
ORIGINAL RESEARCH ARTICLE

The Effects of Firsthand and Secondhand Cigarette Smoking
on Immune System Cells and Antibodies in Saudi Arabian Males

Sawsan Hassan Mahassni1 • Esraa Yousef Ismail Ali1

Received: 10 September 2017 / Accepted: 8 February 2018 / Published online: 19 February 2018

� Association of Clinical Biochemists of India 2018

Abstract Firsthand and, to a lesser degree, secondhand

tobacco smoking are considered the greatest causes of

preventable illnesses and premature death worldwide.

Firsthand and secondhand smoking have adverse conse-

quences on the immune system, although these effects are

not fully understood. A few serological studies have been

done on firsthand and secondhand smokers in Saudi Ara-

bia. The present study investigates the effects of firsthand

and secondhand smoking on the immune system of ran-

domly chosen male firsthand (50 subjects) and secondhand

(50 subjects) cigarette smokers, residing in Jeddah, Saudi

Arabia, with an age range of 20–40 years. Firsthand

smokers were categorized according to the number of

cigarettes smoked daily (frequency of smoking). Blood

samples were collected and differential complete blood

counts, cotinine concentrations, and antibodies (IgG, IgM,

and IgA) concentrations were determined. Additionally, T,

B, NK, CD4? and CD8? cells counts and percentages

were determined. Compared to secondhand smokers,

firsthand smokers showed a highly significantly high-

er mean cotinine concentration and a highly significantly

lower mean IgA concentration. Additionally, Secondhand

smokers had significantly higher mean lymphocyte count

and CD4?/CD8? ratio, and significantly lower mean

basophil and NK cells counts. All other parameters showed

no significant differences between firsthand and second-

hand smokers and there were no differences between the

frequency of smoking categories for the firsthand smokers.

Therefore, The results show suggest that passive and

active smoking have different immunological effects since

IgA levels and some white blood cells counts were dif-

ferent in firsthand and secondhand smokers.
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Implications

Firsthand and secondhand tobacco smoking are widely

prevalent in Saudi Arabia and rates of smoking continue to

increase. For the last few decades, diseases and conditions

associated with smoking have been increasing in Saudi

Arabia. There is a lack of studies on the effects of smoking

on the immune system in Saudi Arabia and thus this study

fills a gap and provides much-needed results on these

effects. In addition, this study draws attention to the need

for strong recommendations and the implementation of

educational and cessation programs to reduce the negative

impact of smoking in Saudi Arabia.

Introduction

Tobacco use is a major cause of death worldwide, with 5

million firsthand (active) smokers and 600,000 secondhand

(passive) smokers killed yearly [1], and a major contributor

to health damage and preventable non-communicable ill-

nesses. Addiction to nicotine, the major component of

tobacco and cigarettes, is considered to be the most

widespread addiction worldwide with cigarette smoking

being the most common form of nicotine exposure.
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Cigarette smoking rates have been increasing in developing

countries while at the same time decreasing in developed

countries [2]. In addition, in the developed world increas-

ingly stricter bans on smoking in public places are being

enforced, leading to decreased secondhand smoke exposure

for non-smokers. On the other hand, in developing coun-

tries such bans are non-existent or, if present, are usually

not enforced nor adhered to. Additionally, many people in

developing countries are not aware of the risks of firsthand

smoking and, even more so, secondhand smoking.

Cigarette smoking is a major source of exposure to more

than seven thousand carcinogens and toxic chemicals [3].

Cigarette smoking, including other forms of tobacco use,

leads to a reduced life span; a reduced quality of life; an

adversely affected immune system; and increased inci-

dence of infections and diseases such as cancer, lung dis-

eases, asthma, cardiovascular diseases, coronary heart

disease, chronic obstructive pulmonary disease, and stroke

[4–7]. Additionally, secondhand smokers are also

adversely affected by exposure to smoke emitted by

smokers at home and the workplace, thus, making them at

an increased susceptibility, albeit to a lesser degree, to the

same health ill-effects and diseases as smokers. Smoking

not only affects health, but it also contributes to economic

burdens to smokers and their countries alike through lost

productivity of workers, increased sickness and hospital-

izations, and wasteful spending of income.

Studies on the effects of firsthand and secondhand

cigarette smoking and some specific components of

cigarettes on humans and animals have shown different and

sometimes contradictory effects [8, 9]. Firsthand and sec-

ondhand smoking were found to alter immunity causing

inflammation, hypersensitivity, or/and a compromised

immune response. Several components of cigarette smoke

have been shown to affect immunity and its mediators in

in vitro and in vivo studies, although there is no general

agreement on these effects. Mucosal surfaces are dramat-

ically compromised by cigarette smoke leading to

increased incidence rates of respiratory infections and

diseases in smokers [10, 11]. Smoking has been shown to

modulate both the innate and acquired immunities through

effects on different types of immune cells and molecules

[12, 13] although there is no general consensus on the type

of these effects.

Saudi Arabia is ranked fourth in tobacco imports

worldwide [14]. Epidemiological studies have shown that

smoking rates are increasing in Saudi Arabia among both

females and males. Therefore, the aim of this study was to

determine the effects of firsthand and secondhand cigarette

smoking on some biochemical and immunological param-

eters in healthy males in the Saudi Arabian general popu-

lation. This would help in determining the effects of

firsthand and secondhand smoking on general health and

the immune system of the local population, thus aiding in

providing smokers with a better picture of the health dis-

advantages they are exposing themselves to and giving

them more incentive to stop smoking.

