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with non-alcoholic fatty liver disease
in non-obese people: a cross-sectional study
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Abstract

Introduction Non-alcoholic fatty liver disease (NAFLD) and obesity have become one of the most common chronic
diseases, and the global prevalence is increasing year by year. Both are accompanied by hypersensitive C-reactive pro-
tein (hs-CRP). At present, there are many predictors of NAFLD. Exploring the relationship between hs-CRP and non-
alcoholic fatty liver disease in non-obese people will be helpful for risk prediction and clinical screening in high-risk
populations.

Objective To explore the relationship between levels of serum hs-CRP and the presence of NAFLD in non-obese
people.

Methods A total of 6558 participants who underwent physical examination from March 2017 to November 2017.
Multivariate logistic regression was utilized to analyze the risk factors associated with NAFLD.

Results This study including 4240 males and 2318 females ranging from 20 to 94 years. In 1396 patients with NAFLD,
the prevalence rate was 21.3%, among which 1056 (24.9%) males and 340 (14.7%) females had NAFLD. The preva-
lence of NAFLD was much higher in males compared to females (y*=93.748, P<0.001). In the nonalcoholic fatty

liver group, various factors including hs-CRP, age, WC, BMI, systolic blood pressure and blood pressure diastolic blood
pressure were significantly higher than those in the control group. Logistic regression analysis confirmed that hs-CRP
was an independent risk factor for NAFLD, even after adjusting for relevant variables.

Conclusions The prevalence of NAFLD increases with the level of hs-CRP in both men and women who are non-
obese. Hs-CRP levels are an important risk factor for nonalcoholic fatty liver disease in non-obese individuals.

Keywords Hypersensitive C-reactive protein, Nonalcoholic fatty liver disease, Inflammation, Non-obese people,
Cross-sectional

Introduction
About a quarter of the world’s population is impacted
by this illness, making it the most prevalent liver condi-
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significantly among different regions in China, with some
studies reporting an overall prevalence of 15-30%. How-
ever, recent data suggest that the prevalence of NAFLD in
China may be as high as 40-50% in some regions, such as
Shanghai and Guangzhou [4].

If left untreated, NAFLD may progress to cirrhosis,
liver failure, and liver cancer [5]. Treatment includes life-
style modifications such as weight loss, dietary changes,
and exercise, as well as medications [6]. Different forms
of nonalcoholic fatty liver exist, including basic steatosis
and nonalcoholic steatohepatitis (NASH), which includes
inflammation, steatosis, and fibrosis. Approximately,
10-30% of individuals diagnosed with NAFLD will pro-
gress to NASH, leading to potential complications such
as cirrhosis, hepatocellular carcinoma (HCC), and liver-
related mortality. The clinicopathological mechanism
of NAFLD involves a complex interplay of metabolic,
genetic, and environmental factors that lead to the accu-
mulation of excess fat in the liver, inflammation, and
fibrosis [7, 8]. Insulin resistance, a hallmark of metabolic
syndrome, is a key driver of NAFLD [9, 10]. Accumula-
tion of triglycerides in liver cells can lead to dysfunction
of mitochondria, stress in the endoplasmic reticulum,
and oxidative stress, leading to injury, inflammation, and
activation of stellate cells in the liver [11, 12]. For the
above reasons, obese patients were excluded and liver
function indexes and components of metabolic syndrome
were included in the study.

In summary, the incidence of NAFLD is high and the
etiology is complex. At present, the specific pathogenesis
and natural history of NAFLD are not clear, and there is
no exact treatment. Therefore, it is important to explore
the risk factors in the progression of NAFLD. hypersensi-
tive C-reactive protein (hs-CRP) is more likely to reflect
diseases associated with low inflammatory states, such
as diabetes, hypertension, and metabolic syndrome.
NAFLD, which is associated with obesity and metabolic
syndrome, is also associated with hs-CRP to a certain
extent. The relationship between the level of hs-CPR
and NAFLD has been reported. However, there are few
reports on whether there is also a relationship in non-
obese people, and the sample size is small [13]. Therefore,
the aim of this study was to explore whether C-reactive
protein, a marker of systemic inflammation, can be used
as an independent risk factor for NAFLD in non-obese
people.

