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Regression‑based Chinese 
norms of number connection 
test A and digit symbol test 
for diagnosing minimal hepatic 
encephalopathy
Peng Zhang 1,2, Danan Gan 1,3, Xiaoling Chi 4, Dewen Mao 5, Yueqiu Gao 6, Yong Li 7, 
Daqiao Zhou 8, Qin Li 9, Mingxiang Zhang 10, Bingjiu Lu 11, Fengyi Li 12, Jingdong Xue 13, 
Xianbo Wang 14, Hongbo Du 1,3, Xiaoke Li 1,3, Yijun Liang 1,3 & Yongan Ye 1,3*

Number connection test A (NCT‑A) and digit symbol test (DST), the preferential neuropsychological 
tests to detect minimal hepatic encephalopathy (MHE) in China, haven’t been standardized in Chinese 
population. We aimed to establish the norms based on a multi‑center cross‑sectional study and to 
detect MHE in cirrhotic patients. NCT‑A and DST were administered to 648 healthy controls and 1665 
cirrhotic patients. The regression‑based procedure was applied to develop demographically adjusted 
norms for NCT‑A and DST based on healthy controls. Age, gender, education, and age by education 
interaction were all predictors of DST, while age, gender, and education by gender interaction were 
predictors of  log10 NCT‑A. The predictive equations for expected scores of NCT‑A and DST were 
established, and Z‑scores were calculated. The norm for NCT‑A was set as Z ≤ 1.64, while the norm 
for DST was set as Z ≥ − 1.64. Cirrhotic patients with concurrent abnormal NCT‑A and DST results 
were diagnosed with MHE. The prevalence of MHE was 8.89% in cirrhotic patients, and only worse 
Child–Pugh classification (P = 0.002, OR = 2.389) was demonstrated to be the risk factor for MHE. The 
regression‑based normative data of NCT‑A and DST have been developed to detect MHE in China. A 
significant proportion of Chinese cirrhotic patients suffered from MHE, especially those with worse 
Child–Pugh classification.

Keywords Liver cirrhosis, Minimal hepatic encephalopathy, Neuropsychological test, Standardization, A 
cross-sectional study
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Abbreviations
HE  Hepatic encephalopathy
MHE  Minimal hepatic encephalopathy
OHE  Overt hepatic encephalopathy
PHES  Psychometric hepatic encephalopathy score
DST  Digit symbol test
NCT-A  Number connection test A
SD  Standard deviation
CPC  Child–Pugh classification
HCV  Hepatitis C virus

Hepatic encephalopathy (HE) is one of serious complications of liver cirrhosis, severely affecting the lives of 
patients. Patients with HE have a spectrum of neurologic and psychiatric manifestations, which can be clas-
sified into 1–5 categories by the West Haven  Criteria1. In recent decades, minimal hepatic encephalopathy 
(MHE), which is the mildest phase of HE, has been added into the West Haven Criteria, attracting more and 
more  attentions2. MHE is defined as alterations in psychomotor or neuropsychiatric function without clinical 
evidence of neurological abnormalities, which can only be identified by neuropsychological or neurophysi-
ological  alterations3,4. The occurrence of MHE is common in patients with liver cirrhosis and it may affect the 
quality of life and patients’ driving  ability5–7. Previous studies also showed that patients with MHE were more 
likely to develop overt hepatic encephalopathy (OHE), which caused a significant burden to health systems and 
society  overall8–10.

Currently, there is no gold standard for the diagnosis of MHE. In western countries, the recognition of MHE 
depends on Psychometric Hepatic Encephalopathy Score (PHES), Stroop EncephalApp, Animal Naming Test, 
Critical Flicker Frequency test, and Inhibitory Control Test, et al.3,4,11,12. In China, due to the different language 
and cultural characteristics, abnormal results of both digit symbol test (DST) and number connection test A 
(NCT-A) have been recommended for diagnosing  MHE13–15. DST and NCT-A are two sub-tests of PHES, and the 
normative data based on Chinese population are still  lacking3,4,11. While China is a country with a vast territory 
and a large population, previous attempts on norms for NCT-A and DST were mostly based on studies with a 
small simple size and a single center, lacking consideration for demographic variables, such as age, gender, and 
education level, et al.16–19. Therefore, it is necessary to develop new norms for NCT-A and DST in China, which 
should be adjusted by demographic variables and standardized based on a multi-center, large sample size study.

The present cross-sectional study aimed to establish the Chinses norms for NCT-A and DST based on a large 
sample size of healthy population from multiple centers. The prevalence of MHE in patients with liver cirrhosis 
was further investigated in accordance with the established norms.

