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Mineral nutrition remains adequate in hospitalized patients with
mental illness despite visceral fat obesity

Sachiko Kiuchi', Yoshie Hagane 2, Hiroshi Thara!”, Yoshikazu Nishiguchi?,
Nobuhiko Shioya* and Naotaka Hashizume’

Summary Many studies have been conducted worldwide to identify micronutrient deficiency (a
lack of vitamins and/or minerals) associated with obesity. As obesity is commonly observed in indi-
viduals with mental illness, this study was designed to examine whether mineral deficiencies are
present in Japanese patients with mental illness and obesity. We analyzed the serum mineral levels
and visceral fat areas (VFA) in 77 hospitalized patients with mental illness, and visceral fat obesity
(100 cm? £ VFA < 251 cm?) was observed in 57.1% of the patients. The prevalence of mineral defi-
ciency (i.e., serum concentrations < cutoff levels) in patients with obesity (100 cm? < VFA <251 cm?)
was not different from that in patients without obesity (VFA < 100 cm?) for serum levels of iron,
zinc, magnesium, sodium, potassium, calcium, and phosphorus, which was < 10% for all the
minerals, except zinc. Half of both obese and non-obese patients had a marginal zinc deficiency.
Serum levels of phosphorus were negatively associated with VFA. No significant or negative associa-
tions were observed for the other minerals. Our results indicate that only slight mineral deficiency is
expected to develop in patients with mental illness, despite the presence of visceral fat obesity due to
the consumption of diets that followed the recommended dietary allowances (RDAs) for Japanese
individuals. The high prevalence of marginal zinc deficiency was unrelated to obesity.
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secondary causes, including endocrine disorders,

1. Introduction

Obesity is defined as the accumulation of
visceral and subcutaneous fat in the body, and it is
fundamentally caused by overeating high-calorie
foods and/or lowered energy expenditure'. Visceral
fat accumulation is more strongly linked to metabolic
disease and insulin resistance than subcutaneous fat

accumulation. Moreover, obesity can arise from

genetic syndromes, central nervous system disorders,
mental factors (binge eating disorders and bulimia
nervosa), and weight-gain-promoting medicines
(immune-suppressive agents, steroid hormone drugs,
and psychotropic drugs)?. Recently, overweight and
obese individuals have been reported to have lower
levels of serum concentrations of micronutrients
(minerals [iron, selenium, zinc, sodium, potassium,

calcium, phosphorus, and magnesium] and vitamins
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[B-carotene as the precursor of vitamin A, folate,
vitamin B12, and 25-hydroxyvitamin D])3%.
Moreover, serum concentrations of potassium,
magnesium, 25-hydroxyvitamin D, and folate were
reported to be significantly and negatively correlated
with body mass index (BMI) in obese Australian indi-
viduals with a BMI between 25 and 50 kg/m?,
whereas no negative correlation was observed for the
serum concentrations of iron, zinc, sodium, calcium,
vitamin C, vitamin B12, vitamin A, and vitamin E’.
Obesity-related micronutrient deficiencies can be
explained mainly by the overconsumption of foods
that are high in calories but low in vitamins and/or
minerals’, and the increased demand for micronutri-
ents corresponds to increased body size'°.

On the other hand, a higher prevalence of over-
weight and obesity has been observed worldwide in
patients with mental illnesses, including schizo-
phrenia, mental retardation, and manic-depressive
illness (60.1%), than that in the general population'!.
In Japanese patients with schizophrenia, the preva-
lence of obesity was 48.9% and 23.1% among
outpatients and inpatients, respectively'?. Obesity in
mentally ill patients may result from overeating,
reduced physical activity, and the use of psychotropic
medications that induce obesity. However, to the best
of our knowledge, the prevalence of mineral defi-
ciency in hospitalized patients with mental illness and
obesity has not been consistently reported in Japan.
Given this background, we questioned whether a
mineral deficiency was observed in patients with
obesity with mental illness. In this preliminary study,
we investigated the presence of mineral deficiencies

in 77 hospitalized patients with mental illness.

