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 Background: Prolonged cigarette smoking leads to significant bone loss, an independent risk 

factor for osteoporosis. Currently, there are no effective prevention procedures for this, and the 

exact mechanisms affecting bone metabolism remain unclear. 

Objectives: This study aims to (1) identify the differences in measured osteoporotic biomarkers 

among smokers, which are categorized based on the duration and smoking intensity, (2) identify 

a statistical correlation between variables and smoking intensity, (3) discuss the possibility of 

employing the appearance of pain sensations in healthy smokers as a reliable indicator of 

osteoporosis.  

Subjects and Methods: A study involved 200 males in Basrah city, aged 20-60 years, who were 

categorized into long-term heavy smokers (LTHS), long-term light smokers (LTLS), short-term 

current smokers (STCS), and non-smokers (control). A self-reported questionnaire was used to 

collect baseline data and smoking history. Serum levels of bone-specific alkaline phosphatase 

(BALP), parathyroid hormone (PTH), 25-hydroxyvitamin D (25OHD), interleukin 6 (IL-6), 

osteocalcin (OC), Dickkopf-1 (DKK-1), osteoprotegerin (OPG), and Receptor activator of 

nuclear factor kappa-B ligand (RANKL) biomarkers were measured using an ELISA technique. 

Results: statistical analysis for mean age 32± 8 years demonstrated a statistically significant 

relationship (P<0.05) in education levels, employment status, and type of diet among smoker 

groups. The prevalence of pain symptoms and pain severity showed (P<0.0001) among smoker 

groups compared to the control group. Among smokers, IL-6, vitamin D, BALP, OC, DKK-1, 

OPG, and PTH levels were statistically significant. The RANKL/OPG ratio shows significant 

differences in LTHS and LTLS.  

Conclusions: The Basra community's smoking status is influenced by education, employment 

state, and dietary profile. The high prevalence of smoking and its negative health effects 

significantly on osteoporotic biomarkers, and pain prevalence is positively correlated with 

smoking intensity. 
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Introduction  

Cigarette smoking is a prevalent and detrimental behavior that is 

strongly associated with many illnesses and health problems (1). 

Evidence indicates that smoking plays a substantial role in the onset 

of chronic diseases including respiratory disease, stroke, 

cardiovascular disease, and cancers (2). Furthermore, it has the 

potential to cause more fatalities than all deaths associated with HIV, 
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alcohol abuse, illegal drug use, vehicular accidents, and suicides (3). 

Over 70% of tobacco-related mortality occurs in developing nations 

(4). However, in developed countries, China has the highest 

prevalence of smokers at 26.5 million, followed by India at 19.8 

million and Indonesia at 9.91 million (5). 
Tobacco smoke contains over 7000 compounds, some of which 

indirectly affect the skeletal system by progression of osteoporosis 

and slowing down fracture healing (6). An imbalance in the bone 

remodeling cycle is related to an increased risk of fragility fractures 

(7). In addition to the negative impact of smoking on bone mass, other 

modifiable risk factors may induce osteoporosis and hip fracture, 

including low physical activity, Inadequate nutritional absorption, air 

pollution, and stress (8). 

More recent evidence indicates that osteoporosis is significantly 

influenced by exposure to sunlight, serum levels of parathyroid 

hormone (PTH), and serum levels of both calcium and vitamin D (9). 

Recent investigation indicates osteoporosis, a prevalent bone disease, 

affects about 200 million people globally. Nevertheless, the control of 

bone metabolism is complex, including several signaling pathways 

(10). Physiologically, osteoblasts and osteoclasts collaborate to break 

down existing bones and generate new bones (11). Evaluation of 

serum levels of bone turnover markers and bone mineral density can 

be used to assess the homeostasis between these processes (12). 

While cigarette smoking is recognized to have negative 

consequences on human health, smoking cessation presents a major 

challenge because of addiction (13). Several investigations have 

shown a substantial correlation between the duration and intensity of 

smoking and its impact on health and mortality (14). Increased 

nicotine demand resulting from cigarette smoking incorporates 

exposure to several toxic compounds, therefore causing serious health 

issues (15). 

A strong association between smoking, pain, and inflammation 

has been observed. Women who regularly smoke cigarettes have an 

increased risk of getting rheumatoid arthritis (14). Nonetheless, 

proving the cause of pain resulting from bone mass loss, which is 

referred to as the “silent thief,” remains a challenge for physicians 

(16). 

