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 The aim of the present study is evaluation the toxic effects of cigarette smoking on knee 

joint and if there is relation between smoking and the subsequent development of 

osteoarthritis (OA).The study included 120 male patients served as test group suffering 
from osteoarthritis (OA) attending the rheumatology and rehabilitation outpatient clinic, 

Mansoura university hospital and age matched 60 healthy male volunteers (control 

group). All patients of the test group were subjected to clinical assessment including 
body mass index (BMI) and Western Ontario and McMaster (WOMAC) index of 

osteoarthritis and radiologic assessment of OA using Lawrence Kellgrenordinal scale. 

Blood lead and cadmium levels were determined using atomic absorption 
spectrophotometer. The present study observed significant increase in both lead and 

cadmium levels in heavy smokers OA patients with history of long smoking duration 

than in control. There was a positive correlation between blood lead and cadmium 
levels and the severity of OA. In addition, the levels of lead and cadmium were 

significantly increased among middle aged non obese OA patients compared to elderly 

obese OA patients. In light of previous findings we can conclude that exposure to the 
toxic effects of cigarette smoking for long duration may contribute to pathogenesis of 

OA even in absence of some other risk factors such as older age and obesity. 
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INTRODUCTION 

 

There are a number of inorganic toxicelements and essential element present intobacco.Tobacco plant is 

open to absorb andaccumulate heavy metal species from the soilinto its leaves [1] or deposited on tobaccoleaves 

from air [2].  Thus tobacco and cigarettes cangenerally accumulate metals such as lead (Pb) and cadmium (Cd) 

[3]. The environmentalists are much more worried aboutthe presence of lead and cadmium as toxic non-

essential.Accordingly, they are highly toxic metals andare capable of causing serious effects on thebrain, 

kidneys, nervous system, intelligencequotient and red blood cells [4]. Numerous previous data givesevidence 

that metals exist in higherconcentration in tissues of smokers than in non-smokingpersons [5]. Thus, 

cigarettetobacco is very harmful, toxic and genotoxic forhuman health [6]. Therefore, the concentrationof heavy 

metals in cigarette is ofimportance because of its toxicological effects[7]. Cadmium and lead readily pass from 

inhaled smoke to the blood stream. These heavy metals are known to have toxic effects not only to bones but 

also to cartilage [8]. Osteoarthritis is the most common form of arthritis, the disease process remains poorly 

understood. Some risk factors for osteoarthritis are known such as age and obesity [9]. Should cigarette smoking 

have a role in the progression ofknee osteoarthritis, it would be a potentiallymodifiable risk factor with 

important public health implications.To date, few studies have examined the associationbetween smoking and 

knee osteoarthritis, andfindings have been conflicting [10,11& 12]. So, this study aimed to evaluate the toxic 

effects of cigarette smoking on knee joint and if there is relation between smoking and the subsequent 

development of osteoarthritis (OA). 
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MATERIALS AND METHODS 

 

Subjects:The study included 120 male patients served as test group suffering from osteoarthritis (OA) 

attending the rheumatology and rehabilitation outpatient clinic, Mansoura University Hospital and age matched 

60 healthy male volunteers (control group). Written informed consent was obtained from the patients and 

control group. Inclusion criteria:All smokers group selected to be heavy smokers (Heavy smoker: 

consuming˃20 cigarettes\day for ˃15 years). 

 

Methods: 

I- Assessment of OA patients: 

1) Clinical data as regards age and smoking history. 

2) Body mass index (BMI) (13 and 14). 

3) Radiological assessment of osteoarthritisusing Lawrence Kellgrenordinal scale [15]. 

Grade I: Doubtful narrowing of joint space a possible osteophytic lipping. 

Grade II: Definite osteophytes and definite narrowing of joint space. 

Grade III: Moderate multiple osteophytes, definite narrowing of joint space, some sclerosis and possible 

deformity of bone contour. 

Grade IV: Large osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity of 

bone contour. 

4) Clinical assessment of OA using Western Ontario and McMaster University index score (WOMAC) 

(16).The WOMAC measures five items for pain (score range 0–20), two for stiffness (score range 0–8), and 17 

for functional limitation (score range 0–68) with total score: 0-96. 

II- Biochemical studies:Analysis of the studied heavy metals [Cadmium (Cd) and Lead (Pb) was done by 

Perkin Elmer 2380 Atomic Absorption Spectrophotometer after wet ashing using reagent-grade HNO3 and 

HClO4 [17 and 18]. Instrument start- up and optimization were carried out as detailed in the operating manual. 

