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ABSTRACT: Alterations in the homeostasis of biomolecules and multiple organ dysfunctions 

associated with cigarette smoke may suggest a dose dependent mechanism. This study assessed the 

triiodothyronine (T3), thyroxine (T4), thyrotropin (TSH), calcium (Ca), albumin and vitamin C 

levels in relation to smoking pack years (SPY) in male active smokers. Ninety consenting males 

(18-60 yr) comprising of moderate smokers (n=26), light smokers (n=24) and non-smokers (n=40) 

were studied. Triiodothyronine, thyroxine, TSH and cotinine were determined by ELISA, calcium, 

albumin and vitamin C by colorimetry. The BMI, calcium, albumin, vitamin C and TSH were 

higher and cotinine, T3 and T4 lower in non-smokers compared to moderate and light smokers. 

Light smokers had higher BMI, vitamin C and TSH and lower cotinine, T3 and T4 compared to 

moderate smokers. In smokers, cotinine correlated positively with SPY (r = 0.838, P = 0.000), T3 

(r=0.339, P = 0.005), T4 (r = 0.443, P = 0.001) and negatively with BMI (r = -0.478, P = 0.000), 

vitamin C (r=-0.407, P=0.003) and TSH (r = -0.510, P = 0.000) while SPY correlated positively 

with T3 (r=0.586, P = 0.000), T4 (r = 0.608, P = 0.000) and negatively with BMI (r = -0.597, P = 

0.000), vitamin C (r = -0.599, P = 0.000), albumin (r = -0.281, P = 0.048) and TSH (r = -0.578, P 

= 0.000). Cigarette smoking and increasing smoking pack year may be associated with abnormal 

thyroid function and altered calcium, albumin and vitamin C homeostasis.  

 

                          INTRODUCTION 

Cigarette smoking is a serious public health problem, as 

smoking accounts for about 3.4 million deaths annually 

from tobacco related diseases [1]. Cigarette smoke con-

tains about 7000 chemical compounds [2] generated by 

a variety of processes including; hydrogenation, pyroly-

sis, oxidation, decarboxylation and dehydration [3]. 
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Cigarette smoke exerts multiple negative effects on var-

ious metabolic and biological processes leading to mul-

tiple organ malfunction, diseases and ultimately death.  

The deleterious effects of cigarette smoke on the home-

ostasis of some biochemical indices including electro-

lytes, proteins, hormones and antioxidants in cigarette 

smokers have been independently reported [4-7]. Some 

have reported an increase, decrease or no effect of ciga-

rette smoke on the metabolism and plasma levels of 

these indices [8-10]. These inconsistencies may be at-

tributed to the different contrasting pathways and mech-

anisms by which the different constituents of cigarette 

smoke exert their various effects on biological systems 

[11]. The behavioral and pharmacological actions of 

nicotine (the major constituent of cigarette smoke) and 

smoke associated physical stress have been implicated 

in some of the pathological effects of cigarette smoke 

[11].  

The pharmacological actions and central nervous system 

effects of nicotine has been mediated by an active me-

tabolite of nicotine; cotinine described as the primary 

biomarker of nicotine exposure [12]. Cotinine has been 

relatively safe and has not been associated with any of 

the adverse health effects associated with nicotine in 

humans in terms of addiction [13]. However, the cumu-

lative effects of cotinine over the years of smoking on 

the levels of some biochemical indices in smokers in our 

locality are still uncertain.  

This study therefore estimated the thyroid functions, 

total calcium, albumin and vitamin C levels in relation 

to cotinine and smoking park years of active male 

smokers in Calabar.  

MATERIALS AND METHODS 

Selection of subjects 

The subjects of this study were apparently healthy regu-

lar male cigarette smokers that have not been diagnosed 

of any smoking related illness and non-smokers aged 

between 18-60 years. The smokers were recruited in 

drinking and smoking joints and motor parks within 

Calabar metropolis. The non-smokers were recruited in 

residential areas in the same environment. Informed 

consent was sought and obtained from all subjects be-

fore recruitment into the study.  

This study was carried out in accordance with the Ethi-

cal Principles for Medical Research Involving Human 

Subjects as outlined in the Helsinki Declaration in 1975 

(revised in 2000).  

A total number of 50 male cigarette smokers (26 moder-

ate smokers and 24 light smokers) were recruited for the 

study. Smokers of different brands of cigarette were 

recruited but these brands were not taken into considera-

tion. Smokers were classified based on smoking pack 

year as either heavy smokers (>30 pack-years), moder-

ate smokers (8-30 pack years) or light smokers (<8 

pack-years), where pack-year is the number of packs of 

cigarette smoked per day × number of smoking years or 

number of pack-years = (number of cigarettes smoked 

per day/20) × number of years smoked (1 pack has 20 

cigarettes) [14]. The non-cigarette smokers (control) 

were 40 in number. There were those that have never 

smoked before and do not like the smell of cigarette 

smoke. 

Anthropometric indices as height and weight were ob-

tained and used in calculating the body mass index 

(BMI). Socio-demographic data were collected by an 

interviewer-administered structured questionnaire aim-

ing to determine age, educational levels, socioeconomic 

status, social habits such as smoking, years of smoking, 

number of packs of cigarette smoked per day, consump-

tion of alcoholic beverages and drug addictions. Infor-

mation on general health and history of past disease(s) 

were collected according to the British Medical Re-

search Council questionnaire (BMRC, 1960). Individu-

als with a history of chronic organ or systemic illness 

and long-term medication were excluded from the study. 
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Sample collection  

Four milliliters of venous whole blood sample was taken 

from each adult male for laboratory estimation of T3, T4, 

TSH, total calcium, albumin and vitamin C. The blood 

sample was allowed to cloth, retract and the serum was 

separated by centrifugation at 3500 g for 5 min at room 

temperature. Serum samples collected in five ml plain 

containers and stored at -20
º
C until analysis.  

