
1052

Abstract. – OBJECTIVE: This study delves in-
to the role of N-terminal propeptide type III col-
lagen (PIIINP) in the diagnosis and management 
of liver pathological changes associated with 
non-alcoholic steatohepatitis (NASH).

PATIENTS AND METHODS: We collected 
baseline information, pathological data, and se-
rum PIIINP levels of 168 patients diagnosed with 
non-alcoholic fatty liver disease (NAFLD) via ul-
trasound imaging in our hospital. Based on the 
non-alcoholic fatty liver disease activity score 
(NAS), patients with different NAFLD patterns 
were divided into a Definite NASH group and a 
Not/borderline group. Differences in PIIINP lev-
els and pathological features between the two 
groups were compared and analyzed. The di-
agnostic value of PIIINP for NASH was evaluat-
ed using the receiver operating characteristic 
(ROC) curve.

RESULTS: Patients with NASH exhibited sig-
nificantly higher values of homeostatic model 
assessment for insulin resistance (HOMA-IR), fi-
brosis biomarker fibrosis-4 (FIB-4), aminotrans-
ferase-to-platelet ratio index (APRI), and serum 
PIIINP levels than those classified as Not/bor-
derline. A marked increase in the serum concen-
trations of PIIINP was observed with the sever-
ity of fatty degeneration, lobular inflammation, 
and hepatocellular ballooning. The AUC of PII-
INP for diagnosing definite NASH was 0.766 
(95% CI: 0.694, 0.839), APRI was 0.634 (95% CI: 
0.549, 0.718), and FIB-4 was 0.621 (95% CI: 0.534, 
0.708). The AUC of PIIINP for diagnosing defi-
nite NASH was significantly higher than that of 
APRI and FIB-4 (all p<0.05). Utilizing the prede-
termined threshold values for diagnostic param-
eters, the PIIINP measure demonstrated a sen-
sitivity of 71.6% and a specificity of 73.6% in 
diagnosing definitive NASH when its value ex-
ceeded 7.72 ng/dL. This yielded a Youden index 
of 0.45. Similarly, when the APRI measure ex-
ceeded 0.21, it exhibited a sensitivity of 60.5% 

and a specificity of 63.2%, resulting in a Youd-
en index of 0.24. Moreover, when the FIB-4 in-
dex surpassed 0.26, it showed a sensitivity of 
46.9% and a specificity of 79.3%, culminating in 
a Youden index of 0.26.

CONCLUSIONS: NASH patients in this study 
exhibited significantly elevated PIIINP serum lev-
els, which were closely associated with hepato-
cyte pathological changes. PIIINP demonstrated 
superior competence in diagnosing NASH than 
APRI and FIB-4 and thus offers a viable alterna-
tive for the clinical diagnosis of NASH.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) 
represents the hepatic manifestation of chronic 
metabolic syndrome and is predominantly caused 
by excessive accumulation of lipids in hepatic pa-
renchyma (5-10% of the total liver volume). Be-
sides, patients with such pathological alterations 
typically do not have a background of excessive 
alcohol consumption, viral infections, or expo-
sure to toxins1,2. NAFLD is a disease spectrum 
that encompasses non-alcoholic hepatic steatosis, 
non-alcoholic steatohepatitis (NASH), cirrhosis, 
and hepatocellular carcinoma (HCC)3. With the 
growing prevalence of obesity and overweight in-
dividuals, NAFLD has emerged as an increasing-
ly serious health issue, as its morbidity rate ranges 
from 6.3 to 45% among the adult population, with 
10-30% of which are diagnosed as NASH4. The 
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etiological factors underpinning NAFLD include 
dietary habits, obesity, microbiome, lipid homeo-
stasis imbalance, excessive lipid accumulation, 
and parenchymal inflammatory cell infiltration. 
With a disease spectrum from steatosis to NASH, 
NAFLD may eventually lead to irreversible liv-
er damage, such as cirrhosis and HCC. Recent 
research5 has substantiated the key role of the fi-
brosis stage in predicting liver disease outcomes. 
Therefore, the identification of late-stage NAFLD 
fibrosis stands as a pivotal factor in disease man-
agement.

