Risk Management and Healthcare Policy

Dove

ORIGINAL RESEARCH

Development and Evaluation of Nutrition
Screening Tool in Patients with Hepatitis
B-Related Cirrhosis: A Cross-Sectional Study

Suzhen Chen'
Hong Li?
Xiuru Lin®
Shanshan Hu'
Zhixin Zhang'

'Department of Hepatology, Mengchao
Hepatobiliary Hospital of Fujian Medical
University, Fuzhou, Fujian Province,
People’s Republic of China; 2School of
Nursing, Fujian Medical University,
Fuzhou, People’s Republic of China;
3Nursing Department, Mengchao
Hepatobiliary Hospital of Fujian Medical
University, Fuzhou, Fujian Province,
People’s Republic of China

Correspondence: Hong Li

School of Nursing, Fujian Medical
University, Fuzhou, People’s Republic of
China

Email leehong@fjmu.edu.cn

Aim: Malnutrition is common in cirrhotic patients; however, there is no gold standard for
nutritional assessment for this population. The aim of this study was to develop a novel
nutritional screening tool based on objective indicators for cirrhotic patients chronically
infected with hepatitis B virus (HBV).

Methods: This was a cross-sectional study. Patients with hepatitis B-related cirrhosis were
recruited. Malnutrition was diagnosed by the presence of any of the following conditions:
Nutrition Risk Screening 2002 score greater than 3 points, Subjective Global Assessment
grade B or C, and body mass index (BMI) <18.5 kg/m?. Nomogram model and decision tree
model were developed, and the area under the receiver operating characteristic curve
(AUROC) was compared.

Results: Among the 231 studied cases, 92 (39%) were malnourished. Malnourished patients
had significantly lower serum albumin, BMI and hand grip strength levels, but higher serum
creatinine level and Child-Pugh grade. Two models were developed based on these vari-
ables. The nomogram model had a sensitivity of 0.696, a specificity of 0.820 and an accuracy
of 0.813. The AUROC of nomogram model was 0.813 (95% CI: 0.758-0.869, p <0.001). For
the decision tree model, the sensitivity, specificity and accuracy are 0.761, 0.885 and 0.886,
respectively, with an AUROC of 0.886 (95% CI: 0842—0.930, p <0.001). The difference in
AUROC between these two models was not statistically significant (p <0.001).
Conclusion: The nomogram model and decision tree model developed in this study may aid
assessing nutritional status for cirrhotic patients with HBV.

Keywords: cirrhosis, nutrition, screen, nomogram, decision tree

Introduction
Hepatitis B virus (HBV) infection is a common cause of chronic liver disease.
Patients with chronic hepatitis B may develop liver fibrosis, cirrhosis, or hepato-
cellular carcinoma (HCC), which may eventually lead to high mortality." Protein
calorie malnutrition is frequently observed in patients with HBV-related
cirrhosis.? Previous studies have shown that early nutritional intervention can
improve the survival rate in cirrhotic patients.* Therefore, identifying patients
with high risks of malnutrition is of great significance in the management of
cirrhosis.’

The most widely used tools for nutritional assessment are Subjective Global
Assessment (SGA), Nutrition Risk Screening 2002 (NRS 2002), and body mass
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index (BMI).® SGA is a method proposed by Detsky et al
in 1987” and has been recommended by guidelines for
nutritional assessment in hospital settings.® The composi-
tions of SGA include weight change, diet change, gastro-
intestinal symptoms, functional status and physical
examination (such as edema or loss of subcutaneous fat).
The NRS is a semi-quantitative method including three
compositions: BMI, the changes in weight in the past 3
months and the changes in food intake.” Although SGA
and NRS are two different tools, there are some overlaps
in the questionnaire. Both of them have been shown to
correlate with the outcome of hospitalized patients.'®
However, all of the three tools are not developed based
on cirrhotic population thus may have some defects when
used in such population. For example, the BMI level is
inaccurate when cirrhotic patients have ascites. The NRS
2002 requires the exact weight in the last 3 months and
this may easily lead to memory bias. The SGA is compli-
cated and not user-friendly. A simple and objective tool is
needed for cirrhotic patients for assessment of malnutrition
risk. The aim of this study is to develop a novel nutritional
screening tool based on objective indicators for HBV-

related cirrhotic patients.

