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Abstract

BACKGROUND

Background. Cirrhosis and its complications develop in a subgroup of patients with
non-alcoholic fatty liver disease. Early detection of liver fibrosis represents an important

goal of clinical care.

AIM
Aim. To test the hypothesis that the development of cirrhosis in NASH patients is

preceded by the long-term trends of platelet counts and Fib-4 scores.

METHODS

Methods. We identified all patients in our healthcare system who had undergone fibrosis
staging by liver biopsy or magnetic resonance elastography (MRE) for non-alcoholic
fatty liver disease during the past decade (n = 310). Platelet counts, SGPT and SGOT
values preceding the staging tests were extracted from the electronic medical record
system, and Fib-4 scores were calculated. Potential predictors of advanced fibrosis were

evaluated using multivariate regression analysis.




RESULTS

Results. Significant decreases in platelet counts and increases in Fib-4 scores were
observed in all fibrosis stages, particularly in patients with cirrhosis. In the liver biopsy
group, the presence of cirrhosis was best predicted by the combination of the Fib-4 score
at the time closest to staging (p<0.0001), the presence of diabetes (P = 0.0001), and the
correlation coefficient of the preceding time-dependent drop in platelet count (P =
0.044). In the MRE group, Fib4 score (P = 0.0025) and platelet drop (P = 0.0373) were
significant predictors. In comparison, the time-dependent rise of the Fib-4 score did not

contribute in a statistically significant way.

CONCLUSION

Conclusion. Time-dependent changes in platelet counts and Fib-4 scores contribute to
the prediction of cirrhosis in NASH patients with biopsy- or MRE-staged fibrosis. Their
incorporation into predictive algorithms may assist in the earlier identification of high-

risk patients.

INTRODUCTION

The incidence of non-alcoholic fatty liver disease (NAFLD) - induced cirrhosis and its
complications are rising in the US and worldwide ! 2. Due to its indolent clinical course,
advanced fibrosis and cirrhosis may go undiagnosed for years or even decades 3.
Frequently, patients are first referred to a hepatologist when they already present with
signs and symptoms of decompensation, including portal hypertension, synthetic
dysfunction, or hepatocellular cancer. At such stage, patients are typically older and
suffer from multisystem comorbidities*, resulting in their ineligibility for liver
transplantation or aggressive cancer treatment regimens with poor outcomes 5. An early
diagnosis of liver fibrosis would allow for appropriate disease surveillance, timely

interventions for complications, and improved long-term survival ¢.




Due to the advent of electronic medical record (EMR) systems, physicians can easily
analyze long-term trends of patients’ demographic, clinical, and laboratory
data. Automated machine learning methods are being developed to predict and
monitor progression of a wide range of disease states 7. Recent reports suggest that
time-dependent trends of platelet count and Fib-4 scores - extracted from the patients’
electronic medical record system - might help predict the occurrence of advanced liver
fibrosis and cirrhosis 8 9 10. We tested our hypothesis in a long-term follow-up study of
patients in our healthcare system prior to undergoing a liver biopsy or magnetic

resonance elastography for staging of their non-alcoholic fatty liver disease.

MATERIALS AND METHODS
Materials and Methods

Human subjects
The study protocol (EH 21-163) conformed with the ethical guidelines of the 1975
Declaration of Helsinki, and was approved by the Institutional Review Board of
NorthShore University Health System. Informed consent and HIPAA authorization

requirements were waived.

Patient Identification

We searched the NorthShore EPIC patient database to identify all patients who had
undergone a liver biopsy or magnetic resonance elastography for the assessment of
non-alcoholic fatty liver disease during the time period between February of 2010 and
October of 2020. A chart review was performed for each patient to ascertain the correct
diagnosis, and to extract clinical, demographic, laboratory, liver biopsy, and magnetic
resonance elastography (MRE) data. When necessary, liver biopsies were reviewed by a
trained hepato-pathologist (N.J.) to determine the fibrosis stage, using the NASH
Clinical Research Network criteria !'. Samples subclassified as fibrosis stages 1A, 1B, or

1C were combined under “stage 1”. The MRE measurements were performed using a




Siemens Magnetom Aera 1.5T scanner. MRE liver stiffness measurements were
stratified into five groups (0-2.9 kPa, 2.9-3.5 kPa, 3.5-4.0 kPa, 4.0-5.0 kPa, and >5.0 kPa),

following published guidelines 2.

