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Introduction

There are many reports of increased death rate and 
short life expectancy in psychiatric patients (1,2). It is 
reported that atherosclerotic diseases play an important 
role in their cause of death (3,4). Schizophrenic patients 
are shown to have an increased ratio of life-style related 
diseases such as, hypertension, diabetes, dyslipidemia 
and so on (5,6). They also have a tendency towards 
unhealthy lifestyles, which are shortness of exercise, 
inappropriate diet customs, and increased smoking rates 
(7). These lifestyles are thought to be one of the causes 
of developing atherosclerosis.
 Meta-analysis of prevalence of metabolic syndrome 
and metabolic abnormalities of schizophrenia by 
Mitchell et al. (8) showed that the rates of metabolic 

syndrome had minor differences in countries (the 
United States (32.5%), Finland (34.5%), Spain (30.2%) 
and Turkey (30.1%)), but had almost no differences 
between outpatients (31.8%) and inpatients (30.4%), 
and males (34.8%) and females (34.8%). It was also 
reported that the rates of the diagnosis of diabetes 
among schizophrenia patients were similar in either 
outpatients or inpatients, and were approximately 
2 times compared with the rates of diabetes among 
controls (9).
 Sugawara et al. and Sugai et al. (10,11) investigated 
in Japan the incidence of metabolic syndrome, obesity, 
hypertension, diabetes and dyslipidemia in schizophrenic 
patients. There have been few previous studies that 
compare the lipid and glucose levels in outpatients with 
those of inpatients except reports from Mitchell et al. 
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Abstract: It is well known that schizophrenic patients have high incidence of metabolic syndrome and life-style 
related diseases. There are reports that the rates of these diseases are increased more in outpatients than inpatients, 
but are also reports that the rates are not different between both patient groups. These differences might be related 
to the length of hospitalization. Hospitalization of Japanese psychiatric patients is about 300 days, much longer than 
western countries (below 50 days). Therefore, we investigated lipid and glucose metabolism of schizophrenic patients 
transferred from hospitalization to outpatients at Kohnodai hospital with a mean of 80 days hospitalization period to 
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outpatients at Kohnodai Hospital. These 109 outpatients were followed for approximately 2 years, without changes of 
administrated drugs, and from 144 inpatients. Data from outpatients were obtained at 6 months, 1 year and 2 years after 
their discharge. Outpatients 2 years after discharge had significantly higher levels of total cholesterol, triglyceride and 
non-high density lipoprotein (non-HDL) cholesterol than inpatients, accompanied with an increase of body weight. 
Serum HDL-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), fasting plasma glucose (FPG) and 
hemoglobin A1c (HbA1c) levels had no significant difference between both groups. These lipids and glucose levels 
also showed the same tendency in outpatients 0.5 year and 1 year after discharge as those after 2 years. We found that 
schizophrenic patients in our study appeared to have changes of lipid metabolism 2 years after their discharge, but no 
significant changes of glucose metabolism, such as FPG and HbA1c.

Keywords: schizophrenia, inpatients, glucose metabolism, lipid metabolism, outpatients



Global Health & Medicine. 2020; 2(3):178-183.Global Health & Medicine. 2020; 2(3):178-183.

and Osborn et al. (8,9). They reported that the incidence 
of these life-style related diseases and serum levels of 
triglyceride (TG), low density lipoprotein-cholesterol 
(LDL-C) and fasting plasma glucose (FPG) in Japanese 
outpatients were higher than those in inpatients (10-12). 
For example, the rate of metabolic syndrome was 34.2% 
and 13.0% in outpatients and inpatients, respectively. The 
mean length of hospitalization of Japanese psychiatric 
patients was about 300 days in 2011 much longer than 
such patients in Australia, Europe and North America 
(mean lengths are below 50 days) (13). The long duration 
of hospitalization may affect the metabolic condition of 
the patients because of controlled meals, exercise and 
so on in hospitals. The mean hospitalization time of 
schizophrenia is approximately 80 days in the psychiatric 
department of Kohnodai hospital. This is an intermediate 
hospitalization time between traditional Japan, and 
Europe and North America.
 In this present study, we investigated the similarities 
and differences of lipid and glucose metabolism in 
the same patients transferred from hospitalization to 
outpatients at the psychiatric department of Kohnodai 
hospital to clarify the metabolic changes of outpatients 
and inpatients in Japan.

