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Purpose: Several nationwide population-based studies have reported that patients with psychiatric disorders are at higher risk of
developing chronic kidney disease, chronic liver disease, and metabolic syndrome than the general population; however, there are
insufficient studies in the Japanese population. Thus, we aimed to clarify the influence of psychiatric disorders on clinical laboratory
data in the Japanese population.

Patients and Methods: This cross-sectional study was based on medical records from the Department of Psychiatry at Fujita Health
University Hospital and the 6th National Database of Health Insurance Claims and Specific Health Checkups of Japan Open Data
Japan (specific health checkups in 2018) in the Ministry of Health, Labor and Welfare. The primary endpoint was the incidence of
clinical laboratory abnormalities in patients with psychiatric disorders and the general Japanese population.

Results: Compared to the general Japanese population, patients with psychiatric disorders had significantly higher rates of the
following clinical laboratory abnormalities: estimated glomerular filtration rate, alanine transaminase, aspartate aminotransferase
(AST), body mass index (BMI), high-density lipoprotein cholesterol (HDL-C), triglycerides, and hemoglobin Alc (HbAlc). In the
age-specific analysis, AST, BMI, HDL-C, and HbAlc levels were more frequently abnormal in patients with psychiatric disorders only
in the 4049 and 50-59 age groups.

Conclusion: Our results showed that patients with psychiatric disorders have higher rates of various clinical laboratory abnormalities
than the general Japanese population, with stronger influences in the middle-aged group. These data suggest the importance of
monitoring and preventing chronic diseases in patients with psychiatric disorders in Japan.
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Introduction

The life expectancy of patients with psychiatric disorders, such as schizophrenia and bipolar disorder, is approximately
10-20 years shorter than that of the general population.' A recent meta-analysis provided strong evidence that patients
with schizophrenia have significantly higher mortality due to a variety of conditions, including respiratory, endocrine,
and cardiovascular diseases.* The estimated prevalence and relative risk (RR) of obesity, dyslipidemia, and diabetes in
patients with schizophrenia is 45-55% (RR:1.5-2), 25-69% (RR:2-3), and 10-15% (RR:2), respectively. In patients with
bipolar disorder, the estimated prevalence and RR of obesity, dyslipidemia, and diabetes is 21-49% (RR:1-2), 23-38%
(RR: < 3), and 8-17% (RR:1.5-2), respectively.” Therefore, patients with psychiatric disorders are at a higher risk of
developing metabolic syndrome (MetS) than the general population. Furthermore, these comorbidities are considered risk
factors for chronic kidney (CKD) and chronic liver disease (CLD), and population-based studies have shown that patients
with schizophrenia are significantly associated with CKD and CLD.*®
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These factors have been attributed not only to unhealthy lifestyle habits but also to the risk of metabolic abnormalities
caused by second-generation antipsychotics.” Moreover, lithium use has been reported as a risk factor for CKD.'*!!
Since most psychotropic drugs are metabolized in the liver, the impact of long-term use on CLD is also concerning. In
Japan, the rate of polypharmacy and high-dose prescription of psychotropic drugs is particularly high compared to that in
other countries.'> With this background, patients with schizophrenia in Japan might be at high risk for hepatic
dysfunction.

The risk of developing MetS, CKD, and CLD is influenced by ethnicity and culture (eg, lifestyle); thus, study results
may differ between countries. To our knowledge, there are no studies comparing renal and hepatic function in Japanese
patients with psychiatric disorders to the general population, and therefore, a nationwide population-based study in Japan
is needed to evaluate this issue. This study aimed to clarify the influence of psychiatric disorders on clinical laboratory
data in the Japanese population by referring to the National Database of Health Insurance Claims and Specific Health
Checkups of Japan (NDB) Open Data Japan and comparing it with the general Japanese population.

Materials and Methods

Study Design

This cross-sectional study was based on medical records and NDB Open Data Japan. The NDB Open Data Japan is
a national healthcare database that records health insurance claims and specific health checkups and guidance data. Specific
health checkups are medical checkups conducted for insured individuals aged 40—74 years to prevent metabolic syndrome.
The clinical laboratory data of patients with psychiatric disorders were obtained from the medical records of the Department
of Psychiatry at Fujita Health University Hospital. Data on the Japanese general population was obtained from the 6th NDB
Open Data Japan (specific health checkups in 2018) from the Ministry of Health, Labor and Welfare website (https://www.
mhlw.go.jp/index.html). The study period was from April 2018 to March 2019, corresponding to specific health checkups

conducted in 2018. The clinical laboratory data included estimated glomerular filtration rate (eGFR), aspartate amino-
transferase (ALT), alanine aminotransferase (AST), body mass index (BMI), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), and hemoglobin Alc (HbAlc). If more than one clinical
laboratory data point was registered during the study period, the oldest point was used.

