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Abstract
Introduction: This study aims to explore the most responsible, influential metabolic variables of Body Mass Index (BMI) and 
investigating their direct and indirect effect on path analysis. Material and Methods: 350 adults aged 18 years and older without 
any chronic diseases who came for an annual blood check-up were included in this study. Thyroid-Stimulating Hormone (TSH), 
Fasting Blood Sugar (FBS) and Thyroid-Stimulating Hormone (TSH) levels were measured using standard laboratory methods. 
Path analysis was carried out to examine the triglyceride (TG) mediator role in the relationship between age, FBS, and TSH on BMI. 
Results: TSH has a significant indirect effect on BMI (P=0.017). Age has both direct and indirect effects on BMI (P=0.003). Age and 
TSH have a direct impact on TG levels (p < 0.05), and the mediator of TG has a direct effect on BMI (P=0.001). Conclusions: Con-
trolling some biomedical factors leads to controlling obesity as one of the main concerns in public health. Unexpectedly, TSH even 
had an indirect effect on BMI through TG. Also, because BMI is indirectly affected by age with the mediator of TG, controlling 
triglyceride along with increasing age, becomes more important.

Keywords: Biomedical factors, obesity, body mass index, triglyceride (TG), fasting blood sugar (FBS),  
thyroid-stimulating hormone (TSH).

Introduction

Obesity is one of the most significant 
public health problems globally. Overweight 
and obesity increase the risk of various dis-
eases, especially heart disease, type 2 diabetes, 
sleep apnea blockers, certain types of cancer, 
bone turnover, and asthma [1-5]. As a result, 
one of the factors that reduce average life 
expectancy is obesity [1]. According to available 
statistics, the death rate of obesity is higher 
than the total mortality rate due to four com-
mon cancers (lung, breast, intestinal and pros-
tate). Obesity has been known as one of the 
most preventable causes of death worldwide. 

On average, overweight and obesity reduce life 
expectancy by about 6 to 7 years [6].

Based on the World Health Organization 
(WHO) report in 2016, about 39% of adults above 
18 years old were overweight, and 13% (11% of 
men and 15% of women) of them were obese [7].

In Iran, the prevalence of obesity was 
estimated at 21.7% in populations aged 18 years 
and over and 6.1% in populations below 18 years 
old [8].

Using BMI is the most common way of 
estimating overweight and obesity. In Asia, the 
risk of adverse health effects starts to increase 
progressively by increasing BMI from a value 
between 22 to 25 kg/m2 [9].
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was calculated as weight in kilograms and was 
divided by the square of the height in meters. BMI 
provides the most useful measure for overweight 
and obesity. The same technique was applied for 
both adult men and women and all ages.

For adults, the WHO defines overweight 
as a BMI greater than or equal to 25 and obesity as 
a BMI greater than or equal to 30[7].

Statistical analysis

The data are summarized as frequencies 
and percentages for categorical variables. Contin-
uous variables are reported as mean ± Standard 
Deviation (SD).

Pearson’s correlation coefficients were 
calculated for the evaluation of the relationship 
between study variables. Afterward, path analy-
sis was used to identify factors that are influenc-
ing BMI. For the interpretation of effects, the 
path analysis or causal modeling was developed 
as a method of decomposing correlations into dif-
ferent parts. The method is applied to describe 
the direct and indirect correlations among a set 
of variables. Exogenous independent variables 
were age, TG, FBS and TSH levels. The causal 
assumptions were displayed in a path diagram in 
which the relationships were specified between 
variables and the causality direction. 

SPSS version 20.0 was used for the 
descriptive statistical analysis, and AMOS ver-
sion 20.0 was used for path analysis. The signifi-
cance level of 0.05 was used for tests.

Results

Table 1 describes the characteristics of the 
350 participants in this study. Among the 350 par-
ticipants, 169 (48.3%) were male, and 181 (51.7%) 
were female.

A mean of 43.3 and a standard deviation 
of 13.94 was obtained for the age variable. There 
was no significant difference between the age of 
women and men (P =0.490).

The mean (± SD) BMI of the people was 
equal to 26.85 (± 5.19) kg/m2. It appeared that the 
mean BMI of women was significantly higher 

Some factors can affect BMI and lead to 
overweight or obesity. These include individual 
elements such as diet, lack of exercise, environ-
mental factors, and genetics. The accumulation 
of fat or triglycerides (TG) is essentially the only 
metabolic variables for overweighing the body 
[6]. However, many previous studies have shown 
that both TG and age are closely and inde-
pendently related to BMI [10, 11]. These studies 
used an analysis that examines the direct effect of 
these variables on BMI and overweight. 

