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Abstract
Introduction: Obesity is one of the major global problems now a days which 
is associated with insulin resistance and inflammation. Considering financial 
condition of Bangladesh, TG/HDL-c ratio can be used for assessment of IR. 
As CRP and ferritin usually respond to any type of inflammatory condition, 
they are expected to be raised in obesity. Early detection of association 
between TG/HDL-c ratio and inflammatory markers (CRP & ferritin) can 
help in prediction of severity of obesity induced health risks.

Materials and Methods: A cross sectional analytical study was conducted 
in the Department of Biochemistry, Bangladesh Medical University (BMU) 
with 512 samples. Fasting blood sample and 2 hours after 75gm glucose 
load blood sample were collected for lipid profile, CRP & ferritin. BMI was 
calculated. Obese individuals were classified into three phenotypes named 
as phenotype A (obese BMI ,non-obese WC), phenotype B (non-obese BMI, 
obese WC) and phenotype C (obese BMI,obese WC). TG/HDL-c ratio was 
calculated and serum ferritin and CRP were assessed of different obesity 
phenotypes. Then correlation between TG/HDL-c ratio and CRP as well as 
ferritin was done to see their association in different obesity phenotypes.

Results: TG/HDL-c ratio was significantly higher in phenotype B & C 
compared to phenotype A. Plasma CRP and ferritin level were found to be 
highest in phenotype C in comparison to phenotype A & B. Among phenotype 
C individuals, a positive correlation was found between TG/HDL-c ratio 
and serum ferritin but not with CRP and low positive correlation was found 
between CRP and ferritin.

Conclusion: A significant association was shown between TG/HDL-c ratio 
and serum ferritin among phenotype C. Plasma CRP showed no significant 
association with TG/HDL-c ratio among different obesity phenotypes.

Keywords: TG/HDL-c ratio; Plasma CRP; Serum ferritin; Obesity 
phenotypes; Non-diabetic adult

Abbreviations: TG/HDL-c ratio: Triglyceride/High density lipoprotein 
cholesterol ratio; CRP: C reactive protein; BMI: Body mass index; WC: 
Waist circumference; IR: Insulin resistance; MetS: Metabolic syndrome

Introduction
Obesity is considered as one of the major health issues all over the 

world now a days. A recent survey of the World Obesity Federation (WOF) 
predicts that by 2030, approximately one billion people will be living with 
obesity worldwide which includes one in five women and one in seven men 
[1]. Previously, the focus has been on obesity in high income countries 
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and undernutrition in low and middle income countries. 
But recent studies have shown that low and middle income 
countries are also facing increased prevalence of obesity 
[2]. Prevalence of obesity is increasing rapidly in South and 
Southeast Asia along with potentially serious consequences 
in local economies, healthcare systems, and quality of life. 
The recent Global Burden of Diseases 2019 estimated that 
obesity, high fasting plasma glucose and high body mass 
index are among the top 10 risk factors causing most death 
and disability in Bangladesh [3].

Obesity is associated with insulin resistance (IR) which 
is a core component of metabolic syndrome (MetS) [4]. 
Insulin resistance is a state in which the body’s sensitivity 
and response to insulin are reduced, resulting in the inability 
of insulin to appropriate transport glucose into cells, 
causing metabolic abnormalities such as hyperglycemia [5]. 
HOMA-IR is the gold standard method for assessment of 
IR. It is calculated from fasting insulin (U/mL) and fasting 
glucose (mmol/L) [6]. HOMA-IR is expensive method and 
many primary health care centers may not afford this. The 
triglyceride-to-high-density lipoprotein (TG/HDL) ratio has 
been proposed as a marker for assessment of IR because the 
metabolic processes involved in IR also lead to changes in 
lipid metabolism which are reflected in the levels of serum 
triglycerides and HDLcholesterol [7]. Moreover, Triglyceride 
(TG) and HDL-C are routine test and less expensive compared 
to insulin. For this reason, TG/HDL-C ratio have significant 
role in assessment of insulin resistance.

As CRP and ferritin usually respond to any inflammatory 
condition, they are expected to be raised in obesity. 
Hepatic secretion of CRP increases in obesity due to 
certain inflammatory mechanism [8]. Certain recent studies 
suggested that obesity induced chronic inflammatory reaction 
causes increased serum ferritin level which is not just because 
of an increased in iron stores [9].

According to WHO criteria for Asia-Pacific region 
(WHO, 2000) individuals with BMI ≥25.0kg/m2 are 
considered as generally obese and WC ≥90 cm (men) and 
≥80cm (women) are considered as centrally obese. In this 
study obesity phenotypes are classified based on both BMI 
and WC. Early detection of association between TG/HDL-C 
ratio and inflammatory markers (CRP & ferritin) can help in 
prediction of severity of obesity induced health risks. For this 
purpose, our study aims to find out any association between 
inflammatory markers (CRP and Ferritin) and TG/HDL-c 
ratio in different phenotypes of obesity.