Participants and Methods
Participants

This is a cross-sectional study. The convenience sampling
method was used to recruit participants with HBV-related
cirrhosis in Mengchao Hepatobiliary Hospital of Fujian
Medical University from April 2019 to January 2020.
The inclusion criteria were as follows: 1) age >18 years;
2) agreed to participate in this study. The exclusion criteria
were as follows: 1) with missing data in key variables; 2)
with other liver diseases such as alcoholic hepatitis, hepa-
titis C, autoimmune hepatitis, hepatocellular carcinoma
(HCC) and acute on chronic liver failure.

The following are the criteria for diagnosis of liver
diseases. Chronic HBV infection was defined by HBsAg
positivity for more than 6 months. Cirrhosis was diag-
nosed by the typical changes in radiology or histology
or the presence of clinical symptoms such as ascites,
variceal bleeding, and hepatic encephalopathy.'
Alcoholic liver disease was diagnosed by alcohol con-
sumption for more than 40g/day in female or 60g/day in
male."" Hepatitis C was diagnosed based on the positiv-
ity of serum HCV antibody. The diagnosis of HCC was

based on current diagnostic definitions,'>"? briefly,

“rapid wash in and out” manifestations in enhanced
imaging or histology-proved malignancy in liver tissue.
Liver failure was defined based on the APASL guideline
for acute on chronic liver failure:'* INR >1.5 and bilir-
ubin >10 upper limit units, and with hepatic encephalo-
pathy within 4 weeks. The diagnosis of autoimmune
hepatitis was based on the diagnostic scoring system
proposed in 1999.'°

Sample Size Calculation
Sample size estimation is based on the following formula:

= W, where the p,=1.96 and p is the incidence of

malnutrition in cirrhotic population which is about 50% as
reported by literature.'®!” The allowable error is 0.07. The

. o 1.96*x0.5x (1-0.5
required sample size is n = + = 204. When

the drop-out rate of 10% was taken into consideration, the
final estimated sample size is 225 cases.

Data Collection and Measurements

The following variables were collected from all participants:
age, sex, history of smoking and alcohol intake, medical
history of diabetes and hypertension, Child—Pugh score, cir-
rhotic complications (ascites, variceal bleeding, hepatic ence-
phalopathy, spontaneous bacterial peritonitis, portal
hypertension, hepatorenal syndrome), BMI (weight in kilo-
grams divided by height in meters squared), triceps skinfold
thickness (TSF), mid-arm circumference (MAC), hand grip
strength, hemoglobin, lymphocyte count, bilirubin, albumin,
preprotein, cholesterol, creatinine, cholinesterase, prothrom-
bin time (PT), international normalised ratio (INR).

Height, weight, MAC and TSF were measured within
24 hours after admission. Each measurement was
repeated 3 times by two independent investigators and
the mean of each variable was used for final analysis. The
laboratory indicators were collected within 72 hours after
admission.

As there is no gold standard for malnutrition for cirrhotic
patients, in this study, three criteria were used to identify
cases with malnutrition: NRS 2002 (>3), SGA (B or C), and
BMI (<18.5kg/m?).* Patients with the presence of any of the

above conditions were defined as malnutrition.

Statistical Analysis

R software was used for statistical analysis (http://www.
r-project.org/). Continuous data with normal distribution
were compared using Student #-test and the rests were com-
pared using Mann—Whitney rank sum test. Categorical data
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were analyzed using the Fisher exact test or chi-square test.
Univariate and multivariate logistic regressions were used to
select the risk factors of malnutrition for models. Nomogram
and decision tree models were developed for predicting
malnutrition. Receiver operating characteristic (ROC)
curve was used to evaluate the performance of models.
The area under the ROC curve (AUROC) was compared
by the Z test. All tests were two-sided (a =0.05) and a p
value <0.05 was considered as statistically significant.

Ethics

This study was approved by the Ethics Committee of
Mengchao Hepatobiliary Hospital of Fujian Medical
University (approval number: 2019-024-01) and was incom-
pliance with the Declaration of Helsinki. All participants were
informed about the purpose of the study and signed the

informed consent.