Methods
Healthy controls
648 Chinese-speaking healthy individuals aged 18–75 from 12 centers of China (Beijing University of Chinese 
Medicine Affiliated Dongzhimen Hospital (Beijing), Beijing Ditan Hospital (Beijing), The Fifth Medical Center 
of the General Hospital of the People’s Liberation Army of China (Beijing), Fuzhou Infectious Disease Hospital 
(Fuzhou, Fujian), Guangdong Provincial Hospital of Chinese Medicine (Guangzhou, Guangdong), Shenzhen 
Hospital of Traditional Chinese Medicine (Shenzhen, Guangdong), the First Affiliated Hospital of Guangxi 
University of Chinese Medicine (Nanning, Guangxi), the First Affiliated Hospital of Liaoning University of 
Traditional Chinese Medicine (Shenyang, Liaoning), the Affiliated Hospital of Shandong University of Tradi-
tional Chinese Medicine (Jinan, Shandong), Shanxi Provincial Hospital of Traditional Chinese Medicine (Xi’an, 
Shanxi), Shenyang Infectious Disease Hospital (Shenyang, Liaoning), Shuguang Hospital Affiliated to Shanghai 
University of Traditional Chinese Medicine (Shanghai)) were consecutively recruited from December 2016 to 
February 2018. Participation was voluntary, and participants from both urban and rural areas were recruited 
with a basic knowledge of numbers. Eligible healthy controls were screened according to the following exclu-
sion criteria: (1) subjects with chronic liver disease, neurological or psychiatric disease, or other diseases that 
can impair cognitive function; (2) use of psychoactive drugs; (3) alcohol consumption greater than 40 g/day for 
males and 20 g/day for females; (4) pregnant and lactating women; and (5) inability to read and write. Follow-
ing their informed consent, all individuals underwent the NCT-A and DST tests, and their demographic data 
were collected. Those with abnormal results of both NCT-A and DST and with critical missing data were also 
excluded during statistical analysis.

Patients with liver cirrhosis
1665 cirrhotic patients aged 18–75 from the above mentioned 12 medical centers of China were consecutively 
enrolled in this study between December 2016 and June 2018. Each patient provided written informed consent. 
Liver cirrhosis was diagnosed according to the clinical  guidelines20,21. Both outpatients and hospitalized patients 
of a single specific etiology were included, except cirrhotic patients caused by alcoholic liver disease. After 
neuropsychological tests, patients’ demographic and clinical data within 2 weeks were collected. The following 
exclusion criteria were applied for cirrhotic patients: (1) patients with OHE or a past history of OHE; (2) patients 
with other severe complications, including bleeding from esophageal and gastric varices and severe infection; 
(3) patients with neurological or psychiatric disease, or other diseases that can impair cognitive function; (4) 
patients with hepatocellular carcinoma or other malignancy; (5) use of lactulose, antibiotics, or psychoactive 
drugs; (6) pregnant and lactating women; and (7) inability to read and write. Patients with critical missing data 
were excluded during statistical analysis.
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The study was conducted following the guidelines of the Declaration of Helsinki (as revised in 2013) and 
was approved by the institutional review board of each center (namely Beijing University of Chinese Medicine 
Affiliated Dongzhimen Hospital (Beijing), Beijing Ditan Hospital (Beijing), The Fifth Medical Center of the Gen-
eral Hospital of the People’s Liberation Army of China (Beijing), Fuzhou Infectious Disease Hospital (Fuzhou, 
Fujian), Guangdong Provincial Hospital of Chinese Medicine (Guangzhou, Guangdong), Shenzhen Hospital of 
Traditional Chinese Medicine (Shenzhen, Guangdong), the First Affiliated Hospital of Guangxi University of 
Chinese Medicine (Nanning, Guangxi), the First Affiliated Hospital of Liaoning University of Traditional Chinese 
Medicine (Shenyang, Liaoning), the Affiliated Hospital of Shandong University of Traditional Chinese Medi-
cine (Jinan, Shandong), Shanxi Provincial Hospital of Traditional Chinese Medicine (Xi’an, Shanxi), Shenyang 
Infectious Disease Hospital (Shenyang, Liaoning), and Shuguang Hospital Affiliated to Shanghai University of 
Traditional Chinese Medicine (Shanghai)).

Neuropsychological tests
Healthy controls and cirrhotic patients were required to complete NCT-A test by drawing lines sequentially 
connecting numbers, from 1 to 25, as quickly and accurately as possible. Numbers are randomly distributed on 
a printed A4-size paper. If an error was made, the participant would be asked to restart from where the error 
happened. The time of completion was calculated as the score for NCT-A.

When completing the DST test, healthy controls and cirrhotic patients were provided a sheet with nine unique 
symbols, each paired with numbers ranging from 1 to 9. The remainder of the paper consists of randomized 
numbers and blank squares below. Participants were required to draw the corresponding symbols in the blank 
squares as quickly as possible. The test is timed, and the score for DST is defined as the total number symbols 
of correctly paired items in 90 s.

NCT-A and DST were conducted by two trained examiners. Before the tests, there was a practice to help the 
participant understand the process. Patients with abnormal results of both NCT-A and DST were diagnosed as 
MHE.