Materials and Methods
A cross sectional study was conducted in the Department 

of Biochemistry, Bangladesh Medical University (BMU) 
enrolling 512 study subjects. Participants included for the 
study were nondiabetic, either sex (25-65 years) having 
BMI ≥18.5 kg/m2. Individuals who had chronic diseases, 
cardiovascular diseases, malignancy, history of taking lipid 
lowering drugs, NSAID, steroids and pregnant women were 
excluded from the study groups. Subjects (non-obese and 
obese individuals) from the outpatient department of BMU, 
who match the inclusion and exclusion criteria were enrolled 
in the study by non-probability sampling technique BMI was 
calculated. Among them 149 study subjects were considered 
as nonobese comparison group (nonobese BMI,nonobese 
WC) and 363 subjects were obese. Fasting and 2 hours after 
75gm glucose load blood sample was collected.. Obese 
individuals were classified into three phenotypes named as 
phenotype A (obese BMI, non-obese WC), phenotype B 
(non-obese BMI, obese WC) and phenotype C (obese BMI, 
obese WC). TG/HDL-C ratio was calculated from fasting 
lipid profile and serum ferritin and CRP were estimated in 
different obesity phenotypes. Then association between TG/
HDL-C ratio and CRP as well as ferritin was done to see 
their association in different obesity phenotypes. Data were 
cleaned, entered and analyzed by Statistical Package for the 
Social Sciences (SPSS) software version 26.0. Spearman 
rank correlation test was done. According to data as needed to 
achieve level of significance. P-value ≤ 0.05 was considered 
statistically significant.

Results
Among total study subjects (512), majority were obese 

( 363, 71%) and among obese subjects , obesity phenotype 
C was found to dominate. TG/HDL-C ratio was found to be 
significantly elevated in phenotype B and C, compared to 
phenotype A with statistically identical in phenotype B and 
C. Plasma CRP and ferritin level were found to be highest in
phenotype C in comparison to phenotype A and B. A positive
correlation was found between TG/HDL-C ratio and serum
ferritin in phenotype C with very low positive correlation
between CRP and ferritin.

Table 1 showed among total study subjects (512), majority 
were obese ( 363, 71%) and among obese subjects , obesity 
phenotype C was found to dominate. 

Table 2 showed the association of WC and BMI with 
non obese and obese phenotypes. BMI and WC were found 

Total subjects Non-obese group (reference group)
 Obese Group

Total Obese
Phenotype A Phenotype B Phenotype C

512 149 49 92 222 363 (71%)

Table 1: Distribution of subjects with respect to obesity.
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significantly higher among phenotype A and phenotype 
B respectively. Both BMI and WC were found higher in 
phenotype C.

Figure 1 showed among the obesity phenotypes, TG/
HDL-C ratio was significantly elevated in phenotype B and 
phenotype C, compared to phenotype A. Phenotype B and 
phenotype C found statistically identical with respect to TG/
HDL-C ratio.

Figure 2 showed among the obesity phenotypes, plasma 
CRP and ferritin significantly elevated in phenotype C, 
compared to phenotype A and phenotype B. Phenotype A 
and phenotype B found statistically identical with respect to 
CRP and ferritin.

Table 3 showed a positive correlation between TG/
HDL-C ratio and serum ferritin among phenotype C. A 
positive correlation was also found between CRP and ferritin 
in phenotype C individual.

Discussion
Prevalence of obesity is increasing rapidly in South and 

Southeast Asia along with potentially serious consequences 
in local economies, healthcare systems, and quality of life. 
The burden on economies and healthcare systems associated 
with the rise in obesity is difficult to overstate. Moreover, 
huge costs of treatment for obesity and associated diseases 
cause reduction in men's and women's productive time in 
the work force by 4–9 years across the countries within the 
Association of Southeast Asian Nations (ASEAN) [10]. 
Different metabolic risks are associated with different obesity 
phenotypes. Certain phenotypes are at higher risk than 
other phenotypes because of variation in insulin sensitivity/ 
resistance and various inflammatory markers.

In this study, among 512 total study subjects 363 (71%) 
were found obese possessing an obese BMI or an obese 
WC or both together. This indicates a very high proportion 
of obese individuals among our study subjects. This might 
be due to enrollment of subjects from hospital outpatient 

 
Figure 1: Comparison of TG/HDL-C ratio between different obesity 
phenotypes.

 Figure 2: Comparison of CRP and ferritin between different obesity 
phenotypes.

Variables  Non obese  Obese Chi-square P value

WC Phenotype  A Phenotype B Phenotype  C

Normal 133 49 0 0
483.4 0

Abnormal 0 0 92 222

BMI

Normal 133 0 92 0
488.1 0

Abnormal 0 49 0 222

Table 2: Association of WC and BMI with non obese and obesity phenotypes.