Materials and Methods

Subjects and Frequency of Smoking Categorization

For this study, 50 male firsthand cigarette smokers and 50

male secondhand cigarette smokers with an age range of

20–40 years were used. All subjects were randomly chosen

from blood donors to the blood bank at King Abdulaziz

Hospital, Makkah, Saudi Arabia. To be included in the

study, a subject must be self-proclaimed to be a firsthand or

secondhand smoker. In addition, all subjects were not

taking any medications, nor suffering from any chronic

diseases, diabetes, immune diseases, blood pressure,

hereditary diseases, anemia, heart disease, or allergic dis-

eases. Each subject signed a consent form and filled a

questionnaire to assess his health state and any lifestyle

factors that may influence the parameters. Ethical approval

for the study was obtained from King Abdulaziz

University.

Firsthand smokers were divided into four groups based

on the number of cigarettes smoked per day as follows:

light smokers (10 cigarettes or less), moderate smokers

(between 11 and 20 cigarettes), heavy smokers (between 21

and 30 cigarettes), and finally very heavy smokers (31 or

more cigarettes).

Blood Collection

Blood samples were collected from the subjects in plain

vacutainer tubes, after which serum was separated and

stored at - 80 �C for later determination of antibodies and

cotinine concentrations. Whole blood samples were col-

lected in EDTA (ethylene diamine tetra-acetic acid)

vacutainer tubes and stored in a cooler for about 4–5 h

before the differential complete blood count and flow

cytometric analyses.

Determination of Differential Complete Blood

Counts, and Concentrations of Serum Cotinine,

IgG, IgM, and IgA

Differential complete blood counts were done at King

Abdulaziz Hospital, Makkah, Saudi Arabia on an auto-

mated XT-2000i9 Hematology Analyzer (Sysmex Corpo-

ration, Kobe, Japan). The chemicals used were the EPK

Cellpack (Sysmex Corporation, Kobe, Japan). A Cal-

biotech Cotinine ELISA Kit (Calbiotech, Austin, Texas,
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USA) was used, according to the manufacturer’s instruc-

tions, to measure the serum concentrations of cotinine. The

absorbances were read using a Stat Fax 2100 Microplate

Reader (Awareness Technology, Ramsey, Minnesota,

USA), at King Abdulaziz University Hospital, Jeddah,

Saudi Arabia. Serum concentrations of the IgG, IgM, and

IgA immunoglobulins were determined using the

ARCHITECT c8000 System (Abbott Diagnostics, Japan),

at King Abdulaziz Medical City, Jeddah, Saudi Arabia,

using the manufacturer’s recommended reagents (Abbott,

Green Oaks, Illinois, USA).

Determination of Lymphocyte Subsets Counts

The determination of whole blood lymphocyte subsets was

done at King Abdulaziz Medical City, Jeddah, Saudi

Arabia, using a BD FACSCanto II flow cytometer (Bec-

ton–Dickinson Company, San Jose, CA, USA) and the BD

Multitest 6-color TBNK reagent (BD Biosciences, San

Jose, CA, USA). The concentrations of B, T and NK

lymphocytes were detected by determining the accessory

molecules (CD markers) on their surfaces.

Statistical Methods

The mean (l), standard deviation (± SD), standard error of

the mean (± SE), and the P value for the differences

between the groups were determined for all parameters and

the data were graphically represented using the SPSS v16

statistical program.

For the normally distributed and homogeneous param-

eters, the t test was used to test for the significance of the

differences between the firsthand and secondhand smokers

for the parameters, while the ANOVA one-way test was

used to test for the significance of the differences between

the frequency of firsthand smoking groups for each

parameter measured. For the parameters that showed a non-

normal distribution, the Mann–Whitney U test was used for

the comparison between the firsthand and secondhand

smokers, while the Kruskal–Wallis H test was used to test

for the significance of the differences between the fre-

quency of smoking groups. The resulting P values

demonstrate significance or non-significance between

groups as follows: P[ 0.05 is a non-significant (NS) dif-

ference, 0.01 B P B 0.05 is a significant (S) difference,

and P\ 0.01 is a highly significant (HS) difference.

Results

Subjects and Frequency of Smoking Categorization

A total of 100 male subjects were randomly collected for

this research, with 50 being firsthand smokers (46% Saudi,

54% non-Saudi) and 50 being secondhand smokers (48%

Saudi, 52% non-Saudi). The mean age of the firsthand

smokers (mean ± SE = 29.20 ± 0.72 years) was higher

than that for the secondhand smokers

(mean ± SE = 27.06 ± 0.77). The box-plot comparison

of ages of the firsthand and secondhand smokers is shown

in Fig. 1.

Firsthand smokers were divided into four groups based

on the number of cigarettes smoked per day by each sub-

ject, as shown in Fig. 2. The four groups were: light

smokers (control) (frequency, percent: 22, 44%), moderate

smokers (16, 32%), heavy smokers (6, 12%), and very

heavy smokers (6, 12%).