Statistical analysis
Normally distributed data were expressed as means ± standard deviation (SD), while data obeying abnormal 
distribution were presented as median (interquartile range). The χ2 or Fisher’s exact test was used for categorical 
variables, and the Mann–Whitney U test or analysis of variance was conducted assess the difference of continu-
ous variables.

The method to develop the regression-based normative data of NCT-A and DST referred to the previously 
described  procedure22–24. Spearman correlations between the scores of DST and NCT-A and the demographic 
variables (age, gender, and education) were computed. The multivariate linear regression model was conducted to 
find predictors of neuropsychological tests. Age,  age2, education,  education2, gender, and all two-way interactions 
between these variables, were included as potential predictors. Age and education were centered (age = calendar 
age in years—mean age in healthy controls; education = years of education—mean years of education in healthy 
controls) before computing quadratic terms and interactions to avoid multicollinearity. Squared terms of age and 
years of education were added in the model to allow for quadratic effects between these independent variables 
and the scores of neuropsychological tests. Gender was coded as male = 1 and female = 2. The following assump-
tions were tested: (1) homoscedasticity was evaluated via plots of regression predicted values to residuals values; 
(2) normality of the standardized residuals was evaluated by using Q-Q plots and histograms of residual values; 
(3) The occurrence of multicollinearity was evaluated by computing the variance inflation factor (VIF), which 
should not be greater than 10; and (4) potential influential cases were evaluated by computing Cook’s distances. 
The final multivariate linear regression model was obtained using the stepwise procedure.

The regression-based normative data adjusted for demographic variables was established by means of a four-
step procedure: (1) the expected scores of NCT-A and DST were computed based on the established multivariate 
linear regression model: Y =  B0 +  B1*X1 +  B2*X2 + ⋯ +  Bn*Xn, with  B0 = the intercept,  Bn = the regression weight(s), 
and  Xn = the predictor values; (2) the residual value was computed based on a subtraction between the raw score 
and the predicted score (ei = raw scores – predicted scores); (3) standard deviation (SDe) of the residuals was 
acquired in the regression model, and the residual is standardized:  Zi = ei/SDe; and (4) the standardized residu-
als (Z-scores) were transformed into percentiles referring to the standard normal distribution of the residuals.

To find the relevant factors for the prevalence of MHE, total bilirubin, albumin, platelets, prothrombin activ-
ity, ammonia, ascites at study inclusion, and Child–Pugh classification were included in the univariate logistic 
analysis or the χ2 or Fisher’s exact test. Variables with P values < 0.10 were entered into a multivariable logistic 
regression model after adjusting for age, gender, and education. The Cochran–Armitage trend test was further 
conducted to analyze the prevalence of MHE among patients with Child–Pugh class A, B, and C. All statisti-
cal analyses were two-tailed at the 5% level. All analyzes were performed using SPSS version 23 (IBM Corp., 
Armonk, NY).

Results
Characteristics of healthy controls and cirrhotic patients
In total, 648 healthy controls and 1665 cirrhotic patients were included. The mean age of healthy controls was 35 
(28, 50) years and 43.67% were male, while the average age of cirrhotic patients was 53 (45, 61) years and males 
made up 70.33%. The length of education in healthy controls was 16 (12, 16) years, and it was 9 (9, 12) years in 
cirrhotic patients. Healthy controls’ performance of both NCT-A and DST were significantly better than cirrhotic 
patients’. The detailed demographic characteristics and neuropsychological raw scores were reported in Table 1.
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BMI, body mass index; DST, digit symbol test; IQR, interquartile range; SD, standard deviation; NCT-A, 
number connection test-A. Normally distributed data were expressed as means ± SD, while data obeying abnor-
mal distribution were presented as median (IQR).

Effects of demographic factors on NCT‑A and DST in healthy controls
The raw data of DST were normally distributed, and the scores of NCT-A were log transformed to fit the Gaussian 
distribution, or, at least, to reduce their positive skew. Spearman correlations showed that, as age increases, the 
scores of DST decrease (r = − 0.591, P = 0.000) and  log10 NCT-A increase (r = 0.326, P = 0.000). By contrast, as the 
education years increase, the scores of DST increase (r = 0.472, P = 0.000) and  log10 NCT-A decrease (r = − 0.263, 
P = 0.000). Females had better performance in both NCT-A and DST. The distributions of  log10 NCT-A and DST 
scores in different age, gender, and education were shown in Fig. 1.

The assumptions of multivariate linear regression analysis were met in both models. The VIF values were 
all below the threshold of 10, which meant that there was no multicollinearity (Table 2). The maximum Cook’s 
distance values were 0.057 and 0.31, respectively, suggesting no influential cases. The visual analysis of the 
Q–Q normality diagrams and histograms of the residual values for the final models fulfilled the assumption of 

Table 1.  Demographic, clinical and neuropsychological raw scores of healthy controls and cirrhotic patients.