The source of the flame was an air- acetylene mixture. Hydride generation method was used for Hg. 

Wavelengths were set at 228.8 and217 nm for Cadmium and lead respectively. Working standard solutions were 

prepared by appropriate dilution of stock solutions.  

Preparation of standards and samples was carried out under clean conditions using deionized water. All 

chemicals and reagents used were of ultra-pure reagent grade (BDH laboratory reagents, Ltd Poole England). 

All glassware were washed three times with deionized water, and then soaked in 20 % nitric acid overnight. 

After soaking the glassware were rinsed three times with deionized water and dried. Quality assurance was 

achieved by measuring blank test solutions. 

III- Statistical analysis:Data were compared by using student's t-test (to compare two groups). Pearson 

Correlation was used to test association between variables. Significance was consideredwhen P value is less 

than 0.05. These data were run on an IBM compatiblepersonal computer by using MedCalc® program version 

10.0.1 [19]. 

 

Results: 

The number of patients in the studied test groups was 90 and 30 patients for smoker and non-smoker groups 

respectively. The mean age for all patients was 57.68±6.42 years and ranging between 45-67 years. The 

majority of patients in smoker group were in middle age group, which is below 60 years, (63 patients), and the 

elder patients in the smoker group represented 27 patients as shown in Table 1 and Figure 1.As regards the BMI, 

the majority of patients in smoker group was present in non-obese category (63 patients) as there index below 

30 while, the obese patients were 27 patients (their index above 30) (Table 2). The percentage of mild OA was 

34.44 % in smoker group while it was 50% in non-smoker groupin addition; the percentage of moderate to 

severe OA was 65.55 % and 50% in smoker and non-smoker groups respectively. The total percentage of mild 

OA was 38.33 % and 61.66 % for total percentage of moderate to severe OA (Table 3).There was a significant 

increase in cadmium and lead blood levels in comparing smoker to control groups. Regarding the non-smoker 

group, there was non- significant increase in cadmium levels and significant increase in lead levels when 

compared to control group. There was a significant difference between smoker and non-smoker groups 

regarding cadmium and lead blood levels (Table 4 and Figure 2).In smoker group, there was significant increase 

in blood cadmium and lead levels in moderate to severe OA patients comparing to mild OA patients as shown in 

Table 5. While, in non-smoker group, there was non-significant difference between moderate to severe OA and 

mild OA patients as regards cadmium levels but the difference was significant regarding lead levels as shown in 

Table 6.  In Table 7, there was significant increase in blood cadmium and lead levels when the middle aged non-

obese patients compared to elderly obese patients.Pearsoncorrelation between blood metals level and OA 

disease score according to radiologic scale and WOMAC index in smoker group showed that there was a 

significant correlation between the moderate to severe OA diseaseand the increase in cadmium and lead blood 

http://en.wikipedia.org/wiki/Pain
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levels (Table 8). As regards the non-smoker group,there was no correlation between the OA disease scoring and 

the change in cadmium and lead blood levels (Table 9). 

 
Table 1: The Age In The Smoker And Non-Smoker Groups. 

 
Age groups  

Patients with OA 

Smoker (n=90) Non-smoker (n=30) 

n % n % 

45-50y 21 23.3 -  

51-55y 31 34.5 -  

56-60y 11 12.2 4 13.3 

61-65y 17 18.9 15 50.0 

˃65y 10 11.1 11 36.7 

Mean±SD 

Median 

Range 

57.68±6.42 years 

57.5 

45-67 years 

 
Table 2: The BMI In The Smoker And Non-Smoker Groups. 

 

BMI 

Patients with OA 

Smoker (n=90) Non-smoker (n=30) 

n % n % 

Underweight (˂18.5) 8 8.9 -  

Normal Weight (18.5 - 24.9) 20 22.2 15 50 

Overweight (25.0 - 29.9) 35 38.9 10 33.3 

Obese class I (30.0 - 34.9) 15 16.7 3 10 

Obese class II (35.0 - 39.9) 10 11.1 2 6.7 

Obese class III ( >= 40.0) 2 2.2 -  

     BMI = weight (kg) / height (m)2 

 

Table 3: OA Disease Score In Smoker And Non-Smoker Groups According To Radiologic Scale And WOMAC Index. 

