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ABSTRACT 
 

Obesity is a complex and multifactorial disorder, and the association between obesity and smoking has extensively been studied. A 
variety of the aspects of electrolytes involved in obesity, smoking and combined condition of both have been thoroughly studied. 

However, it is still controversial to explain the influence of electrolytes in smoking and obesity. The influence of cigarette smoking on 

electrolytes in obese subjects was studied in a group of obese smoking subjects and compared with those who were neither smokers, 
nor obese. Statistical comparisons showed significant variations for plasma sodium, potassium and calcium. Fasting glucose 

concentration in control and obese smokers showed significantly higher percentage of obese smokers with impaired glucose levels. All 

subjects in control group (non-obese non-smoking controls) showed normal level of fasting glucose. However, further studies are 
required for elucidating the precise mechanism underlying alterations caused by smoking in obesity. 
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INTRODUCTION 

      

Obesity is a complex and multifactorial disorder, and the association between obesity and smoking has 

extensively been studied. A variety of studies have been carried out to explain the influence of smoking and quitting 

smoking on body weight in obese smokers (Lycett et al., 2010). As weight gain is generally expected to occur after 

quitting smoking, the decision for quitting smoking becomes more difficult. Higher weight gain occurs in younger 

ages, and lower socio-economic status  (Filozof et al., 2004). Tobacco smoking and obesity are considered 

worldwide as serious health problems in adolescent and young adults (Lamota et al., 2007).  

     Influence of smoking on body weight has been studied by various investigators (Yoshida et al., 1990; Iwashima 

et al., 2005; John et al., 2005; Vander et al., 2008; Xie et al., 2010; Beyerlein el al., 2011). However, little is known 

whether obesity alters the risk of fluid and sodium imbalances (Verhave et al., 2004; Eijsvogels et al., 2011). 

Elevated plasma solutes mainly sodium were found in overweight and obese subjects (Stookey et al., 2007). 

Furthermore, plasma sodium levels did not change in lean subjects after exercise, whereas plasma sodium increased 

significantly in overweight and obese subjects (Eijsvogels et al., 2011). The obese children had higher intracellular 

sodium, and lower plasma sodium (Flodmark et al., 1992). This alarms that the increase of intracellular sodium may 

increase the risk of future hypertensive complications. 

     Role of potassium in smoking and obesity has been investigated in several studies (Edmonds et al., 1975; Pahl et 

al., 1988; Salvadori et al., 2003). The increase of plasma potassium was less in obesity than in control condition 

(Salvadori et al., 2003). During physical exercise K(+) changes significantly in obese subjects vs normals. In the 

normal population, total body potassium was significantly correlated with height as well as with weight (Edmonds et 

al., 1975). 

Low-calcium intake did not cause obesity and did not show its involvement in raising the body weight set-point 

(Paradis and Cabanac, 2005). The results reveal that calcium intake probably does not have role in affecting the 

body weight. Abnormal calcium metabolism is concerned in morbidly obese patients compared to the non-obese, but 

the clinical value of this is not known (Hamoui et al., 2004). The ratio of total serum calcium to plasma ionized 

calcium (Ca2+) was noted to be significantly correlated to BMI and w/h as well (Lind et al., 1993).  It was noted 

that total plasma calcium was higher in the obese subjects (Foldes et al., 1992). In contrast to human obesity, obese 

rats were found hypercalciuric. Calcium intake was found statistically significant correlated with glucose levels in 

women and men, but not with lipids levels (Pachocka et al., 2007).  

     While studying the Impact of chronic cigarette smoking on the composition of the body and fuel metabolism, 

plasma glucose was found higher in smokers than in nonsmokers (Jensen et al., 1995). Smoking was found involved 

in metabolic syndrome (MetS) (Lamota et al., 2007; Takeuchi  et al., 2009) and diabetes mellitus (Liu et al., 2001; 

Takeuchi  et al., 2009). Glucose metabolism has been associated with the effects of nicotine, smoking and obesity 

(Jensen et al., 1995; Suzuki el at., 1996; Nakanishi et al., 2000; Liu et al., 2001; Lamota et al., 2007; Wang et al., 

2011). 

     In view of discrepancies found in various reports for the involvement of blood levels of glucose, sodium, 

potassium and calcium in smokers having obesity, it was planned to carry out a basic study to evaluate the variations 
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of glucose and electrolytes in obese smokers, and to explain the role and pathophysiological interpretation of these 

variations. 

 

MATERIALS AND METHODS 

 

     The subjects studied in the present study were the male obese smokers (n: 40) and male controls (n: 42). These 

subjects (obese smokers and controls) were consulted in Umm Al-Qura University and related institutions in 

Makkah, Saudi Arabia.  

     Age range of these subjects was 17-26 years (mean: 22.5 years). The obese smokers in this group were those 

smoking 3-5 cigarettes/ day with an average of 4 cigarettes/ day; and the average duration of the smoking habit was 

2.0 years.  