Clinical laboratory data in the NDB Open Data Japan are categorized according to each value (eg, AST:30 IU/L or
less, 31-50 IU/L, and 51 IU/L or more) and are further aggregated by age (in 5-year increments), sex, and prefecture. We
created a contingency table based on whether these data exceeded the reference intervals (éGFR = 60 mL/min/1.73 m?,
ALT = 30 IU/L, AST = 30 IU/L, BMI < 25 kg/m?, HDL-C = 40 mg/dL, LDL-C < 140 mg/dL, TG < 150 mg/dL, and
HbAlc < 5.6%). Because the NDB Open Data Japan omitted aggregate results of < 10, we treated these as missing
values. Similarly, we created a contingency table in the same format as the clinical laboratory data of the Department of
Psychiatry at Fujita Health University Hospital.

The study procedures were performed in accordance with the principles of the Declaration of Helsinki, and the study
was approved by the Institutional Review Board of Fujita Health University (HM22-034). No informed consent was
required because this was an observational study conducted using medical records; however, the patients had the right to
revoke their consent and opt out of the study since we made information about the study publicly available.

Assessment

The primary endpoint was the incidence of clinical laboratory abnormalities (defined as the number of patients whose
clinical laboratory data exceeded the institutional reference interval for each laboratory test) in patients with psychiatric
disorders compared with that in the general Japanese population. The secondary endpoints were age- and sex-specific
incidences of clinical laboratory abnormalities.

Statistical Analysis
Since the data from NDB Open Data Japan were registered as aggregated data, patient backgrounds were available only for
patients with psychiatric disorders, and each clinical laboratory data was presented as mean and standard deviation. Based
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on a contingency table created from the medical records of the Department of Psychiatry, Fujita Medical University
Hospital, and NDB Open Data Japan, we evaluated the incidence of clinical laboratory abnormalities in patients with
psychiatric disorders and the general Japanese population. The odds ratio [OR] and 95% confidence interval [CI] were
calculated using Fisher’s exact test. Missing values in each dataset were excluded. P-values were two-sided, and statistical
significance was set at P < 0.05. The sample size was determined based on the number of participants enrolled during the
study period. All statistical analyses were performed using R 4.1.2 (The R Foundation for Statistical Computing).

Results

Patient Characteristics

A total of 615 patients (mean age + standard deviation [SD], 54.3 £ 10.0; male, 256) with psychiatric disorders for whom
clinical laboratory data were obtained from medical records were included. The characteristics of the patients with
psychiatric disorders at Fujita Health University Hospital are summarized in Table 1. Approximately 29.4 million people
are registered for specific health checkup data in the NDB Open Data Japan.

Incidences of Clinical Laboratory Abnormalities

The incidences of clinical laboratory abnormalities in patients with psychiatric disorders and in the general Japanese
population are summarized in Table 2. Compared to the general Japanese population, patients with psychiatric disorders
had significantly higher rates of the following clinical laboratory abnormalities: eGFR (OR, 1.96; 95% CI, 1.58-2.42),
ALT (OR, 1.34; 95% CI, 1.09-1.62), AST (OR, 1.51; 95% CI, 1.24-1.84), BMI (OR, 1.62; 95% CI, 1.17-2.24), HDL-C
(OR, 2.53; 95% CI, 1.75-3.57), TG (OR, 2.78; 95% CI, 2.28-3.37), and HbAlc (OR, 1.27; 95% CI, 1.04-1.56).

Age- and Sex-Specific Incidences of Clinical Laboratory Abnormalities

The age-specific incidences of clinical laboratory abnormalities in patients with psychiatric disorders and in the general
Japanese population are summarized in Table 3. In the 4049 age group, compared to the Japanese general population,
patients with psychiatric disorders had significantly higher rates of the following clinical laboratory abnormalities: eGFR
(OR, 3.28; 95% ClI, 2.07-4.99), AST (OR, 1.50; 95% CI, 1.02-2.15), BMI (OR, 1.99; 95% CI, 1.18-3.33), HDL-C (OR,

