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Abstract

Background: One of the main causes of death in psychiatric patients is cardiovascular diseases which are closely
related with lifestyle-related diseases. Psychiatric disorders include schizophrenia and mood disorders, whose symp-
toms and treatment medicines are different, suggesting that they might have different metabolic disorders. Thus, we
studied the differences of lifestyle-related diseases between schizophrenia and mood disorders in Japan.

Methods: This cross-sectional study was performed from 2015 to 2017. Study participants were 189 Japanese hos-
pitalized patients (144 schizophrenia group, 45 mood disorders group) in the department of psychiatry at Kohnodai
hospital. We examined physical disorders, metabolic status of glucose and lipid, estimated glomerular filtration rate
(eGFR) and brain magnetic resonance imaging. We compared these data between schizophrenia and mood disorders
groups using analysis of covariance or logistic regression analysis. In comparisons between inpatients with schizo-
phrenia or mood disorders group and the standard, we quoted ‘The National Health and Nutrition Survey in Japan
2015'by Ministry of Health, Labor and Welfare as the standard.

Results: eGFR and prevalence of smoking were significantly lower in patients with mood disorder group than those
with schizophrenia group by adjustment for age. In comparisons between patients with schizophrenia group or
mood disorders group and each standard, the ratio of silent brain infarction (SBI) and cerebral infarction were signifi-
cantly high in both groups. Schizophrenia group showed significantly higher prevalence of diabetes, low high-density
lipoprotein (HDL) cholesterolemia, metabolic syndrome and smoking than the standard. Mood disorders group had
significantly high prevalence of low HDL-cholesterolemia compared with the standard. Fasting blood glucose and
HbA1c were significantly higher in schizophrenia group and female mood disorders group than the standard. Female
mood disorders group had significantly decreased eGFR with increased ratio of eGFR <60 ml/min than the standard.
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Conclusions: Participants of both groups had increased ratio of SBI and cerebral infarction, accompanied with glu-
cose and lipid disorders. Compared with schizophrenia group, mood disorders group showed significantly low eGFR

and prevalence of smoking.

Keywords: Schizophrenia, Mood disorders, Estimated glomerular filtration rate (eGFR), Smoking, Silent brain

infarction (SBI), Dyslipidemia, Diabetes

Background

It is well known that psychiatric patients have a short
life expectancy. Henekens et al. [1] reported that schiz-
ophrenic patients have approximately 15 years shorter
life time than general population and more than 60% of
deaths are due to coronary heart diseases in the United
States. In the countries from Europe, Asia, Australia,
Africa and Japan predicted life time is 11-22 years
shorter than the general population [2, 3]. Crump et al.
[4] and Smith et al. [5] also reported that cardiovascular
diseases and malignancy are the main causes of death
in psychiatric patients, and cardiovascular diseases are
likely to be underrecognized and undertreated in schiz-
ophrenic patients. These facts indicate that cardiovas-
cular diseases are one of the most important causes of
short life expectancy in psychiatric patients.

Diabetes, smoking, hypertension, dyslipidemia, vis-
ceral type obesity and chronic kidney disease (CKD)
are risk factors of cardiovascular diseases. Indeed, there
are many reports that schizophrenic patients have a
high rate of diabetes, smoking, low HDL-cholester-
olemia, obesity and metabolic syndrome [6-8]. Psy-
chiatric patients tend to have unhealthy eating habits,
shortage of exercise and smoking [8]. It is probable that
these unhealthy lifestyles are related with increased risk
factors of cardiovascular diseases. Furthermore, schiz-
ophrenic patients usually are administered typical or
atypical antipsychotics. Halfdanarson et al. [9] reported
that use of typical antipsychotics was decreased but
that of atypical antipsychotics was elevated in the past
10 years globally. Some atypical antipsychotics cause
adverse effects on glucose and lipid metabolism and
induce diabetes and dyslipidemia [10, 11]. These side
effects of antipsychotics also increase the risks of car-
diovascular diseases.

Saku et al. [12] and Kondo et al. [3] reported that the
standardized mortality rate of schizophrenic patients
with heart disease was higher than in the general popu-
lation in Japan, but they did not show that the precise
classification of heart disease and other vascular dis-
eases. Recently, our study has shown that psychiat-
ric inpatients have increased silent brain infarction
(SBI) and cerebral infarctions compared with Japanese
healthy controls, accompanied with high prevalence
of diabetes and low HDL-cholesterolemia [13]. These

results suggest that cerebral incidents are also impor-
tant in quality of life in psychiatric patients of Japan.