 
OA disease score 

Smoker (n=90) Non-smoker (n=30) 

Mild OA Moderate to severe OA Mild OA Moderate to severe OA 

Mean±SD 17.71±5.29 65.37±16.46 5.67±4.20 49.40±11.96 

Median 17.00 65,00 6.00 49.00 

Range 10-28 32-96 0-14 33-83 

Number 31 59 15 15 

% 34.44 % 65.55 % 50 % 50 % 

Total % 38.33 %    

 61.66 %   

Mild OA: Grade I &II radiologic scale and WOMAC index total score ˂30. 
Moderate to severe OA: Grade III&IV radiologic scale and WOMAC index total score ˃60. 

 

Table 4: The Blood Levels Of Cadmium And Lead In The Studied Groups. 

 
Blood metals 

level(µg/dl) 

 
Control group 

(n=60) 

Test groups (OA)  
t 1 

 
t 2 

 
t 3 Smoker (n=90) Non smoker 

(n=30) 

Cadmium  level 

Mean ±SD  
Range 

 

0.23±0.02 
0.18-0.27 

 

8.64±1.23 
5.90-12.01 

 

0.38±0.55 
0.82-1.31 

 

52.69 
P < 0.0001* 

 

2.25 
P = 

0.027 

 

35.34 
P < 0.0001* 

Lead level 

Mean ±SD 
Range 

 

11.51±2.98 
2.56-17.02 

 

31.60±1.13 
28.99-34.22 

 

12.99±0.33 
12.25-13.56 

 

57.93 
P < 0.0001* 

 

2.70 
P < 

0.01* 

 

88.47 
P < 0.0001* 

t1: t test in smoker vs control groups. t2: t test in non-smoker vscontrolgroups. t3: t test in smoker vs non-smokergroups. 

 

Table 5: Comparison Between Blood Metals Level And OA Disease Score According To Radiologic Scale And WOMAC Index In Smoker 

Group. 

 

Blood metals levels (µg/dl) 

Patients with OA (smoker group) (n=90)  

t test 

 

P value Mild disease (n=31) Moderate to severe disease (n=59) 

Cadmium level 

Mean ±SD 

 

7.99±1.23 

 

8.98±1.09 

 

3.89 

 

0.0002* 

Lead level 
Mean ±SD 

 
30.87±1.15 

 
31.98±0.92 

 
4.92 

 
0.0001* 

Mild OA: Grade I &II radiologic scale and WOMAC index total score ˂30. 

Moderate to severe OA: Grade III&IV radiologic scale and WOMAC index total score ˃60. 
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Table 6: Comparison Between Blood Metals Level And OA Disease Score According To Radiologic Scale And WOMAC Index In Non-

Smoker Group. 

 
Blood metals levels 

(µg/dl)  

Patients with OA (Non-smoker group) (n=90)  
 

t test 

 
 

P value 
Mild disease 
(n=15) 

Moderate to severe disease 
(n=15) 

Cadmium level (Mean ±SD) 0.27±0.41 0.50±0.66 1.11 0.277 

Lead level (Mean ±SD) 12.86±0.34 13.11±0.26 2.24 0.033* 

Mild OA: Grade I &II radiologic scale and WOMAC index total score ˂30. 

Moderate to severe OA: Grade III&IV radiologic scale and WOMAC index total score ˃60. 

 
Table 7: Comparison Between Blood Metals Level In Middle Age Non-Obese To Elderly Obese in smoker Groups. 

 

Blood metals level 

(µg/dl) 

Patients with OA(Smoker group) (n=90)  

 

t test 

 

 

P value 
Middle aged non-obese patients 

(n=63) 

Elderly obese patients 

(n=27) 

Cadmium level (Mean ±SD) 8.95±1.24 7.93±0.87 3.83 0.0002* 

Lead level (Mean ±SD) 31.87±1.01 30.98±1.17 3.61 0.0005* 

 

Table 8: Pearsoncorrelation Between Blood Metals Level And OA Disease Score According To Radiologic Scale And WOMAC Index In 
Smoker Group. 

 

Blood metals level 

(µg/dl) 
 

Patients with OA (Smoker group) (n=90) 

Mild disease (n=31) Moderate to severe disease (n=59) 

r p 95% confidence interval r p 95% confidence interval 

Cadmium level 0.063 0.733 -0.297 to 0.408 0.037 0.01* -0.192 to 0.318 

Lead level 0.206 0.265 00.159 to 0.522 0.338 0.008* -0.547 to -0.091 

Mild OA: Grade I &II radiologic scale and WOMAC index total score ˂30. 