Data Analysis

Time-dependent changes in platelet counts and Fib-4 scores were analyzed in
subgroups of patients in whom data were available for a minimum time period of five
years (biopsy group: n = 120 for platelet count, n = 105 for Fib-4, MRE group: n = 79 for
platelet count, n =75 for Fib-4, respectively). Representative values were calculated as
the mean of all available measurements for each year. No attempts were made to
replace missing data.

In the statistical analysis, liver fibrosis scores constituted the primary outcome variable.
In two separate groups of patients, liver fibrosis was ranked 0 through 4 based on
histopathology of liver biopsy specimens, or on numeric scores obtained through
magnetic resonance elastography (MRE). The presence or absence of categorical
variables, such as gender or hypertension, in patients with different fibrosis scores were
compared using chi-squared tests. In the final analysis, smoking was also entered as
dichotomous variable, with former and current smokers being grouped together.
Differences in body mass index (BMI) or laboratory values between two patient
subgroups were compared using t-tests. For each individual patient, linear regression
analysis was used to calculate the correlation coefficients between passage of time and
consecutive platelet counts or Fib-4 scores, respectively. Multivariable least-squares
linear regression analyses were used to test the joint influence of multiple predictor
variables on the occurrence of the outcome variable (liver fibrosis). The list of predictor
variables included the last Fib-4 score, BMI, sex, two individual correlation coefficients
associated with time-dependent changes of platelet counts or Fib-4 scores, presence or
absence of diabetes mellitus, hypertension, and smoking. Patients with follow-up
periods shorter than one year or with less than 3 consecutive platelet counts or Fib-4

scores were excluded from the time trend analyses.




RESULTS

Results

Study Population

A total of 317 patients were identified in the initial search of the patient data file. Seven
patients assigned to the liver biopsy group were excluded from the analysis, due to
inadequate tissue sampling (1 = 3) or lack of procedural documentation (n = 4).

The remaining 310 patients were entered into the analysis. Between February 2010 and
October 2020, 203 patients underwent liver biopsy for a diagnosis of non-alcoholic fatty
liver disease. Between April 2015 and May 2021, 107 patients underwent MRE for the
same indication. In 165/203 (81%) of patients with liver biopsy, the overall length of
follow-up within the health system was longer than one year, with an average (SD) of
7.9 £ 3.9 years. In 94/107 (88%) of patients with MRE, the overall length of follow-up
was longer than one year, with an average of 10.2 + 4.6 years, resulting in a final

combined sample size of 259.

Biopsy Cohort: Patient Characteristics

Patients undergoing liver biopsies were stratified by their fibrosis scores and their
demographic and clinical characteristics (Table 1). Except for random fluctuations, the
five subgroups did not differ with respect to gender, ethnicity, and smoking
habits. Patient ages tended to increase with fibrosis stages. The frequency of diabetes
mellitus and hypertension appeared to increase with rising fibrosis stage. No obvious
pattern was revealed with respect to BMI, SGOT, or SGPT. Average platelet counts
decreased, and average Fib-4 scores increased, respectively, with increasing fibrosis
stages. The average correlation coefficient for the time dependent changes in platelet
counts of individual patients was negative in all five subgroups, consistent with an
overall drop in the platelet counts. In absolute terms, this drop was most pronounced in

patients with stage 4 fibrosis. The average correlation coefficient for the time-dependent




changes in Fib-4 scores was positive in all five subgroups, consistent with an overall rise

in the Fib-4 scores.

MRE Cohort: Patient Characteristics

Patient undergoing fibrosis staging by MRE were stratified by their liver stiffness and
demographic and clinical characteristics (Table 2). No obvious pattern was discernible
among the five subgroups with respect to their demographic and clinical characteristics.
The average platelet counts decreased, and the average Fib-4 scores increased with
increasing liver stiffness scores. The average correlation coefficient for the time
dependent changes in platelet counts of individual patients was negative in all five
subgroups, consistent with an overall drop in the platelet counts. In absolute terms, this
drop became more pronounced with increasing MRE fibrosis scores. The average
correlation coefficient for the time-dependent changes in Fib-4 scores was positive in all
five subgroups, indicating an overall rise in the Fib-4 scores. The rise magnitude of the

rise was more pronounced in the subgroups with high than low MRE fibrosis scores.