Psychiatric patients of our previous study were hos-
pitalized patients who were diagnosed as schizophrenic
group 69.1%, mood disorders group 18.4% and others
12.5% [13]. Schizophrenia and mood disorders are pri-
mary psychiatric diseases. Atypical antipsychotics are
the major medication used to treat schizophrenia [9], and
anti-depressants, mood-stabilizers and atypical antip-
sychotics are used to treat mood disorders. Therefore, it
is possible that there are different metabolic changes in
patients with schizophrenia and mood disorders. This
is an essential point to plan the lowering the incidence
of lifestyle-related diseases and cardiovascular diseases
in each psychiatric patient with schizophrenia or mood
disorders.

In this present study, we investigated the similari-
ties and differences of lifestyle-related diseases between
schizophrenia and mood disorders and also metabolic
differences between patients with schizophrenia or mood
disorders, and each standard in Japan. Decreased renal
function is reported in hospitalized patients with female
mood disorders.

Methods

Study design and study subjects

This cross-sectional observational study was performed
from January 2015 to December 2017 at Kohnodai
Hospital, National Center for Global Health and Medi-
cine. Study participants were 189 Japanese hospitalized
patients (82 males and 107 females) in the Psychiatry
Department at Kohnodai Hospital. The diagnosis of psy-
chiatric disorder was established as follows. Trained
psychiatrists carried out neurological examinations
and a diagnostic interview of the patients and reviewed
information from the patients’ relatives. They excluded
organic mental disorders and mental and behavioral
disorders due to psychoactive substance use. A diagno-
sis was made using the ICD-10 classification of mental
and behavioral disorders. Then, several psychiatrists dis-
cussed the assessment of the diagnosis and treatments
in every patient at the conference opening every week.
We then classified participants by schizophrenia group
(F2 group, schizophrenia (F20), acute and transient psy-
chotic disorders (F23) and schizoaffective disorders
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(F25)), mood disorders group (F3 group, bipolar affective
disorder (F31), depressive episode (F32) and recurrent
depressive disorder (F33)) and other mental disorders
(Alzheimer’s disease, stimulant psychosis and somato-
form disorders).

The study protocol was approved by the Ethics Com-
mittees of Chiba University (No. 182) and the National
Center for Global Health and Medicine (No. 1837). All
participants were provided with a written informed con-
sent form, and explanation and participation agreement
were performed in accordance with the Declaration of
Helsinki principles.

Diagnosis of somatic diseases in study participants

The definition of hypertension was above 140 mmHg of
systolic blood pressure and/or above 90 mmHg of dias-
tolic blood pressure [14]. Diabetes mellitus was defined
as HbAlc over 6.5% and fasting plasma glucose (FPQG)
over 126 mg/dl [15]. High LDL-cholesterolemia (fast-
ing serum LDL-cholesterol (LDL-C) > 140 mg/dl) or low
HDL-cholesterolemia (fasting serum HDL-cholesterol
(HDL-C)<40 mg/dl) or hypertriglyceridemia (fasting
serum triglyceride (TG) > 150 mg/dl) were described as
dyslipidemia [16]. Patients were also counted as hyper-
tension, diabetes or dyslipidemia if they used anti-hyper-
tensive (Ca antagonists, angiotensin converting enzyme
inhibitors, angiotensin receptor blockers, diuretics and
B-blockers) or hypoglycemic (insulins, glucagon-like
peptide-1 receptor agonists, biguanides, sulfonylureas,
a-glucosidase inhibitors, thiazolidines, dipeptidyl pepti-
dase-4 inhibitors and sodium glucose transporter-2
inhibitors) or anti-dyslipidemic drugs (statins, fibrates
and ezetimibe), respectively. The diagnosis of metabolic
syndrome (Met-S) was followed according to the defini-
tion of the Japan Society for the Study of Obesity. Met-S
was diagnosed when waist circumference (male > 85 cm,
female>90 cm) plus two of the following criteria are
met: high blood pressure (>130/85), reduced HDL-C
(<40 mg/dl) and/or raised TG (> 150 mg/dl), and raised
fasting hyperglycemia (>110 mg/dl) [17]. Cerebral
infarction was diagnosed by the presence of neurologi-
cal symptoms and signs corresponding to brain imaging.
The definition of smokers was patients who smoked until
1 month before admission.