Materials and methods

Subjects

From March 2017 to November 2017, 9837 participants
underwent physical examinations at the Health Exami-
nation Center of Zhenhai District Refining and Chemi-
cal Hospital, Ningbo City. Exclusion criteria for the study
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encompassed viral hepatitis, Wilson’s disease, drug-
induced liver injury, autoimmune hepatitis, and other
conditions associated with NAFLD. Additionally, par-
ticipants with a prolonged alcohol consumption history
exceeding 140 g per week for men and 70 g per week for
women, as well as those who have recently used hepato-
protective drugs, and obesity were also excluded. Patients
with hs-CRP >10 mg/L or acute infections such as acute
lung infection or acute gastroenteritis; previous history
of myocardial infarction, cerebral infarction, and malig-
nant tumor; incomplete physical examination data not
suitable for analysts. Ethics committees of Zhenhai Lian-
hua Hospital approved this study (no. 20120213).

Methods

General information

After a short training of the investigators, the above sub-
jects were given a uniform questionnaire and relevant
examinations, including history of previous liver disease,
history of alcohol consumption and smoking, whether
they were taking liver protection drugs, and whether they
had any recent symptoms of acute infection such as sore
throat, cough, and diarrhea. Finally, 6558 participants
were included according to the exclusion criteria.

Detection of blood biochemical indicators

10 ml of fasting peripheral venous blood was collected
from all subjects in the morning. The same Au640 auto-
matic biochemical detector produced by OLYMPUS
Company in Japan was used to test serum biochemical
and hs-CRP. The hs-CRP determination was performed
using immunoturbidimetry, and the kit was provided by
Beijing Liderman Biochemical Technology Co., Ltd.

B-ultrasound examination of liver and definition of obesity
After venous blood sampling, the subjects were exam-
ined by B-ultrasound. Two imaging specialists used two
ultrasound diagnostic instruments of the same model to
perform the operation and issue a report. Diagnosis of
Nonalcoholic Fatty Liver Disease is based on the 2010
Chinese Medical Association Guidelines for the Diag-
nosis and Treatment of Nonalcoholic Fatty Liver Disease
(2010 Revision) [14]. According to this criterion, the sub-
jects were divided into NAFLD group and control group.
Obesity criteria were described in our previous study
published [15].

Statistical methods

The physical examination data were entered by the hospi-
tal staff terminal and statistically analyzed using SPSS22.0
software. Measurement data that conforms to a normal
distribution is typically represented as mean +standard
deviation (SD). Multigroup comparisons are performed
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using one-way ANOVA (paired comparisons using the
LSD method). A chi-square test is applied to the count-
ing data, followed by a multivariate logistic regression
to analyze the relationship between different concentra-
tions of hs-CRP and NAFLD. Graphs were created using
GraphPad Prism 8.0 (GraphPad Software Inc.). A value of
P<0.05 indicates a significant difference.

Results

Characteristics of the participants

A total of 6558 patients were included, including 4240
males and 2318 females, with a sex ratio of 1.83:1.The
average age was 49.0+14.8 years, ranging from 20 to
94 years. In 1396 patients with NAFLD, the prevalence
rate was 21.3%, which was defined as the NAFLD group,
among which 1056 (24.9%, 1056/4240) males and 340
(14.7%, 340/2318) females had NAFLD. The prevalence of
NAFLD was much greater in males compared to females,
(x*=93.748, P<0.001). 5162 non-NAFLD patients were
defined as the control group.
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A comparison of medical and laboratory tests in NAFLD
and control groups

In Table 1, the NAFLD group had higher values for
age, waist circumference, BMI, systolic and diastolic
blood pressure, total cholesterol, LDL cholesterol, liver
enzymes, fasting glucose, uric acid, glycated hemoglobin,
and hs-CRP compared to the control group, with statisti-
cally significant differences. The high-density lipoprotein
cholesterol was reduced in comparison to the control

group.