Table | Background of Patients with Psychiatric
Disorders
Characteristics n=6I15
Age (yr), mean £ SD 543 £ 10.0
Age category, n (%)
4049 years 239 (38.9)
50-59 years 197 (32.0)
6069 years 112 (18.2)
70-74 years 67 (10.9)
Male sex, n (%) 256 (41.6)
BMI (kg/m?), mean * SD 240+ 58
eGFR (mL/min/1.73m?), mean * SD 73.6 £ 185
ALT (IU/L), mean + SD 27.6 £ 72.1
AST (IU/L), mean + SD 274 + 358
HDL-C (mg/dL), mean + SD 60.9 + 185
LDL-C (mg/dL), mean * SD 123.9 + 35.1
TG (mg/dL), mean + SD 163.9 + 134.6
HbAlc (%), mean = SD 58 %08

Abbreviations: ALT, aspartate aminotransferase; AST, alanine amino-
transferase; BMI, body mass index; eGFR, estimated glomerular filtration
rate; HbAlc, hemoglobin Alc; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; SD,
standard deviation.
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Table 2 Incidences of Clinical Laboratory Abnormalities

Reference Intervals | Patients with Japanese General OR 95% CI P value
Psychiatric Disorders | Population
n Rate (%) n Rate (%)
BMI = 25 kg/m? 65 (39.2) 8,334,543 (28.4) 1.62 1.17-2.24 | 0.0033
eGFR < 60 mL/min/1.73m? 113 (19.8) 1,613,778 (e 1.96 1.58-2.42 | < 0.001
ALT > 30 IU/L 136 (23.8) 5,556,136 (19.0) 1.34 1.09-1.62 | 0.0039
AST > 30 lU/L 124 (18.2) 3,741,292 (12.8) 1.51 1.24-1.84 | <0.001
HDL-C < 40 mg/dL 37 (10.5) 1,302,171 (4.4) 2.53 1.75-3.57 | <0.001
LDL-C = 140 mg/dL 96 (29.3) 8,610,379 (29.6) 0.98 0.77-1.25 | 0.90
TG = 150 mg/dL 180 (41.6) 5,973,092 (20.4) 2.78 2.28-3.37 | <0.001
HbAlc = 5.6% 216 (55.0) 11,336,068 | (49.0) 1.27 1.04-1.56 | 0.020

Abbreviations: ALT, aspartate aminotransferase; AST, alanine aminotransferase; BMI, body mass index; Cl, confidence interval; eGFR, estimated
glomerular filtration rate; HbAlc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds
ratio; TG, triglycerides; SD, standard deviation.

Table 3 Age-Specific Incidences of Clinical Laboratory Abnormalities

Reference Intervals | Age Category, | Patients with Japanese General OR 95% ClI P value
Years Psychiatric Disorders | Population
n Rate (%) n Rate (%)

BMI = 25 kg/m? 4049 29 (44.6) 2,922,747 (28.8) 1.99 1.18-3.33 0.0086
50-59 20 (36.4) 2,609,596 (29.9) 1.34 0.73-2.38 0.30
6069 10 (34.5) 1,948,617 (27.5) 1.39 0.58-3.13 0.41
70-74 6 (35.3) 852,670 (25.1) 1.62 0.49-4.79 0.40

eGFR < 60 mL/min/1.73m? 4049 25 (r.n 196,348 (3.7) 3.28 2.07-4.99 < 0.001
50-59 32 (17.0) 452,772 (10.2) 1.80 1.19-2.64 0.0038
6069 25 (25.8) 600,689 (18.1) 1.57 0.95-2.50 0.064
70-74 31 (50.0) 362,561 (26.1) 2.83 1.67-4.82 < 0.001

ALT > 30 IU/L 4049 58 (26.6) 2,237,447 (42.8) 1.28 0.93-1.74 0.12
50-59 39 (20.7) 1,813,478 (20.8) 1.00 0.68—-1.42 |
6069 27 (25.7) 1,112,593 (15.7) 1.85 1.15-2.90 0.010
70-74 12 (20.0) 392,618 (11.6) 1.90 0.92-3.64 0.065

AST > 30 IU/L 4049 36 (16.5) 1,179,879 (1.7) 1.50 1.02-2.15 0.034
50-59 49 (20.5) 1,162,398 (13.3) 1.67 1.20-2.30 0.0022
6069 23 (16.5) 954,065 (13.5) 1.27 0.77-2.00 0.32
70-74 16 (18.4) 444,950 (13.1) 1.49 0.81-2.59 0.15

HDL-C | < 40 mg/dL 4049 18 (14.0) 489,866 (4.8) 3.19 1.82-5.28 < 0.001
50-59 I 93) 367,449 4.2) 2.33 1.134.35 0.018
6069 6 (8.5) 291,664 4.1 2.14 0.76-4.92 0.073
70-74 2 6.1) 153,168 4.5) 1.36 0.16-5.35 0.66