Variable Healthy controls (n = 648) Cirrhotic patients (n = 1665) P value

Age (years) 35 (28, 50) 53 (45, 61) 0.000

Male gender, n (%) 283 (43.67%) 1171 (70.33%) 0.000

Education (years) 16 (12, 16) 9 (9, 12) 0.000

BMI, (kg/m2) 22.21 (20.08, 24.60) 23.25 (21.30, 25.35) 0.000

NCT-A raw score (second) 44 (37, 56) 60 (50, 79) 0.000

DST raw score (point) 56.92 ± 14.18 41 (32, 50) 0.000

Aetiology of cirrhosis

 Hepatitis B, n (%) – 1446 (86.85) –

 Hepatitis C, n (%) – 91 (5.47%) –

 Autoimmune, n (%) – 109 (6.55) –

Drug-induced liver injury, n (%) – 18 (1.08) –

Child–Pugh A/B/C, n (%) – 1088 / 365 / 102 (69.97 / 23.47 / 6.56) –

Duration of cirrhosis (years) – 2 (1, 5) –
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Figure 1.  Distribution of NCT-A and DST raw scores in healthy controls, according to age (A and D), gender 
(B and E), and education (C and F). The dots represent individual values and the bars indicate the mean and 
standard deviation. NCT-A, number connection test-A; DST, digit symbol test.
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normality, and plots of regression predicted values to residuals values ensured the assumption of homoscedastic-
ity was not violated. (Supplementary Figure).

The multivariate linear regression model was conducted. Age, gender, education, and age by education interac-
tion were all predictors of DST, while age, gender, and education by gender interaction were predictors of  log10 
NCT-A (Table 2).

The normative data of NCT‑A and DST in healthy controls
The predictive equations for expected scores of NCT-A and DST were calculated as follows: predicted 
DST = 50.357−0.477 * (calendar age—39.19) + 0.973 * (years of education − 14.16) + 3.682 * gender -0.032 * 
(calendar age—39.19) * (years of education − 14.16), and predicted  log10 NCT-A = 1.701 + 0.003 * (calendar 
age—39.19) − 0.026 * gender − 0.003 * gender * (years of education − 14.16). SDe was 11.02 for DST, and 0.13 for 
 log10 NCT-A, respectively. Z-scores for NCT-A and DST = (measured value−expected value)/standard deviation 
of the residuals. Finally, according to the conversion tables of Z-score25, the norm for NCT-A was set as Z ≤ 1.64, 
while the norm for DST was set as Z ≥ − 1.64.

A user‑friendly normative data calculator
A user-friendly, interactive normative data calculator in an Excel work-sheet was developed (Supplementary file 
1) to compute Z-scores of DST and NCT-A for Chinese population aged 18–75. When we input the raw score 
of NCT-A or DST, age, gender, and education years, the calculator will automatically show the corresponding 
Z-score.

For example, for a 70 years old male with 16 years of education whose raw score of DST is 30, the Z-score for 
DST will be calculated and shown as − 0.85.

Prevalence and characteristics of MHE
Compared with healthy controls, cirrhotic patients had significantly higher Z-scores for  log10 NCT-A and lower 
Z-scores for DST. (Fig. 2) Criteria of NCT-A and DST for MHE were set as Z ≤ 1.64 (NCT-A) and Z ≥ − 1.64 
(DST), after entering patients’ age, gender, and education, into Z-scores computing formula. In total, 148 cir-
rhotic patients with concurrent abnormal NCT-A and DST results were diagnosed with MHE. The prevalence 
of MHE was 8.89% in patients with liver cirrhosis, which differed among patients with Child–Pugh classification 
(CPC) A (79/1088, 7.26%), B (38/365, 10.41%), and C (17/102, 16.67%). Compared with patients without MHE, 
patients with MHE were significantly older, and had a higher proportion of female, a lower level of education, 
and a higher proportion of HCV infection, autoimmune liver diseases, and drug-induced liver injury. Patients 
with MHE also had a lower ALB level and a higher proportion of ascites (Table 3). By using the univariate logistic 
analysis and the chi square test, CPC and other related variables, such as venous ammonia, were included in the 
multivariable logistic regression model to find correlated factors with the prevalence of MHE. Finally, only worse 
CPC was demonstrated to be the risk factor for MHE (P = 0.006, OR = 2.389), and the Cochran–Armitage trend 
test confirmed a linear trend between CPC grading and the prevalence of MHE (P = 0.001). (Table 4) There was 
no correlation between MHE and laboratory examinations.

Discussion
Chinese guidelines have recommended NCT-A and DST as preferential neuropsychological tests to detect MHE 
in Chinese cirrhotic  patients15,26. Possible deficits in attention, memory, processing speed, and executive function 
can be detected, which are common and prominent in MHE. Despite the importance for the clinical screening 
of MHE, they have not been standardized in China yet. As far as we know, this is the first time to develop the 
regression-based normative data of NCT-A and DST in China based on a multi-center study. Based on the nor-
mative data, 8.89% of cirrhotic patients were diagnosed with MHE and worse CPC was found to be the risk factor.