2. Patients and Methods

Participants

We included 13 patients in addition to the 64
patients with schizophrenia who participated in a
previous study'?; these 77 hospitalized patients with
mental illness (aged 23-72 years; 50 men and 27
women), comprising 65 patients with schizophrenia
(84%); 8, with mental retardation; 4, with manic-

depressive illness (Table 1). Age was confirmed to

be matched between patients with and without
visceral fat obesity However, the number of female
patients was half that of the male patients; thus, the
iron levels of men and women were separately
examined.

The average duration of illness in all patients
was 29.4+11.3 years (median 30 years, range 1-57
years). Patients had multiple illnesses other than
mental illness, including hypertension (n= 30),
dyslipidemia (n= 32), diabetes mellitus including
suspected diabetes (n= 14), hyperuricemia (n=9),
decreased renal function (n= 8), hypothyroidism (n=
3), liver diseases (n= 4), gastrointestinal diseases (n=
4), arrhythmia (n= 4), sequelae of cerebral infarction
(n= 2), and anemia (n= 2). Patients were medicated
with antipsychotic agents (i.e., quetiapine, risperi-
done, perospirone, haloperidol, lithium carbonate,
timiperone, nemonapride, carbamazepine, zotepine,
and mianserin). These medications are associated
with weight gain and the development of obesity,
but although the degree of these effects can
depending vary on among individuals'+". Although
serum zinc concentrations have been reported to
decrease with lithium carbonate and carbamazepine
medications®, we found no significant difference in
serum zinc concentrations between patients on these
two medications (77.8+9.3 pg/dL, n= 20) and those
on other psychotropic medications (82.2+12.4 pg/
dL, n= 50, p > 0.05), in our cohort. Antihypertensive,
hypolipidemic, and hypoglycemic agents were
prescribed to patients with hypertension, dyslipid-
emia, and hyperglycemia, respectively. Many
antihypertensive drugs have been reported to reduce
serum zinc concentrations?', but we found no statisti-
cally significant difference between antihypertensive
drug users (82.0+11.3 pg/dL, n= 30) and non-users
(79.7£12.3 pg/dL, n= 47, p > 0.05) in our cohort.
The relationship between lipid-lowering drugs and
serum zinc concentrations remains uncertain in our
experience.

All patients were classified by the presence of
visceral fat obesity (defined as VFA > 100 cm?) and
by BMI (kg/m?) (underweight, BMI < 18.5; normal
range, 18.5 < BMI < 25.0; pre-obese, 25.0 < BMI <
30.0; obesity class I, 30.0 < BMI < 35.0) based the
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Table 1 Characteristics of patients with or without visceral fat obesity.

Patients wth mental illness

Significance”

VFA (cm?) <100 > 100
range 21.0-98.8 100.7 -251.4

61.5+238 152.1+364 p<0.01
No. of patients 33 (42.9%) 44 (57.1%)
Men / Women 20/13 30/ 14 ns
Age (years) 54.1+10.6 56.7+7.6 ns
Illness duration (years) 32.6+12.6 27.3+£10.0 p<0.05
BMI (kg/m’) 227+33 268+2.6 p<0.01
SBP (mmHg) 1202+13.8  125.6+153 ns
DBP (mnHg) 74.0 £ 10.4 78.1+85 p<0.05
No. of patients with
UW/NIII,/PO/OCI 2/23/8/0  0/8/31/5
No. of patients with 287372 37/5/2

SCZ/MR/MDI

Values are mean+SD. * Significance between participants with VFA < 100 cm’
and VFA > 100 cm®. ns: not significant (p > 0.05).

VFA, visceral fat area; BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; UW, underweight (BMI < 18.5); NR, normal
range (18.5 < BMI <25.0); PO, pre-obese (25.0 < BMI < 30.0); OCI, obese
class I (30.0 < BMI < 35.0); SCZ, schizophrenia; MR, mental retardation; MDI,

manic-depressive illness.

guideline established by Japan Society for the Study
of Obesity?. Guidelines recommend the use of VFA
to assess the accumulation of visceral fat.
Hospitalized patients were provided meals
containing calories, nutrients, and dietary fiber that
fulfilled the recommended dietary allowances
(RDAs) for the Japanese population®. Those aged <
60 years were given 2127 kcal/day, 71.2 g/day of
protein, 45.8 g/day of lipids, 348 g/day of carbohy-
drates, and 19 g/day of dietary fiber, and those aged
> 60 years were given 1635 kcal/day, 68.0 g/day of
protein, 47.9 g/day of lipids, 230 g/day of carbohy-
drates, and 19 g/day dietary fiber—both along with
RDA-based amounts of minerals and vitamins.
The patients finished all hospital meals provided. In
addition to hospital-provided meals, some patients
often ate snacks brought by themselves and drank
high-calorie beverages. The patients did not take any

additional dietary supplements.

