
525 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

1. Introduction 

Cigarettes are a tobacco product that uses 

additional materials such as paper or pure tobacco 

without additional ingredients.1 Cigarettes contain 

more than 5,000 chemicals that can have a negative 

impact on health and 70 other substances that can 

cause cancer.2 The dangerous content of cigarette 

smoke includes nicotine, carbon monoxide, tar, nitric 

oxide, hydrogen cyanide, acrolein, benzo(a)pyrene, and 

N-nitrosamine.3 

The Ministry of Health defines an active smoker as 

someone who consumes cigarettes regularly, no 

matter how small, even just one cigarette a day. 

Someone who just tries it and does not regularly 

consume cigarettes can also be called an active 

smoker.4 Someone who smokes actively can be 

categorized based on the degree of smoking. One can 

classify an active smoker according to their level of 

smoking. According to one of them, active smokers can 

be categorized as light, moderate, or heavy users based 

on the Brinkman Index. This classification considers 

the quantity of cigarettes smoked daily as well as the 

years of smoking.3 

The World Health Organization (WHO) reported 

that in 2020 there were around 991 million smokers 

aged ≥ 15 in the world. In the same year, in Indonesia, 

there were around 33.5% active smokers. Data from 

the Ministry of Health in 2022 stated an increase in 

the number of smokers in Indonesia by around 8.8 

million people. Initially, around 60.3 million (2011) to 

around 69.1 million (2021). Badan Pusat Statistik 

(BPS) reports that there are 24.44% of smokers among 

residents aged ≥ 15 years in Daerah Khusus Jakarta 

(DKJ) on average consume 69.89 cigarettes every week 
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A B S T R A C T  

Cigarette consumption is the main cause of death in the world because it affects 

various physiological conditions in the body. Various ingredients in cigarette 
smoke such as tar, nicotine, carbon monoxide, and others can cause health 
problems, especially in the O2 transportation system. Hemoglobin is a protein in 
red blood cells that carries oxygen from the lungs to all tissues. The carbon 

monoxide contained in cigarette smoke is competitive with O2 in binding to 
hemoglobin so that the oxygen distributed to the tissues is reduced. The body 
will compensate for peripheral hypoxia that occurs by increasing hemoglobin 
levels in the body so that oxygen transport to the tissues can be maintained. 

Research regarding the relationship between the degree of smoking and 
hemoglobin levels is still controversial. Analytical research with cross-sectional 
design. A total of 184 respondents were taken using purposive sampling and it 
was found that the majority (94%) were men who worked as security officers, 

cleaners, parking attendants, or technicians. Based on the Brinkman Index, 
73.9% of respondents were classified as light smokers, only 1.6% were classified 
as heavy smokers and 50.5% of respondents had low hemoglobin levels. Analysis 

showed that the majority of respondents in the light smoker group had normal 
hemoglobin levels (58.1%), while moderate and heavy smokers had lower 
hemoglobin levels. In statistical analysis, a significant p-value (0.001) was found 
between the degree of smoking and hemoglobin levels. 
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Every year around 225,700 people die from smoking 

or various other diseases related to tobacco 

consumption.5-8 

Various bad effects can occur in active smokers, 

such as chronic obstructive pulmonary disease, 

atherosclerosis, and increased hemoglobin levels. 

Hemoglobin (Hb) is a protein in erythrocytes that 

carries oxygen from the lungs to all tissues. This 

protein is a globulin tetramer consisting of two 

subunits.9,10 Each subunit has a polypeptide chain 

and also a prosthetic heme group of iron 

protoporphyrin IX. The heme group is linked to the 

polypeptide amino acid residues 141 (α) and 146 (β).11 

In research conducted by Lakshmi et al., the 

results showed that hemoglobin levels were 

significantly higher in those who smoked more than 

10 cigarettes every day.12,13 The increase in 

hemoglobin levels due to smoking was influenced by 

exposure to one of the ingredients contained in 

cigarette smoke, namely carbon monoxide. Carbon 

monoxide will combine with Hb to form HbCo. 

