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The intensity of cigarette exposure is associated with the severity of the
inflammatory reaction. Treg cell plays a role in suppressing the inflammatory
response. There has been no clear evidence on the relationship between
smoker behavior with the nicotine level and Treg number. We will
investigate the relationship between smoking behavior with the nicotine level
and Treg number. We conducted a cross-sectional study of 106 healthy
volunteers in Yogyakarta. We interviewed the subjects and took their blood
samples for hemogram, Treg number, nicotine level, and blood chemistry
examination. The inclusion criteria were fit, male or female, aged 18 years or
older, and willing to volunteer proven by completing and signing the
informed consent. We collected the data on smoking habits through
interviews guided by a questionnaire. We examined hemogram and blood
chemistry using a spectrophotometer, while the levels of nicotine were
measured using The enzyme-linked immunosorbent assay (ELISA). We
described the characteristics of the subjects by univariate analysis. The
bivariate analysis was to determine the relationship between cigarette smoking
length with nicotine level and Treg number. The results show a connection
between the range of tobacco and cigarette number with nicotine levels in the
blood with a value of r=0.63 in the Pearson correlation test p<0.00. It can be
concluded that there is a relationship between behavior smoking with
nicotine levels and Treg counts.
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1. INTRODUCTION

Smoking is a significant public health problem in Southeast Asia and Indonesia. Indonesia is the
fourth-largest cigarette consuming country in the world [1]. The prevalence of smoking is 75% (57.6 million)
among men and 2.9% (2.3 million) in women. Among the adult population, 62% of adult men (57.6 million),
1.7% of adult women (1.6 million), and 31.9% overall (50.3 million) are daily smokers [2]. The National
Basic Health Research in 2016 showed that the average consumption of cigarettes per person (aged 15 years
or above) was 12 sticks/day [3]. Tobacco smoke has been associated with many degenerative and infectious
diseases, i.e., cancer, hypertension and cardiovascular disease, chronic obstructive pulmonary disease
(COPD), asthma, diabetes mellitus, and end-stage renal disease (ESRD) [4, 5]. The cigarette contains many
toxic and immunosuppressant agents, such as dimethylbenzanthracene (DMBA), benzopyrene, carbon
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monoxide, and nicotine [6, 7]. Excessive nicotine intake causes many organs and tissue disorders [8, 9].
Health promotion to awaken smoking dangers based on scientific evidence is urgently conducted [10, 11].

Nicotine is a cigarette toxicant that causes cell damage. Exposure to smoke causes cell injury [12].
Cellular damage stimulates proinflammatory cytokine production. Proinflammation cytokines and reactive
protein cause an increase in bone marrow activity [13]. The distribution and absorption of nicotine into the
pulmonary circulation are swift [14]. Nicotine can penetrate the blood-brain barrier and affect the central
nervous system within 20 seconds of inhaled cigarettes. In the acute phase of nicotine, stimulation causes the
sympathetic nerves' activation and makes the condition vibrant and refreshed. In a short time (10 minutes of
smoking), plasma nicotine peak is at 15 to 30 ng/mL [15]. Rapid pharmacological response from nicotine is
assumed to be a critical factor in nicotine dependence. In the advanced phase, high levels of nicotine and
reactive radicals and carcinogens have the opposite effect. In the routine smoker, who smokes frequently and
continuously, the carboxy hemoglobin (Hb) levels increase and produce progressive hypoxemia, and as the
carbon monoxide (CO) binds with Hb, functional anemia is produced. Hypoxemia condition causes the
impaired oxygenation of tissues and changes in biological parameters [16]. Nicotine, through nicotinic
receptors and kinin-beta receptors, increases proinflammatory activity. The level of nicotine associate with
the dependency and the impaired bodily functions level [17]. But it turns out nicotine metabolismin the body
is influenced by ethnicity, so the plasma nicotine levels in smokers vary depending on race [8]. However,
there are many studies on smoking behavior in Indonesia until now, and there has not been much research on
smoking behavior related to plasma nicotine levels.

