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Background: To assess the prevalence and risk factors of NAFLD in non-obese patients with schizophrenia in a public psychiatric
hospital in China.

Methods: A total of 1,305 adult inpatients with schizophrenia in 2019 were included in this retrospective study. Body mass index
(BMI) > 25 kg/m? was considered obese, and BMI < 25 kg/m® was considered non-obese. We obtained the data from electronic
records of the Affiliated Brain Hospital of Guangzhou Medical University.

Results: A total of 1,045 non-obese patients and 260 obese patients were included in this study. The prevalence of NAFLD in non-
obese patients was 25.0%, and it was much lower that in the obese patients (25.0% vs 64.6%, p < 0.001). Among the non-obese
patients, there were significant differences in age, BMI, alanine aminotransferase (ALT), metabolic indices, and the prevalence of
diabetes and hypertension between patients with NAFLD and patients without NAFLD. According to the results of binary logistic
regression analysis, age, BMI, ALT, triglyceride (TG) and diabetes were significantly related to NAFLD among non-obese patients
with schizophrenia. In contrast, HDL-C was was negatively associated with NAFLD among non-obese patients.

Conclusion: This study suggested that NAFLD was common in patients with schizophrenia, even in non-obese patients with
schizophrenia. In non-obese patients with schizophrenia, age, BMI, ALT, TG and diabetes are significantly associated with
NAFLD. Moreover, HDL-C level was an independent protective factor against NAFLD. Given the adverse outcomes of NAFLD, it
is necessary to increase awareness of NAFLD in patients with schizophrenia, especially in non-obese patients with schizophrenia.
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Introduction

NAFLD is a prevalent chronic liver disease worldwide, with an estimated global prevalence at 29.8%.' NAFLD is
positively associated with the risk of extra-hepatic tumors, cardiovascular disease, diabetes and metabolic syndrome.>
Compared with patients without NAFLD, patients with NAFLD have an increased risk of all-cause mortality.®> The
number of deaths caused by NAFLD has significantly increased to 168,970 in 2019 since 1990.*

Obesity is associated with a 3.5 times higher risk of NAFLD, and BMI is significantly associated the risk of developing
NAFLD.” Although NAFLD is more prevalent in obese subjects, it is also common in non-obese individuals. A meta-analysis
reported that in the general population, the frequency of NAFLD ranges from 25% to higher than 50%, and approximately 40% of
subjects with NAFLD worldwide can be classified as non-obese.® Compared to obese patients with NAFLD, non-obese
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individuals with NAFLD had less severe metabolic profiles, while evidence found that non-obese individuals with NAFLD also
had increased all-cause mortality and substantial comorbidities, including hypertension, diabetes, cardiovascular disease.

Schizophrenia is a common and severe mental disorder. People with schizophrenia have shorter lifespans (by 15-20
years) and higher all-cause mortality rates.” Diabetes and cardio-cerebrovascular system disorders are attributed to the higher
mortality rates in schizophrenia.” It is widely reported that patients with schizophrenia have higher risk to experience obesity
and metabolic abnormalities, which are closely associated with diabetes and cardio-cerebrovascular system disorders.®
Regardless of the diagnostic criteria of metabolic syndrome, the prevalence of metabolic syndrome in patients with
schizophrenia was higher than that in the health controls.” However, only a minority of patients with schizophrenia pay
attention to balanced diet and physical exercise.'” Studies have shown that obesity and metabolic syndrome are significantly
associated with NAFLD in the general population.'’ It could be speculated that the prevalence of NAFLD may be higher in
patients with schizophrenia than that in the general population. Indeed, studies found that the prevalence of NAFLD has
increased in patients with schizophrenia in the past years. A study found that only 1.5% of 6,521 patients with schizophrenia
had NAFLD in 2001-2006."* A larger sample-based observational study suggested that the prevalence of NAFLD was
22.4% among 25,503 patients with schizophrenia from 19 psychiatric hospitals between 2014 and 2018 in China."® In Japan,
a study found that 42.7% of 253 patients with schizophrenia showed NAFLD on abdominal echography from 2010 to
2020."* A study with a smaller sample size in China reported a higher prevalence of NAFLD, which reported that the 49.5%
of 202 young male patients with schizophrenia had NAFLD in 2015."'> NAFLD is also prevalent in patients with first-episode
psychosis. Morlan-Coarasa et al conducted a randomized interventional study and enrolled 191 patients with first-episode
non-affective psychosis from October 2005 to January 2012."° They found that 25.1% of patients with first-episode psychosis
had a fatty liver index score > 60, which is associated with increased risk of developing steatosis. These studies suggested the
following factors may be significantly related to NAFLD in schizophrenia: age, triglyceride (TG), BMI, medication
combination, antipsychotic dosage, and negative symptom scores on the Positive and Negative Syndrome Scale.'*'®