Carboxyhemoglobin is an inactive form of hemoglobin 

so it cannot distribute oxygen to tissues. Carbon 

monoxide's stronger affinity for binding to hemoglobin 

results in easier formation of carboxyhemoglobin. It is 

estimated that the affinity of Hb and CO is 200 times 

stronger than the affinity between Hb and O2.14,15 The 

strong affinity of CO in binding Hb results in high 

carboxyhemoglobin so oxygen levels will decrease. The 

resulting decrease in oxygen levels will stimulate 

peripheral hypoxia. One of the body's compensatory 

mechanisms due to peripheral hypoxia is to maintain 

oxygen transport by increasing hemoglobin 

production.12,16 

In research conducted in 2017 by Malenica et al., 

results showed that hemoglobin levels were 

significantly higher in smokers. This increase in 

smoking is associated with a greater risk of suffering 

from polycythemia vera.12 This is different from 

Amelia's research in 2016 which stated that there was 

no relationship between the degree of smoking based 

on the Brinkman Index and hemoglobin levels. This 

research is supported by Sayekti's research in 2020 

which stated that there was no effect of smoking on 

hemoglobin levels.17,18 In the research carried out by 

Septiani in 2022, it was found that the more often and 

longer a person smokes, the lower their hemoglobin 

levels will be.19 

This research will be carried out on residents of 

Tarumanagara University because the prevalence of 

smoking is still high among security officers at 

Tarumanagara University. In research conducted in 

2019 by Kurniawan, there were at least 79 

Tarumanagara University security officers who 

smoked out of 97 total samples obtained (81.4%).20 

Based on the background description explained, the 

author is interested and wants to research cleaning 

services, technicians, parking attendants, and 

security regarding the effect of smoking on hemoglobin 

levels in Tarumanagara University residents. 

 

2. Methods 

This research is an analytical research method with 

a cross-sectional approach and statistical tests were 

carried out using chi-square with sample collection 

using purposive sampling from Tarumanagara 

University residents including security officers, 

cleaners, parking attendants, and technicians who 

meet the predetermined inclusion and exclusion 

criteria. The inclusion criteria for this study were that 

respondents were aged between 18 and 60 years and 

were active smokers. Exclusion criteria include 

respondents with chronic diseases, such as AIDS, 

chronic kidney or liver disease, being infected with 

worms, taking ARV, blood-boosting tablets, or blood 

thinners. The research was carried out from December 

2023 to February 2024 with a sample size of 184 

respondents. 

Measurement of hemoglobin levels will be carried 

out using the Point of Care Testing (POCT) method 

which can be done outside the laboratory. Hemoglobin 

examination will be carried out using test strips and 

also a digital hemoglobinometer with Fora 6 plus 

brand. Because only a small blood sample is needed, 

hemoglobin examination with POCT can generally use 

capillary blood, so that the examination can be carried 
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out easily and quickly.21,22 

In research by Widianto et al., they stated that 

there were no significant differences in hemoglobin 

levels in venous and capillary blood samples. This is 

also supported by research by Puspitasari et al., who 

said that there was no statistically significant 

difference between the average results of examining 

hemoglobin levels using the capillary blood POCT 

method and the venous blood cyanmethemoglobin 

method. This is because veins and capillaries are in 

one interconnected blood circulation cycle, so both can 

be used as samples for hemoglobin examination.22-24 

The results of hemoglobin levels use grams per 

deciliter (g/dl). The results of the classification of 

hemoglobin examination in men are 1) normal if the 

hemoglobin level is between 14 g/dl to 18 g/dl; 2) 

hemoglobin levels are considered low if < 14 g/dl and 

high if > 18 g/dl. Meanwhile, the classification results 

for women are 1) normal if the hemoglobin level is 

between 12 g/dl to 16 g/dl; 2) hemoglobin levels are 

considered low if < 12 g/dl and high if > 16 g/dl.25 

The degree of smoking will be classified based on 

the Brinkman Index which is assessed by the number 

of cigarettes consumed each day multiplied by the 

number of years a person has smoked in their lifetime. 