Type III collagen is a major protein involved 
in extracellular matrix remodeling and can lead 
to fibrotic tissue accumulation in multiple organs, 
such as the liver or kidneys6. N-terminal propep-
tide type III collagen (PIIINP) is an N-terminal 
polypeptide produced by aminopeptidase cleavage 
of procollagen type III peptide (PIIIP) before its 
deposition outside the hepatocyte. In this process, 
PIIINP and PIIIP are in equimolar concentrations 
and enter the bloodstream7. Hence, fluctuations in 
serum PIIINP levels may predict type III collagen 
synthesis. PIIIP levels have been established as a 
marker of fibrosis in patients with liver disease, 
where the serum levels of 50 KD PIIINP progres-
sively rise with the worsening of hepatic fibrosis, 
demonstrating a significant positive correlation 
with the severity of liver fibrosis8. Furthermore, re-
search9 also indicates that PIIINP is a non-invasive 
marker for diagnosing liver fibrosis in adults with 
chronic viral hepatitis. Nevertheless, its clinical 
value in NAFLD remains unknown.

 

Patients and Methods

Study Design
This study enrolled 168 patients who had ei-

ther been diagnosed with severe hepatic steatosis 
through ultrasound imaging or had consistently 
elevated serum transaminase levels for 6 months 
or more. These patients voluntarily agreed to 
undergo a liver biopsy to determine the severity 
of NAFLD. Prior to inclusion, all patients were 
screened to rule out secondary causes of hepatic 
steatosis, including viral hepatitis, autoimmune 
hepatitis, Wilson’s disease, α-1-antitrypsin defi-
ciency, endocrine, genetic, and metabolic disor-
ders, steatorrhea, alcohol consumption, and use 
of medications known to induce hepatic steatosis. 
Simultaneously, serum PIIINP levels were mea-
sured before liver biopsy, and histopathological 
changes in liver tissue were recorded after the bi-

opsy. The study was approved by the First Hospital 
of Hebei Medical University Ethical approval No.: 
FHHMU-105214).

Inclusion and Exclusion Criteria
Inclusion criteria: (1) aged 18-65 years irre-

spective of gender; (2) qualitative liver ultraso-
nography showing fatty liver or MRI indicating a 
hepatic fat percentage above 10%; (3) liver biopsy 
results confirming NAFLD; (4) BMI of 25-40 kg/
m2; (5) presence of one metabolic risk factor (fast-
ing blood glucose ≥7.0 mmol/L; or blood pressure  
≥140/90 mmHg; cholesterol level >5.2 mmol/L; or 
fasting triglycerides >1.7 mmol/L).

Exclusion criteria: (1) history of other liver dis-
eases (including hepatitis B or C virus infection, 
autoimmune liver disease, drug-induced liver 
injury, and metabolic liver disease); (2) history 
of excessive alcohol consumption (males: ≥163 
g/day; females: ≥16 g/day)10; (3) presence of de-
compensated cirrhosis (ascites, gastrointestinal 
bleeding due to variceal rupture, liver failure, he-
patic cellular failure, hepatorenal syndrome); (4) 
treatment with steatosis-inducing agents such as 
steroids, amiodarone, methotrexate, tamoxifen; 
(5) history of weight-loss surgery; (6) concurrent 
diseases that may cause PIIINP elevation, such as 
fractures, rheumatism, arthritis.

Liver Biopsy and Histological Typing
A liver biopsy was performed on all patients us-