Data collections

Information on patients’ demographic data and medi-
cal history were obtained from their medical records.
Body mass index (BMI) was calculated by their height
and weight. Waist circumference was measured at a level
midway between the lowest rib and the iliac crest. Hos-
pital staff measured blood pressure on the right arm of
a patient before breakfast. Blood samples were obtained
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from patients after 12 h starvation. Total cholesterol
(TC) and TG were assayed by enzymatic method and
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. HbAlc was measured by the high per-
formance liquid chromatography (HPLC) method, and
fasting plasma glucose and creatinine were by enzymatic
method. Estimated glomerular filtration rate (eGFR) was
calculated by serum creatinine level, age and gender.

Brain imaging

The magnetic resonance imaging (MRI) examinations
were performed in 5 mm thickness with 2 mm slice gap
using a 1.5 Tesla MRI system (Siemens Magnetom Sym-
phony). Patients underwent T1- and T2-weighted MRI
and fluid-attenuated inversion recovery (FLAIR) of the
brain as described by Yoshida et al. [18]. FLAIR images
were used to distinguish infarcts from dilated perivas-
cular spaces. We diagnosed silent brain infarction (SBI)
as follows: (1) spotty area>3 mm in diameter showing
high density in T2 and FLAIR images and low density
in T1 image, (2) lack of neurological signs explained by
MRI lesions, (3) no medical history of clinical symptoms
of stroke [19]. 790 elderly volunteers (330 females and
460 males, mean age 61.0 years old, range 40—88) were
used as control of SBI [20]. All of 790 volunteers were liv-
ing independently at home without apparent history of
stroke or dementia.

Statistical analysis

When we compared physical and metabolic differences
between F2 group and F3 group, first we used t-test in
quantitative variables and Fisher’s exact test in qualita-
tive variables without any adjustments. Next, we esti-
mated age-adjusted mean differences and Odds ratios
between F2 and F3 groups, using analysis of covariance
(ANCOVA) and logistic regression analysis, respectively.
Quantitative variables were BMI, waist circumstance,
systolic blood pressure, diastolic blood pressure, LDL-C,
HDL-C, triglyceride, non-HDL-C, fasting blood glucose,
HbAlc, serum creatinine and eGFR. Qualitative vari-
ables were prevalence of hypertension, diabetes mellitus,
high LDL-cholesterolemia, low HDL-cholesterolemia,
hypertriglyceridemia, metabolic syndrome, smoking, and
ratios of SBI and cerebral infarction, eGFR<60 ml/min
and albuminuria.

In comparisons between patients with schizophrenia
or mood disorders and each standard, we quoted “The
National Health and Nutrition Survey in Japan 2015’
produced by the Japanese Ministry of Health, Labor and
Welfare [21] as the healthy Japanese standard. This sur-
vey was performed in 6655 persons (3064 were male,
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3591 were female) chosen at random from all districts
of Japan at November in 2015. Age of target persons was
distributed from 1 to over 70 years old. For albuminuria,
the data of the Takahata study was used [22].

Means or ratios in the standard group were calculated
by adjusting sex and age configuration to patient group.
Next, we estimated means or ratios with 95% of confi-
dence intervals (CIs) of the patient group. Then we com-
pared characteristics of F2 group or F3 group with those
of each standard group. All analyses were conducted
using a statistical software (SAS Analytics Pro Academic
Suite; SAS Institute Inc.)

Results

Profile of study participants

Table 1 shows the profile of study patients. Schizophrenia
group (F2 group) were 144 persons, and mood disorders
group (F3 group) were 45. The ratio of male to female
was 1:1.32 (62 persons: 82 persons) in F2 group, and was
1:1.25 (20 persons: 25 persons) in F3 group, indicating a
similar ratio of male to female in both groups. The aver-
age age was approximately 13 years older in F3 group
than in F2 group.

Comparisons of physical characteristics and disorders

between study participants of F2 group and F3 group

First, we compared physical characteristics and disorders
between F2 and F3 study participants directly (Table 2).
Significant difference between F2 and F3 groups was only
observed in the prevalence of smoking by adjustment
with age (p=0.0148). Age-adjusted analysis showed no
significant differences of BMI, blood pressure, the preva-
lence of hypertension and high LDL-cholesterolemia, and

Table 1 Profile of study participants

F2 F3
Cases (n) 144 45
Male 62 20
Female 82 25
Age, years (mean £ SD) 4984123 626+126
Male 460105 608+£113
Female 526+128 6414136
Diagnosis
Schizophrenia group (F2) 144
Schizophrenia (F20) 135
Acute and transient psychotic disorders (F23) 7
Schizoaffective disorders (F25) 2
Mood disorders group (F3) 45
Bipolar affective disorder (F31) 30
Depressive episode (F32) 2
Recurrent depressive disorder (F33) 13

Page 4 of 13

the ratio of SBI and cerebral infarction, in spite of their
differences by simple analysis without age-adjustment.