Although obesity and overweight are common in patients with schizophrenia, 6.2% of patients with schizophrenia are
underweight.'” According to a recent meta-analysis, the pooled prevalence of obesity and overweight in schizophrenia
patients were 25.5% and 29.8%, respectively.'® These findings suggested that nearly 40% of patients with schizophrenia had
normal weight or were underweight.

However, to our knowledge, there are limited studies about NAFLD in non-obese patients with schizophrenia.
Therefore, we used data from electronic records of our hospital to investigate the prevalence and risk factors of
NAFLD in non-obese schizophrenia inpatients.

Methods
Design, Setting and Subjects

This retrospective study was conducted at the Affiliated Brain Hospital of Guangzhou Medical University. We reviewed
the clinical records of all inpatients with schizophrenia who were discharged from psychiatric wards of the Affiliated
Brain Hospital of Guangzhou Medical University during 2019. Details about all the included patients have been removed
to ensure anonymity. The study included patients as follows: 1) aged 18 years or older; 2) conforming to the diagnostic
criteria for schizophrenia based on the 10th revision of the International Classification of Diseases; 3) had a liver
ultrasound test during hospitalization; 4) had records of BMI and laboratory tests within three days of admission to the
hospital; 5) no history of alcohol abuse and other substance abuse; 6) not administered liver-protecting drugs; 7) no
diseases or medicine that could cause fatty liver, such as viral hepatitis and hepatolenticular degeneration; and 8) not
pregnant or breastfeeding. If a patient was admitted to the hospital more than once during the study period, only the data
from the second admission were used for analysis. From January 2019 to December 2019, 1,786 schizophrenia inpatients
aged 18 years or older were discharged from the psychiatric wards of our hospital. A total of 481 patients were excluded.
At last, a total of 1305 adult patients with schizophrenia were included in this study. This retrospective study was proved
by Institutional Review Board of the Affiliated Brain Hospital of Guangzhou Medical University. Because of the
retrospective design of this study, the Institutional Review Board of the Affiliated Brain Hospital of Guangzhou
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Medical University exempted patient informed consent. All data analysis was performed with full patient anonymity.
This study complies with the Declaration of Helsinki.

Laboratory Tests

Nurses collected blood samples between 6 and 8 am after 8-12 hours of fasting in our hospital. Laboratory tests were
usually performed on the second day after admission to our hospital. All laboratory tests were performed using an
automatic analyzer. The laboratory tests included alanine aminotransferase (ALT), aspartate aminotransferase (AST),
total cholesterol (TC), triglyceride (TG), HDL-C and LDL-C.

Definition of NAFLD

After 8 hours of fasting, the liver ultrasound examination was conducted by a senior technician. The diagnosis of NAFLD
was based on the ultrasound tests and disease history.

Definitions of Obese and Non-Obese

Obese and non-obese: Similar to our previous study in patients with schizophrenia and a study in the general population
in China.'”'® Patients were grouped by BMI as follows: obesity, body mass index (BMI) > 25 kg/m?; and non-obese,
BMI < 25 kg/m>.

Statistical Analysis

Continuous normally distributed numerical variables are presented using the mean and standard deviation. Two-tailed
Pearson y” test or Fisher’s exact test were used to analyze categorical variables. Student’s z-test was used to compare
numerical variables. Stepwise binary logistic regression analysis was performed to examine the factors associated with
NAFLD in non-obese patients. A 2-tailed p value of 0.05 was considered significant. The SPSS statistical software for
Windows, version 22.0, was performed for all statistical analyses with 2-tailed p value of 0.05.