     The details about the smoking habits, body weight and height, criteria for the evaluation of subjects with obesity, 

other physical/ physiological measurements and information in the form of a standard questionnaire, was employed 

before collecting blood for the estimation of plasma electrolytes (sodium, potassium and calcium) and glucose by 

standard methods in obese smokers and control (non-smoking non-obese male subjects). Each subject provided the 

details of his age, blood pressure, BBT, and other physical measurements. The criteria of the selection of obese 

smokers was that no one should have the medical complication such as  hypertension, ischemic heart disease, stroke, 

diabetes or any such disorder. Hence, all male subjects included in the present study are the normal healthy subjects 

except that the study group comprised subjects with confirmed obesity. 

     The fasting blood glucose was determined in all subjects (control and obese smokers), and number of subjects 

were counted for specific range of glucose levels to understand the involvement of plasma glucose in obese 

smokers. Normal levels of plasma glucose were considered as: 80-100 mg/ dl, whereas impaired glucose level was 

101- 130 mg/ dl. However, no any subject showed the fasting glucose concentration more than 130 mg/ dl or below 

80 mg/ dl. The number of subjects in each group was converted into percentage for comparison purposes. The data 

was collected and analyzed statistically using student t test. The significance values (p) for various comparisons 

were found and the results were interpreted. 

 

RESULTS AND DISCUSSION 

 

     The influence of cigarette smoking on electrolytes was studied in a group of obese smoking subjects and 

compared with those subjects that were neither smokers, nor obese. 

     Plasma electrolytes (mmol/L; sodium, potassium and calcium) respectively in this part of study were 

(142.68±2.58, 4.36±0.58 and 2.49±0.12) for control male subjects and (147.51±2.60, 4.92±0.56 and 2.10±0.120) in 

obese smoking male subjects. These results are presented in   Table 1. Statistical comparisons showed significant 

variations for plasma sodium, potassium and calcium (P< 0.0001 ; Table.1).    

                  

Table 1. Plasma electrolytes in obese cigarette smokers. 

 

Blood levels Control 

(n: 42) 

Obese smokers 

(n: 40) 

Significance 

Level (p) 

Sodium (mmol/L) 142.68 ± 2.58 

SE = 0.398 

147.51 ± 2.60 

SE = 0.411 

p< 0.0001 

Potassium  (mmol/L) 4.36 ± 0.58 

SE = 0,089 

4.92 ± 0.56 

SE = 0.088 

p< 0.0001 

Calcium (mmol/L) 2.49 ± 0.12 

SE = 0.018 

2.10 ± 0.12 

SE = 0.018 

p< 0.0001 

     The values are mean ± SD;  n: number of subjects; SE , Standard Error                

 

     Fasting glucose concentration (mg/dl) in control and obese smokers showed significantly higher percent of obese 

smokers with impaired glucose levels (Table 2). However, all subjects in control group (non-obese non-smoking 

controls) showed normal level of fasting glucose. 

Association between adiponectin and smoking was found in men (Iwashima et al., 2005) that predicts the 

involvement of adverse change in smokers. Whereas, the impairment of the glucose tolerance and insulin sensitivity 

is another important aspect in smokers (Filozof et al., 2004). Efficacy of various lifestyle changes in smokers at 

increased risk for increased weight and cardio vascular events might be helpful (Vander et al., 2008). This part of 
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investigations also relates with the alteration in glucose metabolism obtained in the present study. Increased level of 

plasma glucose in obese smokers can be interpreted through several reports (Pahl et al., 1988; Jensen et al., 1995; 

Nakanishi et al., 2000; Liu et al., 2001; Pachocka et al., 2007). These studies emphasize the metabolic role and 

alterations in glucose concentrations which lead to alterations in body weight and health and wellness.  

 

 Table 2. Fasting glucose variations in obese smokers. 

 

Fasting glucose levels 

 (mg/ dL) 

Controls  

(n:42) 

Obese smokers (n:40) 

 

# 

 

% # % 

Normal  

( 80- 100 ) 

 

42 100.00 22 55 

Impaired  

 (101-130) 

 

0 0.00 18 45 

 

     Similarly, the results obtained by various authors for the role of electrolytes (Paradis and Cabanac, 2005; Stookey 

et al., 2007; Eijsvogels et al., 2011) in obesity and smoking might differ, but the basic mechanism wherein plasma 

sodium, potassium and calcium are involved have the specified significance and are considered important in the 

cause of obesity and consequences of cigarette smoking (Edmonds et al., 1975; Flodmark et al., 1992;  Salvadori et 

al., 2003; Hamoui et al., 2004; Verhave et al., 2004;  Paradis and Cabanac, 2005; Stookey et al., 2007; Eijsvogels et 

al., 2011). The current study hence, provides information for carrying out further related work to investigate and 

correlate the involvement of blood glucose and electrolytes in obese smokers. 
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