Table 3 shows that female BMI was significantly higher
in the F2 group compared with the age-adjusted Japanese
standard population (the standard) but was lower in the
male F3 group. Waist circumference and blood pressure
were not significantly different in either group except
lower diastolic blood pressure of male F3 group. We cal-
culated the prevalence of hypertension, diabetes mellitus,
dyslipidemia, metabolic syndrome and smoking in both
study groups (Table 3). The ratio of low HDL-cholester-
olemia was significantly higher in both groups than the
standard. The ratio of diabetes was significantly high in
the F2 group but was no significant difference in the F3
group compared with the standard. These results are in
accordance with the increased ratio of metabolic syn-
drome in the F2 group. However, the ratios of high LDL-
cholesterolemia and hypertension showed no significant
differences in both groups compared with the standard
except lower ratio of hypertension in female F2 group,
and the ratio of hypertriglyceridemia was significantly
lower in both male groups. The prevalence of smoking
was significantly higher in the F2 group than the standard
(Table 3).

As far as brain MRI, 185 patients agreed to undergo
brain imaging. 2 and 3 patients were diagnosed as cer-
ebral infarction in F2 and F3 groups, respectively, by the
presence of neurological symptoms and signs inferred
from brain imaging. The ratios of SBI plus cerebral
infarction were 0.234 and 0.477 in the F2 and F3 groups,
respectively, and significantly higher than the age-
adjusted ratio of each control (Table 3).

Comparisons of metabolic characteristics between study
participants of F2 group and F3 group

Tables 4 and 5 show serum blood levels of lipid and glu-
cose, and renal function. First, we compared metabolic
characteristics between F2 and F3 study participants
directly (Table 4). Female eGER in F3 group was signifi-
cantly lower than female F2 group by age-adjustment
(p=0.0225). Age-adjusted analysis showed no significant
differences of HbAlc, serum creatinine and the ratio of
eGFR <60 ml/min, in spite of their differences by simple
analysis without age-adjustment.

Patients in the F2 group had significantly lower levels
of HDL-C and TG than the standard except TG in the
females. In F3 group, TG in males was significantly low
but TG in females and HDL-C were not significantly
different from the standard. LDL-C levels were not sig-
nificantly different in either group compared with the
standard. Non-HDL-C level was significantly low in male
F2 and F3 groups. FPG and HbAlc were significantly
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Table 3 Differences of physical characteristics and disorders between F2 and F3 study participants and standard

F2 F3
F2 patient group Age-adjusted mean F3 patient group Age-adjusted mean
or ratio of standard or ratio of standard
n Mean orratio 95% Cl group n  meanorratio 95%Cl group
Body mass index (BM|, 130 24.1* 23.2-249 23.1 43 229 213-244 232
kg/m?)
Male 56 247 23.4-26.1 239 19  21.7*% 19.9-235 23.8
Female 74 236* 22.5-24.7 22.5 24 238 21.3-26.2 22.8
Waist circumference 119 852 82.7-87.6 829 39 836 79.2-88.1 84.3
(cm)
Male 51 885 84.8-92.3 86.0 16 828 76.4-89.3 86.7
Female 68 826 79.4-85.9 80.5 23 842 77.7-90.6 826
Systolic blood pressure 144 1253 1226-127.9 126 45 1316 126.1-137.1 1328
(mmHg)
Male 62 1275 1234-1316 1284 20 1315 122.8-1402 1349
Female 82 1235 120.1-127.0 1242 25 1317 124.1-1393 1312
Diastolic blood pressure 144 77.2 75.3-79.1 79.0 45 770 73.7-80.4 80.1
(mmHg)
Male 62 804 77.6-83.1 82.0 20 77.1% 72.5-81.6 82.7
Female 82 748 723-77.2 76.7 25 770 71.9-82.1 78.1
Hypertension 144 0.271 0.200-0.351 0.349 45 0467 0.317-0.621 0.555
Male 62 0.355 0.237-0.487 0.367 20 0450 0.231-0.685 0.590
Female 82 0.207* 0.126-0.311 0336 25 0480 0.278-0.687 0.527
Diabetes mellitus 144 0.160* 0.104-0.230 0.089 45 0.156 0.065--0.295 0.145
Male 62 0.194 0.104-0.314 0.105 20 0.100 0.012-0.317 0.193
Female 82 0.134 0.069-0.227 0.077 25 0.200 0.068-0.407 0.106
High LDL-cholester- 140 0.264 0.193-0.345 0.241 44 0.364 0.224-0.522 0.252
olemia
Male 60 0.283 0.175-0414 0.237 19 0211 0.061-0.456 0.215
Female 80 0.250 0.160-0.359 0.244 25 0480 0.278-0.687 0.280
Low HDL-cholester- 139 0.209* 0.144-0.286 0.073 44 0.205* 0.098-0.353 0.092
olemia
Male 59 0.322* 0.206-0.456 0.134 19 0316 0.126-0.566 0.155
Female 80 0.125*% 0.062-0.218 0.028 25 0.120 0.026-0.312 0.044
Hypertriglyceridemia 143 0.210% 0.146-0.286 0.331 44 0.205* 0.098-0.353 0.354
Male 62 0.258* 0.155-0.385 0.446 19 0.158* 0.034-0.396 0436
Female 81 0.173 0.098-0.273 0.243 25 0.240 0.094-0451 0.292
Metabolic syndrome 115 0.209* 0.141-0.294 0.123 38 0.263 0.130-0421 0.190
Male 49 0.306* 0.191-0.459 0.180 15 0.200 0.041-0457 0.283
Female 66 0.136 0.062-0.236 0.068 23 0.304* 0.132-0.529 0.125
Prevalence of smoking 139 0.396* 0.314-0.482 0.237 40 0.125 0.042-0.268 0.176
Male 61 0.541% 0.409-0.669 0.395 16 0.188 0.041-0457 0.326
Female 78 0.282* 0.186-0.395 0.113 24 0.083 0.010-0.270 0.076
Ratio of SBl and cerebral 141 0.234* 0.155-0.297 0.141 44 0477* 0.325-0.633 0.304