MATERIALS AND METHODS 

Estimation of Triiodothyronine (T3) level by enzyme 

linked immunosorbent assay (ELISA) method [15]. 

In the T3 enzyme immunoassay (EIA) a second antibody 

(goat anti-mouse IgG) is coasted on a microtiter wells. 

A measured amount of patient serum, a certain amount 

of mouse monoclonal anti-T3 antibody, and a constant 

amount of T3 conjugate with horseradish peroxidase are 

added to the microliter wells. T3 and the enzyme conju-

gated T3 compete for the unlimited binding sites on the 

anti-T3 antibody. After 60 min incubation at room tem-

perature, the wells are washed 5 times by water to re-

move unbound T3 conjugate. A solution of 3,3,5,5, Tet-

ramethyl Benzidine (TMB) is then added and incubates 

for 20 min at room temperature, resulting in the devel-

opment of a blue colour. The colour development is 

stopped with the addition of 1NHCl and the absorbance 

is measured spectrophometrically at 450nm. The intensi-

ty of the colour formed is proportional to the amount of 

unlabelled T3 standards assayed in the same way. The 

concentration of T3 in the unknown sample is then cal-

culated.  

Estimation of thyroxine (T4) level by ELISA method 

[16] 

Microtiter strip wells are precoated with anti-T4 antibod-

ies (solid phase). T4 in the sample competes with added 

horseradish peroxidase labeled T4 (enzyme-labeled anti-

gen) for antibody binding. After incubation, a  

 

bound/free separation is performed by solid-phase wash-

ing. The immune complex formed by enzyme-labeled 

antigen is visualized by adding 3, 3, 5, 5 tertramelthyl 

benzidine (TMB) substrate which gives a blue reaction 

product. The intensity of this product is inversely pro-

portional to the amount of T4 in the sample. INHCl is 

added to stop the reaction; this produces a yellow end-

point colour. Absorption at 450nm is read using an ELI-

SA microwell plate reader. 

Estimation of thyroid stimulating hormone (TSH) level 

by ELISA method [17] 

The TSH ELISA test is based on the principle of a solid 

phase enzyme-linked immunosorbent assay. The assay 

system utilizes a unique monoclonal antibody directed 

against a distinct antigenic determinant on the intact 

TSH molecule. Mouse monoclonal anti-TSH antibody is 

used for solid phase immobilization (microtiter wells) 

and goat anti-TSH antibody is in the antibody-enzyme 

(horseradish peroxidase) conjugate solution. The test 

sample is allowed to react simultaneously with the two 

antibodies, resulting in the TSH molecules being sand-

wiched between the solid phase and enzyme-linked an-

tibodies. After 60 min of overnight incubation at room 

temperature, the solid phase is washed with water to 

remove unbound labeled antibodies. A solution of 3, 3, 

5, 5’-tetramethyl benzidine (TMB) is added and incu-

bated for 20 min, resulting in the development of blue 

colour. The colour development is stopped with the ad-

dition of INHCl, and the resulting yellow colour is 

measured spectrophotometrically at 480 nm. The con-

centration of TSH is directly proportional to the colour 

intensity of the test sample. 

Cotinine estimation by ELISA [18] 

The Cotinine Microplate ELISA is a competitive en-

zyme immunoassay for the detection of Cotinine in hu-
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man serum, at a calibrator concentration of 25 ng/mL. 

The wells of the microtitre strips are coated with anti-

Cotinine antibody. During the first incubation, the 

horseradish peroxidase (HRP) labelled Cotinine com-

petes with the free cotinine in the donors sample for the 

anti-Cotinine antibody binding sites on the microtitre 

strips. The wells are washed to remove any excess en-

zyme material prior to the addition of the TMB substrate 

solution. Addition of the stop solution terminates the 

reaction and absorbances are read spectrophotometrical-

ly at 450 nm. The concentration of cotinine in the sam-

ples is then determined by comparing the optical density 

of the samples to the standard curve 

Estimation of vitamin C using the modified reduction 

method [19] 

Ascorbic acid is converted to dehydro-ascorbic acid by 

shaking with Norit activated charcoal and this is then 

coupled with 2, 4 – dinitrophenyl hydrazine in presence 

of thiourea as a mild reducing agent. In the presence of 

sulphuric acid, dinitrophenyl hydrazone which is a red 

compound is assayed colorimetrically. The absorbance 

of colored compound is proportional to Vitamin C con-

centration in the sample. 

Calcium estimation using Modified O-cresolphthalein 

– complexone method [20] 

Calcium in serum reacts with O-cresolphthalein com-

plexone in an alkaline medium to form a purple colored 

complex. The absorbance of this complex in proportion-

al to the calcium concentration in the sample. 

Determination of albumin using modified Bromocresol 

Green method [21] 

 The measurement of serum albumin is based on its 

quantitative binding to the Indicator 3,3',5,5' tetrabromo-

M cresol sulphonephthalein (bromocresol green, BCG). 

The albumin-BCG complex absorbs maximally at 620 

nm, the absorbance being directly proportional to the 

concentration of albumin in the sample. 

STATISTICAL ANALYSIS 

Data analysis was done using the statistical package for 

social sciences (SPSS version 20.0) (Chicago, IL, USA). 

Analysis of variance (ANOVA) was used to test signifi-

cance of variations within and among group means and 

Fisher’s least significant difference (LSD) post hoc test 

was used for comparison of multiple group means. Pear-

son correlation analysis was employed to determine 

relationship between variables. A probability value 

P<0.05 was considered statistically significant. 