Patients and Methods

Study subjects

The diagnosis of psychiatric disorder was established as 
follows. Trained psychiatrists carried out a diagnostic 
interview of the patients and reviewed information 
from the patients' relatives. A diagnosis was made using 
the ICD-10 classification. Then, several psychiatrists 
discussed the assessment of the diagnosis and treatments 
in every patient at the conference opening every week. 
We picked up schizophrenia (F20), acute and transient 
psychotic disorders (F23) and schizoaffective disorders 
(F25) as schizophrenia group (F2 group).
 This study was performed from January 2016 to 
December 2018 at Kohnodai Hospital, National Center 
for Global Health and Medicine. Study participants were 
144 of F2 group inpatients (62 males and 82 females) 
and 109 outpatients (45 males and 64 females) in the 
Psychiatry Department at Kohnodai Hospital. 109 
outpatients were followed for approximately 2 years 
from 144 discharged patients. We selected these 109 
persons without changes of administered drugs, which 
were psychotropic, anti-dyslipidemic and hypoglycemic 
drugs during these 2 years. Then, these outpatients were 
the same inpatients except for 35 non-selected persons.
 The study protocol was approved by the Ethics 
Committees of Chiba University (No.182) and the 
National Center for Global Health and Medicine 
(No.1837). All participants were provided with a written 
informed consent form, and explanation and participation 
agreement were performed in accordance with the 

Declaration of Helsinki principles.

Diagnosis of somatic diseases in study participants

Diabetes mellitus was defined as hemoglobin A1c 
(HbA1c) over 6.5% and FPG over 126 mg/dL (14). 
High LDL-cholesterolemia (fasting serum LDL-
cholesterol (LDL-C) ≥ 140 mg/dL) or low high density 
lipoprotein (low HDL)-cholesterolemia (fasting 
serum HDL-cholesterol (HDL-C) < 40 mg/dL) or 
hypertriglyceridemia (fasting TG ≥150 mg/dL) were 
described as dyslipidemia (15). Patients were also 
counted as diabetic if they used hypoglycemic drugs 
(insulins, glucagon-like peptide-1 receptor agonists, 
biguanides, sulfonylureas, α-glucosidase inhibitors, 
thiazolidines, dipeptidyl peptidase-4 inhibitors and 
sodium glucose transporter-2 inhibitors). Patients 
using statin and/or ezetimibe were counted as hyper 
LDL-cholesterolemia and those using fibrates were 
hypertriglyceridemia.

Data collections

Information on patients' demographic data was obtained 
from their medical records. Body mass index (BMI) was 
calculated by their height and weight. Blood samples 
were obtained from patients after 12 h starvation.
 Aspartate aminotransferase (AST),  alanine 
aminotransferase (ALT), γ-glutamyl transpeptidase 
(γ-GTP), total bilirubin (T-Bil), blood urea nitrogen 
(BUN) and creatinine (Cr) levels were measured using 
the consensus method of the Japan Society of Clinical 
Chemistry (JSCC) (16). Total cholesterol (TC), TG 
and FPG were assayed by enzymatic method and high 
density lipoprotein-cholesterol (HDL-C) was by direct 
method. LDL-C was calculated by Friedewald formula 
from TC, TG and HDL-C (TC-TG/5-HDL-C) and non-
HDL cholesterol (non-HDL-C) was TC minus HDL-C. 
HbA1c was measured by the high performance liquid 
chromatography (HPLC) method. Estimated glomerular 
filtration rate (eGFR) was calculated by serum creatinine 
level, age and gender (17).
 Data from outpatients were obtained at approximately 
6 months, 1 year and 2 years after their discharge.

