Original Article DAHUDER

I Medical Journal
e-ISSN: 2791-9250

Internal Medicine

DOI: 10.56016/dahuderm;j.1567959

Impact of obesity severity on hepatic steatosis and systemic
inflammatory markers: a comparative analysis across obesity
classes

Seyit Uyar'®, Nizameddin Koca’®, Alihan Oral*®, Gizem Zorlu Gorgiiliigil'®

!Department of Internal Medicine, Antalya Training and Research Hospital, Antalya, Tiirkiye
2Department of Internal Medicine, University of Health Sciences, Bursa City Hospital, Bursa, Tiirkiye
3Department of Internal Medicine, Biruni University, Istanbul, Tiirkiye

ABSTRACT

Objectives: Obesity has become a global health issue, with its prevalence steadily increasing. It is closely
linked to several metabolic disorders, cardiovascular diseases, non-alcoholic fatty liver disease, and chronic
low-grade inflammation and can progress to more severe liver conditions. This study evaluates the relationship
between obesity and inflammatory markers in individuals with different obesity levels.

Methods: A cross-sectional study was conducted among 50 patients categorized into three obesity classes
based on body mass index (BMI). Blood samples were taken to evaluate inflammatory and metabolic markers,
including white blood cell (WBC) count, neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein (CRP).
Results: There were no statistically significant differences in inflammatory markers such as WBC, NLR, or
CRP; a trend toward higher CRP levels was observed in Class 3 obesity.

Conclusion: In our study, no statistically significant association was observed between inflammatory markers
and the degree of obesity. Although the sample size was relatively small, it is essential to acknowledge that

obesity is a multifaceted condition, and genetic variations may play a role in these results.
Keywords: Obesity, inflammation, the neutrophil-to-lymphocyte ratio, the C-reactive protein

besity is a global health concern, with its

prevalence continuing to rise significantly

over the past decades. Obesity is strongly as-
sociated with metabolic complications such as type 2
diabetes mellitus (T2DM), cardiovascular diseases,
and hepatic steatosis, mainly non-alcoholic fatty liver
disease (NAFLD). Hepatic steatosis, which refers to
the excessive accumulation of fat in the liver, often
manifests as part of the metabolic syndrome in obese
individuals. The pathogenesis of NAFLD is multi-
factorial, mainly driven by insulin resistance, central
obesity, and systemic inflammation, which contributes

to the progression of simple steatosis to more severe
liver conditions such as non-alcoholic steatohepatitis
(NASH) and cirrhosis."?

Chronic low-grade inflammation plays a crucial
role in obesity-related metabolic dysfunction and the
development of hepatic steatosis. Several inflamma-
tory markers, including C-reactive protein (CRP),
neutrophil-to-lymphocyte ratio (NLR), and systemic
immune-inflammation index (SII), have been identi-
fied as critical indicators of metabolic dysregulation in
obese individuals. Recent studies have demonstrated
a strong association between elevated inflammatory
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markers and both hepatic steatosis and cardiovascular
risk in obese populations.'-?

The relationship between obesity, inflammation,
and liver health is of increasing interest due to the ris-
ing incidence of NAFLD in parallel with the obesity
epidemic. Emerging evidence suggests that central
obesity and insulin resistance are primary drivers of
both hepatic fat accumulation and systemic inflam-
mation, contributing not only to liver disease but also
to an increased risk of cardiovascular morbidity and
mortality.>*

This study aims to explore the differences in demo-
graphic, metabolic, and inflammatory profiles among
individuals with varying degrees of obesity and hepat-
ic steatosis, providing further insights into the inter-
play between obesity-related inflammation and liver
health.

METHODS

Study Design and Population

This cross-sectional study evaluated and compared
demographic characteristics and laboratory parame-
ters among 50 patients with Class 1, Class 2, and Class
3 obesity. The study population consisted of individ-
uals who presented to the outpatient clinic for routine
health examinations and were diagnosed with obesity
based on their body mass index (BMI) values. The in-
clusion criteria were adults aged 18 and older with a
BMI >30 kg/m?. Patients with any history of chronic
liver disease, active infection, autoimmune disorders,
or malignancy were excluded from the study.