Moderate to severe OA: Grade III&IV radiologic scale and WOMAC index total score ˃60. 

 
Table 9: Pearsoncorrelation between blood metals level and OA disease score according to radiologic scale and WOMAC index in non-

smoker group. 

 

Blood metals level 
(µg/dl) 

Patients with OA (Non-smoker group)  

(n=30) 

Mild disease (n=15) Moderate to severe disease (n=15) 

r p 95% confidence interval r p 95% confidence interval 

Cadmium level 0.325 0.236 -0.224 to 0.717 -0.133 0.635 -0.604 to 0.406 

Lead level 0.117 0.527 -0.368 to 0.632 0.406 0.132 -0.133 to 0.760 

Mild OA: Grade I &II radiologic scale and WOMAC index total score ˂30. 

Moderate to severe OA: Grade III&IV radiologic scale and WOMAC index total score ˃60. 

 

  
 

Fig. 1: The Age Groups In The Smoker And Non-Smoker Groups. 

 

 
 

Fig. 2: The Blood Levels Of Cadmium And Lead In The Studied Groups. 
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Discussion: 

Tobacco leaves naturally accumulate and concentrate relatively high levels of cadmium and lead and 

therefore, smoking of tobacco is an important source for these toxic metals exposure [4]. The aim of this study is 

evaluation of the toxic effects of cigarette smoking on knee joint and if there is relation between smoking and 

the subsequent development of osteoarthritis (OA).In the current study,the number of patients in the studied test 

groups was 90 and 30 patients for smoker and non-smoker groups respectively. The mean age for all patients 

was 57.68±6.42 years and ranging between 45-67 years. The majority of patients in smoker group were in 

middle age group, which is below 60 years, (63 patients), and the elder patients in the smoker group represented 

27 patients. This explained as the young and middle ages are the ages of increased physical activity that 

exaggerate the pathogenesis of OA. 

It has been reviewed that the age has an impact on development of OA (20 and 21).In accordance with the 

current work,Beriault et al. [22] who found that the mean age for the OA in obese group was ≥46, and would be 

best characterized as middle-aged.Whilst, Dobson et al. [23] found the mean age for the participants diagnosed 

with OA was ≥60 years and better characterized as an older population.In the current study and as regards the 

BMI, the majority of patients in smoker group was present in non-obese category (63 patients) as there index 

below 30 while, the obese patients were 27 patients (their index above 30).  This can explain by smoking 

precipitates loss of weight.  

Jiang et al. [24] found in their meta-analysis study, that the risk of knee OA increase with BMI and a dose-

response relationship exist. A 5-unit increase in BMI is significantly associated with an increased risk of 

developing knee OA (RR: 1.35; 95%CI: 1.21, 1.51). They interpreted that it is also possible that any point of 

categories for BMI among normal distribution of population can interpret the increased risk of knee OA. But, 

they found the magnitude of the association was slightly stronger in women than men.On the other hand, 

another  meta-analysis evaluated data on the relationship between obesity and the risk of knee OA however, the 

report provided no obvious evidence as a continuous scale for risk estimates of knee OA [25]. 

In the current work, the percentage of mild OA was 34.44 % in smoker group while it was 50% in non-

smoker group in addition; the percentage of moderate to severe OA was 65.55 % and 50% in smoker and non-

smoker groups respectively. The total percentage of mild OA was 38.33 % and 61.66 %, for total percentage of 

moderate to severe OA. 

In accordance, it was  concluded that men with symptomatic knee osteoarthritis who smoke have an 

increased risk for articular cartilage loss and have more severe knee pain than men who do not smoke [26]. 

While, Gullahorn et al. [27] indicated an inverse relationship between the incidence of osteoarthritis and 

individuals who smoke. As a possible explanation, they confirmed that nicotine up-regulates glycosaminoglycan 

and collagen synthetic activity of articular chondrocytes at physiological levels seen in individuals who smoke. 

In contrast to this, Blagojevic et al. [25] explained that the possibility of a protective effect of smoking needs to 

be investigated further as there appears to be no current clear biological explanation. In addition, another study 

[28] concluded that the protective effect of smoking in OA observed in some epidemiological studies is likely to 

be false. It may be caused by selection bias, often in a hospital setting where control subjects have smoking-

related conditions and studies that are not primarily designed to investigate smoking. 