The results of the multiplication will be made into 

points and classified into 1) light smoker if 0 to 199 

points; 2) moderate smoker if 200 to 599 points; and 

3) heavy smoker if the multiplication result is > 600 

points.3 

 

3. Results and Discussion 

In this research, there were 184 respondents from 

Tarumanagara University, consisting of 173 

respondents (94%) male and 11 respondents (6%) 

female. Most of the respondents to this study were 

male and this resembles the results of research 

conducted by Salsabila (2022) which stated that 95% 

of respondents who were active smokers were male. 

The reason men smoke more is because it is 

considered proof of masculinity in society.25 This is 

also supported by a survey conducted by WHO in 

Indonesia in 2021 which stated that 65.5% of active 

smokers were men.6 

The results of this study show the degree of 

smoking of respondents based on the Brinkman Index, 

136 respondents (73.9%) are classified as light 

smokers, 45 respondents (24.5%) are moderate 

smokers, and 3 respondents (1.6%) are heavy 

smokers. This research is in accordance with research 

by Amelia (2016) which analyzed the relationship 

between the degree of smoking based on the Brinkman 

Index and hemoglobin levels in the Padang branch of 

the Indonesian Red Cross which obtained the highest 

number of light smokers and the lowest number of 

heavy smokers, namely 27 respondents (41.5%) were 

light smokers, 21 respondents (32.2%) were moderate 

smokers, and 17 respondents (26.2%) were heavy 

smokers. This result is influenced by the Brinkman 

Index which takes into account the average number of 

cigarettes consumed each day and the length of time 

the respondent has smoked in years, so that the 

varying ages of the respondents also influence the 

results of the distribution of the degree of smoking 

among respondents.20  

In this study, the results of hemoglobin levels 

showed that 93 respondents (50.5%) had low 

hemoglobin levels, 90 respondents (48.9%) were 

normal and 1 respondent (0.5%) had high hemoglobin 

levels. These results are quite different from the results 

of research conducted by Mariani (2018) which found 

that 21 respondents (29.6%) had low hemoglobin 

levels, then 13 respondents (18.3%) had normal 

hemoglobin levels, and 37 respondents (52.1%) had 

normal hemoglobin levels. high.26 The average 

hemoglobin level in male and female respondents will 

be lower in someone who has a heavier degree of 

smoking based on the Brinkman Index. In contrast to 

the results obtained in Amelia's (2016) research, the 

average hemoglobin level will increase in respondents 

whose smoking level is heavier.18 The differences that 

occur can be influenced by various factors that can 

make differences in hemoglobin levels in respondents, 

including gender, age range, nutritional intake, 

medication, altitude in the area where they live, and 

also lifestyle.27 
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Table 1. Characteristics of research results. 

 

 

Table 2. Correlation of hemoglobin levels with degree of smoking. 

 

 

 

 

 

Figure 1. Boxplot of hemoglobin level by the degree of smoking. 

 

Parameter N (%) Mean (SD) Med (Min-Max) 

Age  31.40 (9.14) 28.50 (19 – 60) 

Gender    

Men 173 (94%)   

Women 11 (6%)   

Profession    

Security 80 (43.5%)   

Cleaning service 77 (41.8%)   

Parking attendants 22 (12%)   

Technician 5 (2.7%)   

Number of 

cigarettes/day 

 9.08 (7.77) 10 (0 – 60) 

Duration of smoking 

(years) 

 12.80 (9.67) 12 (0 – 44) 

Degree of smoking    

Light smoker 136 (73.9%)   

Moderate smoker 45 (24.5%)   

Heavy smoker 3 (1.6%)   

Hemoglobin level  13.82 (2.15) 13.9 (8.1 – 19.3) 

Low 93 (50.5%)   

Normal 90 (48.9%)   

High 1 (0.5%)   