Results

Characteristics of Patients with Schizophrenia

At last, 1,305 adult patients (664 males and 641 females) with schizophrenia were included in our study. The mean age of
patients was 40.88 + 16.24 years. The mean years of education was 11.05 £ 3.24 years, ranging from 0 to 19 years. The
mean duration of illness was 12.95 + 11.85 years, ranging from 1 to 55 years. The mean inhospital stay was 54.67 +
62.89 days, ranging from 2 to 379 days.

Comparison of the Obese Patients and Non-Obese Patients

Table 1 showed the characteristics of obese patients and non-obese patients. The distribution of BMI categories was as
follows: 260 (19.9%) patients were obese, and 1,045 (80.1%) patients were non-obese. The prevalence of NAFLD in the
whole study patients, obese patients and non-obese patients was 32.9%, 64.6% and 25.0%, respectively. The prevalence
of NAFLD was significantly lower in the non-obese patients than in the obese patients (p < 0.001). Obese patients had
higher frequency of hypertension and diabetes and longer duration of schizophrenia (p < 0.05). Significant differences
were found in all the laboratory test results between the patients with obesity and the non-obese patients (p < 0.05).

Comparison of Patients with NAFLD and Patients Without NAFLD

Table 2 listed a comparison of patients with NAFLD or without NAFLD in the non-obese patients. Among the non-obese
patients with schizophrenia, patients with NAFLD were older, had a higher prevalence of diabetes, had a higher
prevalence of hypertension, had a higher BMI, had lower level of HDL-C, had a longer of duration, had higher level
of ALT, AST, TC, TG and LDL-C than patients without NAFLD (p < 0.05).
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Table | Characteristics of Obese Patients and Non-Obese Patients

Non-Obese Patients Obese Patients t or x* P

(n=1,045) (n=260)
Male 535 (51.2) 129 (49.6) 0.208 0.648
NAFLD 261 (25.0) 168 (64.6) 148.249 <0.001
Diabetes 89 (8.5) 41 (15.8) 12.209 <0.001
Hypertension 102 (9.8) 45 (17.3) 11.864 0.001
Age (year) 409 £ 6.4 40.7 £ 154 0.244 0.807
BMI (kg/m?) 21.5+£25 282 + 3.2 36.122 <0.001
Education (year) 109 £ 3.2 112 +£3.2 1.254 0.210
Duration (year) 125 £ 12.0 147 £ 10.9 2.837 0.005
Inhospital stay duration (day) | 53.5 + 60.8 59.5 £ 70.6 1.258 0.209
ALT (u/L) 19.9 £ l6.1 29.1 £ 225 6.176 <0.001
AST (u/L) 21.7 £ 139 245 % 16.0 2.551 0.011
TC (mmol/L) 46+ 1.0 48 % I.1 3.497 <0.001
TG (mmol/L) 1207 1713 5.884 <0.001
HDL-C (mmol/L) 1.3+03 1.1 £0.3 6.979 <0.001
LDL-C (mmol/L) 25+08 28+08 4.852 <0.001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TC, total cholesterol; TG, triglyceride.

Table 2 Characteristics of Patients with NAFLD and Patients Without NAFLD in Non-
Obese Patients

Patients without Patients with torx® | p

NAFLD NAFLD

(n=784) (n=261)
Male 394 (50.3) 141 (54.0) I.113 0.292
Diabetes 42 (5.4) 47 (18.0) 40.220 | <0.001
Hypertension 60 (7.7) 42 (16.1) 15.832 | <0.001
Age (year) 39.6 £ 167 449 + 148 4.862 <0.001
BMI (kg/m?) 21.1 £25 29+ 1.7 12.970 | <0.001
Education (year) 11.0+32 10.8 +3.3 0.628 0.530
Duration (year) 1.5+ 11.8 152 + 12.1 4.343 <0.001
Inhospital stay duration (day) | 51.0 + 57.9 60.7 * 68.3 2.053 0.041
ALT (u/L) 17.1 £123 282 +22.1 7.737 <0.001
AST (u/L) 20.7 £ 13.7 248 * 14.1 4.084 <0.001
TC (mmol/L) 4509 49+ 1.0 6.007 <0.001
TG (mmol/L) 1.0£0.5 1.6 +0.9 9.870 <0.001
HDL-C (mmol/L) 1.3+03 .1 £0.2 9.469 <0.001
LDL-C (mmol/L) 24 %07 29+08 8.651 <0.001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride.