RESULTS 

The mean age, BMI, calcium, albumin, vitamin C, co-

tinine, T3, T4 and TSH levels in smokers (moderate and 

light) and non-smokers are shown in Table 1. Signifi-

cant variations were observed in the mean BMI, calci-

um, albumin, vitamin C, cotinine, T3, T4 and TSH levels 

in moderate and light smokers and nonsmokers studied 

(P<0.05). No significant variation was seen in the ages 

of the 3 groups (P>0.05).  

The comparison of mean BMI, calcium, albumin, vita-

min C, cotinine, T3, T4, TSH in smokers (Moderate and 

light) and non-smokers using LSD post hoc analysis are 

shown in Table 2. The mean BMI, calcium, albumin, 

vitamin C and TSH levels were significantly higher and 

cotinine, T3 and T4 lower in non-smokers compared to 

moderate and light smokers studied (P<0.05). Light 

smokers had higher BMI, vitamin C and TSH and lower 

cotinine, T3 and T4 levels compared to moderate smok-

ers. No significant differences were seen in the calcium 

and albumin levels of both light and moderate smokers 

(P>0.05).  

The correlation of cotinine and smoking pack years with 

other indices in smokers are shown in Table 3. Cotinine 

levels correlated positively with smoking pack years (r = 

0.838, P = 0.000), T3 (r=0.339, P = 0.005) and T4 (r = 
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0.443, P = 0.001) and negatively with BMI (r = -0.478, 

P = 0.000), vitamin C (r=-0.407, P=0.003) and TSH (r = 

-0.510, P = 0.000) respectively (P<0.05). Significant 

positive correlations were also observed between smok-

ing pack years and cotinine (r = 0.0838, P = 0.000),T3 

(r=0.586, P = 0.000) and T4 (r = 0.608, P = 0.000) and 

negative with BMI (r = -0.597, P = 0.000), vitamin C (r 

= -0.599,P = 0.000), albumin (r = -0.281, P = 0.048) and 

TSH (r = -0.578, P = 0.000) respectively(P<0.05). 

 

Table 1. Mean Age, BMI, Calcium, Albumin, Vitamin C, Cotinine, T3, T4, TSH in Smokers (Moderate and light) and Non smokers. 

Index Moderate smokers n=26 Light Smokers n = 24 Non smokers n=40 F-ratio P - value 

Age (yr) 43.27+2.19 40.29+1.72 41.90+1.11 0.72 0.489 

BMI(kg/m2) 19.31+0.45 21.67+0.43 23.22+0.45 18.43 0.000* 

Ca2+ (mmol/l) 2.37+0.01 2.38+0.015 2.45+0.010 8.89 0.000* 

Albumin (g/l) 38.69+0.99 38.75+1.01 43.40+0.64 11.50 0.000* 

Vit C (mg/dl) 0.53+0.02 0.62+0.01 0.73+0.02 17.31 0.000* 

Cotinine(ng/ml) 117.69+7.40 34.73+3.92 0.83+0.17 213.26 0.000* 

T3 (ng/ml) 1.78+0.09 1.31+0.02 1.19+0.04 25.67 0.000* 

T4 (µg/dl) 11.44+0.54 9.55+0.33 8.25+0.28 18.32 0.000* 

TSH (µIU/ml) 1.93+0.21 2.72+0.14 2.89+0.17 7.29 0.001* 

                       * = Significant at P<0.05, BMI: Body mass index, T3: Triiodothyronine, T4: Thyroxine, TSH: Thyroid stimulating hormone 

 

Table 2. Comparison of mean BMI, Calcium, Albumin, Vitamin C, Cotinine, T3, T4, TSH in Smokers (Moderate and light) and  

Non smokers using LSD post hoc analysis. 

Index Groups Mean diff. P-value 

 Non Smokers, n = 40 Mod. Smokers, n= 26   

BMI(kg/m
2
) 23.22+0.45 19.31+0.45 3.900.64 0.000* 

Ca
2+

 (mmol/l) 2.45+0.010 2.37+0.01 0.080.02 0.000* 

Albumin (g/l) 43.40+0.64 38.69+0.99 4.701.15 0.000* 

Vit C (mg/dl) 0.73+0.023 0.53+0.02 0.190.03 0.000* 

Cotinine(ng/ml) 0.83+0.18 117.69+7.40 -116.635.70 0.000* 

T3 (ng/ml) 1.20+0.045 1.78+0.09 -0.580.08 0.000* 

T4 (µg/dl) 8.25+0.28 11.44+0.54 -3.190.52 0.000* 

TSH (µIU/ml) 2.89+1.12 1.93+0.20 -0.950.25 0.000* 

 Non Smokers, n = 40 Light Smokers, n = 24   

BMI(kg/m
2
) 23.22+0.45 21.67+0.43 1.550.65 0.021* 

Ca
2+

 (mmol/l) 2.45+0.010 2.38+0.02 0.070.02 0.001* 

Albumin (g/l) 43.40+0.64 38.75+1.01 4.651.18 0.000* 

Vit C (mg/dl) 0.73+0.023 0.62+0.02 0.090.03 0.006* 

Cotinine(ng/ml) 0.83+0.18 34.73+3.92 -33.905.80 0.000* 

T3 (ng/ml) 1.20+0.045 1.31+0.02 -0.120.08 0.048* 

T4 (µg/dl) 8.25+0.28 9.55+0.33 -1.300.54 0.018* 

 Mod. Smokers, n= 26 Light Smokers, n = 24   
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BMI(kg/m
2
) 19.31+0.45 21.67+0.43 -2.300.72 0.002* 