In previous studies, tobacco smoke and dimethylbenzanthracene are chronic disease risk factors and
increase chronic disease prevalence in the population [18, 19]. The chronic disease provides physically,
economically, socially severe impacts for the patient, their family, and the government. Unfortunately, most
chronic diseases (chronic kidney disease (CKD), cancer, diabetes mellitus) patients in Indonesia were
detected late [20]. Chronic inflammation due to cigarette exposure causes glomerulosclerosis [21].
Glomerulosclerosis causes an ischemic condition in the nephron. The uncontrolled-acute ischemic injury will
continue to become glomerulopathy and tubulopathy [22, 23]. Increased urea and creatinine levels were
characteristics of impaired kidney function due to decreased glomerular filtration rate [24, 25]. A laboratory
study has shown to control the inflammatory response to acute ischemic kidney damage in vivo. Treg is one
of the immune system cells responsible for maintaining kidney damage's inflammatory reaction due to
cigarette exposure [26, 27]. We suspected that the number of Treg cells has decreased in chronic smokers,
and creatinine levels have increased due to decreased glomerular function [28, 29]. Based on this
background, this study aimed to determine the relationship between smoking behavior with nicotine levels
and the amount of Treg.

2. RESEARCH METHOD
2.1. Research design and variables

This research was an analytic observational study with a cross-sectional design. The experiment was
conducted in Special Region of Yogyakarta or Daerah Istimewa Yogyakarta (DIY), Indonesia, by taking a
random proportional sample in five districts: Yogyakarta, Sleman, Bantul, Kulon Progo, and Gunungkidul.
The independent variables consisted of demographic characteristics, weight, height, and smoking behavior.
The dependent variable was nicotine level, Treg number, hemogram profile, and blood chemistry. We
defined active smoking behavior as inhaling burning tobacco smoke and chewing tobacco and other tobacco
products for the last five years. The smoker behavior was categorized as an active smoker or “YES” if the
respondents have smoked more than 100 cigarettes in their lifetime; NO if the respondents did not meet the
criteria. The respondents were categorized as former smokers (YES) if they had smoked more than 100
cigarettes in their lifetime but had stopped before the last five years. Nonsmokers were the respondents who
did not smoke or had smoked but less than 100 cigarettes in their lifetime. We collected smoking behavior
data through interviews supported by a questionnaire. We confirmed the data by the measurement of blood
nicotine levels using ELISA. Treg level was the percentage of Treg (CD4+CD25+T lymphocytes) against
total lymphocytes defined by flow cytometry.

2.2. Subject

The inclusion criteria were Indonesian (Javanese, Sundanese, and Malay), aged 18-65 years, healthy
male/female, and willing to participate in the study by completing and signing informed consent and being
cooperative. The subjects were patients with congenital kidney disease, history of kidney transplantation,
mental iliness, and growth disorder (dwarfism/gigantism). Previous research has shown that the percentage of
smokers in the community had reached 32% [5, 30]. We recruited 106 subjects, while the minimum number
of research subjects was 102.
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2.3. Materials and research instruments

We collected primary data used questionnaires, and secondary data used data collection forms. We
determined the nicotine level by the ELISA method. We measured Treg levels with flow cytometry. We
carried out a Treg examination at the clinical pathology laboratory of Medical Faculty, Universitas Gadjah
Mada (UGM). We used the questionnaire to obtain primary data from respondents, and data collection form
to collect secondary data, including name, age, and gender extracted from medical records.

2.4. Research procedures
2.4.1. Subject recruitment procedure

Patients were selected based on the inclusion and exclusion criteria. We collected 106 healthy
volunteers with a high risk of chronic kidney disease from five regencies in DIY. The recruitment was
adjusted to the number/proportion of chronic kidney disease patients undergoing hemodialysis in Bantul
General Hospital, Yogyakarta Muhammadiyah Hospitals, and Red Cross Indonesia Clinics in Yogyakarta.