It is crucial to remember that southern Iraq's air pollution is an 

issue that can be risky to people's health since studies have revealed 

that gaseous pollutants like carbon monoxide, nitrogen oxides, sulfur 

oxides, and ozone have increased along with pollutants from energy 

production, dust storms, transportation, industry, and the burning of 

fossil fuels (17). Furthermore, tobacco consumption leads to indoor 

air pollution (18), emphasizing the requirement for increased research 

on the public health of Basra's population and predicting possible risks 

for chronic illnesses linked to air pollution, including osteoporosis and 

other conditions (8). 

This research aims to (1) identify the differences in osteoporotic 

biomarkers (PTH, vitamin D3, OPG, RANKL/ OPG ratio, RANKL, 

IL-6, BALP, DKK-1, and OC) among smokers categorized based on 

the duration and smoking intensity  

(2) identify a statistical correlation between variables (pain severity, 

IL-6, OC, RANKL/OPG ratio, PTH, vitamin D3, BALP) and smoking 

intensity 

(3) discuss the possibility of employing the appearance of pain 

sensations in healthy smokers as a reliable indicator of osteoporosis. 

Subjects and Methods  

This cross-sectional observational study was conducted from Oct 

2023 to Apr 2024 in Basrah City, Iraq. Two hundred men who lived 

in Basrah city center or district areas and met the study requirements 

were involved. The study complies with the University research 

committee's ethical approval reference no. (EC 43.15/10/2023). 

Each participant in the study had to answer questions in a 

questionnaire to collect baseline information. However, the study's 

inclusion criteria were: adult males, aged 20 to 60 years, healthy, and 

without chronic conditions (diabetes, asthma, hypertension, 

parathyroid disease, autoimmune diseases, rheumatoid arthritis, 

stomach cancer/ or ulcer).  Older adults diagnosed with osteoporosis 

or low bone mass were excluded. A history of chronic medication or 

supplement intake was obtained from every subject to be excluded 

from the study conditions. 

The questionnaire collected details about the subject's 

employment status, and level of education, categorizing participants 

as college graduates and college students. The variation in educational 

attainment was obvious in the third group (non-graduates) who were 

unsuccessful in finishing their academic education. To reduce the 

variables, those belonging to this group were classified under the same 

category (non-graduates), followed with slight modification. 

Data concerning participants' type of diet (high-carbohydrate, low-

carbohydrate, vegetarian), amount of milk consumed, and duration of 

sunlight exposure each day were obtained. Random blood glucose and 

blood pressure readings were obtained using a digital instrument. The 

body mass index (BMI) was calculated by dividing each subject's 

weight in kilograms by their height in square meters (19).  

The research aspects gathered between pain symptoms appearance 

and physical activity. The study involved and reported all subjects 

with remarkable pain symptoms (pelvic pain, muscle pain, joint /or 

back pain), using the numeric rating scale (NRS) (20) to assess the 

pain severity in smokers. Furthermore, the short International 

Physical Activity Questionnaire (IPAQ) (21) was requested. The data 

were obtained from the participants about their physical activity 

during the last 7 days.  

The primary objective of this research was to identify the 

particular variance among current smokers, excluding all former 

smokers. Two hundred participants were divided into four groups 

depending on duration and intensity of smoking; long-term heavy 

smokers (LTHS, n=50), long-term light smokers (LTLS, n=50), short-

term current smokers (STCS, n=50), and non-smokers (control, 

n=50). 

Smoking status was assessed by self-reported questionnaires that 

included questions on participants' smoking status, duration of 

smoking, and daily cigarette consumption. This study hypothesized 

that heavy smokers, defined as those who use more than 13 cigarettes 

daily, can be distinguished from light smokers, who smoke between 1 

and 13 cigarettes per day, as follows (22). Meanwhile, smoking 

duration was defined as more than a year for long-term smoking, 

whereas short-term smoking duration was defined as less than a year.  