ing a 16 G or 17 G biopsy needle under ultrasound 
guidance, and liver tissue samples in a length of 
1.5 cm were collected. The collected liver tissues 
were pathologically analyzed by two experienced 
pathologists who were blind to patient informa-
tion. The non-alcoholic fatty liver disease activity 
score (NAS)11 was used to assess the histological 
features of NAFLD, encompassing steatosis (0-3 
points), lobular inflammation (0-3 points), and he-
patocyte ballooning (0-2 points). In the grading 
of hepatic steatosis, 0 signifies fatty degeneration 
involving less than 5% of hepatocytes, 1 corre-
sponds to fatty degeneration involving up to 33% 
of hepatocytes, 2 represents fatty degeneration 
involving between 33% and 66% of hepatocytes, 
and 3 signifies fatty degeneration involving more 
than 66% of hepatocytes. In the grading of lob-
ular inflammation, 0 denotes the absence of le-
sions, 1 corresponds to fewer than 2 lesions per 
200x microscopic field, 2 represents fewer than 4 
lesions per 200x microscopic field, and 3 signifies 
more than 4 lesions per 200x microscopic field. 
In terms of hepatocellular ballooning, 0 denotes 
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the absence of ballooned cells, 1 refers to a small 
number of ballooned cells, and 2 indicates many/
prominent ballooned cells. The total NAS rang-
es from 0 to 8. Based on the NAS, participants 
were grouped into non-NASH (0-2 points), bor-
derline NASH (3-4 points), and definite NASH 
(≥5 points).

Liver Function, Metabolic Indicators, and 
PIIINP Measurement

Fasting venous blood samples were collected 
after an 8-hour fast and centrifuged at 3,000 r/
min for 10 min to obtain the serum, which was 
then aliquoted into EP centrifuge tubes and stored 
at -20℃ for testing. The automated biochemical 
analyzer (Hitachi 70602, Guangdong, China) was 
used to measure serum liver enzyme indicators 
such as aspartate transaminase (AST), alanine 
transaminase (ALT), and γ-glutamyl transferase 
(GGT), lipid indicators such as total cholesterol 
(TC), HDL-cholesterol (HDL-C), LDL-choles-
terol (LDL-C), and triglycerides (TG), and fast-
ing plasma glucose (FPG) and insulin levels. The 
homeostasis model assessment of insulin resis-
tance (HOMA-IR) was used to estimate insulin 
resistance (IR), with HOMA-IR>2.5 considered 
as the threshold for IR. HOMA-IR, calculated 
as the product of fasting blood glucose (mmol/L) 
and fasting insulin (μU/mL) divided by 22.5, is 
typically considered normal when plasma insulin 
levels are around 5 μU/mL, corresponding to a 
blood glucose level of approximately 4.5 mmol/L 
in an ideal individual. HOMA-IR is a mathemat-
ical model established to reflect the interaction 
between glucose and insulin in different organs. 
This model only uses fasting blood glucose and 
fasting insulin values to evaluate the body’s in-
sulin resistance. The fibrosis index based on the 4 
factor (FIB-4) score is a non-invasive method for 
evaluating liver fibrosis in patients with chronic 
liver disease, as it only requires the inclusion of 
age, ALT, AST, and PLT values on the physical 
examination form into the formula for calculation. 
For NAFLD, the critical values for liver fibrosis 
below grade 2 or above grade 3-4 are FIB-4<1.3 
and FIB-4>2.67, respectively. The AST to plate-
let ratio index (APRI) is a diagnostic tool used to 
assess the degree of liver fibrosis in patients with 
chronic hepatitis B. It is calculated by dividing the 
AST level by the platelet count and multiplying 
the result by a correction factor. One important 
aspect in the interpretation of APRI scores is the 
determination of the upper limit of normal (ULN) 
value for AST. The ULN value represents the up-

per threshold of AST levels that are considered 
within the normal range. Immediately after blood 
collection, serum PIIINP levels were measured 
using the latex immunoturbidimetry method, 
and the reagent kits were supplied by Zhongshan 
Maisheng Medical Technology Co., Ltd., with 
strict adherence to the instructions.

Statistical Analysis
SPSS 22.0 (IBM Corp., Armonk, NY, USA) 

and R language software (Lucent Technologies 
Corp., Mount Jasmine, NJ, USA) were used for 
statistical analysis and graphical plotting of 
the data in this study. This study employed the 
Kolmogorov Smirnov (KS) test to evaluate data 
normality and utilized the Levene test to assess 
homogeneity of variance. Continuous data are ex-
pressed as mean ± standard deviation (SD), and 
the Welch Two Sample t-test was used to com-
pare differences between groups. Counting data 
are expressed as ratios, and the Chi-square test 
was used to compare differences between groups. 
Diagnostic performance was analyzed using ROC 
curves to determine the Youden index, optimal 
predictive cut-off value, specificity, and sensitivi-
ty of serum PIIINP values. The statistical signifi-
cance level was set at α=0.05.