Ethics

In compliance with the Helsinki Declaration,

written informed consent was obtained from all
patients; for patients under Hospitalization for
Medical Care and Protection, informed consent was
additionally obtained from family members. This
study was compliant with the guidelines established
by the Protection of Human Subjects Committee of
Aizunishi Hospital (Ethics Committee approval
number 1101).

Assays

After somatometry (height and body weight)
and visceral fat area (VFA) measurement by CT
(Hitachi Radix Turbo CT scanner, Ibaraki, Japan)
combined with image analysis software Fat Scan
version 3.0 (N2 system Co., Osaka, Japan), venous
blood samples were collected from the patients
before breakfast and submitted for the following
analyses in addition to the regular medical examina-
tions. VFA is a better indicator of obesity in the
Japanese population, considering that the most
common type of obesity among the Japanese is

abdominal visceral fat obesity?*. Constituents in
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blood related to obesity (fasting plasma glucose
[FPG], hemoglobin Alc [HbAlc], immunoreactive
insulin [IRI], triglyceride [TG], total cholesterol
[TC], high-density lipoprotein cholesterol [HDL-C])
and minerals (iron, zinc, magnesium, sodium, potas-
sium, calcium, and phosphorous) were measured at a
commercial laboratory (SRL, Inc., Tokyo, Japan).
Blood plasma and whole blood were used as speci-
mens for FPG and HbAlc measurements,
respectively. Low-density lipoprotein cholesterol
(LDL-C) levels were calculated using the Friedewald
equation.

Cutoff levels for diagnosing hyperglycemia (>
110 mg/dL), high HbAlc level (= 6.5%), hypertriglyc-
eridemia (= 150 mg/dL), hyper-LDL cholesterolemia
(> 140 mg/dL), and hypo-HDL cholesterolemia (< 40
mg/dL) were defined according to guidelines estab-
lished by the Japan Diabetes Society?, Japan Society
for the Study of Obesity?, and Japan Atherosclerosis
Society?. We evaluated mineral deficiencies using the
universally accepted cutoff levels® for iron (65 pg/dL
for men, 50 pg/dL for women), magnesium (1.6 mg/
dL), sodium (136 mmol/L), potassium (3.5 mmol/L),
calcium (albumin-adjusted calcium, 8.6 mg/dL), and
phosphorus (2.4 mg/dL). For zinc (80 pg/dL, marginal
deficiency), cutoff level established by the Japanese
Society of Clinical Nutrition?® was used. Serum
mineral levels are not superior indicators of body
storage, but measuring body stores is difficult.
Therefore, following previous studies*!'?, we esti-
mated the presence of mineral deficiency based on
the presence of serum concentrations below the

cutoff levels.

Statistics

Values are expressed as mean+SD, if not indi-
cated otherwise. The Mann-Whitney U test was used
to compare the differences in patients’ age, BMI,
blood pressure, duration of illness, and serum (or
blood) levels of constituents related to obesity and
micronutrients between the groups of patients with
VFA > 100 cm? and VFA < 100 cm?. The prevalence
of patients with levels exceeding the cutoff levels for
serum (or blood) constituents related to obesity,

along with mineral deficiency, was analyzed using

the z-test. To measure the strength and direction of
association between two variables, Spearman’s Rank
correlation coefficient (p) was calculated. Statistical

significance was defined as p < 0.05.