infarction

Means or ratios in the standard group were calculated by adjusting sex and age configuration to patient group. Next, we estimated means or ratios with 95% of
confidence intervals (Cls) of the patient group. *means significantly different (p < 0.05) between patient group and standard group

higher in the F2 group and female F3 group than the

standard.

Chronic kidney disease (CKD) is recognized as one
of the important risk factors of cardiovascular diseases.

(GFR<60 ml/min)

The definition of CKD is continuous decreased GFR
and/or albuminuria
mean level of eGFR was 68.7 ml/min (95% CI was
61.4-76.1) in female F3 group and significantly lower

[23]. The



Page 8 of 13

(2020) 19:53

Uju et al. Ann Gen Psychiatry

@1-11'0)9£0 ‘SN LLOO €0 4 8600 28 dlewss
(L'€-£00) 8Y0 ‘SN ‘SN SL0 0t 8700 9 3leN
@1-910) S0 ‘SN 9000 YrT0 St 9/00 ied! UIl/|w 09 > Y4929 JO olley
(€7zor /)Tl «57200 2000 8/l 189 4 s v'8 8 dlewss
(8€C010%—) 66 ‘SN £200 61 L'/L 0C 67C 906 9 Slew
(S8LOILDE0L  «6£100 20000 Tare VL St 87T 1'/8 ied! (Uiw/|u) Y499
VN ‘SN 0910 8690 ST €0 9790 8 djews
VN ‘SN £0€0 1180 0z 8lz0 8820 9 Sew
VN SO0 0SZ0 810 St ¥EC0 9690 il (Jp/Bw) sujuResd wniss
uonaounyj [buay
QL0001 0r0—) ZL0— ‘SN 6200 690 909 Sz 090 SLS 78 3lews
VN SN 79l 165 0 Lol 16 9 Slew
@€001¥E€0—) LO0— ‘SN SN 8l 209 Sy 180 z8s ied (%) 2LV9H
(FLLoYGEE—) L'LL— ‘SN ‘SN £€9 el st oy LI T8 Slewa
VN ‘SN 0’16 89zl 0¢ Ly L 19 Sew
(€7100997 )T/ — ‘SN ‘SN 4 SlEL S vep L1 wkL (Ip/Bui) 8s0onib pooq bunsed
wis||oqblal as02N|5)
VN ‘SN gy clvl S 06€ S6El 08 Slews
VN ‘SN 1414 687l 6l €8 L€l 65 dew
VN ‘SN 08¢ 6SEL b L'ey LEL 6L (1p/Bw) D-1QH-UON
VN ‘SN 675 9¢ll S 8L ¥L01 18 Slews
VN ‘SN 69/ Ll 6l €6 ot 09 Sew
VN ‘SN 9€9 i 0'€8 SSLL 34! (1p/Bbw) apuadA|bu L
VN ‘SN S/l 509 14 961 L1S 08 Slewa
VN ‘SN ! 6 6l L€l L8y 65 Slew
VN ‘SN v/l 9GS a4 8/l 6°€S 6€1 (Ip/Bw) D-1aH
VN ‘SN 66€ 98lL S 1Y€ €8ll 08 Slewa
VN ‘SN L6 690l 6l 796 €0l 65 Sew
VN ‘SN 6€€ SELL b T8¢ €Ll 6EL (1p/Bw) D101
wisijogblowd U.\Q:
(1D %S6) sonersppo (1D %S6) SROUIYIP U d
=d 3s9] JoeXx?
paisnfpe-aby  s,4aysi4 10 }s9)-| as oljel 10 ued|\ u as oljel 10 uea|\ u
€4snzd €4 (£]