Results

Baseline Information
The patients’ general demographic data is pre-

sented in Table I. No statistically significant dif-
ferences were noted in the basic data between the 
two groups (p>0.05). When comparing liver en-
zyme markers between the two groups, the AST 
and ALT levels in the definite NASH group were 
significantly higher than those in the Not/border-
line group (p<0.05). In terms of lipid parameters, 
the two groups showed similar serum concentra-
tions of TC, LDL, HDL, and TG (p>0.05). Ad-
ditionally, the HOMA-IR, FIB-4, and APRI in-
dices, as well as the PIIINP level in the definite 
NASH group, were significantly higher than those 
in the Not/borderline group (p<0.05).

Relationship of Various NAFLD 
Characteristics with PIIINP

The relationship between different hepatocyte 
lesions, such as steatosis, lobular inflammation, 
hepatocyte ballooning, and PIIINP levels, is 
demonstrated in Figure 1. Plasma PIIINP levels 
markedly increased with the severity of steatosis, 
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lobular inflammation, and hepatocyte balloon-
ing. Within steatosis, no significant difference 
was noted between the plasma PIIINP levels for 
scores 0 and 1 (p>0.05), but score 2 was signifi-

cantly higher than score 1 (p<0.05), and score 3 
was significantly higher than both scores 1 and 
2 (p<0.05). As lobular inflammation scores in-
creased, there was a notable rise in plasma PIIINP 

Table I. Baseline information.

 Not/borderline,  Definite,  p-value2

Characteristic N=871 N=811

Age 56±25 59±23 0.485
Gender   0.782
Male 39 (45%) 39 (48%) 
Female 48 (55%) 42 (52%) 
BMI (Body Mass Index) (kg/m2) 26±6 27±6 0.062
AST (aspartate transaminase) (IU/L) 27±7 30±7 0.008
ALT (alanine transaminase) (IU/L) 28.0±4.7 30.2±4.8 0.003
TC (total cholesterol) (mg/dL) 150±17 154±16 0.089
LDL (low density lipoprotein) (mg/dL) 86±15 90±17 0.145
HDL (high density lipoprotein) (mg/dL) 41±9 42±8 0.457
TG (triglycerides) (mg/dL) 89±24 94±16 0.115
HOMA-IR (homeostatic model assessment for insulin resistance) score 3.29±0.98 4.88±2.31 <0.001
FIB-4 (fibrosis biomarker-4) score 0.22±0.04 0.25±0.06 0.005
APRI (aminotransferase-to-platelet ratio index) score 0.19±0.04 0.21±0.05 0.001
PIIINP (propeptide type III collagen) (ng/dL) 6.4±2.5 9.1±3.0 <0.001

1Mean ± SD; n (%). 2Welch Two Sample t-test; Chi-squared test.

Figure 1. The relationship between PIIINP levels and steatosis, lobular inflammation, and hepatocellular ballooning.
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When the respective cut-off values were used 
as diagnostic thresholds, PIIINP exceeding 7.72 
ng/dL demonstrated a sensitivity of 71.6% and 
a specificity of 73.6% for diagnosing definite 
NASH, with a Youden’s index of 0.45. For APRI 
greater than 0.21, the sensitivity and specificity 
for diagnosing definite NASH were 60.5% and 
63.2%, respectively, with a Youden’s index of 
0.24; and for FIB-4 greater than 0.26, the sen-
sitivity and specificity for diagnosing definite 
NASH were 46.9% and 79.3% respectively, with 
a Youden’s index of 0.26. The outcomes related to 
diagnostic performance are presented in Table II.