Illustrative Individual Patient Data

We identified two patients (one from each cohort, respectively) for whom longitudinal
data were available over a 20-year time period. In both patients alike, platelet counts
started to fall, and Fib-4 scores started to rise several years prior to the clinical diagnosis

of cirrhosis (Figure 1).

Time-Dependent Changes in Platelet Counts and Fib-4 Scores: Cohort Averages

The temporal changes of platelet counts and Fib-4 scores according to biopsy- or MRE-
determined fibrosis stages were analyzed for the ten-year time period prior to
staging. Progressive decreases in platelet counts and increases in Fib-4-scores were
apparent in patients with the biopsy-documented stage 4 fibrosis or a liver stiffness of

>5.0 kPa on MRE, respectively (Figure 2).




Time-Dependent Changes in Platelet Counts and Fib-4 Scores: Stage 0 vs. Stage 4
Fibrosis by Liver Biopsy

We analyzed the time trends of platelet counts and Fib-4 sores in patients with biopsy-
confirmed stage 0 or stage 4 fibrosis who had been followed for a minimum of one year
(Figure 3). The overall trends show no significant correlations in stage 0 Liver fibrosis,
as compared to a significant time-dependent decline of platelet counts in stage 4 Liver
fibrosis, as well as a significant time-dependent rise of Fib-4 scores. The correlation
coefficients shown in the graph vary from those shown in Table 1, because they were
based on all patient data analyzed jointly in a single regression analysis, whereas the
average values in Table 1 were calculated as an average of many individual correlation
coefficients. Based on the varying time intervals of pre-staging testing and the inter-
patient variability in time-dependent increases or decreases, the trends of individual
patients may mask or cancel each other out in the joint analysis. The results for patients
with stage 2 or 3 were similar (data not shown). Their individual data fell within the
range outlined by the two extremes shown in Figure 2, as the slopes of the two
regression lines for platelet counts and Fib-4 scores tended to become increasingly
steeper with increasing fibrosis stage. This pattern supports the conclusion that the

occurrence of liver fibrosis was preceded by a long-term gradual fall in platelet counts.

Time-Dependent Changes in Platelet Counts and Fib-4 Scores: Stage 0 vs. Stage 4
Fibrosis by MRE

We analyzed the time trends of platelet counts and Fib-4 sores in patients with MRE-
determined fibrosis stage 0 (0-2.9 kPa) or stage 4 (>5.0 kPa) who had been followed for
a minimum of one year (Figure 4). The overall trends show no significant correlations
associated with fibrosis stage 0, as opposed to a significant decline of platelet counts
and a significant rise of Fib-4 scores over time among patients with fibrosis stage 4. The
caveats stated above with respect to Figure 3 also apply to Figure 4. Similar results were
obtained for MRE fibrosis scores between 2.9 and 5.0 (data not shown). The regression

patterns for these patients fell within the range outlined by the two extremes in Figure




4, as the slopes of the two regression lines for platelet counts and Fib-4 scores tended to
become increasingly steeper with increasing MRE scores. Similar to the data obtained in
the liver biopsy cohort, this pattern supports the impression that in patients with
elevated MRE fibrosis scores the occurrence of fibrosis was preceded by a long-term

gradual fall in platelet counts.

Multivariable Regression Analysis for Liver Biopsy and MRE Cohorts

Table 3 contains the results of two separate multivariable regression analyses. Due to
the exclusion of patients in whom pre-staging data were available for a time period of
less than one year, only 146 and 89 patients were included in the two separate analyses.
The outcome variables were fibrosis stage on biopsy or MRE score, respectively. The
same set of predictor variables was used in both analyses. In both analyses, the last Fib-
4 value and the correlation coefficient of the time-dependent drop in platelet counts
contributed in a statistically significant fashion to the overall prediction of cirrhosis. In
patients who underwent liver biopsy, the presence of diabetes mellitus was an
additional independent and significant predictor. This result supports the hypothesis
that a progressive long-term drop in platelet is a feature of progressive liver fibrosis.