Vit C (mg/dl) 0.53+0.02 0.62+0.02 -0.090.03 0.011* 

Cotinine(ng/ml) 117.69+7.40 34.73+3.92 82.956.39 0.000* 

T3 (ng/ml) 1.78+0.09 1.31+0.02 0.470.09 0.000* 

T4 (µg/dl) 11.44+0.54 9.55+0.33 1.880.95 0.002* 

TSH (µIU/ml) 1.93+0.20 2.72+0.14 0.780.28 0.008* 

 
 

                            Table 3. Correlation of Cotinine and smoking pack year with other indices in Smokers 

Index Index R – value P – value 

Cotinine 

BMI -0.478 0.000** 

Pack year 0.838 0.000** 

T3 0.390 0.005** 

T4 0.443 0.001** 

TSH -0.510 0.000** 

Vitamin C -0.407 0.003** 

Pack years 

BMI -0.597 0.000** 

Vitamin C -0.599 0.000** 

Albumin -0.281 0.045** 

Cotinine 0.838 0.000** 

T3 0.586 0.000** 

T4 0.608 0.000** 

TSH -0.578 0.000** 

                      ** Significant at P<0.001 

 

                              DISCUSSION  

In this study, the BMI of light and moderate smokers 

were significantly lower than those of non-smokers 

studied. BMI also correlated negatively with cotinine 

levels and smoking pack years of smokers. Smokers 

have lower BMI compared to non-smokers [22, 23]. 

Consistent with our findings, other studies have also 

demonstrated an inverse relationship between cigarette 

smoking and BMI and smoking ceasation has been 

linked to weight gain [24, 25]. A nearly linear diminu-

tion in BMI associated with increasing duration of ciga-

rette smoking has also been demonstrated [5]. These 

effects have been attributed to effects of nicotine on the 

appetite-regulating regions of the hypothalamus and on 

metabolism [23, 26]. Nicotine has been associated with 

appetite suppressor effects, decreased food intake, in-

creased gastrointestinal motility and hence increased 

weight loss [27]. These nicotinic effects may translate to 

smokers consuming decreased meal size or using smok-

ing as substitute for dessert or entire meal [28]. Besides 

the physiologic effects of nicotine, smokers have been 

associated with poor nutritional status as resources re-

quired for balanced meals may be channeled towards 

satisfaction of cravings for tobacco [5]. 

Lower albumin levels were seen in light and moderate 

smokers compared to non-smokers. Negative correla-

tions were also observed between albumin and smoking 

pack years in smokers studied. Similar observations 

have been made by other studies [9, 29, and 30].  

Cigarette smoking is associated with increased oxidative 

stress. Albumin has been described as extracellular anti-

Table 2. Continued. 
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oxidants where albumin constitutes up to 49% of total 

plasma antioxidant status [29, 31]. It acts by inhibiting 

the generation of free radicals [32], by binding copper 

ions and scavenging hypochlorous acid (HOCl). The 

scavenging of HOCl by albumin may be due to the rapid 

reaction with sulfur hydryl group (SH-group) in the 

circulation and their degradation [33, 34]. Albumin also 

contains one reduced cysteine residue (Cys34) which 

constitutes the largest pool of thiols in circulation. 

Through the reduced Cys34, albumin is able to scavenge 

hydroxyl radicals [9].Thus, significantly lower levels of 

plasma albumin in cigarette smokers could be a conse-

quence of their increased consumption to buffer the 

effect of increased free radicals generation associated 

with smoking. Albumin transports bilirubin, albumin-

bound bilirubin has been attributed with lipid peroxida-

tion inhibitory effects [35]. Lower plasma albumin con-

centrations in smokers compared to non-smokers may 

also suggest the induction of an acute-phase response to 

smoking, since albumin is a negative acute-phase pro-

tein. Moreover, there may be dietary effects on albumin 

synthesis, since smokers have been associated with poor 

nutritional status [5]. 

The calcium levels of light and moderate smokers were 

significantly lower than those of non-smokers studied. 

Calcium absorption and vitamin D levels have been 

lower in smokers [36]. Damage to the intestinal villi by 

some components of cigarette smoke has been demon-

strated in an animal study [37]. Nicotine has vasocon-

strictive action on intestinal blood supply. Modest re-

duction in intestinal blood flow may result in decrease 

calcium absorption and hence lower serum calcium lev-

els seen in smokers [38]. Contrary to our findings, 

smoking increases the serum calcium levels [39]. Signif-

icant increase was demonstrated in Ca levels in chronic 

smokers compared to controls [40]. Nicotine increases 

ionized calcium levels [Ca
2+

]i [41, 42 and 43]. It modu-

lates calcium metabolism and regulate adhesion and 

motility of respiratory epithelial cells by increasing the 

expression of alpha 3, 4, 5 and 7 nicotinic receptors 

[43]. Long-term exposure to milimolar nicotine levels 

had been resulted in a steady increase in ionized calcium 

[Ca
++

]i, that may lead to cell damage [43]. Disparity 

between the findings of these studies and this present 

study may be related to the smoking pack year, since 

only light and moderate smokers without heavy smokers 

(>30 pack-years) were studied. 

Light and moderate smokers have lower vitamin C lev-

els compared to non-smokers studied and serum vitamin 

C levels correlated negatively with the smoking pack 

year. Associations between smoking and lower levels of 

serum ascorbic acid have been documented [6, 44, and 

45]. Lower serum levels of ascorbic acid observed in 

smokers may reflect inadequate dietary intake. Smoking 

has been contributed to a significant reduced intake of 

fruits rich in antioxidants [6]. Altered metabolism of 

vitamin C because of effects of nicotine may also be a 

contributing factor to lower vitamin C status in smokers. 