2.4.2. Data collection method

We collected the data through interviews and direct observation or measurements. Table 1
summarized the data types and their collection methods. Primary data were collected both in the field and in
the clinic. We obtained the respondent's data habits and lifestyles using interviews guided by questionnaires
and data collection forms. We collected smoking history data through a structured interview guided -
questionnaire. Data collected through the discussions include respondents' identity, socioeconomic status,
marital status, education history, occupation, and smoking behavior data. We classified smoking behavior as
no smoking, smoking, and former smoking. Primary data concerning the characteristics and clinical
manifestations, as well as Treg levels, were obtained through direct measurements. We captured clinical data
with a laboratory observation method. Clinical data collected by physical and laboratory examination include
body mass index (BMI), peripheral blood hemogram, blood chemistry, and nicotine and Treg levels. The
brief procedure was as follows: i) the weight and height of prospective subjects who have been fasting for 8—
12 hours were measured to determine BMI. The potential Subjects had received an explanation about the
purpose of the study. They were asked to sign informed consent as evidence of their agreement to participate
in the study. The 5 ml of blood was drawn from the volunteer's median cubital vein. A total of 3 ml of blood
was centrifuged at 3000 g for 15 minutes. The blood was used to measure blood sugar, triglycerides,
creatinine, urea, nicotine, and Treg. ii) The levels of creatinine and urea were measured using a
spectrophotometer. ELISA measured nicotine levels.

Table 1. Research data types and collection methods in healthy respondents in DIY

Data types Details Data collection method
Demographics Gender, age, address, place of birth, date of birth, employment Data collection formand interviews
history, education history guided by questionnaires.

Characteristicsofthe ~ Weight, height, hemoglobin, leucocytes counts, erythrocytes counts, Direct examination of blood chemistry
Subject, lifestyle, and  ureaandcreatinine, randomblood glucose levels, and duration of was measured with spectrophotometry.
clinical manifestations smoking, weekly amount oftobacco packs; workplace and Structured interviewguided by a
environment (duration and intensity); history of smoking cessation ~ questionnaire.
(first smoking cessation, length of smoking cessation)
Smokinghistoryand L A direct examination of blood nicotine
nicotinelevels Blood nicotine levels levels usingthe ELISA method [31]

2.5. Data analysis

The data were processed and then presented descriptively, followed by bivariate analysis. One-way
ANOVA compared the number of cells in Hemogram and Treg or levels in blood chemistry and nicotine
levels among respondent smokers and nonsmokers with a 95% significance level. The correlation between
smoking habit (classification of the duration of smoking and number of packs/week cigarette consume) and
nicotine level and Treg count was analyzed using Pearson correlation.

2.6. Research ethics

After being approved by the local Institutional Review Board, the study was conducted by following
Good Clinical Practice: explaining to all potential subjects about the goal and objective of the research, the
expected benefits and uses, the consequences for the subjects, and the rights and obligations of the subjects.
The written informed consent form was obtained from each subject. The study protocol and interview
guidelines have been reviewed and approved by the health research ethics committee, Medical Faculty of
UGM (ref No: KE/FK/847/EC).
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3. RESULTS DAN DISCUSSION
3.1. Subjects’ characteristics

Subjects have lived in five districts in DIY: Yogyakarta, Sleman, Bantul, Kulon Progo, and
Gunungkidul. Tables 2 and 3 show the characteristics of the subject. Table 2 shows that the number of male
subjects was twice the higher of females, i.e., 66.3% compared to 33.7%. Most subjects aged between 46-60
years (50.3%), followed by 31-45 years (27%), >60 years (18.2%), and 16-30 years (7.4%). Most subjects
were senior high school graduates and working in the private sector.

In this cross-sectional study, the number of smokers >30% of respondents, more than 20% of
respondents smoked 20 or more 20 years, and 16% of respondents smoked 15 packs/week or more. This
description is following the condition of smokers in Indonesia [32, 33]. Table 3 presents an overview of
clinical characteristics and the result of respondents' laboratory examinations. Blood pressure, BMI,
hemoglobin levels, erythrocyte, leukocyte, random blood glucose level, urea level, and creatinine are normal.
The mean of the nicotine level was 19.34 ng/ml.