Obesity Classification

Obesity was classified according to BMI into three
categories: Class 1 (BMI 30.0-34.9 kg/m?), Class
2 (BMI 35.0-39.9 kg/m?), and Class 3 (BMI >40.0
kg/m?). These classes are consistent with the World
Health Organization (WHO) criteria for obesity strat-
ification.’

Data Collection

Demographic data, including age, gender, height,
weight, and waist circumference, were collected
through patient interviews and physical examinations.
BMI was calculated by dividing the patient’s weight
(in kilograms) by the square of their height (in me-
ters). Hepatic steatosis was assessed by ultrasound and
graded into three categories: Grade 1 (mild), Grade 2
(moderate), and Grade 3 (severe) steatosis.

Laboratory Measurements

Blood samples were collected after an overnight
fast to assess various laboratory parameters. The fol-
lowing parameters were measured using standard au-
tomated techniques:

*White blood cell (WBC) count, neutrophil
(Neu) count, and lymphocyte (Lymph) count were
measured as indicators of systemic inflammation.

*Hemoglobin (Hb) and platelet (PIt) counts were
assessed to evaluate hematologic status.

*Fasting blood glucose (FBG), aspartate amino-
transferase (AST), and alanine aminotransferase
(ALT) were evaluated as markers of metabolic and
liver function.

*Thyroid-stimulating hormone (TSH) Ilevels
were measured to assess thyroid function.

*The neutrophil-to-lymphocyte ratio (NLR),
a marker of systemic inflammation, was calculated
by dividing the neutrophil count by the lymphocyte
count.

*C-reactive protein (CRP) and erythrocyte sed-
imentation rate (ESR) were measured as additional
inflammatory markers.

*The FIB-4 index, an indicator of liver fibrosis,
was calculated using the formula:

FIB-4 = (age x AST) / (platelet count x VALT)

Ethical Consideration

This study followed the ethical principles outlined
in the Declaration of Helsinki. Ethical approval was
obtained from the Antalya Training & Research Hos-
pital Institutional Review Board (IRB) before the ini-
tiation of the study (2024-15/21). The confidentiality
and privacy of participants were strictly maintained,
and all data were anonymized before analysis to en-
sure participant protection. Additionally, the study ad-
hered to all local and national guidelines for human
research ethics.

Statistical Analysis

Descriptive statistics were presented as mean +
standard deviation (SD) or median (range) for con-
tinuous variables and as frequencies (percentages)
for categorical variables. The normality of distribu-
tion was assessed using the Shapiro-Wilk test. Com-
parisons between the three obesity classes were per-
formed using one-way analysis of variance (ANOVA)
for normally distributed continuous variables and the
Kruskal-Wallis test for non-normally distributed vari-
ables. Categorical variables were compared using the
chi-square test or Fisher’s exact test, as appropriate.
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A p-value <0.05 was considered statistically sig-
nificant. All statistical analyses were conducted using
SPSS (version 26).

RESULTS

Demographic Comparison Among Obesity Classes

The comparison of demographic characteristics
among patients with Class 1, Class 2, and Class 3
obesity is summarized in Table 1. There was no sig-
nificant difference in age among the three obesity
classes (47.42+9.94 vs. 52.47+12.52 vs. 48.09+8.43,
p=0.331). Additionally, the gender distribution did
not differ significantly between the groups, with a fe-
male predominance observed in all classes (62.5% vs.
46.7% vs. 63.6%, p=0.567).

Participants’ height was also comparable across
obesity classes (166.38+9.9 cm vs. 164.33+£8.89 cm
vs. 164.09+8.4 cm, p=0.718). However, there were no-
table differences in weight, with individuals in Class
3 obesity having significantly higher body weight
compared to those in Class 1 and Class 2 obesity
(93.42+29.33 kg vs. 98.47+12.55 kg vs. 115.73+£15.74
kg, p<0.001).