Factors that might influence the metabolic fate of ascor-

bic acid and result in consistent observation of lower 

serum ascorbic acid levels in the smoking population 

may include decreased absorption which may be related 

to vasoconstrictive effects of nicotin on intestinal blood 

flow, increased metabolic demand and increased rate of 

elimination among others [46]. 

Several mechanisms have been proposed for hypovita-

minosis C in smokers. Increased oxidative stress has 

been described as the major mediator of these effects. 

One puff of cigarette smoke has been estimated to con-

tain as many as 10
15 

of gas-phase radicals and 10
14

 of 

tar-phase radicals [47]. Oxidative stress arising directly 

from the toxicity of the smoke itself can increase vita-

min C turnover [48]. In addition, smoke-induced in-

flammatory responses may indirectly increase oxidative 

stress, thereby contributing to the turnover of vitamin C 

[49, 50]. Directly or indirectly, cigarette smoke has re-

sulted to an increased vitamin C oxidation ratio among 

smokers [51, 52]. This may be related to the activity of 
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vitamin C as a free radical scavenger in smokers, but 

could also be because of an impairment of the enzymatic 

recycling of vitamin C [52]. Differences in vitamin C 

status between smokers and nonsmokers may be related 

to altered pharmacokinetics [52]. From these observa-

tions, we can then deduce that increasing smoking pack 

years will therefore be associated with a corresponding 

deficit in vitamin C status.  

Higher levels of T3 and T4 were seen in moderate and 

light smokers and lower TSH only in moderate smokers 

compared to non-smokers. Moderate smokers also had 

higher T3 and T4 and lower TSH compared to light 

smokers studied. Similar observations have been made 

by other studies [8, 53]. Lower thyrotropin (TSH) levels 

have been reported in both current and former smokers 

compared to never smokers, while higher levels were 

also seen in moderate smokers compared to heavier 

smokers. [54]. Lower TSH and higher FT3 have also 

been demonstrated in a cohort of pregnant women who 

smoke compared to their non-smoking counterparts 

[55]. Lower serum TSH concentration was also ob-

served in smokers compared to ex-smokers and non-

smokers [56]. Nicotine has been a thyroid stimulant. 

Nicotine is also a potent activator of the hypothalamic - 

pituitary thyroid axis. It mimics the effects of acetylcho-

line at selected central nicotine acetylcholinergic recep-

tors, thereby causing sympathetic activation, which in 

turn activates the thyroid-stimulating hormone to stimu-

late the thyroid gland to cause increased thyroid hor-

mones secretion. The lower serum level of thyroid stim-

ulating hormone in smokers is due to its suppression by 

the elevated levels of serum thyroid hormones because 

of negative feedback regulation [2, 57, and 58]. Howev-

er, contrary to our findings, a decrease in the levels of 

both T4 and T3 has been reported in smokers [10]. The 

serum concentrations of thyrotropin, free thyroxine, and 

triiodothyronine were similar in the smokers and non-

smokers among women with hypothyroidism [59]. In 

another study, smoking habits did not seem to affect the 

serum triiodothyronine (T3) concentrations [56]. Ac-

companying TSH levels were lower in most [60, 61] and 

normal in some studies [62]. 

Smoking pack year, which is a product of quantity of 

cigarette, smoked and duration of smoking correlated 

positively with T3 and T4 and negatively with BMI, vit-

amin C and TSH levels in the smoking population stud-

ied. A similar correlation trend was also observed be-

tween cotinine levels and T3, T4, BMI, vitamin C and 

TSH. Associations between dose of cigarette smoke 

exposure and levels of thyroid hormones have been 

documented [63]. Increasing concentration of nicotine 

and hence cotinine (biomarker of nicotine exposure) in 

the blood is directly proportional to the quantity of ciga-

rette smoked [64]. High concentration of nicotine in the 

blood will therefore be associated with a corresponding 

increase in T3 and T4 levels and a corresponding de-

crease in TSH through negative feedback effect. Effects 

of cigarette smoke on thyroid functions may therefore 

be dose dependent. The risk of Grave’ disease has been 

heightened for smokers who smoked more than 28 

sticks of cigarette per day [65]. Increase in cotinine lev-

els of 10ng/mL has been associated with a 1.4% de-

crease of odds ratio of having TSH level above 4.5 

mU/L after adjustment for age, gender, iodine status and 

race/ethnicity. “Moreover, every 10 ng/mL increase in 

serum cotinine was reported to be associated with an 

approximately 2% increased odds of having TSH level 

of 0.1–0.4 mU/L” [66]. “Heavier smoking has been as-

sociated with lower TSH concentration, but smoking 12 

or more cigarettes per day did not cause any further 

decrease of TSH concentration” [6, 57]. Contrary to 

these findings, no correlation between the numbers of 

cigarettes smoked daily and serum TSH concentration in 

smokers was reported by another study [67].  

CONCLUSIONS 

Cigarette smoke and increasing smoking pack years may 

be associated with changes in thyroid functions and the 
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homeostasis of calcium, albumin and ascorbic acid as 

demonstrated by decreased TSH, total calcium, albumin 

and ascorbic acid and increased T3and T4 levels seen in 

smokers studied. Cigarette smoke may therefore predis-

pose to oxidative stress and development of thyroid 

disorders. 

Conflict of Interest 

The authors declare that there is no conflict of interests 

regarding the publication of this paper. 

REFERENCES 

1. World Health Organisation (WHO), 2009. Report on 

the global tobacco epidemic, Implementing smoke-free 

environments. www.who.int/tobacco/mpower (Accessed 

March 14, 2016). 

2. Balhara Y.P.S., Deb K.S., 2014. Impact of tobacco on 

thyroid function. Thyroid Res Practice. 11(1), 6-16. 

