the extent of lipid peroxidation by
free radicals [33]. Cigarette smoke contains reactive oxygen species
like H,O,, which is taken up and reduced by GSH with the help of
selenium-dependent peroxidase [34]. Elevated serum MDA with
decreased antioxidants vitamin C and vitamin E was observed in
hypertensive individuals compared to normotensive controls (p-value
<0.05) [35]. In the case of hypertensive smokers the cigarette smoke
induces generation of more free radicals and thus more antioxidants
are utilised for scavenging these reactive oxygen species which
may result in a decreased availability of antioxidants for protection
of lipids by peroxidative damage and thus generation of reactive
oxygen species [12,36]. This may be the possible reason for the
present observation of decreased GSH in cases. GSH is a major
intracellular antioxidant, which tries to normalise the free radicals
generated, moreover, it also plays a role in maintaining optimum
levels of vitamin antioxidants in plasma [37]. The sulfhydryl group
(-SH) in GSH is responsible for this effect [37]. In this context, in
a study by Dikalov S et al., it was observed that the mitochondrial
oxidative stress induced by tobacco smoke is responsible to cause
endothelial dysfunction, which further aggravates hypertension [38].
A list of earlier published works in this regard and the present
findings may help in better understanding of the outcomes [Table/
Fig-6] [11,12,25,26,28-32,35].

Thus hyperlipidaemia and oxidative stress are more in hypertensive
smokers. In the present era, knowledge about such ill effects is
readily available in different electronic media. Despite smokers justify
themselves with interesting explanations. Some of such reasons
were socialisation in younger generations, relief of pain in older
people, prevention of weight gain in females, whereas, enjoyment

S. Authors name,
No. year and ref no. Place of the study Sample size Parameters assessed Outcome
SBP, DBP, lipid profile, — . )
. Case-control study- TBARS, GSH, glutathione S|gn|f|cantly elevated SBP, DBP, I|p\q proﬁle, TBARS and
Pasupathi P et al., . ' . ) low glutathione peroxidase, superoxide dismutase, catalase,
1 Tamil Nadu, India 100 smokers and 100 | peroxidase, superoxide Lo o ot
2009, [12] ) N vitamin A, vitamin C, vitamin E in smokers compared to
non smokers dismutase, catalase, vitamin A,
o O non smokers.
vitamin C, vitamin E.
Gepner AD et al., . . One year prospective . B Smoking cessation in women resulted in weight gain, elevated
2| 2011 30] Wisconsin, US study- 1504 TC, TAG, LDL-C, HDL-C. HDL-C and total HDL without significant change in LDL-C.
3 Yan-Ling Z et al., China 870 Fasting blood glucose, TC, No significant changes in lipid profile except for TC among
2012 [32] TAG, LDL-C, HDL-C. smokers and non smokers.
Tobacco users showed significantly high TC, TAG, LDL-C and
Rao Ch S and B B VLDL-C with low HDL-C compared to non users. Significant
4 Subhash EY 2013 Anghra Pradesh, 75 male subjects TAG, TG, HDL-C, LDL-C, elevation of TC, TAG with low HDL-C in population who are
India VLDL-C.
[11] both smokers and chewers compared to those who are
smokers but non chewers.
. Case control study Smokers showed significantly elevated haemoglobin,
5 Lakshmi AS et al., Tamilnadu, India including 40 smokers Complets blood count, TC, haematocrit, total leukocyte count, TC, TAG, LDL-C and low
2014 [28] TAG, LDL-C, HDL-C.
and 40 nonsmokers. HDL-C compared to non smokers.
6 Mahassni SH et Saudi Arabia 68 BMI, SBP, DBP, TC, TAG, Cigarette smoking was associated with hypertension and
al., 2016 [29] LDL-C, HDL-C. dyslipidaemia. Smokers showed higher BMI.
Gase control study Hypertensive population showed significantly low serum
7 Babandi A et al., Nigeria — 400 with 200 each Serum Calaium, vitamin G, cz;/IEium vitampi)n% and vitamin E Wi?h high T{BARS compared
2017 [35] 9 hypertensive and vitamin E, TBARS » Viar , 9 P
. to normotensive population.
normotensive
Nepal G et al., ) B Smoking and alcohol consumption was associated with
8 2018 [31] Nepal 280 TC, TAG, LDL-C, HDL-C. hypercholestrolemia and hypertriglyceridemia.
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[Table/Fig-6]: Previously published similar works [11,12,25,26,28-32,35].

Jain RB and Data from NHANES . .
9 Ducatman A 2018 | for the years 1999- Cohort study- 15267 Dietary habits, BMI, TG, TAG Smoking was associated with dyslipidaemia.
LDL-C, HDL-C.
[26] 2012, US.
Andriani H et al., . : Smoking history, BMI, SBP, SBP in female smokers and DBP in new male and female
10 2020 [25] Indonesia Cohort study- 10338 DBP. smokers showed association with the intensity of smoking.
Case-control study, 116
with 58 hypertensive . . Significant association between dyslipidaemia, oxidative stress
i Present study, Karnataka, India smokers and 58 BMI, TAG,TC,LDL-C, HDL-C, and smoking in hypertensive individuals. Significant correlation
2022 . VLDL-C, TBARS, GSH. . - . e
hypertensive non between smoking and dyslipidaemia, oxidative stress.
smokers respectively.

TC: Total cholesterol; TAG: Triacylglycerol; LDL-C: Low density lipopotein-cholesterol; HDL-C: High density lipoprotein-cholesterol; VLDL-C: Very low density lipoprotein-cholesterol; GSH: Reduced glutathione;

TBARS: Thiobarbituric acid reactive substances; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure

and relief of stress were the main reasons in adult males [13,39].
Family history is a non modifiable risk factor for hypertension, but
smoking begins purely as an enjoyable act that subconsciously
turns into addiction. Chronic smokers may encounter difficulty in
quitting smoking where they may experience temporary withdrawal
symptoms. However, this population, especially of younger age,
maybe encouraged to quit smoking by making them understand
the protracted ill effects of smoking.

Limitation(s)
Limitation of the present study was that duration of hypertension
was not taken into account and the sample size was small.

CONCLUSION(S)

The present study demonstrated that smoking further disrupted
the existing dyslipidaemia in hypertensive individuals. Moreover,
the oxidative stress induced by smoking causes further oxidative
damage indicated by elevated oxidant and lower antioxidant
levels. A more controlled study with respect to the duration of both
hypertension and smoking may be more useful in understanding
the extent of damage caused by smoking in individuals diagnosed
with hypertension and to advise this population to quit smoking.
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