Influencing Factors for NAFLD in Non-Obese Patients

Stepwise binary logistic regression analysis was performed to assess the risk factors for NAFLD among these non-obese
patients with schizophrenia. As shown in Table 3, age, BMI, ALT, TG and diabetes were significantly associated with
NAFLD. In contrast, HDL-C was negatively associated with NAFLD.

Discussion
NAFLD is a public health burden, especially in China. We assessed the prevalence and risk factors of NAFLD among
non-obese patients with schizophrenia in our hospital. To our knowledge, this is the first study assessing NAFLD among
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Table 3 Associated Factors with NAFLD in Non-Obese Patients

B SE Wald Test P OR 95% ClI
Age 0.021 0.007 10.021 0.002 1.021 1.008-1.035
BMI 0.249 0.025 97.157 <0.001 1.282 1.220-1.347
ALT 0.039 0.007 35.610 <0.001 1.040 1.026-1.053
TG 0.270 0.129 4.382 0.036 1.310 1.017-1.687
HDL-C 1.266 0.367 11.892 0.001 0.282 0.137-0.579
Diabetes 0.562 0.247 5.168 0.023 1.754 1.081-2.848

Abbreviations: NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; ALT, alanine aminotransferase;
TG, triglyceride.

non-obese patients with schizophrenia in a large public hospital in China. This study suggested that the prevalence of
NAFLD in all the patients, obese patients and non-obese patients was 32.9%, 64.6% and 25.0%, respectively. In the non-
obese patients, those with NAFLD were older, had a higher BMI, had a higher prevalence of diabetes, had a higher
prevalence of hypertension, had lower level of HDL-C, had higher level of ALT, AST, TC, TG and LDL-C than patients
without NAFLD. Furthermore, age, BMI, ALT, TG and diabetes were significantly associated with NAFLD in those non-
obese patients. In contrast, HDL-C was negatively associated with NAFLD in non-obese patients.

We found that the prevalence of NAFLD in all the patients with schizophrenia was 32.9%, which was higher than the
prevalence of 22.4% that was observed among 25,503 inpatients with schizophrenia in a Chinese sample."* Our study differs
from that study in that we examined all the results of liver ultrasound test, and the diagnosis of NAFLD could not be ignored in
this study. While the diagnosis of NAFLD was obtained from electronic health records in that study, NAFLD may be
underestimated in that study. Another possible reason may be the difference in the study years between our studies. We
included patients who were discharged from our hospital in 2019, and that study included patients who were admitted to 19
specialized psychiatric hospitals from 2014 to 2018, and the prevalence of NAFLD has increased over time in China. A meta-
analysis reported that the prevalence of NAFLD ranged between 14.32% and 23.36% from 2000 to 2013 in Chinese general
population.'® According to a recent meta-analysis, the overall prevalence of NAFLD increased to approximately 30.0% in
China.?® In contrast, the prevalence of NAFLD seemed to be higher in our study than that found in Chinese general
population.”® Schizophrenia patients have a higher risk of developing obesity and metabolic syndrome than healthy controls,
and obesity and metabolic syndrome have been found to be closely associated with NAFLD. In addition to common
influencing factors for NAFLD in the general population, such as age, obesity, dyslipidemia and metabolic syndrome, patients
with schizophrenia may have unique risk factors for NAFLD, including antipsychotics use and schizophrenia symptoms.'?
A study found that clozapine worsened NAFLD in mice.?' This may be due to decreased adiponectin protein levels and
elevated FASN protein levels. Another study in mice reported that long-term use of risperidone may be associated with
exacerbated diabetes syndrome and NAFLD.*