Other studies have shown that some met-
abolic variables can affect the TG level, such as 
FBS and TSH [12-14]. 

However, none of these studies have con-
sidered all these variables together. Also, there 
were limitations in understanding the direct and 
indirect effects of these factors on BMI.

To overcome these limitations, this study 
aims to evaluate how the variables are related to 
BMI and overweight, which have been identified 
by other studies. To this end, we carried out a path 
analysis to examine the TG mediator’s role in the 
relationship between age, FBS, and TSH on BMI.

Material and Methods

This cross-sectional study was carried out 
on the population referred to the best clinic in Ker-
man, southern Iran, for an annual check-up from 
March to September 2018. Three hundred fifty 
adults aged 18 years and older without any chronic 
diseases were included in the study. The subjects 
who had obesity of endocrine origin and pregnant 
and lactating women were excluded from the study.

After receiving informed consent and 
approval from the ethics committee of Ker-
man University (reference number: IR.KMU.
REC.1397.174), the people were enrolled for the 
study.

Blood samples were collected from par-
ticipants that practiced fasting. Serum sam-
ples were centrifuged at 3000 rpm for 5 min and 
stored at -20°C until analysis. Also, TG, FBS and 
TSH levels were measured using standard labora-
tory methods.

Weight and height were measured using 
standardized techniques and equipment. BMI 
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Table 1: Subject characteristics and lab values* 

Total ( n = 350) Women (n = 181) Men (n = 169) P-value

Age 43.3 ± 13.94 43.80 ± 13.56 42.76 ± 14.36 0.490

Education

Under diploma 188(53.7) 104(57.5) 84(49.7)

Diploma 100(28.6) 52(28.7) 48(28.4)

Associate Degree 19(5.4) 5(2.8) 17(10.1) 0.128

Bachelor 34(9.7) 17(9.4) 17(10.1)

M.S 9(2.6) 3(1.7) 6(3.6)

BMI 26.85 ± 5.19 28.29 ± 5.53 25.31 ± 4.32 < 0.001

Underweight (<18.5) 14(4) 3(1.7) 11(6.5) < 0.001

Normal weight (18.5-24.9) 125(35.7) 52(28.7) 73(43.2)

Overweight (25-29.9) 123(35.1) 66(36.5) 57(33.7)

Obesity class 1 (30-34.9) 70(20) 44(24.3) 26(15.4)

Obesity class 2 (35-39.9) 12(3.4) 10(5.5) 2(1.2)

Morbidity obesity (>40) 6(1.7) 6(3.3) -

FBS 109.08 ± 35.49 108.29 ± 6.26 109.93 ± 34.73 0.665

TSH 2.63 ± 2.06 2.81 ± 2.11 2.44 ± 2.01 0.094

TG 156.73 ± 97.12 153.04 ± 95.87 160.69 ± 98.56 0.462

*Age, BMI, FBS, TSH and TG were expressed as mean± SD. Education and BMI categories were expressed 
as frequency (%).

than that of men (P > 0.001). As shown, more than 
half of the people (60.3%) had a BMI > 25 and they 
were considered overweight or obese. The num-
ber of people with normal weight (BMI 18.5-24.9) 
was 125, and just a very small number (4%) were 
assumed to be underweight.

The mean (± SD) FBS was equal to 109.08 
(± 35.49) mg/dL, and mean (± SD) TSH was equal 
to 2.63 (± 2.06) U/ml. The mean± SD TG of males 
was higher than that of females. 

The mean± SD TG of male and female 
participants was equal to 153.04  95.87 and 160.69  
98.56, respectively. There was no significant dif-
ference in biomedical factors (FBS, TSH and TG) 
between males and females (P =0.05).

Path analysis results

The path analysis was developed to exam-
ine the direct and indirect paths of variables that 
affect BMI. The findings of previous studies were 
used to define the paths of each of these variables 

in the hypothetical model and to identify how 
they affect BMI. Figure 1 illustrates a diagram of 
the basic model with paths created between the 
different study variables.