In a separate set of multivariable regression analyses, instead of the correlation
coefficient associated with platelet counts, the correlation coefficient of the time-
dependent rise in the Fib-4 scores was used as predictor variable. The calculation of the
Fib-4 requires the simultaneous measurement of SGOT, SGPT, and platelet counts 13.
Because of the requirement for three simultaneous laboratory tests, fewer time points
were available for this analysis. Overall, the correlation coefficient of the time-
dependent rise in Fib-4 scores failed to function as an independently significant

predictor for liver fibrosis in the two patient populations (data not shown).

DISCUSSION




Discussion

The results of the present illustrate the long-term nature and gradual decline in platelet
counts among patients with non-alcoholic fatty liver disease, who subsequently become
diagnosed with liver fibrosis or cirrhosis. Such decline in platelet count is also
associated with a gradual rise of the Fib-4 scores in the same patient population. The
consistency of these patterns is confirmed by their similar occurrence among the two
separate subgroups of patients included in the present analysis, that is, those who were
diagnosed by liver biopsy vs magnetic resonance elastography. In addition to the last
Fib-4 score preceding the ultimate diagnosis of liver fibrosis, the preceding decline in
platelet count itself was also an independent and statistically significant predictor for
the occurrence of advanced liver fibrosis.

The development of thrombocytopenia in patients with chronic liver disease -
regardless of its underlying disease etiology - is well known to hepatologists. Several
mechanisms have been implicated for this phenomenon, including portal hypertension,
and decreases in hepatic thrombopoietin production 4. The occurrence of progressive
thrombocytopenia in NASH patients had previously been described by Liu ef al ®in a
community-based, cross-sectional study. Interestingly, the authors did not attempt to
relate this finding to the patients” disease stage. The first explicit connection between
progressive thrombocytopenia and cirrhosis was recently described in a study by
Gotlieb et al °. Using a large computerized data base, the authors identified 5,300 cases
with an EMR diagnosis of liver cirrhosis of any etiology and compared them to 15,700
control subjects. In their retrospective analysis, they noted a significant and progressive
drop in platelet counts from 240,000 to 190,000 up to 15 years prior to diagnosis. The
drop became detectable at a time when the patient’s platelet counts were still within
normal range, preceding the occurrence of abnormal laboratory tests by several years.
In a multivariate analysis, the odds of cirrhosis increased 1.3 times for every decrease in
platelet counts by 50K. The authors suggested that it might be possible to predict the
development of advanced fibrosis or cirrhosis at a much earlier preclinical

stage. Similar data were recently reported by Hagstrom and colleagues in a large-scale




analysis of a Swedish health care registry *. The authors examined the ability of several
serum-based fibrosis scoring systems to predict the development of significant liver
disease and its complications, as defined by ICD-9 coding. Their analysis included a
predefined NAFLD group. In general, high scores (including Fib-41?) were associated
with an increased risk of cirrhosis development over time, although the positive
predictive values were modest.

Our results confirm these previous findings, although our analysis differed in several
respects. Our study was smaller in scope as we confined our analysis to a single
regional healthcare system. We specifically focused on non-alcoholic fatty liver disease
in order to avoid possible confounding effects of different disease etiologies and their
potentially unique rates of disease progression. More importantly, we included all
fibrosis stages in order to evaluate the specificity of the platelet count changes for
“advanced fibrosis”, and we only included patients in whom the fibrosis stage had been
determined by liver biopsy or MR elastography, the two modalities with the best
performance characteristics.

Our analysis demonstrates a significant drop in platelet counts and corresponding rise
in Fib-4 scores for all patient groups, including those without or with early-stage
fibrosis. This might be partly due to the previously described age-dependent reduction
in platelet counts 7 and SGPT '3, or to the onset of fibrogenesis during the early stages
of the disease. The most pronounced changes occurred in patients with the highest
fibrosis stages, suggesting an acceleration of the underlying disease process.

In multivariate analyses separately performed for the biopsy and MRE cohorts, the last
Fib-4 value prior to staging and the correlation coefficient for the time-dependent drop
in platelet counts were both predictive for the severity of liver fibrosis. In addition, a
significant association with a diagnosis of diabetes was observed, as previously
reported by others 4. In contrast, the inclusion of the correlation coefficients for the time-
dependent increase in Fib-4 scores did not significantly contribute to the overall
regression model. Besides the platelet count, serum levels of SGOT and SGPT also serve

as separate variables in the formula for calculating the Fib-4 index. Because of the




requirement for three simultaneously measured laboratory values, overall, fewer time
points could be generated for the Fib-4 scores than for the platelet counts in individual
patients. This might explain the lack of statistical significance for the Fib-4 scores. None
of the other variables (hypertension, BMI, smoking, or sex) were statistically associated
with advanced fibrosis, regardless of how the fibrosis stage was diagnosed.