Discussion

NAFLD emerges as the leading liver disease 
on a global scale, closely associated with IR and 
the cluster of conditions collectively known as 
metabolic syndrome. NASH, a subtype of NA-
FLD characterized by necrotic inflammatory 
changes, is primarily defined by NAS12. Patients 
with NAFLD commonly experience a subtle 
onset and gradual progression of liver disease. 

levels (p<0.05), but no significant difference was 
seen between scores 3 and 2 (p>0.05). In balloon-
ing, score 2 of plasma PIIINP levels were signifi-
cantly higher than scores 0 and 1 (p<0.05), with 
no significant difference between scores 0 and 1 
(p>0.05). In NAS, plasma PIIINP levels were sig-
nificantly lower for NAS≤5 compared to NAS>5 
(p<0.05).

Diagnostic Performance and Optimal 
Thresholds of Different Indices for 
NALFD Diagnosis

ROC curves were used to evaluate the diag-
nostic value of different indices for NAFLD, as 
shown in Figure 2. The AUC of PIIINP for diag-
nosing definite NASH was 0.766 (95% CI: 0.694, 
0.839), with a cut-off value of 7.72. The AUC of 
APRI for diagnosing definite NASH was 0.634 
(95% CI: 0.549, 0.718), with a cut-off value of 
0.21. The AUC of FIB-4 for diagnosing definite 
NASH was 0.621 (95% CI: 0.534, 0.708), with a 
cut-off value of 0.26. The AUC of PIIINP for di-
agnosing definite NASH was significantly higher 
than that of APRI and FIB-4 (p<0.05), suggesting 
a better diagnostic efficiency.

Figure 2. ROC curves for definite NASH.

Table II. Diagnostic performance for definite NASH.

   Youden’s Cut-off AUC
 Sems Spec index point (95% CI)

PIIINP (propeptide type III collagen) 71.6% 73.6% 0.45  7.72 0.766 (95% CI: 0.694, 0.839)
APRI (aminotransferase-to-platelet ratio index) 60.5% 63.2% 0.24  0.21 0.634 (95% CI: 0.549, 0.718)
FIB-4 (fibrosis biomarker-4) 46.9% 79.3% 0.26  0.26 0.621 (95% CI: 0.0.534, 0.708)
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Among those with NASH, the average progres-
sion is one stage of liver fibrosis every 7-10 years. 
It is important to note that bridging fibrosis and 
cirrhosis are independent predictors of adverse 
outcomes in NAFLD13. A longitudinal investiga-
tion encompassing 619 NAFLD patients demon-
strated an independent correlation between the 
fibrosis staging of NAFLD and long-term surviv-
al, liver transplantation, and liver-related events, 
with no such association evident for other histo-
logical characteristics14. The severity of NAFLD 
presents a significant challenge for diagnosis and 
treatment. Histological analysis of liver biopsy is 
the gold standard for NASH diagnosis and staging 
and serves as a substantive contributor to predict-
ing liver-related mortality. However, its invasive-
ness, expense, and the potential for variation in 
both sampling and interpretation restrict its wide-
spread use15,16. Non-invasive, easy-to-use, and 
cost-effective alternatives to liver biopsy are re-
quired to better assess the severity of NAFLD17,18. 
Over the past decade, new circulating biomarkers 
have been evaluated19 in NAFLD, and PIIINP has 
been a subject of significant discussion.

In the present study, the plasma PIIINP lev-
els were 6.4±2.5 ng/mL for patients without 
NASH/borderline NASH and 9.1±3.0 ng/mL 
for those with definite NASH. Moreover, we 
demonstrated that a cut-off value >7.72 ng/mL 
for plasma PIIINP can differentiate definite 
NASH with a sensitivity of 71.6%, a specificity 
of 73.6%, and an ROC of 0.766 (95% CI: 0.694, 
0.839). The increase in PIIINP may be subse-
quent to the increased collagen synthesis and/
or degradation, and circulating levels of PII-
INP can serve as a non-invasive biomarker for 
liver fibrosis. Plasma PIIINP levels have been 
shown20 to be associated with various chronic 
liver diseases, including NAFLD. PIIINP is one 
of the most important ECM components in the 
liver. Through type III collagen synthesis, the 
N-terminal propeptide of type III procollagen 
is removed from type III procollagen, leading 
to the release of PIIINP into the bloodstream21. 
Hamza et al22 reported that average serum PII-
INP levels were higher in NAFLD patients than 
in controls, and PIIINP could serve as a marker 
of liver damage and fatty degeneration in obese 
children and adolescents, with a suggested cut-
off value of 8.5 ng/mL, a sensitivity of 74%, and 
a specificity of 33%. Tanwar et al23 demonstrat-
ed that in 172 biopsy-confirmed adult NAFLD 
patients, the ROC for plasma PIIINP levels to 
differentiate NASH from simple steatosis was 