Among the methods for developing the normative data, the use of mean and standard deviation within 
each subgroup, and conversion of raw scores to metrics such as Z or T scores were the most commonly used, 
considering the influence of demographic variables (e.g. age, education, gender) on the performance of 

Table 2.  Multiple linear regression models for the NCT-A and DST in healthy controls. *Male is calculated as 
1, and female is calculated as 2. DST, digit symbol test; SE, standard error; NCT-A, number connection test-A; 
VIF, variance inflation factor.

Test Predictor B SE β t P VIF Adjusted r2

NCT− A

Intercept 1.701 0.018 95.302 0.000

0.130
Age (y) 0.003 0.000 0.270 6.248 0.000 1.389

Gender* − 0.026 0.011 − 0.090 − 2.406 0.016 1.043

Interaction (Education (y) * Gender) − 0.003 0.001 − 0.106 − 2.475 0.014 1.356

DST

Intercept 50.357 1.477 34.105 .000

0.393

Age (y) − 0.477 0.039 − 0.450 − 12.319 0.000 1.421

Gender* 3.682 0.895 0.129 4.114 0.001 1.045

Education (y) 0.973 0.138 0.258 7.075 0.000 1.417

Interaction (Age (y) * Education (y)) − 0.032 0.01 − 0.107 − 3.237 0.001 1.169
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Figure 2.  Frequency distribution on Z-scores of NCT-A and DST in healthy controls (A and B) and cirrhotic 
patients (C and D). A. Z-scores of NCT-A in healthy controls. B. Z-scores of DST in healthy controls. C. 
Z-scores of NCT-A in cirrhotic patients. D. Z-scores of DST in cirrhotic patients. The gray dashed line in each 
figure depicts the norms for Z-scores of NCT-A and DST, respectively. NCT-A, number connection test-A; DST, 
digit symbol test.

Table 3.  Demographic and biochemical data of cirrhotic patients with and without MHE. DST, digit symbol 
test; MHE, minimal hepatic encephalopathy; NCT-A, number connection test-A.

Variable
Patients with MHE
(n = 148)

Patients without MHE
(n = 1517) P value

Age (years) 56 (47.25, 62.75) 52 (45, 61) 0.008

Male gender, n (%) 72 (48.65) 1099 (72.45) 0.000

Education (years) 9 (6, 12) 9 (9, 12) 0.000

Aetiology of cirrhosis 0.025

 Hepatitis B, n (%) 117 (79.05) 1329 (87.61)

 Hepatitis C, n (%) 12 (8.11) 79 (5.21)

 Autoimmune, n (%) 14 (9.46) 95 (6.26)

Drug-induced liver injury, n (%) 4 (2.70) 14 (0.92)

Child–Pugh A/B/C, n (%) 79 / 38 / 17
(58.96 / 28.36 / 12.69)

1009 / 327 / 85
(71.01 / 23.01 / 5.98) 0.002

Duration of cirrhosis (years) 2 (1, 4) 2 (1, 5) 0.325

NCT-A raw score (second) 121 (101.25, 171.25) 59 (49, 72) 0.000

DST raw score (point) 20.5 (16, 24.75) 42 (34, 50) 0.000

Total bilirubin (umol/L) 20.90 (12.80, 35.60) 20.10 (13.80, 33.00) 0.686

Albumin (g/L) 37.02 ± 7.32 39.50 (33.20, 44.80) 0.013

Platelets (*109/L) 103.00 (63.75, 162.25) 113.00 (69.00, 168.00) 0.360

Prothrombin activity (%) 80(63.5, 92) 82 (65, 95) 0.254

Ammonia (umol/L) 31.65 (27.50, 49.75) 35.00 (22.00, 52.75) 0.716

Ascites at study inclusion, n (%) 39 (36.11) 283 (25.84) 0.022
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neuropsychological tests. The use of mean and standard deviation requires dividing the sample into subgroups 
according to the predictive variables, and as a result, the sample size within subgroups will be significantly 
reduced. We have tried to establish the norms for NCT-A and DST using the mean and standard deviation, and 
the sample of some subgroups stratified by age, gender, and education was too small to ensure the reliability 
of the  norms27. Therefore, the present study developed the regression-based normative data by converting raw 
scores to Z-scores. Some other studies have tried to establish the norms for NCT-A and DST in China. However, 
they just included a small sample of healthy participants in one or two medical centers, and ignored the influ-
ence of some demographic  variables16–19. Healthy controls from 12 medical centers in different parts of China 
were included in the present study, ensuring the representativeness of participants to Chinese population. The 
results of the multivariate linear regression model showed that age, gender, education, and age by education 
interaction were predictors of DST, while age, gender, and education by gender interaction were predictors of 
 log10 NCT-A. Younger age and more education years were reported to be associated with better performance 
of NCT-A and DST in most previous normative  studies28,29. The processing speed of healthy individuals tends 
to decline along with the growth of  age30. Moreover, participants with more educational experience are more 
familiar with paper–pencil tests than those without. The association between the scores of NCT-A and DST, 
and gender was a controversial issue in previous studies. While no significant difference was reported in some 
 studies31–34, females were shown to possess better visual processing speed than males in the  others19,29,35–37. Our 
results also showed that females outperformed males in both NCT-A and DST. Based on the above results, the 
normative data of NCT-A and DST adjusted to age, gender, education and interactions were developed, and a 
user-friendly EXCEL sheet was created for clinicians and patients. Specifically, results of NCT-A and DST in 
elderly people will be analyzed in future, which will not be described in this paper.