syuedpnied £pnis €4 pue Z4 usamiaq sdisiialdeieyd dijoqeiaw Jo suosiiedwo) ajqeL



(2020) 19:53 Page 9 of 13

Uju et al. Ann Gen Psychiatry

siskjeue paisn(pe-abe Aq dnoub ¢4 pue dnoib

74 U9amIaq (50°0 > d) Juasagip Ajpuedyiubis st *(50°0 < d) 3uedyiubis Jou sueaw 's'N "d|qed1jdde Jou sueaw "N ‘|EAI}UI 92UIPYUOD JO UoljeIARIqQe Ue S| | ‘sIsAjeue uoissalbal d13si60] buisn paje|ndjed a1am soljes sppo
pue YAODNY Buisn pajewisa a1om saduaIdyip ueaw pajsnipe-aby ‘IxaN ‘syuswisnfpe Aue ynoyum sdnoib g4 pue z4 usamiaq sajqerea aaieyjenb Ul 3sa3 10exa s4aysl4 pue sajgeliea aaieuenb Ul 3sa3-3 pasn am ‘3sii4

(¥'1-500) £LT0 ‘SN ‘SN LLZ0 6l 7500 9s oleway
(1'0L-€00) €50 ‘SN ‘SN 100 7l £200 VAS S_e
(>S1eaA OF) (>2ulunesid
(L¥'1-80°0) ¥€0 SN SN ¢Sl0 €e €700 €6 6/6wW 0€) eunuiwngje Jo ofey
(1D %S6) sonel sppo (1D %S6) s@dualayip uesiy d
=d 3s9] J1oex?
paisnfpe-aby  s,4aysid4 10 1sd)-| as o1jel Jo ueapy u as o131kl 1o Ued|| u
€4SATd €4 (4]

(Ponunuod) ¢ 3jqey



Uju et al. Ann Gen Psychiatry (2020) 19:53

Page 10 of 13

Table 5 Differences of metabolic characteristics between F2 or F3 study participants and standard

F2

F3

F2 patient group

n Mean or ratio 95% ClI

Age-adjusted mean
or ratio of standard

F3 patient group Age-adjusted mean

or ratio of standard

n meanorratio 95%ClI

group group
Lipid metabolism
LDL-C (mg/dl) 139 1136 107.2-1200 1187 44 1135 103.2-1238 1213
Male 59 1073 99.4-1183 118 19 1069 957-1180 1164
Female 80 1183 1106-1260 1192 25 1186 102.2-135.1 125
HDL-C (mg/dl) 139  539*% 50.9-56.9 61.7 44 556 50.3-60.9 59.6
Male 59  487* 451-523 559 19 49 41.6-564 549
Female 80 57.7% 53.3-62.0 66 25 605 53.3-67.8 63
Triglyceride (mg/dl) 143 115.5% 101.8-1293 1382 44 112* 92.7-1313 1419
Male 62 126.2% 102.2-150.1  160.2 19 111* 73.0-1470 165
Female 81 1074 91.3-1235 1211 25 1136 91.7-1354 1243
Non-HDL-C (mg/dl) 139 137.0* 129.8-1443 1452 44 135.9* 1244-1475 1487
Male 59 133.7* 121.1-1463 1481 19 1289* 1153-1425 1474
Female 80 1395 130.8-1482 1431 25 1413 123.2-1594 1496
Glucose metabolism
Fasting blood glucose 144 117.7*% 110.6-1249 981 45 1315* 108.6-1544 1016
(mgrdl)
Male 62 117.7% 105.6-1298 955 20 1268 84.2-1694 101
Female 82 117.7* 108.9-1265 98 25 1352% 108.9-161.5 102.1
HbA1c (%) 144 5.82*% 5.69-5.95 557 45 6.02* 5.67-6.38 5.66
Male 62 591* 5.65-6.17 553 20 5.97 521-6.73 571
Female 82 5.75% 5.62-5.88 56 25 6.06* 5.78-6.35 563
Renal function
Serum creatinine (mg/dl) 144 0.696 0.657-0.734 0.733 45 0.778 0.703-0.853 0.736
Male 62 0.788* 0.733-0.843 0.865 20 0.877 0.733-1.020 0.85
Female 82 0.626 0.578-0.675 0.633 25 0.698 0.633-0.764 0.644
eGFR (ml/min) 144 871 83.3-90.8 85.2 45 724 66.0-78.8 773
Male 62 906 84.8-96.4 85.6 20 771 65.4-88.7 77
Female 82 844 79.5-89.4 84.8 25  68.7* 614-76.1 77.5
Ratio of eGFR <60 ml/ 144 0.076 0.039-0.133 0.048 45 0.244 0.129-0.395 0.136
min
Male 62 0.048 0.010-0.135 0.035 20 0.150 0.032-0.379 0.135
Female 82 0.098 0.043-0.183 0.058 25 0.320% 0.150-0.535 0.137
Ratio of albuminuria 93 0.043 0.012-0.107 0.100 33 0.152 0.051-0.319 0.122
(30 mg/g creatinine <)
(40 years <)
Male 37 0.027 0.001-0.142 0.101 14 0.071 0.002-0.339 0.115
Female 56 0.054 0.011-0.149 0.099 19 0.211 0.061-0.456 0.127