3. Mostafa T., 2010. Cigarette smoking and male infer-

tility. J Adv Res. 1, 179–186. 

4. Singh M., Tiwari S., Singh M., Singh,M.P., Bhave D., 

Singh J., 2015. Induced Biochemical Changes and As-

sociated Complications In Smokers. IOSR J Biotechnol 

Biochem (IOSR-JBB). 1(14), 15-18. 

5. Mathew A.C., Kurian R., Akshaya K.M, Karthikeyan 

S., Chacko T.V., 2014. Association between smoking 

and body mass index among males aged 20 years and 

above: A study in rural Tamil Nadu, South India South 

East. Asia J Public Health. 4(1), 53-58. 

6. Pincemail J., Vanbelle S., Degrune F., Cheramy-Bien 

J.P., Charlier C., Chapelle J.P, Giet D., Collette G., Al-

bert A., Defraigne J.O., 2011. Lifestyle Behaviours and 

Plasma Vitamin C and β-Carotene Levels from the 

ELAN Population (Li`ege, Belgium). J Nutr Metabol. 

Article ID 494370, 10 Pp doi:10.1155/2011/494370 pp 

1-11. 

7. Alsalhen K.S., Abdalsalam R.D., Abdalsalam A., 

2014. Effect of cigarette smoking on liver functions: a 

comparative study conducted among smokers and non-

smokers male in El-beida City, Libya. Int Current 

Pharmaceutical J. 3(7), 291-295. 

8. Meral I., Arslan A., Him A., Arslan H., 2015. Smok-

ing-related Alterations in Serum Levels of Thyroid 

Hormones and Insulin in Female and Male Students. 

Alternative Therapies Health Med. 21(5), 24-29.  

9. Adunmo G.O., Adesokan A.A., Akanji M.A., Bili-

aminu S.A, AbdulAzeez I.M., Adunmo E., 2015. Lipid 

Peroxide Levels, Antioxidant Status, and Protein 

Changes in Nigerian Smokers. Int J Sci: Basic and Ap-

plied Research (IJSBAR). 21(1), 69-77. 

10. Sawicka-Gutaj N., Gutaj P., Sowiński J., Wender-

Ożegowska E., Czarnywojtek A., Brązert M., Ruchała 

M., 2014. Influence of cigarette smoking on thyroid 

gland — an update. Endokrynol Pol. 65(1), 54–62). 

11. Kapoor D., Jones T.H., 2005. Smoking and hor-

mones in health and endocrine disorders. Europ J Endo-

crinol. 152, 491–499. 

12. Plurphanswat N., Rodu B., 2014. The association of 

smoking and demographic characteristics on body mass 

index and obesity among adults in the U.S., 1999–2012. 

BMC Obesity. 1, 18-27. 

13. Grizzell J.A., Echeverria V., 2014. New insights into 

the mechanisms of action of cotinine and its distinctive 

effects from nicotine. Neurochem Res. 27, 2032–2046. 

14. Franklin W., Lowell F.C., 1961. Unrecognized air-

way obstruction associated with smoking: a probable 

forerunner of obstructive pulmonary emphysema. Ann 

Intern Med. 54, 379–86. 

15. Spector D.A., Davis P.J., Helderman J.H., Bell B., 

Utiger R.D., 1976. Thyroid function and metabolic state 

in chronic renal failure. Ann Intern Med. 85(6), 724-

730. 

16. Robbin J., 1973. Radioassay and Thyroid Gland. 

Metabolism. 22(8), 1021 - 1025  

17. Engall E., 1980. Estimation of thyroid smoking 

hormone. In: Vunakis H., Langone J.J. (eds.). Methods 

in Enzymology. Van Academic Press, New York. 7, 

419-492.  

http://www.who.int/tobacco/mpower
http://europepmc.org/search;jsessionid=jWNQRg5ms27pu65vP8Nl.1?page=1&query=AUTH:%22Meral+I%22
http://europepmc.org/search;jsessionid=jWNQRg5ms27pu65vP8Nl.1?page=1&query=AUTH:%22Arslan+A%22
http://europepmc.org/search;jsessionid=jWNQRg5ms27pu65vP8Nl.1?page=1&query=AUTH:%22Him+A%22
http://europepmc.org/search;jsessionid=jWNQRg5ms27pu65vP8Nl.1?page=1&query=AUTH:%22Arslan+H%22
http://europepmc.org/search;jsessionid=jWNQRg5ms27pu65vP8Nl.1?page=1&query=JOURNAL:%22Altern+Ther+Health+Med%22


N. Augusta et al / Journal of Chemical Health Risks 6(4) (2016) 269–280 

 

278 

 

18. Langone J.J., Cook G., Bjercke R., Lifshitz M.H., 

1988. Monoclonal antibody ELISA for cotinine in saliva 

and urine of active and passive smokers. J Immunol 

Methods. 114, 74-78. 

19. Roe J.H., Kuether C.A., 1943. Determination of 

vitamin C. J Biol Chem. 147, 399.  

20. Stern J., Lewis W.H.P., 1957. The colorimetric es-

timation of calcium in serum with O-cresolphthalein 

complexone. Clinica Chimica Acta. 2(6), 576-80.  

21. Doumas B.T., Biggs H.G, 1972. Determination of 

serum albumin– Standard methods of clinical chemistry 

– Acad. Press. N.Y. 7,175-188.  

22. Sneve M., Jorde R., 2008. Cross-sectional study on 

the relationship between body mass index and smoking, 

and longitudinal changes in body mass index in relation 

to change in smoking status: the Tromso Study. Scand J 

Public Health. 36, 397–407.  

23. Jo Y.H., Talmage D.A., Role L.W., 2002. Nicotinic 

receptor-mediated effects on appetite and food intake. J 

Neurobiol. 53, 618–632.  