LDL-C | = 140 mg/dL 4049 26 (224) 2,657,092 (26.4) 0.80 0.50-1.26 0.40
50-59 37 (33.6) 2,898,990 (33.5) 1.01 0.66-1.51 |
6069 25 (35.7) 2,178,923 (€2N)) 1.23 0.72-2.05 0.44
70-74 8 (25.0) 875,374 (26.2) 0.94 0.36-2.16 |

TG = 150 mg/dL 4049 74 (38.9) 1,910,241 (18.9) 274 2.02-3.70 < 0.001
50-59 68 (49.6) 1,864,146 (21.4) 3.62 2.55-5.13 < 0.001
60-69 25 (34.7) 1,513,703 (21.4) 1.95 1.15-3.23 0.0091
70-74 13 (382) 685,002 (20.2) 2.44 1.12-5.10 0.016

(Continued)
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Table 3 (Continued).

Reference Intervals | Age Category, | Patients with Japanese General OR 95% CI P value
Years Psychiatric Disorders | Population
n Rate (%) n Rate (%)
HbAlc | = 5.6% 4049 69 (45.1) 2,419,578 (32.0) 1.74 1.25-2.43 < 0.001
50-59 72 (56.7) 3,259,758 (49.1) 1.36 0.94-1.97 0.092
60-69 49 (65.3) 3,578,082 61.7) 1.17 0.71-1.96 0.55
70-74 26 (68.4) 2,078,360 (66.2) I.11 0.54-2.41 0.86

Abbreviations: ALT, aspartate aminotransferase; AST, alanine aminotransferase; BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate;
HbAIc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; TG, triglyceride.

3.19; 95% CI, 1.82-5.28), TG (OR, 2.74; 95% CI, 2.02-3.70), and HbAlc (OR, 1.74; 95% CI, 1.25-2.43). In contrast, in
the 70-74 age group, only eGFR (OR, 2.83; 95% CI, 1.67-4.82) and TG (OR, 2.44; 95% CI, 1.12-5.10) exhibited
significantly higher rates of abnormalities in patients with psychiatric disorders compared to the general population.
Additionally, only TG levels showed significant differences among all age groups.

The sex-specific incidences of clinical laboratory abnormalities in patients with psychiatric disorders compared to
those in the general Japanese population are summarized in Table 4. HbAlc was associated with a significantly higher
rate of laboratory abnormalities in males with psychiatric disorders (OR, 1.38; 95% CI, 1.00-1.91), and BMI was
associated with a significantly higher rate of laboratory abnormalities in females with psychiatric disorders (OR, 2.24;
95% CI, 1.41-3.50).

Discussion

This study evaluated renal function, hepatic function, and MetS-related clinical laboratory abnormalities in patients with
psychiatric disorders. This is the first study to reference the NDB Open Data Japan for the general Japanese population
and to compare it with the clinical laboratory data of patients with psychiatric disorders. Our results revealed that patients

Table 4 Sex-Specific Incidences of Clinical Laboratory Abnormalities

Reference Intervals | Sex Patients with Psychiatric Japanese General OR 95% CI P value
Disorders Population
n Rate (%) n Rate (%)
BMI = 25 kg/m? Male 32 (42.1) 5,588,638 (35.1) 1.35 0.83-2.17 0.23
Female | 33 (36.7) 2,745,905 (20.5) 2.24 1.41-3.50 < 0.001
eGFR < 60 mL/min/1.73m? Male 44 (18.7) 983,748 (11.7) 1.74 1.23-2.43 0.0015
Female | 69 (20.5) 630,030 (10.4) 222 1.68-2.90 < 0.001
ALT > 30 IU/L Male 86 (36.3) 4,376,697 (27.5) 1.50 1.14-1.97 0.0035
Female | 50 (15.0) 1,179,439 (8.8) 1.82 1.32-2.46 < 0.001
AST > 30 IU/L Male 56 (23.6) 2,711,161 (17.0) 1.51 1.10-2.04 0.0093
Female | 68 (15.2) 1,030,131 (7.7) 2.15 1.64-2.80 < 0.001
HDL-C | <40 mg/dL Male 24 (15.9) 1,144,124 (7.2) 2.44 1.51-3.80 < 0.001
Female | I3 (6.5) 158,047 (1.2) 5.8l 3.04-10.18 | <0.001
LDL-C | = 140 mg/dL Male 35 (26.5) 4,665,655 (29.5) 0.86 0.57-1.28 0.50
Female | 6l BLI) 3,944,724 (29.8) 1.06 0.77-1.45 0.70
TG = 150 mg/dL Male 107 (52.5) 4,411,047 (27.7) 2.88 2.17-3.83 < 0.001
Female | 73 (31.9) 1,562,045 (11.7) 3.54 2.64-4.70 < 0.001
HbAlc | = 5.6% Male 94 (57.7) 6,090,151 (49.6) 1.38 1.00-1.91 0.042
Female | 122 (53.0) 5,245917 (48.2) 1.21 0.93-1.59 0.15

