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1. Background
It has long been known that smokers compared to non-
smokers have a lower concentration of high density 
lipoprotein cholesterol (HDL-C).1,2 There is proof that 
ex-smokers compared to current smokers (US surgeon 
general on health) have higher HDL-C concentrations.3

Each year, smoking leads to 443,000 smoking-related 
deaths in the United States, and approximately 20% of all 
coronary heart disease deaths can be related to smoking.4,5 
Even though the robust relationship between smoking and 
cardiovascular disease (CVD) has well been documented,6,7 
the mechanisms by which smoking enhances CVD risk 
seem to be multifactorial and incompletely understood, 
in part since these associations have been derived from 
observational studies.8,11 These studies, and smaller clinical 
trials, suggest that cigarette smoking is associated with a 
more atherogenic lipid profile (LP),11 characterized by 
higher total cholesterol (TC) and triglycerides (TG) with 
lower levels of HDL-C.9,10

The intensity of smoking also has been related to small, 
statistically significant increases in low-density lipoprotein 
cholesterol (LDL-C) and declines in HDL-C.9,11,12 Small 
dense LDL particles have been explained within current 
smokers and developments in lipid levels after a smoking 
pause; yet, these results have been less consistent.13,14 
Hitherto no studies have prospectively investigated the 
impacts of smoking and non-smoking on lipoproteins 
in a large population. This matter is very significant 
since smokers in the 21st century are remarkably more 
overweight than those studied beforehand.15 Given that 
smoking pause is related to weight gain16 and weight gain 
influences lipoproteins, the impacts of smoking stop on 
lipoproteins remains unspecified.17-20

2. Objectives
There is a paucity of knowledge on the level of cholesterol 
in smokers regarding gender differences in Nigeria. Many 
previous studies in the literature search are from the 
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Western world and none were from this region. Moreover, 
coupled with the fact that there are variant degrees of 
smoking habit, that we observe in Sagamu. National 
smoking cessation strategies in Nigeria are hindered 
by a lack of up-to-date epidemiologic data. However, 
there are 4% incidences of hyperlipidemia in Nigeria as 
demonstrated by some workers.21 The aim study aimed to 
determine the level of serum lipids among smokers and 
non-smokers and gender differences if any. This will serve 
as a basis for advice against the development of chronic 
heart disease (CHD) in the nearest future. 

3. Methods
This study was conducted between March and September 
2019 which involved a prospective cross-sectional 
selection of 100 inhabitants in Sagamu, Ogun State, South-
West, Nigeria. Their ages were between 25 and 54 years. 
Hypertensive and diabetic subjects were exempted from 
this study because they were not part of the study groups. 
The study was carried out during the menstrual cycle 
in female subjects to eliminate the influence of female 
hormones on the collected data.

The weight of subjects was recorded in kilograms (to the 
nearest 1.0 kg) without wearing any heavy clothing like 
a coat, jacket, shoes, or Agbada (a flowing wide-sleeved 
robe), using a calibrated bathroom scale (Soehnle Waagen 
GmbH and Co. KG, D 71540 Murrhardt/Germany) 
positioned on a firm horizontal surface.

Height of subjects was measured in meters (to the 
nearest 0.1m) using a stadiometer. Subjects stood erect, 
without shoes and headgears, on a flat surface with the 
heels and occiput in contact with the stadiometer (Prestige 
HM0016D) (India).

The bathroom weighing machine and stadiometer had 
the reliability test using Rasch modeling approach and 
Samuel Messick’s method to test their validity.

The body mass index (BMI) was subsequently calculated 
using the formula: weight (kg)/ height2 (m2). There were 
two groups of subjects [control (non-smokers) and test 
group (smokers)]. Estimation of blood lipid levels was 
conducted in each of the subjects as described below.

Blood samples were obtained after overnight fasting 
for determination of LP levels using standard methods 
at baseline, 2, 4 6, and 8 weeks, respectively. The LP 
determined from the fasting blood was measured 
spectrophotometrically utilizing standard laboratory kits 
supplied by BIOLABO, France. Data were analyzed using 
descriptive statistics and repeated measures analysis of 
variance (ANOVA) with significance set at P < 0.05.

3.1. Determination of Total Cholesterol
TC level was measured spectrophotometrically using 
standard laboratory supplied by BIOLABO, France. The 
cholesterol formed reacts with oxygen in the presence 
of cholesterol oxidase to form 4-cholesten-3-one and 
hydrogen peroxide. The hydrogen peroxide formed reacts 
with phenol and 4-amino-antipyrine in the presence of 

peroxidase to give aminoneimine (pinkish in colour) 
and water. The intensity of the pink/red colour formed 
is proportional to the cholesterol concentration. It was 
performed according to standard protocols.