Means or ratios in the standard group were calculated by adjusting sex and age configuration to patient group. Next, we estimated means or ratios with 95% of
confidence intervals (Cls) of the patient group. *means significantly different (p < 0.05) between patient group and standard group

than the age-adjusted mean of the standard (77.5 ml/
min) (Table 5). We also calculated the ratio of eGFR
lower than 60 ml/min. The ratio of eGFR lower than
60 ml/min was significantly higher in the female F3
group than the female standard, suggesting increased
CKD. We also checked the urine albumin in subjects

over 40 years old, another criterion of CKD definition
[23]. The ratio of albuminuria tended to higher in the
female F3 group than the female standard.

eGER levels were not significantly different in the F2
group and male F3 group compared with each standard
group (Table 5).
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Psychiatric medications administered to study participants
In the F2 group, 76.6% of the psychiatric medications
used is atypical antipsychotics, 21.4% is typical and 1.9%
is other psychotropic medications. Among adminis-
tered medicines in the F3 group, atypical antipsychotics
accounted for 54.7%, antidepressants and mood stabi-
lizers 34.0% and typical antipsychotics 9.4% (Additional
file 1). Therefore, most of the schizophrenic patients were
treated with antipsychotics, but mood disorders patients
were treated with various psychotropic medications
containing atypical antipsychotics, antidepressants and
mood stabilizers.

Discussion
The present study shows that silent brain infarction and
cerebral infarction were increased in patients with both
schizophrenia and mood disorders, accompanied by glu-
cose and lipid disorders. Differences between inpatients
with schizophrenia and those with mood disorders were
observed in renal function and prevalence of smoking.
Low HDL-cholesterolemia is defined by a serum level
below 40 mg/dl [16]. We observed low HDL-cholester-
olemia in this study. There are many reports that HDL-C
level is low in medicated schizophrenia [24, 25]. Sagud
et al. [26] reported that HDL-C was decreased in patients
with bipolar affective disorder and major depressive dis-
order, but Peng et al. [27] showed that serum HDL-C
level was elevated in those with major depressive disor-
der excluding psychiatric medications. HDL-C levels are
decided by not only lifestyle-related diseases, but using
psychotropic medications. Antipsychotics are known
to lower serum HDL-C levels [24, 25]. It is reported
that antidepressants are associated with weight gain but
have fewer effects on lipid and glucose metabolism [28,
29]. Usually, patients with schizophrenia use atypical or
typical antipsychotics, but those with mood disorders are
administered by not only antidepressants or mood stabi-
lizers but atypical antipsychotics. Therefore, it is possi-
ble to think that drug variation is one of the reasons why
HDL-C in mood disorders is different in these reports.
Levels of serum TG and non-HDL-C were signifi-
cantly low compared with the standard in both male F2
and F3 groups, and LDL-C was almost the same as the
standard in both groups. Kingsbury et al. [30] described
lower levels of serum TG in ziprasidone-treated patients
with schizophrenia. However, there were reports of high
serum TG or LDL-C levels in schizophrenic patients [24,
31]. Furthermore, Sugai et al. [32] showed that the levels
of TG and LDL-C were higher in outpatients with schizo-
phrenia than in inpatients. In patients with mood disor-
ders, serum lipid levels are also variable. Hummel et al.
[33] reported that serum TG level was higher and LDL-C
was lower than controls. Lehto et al. [34] showed that
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serum TG and LDL-C were increased compared with
controls. There was also a report that serum LDL-C was
not changed in mood disorders patients [35]. These dif-
ferences of TG and LDL-C levels might be dependent on
the situation of the patients such as outpatients or inpa-
tients, and drugs administered.