3. Results

Baseline characteristics of patients

VFA levels in the overall patient population
ranged from 21.0 to 251.4 cm? and 57.1% of the
patients had visceral fat obesity (VFA > 100 cm?)
(Table 1). Although the BMI levels in patients
having visceral fat obesity were significantly higher
than those in those without visceral fat obesity, eight
patients were classified as “normal range” by BMI
regardless of having visceral fat obesity, while
another eight were classified by BMI as “overweight”
without having visceral fat obesity. BMI therefore
misdiagnosed the presence or absence of visceral fat

accumulation in some cases.

Serum or blood levels of constituents related to
obesity and minerals in patients with or without
visceral fat obesity

Serum or blood levels of constituents related to
obesity and minerals in patients with mental illness
are shown in Table 2. Serum or blood levels of
constituents related to obesity were significantly
higher in patients having visceral fat obesity (VFA >
100 cm?) than those in patients without it (VFA <
100 cm?) for FPG, HbAlc, IRI, TG, TC, and LDL-C
levels. Serum HDL-C levels were significantly lower
in patients with VFA > 100 cm? than those in
patients with VFA < 100 cm?.

Regarding minerals, serum levels of iron, zinc,
magnesium, sodium, potassium, calcium, and phos-
phorous did not differ significantly between our
patients with mental illness who had VFA of > 100
cm? vs those with VFA of < 100 cm?. However,
serum levels of iron (only in the men) and phospho-
rous tended to be lower in patients with VFA of >
100 cm? vs those with VFA of < 100 cm?.

The numbers and frequencies (%) of patients
with serum or blood levels of constituents related to

obesity and mineral levels outside the cutoff levels
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Table 2 Serum or blood levels of constituents related to obesity and minerals in patients with or without

visceral fat obesity.

Patients wth mental illness

VFA < 100 cm’
20 men and 13 women

VFA > 100 cm’
30 men and 14 women

Cutoff levels Significance”
Constituents related to obesity
FPG (mg/dL) =110 94.1+12.3(2:6.1)  103.8+20.6(10:22.7)" p<0.01
HbAlc (%) =6.5 5.23 +£0.34 (0: 0.0) 5.66£0.69 (5: 11.4) p<0.01
IRI (uU/mL) - 8.27 + 8.95 11.04 + 8.65 p<0.05
TG (mg/dL) = 150 104.1+£42.9 (4:12.1) 1583 +82.0(19:43.2)" p<0.01
TC (mg/dL) - 181.6 +£26.8 208.5+38.5 p<0.01
LDL-C (mg/dL) = 140 108.04£20.4 (2:6.1)  131.6+33.6(14:31.8)° p<0.01
HDL-C (mg/dL) <40 53.4+8.7(2:6.1) 453+7.9(10:22.7)"  p<0.01
Minerals
Iron (Men: pg/dL) <65 119.2 £25.5 (0: 0.0) 113.9+37.9 (3: 6.8) ns
Iron (Women: pg/dL) <50 82.7+£39.1(3:9.1) 88.1£24.8(1:2.3) ns
Zinc (ng/dL) <80 79.1+11.5(21: 63.6) 81.6+12.4(23:52.3) ns
Magnesium (mg/dL) <1.6 2.31+0.22 (0: 0.0) 2.32+0.17 (0: 0.0) ns
Sodium (mmol/L) <136 141.7+3.0 (1: 3.0) 141.9+4.2 (2:4.5) ns
Potassium (mmol/L) <35 4.12+0.28 (0: 0.0) 4.20 +0.34 (0: 0.0) ns
Calcium (mg/dL) <8.6 9.37+0.55(2: 6.1) 9.59+0.65 (1: 2.3) ns
Phosphorus (mg/dL) <24 3.59£0.56 (1: 3.0) 3.45 £ 0.50 (0: 0.0) ns

Values are mean + SD (prevalence: %). * Significance of serum or blood concentrations between
participants with VFA <100 cm’” and VFA > 100 cm’. ° Significant prevalence (p < 0.05) between
participants with VFA < 100 cm” and VFA > 100 cm®. ns: not significant (p > 0.05).