24. Berlin I., 2009. Endocrine and metabolic effects of 

smoking cessation. Current Med Res Opinion. 25,527–

34.  

25. Huot I., Paradis G., Ledoux M., 2004. Quebec Heart 

Health Demonstration Project Research Group. Factors 

associated with overweight and obesity in Quebec 

adults. Int J Obesity Related Metabol Dis. 28(6), 766–

74. 

26. Kaufman A., Augustson E.M., Patrick H., 2012. 

Unraveling the Relationship between Smoking and 

Weight: The Role of Sedentary Behavior. J Obesity. 

Article ID 735465, 11 Pp. doi: 10.1155/2012/735465 

pp1 -12. 

27. Young-Hwan J., Talmage D.A., Role L.W., 2002. 

Nicotinic Receptor-Mediated Effects on Appetite and 

Food Intake. J Neurobiol. 53(4), 618–632. 

28. Shah M., Hannan P.J., Jeffery R.W., 1991. Secular 

trend in body mass index in the adult population of three 

communities from the upper mid-western part of the 

U.S.A.; the Minnesota Heart Health Program. Int J 

Obes. 15, 499-503.  

29. Zainulabdeen J.A., Alak S.A., 2014. Effects of 

Smoking on Proteins Level and Alpha Amylase Activity 

in Sera of Iraqi Narghile Smokers. South East Asia J 

Public Health. 4(1), 53-58. 

30. Alsalhen K.S., Abdalsalam R.D., 2014. Effect of 

cigarette smoking on liver functions: a comparative 

study conducted among smokers and non-smokers male 

in El-beida City, Libya. Int Current Pharmaceut J. 3(7), 

291-295. 

31. Emerson T.E., 1989. Unique features of albumin. A 

review Crit Care Med. 17, 690-694. 

32. Marx G., Chevion M., 1985. Site-specific modifica-

tion of albumin by free radicals. Biochem J. 236, 397-

400. 

33. Hu M.L., Louie S., Cross C.E., Motchnik P., Halli-

well B., 1993. Antioxidant protection against hypo-

chlorous acid in human plasma. J Lab Clin Med. 121(2), 

257-262. 

34. Halliwell B., 1988. Albumin an important extracel-

lular antioxidant? Biochem Pharmacol. 37(4), 569-571. 

35. Roche M., Rondean N.R., Singh E., Tarnus E., 2008. 

The antioxidants properties of serum albumin. Federa-

tion of European Biochemical Society. 582, 1783-1787.  

36. Tweed, J.O., Hsia, S.H., Lutfy, K., Friedman, T.C., 

2012. The endocrine effects of nicotine and cigarette 

smoke. Trends Endocrinol Metab. 23(7), 334–342. 

37. Zhang X.Y., Leung F.W., 1994. Cigarette smoke 

aggravates acid induced duodenal mucosal injury in the 

rat: Role of mesenteric vasoconstriction. Scand J Gas-

troenterol. 29, 214–218. 

38. Krall E.A., Dawson-Hughes B., 1999. Smoking In-

creases Bone Loss and Decreases Intestinal Calcium 

Absorption. J Bone Miner Res. 1, 14(2), 215-220. 

39. Chatterjee S., Nandi R., 2015. Association Effect of 

Smoking on Bone Mineral Density, Serum Vitamin-D, 

Serum Calcium, Serum Phosphate, Serum Alkaline 

http://www.ncbi.nlm.nih.gov/pubmed/9933475


N. Augusta et al / Journal of Chemical Health Risks 6(4) (2016) 269–280 

 

279 

 

Phosphatases and Sex Hormones (Estradiol and Estriol) 

on Adult Females. Int Res J Medical Sci. 3(7), 1-7. 

40. Padmavathi P., Reddy V.D., Varadacharyulu N., 

2009. Influence of chronic cigarette smoking on serum 

biochemical profile in male human volunteers. J Health 

Sci. 55(2), 265- 270. 

41. Waheeb D., Alharbi M., 2012. Electrolyte changes 

in cigarette smoking Male students. Pak J Pharmacol. 

29(1), 33-38. 

42. Zhao Z., Reece E.A., 2005. Nicotine induced em-

bryonic malformations mediated by apoptosis from in-

creasing intracellular calcium and oxidative stress. Birth 

Defects Res B Dev Reprod Toxicol. 74(5), 383-391. 

43. Zia S., Ndoye A., Nguyen V.T., Grando S.A., 1997. 

Nicotine enhances expression of the alpha 3, alpha 4, 

alpha 5, and alpha 7 nicotinic receptors modulating cal-

cium metabolism and regulating adhesion and motility 

of respiratory epithelial cells. Res Commun Mol Pathol 

Pharmacol. 97(3), 243-262. 

44. Adikema N.A., Adu E.M., 2013. Serum Lipids and Vit-

amin C Levels of Male Cigarette Smokers in Asaba, Delta State, 

Nigeria. Med J Babylon. 10(4), 976-984. 

45. Arinola O.G., Akinosun A.M., 2008. Antioxidant 

vitamins, nitric oxide and acute phase proteins in Nige-

rian cigarette smokers. Afr J Biomed Res. 11, 291 – 295.  

46. Kelly G., 2003. Smoking and Ascorbic Acid, The 

Interaction of Cigarette Smoking and Antioxidants. Part 

III: Ascorbic Acid Alternative Medicine Review. 8(1), 

43-54. 

47. Pryor W.A., Stone K., 1993. Oxidants in cigarette 

smoke. Radicals, hydrogen peroxide, peroxynitrate, and 

peroxynitrite. Ann N Y Acad Sci. 686, 12–27. 