Cotinine concentrations

The mean serum cotinine concentration (Table 1) for the

firsthand smokers, using the Mann–Whitney U test, was

highly significantly higher than the mean concentration for

the secondhand smokers. As for the relationship between

the frequency of smoking categories and mean cotinine

concentrations, the Kruskal–Wallis test (Table 2) showed

no significant relationship.

Immunoglobulin concentrations

The mean concentrations of IgG and IgM antibodies

(Table 1) for the firsthand and secondhand smokers

showed no significant differences using the t-test for IgG

and the Mann–Whitney U test for IgM. Using the t-test, the

Fig. 1 Box-plot comparison of ages for the firsthand (n = 50) and

secondhand (n = 50) smokers
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mean IgA concentration for the firsthand smokers was

highly significantly lower than the mean concentration for

the secondhand smokers. On the other hand, the mean IgG

and IgA concentrations, using the ANOVA one-way test

(Table 2), and the mean IgM concentrations, using the

Kruskal–Wallis test, did not show any significant differ-

ences between the frequency of smoking categories.

Differential White Blood Cell Counts

The mean counts of the total white blood cells (WBC),

neutrophils, monocytes (using the t-test), and eosinophils

(using the Mann–Whitney U test) for the firsthand and

secondhand smokers showed no significant differences

(Table 1). Using the t-test, the mean lymphocyte cell

counts for the firsthand smokers was significantly higher

than the mean count for the secondhand smokers. The

mean basophil cell count for the firsthand smokers, using

the Mann–Whitney U test, was significantly lower than that

for the secondhand smokers. As for the frequency of

smoking categories (Table 3), there were no significant

differences between the categories for the mean WBC,

neutrophil, lymphocyte, and monocyte cells counts, using

the ANOVA one-way test, nor for the mean eosinophil and

basophil counts, using the Kruskal–Wallis test.

Percentages of Lymphocyte Subtypes

Using the t-test (Table 4), the mean total T, CD4?, CD8?,

and total B cells percentages for the firsthand and sec-

ondhand smokers showed no significant differences. On the

other hand, the mean NK cell percentages, using the t-test,

Fig. 2 Box-plot comparison of the frequency of firsthand smoking

categories (number of subjects: light = 22, moderate = 16,

heavy = 6, and very heavy = 6)

Table 1 Descriptive statistics

and test of significance for the

differences between firsthand

and secondhand smokers for

cotinine and immunoglobulins

concentrations, and differential

white blood cells counts

Cell counts Group Minimum Maximum Mean ± SE P value

WBC* (103/lL) Firsthand 3.11 10.32 6.61 0.24 0.744NS

Secondhand 3.18 10.90 6.49 0.27

Neutrophils* (103/lL) Firsthand 0.99 5.37 3.13 0.17 0.381NS

Secondhand 1.02 6.31 3.36 0.20

Lymphocytes* (103/lL) Firsthand 1.49 4.41 2.64 0.09 0.020S

Secondhand 1.36 4.41 2.33 0.09

Monocytes* (103/lL) Firsthand 0.24 0.86 0.56 0.02 0.307NS

Secondhand 0.23 1.09 0.52 0.03

Eosinophils** (103/lL) Firsthand 0.04 1.30 0.26 0.03 0.674NS

Secondhand 0.04 0.86 0.25 0.03

Basophils** (103/lL) Firsthand 0.01 0.09 0.03 0.00 0.016S

Secondhand 0.01 0.13 0.04 0.00

Cotinine** (ng/mL) Firsthand 2.00 145.00 107.36 6.59 0.000HS

Secondhand 0.00 145.00 53.71 9.47

IgG* (g/L) Firsthand 5.16 16.89 11.92 0.34 0.513NS

Secondhand 6.43 17.97 12.24 0.36

IgA* (g/L) Firsthand 0.74 3.37 1.86 0.09 0.005HS

Secondhand 1.14 5.10 2.37 0.15

IgM** (g/L) Firsthand 0.22 1.85 0.82 0.06 0.537NS

Secondhand 0.41 2.07 0.88 0.06

*T test was used for the significance test

**Mann–Whitney U test was used for the significance test

SE standard error, HS highly significant (P\ 0.01), S significant (P B 0.05), NS not significant (P[ 0.05)

Firsthand smokers n = 50 and secondhand smokers n = 50
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were significantly lower for the firsthand smokers com-

pared to the secondhand smokers. For the relationships

between the frequency of smoking categories and the mean

total T, CD4?, CD8?, total B, and NK cells percentages,

the ANOVA one-way test was used (Table 5) and it

showed no significant differences.

Counts of Lymphocyte Subtypes

Using the t-test (Table 4), the mean total T, CD4?, CD8?,

total B, and NK cells counts for the firsthand and second-

hand smokers showed no significant differences, while the

mean CD4?/CD8? counts ratio for the firsthand smokers

was significantly higher than the mean ratio for the sec-

ondhand smokers. The mean counts for the total T, CD4?,

CD8?, total B, NK cells and CD4?/CD8? cells counts,

using the ANOVA one-way test (Table 6), showed no

significant differences between the frequency of smoking

groups.