Laboratory analysis 
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A 5 mL sample of venous blood was obtained from each participant 

and allowed to coagulate at room temperature for 15 minutes. The 

coagulated blood was subjected to centrifuge at 3000 revolutions per 

minute for 15 minutes, and serum was obtained. The isolated serum 

was stored at -20°C until it was analyzed in the laboratory. ELISA kits 

provided by the manufacturer (Sunlong Biotech, China) were used for 

measuring serum bone-specific alkaline phosphatase (BALP), 

parathyroid hormone (PTH), 25-hydroxyvitamin D (25OHD), 

interleukin 6 (IL-6), osteocalcin (OC), Dickkopf-1 (DKK-1), 

osteoprotegerin (OPG), and Receptor activator Of nuclear factor 

kappa-B ligand (RANKL). Manufacturer guidelines for sample 

processing, measurement, and readings were followed. 

Statistical analysis  

This work was statistically evaluated using the Chi-square test for 

analysis and Fisher exact tests with non-parametric Spearman test for 

correlations. One-way analysis of variance with Tukey post hoc 

analysis for multiple comparisons was utilized by Graph-pad Prism 

for Windows (version 8.0). 

 

Results   

Two hundred males were enrolled in this study with a mean age 

of 32 ± 8 years. (Table1) shows the comparison between smokers and 

control groups; there were no significant differences in age or weight. 

Table 1: Baseline characteristics of the participants in relation to their 

smoking status. 

variables Control 

n=50 

LTHS 

n=50 

LTLS 

n=50 

STCS 

n=50 

p-

value 

Age 

(years) 

31 ± 8 33 ± 7 35 ± 8 27 ± 8 NS 

BMI 

(kg/m2) 

27.99 ± 

3.8 

25.81 ± 

4.1 

25.92 ± 

3.6 

24.37 ± 

4.9 

NS 

Data are presented as mean ± SD 

 

(Table 2) indicates the influence of educational levels on smoking 

status, revealing that the proportion of LTHS who non-graduates are 

is almost four times more than that of their college graduates’ 

counterparts who participated in the study. 90% of the participants in 

LTLS were non-graduates. The survey indicated that the greatest 

proportion of smokers among the STCS group were non-graduates at 

64%, followed by college students at 28%, overall, a significant p-

value was (0.0021). The intensity of smoking and employment status 

showed a significant relationship when compared to the control group, 

with a p-value of (0.0006).  

The results of the research show no significant differences in smoking 

habits among Basrah City areas, and also there's no significant 

association between milk consumption and smoking status, as shown 

in (Table 2). The characteristics of the type of diet show significant 

differences (P-value =0.012), and most LTHS were associated with a 

high-carbohydrate diet (62%), furthermore, smokers with a low-

carbohydrate diet were found in both LTLS and STCS with 64% and 

55%, respectively. 

Table 2: Demographic variables characteristics of the participants in 

relation to their smoking status. 

Variables  Cont

rol 
(n=5

0) 

LT

HS 
(n=5

0) 

LTL

S 
(n=5

0) 

STCS 

(n=50
) 

p-value 

Education 

level  

College 

graduates 

6% 18% 8% 8% * 0.0021 

College 

students 

16% 8% 2% 28% 

Non-

graduates 

78% 74% 90% 64% 

Employment 

status 

Employe

e 

2% 40% 46% 20% * 0.0006 

unemplo
yed 

64% 52% 52% 52% 

College 

Student 

16% 8% 2% 28% 

Location Basra 

city 
center 

98% 92% 98% 94% NS 

Basra 

city 
district 

2% 8% 2% 6% 

Type of diet 

(%) 

High-

carbohyd
rate 

42% 62% 34% 43% * 0.021 

Low-

carbohyd
rate 

56% 30% 64% 55% 

vegetaria

n 

2% 8% 2% 2% 

Milk 
consumption 

(%) 

Daily 30% 38% 40% 44% NS 

Weekly 54% 40% 42% 34% 

Never 16% 22% 18% 22% 

Exposure to 

sunlight 
(hr./day) 

Three hr. 40% 20% 34% 34% NS 

Less than 

three hr. 

36% 46% 36% 34% 

More 

than three 

hr. 

22% 28% 26% 30% 

never 2% 6% 4% 2% 

Physical 
activity 

(day/weak) 

vigorous 10% 10% 4% 14% NS 

Moderate 70% 82% 76% 64% 

walking 20% 8% 20% 22% 

Data are presented as a percentage (%), * indicate significant differences 

versus control at P<0.05  

 

This research categorized sunlight exposure based on the average 

daily hours of exposure among individuals into three classifications: 

more than three hours, three hours, and less than three hours. The 

study findings suggest no significant relationship between smoking 

status and sunlight exposure when compared to the control group. 