Correlation between hs-CRP levels and the development

of NAFLD

To investigate the relationship between hs-CRP lev-
els and NAFLD prevalence rates, the level of hs-CRP was
stratified by the quartile. And then grouped according
to it, the values of different groups were Q1<0.3 mg/L,
Q2>0.4 mg/L-<0.5 mg/L, Q3>0.5 mg/L-<1.0 mg/L,
and Q4>1.1 mg/L. According to Table 2, the preva-
lence of NAFLD gradually increased with the increase of

Table 1 A comparison of clinical and laboratory indicators between subjects in the control and NAFLD groups

Clinical characteristics Control (n=5162) NAFLD (n=1396) tvalue P value
Age (years) 484+153 5154128 7.092 <0.001
Waist circumference (cm) 779+6.7 828+54 25.091 <0.001
BMI (kg/mz) 215421 237418 34.406 <0.001
Systolic blood pressure (mmHg) 1233+164 130.9+16.5 15.528 <0.001
Diastolic blood pressure (mmHg) 734+104 79.2+108 18.602 <0.001
Total cholesterol (mmol/L) 47 (4.253) 50(4456) 4.843% <0.001
Triacylglycerol (mmol/L) 1.1(0.8,1.5) 1.8(1.3,2.6) 13.833* <0.001
HDL-C (mmol/L) 1.5(1.3,1.8) 1.3(1.1,1.5) —7.562% <0.001
LDL-C (mmol/L) 2.7(233.2) 28(24323) 2316* <0.001
ALT (U/L) 16 (13,22) 25(18,36) 11.691* <0.001
AST (U/L) 20 (17,24) 23(19,28) 6.716* <0.001
ALP (U/L) 79 (67,94) 87 (74,100) 5.068* <0.001
GGT (U/L) 19 (14,27) 30 (21,47) 12.114* <0.001
Fasting blood glucose (mmol/L) 52(495.5) 53(5.05.8) 5.635% <0.001
Uric acid (umol/L) 32431770 3733+81.1 31.656 <0.001
Glycosylated hemoglobin (%) 531(5.1,5.5) 5.4(5.2,5.8) 5.849% <0.001
hs-CRP 0.5(0.3,0.9) 0.9(0.5,1.5) 8.863* <0.001
1 mmHg=0.133 kPa; *z value, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol
Table 2 Relationship between hs-CRP levels and incidence of NAFLD [n (%)]

Serum hypersensitive C-reactive protein

Q1 (n=2080) Q2 (n=1339) Q3 (n=1589) Q4 (n=1550) X2 value Pvalue
Male 149 (11.8) 201 (22.9) 324(30.8) 382 (36.6) 173.447 <0.001
Female 42 (5,2) 42(9.1) 91 (16.9) 165 (32.5) 153.752 <0.001
Total 191 (9.2) 243(18.1) 415 (26.1) 547 (35.3) 308.278 <0.001
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hs-CRP level in both men, women and the general popu-
lation, showing statistical significance (P<0.001).

Clinical characteristics of indicators related to hs-CRP levels
6558 subjects were stratified and compared according to
hs-CRP levels. Levels of age, waist circumference (WC),
body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), total cholesterol (TC),
triglycerides (TG), LDL cholesterol (LDL-C), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyl transferase (GGT), alkaline phos-
phatase (ALP), fasting plasma glucose (FPG), uric acid
(UC), and hemoglobin Alc (HbAlc) all rose as hs-CRP
levels increased (P<0.001).As hs-CRP level increased,
HDL cholesterol (HDL-C) levels decreased significantly
(P<0.001), Table 3.

Elevated hs-CRP levels are associated with a higher risk

of developing NAFLD in non-obese people

We employed the risk factors associated with NAFLD.
Multivariate analysis revealed that being male, age,
WC, BMIL, DBP, TC, TG, LDL-C, AST, ALT, GGT, FPG,
UC, HbAlc, and hs-CRP levels were associated with an
increased risk of NAFLD (Fig. 1).