Patient and Public Involvement
Patients or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of our research.

Results

Baseline Characteristics of Study Patients
A total of 647 patients with HBV-related cirrhosis were

cases were excluded for alcoholic liver disease, 197
for HCC, 60 for liver failure, 6 for hepatitis C, and
27 for refusing to participate. Among the rest of 328
patients, 46 patients were found to have cancer or liver
failure during hospitalization and 24 patients did not
have complete data and were then excluded. A total of
231 cases were eligible for final analysis (Figure 1).
The average age of this cohort is 55.32 + 11.43 years
old and 74% of them were male. Forty-five percent of
them were Child—Pugh grade A. The BMI level was
23.12 + 3.44 kg/m”.

Comparison Between Malnourished and

Nourished Patients

Among 231 cases, 92 (39%) cases were malnourished.
The baseline characteristics of malnourished patients
identified by different nutritional assessment tools are
displayed in Supplementary Table 1. The comparison

between malnourished and nourished group was shown
in Table 1. Compared with nourished patients, malnour-
ished patients were older (58.67 + 11.81 vs 53.11 =+
10.65, p<0.001), had lower BMI level (21.89 + 3.71 vs
23.94 + 2.98, p<0.001) and more likely to be decom-
pensated cirrhosis (Child—Pugh grade B-C, 71% vs 44%,
p<0.001). The hemoglobin and albumin level were

hospitalized during study period. Among them, 54 lower while the creatinine was higher in the
Cirrhotic patients hospitalized
during 2019-2020 (N=647)
Excluded: N=346
Alcoholic liver disease (N=54)
Malignancy (N=199)
Liver failure (N=60)
Hepatitis C (N=6)
HBV-related cirrhosis cases Refuseil to particpate:(N=27)
(N=301)
Diagnosed with cancer or liver
| failure during hospitalization
“1 (N=46)
Incomplete data (N=24)
Y

Eligible for final analysis (N=231)

Figure | Flow chart of case selection.
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Table | Baseline Characteristics of Study Patients

Variables Total (n = 231) Nourished (n = 139) Malnourished (n = 92) P value
Age, n (year) 5532+ 1143 53.1'1 £ 10.65 58.67 £ 1.8l <0.001
BMI, n (kg/m?) 23.12 £ 3.44 23.94 £ 298 21.89 £ 3.71 <0.001
Hemoglobin, n (g/dl) 11571 £ 31.47 122.8 + 29.82 105.01 + 31.03 <0.001
Albumin, n (g/L) 34.7 + 831 35.63 +7.74 33.29 £ 896 0.042
Bilirubin, n (umol/L) 4522 £ 6191 40.35 £ 49.9 52.57 £+ 76.3 0.177
Cholesterol, n (mmol/L) 38+ 145 387+ 1.18 3.69 £ 1.79 0.387
Creatinine, n (umol/L) 77 + 39.77 71.03 + 26.45 86.01 + 52.92 0.013
Preprotein, n (mg/L) 131.59 £ 70.15 143.98 + 75.77 112.86 + 56.05 <0.001
PT, n (sec) 15.84 + 2.89 1551 29I 16.34 + 2.8 0.032
INR 1.98 + 7.36 2.05 + 85l 1.87 £ 5.19 0.839
MAC, n (cm) 26.55 +3.63 27.29 + 3.60 2543 + 342 <0.001
TSF n (mm) 20.04 £ 9.34 21.01 £ 10.05 18.57 + 7.98 0.042
Grip strength, n (kg) 34.67 = 19.79 40.24 £ 20.04 26.25 + 16.18 <0.001
Male, n (%) 172 (74) 107 (77) 65 (71) 0.355
Smoking, n (%) 36 (16) 22 (16) 14 (15) |
Ascites, n (%) 75 (32) 38 (27) 37 (40) 0.057
Gastrointestinal bleeding, n (%) 13 (6) 6 (4) 7 (8) 0.441
Hepatic encephalopathy, n (%) 12 (5) 5(4) 7 (8) 0.229
Spontaneous bacterial peritonitis, n (%) 38 (16) 17 (12) 21 (23) 0.052
Varices, n (%) 17 (7) 7 (5) 10 (1) 0.16