Phenotype  Parameters Correlation coefficient P value

A TG/HDL-C ratio
Ferritin 0.162 0.265
CRP 0.056 0.7

B TG/HDL-C ratio
Ferritin 0.17 0.104
CRP -0.031 0.769

C
TG/HDL-C ratio

Ferritin 0.242 0
CRP 0.033 0.624

CRP Ferritin 0.142 0.035
Spearman rank correlation was done

Table 3: Association between TG/HDL-C ratio, CRP and ferritin among different obesity phenotypes.
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department (not from general population) where people 
with obesity related medical problems frequently attend. 
This study found significant association of obesity with 
BMI and WC. According to WHO criteria for Asia-Pacific 
region (WHO, 2000) individuals with BMI ≥25.0kg/m2 are 
considered as generally obese and WC ≥90 cm (men) and 
≥80cm (women) are considered as centrally obese. That is 
why we classified different obesity phenotypes according to 
WHO (2000) criteria for Asia-Pacific region on the basis of 
BMI and WC [11].

The TG/HDL-c ratio has been proposed as a marker 
for assessment of IR because the metabolic processes 
involved in IR also lead to changes in lipid metabolism 
which are reflected in the levels of serum triglycerides and 
HDLcholesterol [7]. In this study, we observed TG/HDL-C 
ratio was significantly elevated in phenotype B and phenotype 
C, compared to phenotype A. Phenotype B and phenotype C 
found statistically identical with respect to TG/HDL-C ratio. 
Individuals of phenotype B contain high amount of visceral 
fat which indicates higher rate of lipolysis, increased FFA, 
increased hepatic production of TGs and VLDL as well as 
reduced clearance of serum triacylglycerol via peripheral 
lipolysis of triacylglycerol-rich lipoproteins. This ultimately 
increases the probability of lipid exchange via the action 
of cholesterol ester transfer protein. The cholesterol ester 
transfer protein pathway decreases cholesterol esters in 
HDL with simultaneous elevation of cholesterol ester in 
triacylglycerol-rich lipoprotein remnants. As a result TG/
HDL-C ratio increased with higher proportion of visceral 
adiposity. These results are supported by Taksali et al. 
[12], who observed a significantly high TG level, decreased 
HDL-C levels and reduced insulin sensitivity in people with 
high proportion of visceral fat [12]. Tikkanen et al. [13], 
proposed that high percentage of slow twitch muscle fibers is 
associated with high serum HDL-C [13]. Obese individuals 
with high BMI usually have high lean body mass and skeletal 
muscle mass. Therefore, this group of people might have high 
serum HDL-C. In obesity phenotype C, since the individuals 
are obese with respect to WC as well as BMI; these people 
are expected to have high lean body mass as well as muscle 
mass with high serum HDL-C. Probably this is the possible 
explanation of TG/HDL-C ratio to be identical between 
phenotype B and C. 

We found plasma CRP and ferritin significantly elevated 
in phenotype C, compared to phenotype A and phenotype B. 
Phenotype A and phenotype B found statistically identical 
with respect to both plasma CRP and serum ferritin. In 
subjects of phenotype B, the accumulation of visceral 
adipose tissue is responsible for the up-regulation of low-
grade chronic inflammation and increases plasma CRP and 
ferritin. This finding was supported by Moscoso et al. who 
found positive correlation of CRP and ferritin with visceral 

adiposity [14]. Beyond the saturation point, subcutaneous 
adipose tissue cannot expand anymore and spillover fat to be 
deposited in undesirable non adipose tissue ectopic sites (eg: 
liver, pancreas etc). This ectopic fat depots are associated with 
adverse metabolic and inflammatory profile [11]. Individual 
of obesity phenotype A probably have ectopic fat depots 
because of which plasma CRP and ferritin of phenotype 
A did not differ from that of obesity phenotype B. Ferritin 
and CRP found to be highest in phenotype C in comparison 
to other phenotypes because of combined effect of both 
general and abdominal obesity. This finding was supported 
by Thompson et al. [15] and Holz et al. [16], who showed 
positive association of CRP and ferritin with subcutaneous 
adipose tissue and visceral adipose tissue [15,16].

In this study, we found a significant positive association 
of TG/HDL-c ratio with serum ferritin among phenotype 
C individuals. This finding was supported by Ellidag et al. 
who found that serum ferritin has positive correlation with 
triglyceride but negative correlation with HDL-c [17]. A 
significant positive association was also found between 
plasma CRP and serum ferritin in phenotype C. This finding 
was supported by Kerkadi and Rospleszcz who found positive 
correlation of serum ferritin and plasma CRP with visceral 
adiposity [18,19].

Our study has some limitations. The more accurate 
methods for measurements of body fat (eg. MRI , CT scan) 
could not be used to categorize the obesity phenotypes by 
differentiating the visceral fat from subcutaneous fat. At the 
same time, limited studies examined the association of TG/
HDL-c ratio with CRP & ferritin after adequate adjustment 
of confounding factors. Thus, we found the real relationship 
between ferritin and TG/HDL-c ratio after a sufficient 
adjustment for confounders.

In short, a significant association was shown between TG/
HDL-c ratio and serum ferritin among phenotype C. Plasma 
CRP showed no significant association with TG/HDL-c ratio 
among different obesity phenotypes.
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