Goodness of fit

In order to assess how well this model 
fits the data, we used several statistical indices 
to check the data fit degree. The most common 
indices of fit are the chi-square (χ2), comparative 
fit index (CFI), the Normed Fit Index (NFI), the 
goodness of fit index (GFI), and the root mean 
square error of approximation (RMSEA). The 
analysis showed that all indices belonged to an 
appropriate range, and all indicated a good fit. 
Chi2 = 1.856 (df = 2), p = 0.392, GFI = 0.998, NFI = 
0.979, CFI = 1.000, RMSEA = .000 (Table 2).

Table 3 summarizes the estimates of stan-
dardized direct, indirect and total effects of FBS, 
TSH, TG and age on BMI. TSH has a significant 
indirect effect (P=0.017) and age has both direct 
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Figure 1: The path diagram of BMI effective predictors.

Table 2: Goodness of fit indices.

CMNI (χ2) DF P-value GFI NFI CFI RMSEA CMNI/DF

1.856 2 0.392 0.998 0.979 1 0.000 0.928

Table 3:  The direct, indirect and total effects of exogenous on endogenous variables.

Direct Indirect Total

effect C.I P-value effect C.I P-value effect C.I P-value

FBS → TG 0.086 (-0.191, 0.021) 0.109 0.086 (-0.192, 0.021) 0.109
Age → TG 0.175 (0.782, 0.258) 0.002 0.175 (0.781, 0.258) 0.002
TSH → TG 0.124 (0.015, 0.227) 0.024 0.124 (0.015, 0.227) 0.024
TG → BMI 0.288 (0.184, 0.409) 0.001 0.288 (0.184, 0.409) 0.001
Age → BMI 0.099 (0.003, 0.193) 0.041 0.051 (0.019, 0.089) 0.001 0.149 (0.051, 0.241) 0.003
FBS → BMI 0.025 (-0.004,0.061) 0.093 0.025 (-0.004,0.061) 0.093

TSH → BMI 0.036 (0.005, 0.082) 0.017 0.036 (0.005, 0.082) 0.017

and indirect effects on BMI (P=0.003). Age and TSH 
have a direct effect on the TG (p<0.05) and the medi-
ator of TG has a direct effect on BMI (P = 0.001).

Discussion

In this study, BMI and laboratory param-
eters were evaluated and data were compared to 
find associations between these parameters. To 
the best of our knowledge, this is the first study 
using path analysis for determining the biomed-
ical parameters of BMI. Some studies have been 
conducted to test the effect of each of the bio-
chemical factors on BMI. However, the issue of 

whether the relationship is direct or indirect (or 
both) has not been considered [10-14].

According to the descriptive results of 
this study, more than half of the people (60.3%) 
were considered overweight or obese. This rate 
of obesity is higher than the global obesity rate of 
adults aged 18 years and above [7], and it should 
be considered a severe health problem in the Ker-
manian population.

The mean value of BMI of women was 
higher than men, and most people with over-
weight and obesity were women. The pres-
ent study results are very similar to the results 
reported from other studies on the population of 
the north of Iran. In the study of Hajian-Tilaki, 
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the overall prevalence of overweight and obesity 
was 53.6% (61.3% of women and 46.1% of men) 
[15]. In another study on the population of 
Azarbayejan of Iran, the prevalence of overweight 
was 36.5% (38.6% of men and 34.8% of women) 
and the prevalence of obesity was 33.3% (25.4% of 
men and 40.0% of women) [16]. In a nationwide 
survey of the Iranian population aged 15-65, the 
prevalence of overweight and obesity was 42.8% 
in men and 57% in women [17].

In this study, Path analysis results showed 
age and TSH have an indirect effect on BMI with 
the mediator of TG. Therefore, the TSH factor 
plays an essential role in reducing BMI.

Controlling TSH leads to BMI control 
directly. On the other hand, TSH reduces BMI 
indirectly by reducing TG. The previous studies 
found just a direct relationship. Nyrnes showed 
that serum TSH is positively associated with BMI 
[18]. The study of Shaoba showed a direct posi-
tive association between TSH levels and BMI [19] 
and the study of Bétry confirmed the relationship 
between TSH and BMI [20].

Conclusion

These findings highlight the necessity of 
designing programmers to control the biomed-
ical factors associated with obesity, especially 
TSH. Also, because BMI and the mediator of TG 
are indirectly affected by age, controlling tri-
glyceride levels is necessary at an older age.
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