To investigate the relationship between hs-CRP and
NAFLD, the hs-CRP level was divided into quartiles, with
NAFLD (1=present, 0=absent) as the outcome variable.
The risk of NAFLD increases when considering hs-CRP
concentration (Q1, Q2, Q3, Q4), age, sex, WC, BMI, SBP,
DBP, FPG, TC, TG, HDL-C, AST, ALT, GGT, UC, and
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HbAlc as predictors. This trend remained statistically
significant after adjusting for related factors (P<0.01,
Fig. 2).

Discussion

Our study shows that the prevalence of NAFLD increases
with the level of hs-CRP in both men and women who
are non-obese. hs-CRP levels are an important risk factor
for the development of nonalcoholic fatty liver disease in
non-obese people. In the nonalcoholic fatty liver group,
various factors including hs-CRP, age, WC, BM]I, systolic
blood pressure and blood pressure diastolic blood pres-
sure were significantly higher than those in the control
group. Logistic regression analysis confirmed that hs-
CRP was an independent risk factor for NAFLD, even
after adjusting for relevant variables. These findings sug-
gest that hs-CRP may independently increase the risk of
NAFLD in non-obese individuals.

Hs-CRP serves as an indicator of widespread inflam-
mation [16]. Multiple studies have linked the progression
and worsening of NAFLD and obesity to inflammation
[17, 18]. A prior investigation revealed a correlation
between elevated hs-CRP levels and increased severity
of liver disease in individuals with NAFLD when com-
pared to those without the condition [18, 19]. Patients
diagnosed with NASH had notably elevated hs-CRP lev-
els compared to individuals with simple NAFLD, in con-
trast to those with simple steatosis [20]. The hs-CRP and
inflammatory cytokines are both engaged in the inflam-
matory process, although they have diverse functions

Table 3 Clinical characteristics of elderly people after hs-CRP stratification

Clinical characteristics Q1 (n=2080) Q2 (n=1339) Q3 (n=1589) Q4 (n=1550) F value P value
Age (years) 46.1+£143 488+143 50.5+149 51.7+154 94.179 <0.001
WC (cm) 772+6.9 79.1+6.6 79.6+6.6 80.7+6.1 67.349 <0.001
BMI (kg/mz) 212+22 219421 223+22 22.7+2.1 31.091 <0.001
SBP (mmHg) 1214154 12444163 126.7+17.0 1283174 76.263 <0.001
DBP (mmHg) 725+102 7444105 755+10.8 76.7+11.0 45.601 <0.001
TC (mmol/L) 6(4.1,5.2) 48(4.254) 49(4.2,5.5) 5.0 (4.3,5.6) 39.517 <0.001
TG (mmol/L) 0(08,14) 2(09,1.7) 1.3(1.0,1.9) 4(1.02.1) 86.322 <0.001
HDL-C (mmol/L) 3(1.2,1.5) 1.3(1.1,1.5) 1.3(1.1,1.6) 3(1.1,14) 8.395 <0.001
LDL-C (mmol/L) (2 3,3. 1) 7432 8(433) (243 3) 27.343 <0.001
ALT (U/L) (1 2,22) (1 3,24) (1 4,26) (1 4,28) 34.872 <0.001
AST (U/L) 0(17,24) 1(18,25) 1(18,26) 22 (18,27) 32.023 <0.001
ALP (U/L) 76 (63,89) 79 (68,94) 83 (70,96) 88 (75,103) 28246 <0.001
GGT (U/L) 8(14,24) 20(15,29) 22 (16,33) 6(18,39) 50.333 <0.001
FPG (mmol/L) 5.1(4.954) 52(49,5.5) 52(49,5.6) 52(4.957) 20.319 <0.001
UC (umol/L) 315.7+748 3313+£758 339.8+769 358.1+£882 75.689 <0.001
HbA1c (%) 49(4.75.2) 5.0(4.7523) 5.1(4.8,54) 52(4.95.5) 11.290 <0.001

1 mmHg=0.133 kPa; HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol
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Univariate model Multivariate model
Variable