Table 2. Demographic characteristics and smoking behavior of healthy volunteers in DIY

No Characteristics of respondents Number (percentage)
1 Gender Men 70 (66.3%)
Women 36 (33.70%)
2 Agegroup 16-30 years 11 (10.38%)
31-45 years 29 (27.36%)
46-60 years 50 (47.17%)
> 60 years 16 (15.09%)
3 Education No school 11 (10.38%)
Elementary school graduates 36 (33.96%)
junior high school graduates 18 (16.98%)
senior high school graduates 26 (24.58%)
University 15 (14.15%)
4 Occupation Civil servants, military, state-owned enterprises, national police 12 (11.32%)
Private and self-employed 16 (15.10%)
Farmers, labors, and handymen 48 (45.28%)
Unemployed 30 (28.30%)
5 Marital status Married 103 (97.17%)
Not married 3 (2.83%)
6  Smoking habit Smoking 31 (33.96%)
Not smoking 75 (70.75%)
7 No pack cigarette/week >15 packs/weeks 17 (16.05%)
<15 packs/weeks 14 (13.20%)
No smoking 75 (70.75%)
8 Duration ofsmoking >20 year 23(21.70%)
<20 year 8 (7.55%)
No smoking 75 (70.75%)

Table 3. Laboratory examination of healthy volunteers in Yogyakarta

No Characteristics of respondents Mean+SD

1 Age (year) 50. 76+32

2 Weight (Kg) 57.6249.01
3 Height (cm) 160.55+4.63
4 Body mass index (BMI) (Kg/cm2) 22.33+3.27
5 Systolic blood pressure (mmHg) 122.41+21.49
6 Diastolic blood pressure (mmHg) 80.11+11.89
7 Hemoglobin levels (%) 11.91+1.89
8 Erythrocyte counts (106) (cell/dl) 4.57+0.62

9 Leukocyte counts (103) (cell/dl) 9.58+4.75
10 Platelet counts (103) (cell/dl) 255.42+105.73
11 Hematocrit levels 34.89+5.76
12 Blood sugar levels (mg/ml) 116.86+38.26
13 Triglyceride levels (mg/dl) 122.10+70.61
14 Urea levels (mg/dl) 77.53+74.03
15 Creatinine levels (mg/dl) 1.16+0.11
16 Nicotine levels (ng/ml) 19 .34+18.75
17 Treg count (%) 24.96+7.37

From the study, hemoglobin and hematocrit levels decreased while creatinine levels increased. The
hemoglobin (Hb) levels in this study were subnormal. The average values of Hb are more than 12 g/dl in
women and more than 13 g/dl in men [34, 35]. Low hemoglobin and hematocrit levels are associated with
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malnutrition and some chronic diseases [36]. Previous studies found that the Hb for smoker respondents was
higher than the Hb level for nonsmoker [12].

The results showed that the Mean nicotine plasma levels in respondents were quite high at 19.34
£18.75 ng/ml. The results of the study are the following previous studies [37]. It was reported that average
plasma nicotine levels in nonsmokers who were not exposed to cigarette smoke were 0.09-0.7 ng/mL, passive
smokers 2-10 ng/ml, and active smokers>10 ng/ml. Researchers in the USA reported that plasma nicotine
levels in smokers in the USA ranged 110-494 ng/mL [8, 38]. Many factors can affect the level of nicotine in
the blood apart from the number, duration, and smoking method. Food factors, drugs consumed, and
biological conditions and individual habits have been proven to influence nicotine levels in the blood,
including kidney function disorders. Data from research in Indonesia shows that the average blood cotinine
level of respondents withend stage renal disease (ESRD) is higher than non-ESRD, 63.7+35.1 vs. 23.8+8.34
ng/ml p<0.05 [39].

3.2. Nicotine lewel, hemogram, and Treg number based on smoking status

Table 4 shows differences in several hemograms and blood chemistry parameters between smokers,
former smokers, and nonsmoker subjects. Nicotine levels, number of leukocytes, Treg number, and creatinine
level were the difference between groups p<0.05. The smoker group's nicotine and creatinine levels and
leukocyte numbers were higher than those of the nonsmokers’ p<0.05. Erythrocyte, leukocyte, platelets, and
urea were relatively similar between smokers and nonsmokers’ p<0.05.