Esophageal varices 503) 2 (2) 3()

Gastric varices 0 (0) 0 (0) 0 (0)

Esophageal and gastric varices 12 (7) 54 7 (8)
Hepatorenal syndrome, n (%) 1 (0) 0 (0) 1 (1) 0.398
Child—Pugh score < 0.001

A 105 (45) 78 (56) 27 (29)

B. 97 (42) 49 (35) 48 (52)

C. 29 (13) 12 (9) 17 (18)
Hypertension, n (%) 48 (21) 26 (19) 22 (24) 0.339
Diabetes, n (%) 46 (20) 29 (21) 17 (18) 0.657
Death, n (%) 23 (10) 8 (6) 15 (16) 0.009

Abbreviations: BMI, body mass index; PT, prothrombin time; MAC, mid-arm circumference; TSF, triceps skinfold thickness.

malnourished group. The presence of liver-specific com-
plications, including the ascites, variceal bleeding, hepa-
tic encephalopathy, spontaneous bacterial peritonitis,
portal hypertension, and the hepatorenal syndrome

were similar between the two groups. The comparison
of the nutrition-specific index showed that, the malnour-
ished group had lower MAC (25.43 + 3.42 vs 27.29 +
3.60, p<0.001), lower TSF level (18.57 £ 7.98 vs 21.01
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+ 10.05, p=0.042) and lower hand grip strength level
(26.25 £ 16.18 vs 40.24 £ 20.04, p=0.237). All patients
were followed up for at least one year. The 1-year
mortality of malnourished patients was 16% while only
6% in nourished group (p=0.009).

Univariate and Multivariate Analysis for

the Risk Factors of Malnutrition

Univariate analysis showed that age, BMI, hemoglobin, pre-
protein, albumin, creatinine, cholinesterase, PT, TSF, MAC,
Child—Pugh grade were associated with malnutrition in
patients with HBV-related cirrhosis. All variables with a p
value <0.05 in univariate regression were included in multi-
variate analysis. The results showed that BMI (OR=0.76,
95% CI: 0.68-0.85), creatinine (OR=1.02, 95% CI: 1.01-
1.03), Child—Pugh grade C (OR=4.97, 95% CI: 1.84-14.11)
and hand grip strength (OR=0.96, 95% CI: 0.94-0.98) were
independent risk factors for malnutrition in patients with
HBV-related cirrhosis (Supplementary Table 2).

Nomogram Model

The four independent factors selected by multivariate regres-
sion were used to construct a nomogram model. Values and
the points of each variable are illustrated on the top of
nomogram plot (Figure 2). The risk of malnutrition is plotted
on the bottom. Draw a vertical line from the values of each
prediction indicators to the corresponding point on the top
and add up the points of four indicators to get a total point.

Then, draw a vertical line from the total points to the risk axis
to get the corresponding risk, which is the probability of
malnutrition for this individual. For example, if a patient is
with a BMI of 18.55 kg/m?, a hand grip strength of 18.55 kg,
a creatinine level of 45 umol/L and Child—Pugh grade C, the
points of each variable are 66, 45, 11 and 20, respectively,
and the total point is 142. The corresponding risk for 142
points is 0.86, indicating this patient has an 86% probability
to have malnutrition and nutritional support is required for
this patient. The bootstrap calibration curve showed that the
evaluation probability and the actual value were close to each
other, indicating the nomogram model is accurate (Figure 3).

Decision Tree Model

The Gini index was used to select the optimal feature and the
CART generation algorithm was used to develop the decision
tree model. The classification tree included four composi-
tions which were displayed in the order of importance: BMI,
albumin, creatinine and hand grip strength (Figure 4). From
the root node to the leaf nodes, patients can be divided into
eight subgroups through different branches. Using the differ-
ent paths of decision tree, each patient can be easily classified
as malnutrition or normal nutrition.