Statistics

Data from inpatients and outpatients were compared by 
paired t test.

Results and Discussion

Profile of study participants

Table 1 shows the profile of study patients. 109 
outpatients were followed during 2 years without changes 
of administered drugs from 144 inpatients. The ratio of 
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 There were no significant differences in parameters 
of liver function, AST, ALT, γ-GTP and T-Bil between 
inpatients and outpatients. Concerning renal function, 
BUN, Cr and eGFR had no significant differences 
between both groups.

Changes of blood parameters of patients transferred 
from hospitalization to outpatient care 6 months, 1 year 
and 2 years after their discharge

Table 3 shows serum blood levels of lipid and 
glucose, and liver and renal functions in patients with 
hospitalization and outpatients approximately 6 months, 
1 year and 2 years after their discharge. We chose 
patients, which had blood parameters at hospitalization 
and all these 3 points after their discharge. Outpatients 
from either point of 6 months, 1 year or 2 years after 
their discharge showed significantly higher levels of TC 
and TG compared with inpatients (Table 3-A). Serum 
non-HDL-C was significantly higher in outpatients from 
either point of 6 months or 1 year after their discharge 
than inpatients. However, serum LDL-C and HDL-C in 
outpatients were not significantly changed at either point 
compared with those in inpatients. There were also no 
significant differences of FPG and HbA1c between either 
point of outpatients and inpatients (Table 3-B).
 As for liver function parameters, serum levels of 
AST, γ-GTP and T-Bil were not significantly different 
between inpatients and outpatients at 6 months, 1 year 
and 2 years after their discharge (Table 3-C). Serum ALT 
was only significantly increased in outpatients 1 year and 
2 years after their discharge compared with inpatients. 
Concerning renal function, serum levels of BUN had no 
significant difference between inpatients and outpatients 
(Table 3-D). Serum Cr and eGFR also showed no 
significant differences between inpatients and outpatients 
except for 1 year after their discharge. Significant 

male to female was 1:1.42 (45 persons: 64 persons) and 
the average age was 51.3 years old in outpatients. The 
ratio of hypertriglyceridemia was significantly higher in 
the outpatient group compared to the inpatient group.

Blood parameters of study participants in hospitalization 
and outpatients 2 years after their discharge

Table 2 shows serum blood levels of lipids and 
glucose, and liver and renal functions in patients 
with hospitalization (inpatients) and outpatients 
approximately 2 years after their discharge. We chose 
patients, which had blood parameters both during 
hospitalization and as outpatients 2 years after their 
discharge. Outpatients showed significantly higher 
levels of TC, TG and non-HDL-C than inpatients, 
accompanied with an increase of body weight and BMI. 
Serum HDL-C and LDL-C levels had no significant 
difference between inpatients and outpatients. Indicators 
of glucose metabolism, FPG and HbA1c were not 
significantly different in both groups.

www.globalhealthmedicine.com

Table 1. Profile of study participants

Variables

Cases (n)
   Male
   Female
Age, years (means ± SD)
   Male
   Female
Diagnosis of physical disorders (ratio)
   Diabetes mellitus
   Dyslipidemia 
      High LDL-cholestrolemia
      Low HDL-cholesterolemia
      Hypertriglyceridemia

Outpatients

109
  45
  64

51.3 ± 11.7
49.0 ± 11.6
52.9 ± 11.7

0.138

0.284
0.202

 0.358*

Inpatients

144
  62
  82

49.3 ± 11.7
47.0 ± 11.2
50.9 ± 11.9

0.160

0.264
0.209
0.210

*indicates significant difference (p < 0.05) between inpatient and 
outpatient groups.