According to the regression-based normative data of NCT-A and DST, the prevalence of MHE in cirrhotic 
patients was 8.89% in China. It was lower than those in previous studies with similar diagnosis criteria. A positive 
correlation between the prevalence of MHE and patients’ CPC was shown, which was consistent with previous 
 reports13,16,38. The low prevalence may be caused by following reasons. Firstly, our study did not include cirrhotic 
patients caused by alcoholic liver disease, as well as patients with a history of OHE. There is mounting evidence 
that alcohol may impair patients cognitive  function39,40, which can bring cofounding factors to the diagnosis 
of MHE. Furthermore, the proportion of cirrhotic patients with CPC-B/C in our study was lower than that in 
previous studies, whom were reported to have a higher prevalence of MHE than patients with CPC-A. The dif-
ferent normative data of NCT-A and DST also accounted for the different prevalence.

Our study was not without limitations. Healthy controls included were not from community, but were mostly 
patients’ family members. Healthy controls’ average age was younger than the reported average age of  Chinese41. 
Moreover, medical centers in our study were mostly located in key cities. This may affect the representativeness 
of healthy controls. However, patients and their family members in large hospitals usually come not only from 
local cities, but also from all over the country. The regression-based approach was also conducted to reduce bias. 
Lastly, although the demographic variables were considered in developing the regression-based normative data, 
occupation and the urban–rural difference were not taken into account. Patients with some jobs were difficult to 
be classified as “white collars” or “blue collars” workers, and occupation was also closely related to the education 
level. With the rapid development of China in recent decades, it has been difficult to distinguish whether people 
come from urban or rural areas.

Table 4.  Univariate and multivariate logistic regression models for MHE.

Variable

Univariate logistic regression model Multivariate logistic regression model

Odds ratio 95% Wald confidence limits P value Odds ratio 95% Wald confidence limits P value

Age (years) 1.019 1.003–1.035 0.021 0.996 0.965–1.028 0.813

Female gender, n (%) 2.102 2.960–1.492 0.000 – – –

Education (years) 0.903 0.865–0.943 0.000 0.928 0.849–1.016 0.106

Aetiology of cirrhosis – – 0.074 – – 0.647

 Hepatitis B, n (%) – – – – – –

 Hepatitis C, n (%) – – – – – –

 Autoimmune, n (%) – – – – – –

Drug-induced liver injury, n (%) – – – – – –

Child–Pugh A/B/C, n (%) 1.564 1.209–2.025 0.001 2.389 1.279–4.463 0.006

Duration of cirrhosis (years) 0.994 0.955–1.033 0.747 – – –

Total bilirubin (umol/L) 1.000 0.997–1.003 0.988 – – –

Albumin (g/L) 0.974 0.953–0.995 0.018 1.025 0.962–1.092 0.446

Platelets (*109/L) 1.000 0.998–1.002 0.925 – – –

Prothrombin activity (%) 0.998 0.994–1.003 0.536 – – –

Ammonia (umol/L) 1.004 0.990–1.018 0.577 1.000 0.985–1.016 0.974
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Conclusion
Our study firstly developed the regression-based normative data of NCT-A and DST based on a large sample 
from 12 medical centers all over the country, and a user-friendly calculator was offer. A considerable number 
of cirrhotic patients were diagnosed with MHE based on the normative data, and the prevalence was positively 
correlated with CPC. The standardization of NCT-A and DST will contribute to the clinical and research practice 
in China. The clinical screening of MHE needs to be paid attention in cirrhotic patients, especially those with 
CPC-B/C.

Data availability
The data used to support the findings of this study are available from the corresponding author upon request.

Received: 22 July 2023; Accepted: 15 February 2024

References
 1. Dharel, N. & Bajaj, J. S. Definition and nomenclature of hepatic encephalopathy. J. Clin. Exp. Hepatol. 5, S37–S41 (2015).
 2. Bajaj, J. S. et al. Review article: the design of clinical trials in hepatic encephalopathy–an International Society for Hepatic Encepha-

lopathy and Nitrogen Metabolism (ISHEN) consensus statement. Aliment. Pharmacol. Ther. 33, 739–747 (2011).
 3. American Association for the Study of Liver Diseases, European Association for the Study of the Liver. Hepatic encephalopathy in 

chronic liver disease: 2014 practice guideline by the European Association for the study of the liver and the American Association 
for the study of liver diseases. J. Hepatol. 61, 642–659 (2014).