Smokers' physical activity characteristics showed no significant 

differences. (Table 3) shows the prevalence and severity of pain 
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symptoms through smoking groups which indicated a significant 

relationship (P-value <0.0001).  

 

Table 3: Characteristics of pain symptoms of the participants and 

their severity in relation to their smoking status. 

 

variables control 

(n=50) 

LTHS 

(n=50) 

LTLS 

(n=50) 

STCS 

(n=50) 

p-value 

Pain 
symptoms 

(%) 

pain 0% 46% 36% 18% *<0.0001 

No pain 100% 54% 64% 82% 

Pain 

severity 

(%) 

Mild 0% 40% 35% 16% *<0.0001 

Moderate 0% 6% 1% 2% 

sever 0% 0% 0% 0% 

Data are presented as a percentage (%), * indicate significant 

differences versus control at P<0.0001 . 

Nonetheless, blood pressure and random blood glucose levels were 

elevated in LTHS compared to the control group, with a p-value 

<0.05, as shown in (Table 4). 

Table 4: Measurement of blood pressure and random blood glucose 

of the participants in relation to their smoking status. 

variables control 

(n=50) 

LTHS 

(n=50) 

LTLS 

(n=50) 

STCS 

(n=50) 

p-

value 

Diastolic 

blood  

pressure 

(mmHg) 

74.7 ± 

11.2 

* 80.2 ± 

12.8 

76.8 ± 

11.1 

71.9 ± 

9.5 

0.0434 

Systolic 

blood 

pressure 

(mmHg) 

121.3 ± 

8.7 

* 127.5 

± 12.6 

122.8 ± 

13.3 

121.2 

±8.9 

0.0149 

 

Random 

blood 

glucose 

(mg/dl) 

113.6 ± 

15.4 

 

* 122.7 

± 22.9 

120.7 ± 

19.6 

110.2 ± 

11.7 

0.0318 

 

Data are presented as mean ± SD, * indicates significant differences 

versus control at P <0.05 

The PTH serum levels were significantly increased, with a mean ± SD 

of 30.6 ± 5.5 for LTHS, compared to 19.39 ± 3.7 for the control group. 

The statistical difference in PTH levels concerning smoking intensity 

is seen in (Table 5, Figure 1). Meanwhile, Vitamin D3 levels were 

significantly decreased in LTHS and LTLS relative to the control 

group, with a p-value <0.0001.  

The study findings in (Table5, figure 2) show Serum OPG levels were 

significantly increased in LTHS and LTLS compared to the control 

group. Serum RANKL biomarker levels, on the other hand, are not 

significantly different between the LTHS and LTLS groups. The 

RANKL/OPG ratio indicates a significant decrease in both groups 

(illustrated in Figures 4,5, and 6). A significant decrease in serum 

levels of IL-6 has been observed in LTLS and STCS compared to the 

control, as demonstrated in (Figure 2). The LTHS and LTLS groups 

had significantly increased serum levels of BALP than the control 

group (Figure 3); nevertheless, the p-value for both groups is < 

0.0001. 

Serum Dkk-1 levels were significantly increased in the smoking 

groups, with a p-value of <0.0001 for LTHS, as seen in (Table 5, 

Figure 3). In comparison to the control group (3.9 ± 2.1), serum OC 

levels were three times higher in the LTLS group (9.3 ± 3.4), and four 

times higher in the LTHS group (13.9 ± 6.8), as shown in (Table 5). 

At the same time, STCS exhibits no significant variation in serum OC 

levels, (Figure 4) 

 

Table 5: The relation of participants’ osteoporotic biomarkers levels 

with smoking status. 

variables Control 

(n=50) 

LTHS 

(n=50) 

LTLS 

(n=50) 

STCS 

(n=50) 

p-value 

Serum PTH  

(pg/ mL ) 

19.3 ± 

3.7 

* 30.6 

± 5.5 

* 28.8 ± 

6.2 

* 24.5 ± 

5.1 

<0.0001 

Serum     

vitamin D3   

(microgram/L) 

40.1 ± 

24.0 

* 18.9 

± 18.9 

* 

19.7±18.5 

38.3 ± 

22.5 

<0.0001 

Serum OPG 

(ng/mL) 