FPQG, fasting plasma glucose; HbA 1c, hemoglobin Alc; IRI, immunoreactive insulin; TG, triglyceride;
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol.

are shown in Table 2. Compared with patients
without obesity, patients with obesity had a signifi-
cantly higher prevalence of hyperglycemia (22.7%),
hypertriglyceridemia (43.2%), hyper-LDL cholester-
olemia (31.7%), and hypo-HDL cholesterolemia
(22.7%). The prevalence of mineral deficiencies
appears to be quite high (> 50%) in terms of serum
zinc levels regardless of the presence of visceral fat
obesity. No patients had serum levels of magnesium
and potassium lower than the cutoff levels. The
prevalence of deficiencies of other minerals was
lower (< 10%) as compared to that of zinc in patients
with and without visceral fat obesity. Overall, the
prevalence of deficiencies of all minerals examined
did not differ significantly between the obese and
non-obese patients.

Of eight patients with BMIs of < 25, five with VFA

of > 100 cm? had hypertriglyceridemia, hyper-LDL
cholesterolemia, and/or hypo-HDL cholesterolemia.
Accordingly, in contrast to when we classified them by
VFA, we found no significant differences in terms of
serum levels of total cholesterol, HDL-C, and the preva-
lence hypo-HDL cholesterolemia between patients with
BMIs of > 25 and < 25 (data not shown). We found
similar results for serum mineral levels and the preva-
lence of mineral deficiencies whether the patients were
classified by VFA or BMI.

Association of serum or blood levels of constituents
related to obesity and minerals with VFA in patients
with metal illness

Except for HDL-C, the serum or blood levels of
all constituents related to obesity were significantly

and positively associated with the increase of VFA
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Table 3 Association of serum or blood levels of constituents related to obesity
and micronutrients with visceral fat area (VFA) and body mass index
(BMI) in patients with mental illness.

Patients wth mental illness (50 men and 27 women)

Comparison with VFA Comparison with BMI
p= Signficance p= Signficance
Constituents related to obesity
FPG 0.329 p<0.01 0.361 p<0.01
HbAlc 0.335 p<0.01 0.301 p<0.01
IRI 0.338 p<0.01 0.412 p<0.01
TG 0.363 p<0.01 0.340 p<0.01
TC 0.266 p <0.05 0.292 p<0.05
LDL-C 0.302 p<0.01 0.297 p<0.01
HDL-C -0.502 p <0.01 —-0.340 p <0.01
Minerals
Iron (Men) —0.145 ns -0.013 ns
Iron (Women) 0.140 ns —0.051 ns
Zinc 0.078 ns 0.116 ns
Magnesium 0.006 ns 0.054 ns
Sodium 0.037 ns 0.033 ns
Potassium 0.066 ns 0.087 ns
Calcium 0.115 ns 0.075 ns
Phosphorus —0.249 p<0.05 —0.060 ns

p: Spearman's Rank correlation coefficient. ns: not significant (p > 0.05).

FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; IRI, immunoreactive
insulin; TG, triglyceride; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
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Fig. 1  Association between serum phosphorus concentration and VFA (visceral
fat area: left) and IRI (immunoreactive insulin: right) in patients with
mental illness. The line of best fit on the scatterplot was calculated using
the Passing—Bablok procedure.
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(Table 3) in patients with mental illness. HDL-C
levels were significantly and negatively associated
with VFA. Regarding minerals, a significant associa-
tion was found for phosphorous (p = —0.249, p <
0.05). Phosphorus levels (Fig. 1) showed that VFA
increased as the serum concentrations of phosphorus
decreased. No significant or negative associations
were observed for the other minerals. Serum levels
of all of the components associated with obesity
were found to be significantly associated with BMI;
however, serum levels of minerals—including phos-

phorus—were not.

4. Discussion

In this study, visceral fat obesity was observed
in 57.1% of hospitalized patients with mental illness.
Since they were provided hospital meals that met
RDAs, the causes for obesity were not due to over-
eating of high-calorie foods; instead, the causes were
attributed to reduced physical activity, side effects of
antipsychotic drugs, and eating many snacks not
provided by hospital meals. Moreover, since indi-
viduals with obesity typically have a greater basal
metabolic rate®®?, this study is essential to determine
whether the increased body size in these patients
leads to greater mineral usage, potentially resulting
in mineral deficiencies. Accordingly, mineral defi-
ciencies have been reported to be associated with
obesity across different reports*!°. We compared our
results with those reported by Suman et al.* and
McKay et al.” in cross-sectional studies conducted
on individuals with obesity caused by unbalanced
diets and overeating.