Table 4. Hemogram and blood chemistry based on the smoking status of healthy volunteers in Yogyakarta

Characteristic No smoking (n=81) Former smoker (n=7)  Smoker (n=18) Total p
Nicotine level (nmol/dl) 9.76+4.61 35.8571+4.29 56.05+9.69 19.34+£18.77  0.0001*
Hb 12.77+£1.18 13.31+1.82 13.15+1.72 12.87+1.90 0.6
Eritrocytes 4.53+.0.63 4.67+.0.42 4.68+.0.54 4.56+0.61 0.5
Leukocytes 9.83+4.16 7.58+3.70 12.33+6.41 10.11+4.69 0.04*
Platelets (x103 cell/dl) 258.88+111.85 266.43+36.99 252.61+103.03  258.31+106.48 0.95
Hmt 38.4145.85 40.31+4.59 40.0222+5.60 38.8170+5.73 0.44
Blood Glucose level (mg/dl) 107.90+37.48 159.60+161.711 107.16+45.69 111.19455.40 0.056
CD4CD25 Treg 26.3147.43 22.3148.24 20.45+3.24 25.08+7.27 0.01*
Triglyceride 121.59+72.08 133.99+82.83 118.73+58.09 121.92+70.06 0.86
Ureum (mg/dl) 37.09+39.73 74.68+90.49 38.26+36.04 39.7789+44.36  0.096
Creatinine (mg/dl) 0.83+0.01 1.01+1.21 0.89+0.89 1.09+1.21 0.02*
GFR 94.76+21.56 86.14+34.35 100.04+22.21 95.18+22.23 0.43

Hemogram profile, urea level, and creatinine level in the study were in the normal range. The
number of erythrocytes and platelets in the smokers and nonsmokers in this study did not differ. Still, the
number of leukocytes in smokers was higher than nonsmokers and statistically significant p<0.05. Previous
studies where smokers had higher leukocytes, hemoglobin, and platelets than nonsmokers found different
results. In a cross-sectional study in Japan, elevated white blood cell (WBC) counts are significantly
associated with active smokers, but not with former smokers [40]. The subjects in this study were healthy
subjects at high risk of CKD, and they were different from the Subjects involved in the previous
studies [12, 34].

Creatinine and urea levels in smokers and nonsmokers were within normal limits. The study found
that smokers had higher creatinine levels than non-smoking (0.89+0.67 vs. 0.83+0.01 mg/dl, p<0.05. The
previous study shows that the same results also found that smoking intensity was associated with increased
creatinine levels [41, 42]. Nicotine levels in the smokers were the highest (56.05+9.69 ng/ml), followed by
former smokers (35.8571+4.29 ng/ml). The lowest was in nonsmokers (9.76£4.61 ng/ml); similar to the
results, the previous studies also found that the smoker's group had higher nicotine levels than the non-
smoking (15.74+4.24 v.53.78+19.91 mg/dl) p<0.05. Smokers with more than 15 packs/week or smoking for
more than 20 years had the highest blood nicotine levels [11, 43].

Tobacco cigarettes and its nicotine content have shown an influence on the immune system [44].
Chronically smoke exposure increases the incidence of hyperuricemia and albuminuria [45]. On the other
hand, it decreases the number and activity of CD4Th and CD8 lymphocytes [46]. In the laboratory, it has
been shown that cigarette smoke suppresses the expression of Foxp3 in Treg cells, thus decreasing its
number/percentage. Treg plays a significant role in the regulation of inflammatory responses and tissue repair
after trauma. Treg functions are as protectors of ischemic renal injury IRI kidneys [47]. Based on these
results, we suggest that smokers' risk of kidney damage is more significant than nonsmokers' due to a
decrease in Treg level. Treg inhibits inflammation response in the natural immune system. In lymphocyte-
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deficient mice with IRI, adoptive Treg administration can protect test animals from kidney damage due to the
excessive natural immune response. In normal circumstances, Treg expresses CD25. The administration of
CD25 antibody in test animals with IRI has been proven to reduce the number of CD4Foxp3 Treg in the
kidney, spleen, and blood. The test animals are more susceptible to damage than the test animals with a
sufficient amount of Treg. The prevention of kidney damage due to IRI is more evident in the test animals
with complete Treg deficiency administered with IRI. The absence of FOXP3 as a Treg transcription factor
leads to the test animals experiencing autoimmune disease and death on the third or fourth week [48].

3.3. The relationship between behavior smoking with nicotine levels and Treg counts and association
nicotine level with Treg number
We conducted a correlation analysis with the Pearson correlation to determine the correlation
between the number of cigarette consumption and smoking duration. Table 5a presents the correlation test
results between cigarette consumption and smoking duration with nicotine level and Treg number). Based on
Table 5b, nicotine levels are associated with smoking duration and intensity (several packs/week).