13.5 ± 

1.6 

* 20.2 

± 2.5 

* 17.4 ± 

2.9 

13.8 ± 

1.3 

<0.0001 

RANKL/OPG 

ratio 

27.3 ± 

85.1 

* 19.4 

± 54.6 

* 21.6 ± 

47.3 

26.7 ± 

138.3 

<0.0001 

Serum 

RANKL 

(ng/mL) 

370.2 ± 

136.2 

392.3 

± 

136.6 

375.7 ± 

137.4 

369.9 ± 

179.8 

NS 

Serum IL-6 

(pg/mL) 

43.6 ± 

21.9 

37.1 ± 

21.5 

 

* 26.8 

±12.8 

* 17.1 ± 

7.5 

<0.0001 

Serum BALP 

(mmol /L) 

7.9 

±3.1 

* 13.4 

± 5.2 

* 11.6 ± 

3.9 

8.5 ± 3.9 <0.0001 

Serum DKK-1 

(ng/mL) 

19.5 ± 

3.7 

* 

30.63 

± 5.5 

* 28.9 ± 

6.2 

* 24.6 

±5.0 

<0.0001 

Serum OC  

(ng/mL) 

3.9 ± 

2.1 

* 13.9 

± 6.8 

* 9.3 ± 

3.4 

3.8 ± 2.3 <0.0001 

Data are shown as mean ± SD; * indicates significant differences 

versus control (p < 0.05). 
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Figure 1: Serum PTH and vitamin D3 levels were compared among 

smokers and control groups. The three groups showed a significant 

increase in PTH levels compared to the control group, while LTHS 

and LTLS exhibited a significant decrease in vitamin D3 

concentrations compared to the control group. (***) indicates a p-

value <0.0001, (**) denotes a p-value <0.001, and (*) corresponds to 

a p-value <0.01. 

 

 
Figure 2: Evaluation of the smoker and control groups with the 

measurements of OPG, RANKL, the ratio of RANKL to OPG, and 

IL-6 serum levels. 

 

A significant increase in OPG levels with both LTHS and LTLS 

groups, Meanwhile significant decrease in the RANKL/OPG ratio 

concerning both groups as shown ( A, B). No significant differences 

in RANKL concentrations among smoker groups, while significant 

decrease in IL-6 levels concerning both LTLS and STCS (C, D).  

(***) indicates a p-value <0.0001, (**) denotes a p-value <0.001, and 

(*) represent a p-value <0.01. 

 
 

Figure 3: Serum BALP and DKK-1 levels compared among smokers 

and control groups. LTHS and LTLS exhibit a significant increase in 

BALP levels, whereas, the three groups show a significant increase in 

DKK-1 when compared to the control group. (***) indicates a p-value 

<0.0001, and (*) represents a p-value <0.01. 

 

 

 
Figure 4: Measurement of OC serum level in the smoker and control 

groups.  

 

LTHS and LTLS groups show a significant increase in serum OC 

levels compared to the control, represented by (***) for p-values 

<0.0001, and (**) for a p-value <0.001. 

Correlations 

A positive significant correlation was seen in BALP, OC, and 

PTH investigated biomarker levels and smoking intensity (p<0.0001), 

as shown in (Table 6), and a negative significant correlation 

associated with vitamin D3 levels (p<0.0001). Pain severity shows a 

significant positive correlation in responding to smoking intensity, 

however, both IL-6 and RANKL/OPG statistical analysis shows no 

correlation with smoking intensity. 
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Table 6: The statistical correlation among smoking intensity, pain 

severity, and biomarkers (IL-6, OC, RANKL/OPG ratio, PTH, 

vitamin D3, BALP) of smokers. 

 Smo

king 

inten

sity 

vs. 

IL-6 

Smo

king 

inten

sity 

vs. 

OC 

Smo

king 

inten

sity 

vs. 

RAN

KL/

OPG 

ratio 

Smo

king 

inten

sity 

vs. 

PTH 

Smo

king 

inte

nsity 

vs. 

Vita

min 

D 3 

Smo

king 

inten

sity 

vs. 

BAL

P 

Smo

king 

inten

sity 

vs. 

Pain 

seve

rity 

The 

correlati

on 

coeffici

ent (r) 

-

0.05

58 

0.676

8 

-

0.06

06 

0.72

32 

-

0.39

63 

0.47

03 

0.27

14 

P-value 0.43

22 

*<0.

0001 

0.39

33 

*<0.

0001 

*<0.

000

1 

*<0.