Table 2. Blood parameters of study participants in hospitalization and outpatients

Variables

TC (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Non-HDL-C (mg/dL)
FPG (mg/dL)
HbA1c (%)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
T-Bil (mg/ dL)
BUN (mg/ dL)
Cr (mg/ dL)
eGFR (mL/min)
Body weight (kg)
BMI (kg/m2)

n

89
88
77
80
77
91
91
96
95
64
73
96
96
96
28
28

p value

0.0221
0.0026

NS
NS

0.0336
NS
NS
NS
NS
NS
NS
NS
NS
NS

0.0318
0.0292

Values are indicated as means ± SD. NS means no significant difference between inpatients and outpatients. It was approximately 2 years between 
blood examinations of inpatients and outpatients.

Inpatients

190.1 ± 43.4
124.5 ± 93.6
  52.5 ± 16.8
113.8 ± 37.8
138.8 ± 44.3
113.4 ± 26.9
  5.83 ± 0.72
  33.9 ± 65.0
  28.0 ± 27.9
  48.4 ± 67.6

  0.610 ± 0.697
  11.6 ± 5.55

  0.691 ± 0.217
  87.6 ± 22.7
  68.1 ± 17.7
  24.6 ± 5.48

Outpatients

200.0 ± 44.3
  168.3 ± 139.0
  52.2 ± 15.6
115.5 ± 37.1
148.7 ± 45.7
118.8 ± 31.8
  5.88 ± 0.78
  22.4 ± 12.6
  26.4 ± 23.3

    57.4 ± 152.6
  0.488 ± 0.230

  11.4 ± 4.77
  0.706 ± 0.237
  83.5 ± 19.7
  72.6 ± 16.4
  26.3 ± 5.54
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increasing Cr and decreased eGFR were observed in 
outpatients 1 year after their discharge compared with 
inpatients.
 The present study shows that Japanese schizophrenic 
patients transferred from hospitalization to outpatient 
care have increased serum TC, TG and non-HDL 
cholesterol levels during 2 years after their discharge, but 
no changes of FPG and HbA1c levels for these 2 years.
 In our study, serum TG level was significantly 
increased in outpatients than in inpatients accompanied 
with an increase of body weight and BMI in outpatients, 
similar to other Japanese reports (10,11,18). Recent 
reviews indicated that serum TG levels of schizophrenic 
inpatients were almost the same as controls, but those 
of outpatients were increased by 30-40% compared 
with controls (19,20). The differences of TG levels 

between outpatients and inpatients might be related to 
the circumstances of hospitalization, because serum TG 
levels are easily influenced by exogenous factors such as 
exercise and/or diets.
 Cholesterol in the body is mainly derived from 
internal cholesterol synthesis (21). External diet uptake 
contributes to body cholesterol by only 10-30% (22). 
Furthermore, serum LDL-C level is regulated by VLDL 
synthesis in the liver and LDL-receptor uptake in 
various tissues (23). It is probable that serum LDL-C 
is hard to change by exogenous factors compared to 
serum TG. Serum LDL-C level of outpatients in our 
study was almost the same as in Sugai's paper (LDL-C: 
115.5 mg/dL vs. 117.6 mg/dL, respectively) (11). But, 
those levels in inpatients were higher in our study than 
Sugai's paper (LDL-C: 113.8 mg/dL vs. 106.9 mg/dL, 
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Table 3-A. Changes of blood parameters of patients 
transferred from hospitalization to outpatient care ~ 
lipids ~ 

Variables

TC-0
TC-0.5
TC-1
TC-2
TG-0
TG-0.5
TG-1
TG-2
HDL-C-0
HDL-C-0.5
HDL-C-1
HDL-C-2
LDL-C-0
LDL-C-0.5
LDL-C-1
LDL-C-2
Non-HDL-C-0
Non-HDL-C-0.5
Non-HDL-C-1
Non-HDL-C-2

p value

0.0032
0.0028
0.0155

0.0081
0.0200
0.0331

NS
NS
NS

NS
NS
NS

0.0153
0.0483

NS

Means ± SD (mg/dL)