3.2. Determination of HDL Cholesterol
HDL-C level was measured spectrophotometrically 
using standard lab kits supplied by BIOLABO, France. 
LDL contained in serum are precipitated by the addition 
of phosphotungstic acid and magnesium chloride. 
High-density lipoproteins (HDL) which remain in the 
supernatant (obtained after centrifugation) react with the 
cholesterol reagent and proportionally with the cholesterol 
standard. It was conducted according to standard protocols.

Determination of TG and LDL levels were also carried 
out according to standard protocols.

The following definitions were utilized: BMI category 
includes: underweight: BMI <18.5 kg/m2, normal weight: 
BMI 18.5-24.9 kg/m2 overweight: BMI 25.0-29.9 kg/m2 
and obesity: BMI ≥30 kg/m2 [WHO Expert Consultation-
Lancet (London, England) 2004].22

Sample size determination method using the Cochran’s 
formula:

•	
•	

22 2 2
1-

2 2

(Z /2) xSD 1.96 (25) =  = 96
d 5

α

•	 Where 
•	 Z= normal variant
•	 d= 5% (acceptable margin of error)
•	 SD=25 mg/dL from the previous study.

3.3. Statistical Analysis
The student t test was used to compare variability between 
study and control groups as well as males and females. The 
data obtained were analyzed using the computer statistical 
programme package SPSS version 25.0 Probability value 
of P value less than 0.05 was considered statistically 
significant.

4. Results
Fifty-one (51.0%) of the participants in the study were 
between 25 and 34 years old. There were 24(48.0%) 
smokers and 27(54.0%) non-smokers in the age group. 
There were 80 males and 20 females in the study group. 
Forty (80.0%) males and 10 (20.0%) females were smokers 
and 40 (80.0%) males and 10 (20.0%) were non-smokers. 
Two (4.0%) smokers of the study group were obese while 4 
(8.0%) were non-smokers. Eighteen (36.0%) smokers were 
overweight and 14 (28.0%) non-smokers were overweight 
(Table 1).

The average TC of 198.71 ± 2.30 mg/dL in smokers 
was significantly higher than 174.62 ±1.51 mg/dL in non-
smokers (P < 0.05). The mean HDL of 56.74 ± 1.15 mg/dL 
in non-smokers was significantly higher than 40.87 ±1.32 
mg/dL in smokers (P < 0.05) (Table 2). 

The average total cholesterol of 195.38 ±2.22 mg/dL in 
male smokers was significantly higher than 166.04 ±1.51 
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mg/dL in male non-smokers (P < 0.05). The mean HDL 
was 58.13 ±2.44 mg/dL in male non-smokers which was 
significantly higher than 40.26 ±1.70 mg/dL in male 
smokers (P < 0.05) (Table 3).

The average TC of 203.47 ±5.54 mg/dL in female 
smokers was significantly higher than 183.56 ±3.61 mg/
dL in female non-smokers (P < 0.05). The mean HDL was 
52.83 ±5.44 mg/dL in female non-smokers which was 
higher than 41.09 ±2.99 mg/dL in female smokers P < 0.05) 
(Table 4).

5. Discussion
In this study, we found that the numbers of male smokers 
are higher than female smokers in the study groups. 
There were more overweight smokers than non-smokers. 
Conversely, there are fewer numbers of obese smokers. 
This may be due to the fact that many people smoke either 
at home or in the club house. Moreover, the male subjects 
have lower HDL-C than the females. The TC concentration 
is higher in female subjects than males whereas the TC and 
LDL-C are lower in female subjects. This may be due to 
the ability to handle lipids in males compared to females 
since there is a tendency for male subjects to engage more 
in exercise than females because naturally, females tend to 
engage in a more sedentary lifestyle. Smokers usually have 
the habit of staying in one place during smoking. They do 
not want many people to see them moving around. They 
stay either at club house or home performing the act.

According  to Wilson et al,23 the magnitude of the 
difference in HDL concentration between smokers and 
non-smokers is of the order of 0.06-0.22 mmol/L, and in 
many studies, a sex difference was present with a larger 
effect being seen in women than in men. However, in this 

study, the difference in HDL-C was 5.87 mg/dL or 0.0587 
mmol/L. For example, the Framingham study24 detected 
a smoker/non-smoker difference in HDL of 0.08 mmol/L 
for men and 0.13 mmol/L for women.25 Similarly, in this 
study we had 0.079 mmol/L for men and 0.117 mmol/L 
for women. In a study of a normal, healthy population,24 
Framingham observed a 0.15 mmol/L discrepancy in 
HDL cholesterol and a 16 mg/dL difference in HDL2 
after adjustment to confound the variables of lifestyle. In 
combination with changes in LDL levels, this gave rise 
to considerable increase in the mean LDL/HDL ratio 
‘atherogenic index’ in smokers (2.89±1.18) compared to 
non-smokers (2.38±0.98) and, based on this index, cigarette 
smoking put 40% more individuals into the high-risk 
category of an LDL/HDL ratio >4.25 HDL is heterogeneous 
and exists as two main sub-fractions: large HDL2 (8.8-12.9 
nm) and small HDL3 (7.22-8.8 nm). Some studies have 
found that the effects of smoking were largely confined 
to the HDL2 sub-fraction,25 while others have found 
substantial changes in HDL3.25 A study that examined the 
acute effect of smoking also reported a reduction mainly in 
the HDL3 subfraction.25