Discussion

To determine how cigarette smoking affects immunity

differently in firsthand and secondhand smokers and whe-

ther the intensity of smoking leads to different effects,

counts of white blood cells important in innate immunity

(neutrophils, monocytes, eosinophils, basophils and NK

cells) and acquired immunity (T and B lymphocytes) were

determined. Additionally, the effects of firsthand and sec-

ondhand smoking on humoral acquired immunity were

measured by determining the concentrations of IgG, IgM,

and IgA antibodies; and the counts and percentages of B

cells. The effects on cellular immunity were assessed by

determining the counts and percentages of total T, CD4?,

and CD8? cells.

In comparing the ages of firsthand and secondhand

smokers, firsthand smokers had a higher median while

secondhand smokers had a lower first quartile. Thus, more

secondhand smokers are younger in age. As for the fre-

quency of smoking for the firsthand smokers group, heavy

smokers had the highest median and very heavy smokers

had the lowest median. Therefore, on average, heavy

smokers were the oldest of the subjects while very heavy

smokers were the youngest. Moderate smokers had the

widest range while very heavy smokers had the narrowest

range. Thus, moderate smokers were widespread among all

ages unlike the very heavy smokers who were mainly

younger smokers.

The intensity of smoking and the extent of exposure to

tobacco smoke is most commonly estimated by measuring

the concentration of cotinine, a metabolite of nicotine

found in body fluids with a long half-life, rather than

measuring nicotine concentration since it has a shorter half-

life [15, 16]. The results showed that the mean cotinine

concentrations were highly significantly higher

(P = 0.000) for firsthand smokers (mean ± SE:

107.36 ± 6.59) compared to the secondhand smokers

Table 2 Descriptive statistics

and test of significance for the

relationships between the

frequency of smoking and

cotinine and immunoglobulins

concentrations

Parameter Group N Minimum Maximum Mean ± SE P value

Cotinine** (ng/mL) Light 17 2.00 140.00 112.97 8.48 0.986NS

Moderate 12 26.50 139.00 102.46 12.80

Heavy 4 3.50 140.00 99.25 32.25

Very heavy 6 22.00 145.00 106.67 17.92

IgG* (g/L) Light 22 5.16 14.66 12.01 0.46 0.976NS

Moderate 16 6.78 16.89 11.69 0.68

Heavy 6 8.84 16.14 12.02 1.13

Very heavy 6 9.39 16.63 12.09 1.09

IgA* (g/L) Light 22 0.82 3.27 1.94 0.13 0.789NS

Moderate 16 0.74 3.37 1.77 0.17

Heavy 6 0.78 2.44 1.71 0.29

Very heavy 6 1.28 3.13 1.96 0.26

IgM** (g/L) Light 22 0.32 1.77 0.83 0.10 0.919NS

Moderate 16 0.22 1.85 0.86 0.10

Heavy 6 0.49 1.08 0.72 0.09

Very heavy 6 0.41 1.01 0.79 0.09

*ANOVA one-way test was used for the significance test

**Kruskal–Wallis test was used for the significance test

SE standard error, NS not significant (P[ 0.05)
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group (53.71 ± 9.47). The findings of the current study are

consistent with those of other studies [15, 16] that found

higher values of cotinine in smokers compared to second-

hand smokers or non-smokers. On the other hand, the mean

cotinine concentrations for the frequency of smoking

groups were very close to each other and not significantly

different (P = 0.986), which is unexpected. Contrary to

these findings, Benowitz [16] found increased cotinine

levels with increased intensity of smoking. Our results

showed that most firsthand smokers were light (44%) and

moderate smokers (32%), which is a total of 76%, leaving a

total of 24% for heavy and very heavy smokers. Thus, there

may have been some false self-reporting with probably

heavy or very heavy smokers underestimating or underre-

porting the number of cigarettes they smoked daily since it

would be expected that there would be some significant

differences between the cotinine concentrations for the

frequency of smoking categories and that the subjects

would be more evenly distributed among the groups.

Most studies used below for comparisons with our re-

sults compared firsthand smokers with non-smokers. We

were not able to find many studies that compared firsthand

and secondhand smokers for the parameters investigated

here. Non-smokers groups probably contain many sec-

ondhand smokers, unless specifically stated to the contrary,

since most people are exposed to secondhand smoke.

Therefore, it is justifiable to use such studies for compar-

isons with our findings.

There were no significant differences (P = 0.513, and

P = 0.537, respectively) between firsthand and second-

hand smokers for mean serum IgG and IgM concentrations.

The mean serum IgA concentration for firsthand smokers

(1.86 ± 0.09) was highly significantly lower (P = 0.005)