A meta-analysis showed that the overall prevalence and incidence of NAFLD among the non-obese general individuals
were 18.3% and 24.6 per 1,000 person-years, respectively.® A study included 1,812 biopsy-confirmed NAFLD patients from 9
countries in Asia found that more than 21.6% of patients with NAFLD were non-obese.”> Moreover, 50.5% of non-obese
patients with NAFLD may develop non-alcoholic steatohepatitis (NASH) or advanced fibrosis.>* Studies have found that
despite the absence of obesity, non-obese NAFLD subjects had a higher risk of death.?* Furthermore, patients with NAFLD
have been found to be independently associated with an increased risk for diabetes in non-obese subjects.”> We found that
NAFLD was common in non-obese patients with schizophrenia. And compared to the reported NALFD prevalence in the
general population.*?® Non-obese patients with schizophrenia had a higher prevalence of NAFLD. According to a meta-
analysis, more than half of patients with schizophrenia could be defined as non-obese.'® Our findings suggested that NAFLD
should be assessed and screened in adult patients with schizophrenia, even in non-obese patients.

We found that obese patients with schizophrenia had a significantly higher prevalence of NAFLD than non-obese
patients, which was consistent with studies in the general population.® Obesity is strongly associated with NAFLD.’
A meta-analysis showed that among NAFLD patients, obesity may not be independently associated with the development
of NASH or advanced fibrosis, but obesity may be related to a worse long-term prognosis.”’ A study with 310 patients
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with biopsy-confirmed NAFLD found that higher BMI was a major risk factor for NAFLD/NASH in non-obese and lean
individuals.”® Notably, 5% body weight loss has been reported to lead to similar NAFLD remission in both obese and
lean subjects.?’

Studies found that BMI is associated with risk of NAFLD in both schizophrenia patients and the general population.'>
In obese children and adolescents, BMI was associated with severe liver fibrosis.!! We found that BMI was also
associated with NAFLD in non-obese patients with schizophrenia, which is agreeing with studies conducted in the non-
obese general population.>*>! A Japanese study with 3,271 subjects suggested that >10 kg of weight gain since the age of
20 years old was significantly related to the risk of NAFLD in non-obese individuals of both sexes.’® Our findings
suggest that schizophrenia patients with a normal BMI also should avoid weight gain to decrease the risk for NAFLD.
Moreover, a study found that plasma apelin levels were significantly higher in patients with schizophrenia than healthy
controls.*” Apelin could be involved in pathological processes, such as obesity, diabetes, heart failure, and cancer.**
Higher apelin levels may be associated with obesity and NAFLD in patients with schizophrenia.

ALT is closely associated with NAFLD. A study in Japan found that ALT was most strongly associated with fibro Scan-
aspartate aminotransferase scores, which could be used to stratify NAFLD severity.>> In China, a large population-based
longitudinal study suggested that an elevated ALT/AST ratio was closely associated with the risk of new-onset NAFLD.*
A study found that the level of ALT was associated with interventricular septum thickness in subjects with NAFLD.*” That study
also showed that ALT can be used as an alternative marker for left ventricular hypertrophy in overweight and/or obese subjects
with NAFLD. A study reported that in patients with schizophrenia, patients without NAFLD had much lower levels of ALT than
patients with NAFLD, but ALT was not associated with NAFLD after adjusting BMI, fasting blood glucose, TC, TG and other

factors. !>

However, two studies suggested that ALT was closely related to metabolic syndrome in patients with
schizophrenia.'*** Increased ALT within the normal range and metabolic syndrome were correlated in patients with schizo-
phrenia with clozapine.'? Antipsychotics, especially olanzapine and the combination of olanzapine and divalproex, may increase
the level of ALT>**' In our study, elevated levels of ALT were significantly related to NAFLD in non-obese patients with
schizophrenia. The associations between serum ALT and liver fat accumulation and between ALT-associated hepatic insulin
resistance may account for the relationship between ALT and NAFLD.** A study revealed that the severity of the metabolic
profile and the prevalence of advanced fibrosis were associated with ALT in patients with biopsy-confirmed NAFLD.* It is noted
that patients could develop NASH, even if the patients had persistent normal ALT.**