Degree of 

smoking 

Hemoglobin levels 

P-value        Low Normal       High 

n % n % n % 

Light 56 41.2% 79 58.1% 1 0.7% 

0.001 Moderate 35 77.8% 10 22.2% 0 0% 

Heavy 2 66.7% 1 33.3% 0 0% 
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In this study, the results showed that there was a 

statistically significant influence between the degree of 

smoking and hemoglobin levels with a p-value of 

0.001. These results are supported by research by 

Septiani (2022) which states that there is a 

relationship between the duration and frequency of 

smoking and hemoglobin levels in active smokers in 

Palembang City.19 However, this is different from the 

results of research by Amelia (2016) which obtained a 

p-value of 0.065, which means there is no relationship 

between the degree of smoking and hemoglobin 

levels.18 

Carbon monoxide in cigarette smoke will inhibit the 

work of hemoglobin to bind oxygen so that less oxygen 

can be circulated to the tissues. The more cigarettes 

consumed and the longer a person smokes, the more 

oxygen transport will be disrupted, which will result in 

tissue hypoxia. In this situation, the body will respond 

by increasing erythropoietin production to increase 

erythrocyte production, so that hemoglobin levels in 

the body will increase in smokers.15,16 However, in this 

study, the results showed that the majority of 

respondents who were light smokers (58.1%) had 

normal hemoglobin levels, while 77.8% of respondents 

who were moderate smokers and 66.7% of 

respondents who were heavy smokers had relatively 

low hemoglobin levels.  

This shows that there is no increase in hemoglobin 

levels in moderate and heavy smokers, where the body 

should compensate for the decrease in oxygen 

transport by increasing erythrocyte production. The 

differences that occur can be caused by many factors 

that can influence the hemoglobin contained in 

erythrocytes, including gender, age, nutritional intake, 

medications consumed, altitude in the area of 

residence, and also lifestyle, which cannot be assessed 

in this study. This result is similar to research by 

Septiani (2022) which found that the more cigarettes 

consumed each day and the longer someone smokes, 

the lower their hemoglobin levels will be.19  

Apart from the various factors that can influence 

hemoglobin levels, the decrease in hemoglobin levels 

in active smokers is believed to be related to a decrease 

in the body's ability to absorb iron. A case study 

conducted by Vivek, et al (2023) states that smoking 

has a strong relationship with iron deficiency anemia 

and the risk will be greater depending on the 

duration.28 This process occurs due to reduced levels 

of vitamin C in the smoker's body as a result of the 

cigarettes consumed or the diet which is proven to be 

unhealthy in the majority of smokers. Fatima's 

research (2022) states that smokers consume less 

vitamin C, fiber, beta carotene, and vitamin E when 

compared to someone who is not a smoker 29-30 

Vitamin C or ascorbic acid is a water-soluble 

vitamin that functions as an antioxidant, increases 

endurance, and also increases iron absorption in the 

body. Antioxidants are molecules that are able to 

donate electrons to free radicals without losing their 

molecular integrity. As an antioxidant, the body will 

use vitamin C to slow down the destructive impact of 

various free radicals in cigarettes, which can 

accelerate cellular damage due to oxidative stress. The 

risk of oxidative stress will increase in someone who 

consumes cigarettes because the various contents of 

cigarette smoke, such as hydrogen peroxide, 

superoxide, and peroxynitrite, can increase the 

number of free radicals in the body. The large number 

of free radicals contained in the body will cause more 

antioxidants to be used, thus triggering an imbalance 

of free radicals and antioxidants in the body. 

Therefore, the level of vitamin C in a smoker's body will 

be lower and the ability to absorb iron will decrease, 

resulting in a decrease in hemoglobin levels in 

someone who consumes cigarettes.30-33 

 

4. Conclusion 

Based on the results of the analysis, it was found 

that there was a statistically significant influence 

between the degree of smoking and hemoglobin levels 

with p-value = 0.001. So one way to reduce the risk of 

health problems including problems with oxygen 

transportation is to reduce the amount of 

consumption and smoking. 
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