compared with secondhand smokers (2.37 ± 0.15). These

findings of unaffected IgG and IgM concentrations agree

with some other findings [17] but are contradictory to many

other studies that found lower IgG [8, 18–20] and IgM

levels [8, 20], or higher levels of the antibodies [21] in

smokers compared to non-smokers. The lower IgA level in

Table 3 Descriptive statistics

and test of significance for the

relationships between the

frequency of smoking and total

and differential WBC counts

Cell counts (103/lL) Group Minimum Maximum Mean ± SE P value

WBC* Light 4.54 10.32 6.22 0.33 0.368NS

Moderate 3.11 9.39 7.10 0.47

Heavy 4.31 9.44 7.09 0.83

Very heavy 4.64 8.32 6.25 0.55

Neutrophils* Light 1.36 4.84 2.83 0.21 0.187NS

Moderate 0.99 5.37 3.62 0.31

Heavy 1.73 5.21 3.25 0.63

Very heavy 1.94 4.43 2.80 0.42

Lymphocytes* Light 1.71 4.41 2.64 0.15 0.669NS

Moderate 1.49 3.80 2.58 0.17

Heavy 2.01 3.65 2.93 0.24

Very heavy 2.04 2.83 2.49 0.13

Monocytes* Light 0.24 0.83 0.51 0.03 0.385NS

Moderate 0.25 0.85 0.60 0.05

Heavy 0.36 0.86 0.62 0.09

Very heavy 0.36 0.70 0.54 0.05

Eosinophils** Light 0.04 0.78 0.20 0.03 0.364NS

Moderate 0.04 1.08 0.28 0.07

Heavy 0.12 0.47 0.27 0.05

Very heavy 0.16 1.30 0.39 0.18

Basophils** Light 0.01 0.07 0.03 0.00 0.578NS

Moderate 0.01 0.09 0.03 0.01

Heavy 0.02 0.06 0.03 0.00

Very heavy 0.01 0.03 0.02 0.00

*ANOVA one-way test was used for the significance test

**Kruskal–Wallis test was used for the significance test

SE standard error, NS not significant (P[ 0.05)

Number of subjects: light = 22, moderate = 16, heavy = 6, and very heavy = 6
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firsthand smokers agrees with some research studies

[20, 22, 23] but contradicts the findings of other research

studies that found higher levels [8, 22] or no change in the

levels [17] in smokers compared to non-smokers. Our

finding of lower mean serum IgA level for firsthand

smokers may explain the increased susceptibility of

smokers to upper respiratory tract infections. The absence

of differences in mean IgG and IgM levels between first-

hand and secondhand smokers may be due to both firsthand

and secondhand smokers being similarly affected by

cigarettes. That is, IgG and IgM levels are compromised to

the same extent or, probably unlikely, not affected by

smoking. To determine the effects of firsthand and sec-

ondhand smoking on IgG and IgM, a comparison must be

made between the firsthand and secondhand groups with a

group of matched non-smokers that are not exposed to

secondhand smoke.

Comparing firsthand and secondhand smokers for the

differential white blood cells counts, there were no sig-

nificant differences (P = 0.744, P = 0.381, P = 0.307,

and P = 0.674, respectively) for the mean cell counts for

total white blood cells, neutrophils, monocytes, and eosi-

nophils. Findings of other researchers on the levels of total

serum white blood cells and their types in smokers are

contradictory with each other and not all are in agreement

with the findings of the current study. Researchers

[8, 12, 24–34] have shown higher counts of total white

blood cells in smokers compared to non-smokers. Addi-

tionally, these results contradict findings by other

researchers of higher counts of neutrophils [24, 29–36],

monocytes and eosinophils [24, 31–34] in smokers com-

pared to non-smokers. The result of no change in monocyte

levels agrees with the findings of the study by Tollerud

et al. [34].

The mean lymphocyte count for firsthand smokers

(2.64 ± 0.09) was significantly higher (P = 0.020) than

for secondhand smokers (2.33 ± 0.09), while the mean

basophil count for firsthand smokers (0.03 ± 0.00) was

significantly lower (P = 0.016) compared to secondhand

smokers (0.04 ± 0.00). This is in agreement with the

results of several researchers [24, 25, 29–34] who found

higher lymphocyte counts in smokers compared to non-

smokers, but is in disagreement with other research studies

[25, 33, 36] that showed lower lymphocyte counts in

smokers. As for the resultant lower mean basophil count

for firsthand smokers, the results are not consistent with

other research studies [24, 31, 33] that found significantly

higher levels in smokers compared to non-smokers.

Table 4 Descriptive statistics

and test of significance for the

differences between firsthand

and secondhand smokers for the

percentages and counts of sub-

lymphocytes using the t-test

Cell Group Minimum Maximum Mean ± SE P value

T % Firsthand 57.20 82.22 73.16 0.79 0.057NS

Secondhand 56.21 85.53 70.84 0.91

T counts Firsthand 604.49 2972.13 1824.20 83.53 0.093NS

Secondhand 991.53 3177.07 1649.80 59.91

CD4? % Firsthand 28.81 53.23 40.52 0.91 0.271NS

Secondhand 27.09 52.18 39.16 0.83

CD4? counts Firsthand 397.48 2104.38 1011.30 53.09 0.113NS

Secondhand 477.80 1427.34 910.34 34.00

CD8? % Firsthand 14.52 42.01 28.71 0.89 0.054NS

Secondhand 18.98 43.06 31.12 0.86

CD8? counts Firsthand 142.76 1289.92 716.98 37.61 0.872NS

Secondhand 431.10 1779.68 725.20 34.01

B % Firsthand 5.64 24.38 15.23 0.65 0.647NS

Secondhand 5.78 23.60 14.83 0.59

B counts Firsthand 129.02 1010.62 381.64 26.62 0.417NS

Secondhand 127.25 995.14 353.30 22.37

NK % Firsthand 2.49 26.74 10.87 0.73 0.010S

Secondhand 3.02 28.35 13.66 0.78

NK counts Firsthand 28.14 1005.59 266.35 22.43 0.061NS

Secondhand 77.34 858.51 331.02 25.74

CD4?/CD8? ratio Firsthand 0.82 3.23 1.52 0.08 0.038S

Secondhand 0.77 2.36 1.32 0.05

SE standard error, S significant (P B 0.05), NS not significant (P[ 0.05)

Firsthand smokers n = 50 and secondhand smokers n = 50
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White blood cells increase in numbers in the case of an

infection or invasion of a pathogen. In addition, these cells

increase in some unhealthy states or lifestyles, such as

smoking, obesity, diabetes, and other inflammatory states.