Table 5a. The relationship between many cigarette consumptions and the smoking duration with nicotine
level and Treg number and the association between nicotine level with Treg number in healthy volunteer in
DIY: (a) correlation analysis (Pearson correlation test) of the number of cigarette consumption and duration

of smoking with nicotine level and Treg number

Characteristics Parameters Nicotine levels Treg levels
Total consumption of cigarettes per week (packs/weeks) Pearson Correlation 0.631 -0.238
Sig. (2-tailed) 0.000 0.002
Smoking duration (years) Pearson Correlation 0.623 7 -0.219 77
Sig. (2-tailed) 0.000 0.005

Correlationissignificantat the 0.01 level (2-tailed)

Table 5b. The relationship between many cigarette consumptions and the smoking duration with nicotine
level and Treg number and the association between nicotine level with Treg number in healthy volunteer in
DIY: (b) regression analysis of nicotine level to Treg number test

Parameters Association nicotine level — T reg number

Beta -0.268
0.002***

p
***Correlation issignificant at the 0.01 level (2-tailed)

Correlation test results show that the cigarette consumption and smoking duration was related to
nicotine levels (r=0.63 and r=0.62, p=0.000, positive) and Treg levels (r=0.24 and r=0.22, p=0.002 and
p=0.005, negative). In terms nicotine levels, the positive correlation (r = 0.63) indicates that the relationship
between the cigarette consumption and smoking duration and serum levels of nicotine is solid, unidirectional
and statistically significant p<0.00. Moreover, smoking cigarettes or longer smoking habit leads to higher
nicotine levels in the blood. The negative correlation between Treg count and the cigarette consumption and
smoking duration (r=0.24 and r=0.22) shows that the relationship is fairly strong but opposite and
statistically significant (p<0.05).The results indicate a positive correlation between smoking intensity and
duration and nicotine levels (p<0.05). In other words, blood nicotine levels can be used as an indicator of
smoking intensity and duration. Interestingly, the nonsmokers were found to have a reasonably high nicotine
level at 9 nmol/dl. This result shows that exposure to cigarette smoke in non-smoking respondents is high
[49, 50].

Treg numbers in the population can vary, as biological and environmental factors influence them.
Previous studies found that smokers had a lower number of Treg. In this study, CD4CD25T cells in the
smokers' group were lower than the non-healthy healthy subjects, statistically significant (p<0.05). The
results of this study are consistent with the results of in vivo experimental laboratories, safe in test animals
exposed to dimethylbenzantracene (DMBA), one of the carcinogens in cigarettes, having lower Treg counts
than in test animals without DMBA exposure. The DMBA is a carcinogen and immunotoxc agent [51, 52].
Treg cells in peripheral blood from allergic or autoimmune disease patients may be lower than peripheral
blood numbers in peripheral blood from healthy subjects [27, 53]. Treg expression is a phenotypic signal to
the protection of test animals treated with IRI. At the stage of post-ischemic reperfusion, there has been an
increased expression of TGF-B. Apart from being produced by Treg, TGF- and IL-10 are also provided by
renal tubular cells damaged by IRl and macrophages. Treg adoptive administration in test animals with IRI
has been shown to improve inflammatory reactions and prevent kidney damage. In mice with complete Treg
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deficiency, there is an accumulation of neutrophils and macrophages in the kidney after an IRI. Neutrophils
accumulating in the kidney are shown to actively secrete IFN-y resulting in excessive and destructive
inflammatory reactions that endanger test animals [54, 55]. The administration of adoptive Treg has been
proven to inhibit the natural immune response by decreasing the number of neutrophils in the kidney in test
animals treated with IRI. Other studies have shown that administering adoptive Treg to burn traumatic can
suppress excessive natural immune responses to prevent the death of test animals but maintain their ability to
inhibit deaths due to infection [56].

4.  CONCLUSION

We conclude that smoking behavior is associated with nicotine level, leukocytes number, and Treg
and that smoking habits can increase creatinine levels. The smoking number (packs/week) and duration are
related to nicotine levels in the blood. Furthermore, the level of nicotine in the blood is related to the Treg
count.
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