0001 

*0.0

008 

*Indicate significant correlation at p<0.001  

Discussion 

The prevalence of smoking differs throughout various global 

locations. Our study results reveal that smoking status within the 

Basrah community is significantly correlated with variables such as 

level of education and employment state. Further research with Iraqi 

students showed a significant association between smoking habits and 

social and cultural characteristics, suggesting that smoking prevalence 

maybe two to three times higher among uneducated youth populations 

(23,24). A significant relationship has been shown between unstable 

employment and an increased probability of being a heavy smoker 

among current smokers who have a lower tendency to quit smoking 

(25). 

   A statistically significant association was seen between a high-

carbohydrate diet and smoking intensity, with the LTHS group 

representing the largest percentage (62%) and showing a p-value of 

0.012. 

Earlier studies reveal that unhealthy food consumption was 

significantly increased among smokers, typically including excessive 

levels of calories, salt, and detrimental fats, therefore leading to 

chronic diseases (26). Due to the potential unreliability of self-

reported data and clinical evaluations by healthcare professionals, 

biomarkers are becoming increasingly important in the diagnosis of 

diseases. We found that osteoporotic biomarkers were significantly 

modified due to smoking state, which could influence bone health. It 

has previously been established that smoking cigarettes for a long 

duration of time is associated with an increase in the incidence of 

osteoporosis and osteoporotic fractures among individuals of both 

genders (27). 

The PTH-vitamin D axis plays a crucial role in bone mass density and 

calcium homeostasis. Parathyroid hormone (PTH) is a hormone that 

controls blood levels of ionized calcium by bone resorption and renal 

absorption, while the active form of vitamin D, 1,25-dihydroxy 

vitamin D (1,25-OH2-D), controls intestinal calcium absorption (7). 

Radiographic and cephalometric techniques have shown that a diet 

deficient in vitamin D and calcium may disrupt osteogenesis at growth 

sites in rats (28). Previous  Investigation in vitro studies and animal 

models indicate that cigarette smoke can potentially decrease the local 

anti-inflammatory effects of vitamin D (29). Consistently with 

smoking intensity, we observed a significant decrease in vitamin D3 

levels in LTHS and LTLS groups, with an increase in serum PTH 

levels. Due to the dual effects of parathormone on osteoblasts and 

osteoclasts. PTH appears to promote bone formation at low levels, but 

at high levels, it may cause bone resorption and result in overall bone 

loss (30). 

The membrane protein RANKL is mostly produced by osteoblasts. 

Upon binding of RANKL to its specific receptor on osteoclast 

precursor cells, it promotes the differentiation of these precursors into 

active mature osteoclasts and enhances bone resorption(31). 

Alterations in RANKL among smokers are believed to result from the 

direct biological impact of smoking on osteoblast (32).  As a decoy 

receptor, OPG, a soluble receptor also generated by osteoblasts, 

neutralizes RANKL, stops RANKL from interacting with RANK, and 

so suppresses osteoclast survival, activity, and proliferation (31).  

The present study results indicated no statistically significant 

elevation in RANKL levels among the smoking groups. Meanwhile, 

OPG levels increased among LTHS and LTLS groups suggesting that 

these smokers may have a higher susceptibility to bone loss compared 

to non-smokers. Nevertheless, increased bone turnover and enhanced 

osteoclast activity are believed to result in higher OPG levels (33). 

Epidemiological evidence demonstrates that osteoporosis, an age-

related condition, is affected by pro-inflammatory cytokines (IL6) in 

both disease prevention and development (34,35). However, 

Increased levels of IL-6 are seen throughout the continual stages of 

aging and menopause, as shown by the stimulation of osteoclasts and 

progressive loss of bone mass (36). Our findings demonstrate that the 

levels of IL-6 concentration were relatively decreased in LTHS, but a 

significant decrease was seen in both the LTLS and STCS groups 

compared to non-smokers. It seems that a decrease in IL6 levels in 

smokers may be associated with alveolar macrophages that may 

release a suppressor of the inhibitor factor IL-6. Furthermore, this 

secretion is enhanced by smoking by a mechanism still unknown (36). 

Other studies have shown that cigarette smoke contains a biologically 

active endotoxin that induces the reprogramming of macrophages 

(AM) which alters their responses to TLR2 and TLR4 stimuli, similar 

to what is seen in endotoxin tolerance (37). Consequently, smoking 

exerts localized immunosuppression of AM interaction with TLR2 

and TLR4 stimuli manifested by impaired gene expression and 

secretion of pro-inflammatory cytokines (TNF, IL-1, IL-6) and 

chemokines (IL-8, RANTES) (38).  