183.1 ± 35.6
202.5 ± 39.6
200.6 ± 39.1
199.3 ± 40.9
107.9 ± 89.1
151.6 ± 95.5
151.6 ± 98.9

  155.3 ± 121.2
  53.9 ± 17.9
  56.3 ± 14.5
  56.0 ± 16.4
  54.8 ± 16.4
107.6 ± 35.1
114.1 ± 32.0
113.5 ± 32.6
114.3 ± 31.4
133.0 ± 40.0
149.0 ± 41.6
144.9 ± 37.7
143.2 ± 34.2

TC (TG, HDL-C, LDL-C or non-HDL-C)-0, -0.5, -1 and -2 mean 
serum TC (TG, HDL-C, LDL-C or non-HDL-C) levels at inpatients, 
0.5 year, 1 year and 2 years after their discharge, respectively. 
NS indicates no significant difference compared with the level of 
inpatients.

n

42
42
42
42
39
39
39
39
33
33
33
33
32
32
32
32
32
32
32
32

Table 3-B. Changes of blood parameters of patients 
transferred from hospitalization to outpatient care ~ 
glucose ~

Variables

FPG-0
FPG-0.5
FPG-1
FPG-2
HbA1c-0
HbA1c-0.5
HbA1c-1
HbA1c-2

p value

NS
NS
NS

NS
NS
NS

Means ± SD

109.6 ± 20.3 (mg/dL)
115.8 ± 23.8
113.9 ± 20.1
118.5 ± 26.8
  5.84 ± 0.56 (%)
  5.80 ± 0.44
  5.83 ± 0.48
  5.87 ± 0.61

FPG (or HbA1c)-0, -0.5, -1 and -2 mean serum FPG (or HbA1c) 
levels as inpatients, 0.5 year, 1 year and 2 years after their discharge, 
respectively. NS indicates no significant difference compared with the 
level of inpatients.

n

43
43
43
43
40
40
40
40

Table 3-C. Changes of blood parameters of patients 
transferred from hospitalization to outpatient care ~ liver 
function ~ 

Variables

AST-0
AST-0.5
AST-1
AST-2
ALT-0
ALT-0.5
ALT-1
ALT-2
γ-GTP-0
γ-GTP-0.5
γ-GTP-1
γ-GTP-2
T-Bil-0
T-Bil-0.5
T-Bil-1
T-Bil-2

p value

NS
NS
NS

NS
0.0096
0.0329

NS
NS
NS

NS
NS
NS

  Means ± SD

  21.3 ± 20.3 (IU/L)
  19.2 ± 11.2
  21.7 ± 9.12
  20.8 ± 9.17
  20.4 ± 16.0(IU/L)
  22.4 ± 21.0
  25.9 ± 17.1
  25.3 ± 17.2
  32.4 ± 39.6 (IU/L)
  28.4 ± 26.3
  28.9 ± 31.4
  30.4 ± 25.3
0.428 ± 0.277 (mg/dL)
0.406 ± 0.199
0.472 ± 0.176
0.427 ± 0.254

AST (ALT, γ-GTP or T-Bil)-0, -0.5, -1 and -2 mean serum AST (ALT, 
γ-GTP or T-Bil) levels as inpatients, 0.5 year, 1 year and 2 years after 
their discharge, respectively. NS indicates no significant difference 
compared with the level of inpatients.

n

38
38
38
38
38
38
38
38
29
29
29
29
26
26
26
26

Table 3-D. Changes of blood parameters of patients 
transferred from hospitalization to outpatient care ~ renal 
function ~

Variables

BUN-0
BUN-0.5
BUN-1
BUN-2
Cr-0
Cr-0.5
Cr-1
Cr-2
eGFR-0
eGFR-0.5
eGFR-1
eGFR-2

p value

NS
NS
NS

NS
0.0307

NS

NS
0.0092

NS

Means ± SD (mg/dL)