The diagnostic utility of low platelet counts or increased Fib-4 scores for the diagnosis
of advanced fibrosis has been extensively examined by multiple studies. The main
strength of these measurements lies in their excellent negative predictive value,
whereas their positive predictive value has generally been less impressive 4. Because of
these performance characteristics, secondary follow-up testing with elastography or
liver biopsy is necessary for patients with abnormal Fib-4 scores.

In addition to confirming their diagnostic utility, our data indicate that the dynamic
changes in serum fibrosis markers may also harbor some prognostic power. As shown
by the two exemplary case patients of Figure 1, a steadily progressive decline in platelet
counts may precede the formal staging test by 20 years or more. The consistency of such
decline was captured by the magnitude of the correlation coefficient and its impact on
predicting the final outcome. In this regard, the statistical analysis supported the
underlying hypothesis of the study generated from inspecting the data of individual
patients.

A review of trends in all individual patients revealed a high degree of variability within
the patient population. In our study, we included all available laboratory data,
regardless of the patient’s in- or outpatient status, comorbid disease conditions, surgical
or other interventions, and medications. Such confounding factors may have
contributed to the noticeable fluctuation in our data. However, our approach facilitated
automatic data extraction and lends itself to be tested (and utilized) in future
prospective studies among high-risk populations. In the future, a potential limitation of
the long-term platelet counts may arise from to their overall weaker statistical impact.

As shown in Table 3, the significance level for the correlation coefficient of the declining




platelet counts was markedly lower than that of the “last Fib-4” or presence of diabetes
mellitus.

Eventually, prospective clinical studies in carefully defined populations of patients
with non-alcoholic fatty liver disease will be necessary to determine whether the
inclusion of “platelet dynamics” can contribute to the prediction of advanced fibrosis.
Such studies could be performed in the primary care setting by extracting EMR data
from at-risk patients, followed by subsequent fibrosis staging through MRE or liver

biopsy.

CONCLUSION

Conclusion
Time-dependent changes in platelet counts and Fib-4 scores contribute to the prediction
of cirrhosis in NASH patients with biopsy- or MRE-staged fibrosis. Their incorporation

into predictive algorithms may assist in the earlier identification of high-risk patients.

ARTICLE HIGHLIGHTS

Research background

Our study was prompted by the growing public health challenges of non-alcoholic fatty
liver disease. One of the key issues is the early detection of significant liver
fibrosis. Our study focuses on the use of non-invasive predictors of cirrhosis, using

data that can be easily extracted from patients' medical records.

Research motivation

We focused our attention on longitudinal changes in platelet count and Fib-4 scores that
precede the development of progressive liver fibrosis. Our results suggest that such
changes become apparent several years prior to the establishment of a clinical diagnosis
of cirrhosis. Future research should include the prospective evaluation of our

predictive algorithms.




Research objectives

The main objective was to determine whether longitudinal changes in platelet count
and Fib-4 scores precede the establishment of cirrhosis by liver biopsy or MRE. We
found that such changes occur, regardless of the method of fibrosis staging. Our
results suggest that longitudinal analyses such as those described in our study may

have clinical utility for earlier disease detection.

Research methods

We extracted clinical and demographic data from the patients' electronic medical
records, and related them to the biopsy- or MRE-documented fibrosis
stages. Regression and multivariable analyses were performed to detect significant

trends related to fibrosis stage.

Research results
We found that the time-dependent changes in platelet counts and Fib4-scores are
correlated with successive fibrosis stages. Our data contribute to the growing field of

non-invasive fibrosis prediction in chronic liver disease.

Research conclusions

Our study suggests that longterm, progressive changes in platelet counts and Fib-4
scores occur during the progression of NASH-related fibrosis. Our results could be
incorporated into new predictive algorithms, which in turn would need to be validated
prospectively. If successful, our approach might lead to a significantly earlier diagnosis

of advanced liver fibrosis in NASH patients.

Research perspectives
The next step in our work will be the prospective evaluation of platelet count and Fib-4

changes to detect stage 4 fibrosis prior to the clinical establishment of the diagnosis.
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