Studies have shown that smoking leads to a non-specific

inflammatory state which may be due to increased counts

of cells involved in inflammation or in mediating it, such as

lymphocytes, basophils and monocytes. Therefore, the

current results of higher lymphocyte counts in firsthand

smokers and higher basophil counts in secondhand smok-

ers is in line with these findings.

There were no significant differences (P = 0.057,

P = 0.271, P = 0.054, and P = 0.647, respectively)

between firsthand and secondhand smokers for mean per-

centages for total T (CD3?), CD4?, CD8?, and B cells

(CD19?). On the other hand, the mean NK cell

(CD56 ? CD16?) percentages were significantly lower

(P = 0.010) for firsthand smokers (10.87 ± 0.73) com-

pared to secondhand smokers (13.66 ± 0.78). The mean

cell counts for total T, CD4?, CD8?, B, and NK cells

were not significantly different (P = 0.093, P = 0.113,

P = 0.872, P = 0.417, and P = 0.061, respectively)

between firsthand and secondhand smokers. As for the

mean CD4?/CD8? ratio, it was significantly higher

(P = 0.038) for firsthand smokers (1.52 ± 0.08) compared

to secondhand smokers (1.32 ± 0.05).

Contrary to the above results, numerous in vitro and

in vivo studies in both humans and mice have shown

tobacco smoke to lower counts and percentages of T and B

lymphocytes [34, 37–42] or increase T cell percentages

[41, 43, 44] compared to non-smokers. In addition, con-

tradictory to the findings here, other studies observed lower

percentages of CD4? cells [8, 37, 38, 41, 43, 44], higher

CD4? cell counts and percentages [34, 41–44], and higher

percentages of CD8? cells [34, 41–46] in smokers com-

pared to non-smokers. In agreement with the current

results, some studies found higher CD4?/CD8? ratios

[34, 42] and lower NK cell counts [34] in smokers com-

pared with non-smokers, and lower NK cell percentages in

secondhand smokers compared to non-smokers [47]. A

study [34] found unchanged T, B, and CD8 ? cell counts

for smokers compared to non-smokers.

For the categorization of firsthand smokers into fre-

quencies of smoking, none of the measured parameters

showed any differences between the groups. Thus, the

number of cigarettes smoked by firsthand smokers did not

correlate with any parameter. Not many studies were found

on the effects of the intensity of smoking on the parameters

studied here. Some research studies [28, 48] found that

WBC counts increased significantly with increasing

intensity of smoking. Studies [18, 49] also showed a

decrease in IgG levels with increased levels of firsthand

Table 5 Descriptive statistics

and test of significance for the

relationships between the

frequency of smoking and the

percentages of the types of

lymphocytes using the ANOVA

one-way test

Cell % Group Minimum Maximum Mean ± SE P value

T cells Light 57.20 81.63 72.29 1.44 0.752NS

Moderate 65.23 82.22 73.38 1.17

Heavy 69.67 82.09 74.78 1.90

Very heavy 66.22 78.82 74.15 1.82

CD4? cells Light 28.81 50.76 39.82 1.27 0.779NS

Moderate 30.41 53.23 41.68 1.83

Heavy 35.32 51.80 41.32 2.46

Very heavy 31.35 51.17 39.18 2.87

CD8? cells Light 14.52 42.01 28.43 1.50 0.816NS

Moderate 18.32 34.81 27.96 1.19

Heavy 21.41 41.22 30.25 2.75

Very heavy 17.88 37.52 30.21 3.08

B cells Light 5.64 24.38 15.42 1.17 0.977NS

Moderate 9.02 19.28 15.12 0.86

Heavy 7.64 20.65 15.55 2.16

Very heavy 8.98 21.51 14.53 1.75

NK cells Light 3.22 26.74 11.55 1.33 0.796NS

Moderate 2.49 19.82 10.67 1.20

Heavy 4.66 14.84 9.21 1.40

Very heavy 6.56 13.77 10.52 1.30

SE standard error, NS not significant (P[ 0.05)

Number of subjects: light = 22, moderate = 16, heavy = 6, and very heavy = 6
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smoking. A study observed [42] that light to moderate

smokers had a significant increase in T, CD4? and CD8?

cells counts and light smokers showed increased CD4?/

CD8? ratio due to increased CD4? cell counts. Some

studies [41, 43, 44] found lower CD4? cell counts in heavy

smokers.