In the current study, there was a significant increase in cadmium and lead blood levels in comparing smoker 

to control group. Regarding the non-smoker group, there was non- significant increase in cadmium level and 

significant increase in lead level when compared to control group. There was a significant difference between 

smoker and non-smoker groups regarding cadmium and lead blood levels. 

The level of exposure to metals in the smoke drawn from a single cigarette is small and likely not acutely 

toxic, but the accumulation of metals in the body over months, years, and decades of exposure is, depending on 

clearance rates, a health concern [29 and 30]. Several heavy metals found in tobacco smoke, accumulate in 

tissues and fluids after smoking [31]. This is a particular issue for cadmium (Cd) and lead (Pb), which have long 

(10–12 year) half-lives in the human body. Cigarette smoking is a major exposure route for Cd (and to a lesser 

extent Pb) in the general population [32]. More studies showed high levels of toxic elements in cigarettes 

tobacco (1,33 and 34).It was suggested that current smoking may have a deleterious effect on progression of 

symptomatic knee osteoarthritis among men [6]. Blood cadmium concentration provides a better index of 

excessive exposure in industrial situations or following acute poisoning. Cadmium concentrations in healthy 

persons without excessive cadmium exposure are generally less than 1 μg/L in either blood or urine. The 

American Conference of Governmental Industrial Hygienists(ACGIH) biological exposure indices for blood and 

urine cadmium levels are 5 μg/L and 5 μg/g creatinine, respectively, in random specimens [35 and 36]. 

The Centers for Disease Control and Prevention (CDC) states that a blood lead level (BLL) of 5 μg/dL or 

above is a cause for concern. However, lead can impair development even at BLLs below5 μg/dL(37). In the 

current work, there was significant increase in blood cadmium and lead levels in moderate to severe OA patients 

comparing to mild OA patients in smoker group. While, in non-smoker group, there was non-significant 

difference between moderate to severe OA and mild OA patients as regards cadmium level but the difference 

was significant regarding lead level. It is suggested that even low level of cd exposure will decrease the viability 

http://en.wikipedia.org/wiki/ACGIH
http://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
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of osteoblast meanwhile, cd significantly stimulate the formation of osteoclasts [38]. In addition, long-term 

exposure to Pb may affect bone and other joint structures in humans. Pb interferes with regulatory aspects of 

bone cellular function and matrix synthesis, with effects on dietary calcium uptake and metabolism and 

conversion of vitamin D to 1,25-OH vitamin D. Pb exposure affects the function of bone remodeling cells, 

causing impaired collagen synthesis by osteoblasts and impaired resorptive capacity of osteoclasts [39]. 

In the current work, there was significant increase in blood cadmium and lead levels when the middle aged 

non-obese patients compared to elderly obese patients and this result is indicative that the presence of the toxic 

elements in cigarette smoking may contribute to pathogenesis of OA even in absence of some other risk factors 

such as older age and obesity. 

Pearson correlation between blood metals level and OA disease score according to radiologic scale and 

WOMAC index in smoker group showed that there was a significant correlation between the moderate to severe 

OA disease and the increase in cadmium and lead blood levels. As regards the non-smoker group, there was no 

correlation between the OA disease scoring and the change in cadmium and lead blood levels. 

Many studies have associated smoking with decreased bone health, but the mechanisms are unclear. 

Tobacco smoking has been proposed to inhibit the activity of osteoblasts, and is an independent risk factor for 

osteoporosis. Smoking also results in increased breakdown of exogenous estrogen, lower body weight and 

earlier menopause, all of which contribute to lower bone mineral density [40]. 

A strong association between cadmiumwith bone disease has been established. Low-level exposure to 

cadmium is associated with an increased loss of bone mineral density readily in both genders, leading to pain 

and increased risk of fractures, especially in the elderly and in females [41]. Nelson et al. [42] identified a novel 

association between whole blood Pb levels and the presence and severity of OA of the knee. This could 

represent a direct toxic effect of Pb on joint tissues, or it may represent an indirect effect of increased Pb release 

from bone secondary to bone remodeling. Pb may represent a novel, modifiable risk factor in patients with OA. 

 

Conclusion: 

In light of previous findings we can conclude thatosteoarthritis is a common condition andthe cause of 

many cases remains a medical mystery. However, mineral analysis can often shed much light on the 

causes.Results suggest that smokers receive significantly higher exposures totoxic metals as Cd and Pb than the 

non-smokers.Exposure to the toxic effects of cigarette smoking for long duration may contribute to pathogenesis 

of OA even in absence of some other risk factors such as older age and obesity. 
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