Abbreviations: ALT, aspartate aminotransferase; AST, alanine aminotransferase; BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate;
HbA ¢, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; TG, triglyceride.
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with psychiatric disorders exhibited significantly increased rates of clinical laboratory abnormalities in all parameters
except LDL-C compared to the general Japanese population. A cross-sectional study based on medical records in
Japanese psychiatric hospitals reported a higher prevalence of MetS in patients with schizophrenia than in the general
population.”® Another cohort study showed that patients with depression had significantly higher rates of one of the
following in addition to abdominal obesity: high blood pressure, hyperglycemia, and dyslipidemia.'* To our knowledge
there are no studies comparing the renal and hepatic function of Japanese patients with psychiatric disorders to those in
the general population. Nonetheless, nonalcoholic fatty liver disease is significantly associated with the total dose of
antipsychotics in patients with schizophrenia in Japan.'> The results of this study directly or indirectly support previous
studies in Japanese patients, and replicated studies from other countries showing an association between CKD and
psychiatric disorders. Thus, our findings suggest that the physical risk is similarly high in Japanese patients with
psychiatric disorders.

In the age-specific analysis, AST, BMI, HDL-C, and HbAlc levels were more frequently abnormal in patients with
psychiatric disorders only in the 4049 and 50-59 age groups. The abovementioned study on the prevalence of MetS in
Japanese patients with schizophrenia showed a similar trend, with significant differences from the general population
only in the middle-aged group.'® Population-based studies in Taiwan have also reported that the risk of metabolic
diseases, such as diabetes and dyslipidemia, is higher in younger than in older people.'® In this regard, Liao et al noted
that older patients may have already gone through the age of developing metabolic diseases. With regard to AST,
nonalcoholic fatty liver disease affects people of any age,'’ but this disease is strongly correlated with components of
MetS, such as obesity, diabetes, and dyslipidemia, and may have been influenced by these factors.'® However, ALT was
not significantly different between patients with psychiatric disorders and the general population in the middle-aged
group in this study. Nonetheless, this needs to be further examined.

Our results showed that BMI was significantly higher in psychiatric patients only among women and HbAlc was
significantly higher only in men. In the general Japanese population, women have lower rates of obesity than men.'’
However, women with schizophrenia or bipolar disorder have higher MetS and abdominal obesity.”’ >* This could be
because weight gain due to antipsychotics is greater in women than in men.?® In contrast, the risk of weight gain and
hyperglycemia varies among antipsychotics, and the failure to account for these effects may be the reason for the
inconsistent results in this study.?**>

This study had several limitations. First, data for the general Japanese population was referred from a large national
database, whereas that for patients with psychiatric disorders was limited to the medical records of a single institution.
Therefore, this study may not reflect the general population of patients with psychiatric disorders which limits any extrapola-
tions. In addition, the patients may have been at a higher-than-usual mental and physical risk because they were admitted to
a university hospital. Future evaluations should increase the sample size of patients with psychiatric disorders, ideally using
a national database of similar sizes. Second, this study did not account for the background factors of patients with psychiatric
disorders and the general Japanese population. These include the influence of medication on existing physical illnesses and
psychiatric disorders. Third, our study included all psychiatric disorders but did not consider their detailed breakdown (eg,
schizophrenia, bipolar disorders, etc.) or severity. Fourth, explaining the risk of each physical disease solely in terms of clinical
laboratory abnormalities is difficult. Particularly, liver function should be comprehensively evaluated not only by assessing
ALT and AST but also by albumin, bilirubin, platelets, and prothrombin time. However, these clinical laboratory data could
not be compared because they were not registered in the NDB Open Data Japan. Finally, because this was a cross-sectional
observational study, the influence of psychiatric disorders over time remains unknown. Thus, it is difficult to demonstrate
a strictly causal relationship between a history of psychiatric disorders and clinical laboratory abnormalities.

Conclusion

In conclusion, our results showed that patients with psychiatric disorders had a higher rate of various clinical laboratory
abnormalities than the general Japanese population. The results also reveal that a history of psychiatric disorders has
a greater influence on laboratory parameters of middle-aged individuals than in older adults. These data suggest the
importance of monitoring and preventing chronic diseases in patients with psychiatric disorders in Japan. Further studies
with larger sample sizes that account for confounding factors are required to confirm this causal relationship.
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