Conclusions and Recommendations

In conclusion, firsthand smokers had a significantly higher

mean cotinine level, lymphocyte count, and CD4?/CD8?

ratio compared to secondhand smokers. In addition, first-

hand smokers had a significantly lower mean IgA con-

centration, basophil count, and NK cell count compared to

secondhand smokers. The higher cotinine concentration in

firsthand smokers is expected. Cotinine is used to distin-

guish smokers from non-smokers since it is usually higher

in smokers and heavy secondhand smokers but not light to

moderate secondhand smokers or non-smokers.

The higher mean lymphocyte count in firsthand smokers

could be an indication that the immune system of the

subjects is sensitized by the effects of cigarettes or there is

an inflammatory reaction since some types of lymphocytes

are associated with and mediators of inflammation and

their numbers increase with increasing inflammation. Thus,

this increase may be due to the immune system’s response

to the toxic effects and components of cigarettes and its

attempt to overcome the resulting damage.

For secondhand smokers, mean IgA concentration,

basophil count, and NK cell percentage were higher than

those in firsthand smokers. The higher levels of these

parameters may be an indication that the immune system is

affected due to the exposure to secondhand smoke. The

higher counts of NK cells, which are involved in innate

immunity, may be due to the general alteration of the

immune system or a specific reaction to cells adversely

affected by secondhand smoke. Both IgA and basophils are

important in allergic response and respiratory infections

and diseases. Therefore, it seems that secondhand smokers

are more susceptible to hypersensitivity reactions due to

their exposure to the smoke of firsthand smokers. The

major protective antibody in mucosal surfaces and the

respiratory system is IgA, although not all studies agree on

Table 6 Descriptive statistics

and test of significance for the

relationships between the

frequency of smoking and the

counts of the types of

lymphocytes using the ANOVA

one-way test

Cell counts Group Minimum Maximum Mean ± SE P value

T cells Light 627.95 2972.13 1840.10 132.08 0.915NS

Moderate 604.49 2935.05 1763.80 165.67

Heavy 872.05 2578.10 1936.00 253.55

Very heavy 1440.94 2059.69 1787.10 104.69

CD4? cells Light 461.50 2104.38 1016.90 86.47 0.971NS

Moderate 397.48 1629.21 1004.20 102.24

Heavy 592.09 1373.55 1063.70 128.08

Very heavy 693.81 1464.24 957.68 117.69

CD8? cells Light 142.76 1271.87 720.55 56.58 0.756NS

Moderate 191.91 1289.92 674.83 71.94

Heavy 244.77 1127.73 815.78 129.37

Very heavy 511.56 1009.97 717.52 71.77

B cells Light 160.42 1010.62 390.40 45.22 0.853NS

Moderate 129.02 631.59 358.09 36.97

Heavy 144.84 742.09 433.19 103.36

Very heavy 168.85 615.45 360.77 61.45

NK cells Light 79.09 1005.59 288.34 44.01 0.867NS

Moderate 28.14 416.29 250.39 29.91

Heavy 95.26 436.10 244.91 51.02

Very heavy 162.07 344.69 249.76 29.52

CD4?/CD8? ratio Light 0.82 3.23 1.53 0.13 0.968NS

Moderate 0.87 2.90 1.57 0.14

Heavy 0.91 2.42 1.46 0.22

Very heavy 0.84 2.86 1.45 0.31

SE standard error, NS not significant (P[ 0.05)

Number of subjects: light = 22, moderate = 16, heavy = 6, and very heavy = 6
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it being affected in smokers. In addition to IgA, basophils

are also involved in the protection of mucosal surfaces, and

against respiratory and mucosal antigens. Therefore, their

higher levels may be due to inflammatory effects of sec-

ondhand smoke on mucosal surfaces or an attempt of these

surfaces to counteract the effects of secondhand smoke, or,

in other words, to mount an immune response against it.

Basophils, in particular, are involved in allergies and

asthma, which appear at higher rates with increased

inhalation of cigarette smoke. When basophils are acti-

vated, they also degranulate and release histamine and

other inflammatory mediators therefore leading to

increased inflammation in smokers, as proven by many

research studies.

It is not surprising that IgA was the only antibody

affected in the subjects since, as mentioned above, it is the

antibody that is responsible for the protection of mucosal

surfaces against pathogens and it is the major antibody in

mucosal surfaces. Thus, the lower IgA concentration in

firsthand smokers may be due to the compromise of

immunity in the respiratory system due to smoking. This is

further corroborated by the observed lower basophil

counts. On the other hand, the higher counts of basophils in

secondhand smokers may mean that they are experiencing

a reaction to the cigarette smoke that is allergic or asth-

matic in nature since basophils are mainly involved in

mediating respiratory allergies and asthma and cause

inflammation. In addition, the higher mean IgA concen-

tration in secondhand smokers relative to firsthand smokers

may be an indication that there is an active response

against the inhaled smoke in secondhand smokers. There-

fore, firsthand smokers may be responding to cigarette

smoke differently than secondhand smokers, and an

important factor is that each type of exposure (active or

passive) to cigarette smoke may lead to varying effects on

the immune system.

On the other hand, the mean CD4?/CD8? ratio for

firsthand smokers was higher than for secondhand smokers.

A higher CD4?/CD8? ratio is an indication of a more

active immune system in firsthand smokers compared to

secondhand smokers. Therefore, it may be that in firsthand

smokers the immune system is activated and is fighting the

deleterious effects of smoking on the body and/or the

immune system. This is especially problematic since an

enhanced immune response is a natural response to the

presence of an antigen, but in this case there is no antigen

and thus this may lead to damaging effects on the body.