48. Pryor W.A., 1997. Cigarette smoke radicals and the 

role of free radicals in chemical carcinogenicity. Envi-

ron Health Perspect. 105, S875–S882. 

49. Langlois M., Duprez D., Delanghe J., De B.M., 

Clement D.L., 2001. Serum vitamin C concentration is 

low in peripheral arterial disease and is associated with 

inflammation and severity of atherosclerosis. Circula-

tion. 103, 1863–1868. 

50. Anderson R., 1991. Assessment of the roles of vita-

min C, vitamin E, and beta-carotene in the modulation 

of oxidant stress mediated by cigarette smoke-activated 

phagocytes. Am J Clin Nutr. 53, S358–S361. 

51. Lykkesfeldt J., Loft S., Nielsen J.B., Poulsen H.E., 

1997. Ascorbic acid and dehydroascorbic acid as bi-

omarkers of oxidative stress caused by smoking. Am J 

Clin Nutr. 65, 959–963. 

52. Lykkesfeldt J., Viscovich M., Poulsen H.E., 2003. 

Ascorbic acid recycling in human erythrocytes is in-

duced by smoking in vivo. Free Radic Biol Med. 35, 

1439–1447. 

53. Soldin O.P., Goughenour B.E., Gilbert S.Z., 2009. 

Thyroid hormone levels associated with active and pas-

sive cigarette smoking. Thyroid. 19, 817–823.  

54. Asvold B., Bjøro T., Nilsen T.I.L., Vatten L.J., 

2007. Tobacco smoking and thyroid function: a popula-

tion-based study. Arch Intern Med. 167, 1428–1432. 

55. Shields B., Hill A., Bilous M., Knight B., Hattersley 

A.T., Bilous R.W., Vaidya B., 2009. Cigarette Smoking 

during Pregnancy Is Associated with Alterations in Ma-

ternal and Fetal Thyroid Function. J Clin Endocrinol 

Metab. 94(2), 570–574 

56. Ericsson U. B., Lindgärde F., 1991. Effects of ciga-

rette smoking on thyroid function and the prevalence of 

goitre, thyrotoxicosis and autoimmune thyroiditis. J 

Intern Med. 229(1), 67-71. 

57. Balfour D.J.K., 1989. Influence of nicotine on the 

release of monoamines in the brain. Progress Brain Res. 

79, 165-172. 

58. Utiger R.D., 1998. Effect of smoking on thyroid 

function. Europ J Endocrinol. 138, 368 – 369. 

59. Müller B., Zulewski H., Huber P., Ratcliffe J.G., 

Staub J.J., 1995. Impaired Action Of Thyroid Hormone 

Associated With Smoking In Women With Hypothy-

roidism. N Engl J Med. 333, 964-969. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ericsson%20UB%5BAuthor%5D&cauthor=true&cauthor_uid=1995765
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindg%C3%A4rde%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1995765
http://www.ncbi.nlm.nih.gov/pubmed/1995765
http://www.ncbi.nlm.nih.gov/pubmed/1995765


N. Augusta et al / Journal of Chemical Health Risks 6(4) (2016) 269–280 

 

280 

 

60. Kabat G.C., Kim M.Y., Wactawski-Wende J., 2012. 

Smoking and alcohol consumption in relation to risk of 

thyroid cancer in postmenopausal women. Cancer Epi-

demiol. 36, 335–340.  

61. Kitahara C.M., Linet M.S., Freeman L.E.B., 2012. 

Cigarette smoking, alcohol intake, and thyroid cancer 

risk: a pooled analysis of five prospective studies in the 

United States. Cancer Causes Control. 23, 1615–1624.  

62. Chen W.J., Kelly R.B., 2005. Effect of prenatal or 

perinatal nicotine exposure on neonatal thyroid status 

and offspring growth in rats. Life Sci. 76, 1249–1258.  

63. Fisher C.L., Mannino D.M., Herman W.H., Frumkin 

H., 1997. Cigarette smoking and thyroid hormone levels 

in males. Int J Epidemiol. 26(5), 972-7. 

64. Florescu A., Ferrence R., Einarson T., Selby P., Sol-

din O., Koren G., 2009. Methods for quantification of 

exposure to cigarette smoking and environmental tobac-

co smoke; focus on developmental toxicology. Ther 

Drug Monit. 31(1), 14-30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

65. Georgiadis E., Papapostolou C., Korakis T., Evagel-

opoulou K., Mantzoros C., Batrinos M., 1997. The in-

fluence of smoking habits on thyroid gland volume: an 

ultrasonic approach. J R Soc Health. 117, 355–358. 

66. Belin R.M., Astor B.C., Powe N.R., Ladenson P.W., 

2004. Smoke exposure is associated with a lower preva-

lence of serum thyroid autoantibodies and thyrotropin 

concentration elevation and a higher prevalence of mild 

thyrotropin concentration suppression in the Third Na-

tional Health and Nutrition Examination Survey 

(NHANES III). J Clin Endocrinol Metab. 89, 6077–

6086.  

67. Jorde R., Sundsfjord J., 2006. Serum TSH levels in 

smokers and non-smokers. The 5th
 

Tromsø study. Exp 

Clin Endocrinol Diabetes. 114, 343–347.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fisher%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=9363517
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mannino%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=9363517
http://www.ncbi.nlm.nih.gov/pubmed/?term=Herman%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=9363517
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frumkin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9363517
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frumkin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9363517
http://www.ncbi.nlm.nih.gov/pubmed/9363517
http://www.ncbi.nlm.nih.gov/pubmed/?term=Georgiadis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papapostolou%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Korakis%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evagelopoulou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evagelopoulou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mantzoros%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Batrinos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9519672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ladenson%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=15579761