OR (95%CY) P value OR (95%CY) P value
Gender( male) o 1.929 (1.687, 2.207) <0.001 e 1.772(1.424, 2.205) <0.001
age (years) h 1.014 (1.016, 1.018) <0.001 a 1.009(1.003, 1.016)  0.005
WC(cm) =3 1145 (1.132, 1.158) <0.001 4 1.045(1.028, 1.063) <0.001
BMI ( kg/m 2) e 1.694 (1.635, 1.756) <0.001 v 1.393(1.332, 1.458) <0.001
SBP( mmHg) l o 1.028 (1.694, 1.756) <0.001 y 1.002(0.995, 1.009)  0.556
DBP ( mmHg) p 1.053 (1.047, 1.059) <0.001 4 1.019(1.009, 1.029) <0.001
TC ( mmol/L) o 1.379 (1.296, 1.467) <0.001 % 3.463(2.267, 5.289) <0.001
TG (mmol/L) o 2.909 (2.681, 3.155) <0.001 2 1.054(0.914, 1.215)  0.469
HDL-C ( mmol/L) ® 0.115 (0.089, 0.149) <0.001 v 0.106(0.062, 0.183) <0.001
LDL-C ( mmol/L) o 1.076 (1.179, 1.269) <0.001 - 0.345(0.217, 0.547)  <0.001
AST(U/L) P 1.051 (1.046, 1.056) <0.001 4 0.967(0.954, 0.981) <0.001
ALT(U/L) P 1.047 (1.049, 1.055) <0.001 Y 1.044(1.035, 1.052) <0.001
ALP(U/L) ¢ 1.012 (1.014, 1.015) <0.001 r 1.002(0.999, 1.006)  0.187
GGT(U/L) p 1.019 (1.017, 1.022) <0.001 r 1.002(1.000, 1.005)  0.063
FPG( mmol/L) ® 1.324 (1.408, 1.497) <0.001 o 1.071(0.968, 1.186)  0.185
UC(umol/L) ¢ 1.008 (1.007, 1.008) <0.001 r 1.002(1.001, 1.003) <0.001
HbA1¢(%) ° 1.861 (1.683, 2.057) <0.001 aal 1.311(1.097, 1.567)  0.003
hs-CRP(mg/L) <0.001 <0.001
hs-CRP quartile1 * 1 (reference) r 1(reference)
hs-CRP quartile2 o 1.789 (2.193, 2.688) <0.001 B 1.355(1.070, 1.717)  0.012
hs-CRP quartile3 == 3.496 (2.902, 4.212) <0.001 s 1.751(1.408, 2.177) <0.001
hs-CRP quartile4 ——®— 5394 (4.498, 6.468) <0.001 == 2.020(1.625, 2.512) <0.001

—r—Tr—r—T

01 2 3 45 6 7 8

6 7 8

Fig. 1 Univariate and multivariate logistic regression analysis of risk factors for NAFLD

and are controlled by various mechanisms. Hs-CRP is
considered a marker of systemic inflammation, used in
clinical tests to assess the risk of cardiovascular disease
and other illnesses associated with chronic inflammation.
The generation of hs-CRP is stimulated by inflammatory
cytokines, which demonstrates the intimate relationship
between inflammatory cytokines and hs-CRP [20, 21].
The possible mechanisms by which C-reactive protein
is associated with nonalcoholic fatty liver disease are as
follows. Activation of toll-like receptor 4 (TLR4) signal-
ing is a crucial molecular mechanism that drives inflam-
mation in NAFLD.TLR4, a receptor that detects patterns,
is found on immune cells and responds to different mol-
ecules like lipopolysaccharides (LPS) from intestinal
bacteria [22]. In NAFLD, TLR4 is activated by free fatty
acids that are released from hepatocytes, and this leads
to the recruitment of immune cells and the production of
inflammatory cytokines [23, 24]. TLR4, a receptor located
in the cell membrane, plays a role in identifying patho-
gen-associated molecular patterns (PAMPs) and danger-
associated molecular patterns (DAMPs), leading to the
initiation of inflammatory reactions. Stimulation of TLR4
is recognized to trigger the generation and discharge of

inflammatory cytokines, like IL-6, TNF-a, and IL-1f,
leading to the production of hs-CRP [25]. Collectively,
these research findings indicate that increased levels of
hs-CRP could play a role in the onset and advancement
of NAFLD, potentially by promoting inflammation. Addi-
tional research is necessary to completely comprehend
the mechanisms behind this connection and to ascertain
whether lowering hs-CRP levels could serve as a poten-
tial predictive and therapeutic approach for NAFLD.