11.3 ± 4.75
11.4 ± 4.25
11.3 ± 3.23
11.3 ± 3.75

0.647 ± 0.172
0.667 ± 0.152
0.681 ± 0.157
0.660 ± 0.141
89.3 ± 23.3
84.4 ± 19.9
82.3 ± 19.2
84.7 ± 20.0

BUN (Cr or eGFR)-0, -0.5, -1 and -2 mean serum BUN (Cr or eGFR) 
levels as inpatients, 0.5 year, 1 year and 2 years after their discharge, 
respectively. NS indicates no significant difference compared with the 
level of inpatients.

n

48
48
48
48
48
48
48
48
48
48
48
48
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respectively) (11). The mean hospitalization time is 80 
days in Kohnodai hospital, which is much shorter than 
their report (mean hospitalization time is over 300 days). 
This long hospitalization might be related to changes 
of life-style and severity of psychotic symptoms, which 
induce weight loss and decreased synthesis of cholesterol 
(18). Therefore, these results suggest that there are some 
differences of lipid metabolism between inpatients and 
outpatients in Japan.
 Serum TC contains mainly LDL-C, HDL-C and 
cholesterol of VLDL or remnant lipoproteins. Even 
though, LDL-C and HDL-C were almost the same 
levels between inpatients and outpatients, suggesting 
that VLDL and/or remnant lipoproteins are increasing in 
outpatients. This is one of the reasons why non-HDL-C 
level was increased in outpatients because cholesterol 
of VLDL and remnant lipoproteins are counted as non-
HDL-C.
 Serum HDL-C levels have complex mechanisms. 
Usually, serum high TG levels were accompanied with 
serum low HDL-C levels because TG and cholesterol are 
exchanged in HDL by cholesterol ester transfer protein 
(24). But, this is not the case. Outpatients showed high 
serum TG levels but no significant changes of serum 
HDL-C compared with inpatients. HDL-C metabolism in 
psychiatric patients still remains to be elucidated.
 Concerning glucose metabolism, FPG and HbA1c 
levels were not significantly changed during the 2 
years after their discharge (FPG: from 113.4 mg/dL 
to 118.8 mg/dL; HbA1c: 5.83% to 5.88%, inpatients 
to outpatients, respectively), this is different from 
Sugawara's report (10). FPG level of inpatients was 90.6 
mg/dL in their report, which is lower than our study, 
in accordance with the long hospitalization time. That 
of outpatients in their report was 115.7 mg/dL, similar 
to our study. As described by Kanzaki et al. (25), FPG 
and HbA1c levels were already significantly higher in 
Kohnodai hospitalized psychiatric patients compared 
with the Japanese standard. Therefore, we need to follow 
glucose metabolism in outpatients.
 Concerning liver functions, AST, γ-GTP and T-Bil 
were not significantly changed until 2 years after 
discharge. ALT was significantly increased at 1 year 
and 2 years after discharge. These increases are within 
standard levels (< 30 IU/L). eGFR was significantly 
decreased and serum creatinine level significantly 
increased after 1 year from their discharge. This tendency 
was also observed at 6 months and 2 years after their 
discharge. High blood pressure is one of the causes of 
renal dysfunction (26). We did not check blood pressure 
in all outpatients, but systolic and diastolic blood 
pressure had a tendency to be higher in outpatients than 
inpatients (data not shown). We need to check and follow 
liver functions, renal functions and blood pressure as 
well as lipid and glucose metabolism in outpatients with 
schizophrenia.
 This study also has some limitations. First, it was an 

observation study. It is impossible to clarify the cause-
effect relationship between life-style related conditions 
and increased serum TC and TG. Second, follow up 
period in outpatients was 2 years. We need to catch 
changes of glucose metabolism, renal and liver functions 
for a long time follow up in outpatients.
 In conclusion, we found that serum triglycerides, 
total cholesterol and non-HDL cholesterol levels of 
schizophrenic patients were increased, but blood glucose 
and HbA1c levels were not changed during 2 years after 
their discharge.
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