The highest levels of BALP are associated with the LTHS and LTLS 

groups in the present study. However, The production of bone alkaline 

phosphatase (BALP) is believed to contribute to the calcification of 

bone matrix, via a unclear process (39). Further study indicates that 

women showing higher levels of BALP are associated with rapid bone 

mass loss (40). DKK1 is generated by osteocytes and mature 
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osteoblasts, suppressing the canonical Wnt signaling pathway, which 

is a putative mechanism involved in regulating the RANKL/OPG 

balance (31). The Previous research serves to validate our results, by 

suggesting that smokers had higher levels of this protein DKK-1, 

which is responsible for inhibiting bone formation (41). During the 

bone formation phase of bone remodeling, osteoblasts release, also 

referred to as bone gamma-carboxy glutamic acid-containing protein 

(BGLAP). Since osteocalcin is a calcium-dependent biomarker and 

has a significant affinity for the bone matrix (hydroxyapatite), which 

is responsible for bone mineralization, osteoporosis is often associated 

with a deficit of calcium and phosphorus. Osteoporosis occurs in 

decreased hydroxyapatite crystal formation, thereby elevating blood 

osteocalcin levels(31,42). It was believed that Cigarette smoke 

contributes to modulating serum osteocalcin and bone metabolism 

(40). Our findings established that higher OC serum levels were 

significantly related to LTHS and LTLS groups. Earlier research on 

postmenopausal osteoporotic women revealed that smokers had 

substantially increased OC levels, which could suggest bone mass loss 

(42). Meanwhile, one study conducted on patients with periodontitis 

found that the mean saliva OC levels were significantly lower in 

smokers than non-smokers (43).  

To determine the correlation between smoking and pain symptoms, 

Our findings demonstrate a statistically significant relationship, 

consistent with another research that establishes smoking as a risk 

factor for chronic pain (44). While it is expected that pain would be 

rare among healthy individuals, our study revealed a positive 

correlation between smoking intensity and the prevalence of pain, 

even among those with STCS. The type of pain appearance was not 

determined in this study. However, we are highlighting the possibility 

of employing the appearance of pain sensations in healthy smokers as 

a reliable indicator of osteoporosis. Nevertheless, the low bone mass 

has been associated with the higher density of bone sensory nerve 

fibers and their pathological alterations, along with an upregulation of 

nociceptors that are particularly sensitive to the decrease in pH 

induced by osteoclastic activity (16). Prior investigations have shown 

that sympathetic nerve fibers within the bone can control many 

processes such as bone destruction and generation (44). Therefore, it 

is evident that these nerve fibers have a crucial function in 

osteoporosis pathophysiology (45). However, Chronic exposure to 

nicotine causes widespread adaptive changes in the endogenous 

opioid system which may affect the processing of nociceptive stimuli 

in general (16). 

   The clinical evidence suggests that smokers are at increased risk of 

developing back pain and other chronic pain disorders. however, The 

relationship between smoking and chronic pain is complex (44). Due 

to the addictive and analgesic properties of nicotine, smoking 

intensity may increase nicotine demand, resulting in increased 

exposure to several toxic substances included in cigarette smoke, such 

as carbon monoxide, which contribute to the induction of neuropathic 

pain (15). 

     Further investigation is needed to determine the primary factors 

that may contribute to the onset of pain in healthy smokers and to 

examine the effect of smoking intensity on pain perception in this 

population. 

 

Conclusion  

The smoking status in the Basra community is affected by factors 

such as level of education, employment status, and dietary profile, 

which demonstrate the widespread prevalence of smoking habits and 

their negative health consequences. Although STCS were smoking 

within a year, statistically significant differences in the concentrations 

and alterations of IL-6, DKK-1, and PTH biomarkers relative to non-

smokers were observed. Meanwhile, LTHS and LTLS exhibited 

significant differences in PTH, Vitamin D3, DKK-1, OC, OPG, 

BALP, and the RANKL/OPG ratio.  

Through a mechanism that is currently unclear, this study reveals the 

prevalence of pain among smokers who seem to be in health condition 

is positively correlated with the intensity of smoking. 
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