In the non-obese general population, lipid metabolism has been found to be closely associated with NAFLD. In Japan,
a study with 3,271 individuals showed that triglycerides were significantly independently associated with NAFLD in non-
obese patients.> In China, a population-based cross-sectional study suggested that TG was significantly independently
associated with increased risk for NAFLD in non-obese individuals.*® Moreover, a study with patients with biopsy-
confirmed NAFLD found that cholesterol was an important biomarker of advanced liver disease in non-obese patients.”
A 5-year longitudinal cohort study in China suggested that LDL/HDL ratio was associated the risk of developing new-onset
NAFLD in Chinese non-obese individuals with normal lipid levels.*> The present study showed that TG was associated with
increased prevalence of NAFLD, and HDL-L was negatively associated with NAFLD in non-obese adult inpatients with
schizophrenia, which is similar to these studies in a non-obese general population. Fortunately, in the general population,
studies have suggested that improving blood lipid metabolism and statin treatment may decrease the risk of NAFLD.***’

Increased evidence suggests that NAFLD and diabetes are directly bidirectional.*® Diabetes may accelerate liver disease
progression in subjects with NAFLD, while NAFLD could increase the risk of diabetes complications.*® Liver plays an
important role in the pathophysiology of diabetes and NAFLD, and it results in the development of insulin resistance, which is
involved the mechanisms of NAFLD and diabetes. We found that among non-obese inpatients with schizophrenia, patients
without NAFLD had a lower prevalence of diabetes than patients with NAFLD, and diabetes was associated with NAFLD.
A recent systematic review and meta-analysis published in 2019 suggested that the estimated global frequency of NAFLD in
patients with diabetes reached up to 55.5%, and diabetes is one of the most important risk factors for NAFLD.* Notably,
schizophrenia patients have a 2- to 5-fold higher risk of developing diabetes than healthy controls because of antipsychotics
use, poor diet, and sedentary lifestyle.** Further studies should be conducted to assess the risk of NAFLD in schizophrenia
patients with diabetes.
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Dispute remains over whether gender contributes to the risk of NAFLD. For instance, a meta-analysis suggested that there
was no gender difference in the prevalence of NAFLD in the general population.! A meta-analysis of 48 studies with 356,367
subjects revealed that males had a significant higher prevalence of NAFLD than females in China.'® That meta-analysis found
that 24.81% of male individuals and 13.16% of female individuals had NAFLD, with almost 2 times the prevalence of
NAFLD in male individuals compared with female individuals. Moreover, Ma et al suggested that male gender was one of
important risk factors for NAFLD among mental disorder patients in China.'? In contrast, a meta-analysis comprising 93
studies with 10,576,383 subjects found that among non-obese subjects, female subjects had a higher prevalence of NAFLD,
but there was no significant gender difference in the prevalence of NAFLD.® Recently, a large prospective cohort study with
3,659 non-obese adults in China suggested that there was no gender difference in the prevalence of NAFLD at baseline and at
the end of the follow-up.’® We found that there was no gender difference in the prevalence of NAFLD among all the inpatients
with schizophrenia and the non-obese inpatients with schizophrenia. Possible reasons for the inconsistent results regarding
NAFLD prevalence in males and females include differences in study design, enrolled subjects, sample size, definition of
obesity and non-obesity, races, regions, and hormonal regulation.

There were several limitations in this study. First, as a retrospective study, this study could not determine whether
there is a causal relationship between the associated factors and NAFLD in non-obese patients with schizophrenia.
Second, only inpatients with schizophrenia from a hospital were included. Outpatients, patients in general hospitals, and
patients living in communities were not enrolled. Third, other important factors associated with NAFLD, such as diet,
physical activity, antipsychotics use, smoking, family history of NAFLD and genetic factors were not investigated in this
study. Fourth, this study did not enroll healthy controls with matched age and gender. Thus, there may be some possible
bias when comparing our findings with the general population of other studies.

In conclusion, the findings suggests NAFLD is prevalent in Chinese patients with schizophrenia, even in those non-
obese patients with schizophrenia. In non-obese patients with schizophrenia, age, BMI, ALT, TG and diabetes are
significantly associated with NAFLD. In contrast, HDL-C was a protective factor against NAFLD in those non-obese
patients. NAFLD results in increased unfavorable outcome. Given the adverse outcomes of NAFLD, it is necessary to
increase awareness of NAFLD in patients with schizophrenia, especially in non-obese patients with schizophrenia.
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