Waist circumference showed a progressive in-
crease with increasing obesity class, significantly
more prominent in Class 3 compared to the other
two groups (110.54+8.73 cm vs. 115.6+7.47 cm vs.
126.45+4.89 cm, p<0.001). Similarly, BMI increased
significantly across the obesity classes (32.08+1.3
kg/m? vs. 36.33+1.33 kg/m? vs. 43.3+2.14 kg/m?,
p<0.001).

Regarding hepatic steatosis, there was a statistical-
ly significant difference among the classes, with high-
er grades of steatosis being more prevalent in Class
3 obesity (Grade 1: 50% vs. 40% vs. 9.1%; Grade
2: 37.5% vs. 46.7% vs. 27.3%; Grade 3: 12.5% vs.
13.3% vs. 63.6%, p=0.010).

Laboratory Parameter Comparison Among Obe-
sity Classes

The comparison of laboratory parameters across
the different obesity classes is summarized in Table 2.
No statistically significant differences were observed
in WBC count among the three classes (8.73£2.6 vs.
8.4543.67 vs. 8.63£2.95 cells/uL, p=0.776). Similar-
ly, the neutrophil count showed no significant varia-
tion (5.17+2.09 vs. 4.75+£2.43 vs. 5.2242.01 cells/uL,
p=0.522), nor did the lymphocyte count (2.66+0.71
vs. 2.77£1.03 vs. 2.5+£0.72 cells/pL, p=0.835).

Table 1. The comparison of demographics among the obesity classes

Class 2 Obesity Class 3 Obesity

Class 1 Obesity

(n=11)

(n=15)

(n=24)

Median (Min-Max)

Mean+SD
48.09+8.43

Median (Min-Max) Mean=SD Median (Min-Max)
52.47+12.52

Mean+=SD
47.4249.94

0.331%*

48(31-62)

55(24-72)

47.5(30-68)

Age

0.567

Gender, n (%)

7 (63.6)

7 (46.7)

15 (62.5)

Female

Male
Height, cm
Weight, kg

4 (36.4)

8 (53.3)

9 (37.5)

164(155-183) 0.718*
<0.001
<0.001*
<0.001

164.09+£8.4
115.73+15.74

165(150-184) 164.33+8.89 164(150-182)

166.38+9.9
93.42429.33

109(102-156)

98.47+12.55 99(80-130)
114(104-131)

91.5(70-220)
112.5(95-128)

128(119-133)
43,7(40,2-46,6)

126.45+4.89
43.3+2.14

115.6+7.47
36.33+1.33

110.54+8.73

Waist Circumference, cm

BMLI, kg/m?

35.8(35-39.2)

31.9(30.1-34.9)

32.08+1.3

0.010

Steatosis, n (%)

1(9.1)
3(27.3)

6 (40)

7 (46.7)

12 (50)
9 (37.5)
3 (12.5)

Grade 1

Grade 2

Grade 3
BMI: body mass index
*: one-way ANOVA

7 (63.6)

2(13.3)
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The levels of Hb were consistent across the obesi-
ty classes (13.46+2 vs. 13.85+1.69 vs. 13.85+1.05 g/
dL, p=0.727), as were Plt counts (291.75+70.09 vs.
287.27+74.91 vs. 271.55+£90.09 cells/uL, p=0.766).

While FBG values varied among the obesity class-
es, these differences were not statistically significant
(124.75464.32 vs. 93.934£20.36 vs. 104.28+46.44 mg/
dL, p=0.577). The liver enzymes AST and ALT also
did not show significant differences among the groups
(AST: 20.63+8.28 vs. 21.2+12.11 vs. 25.82+16.89
IU/L, p=0.678; ALT: 25.71+16.2 vs. 26.33+£24.58 vs.
26.55+9.36 IU/L, p=0.304).