 4. European Association for the Study of the Liver. EASL Clinical practice guidelines on the management of hepatic encephalopathy. 
J. Hepatol. 77, 807–824 (2022).

 5. Patidar, K. R. et al. Covert hepatic encephalopathy is independently associated with poor survival and increased risk of hospitaliza-
tion. Am. J. Gastroenterol. 109, 1757–1763 (2014).

 6. Wein, C., Koch, H., Popp, B., Oehler, G. & Schauder, P. Minimal hepatic encephalopathy impairs fitness to drive. Hepatology 39, 
739–745 (2004).

 7. Bajaj, J. S. et al. Minimal hepatic encephalopathy is associated with motor vehicle crashes: The reality beyond the driving test. 
Hepatology 50, 1175–1183 (2009).

 8. Romero-Gómez, M., Boza, F., García-Valdecasas, M. S., García, E. & Aguilar-Reina, J. Subclinical hepatic encephalopathy predicts 
the development of overt hepatic encephalopathy. Am. J. Gastroenterol. 96, 2718–2723 (2001).

 9. Ampuero, J. et al. Minimal hepatic encephalopathy and critical flicker frequency are associated with survival of patients with cir-
rhosis. Gastroenterology 149, 1483–1489 (2015).

 10. Louissaint, J., Deutsch-Link, S. & Tapper, E. B. Changing epidemiology of cirrhosis and hepatic encephalopathy. Clin. Gastroenterol. 
Hepatol. 20, S1–S8 (2022).

 11. Randolph, C. et al. Neuropsychological assessment of hepatic encephalopathy: ISHEN practice guidelines. Liver Int. 29, 629–635 
(2009).

 12. Allampati, S. et al. Diagnosis of minimal hepatic encephalopathy using stroop encephalapp: A multicenter US-based norm-based 
study. Am. J. Gastroenterol. 111, 78–86 (2016).

 13. Wang, J. Y. et al. Prevalence of minimal hepatic encephalopathy and quality of life evaluations in hospitalized cirrhotic patients in 
China. World J. Gastroenterol. 19, 4984–4991 (2013).

 14. Li, S. W. et al. Psychometric hepatic encephalopathy score for diagnosis of minimal hepatic encephalopathy in China. World J. 
Gastroenterol. 19, 8745–8751 (2013).

 15. Xu, X. Y. et al. Chinese guidelines on management of hepatic encephalopathy in cirrhosis. World J. Gastroenterol. 25, 5403–5422 
(2019).

 16. Bao, Z. J., Ma, X. & Qiu, D. K. Methods for diagnosis of minimal hepatic encephalopathy and their evaluation. Zhonghua Gan-
zangbing Zazhi. 13, 878–880 (2005) (Chinese).

 17. Wang, Y. Y. et al. Value of psychometric hepatic encephalopathy score in the diagnosis of minimal hepatic encephalopathy in 
patients with liver cirrhosis. J. Clin. Hepatol. 34, 2592–2598 (2018) (Chinese).

 18. Hao, L. C., Hu, Q. Y. & Hou, X. H. Age- and education-corrected number connection test and digit symbol test in diagnosis of 
minimal hepatic encephalopathy. Zhonghua Ganzangbing Zazhi 23, 533–537 (2015) (Chinese).

 19. Wei, M. et al. Diagnostic accuracy of the chinese version of the trail-making test for screening cognitive impairment. J. Am. Geriatr. 
Soc. 66, 92–99 (2018).

 20. Chinese Society of Hepatology, Chinese Medical Association. Chinese guide lines on the management of liver cirrhosis. J. Clin. 
Hepatol. 35, 2408–2425 (2019) (Chinese).

 21. European Association for the Study of the Liver. EASL clinical practice guidelines for the management of patients with decom-
pensated cirrhosis. J. Hepatol. 69, 406–460 (2018).

 22. Rivera, D. et al. Regression-based normative data for children from Latin America: Phonological verbal fluency letters M, R, and 
P. Assessment. 28, 264–276 (2021).

 23. Rivera, D. et al. Normative data for verbal fluency in healthy Latin American adults: Letter M, and fruits and occupations categories. 
Neuropsychology 33, 287–300 (2019).

 24. Van der Elst, W., Reed, H. & Jolles, J. The logical grammatical structures test: Psychometric properties and normative data in 
Dutch-speaking children and adolescents. Clin. Neuropsychol. 27, 396–409 (2013).

 25. Strauss, E., Sherman, E. M. & Spreen, O. A Compendium of Neuropsychological Tests: Administration, Norms, and Commentary 3rd 
edn. (Oxford University Press, 2006).

 26. Chinese Society of Gastroenterology and Chinese Society of Hepatology, Chinese Medical Association. Consensus on the diag-
nosis and treatment of hepatic encephalopathy in China (Chongqing, 2013). Zhonghua Ganzangbing Zazhi. 21, 641–651 (2013) 
(Chinese).