Performance of Nomogram and Decision
Tree Model

The ROC curves of the nomogram model and decision tree
model are shown in Figure 5. The best cutoff point for
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Figure 2 The nomogram for nutritional screening in patients with hepatitis B-related cirrhosis.
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nomogram model was 0.476. The sensitivity, specificity
and accuracy were 0.696, 0.820 and 0.813, respectively.
The AUROC of nomogram model was 0.813 (95% CI:
0.758-0.869, P<0.001). For the decision tree model, the
sensitivity, specificity and accuracy were 0.761, 0.885 and
0.886, respectively, with an AUROC of 0.886 (95% CI:
0842-0.930, P <0.001). The difference in AUROC
between nomogram model and decision tree model was
insignificant (p>0.05).

Discussion
The liver-specific nutritional assessment tool is scarce. In this
study, nomogram model and decision tree model were inde-
pendently developed for detecting malnutrition in HBV-
cirrhotic patients. These two models only include widely
available biochemical and anthropometric parameters thus
are objective and user-friendly.

Two models consisted of different indicators, among
which three indicators were identical (BMI, hand grip strength

I |"'|'!||I'I|'I'T"lll"l" T T T1TTT” I]”rTTTiI'“ LB EES LA B LS LR LA TT Il'l_
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Figure 3 Calibration curve of malnutrition nomogram model. The evaluation accuracy is satisfactory if the solid line (performance) is close to the dotted line (models).
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Figure 4 Decision tree for nutritional screening in patients with hepatitis B-related cirrhosis. The blue box indicates lower malnutrition risk and green one indicates higher
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and serum creatinine). The hand grip strength has been con-
sidered to be a sign of the loss of skeletal muscle mass and is
more sensitive than MAC.'® Previous studies show that hand
grip strength is not only related to nutritional level but also an
important predictor for malnutrition and an independent pre-
dictor of cirrhotic complications.'*?® The BMI is considered
as a simple indicator for malnutrition.?' Although the albumin
was only included in the decision tree model, it was one of the
variables for the calculation of Child—Pugh score, which was
the component of nomogram model. Taken together, the vari-
ables in the two models mainly reflect the protein synthesis
and degradation, as well as the muscle mass. Compared with
NRS 2002 and SGA, these models with objective parameters
for protein-energy malnutrition can provide more reliable
results. Moreover, we visualized the models as nomogram
and decision tree, making them convenient and user-friendly.

The performance of these two models was satisfactory
as both of them had an AUROC greater than 0.81. The
decision-tree model seemed to perform better with higher
AUROC and accuracy. However, the nomogram had its
own advantage because it provided an individualized prob-
ability for each patient and was useful in clinical practice.
Combining these two models, physicians can better distin-
guish patients at high malnutrition risk.

Bioelectrical impedance analysis (BIA) is a useful bedside
technique to assess malnutrition in cirrhotic patients.
Compared with other tools, it can be performed in hospital

rooms if portable and the result is coming out quickly.”*** BIA
was not examined in this study as the equipment was not
available in our department, thus the comparison between
newly developed models and BIA was not able to perform in
current study. Several studies have shown it significantly
correlates with the outcomes in cirrhotic patients. > 2*
Moreover, a study showed its prognostic accuracy is not
influenced by ascites.> Nevertheless, the nomogram and deci-
sion tree models in this study would be useful at least in
primary hospitals where medical resources are limited.

There are several limitations of this study. First of all, it is
a cross-sectional study performed in a single medical center.
The study population only included HBV-related cirrhosis.
The nutritional status of alcoholic cirrhosis or other cause
could be different from HBV-cirrhosis.”® Thus, the general-
ization of the conclusion in other cause of liver disease should
be careful. Second, there is no gold standard for the diagnosis
of malnutrition for HBV-cirrhotic population. Using single
tool may lead to the underestimation of malnutrition, that is
the reason why we used three tools for diagnosis. As a trade-
off, this will inevitably lead to overestimation of malnutrition.
Third, we did not validate the models in external dataset, thus
more studies are needed to verify the result.

Conclusions

Low BMI, high creatinine, high Child—Pugh score, and low
hand grip strength are independent risk factors for malnutrition
in HBV-related cirrhosis. The nomogram model and decision
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tree model developed in this study may aid in identifying
patients at high risk of malnutrition in clinical practice.
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