Regarding thyroid function, no significant dif-
ference was noted in TSH levels between the obesi-
ty classes (3.04+2.34 vs. 2.03+1.29 vs. 11.424+32.04
mlIU/L, p=0.422). The NLR, an important marker
of inflammation, showed no significant variation
across classes (2.02+0.82 vs. 1.78+0.65 vs. 2.17+0.8,
p=0.481).

Although CRP levels tended to increase with high-
er obesity class, especially in Class 3 (5.83+4.22 vs.
6.73+4.49 vs. 11.76+£9.65 mg/L), this trend did not
reach statistical significance (p=0.218). Similarly, the
ESR comparison across the classes did not reveal any
significant differences (16.61£10.56 vs. 18.13+£10.18
vs. 13.43+£8.98 mm/h, p=0.505).

Lastly, the FIB-4 index, a marker of liver fibrosis,
was not significantly different among the obesity class-
es (0.7240.32 vs. 0.7440.33 vs. 1.06+0.72, p=0.367).

DISCUSSION

In this study, we observed significant differences in
both demographic and laboratory parameters among
the three obesity classes. Specifically, higher obesity
classes were associated with significantly increased
body weight, waist circumference, and BMI, reflect-
ing greater central adiposity. Notably, the prevalence
of severe hepatic steatosis (Grade 3) increased signifi-
cantly with higher obesity classes, indicating a strong
relationship between adiposity and liver fat accumu-
lation.

Obesity is strongly linked with heightened in-
flammatory activity, a relationship that can become
detrimental over time. Chronic inflammation can
trigger maladaptive immune responses, leading to
tissue damage, including fibrosis and necrosis. This
prolonged inflammatory state may ultimately result
in organ dysfunction or failure.® A study conducted
in the United States identified a positive association
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between obesity and two specific inflammatory bio-
markers: the systemic immune-inflammation index
(SII) and the systemic inflammation response index
(SIRI). These findings suggest that as obesity increas-
es, so does the activity of these inflammatory markers,
reinforcing the link between excess body weight and
systemic inflammation.! Research has consistently
demonstrated that as adipose tissue expands, it releas-
es pro-inflammatory cytokines, contributing to chron-
ic low-grade inflammation. This inflammatory state is
linked to various metabolic disorders and contributes
to the progression of obesity-related complications,
such as insulin resistance and cardiovascular diseases.
Another study demonstrated that as BMI increased,
there was a corresponding rise in WBC, neutrophil,
and lymphocyte counts. However, these elevated val-
ues decreased after weight loss, suggesting a link be-
tween obesity and heightened inflammatory activity,
which can be mitigated by reducing body weight.”

However, many studies indicate that the correla-
tion between obesity and inflammatory markers is in-
consistent. In a survey conducted by Bahadir et al., a
positive correlation was found between the degree of
obesity and specific inflammatory markers, including
WBC, lymphocyte, and CRP. However, the study did
not observe any significant relationship between the
levels of neutrophils and the NLR, suggesting that not
all inflammatory markers increase consistently with
obesity levels.® In a study conducted in Iran, a com-
parison was made between patients with metabolic
syndrome and those without it. The results showed
no significant difference in the NLR between the two
groups, indicating that NLR may not be a distinguish-
ing factor in the presence or absence of metabolic syn-
drome.’

In our study, while there were no significant differ-
ences in inflammatory markers such as WBC, NLR, or
CRP levels, trends toward higher CRP levels in Class
3 obesity suggest a potential increase in systemic in-
flammation. The variation in findings between studies
on the association between the degree of obesity and
inflammatory markers suggest that the degree of obe-
sity does not uniformly result in heightened levels of
inflammation. In some cases, inflammatory markers
remain stable or show minimal variation. This vari-
ability may be due to differences in individual met-
abolic responses, genetic predispositions, or varying
degrees of adipose tissue activity across different
populations.'® Our study’s limited number of patients
may account for this discrepancy, and we recognize
this as a potential limitation of our research. A larger

sample size could have provided more robust data and
increased the generalizability of our findings.

CONCLUSION
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