The frequency of smoking groups must not have been

accurate since none of the parameters gave any differences

between the groups, including the mean cotinine concen-

trations which are expected to be different for the different

groups. This is probably due to false self-reporting which

may be due to the social stigma of smoking perceived by

some people in Saudi Arabia.

In conclusion, the data suggest that both firsthand and

secondhand smoking lead to some different immunologi-

cal effects, although these effects are not completely

understood. It is recommended that more studies be carried

out on both firsthand and secondhand smokers at different

ages using other parameters along with comparative studies

on females.
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7. Stämpfli MR, Anderson GP. How cigarette smoke skews immune

responses to promote infection, lung disease and cancer. Nat Rev

Immunol. 2009;9(5):377–84.

8. Johnson JD, Houchens DP, Kluwe WM, Craig DK, Fisher GL.

Effects of mainstream and environmental tobacco smoke on the

immune system in animals and humans: a review. CRC Crit. Rev.

Toxicol. 1990;20(5):369–95.

9. Rodriguez JW, Kirlin WG, Wirsiy YG, Matheravidathu S, Hodge

TW. Maternal exposure to benzo [a] pyrene alters development of

T lymphocytes in offspring. Immunopharm. Immunot.

1999;21(2), 379–396.

10. Sopori M. Effects of cigarette smoke on the immune system. Nat

Rev Immunol. 2002;2(5), 372–377.

152 Ind J Clin Biochem (Apr-June 2019) 34(2):143–154

123

http://www.who.int/mediacentre/factsheets/fs339/en/
https://doi.org/10.3978/j.issn.2218-6751.2015.08.04
https://doi.org/10.3978/j.issn.2218-6751.2015.08.04


11. Li L, Holian A. Acrolein: a respiratory toxin that suppresses

pulmonary host defense. Rev Environ Health.

1997;13(1–2):99–108.

12. Asif M, Karim S, Umar Z, Malik A, Ismail T, Chaudhary A, et al.

Effect of cigarette smoking based on hematological parameters:

comparison between male smokers and non-smokers. Türk

Biyokimya Dergisi [Turk J Biochem]. 2013;38(1):75–80.

13. Finkelstein EI, Nardini M, van der Vliet A. Inhibition of neu-

trophil apoptosis by acrolein: a mechanism of tobacco-related

lung disease? Am J Physiol Lung Cell Mol Physiol.

2001;281(3):L732–9.

14. Al Moamary MS. Tobacco consummation: is it still a dilemma?

Ann Thorac Med. 2010;5(4):193.

15. Scherer G, Richter E. Biomonitoring exposure to environmental

tobacco smoke (ETS): a critical reappraisal. Hum Exp Toxicol.

1997;16(8):449–59.

16. Benowitz NL. Cotinine as a biomarker of environmental tobacco

smoke exposure. Epidemiol. Rev. 1996;18(2), 188–204.

17. Gonzalez-Quintela A, Alende R, Gude F, Campos J, Rey J,

Meijide LM, et al. Serum levels of immunoglobulins (IgG, IgA,

IgM) in a general adult population and their relationship with

alcohol consumption, smoking and common metabolic abnor-

malities. Clin Exp Immunol. 2008;151(1):42–50.

18. Marshall AL, Chetwynd A, Morris JA, Placzek M, Smith C,

Olabi A, et al. Type 1 diabetes mellitus in childhood: a matched

case control study in Lancashire and Cumbria, UK. Diabet Med.

2004;21(9):1035–40.

19. McMillan SA, Douglas JP, Archbold GP, McCrum EE, Evans

AE. Effect of low to moderate levels of smoking and alcohol

consumption on serum immunoglobulin concentrations. J Clin

Pathol. 1997;50(10):819–22.

20. Holt PG. Immune and inflammatory function in cigarette smok-

ers. Thorax. 1987;42(4):241–9.

21. Arinola OG, Akinosun OM, Olaniyi JA. Passive-and active-ci-

garette smoking: effects on the levels of antioxidant vitamins,

immunoglobulin classes and acute phase reactants. Afr J

Biotechnol. 2013;10(32):6130–2.

22. Ussher M, West R, Evans P, Steptoe A, McEwen A, Clow A,

et al. Acute reduction in secretory immunoglobulin A following

smoking cessation. Psychoneuroendocrinology.

2004;29(10):1335–40.

23. McSharry C, Banham SW, Boyd G. Effect of cigarette smoking

on the antibody response to inhaled antigens and the prevalence

of extrinsic allergic alveolitis among pigeon breeders. Clin Exp

Allergy. 1985;15(5):487–94.

24. Aula FA, Qadir FA. Effects of cigarette smoking on some

immunological and hematological parameters in male smokers in

Erbil city. Jordan J Biol Sci. 2013;6(2):159–66.

25. Flouris AD, Poulianiti KP, Chorti MS, Jamurtas AZ, Kouretas D,

Owolabi EO, et al. Acute effects of electronic and tobacco

cigarette smoking on complete blood count. Food Chem Toxicol.

2012;50(10):3600–3.

26. Fernández JAF, Prats JM, Artero JVM, Mora AC, Fariñas AV,
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