 27. Zhang, P. Study on the traditional Chinese medicine syndromes distribution of cirrhotic patients with minimal hepatic encephalopathy 
[Dissertation] (Beijing University of Chinese Medicine, 2018).

 28. Amodio, P. et al. Detection of minimal hepatic encephalopathy: Normalization and optimization of the psychometric hepatic 
encephalopathy score. A neuropsychological and quantified EEG study. J. Hepatol. 49, 346–353 (2008).

 29. Fellows, R. P. & Schmitter-Edgecombe, M. Symbol digit modalities test: Regression-based normative data and clinical utility. Arch. 
Clin. Neuropsychol. 35, 105–115 (2019).

 30. Salthouse, T. A. Aging and measures of processing speed. Biol. Psychol. 54, 35–54 (2000).
 31. Duarte-Rojo, A. et al. Validation of the psychometric hepatic encephalopathy score (PHES) for identifying patients with minimal 

hepatic encephalopathy. Dig. Dis. Sci. 56, 3014–3023 (2011).
 32. Málišová, E. et al. Slovak version of the trail making test: Normative data. Appl. Neuropsychol. Adult. 2021, 1–8 (2021).



9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4005  | https://doi.org/10.1038/s41598-024-54696-4

www.nature.com/scientificreports/

 33. Espenes, J. et al. Demographically adjusted trail making test norms in a Scandinavian sample from 41 to 84 years. Clin. Neuropsy-
chol. 34, 110–126 (2020).

 34. Suarez, P. A. et al. Demographically adjusted norms for the trail making test in native Spanish speakers: Results from the neuropsy-
chological norms for the US-Mexico border region in Spanish (NP-NUMBRS) project. Clin. Neuropsychol. 35, 308–323 (2021).

 35. Roivainen, E. Gender differences in processing speed: A review of recent research. Learn. Individ Differ. 21, 145–149 (2011).
 36. Camarata, S. & Woodcock, R. Sex differences in processing speed: Developmental effects in males and females. Intelligence 34, 

231–252 (2006).
 37. Gaertner, B. et al. Normative data for the digit symbol substitution test in a population-based sample aged 65–79 years: Results 

from the German health interview and examination survey for adults (DEGS1). Clin. Neuropsychol. 32, 114–132 (2018).
 38. Gairing, S. J. et al. Prevalence of minimal hepatic encephalopathy in patients with liver cirrhosis: A multicenter study. Am. J. 

Gastroenterol. https:// doi. org/ 10. 14309/ ajg. 00000 00000 002251 (2023).
 39. Pitel, A. L. et al. Genuine episodic memory deficits and executive dysfunctions in alcoholic subjects early in abstinence. Alcohol. 

Clin. Exp. Res. 31, 1169–1178 (2007).
 40. Campagna, F. et al. Confounders in the detection of minimal hepatic encephalopathy: A neuropsychological and quantified EEG 

study. Liver Int. 35, 1524–1532 (2015).
 41. Office of the Leading Group of the State Council for the Seventh National Population Census. in Major figures on 2020 population 

census of China 1–127 (China Statistical Publishing House, 2021).

Acknowledgements
We would like to thank all the patients, their families, and the investigators who participated in the study.

Author contributions
Study concept and design (Y.Y., D.G., P.Z.), acquisition of data (P.Z., X.C., D.M., Y.G., Y.L., D.Z., Q.L., M.Z., B.L., 
F.L., J.X., X.W., Y.L.), analysis and interpretation of data (P.Z.), drafting of the manuscript (P.Z.), critical revision 
of the manuscript for important intellectual content (YY), administrative, technical, or material support (H.D., 
D.G., Y.Y.), and study supervision (D.G., X.L., Y.Y.). All authors have made a significant contribution to this study 
and have approved the final manuscript.

Funding
This study is funded by the Research Projects for the Business Construction of National Clinical Research 
Base of Traditional Chinese Medicine from the State Administration of Traditional Chinese Medicine (No. 
JDZX2015300) and the “111 Project” from Beijing university of Chinese medicine and Dongzhimen hospital 
(No. 2016-DZM111-JC016).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 54696-4.

Correspondence and requests for materials should be addressed to Y.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.14309/ajg.0000000000002251
https://doi.org/10.1038/s41598-024-54696-4
https://doi.org/10.1038/s41598-024-54696-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Regression-based Chinese norms of number connection test A and digit symbol test for diagnosing minimal hepatic encephalopathy
	Methods
	Healthy controls
	Patients with liver cirrhosis
	Neuropsychological tests
	Statistical analysis

	Results
	Characteristics of healthy controls and cirrhotic patients
	Effects of demographic factors on NCT-A and DST in healthy controls
	The normative data of NCT-A and DST in healthy controls
	A user-friendly normative data calculator
	Prevalence and characteristics of MHE

	Discussion
	Conclusion
	References
	Acknowledgements