0.77-0.82, which was similar to the findings of 
our study.

The results of the current research showed 
a higher AUC of PIIINP for diagnosing NASH 
than that of APRI and FIB-4. APRI is a non-in-
vasive diagnostic model that relies on just two 
commonly used laboratory indicators, render-
ing it straightforward to implement in clini-
cal practice. While it demonstrates a positive 
correlation with liver fibrosis in NAFLD, its 
sensitivity is insufficient to fulfill clinical di-
agnostic requirements. As such, it primarily 
functions as a screening tool24. The FIB-4 in-
dex, originally devised as an assessment tool 
for the extent of hepatic fibrosis in patients con-
currently affected by human immunodeficiency 
virus (HIV) and hepatitis C virus (HCV), has 
recently demonstrated a superior diagnostic ef-
ficacy relative to ultrasound methodologies for 
detecting liver fibrosis in patients with NAFLD. 
However, the intricate calculation formula of 
this model poses a challenge to its widespread 
adoption in primary healthcare settings25. In the 
2017 guidelines15, the American Association for 
the Study of Liver Diseases (AASLD) advocat-
ed the use of FIB-4 as an auxiliary tool in di-
agnosing patients with NAFLD who exhibit ad-
vanced fibrosis or cirrhosis. The findings of the 
current study showed that plasma PIIINP lev-
els increased dramatically with the severity of 
fatty degeneration, lobular inflammation, and 
hepatocyte ballooning. Steatosis, inflammato-
ry response, and hepatocyte injury (ballooning 
and/or pericellular fibrosis) are essential histo-
logical features for diagnosing NASH. Several 
studies26,27 have confirmed the association of 
hepatocellular pathological changes with PII-
INP, but the exact mechanism is still unclear.

There are certain limitations in this study as 
it has not undergone validation for biomarkers 
such as enhanced liver fibrosis (ELF), PRO-C3 
(a neo-epitope pro-peptide of type III collagen 
formation), NIS4, and cytokeratin (CK)-18. The 
reason is that the enhanced liver fibrosis (ELF) 
test is a serological biomarker for the fibrosis 
stage of chronic liver disease, which accurately 
stages liver fibrosis independently of elevated 
transaminases as inflammatory markers. It has 
superior prognostic performance in the biopsy 
of alcohol-related liver disease, but current-
ly, no clear definition and a gold standard for 
diagnosing fibrosis is available. PRO-C3 and 
NIS4 are commonly used biomarkers in NASH 
research. Elevated levels of PRO-C3 indicate 
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more prolonged liver fibrosis, though confir-
mation through liver biopsy is necessary. The 
NIS4 technology can be used to identify high-
risk NASH patients with metabolic risk fac-
tors. However, its overall predictive accuracy 
and specificity of NIS4 are low for non-high-
risk patients. In the case of high-risk NASH 
patients, its sensitivity is also comparatively 
low. CK-18 is mainly used to detect and predict 
drug-induced liver injury with higher sensitivi-
ty and specificity.

 

Conclusions

NASH patients in this study exhibited signifi-
cantly elevated PIIINP serum levels, which were 
closely associated with hepatocyte pathological 
changes. PIIINP demonstrated superior compe-
tence in diagnosing NASH than APRI and FIB-4 
and thus offers a viable alternative for the clinical 
diagnosis of NASH.
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