It is reported that the increased ratio of diabetes and
high FPG are observed in patients with both schizo-
phrenia and mood disorders, in accordance with high
FPG and HbAlc in patients of the F2 group and female
F3 group in our study. Stubbs et al. [36] described that
schizophrenic patients had at least double the risk of dia-
betes by meta-analysis. Newcomer [37], Wysokinski et al.
[38] and Vancampfort et al. [39] showed that the preva-
lence of diabetes or the level of FPG was high in patients
with schizophrenia and those with mood disorders. It is
well known that poor lifestyle is one of the major causes
of increased diabetes. There are also many reports that
antipsychotics, especially atypical ones have side effects
on glucose metabolism [10, 40]. Furthermore, Ji et al. [41]
also reported the genetic overlap between type 2 diabe-
tes and major depressive disorders. Causes of increased
diabetes or FPG in patients with schizophrenia and mood
disorders remain to be elucidated.

There are several reports concerning psychiatric dis-
orders and renal function. Tzeng et al. [42] reported
that schizophrenia is associated with a 25% increase in
the risk of developing CKD for 3 years follow up period.
There are other reports that the prevalence of CKD is
not different between schizophrenic patients and con-
trol [4], and the incidence of end-stage renal disease is
low in schizophrenic patients [43]. Rej [44] and Kess-
ing [45] showed that Lithium, mood stabilizing treat-
ment for bipolar disorder, had an effect on renal function
and induced CKD. This F3 group contained 8% Lithium
users. eGFR in the female F3 group excluding Lithium
users was 67.2 ml/min and the standard was 77.2 ml/min,
which was significantly different, indicating that Lithium
is not correlated with CKD in the F3 group in our study.
We need to have an extended follow up renal function in
these F2 and F3 patients.

As risk factors of developing CKD, there are lifestyle-
related diseases, e.g., hypertension, diabetes, dyslipi-
demia, obesity and smoking [46]. Table 4 shows that
eGER was significantly lower in F3 group than F2 group
by adjustment for age (p=0.0139). By adjustments
for age and prevalence of hypertension, there was sig-
nificant difference between F2 group and F3 group
(»p=0.0232). However, we have no significant differences
by adjustment for smoking and diabetes (p=0.2093 and
p=0.6309, respectively). These results mean that there is
significant difference of eGFR between F2 and F3 groups
which cannot be explained by age and hypertension. The
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causes of lowering eGFR in mood disorders remain to be
clarified.

The ratios of SBI and cerebral infarction were higher
in both F2 and F3 groups, compared with each control
[20], indicating the increasing tendency to cerebrovas-
cular changes. We did not detect significant differences
between F2 and F3 groups by age-adjustment. There are
reports about the relation of cerebrovascular changes to
major depression. Yanai et al. [47] reported that patients
with depression and SBI were more likely to develop
psychiatric and neurological disorders than those with
depression without SBL. A 10 years follow-up study
showed that the presence of SBI is associated with a rela-
tively poor prognosis in patients with depression [48].
The term ‘vascular depression’ has been used to describe
depression occurring later in life and characterized by
cerebral changes related to depression onset. The mean
age of the F3 group is 62.6 years old. Therefore, a part
of SBI positive depressive patients might be vascular
depression.

This study also has some limitations. First, it was
a cross-sectional study. It is impossible to clarify the
cause-effect relationship between diabetes, hyperten-
sion, lipid, eGFR and SBI. Second, patients in our study
were inpatients. It is probable that lifestyle-related dis-
eases and metabolic profiles are not same in inpatients
and outpatients [49]. Third, the number of mood disor-
ders group is 45, about one-third of schizophrenia group.
It may cause to miss the significant difference which can
be detected if patient numbers are same in both groups.
Fourth, the number of mood disorders group is small and
much different from schizophrenic group to analyze the
characteristics of bipolar affective disorder and major
depressive disorder, separately.

Conclusions

In conclusion, we found that patients with schizophrenia
or mood disorders had increased ratio of SBI and cerebral
infarction accompanied with glucose and lipid disorders
in this study. Patients with mood disorders had decreased
eGFR and prevalence of smoking compared with those
with schizophrenia.
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