An enhancement in HDL-C was obvious in subgroups 
by sex, age, location, timing, study type, baseline HDL-C, 
baseline weight, and increase in weight was validated 
biochemically.26 Craig et al, found that quitting relevant 
to increased HDL-C, on the basis of within-subject 
changes is in line with remarkable proof of lower HDL-C 
levels in smokers than non-smokers.1 Notably, two large 
observational studies (KUSHIM, YEH) showed a decrease 
in HDL-C after quitting, and an even larger decline in 
continuing smokers and never smokers,22 Maeda et al,26 
based on far fewer change estimates, observed notably 
(P < 0.05) higher increases in HDL-C for females than 
males. Although our assessment was also higher for 
females, we observed the discrepancy to be remarkable. 

Smoking might decline HDL-C, however, the 
mechanism involved are not completely found out. 

Table 1. Demographic Characteristics of the Study Groups

Variable Category Total (%) Smokers (%) Non-smokers (%)

Age (y)

25-34 51 (51.0) 24 (48.0) 27 (54.0)

35-44 28 (28.0) 15 (30.0) 13 (26.0)

45-54 21 (21.0) 11 (22.0) 10 (20.0)

Gender
Male 80 (80.0) 40 (80.0) 40 (80.0)

Female 20 (20.0) 10 (20.0) 10 (20.0)

BMI (kg/m2)

Underweight 0 (0.0) 0 (0.0) 0 (0.0)

Normal weight 62 (62.0) 30 (60.0) 32 (64.0)

Overweight 32 (32.0) 18 (36.0) 14 (28.0)

Obese 6 (6.0) 2 (4.0) 4 (8.0)

Table 2. Lipid Profile of the Study Group

Variable 
(mg/dL)

Smokers (n=50)
Non-smokers

(n=50)
t P

TC 198.71±2.30 174.62±1.51 8.756 0.000*

TG 162.55±4.13 110.81±2.30 10.945 0.000*

HDL 40.87±1.32 56.74±1.15 9.065 0.000*

LDL 141.54±2.88 107.65±2.15 9.430 0.000*

*Significant at P < 0.05 and the analysis by student t test.

Table 3. Lipid Profile of the Male Study Group

Variable 
(mg/dL)

Smokers
(n=40)

Non-smokers 
(n=40)

t P

TC 195.38±2.22 166.04±1.51 10.928 0.000*

TG 180.73±3.45 108.45±1.63 18.943 0.000*

HDL 40.26±1.70 58.13±2.44 6.009 0.000*

LDL 150.18±3.09 110.22±1.95 10.936 0.000*

*Significant at P < 0.05 and the analysis by student t test.

Table 4. Lipid Profile of the Female Study Group

Variable
 (mg/dL)

Smokers (n=10)
Non-smokers

(n=10)
t P

TC 203.47±5.54 183.56±3.61 3.011 0.008*

TG 152.73±7.36 112.41±4.00 4.813 0.000*

HDL 41.09±2.99 52.83±5.44 1.891 0.075

LDL 140.33±5.93 105.74±3.65 4.968 0.000*

*Significant at P < 0.05 and the analysis by student t test.
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One popular justification27 is that smoking changes 
catecholamine release, thus releasing free fatty acid which 
in turn influences VLDL and LDL concentrations to 
favour their agglomeration in blood, promoting a lower 
HDL concentration. However, other assumptions have 
been made28 including smoking enhancing cholesteryl 
ester transfer protein, declining lecithin cholesterol 
acyl-transferase activity, affecting apo-1 synthesis, or 
augmenting TG. It has also been proposed that some of 
the changes in HDL-C are because of associated changes in 
diet29-32 but as pointed out above our analyses showed that 
the enhancement in HDL-C tended to be larger in non-
smokers compared to smokers.31,32

5.1. Limitations
Prospective study over years and inability to quantify 
the number of cigarette smoked over a long period of 
time and the other underlying health challenges in the 
subjects which were not identified at the time of study may 
confound variables. This is an interesting issue for future 
investigations. However, continuous research is required to 
validate our findings.

6. Conclusion
Smoking is clearly associated with a decrease in HDL-C 
concentrations. The HDL-C is lower in male smokers than 
females. The lipid levels of smokers obtained from this 
study can be utilized as a baseline for future study. This 
will serve as a basis for advice against the development of 
CHD in the nearest future.
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