Our research found that non-obese people with
non-alcoholic fatty liver disease (NAFLD) had notably
higher levels of various health markers, including age,
waist size, body weight, blood pressure, cholesterol,
liver enzymes, and blood sugar, compared to individu-
als without NAFLD. This study emphasizes the vari-
ous metabolic irregularities linked to NAFLD. These
results suggest that NAFLD is not just a liver disease
but also a systemic metabolic disorder that affects
multiple organ systems and functions. According to
the study, those who have NAFLD have significantly
lower levels of high-density lipoprotein cholesterol,
also referred to as "good cholesterol." The severity
of NAFLD and HDL-C levels have been shown to be
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OR (95%Cl) Pvalue
Q1 group- 1 (refreence)
Q2 group-{ e~ 2192 (1.789, 2688) <0.001
Q3 group- == 3496 (2902, 4212) <0001
Q4 group- ——e—— 5394 (4498, 6468) <0001
1 I I I T 1
01 2 3 4 5 6
Unadjusted
OR (95%Cl) Pvalue
Q1 group- 1 (refreence)
Q2 group-| +—e— 1665 (1.337, 2073) <0.001
Q3 group —— 2394 (1957, 2928) <0001
Q4 group- ——e—— 3228 (2650, 3932) <0001
T T T

tl) 1 2 3 4
Model 2
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OR (95%Cl) Pvalue
Q1 group+ 1 (refreence)
Q2 group-{ e 2089 (1702, 2565) <0001
Q3 group- = 3283 (2721, 3963) <0001
Q4 group- —e— 5001 (4161, 6011) <0001
| I I I 1 1
01 2 3 4 5 6 .
Model 1
OR (95%Cl) Pvalue
Q1 group-¢ 1 (refreence)
Q2 group—-{—e— 1355 (1070, 1717)  =0012
Q3 group-| —e— 1751 (1408, 2177) <0001
Q4 group- —— 2020 (1625, 2512) <0001
I I 1
0 1 2 3
Model 3

Fig. 2 Risk was determined by the quartile of baseline serum hs-CRP in unadjusted and adjusted models. Model1 accounted for age and gender
adjustments; Model2 included adjustments for Model1 as well as waist circumference and BMI; Model3 further adjusted for systolic and diastolic
blood pressure, fasting blood sugar, total cholesterol, triglycerides, HDL cholesterol, ALT, AST, GGT, uric acid, and HbA1c

inversely correlated in prior studies, which is consist-
ent with this finding [26]. The study suggests that low
levels of HDL-C may promote the accumulation of
cholesterol in the liver, potentially leading to the devel-
opment and advancement of NAFLD. This study also
found an association between NAFLD and indicators
of insulin resistance and diabetes [27]. According to
the study, those with NAFLD have higher fasting blood
glucose and glycated hemoglobin levels, both of which
are symptoms of impaired glucose metabolism. The
data suggest that NAFLD and diabetes share meta-
bolic risk factors like obesity, insulin resistance, and
dyslipidemia.

There are some limitations in this study. The sample
is from only one hospital, which is not ideal in repre-
sentativeness. Moreover, this study is a cross-sectional
study, which is not enough to infer causality, and the
diagnosis of fatty liver is based on B-ultrasound not
the gold standard of diagnosis. However, the sample
size of this study was large. All the data were strictly
reviewed and entered into the database, which pro-
vided certain clinical value for the diagnosis and treat-
ment of non-alcoholic fatty liver disease in non-obese
patients.

Conclusions

This study provides valuable information for the indica-
tors of systemic metabolic abnormalities and hs-CRP
associated with NAFLD in non-obese people. Identi-
fying risk factors can help health care providers target
at-risk populations and implement appropriate preven-
tive measures to reduce the Prevalence rate of NAFLD.
Further studies are needed to validate these results and
investigate the mechanisms that link these risk factors to
NAFLD.
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