Serum levels of iron* and several minerals
(magnesium, potassium, zinc, sodium, and calcium)’
have been reported to decrease with obesity; however,
they did not differ significantly in our patients with
mental illness having VFA 2 100 cm? and < 100 cm?.
Suman et al.* reported significant decreases in serum
iron levels in participants who were overweight and
obese compared with those in participants without
obesity. However, we suspected that their results
would be affected by the number of women increasing

from 7 in “normal” to 9 in “overweight” and 11 in

“obese” out of each 30 participants, as serum iron
levels in women were usually 70% to 80% of that in
men. Although inflammation during obesity can
decrease serum iron levels**, other reports have indi-
cated that serum iron levels are maintained within the
reference range®’. The same authors* also reported
that serum copper concentrations were elevated in
individuals with obesity; thus, we did not examine
whether serum copper concentrations were reduced in
our patients as a result of visceral fat accumulation.

McKay et al.” reported significant negative asso-
ciations of serum levels of magnesium and potassium
with BMI, along with a very high prevalence of defi-
ciency (100% both for magnesium and potassium),
which is inconsistent with our results. In our patients,
the prevalence of deficiency was 0.0% both for
magnesium and potassium. Their dietary records’
showed lower intakes of magnesium and potassium,
which vegetables are rich in. People with obesity in
Australia may consume significantly fewer vegeta-
bles’®, whereas our patients consumed sufficient
amounts of these minerals based on RDAs. We
opined that mineral nutrition could be maintained at
normal levels in our patients through pre-obese to
obese class I in the obesity classification as long as
they eat hospital meals containing sufficient nutrients
following RDAs. However, in individuals with
obesity greater than Class I, further studies are
required to determine the changes in nutritional needs
with respect to increasing body mass. McKay et al.”
could not account for the negative associations
observed between BMI and serum levels of magne-
sium and potassium, while no such associations were
found for zinc, sodium, and calcium. Magnesium and
potassium are the major intracellular cations, and their
extracellular concentrations are maintained by elec-
trolyte balance?. Insulin stimulates glucose transport
into tissues along with potassium?®' and increases renal
magnesium excretion®?. Therefore, hypopotassemia
and hypomagnesemia* may be induced in individuals
with insulin resistance who were obese. However, this
hypothesis remains unresolved because serum
concentrations of magnesium and potassium are not
associated with IRI in our patients.

In patients with mental illness, a higher
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prevalence of zinc deficiency was observed regard-
less of visceral fat obesity (Table 2). Zinc deficiency
was common in several psychiatric disorders with a
prevalence of 41.0% using cutoff levels of 74 pg/dL
for men and 70 pg/dL for women*, and it would be
driven by psychiatric causes (i.e., a change in diet
due to the onset of depressive symptoms) along with
low dietary intake of zinc. This notion did not apply
to our patients who consumed standard meals
prepared by the hospital; however, we did conclude
that visceral fat accumulation did not cause zinc
deficiency, since marginal levels of zinc deficiency
were observed both in patients with VFA of < 100
cm? (63.6%) and those with VFA of > 100 c¢m?
(52.3%), at a similar prevalence. One of the current
nutritional challenges in Japan is the high prevalence
of zinc deficiency, as the prevalence of marginal
zinc deficiency in the general Japanese population
around 60 years of age is reported to be 46.4% in
men and 39.0% in women*. We therefore hypothe-
sized that psychiatric disorders might spur the onset
of zinc deficiency.

Serum phosphorus levels in our patients were
significantly and negatively associated with VFA
(Fig. 1). Although reduced serum phosphorus levels
have been reported in patients with metabolic
syndrome***8, to the best of our knowledge, our
study is the first to report a negative association
between serum phosphorus concentrations within
the reference range and VFA in patients with normal
to pre-obesity BMIs as per the obesity classification.
In metabolic syndrome, the decrease in serum phos-
phorus level is believed to be attributed to increased
insulin levels in patients, which facilitates the
transfer of phosphorus from extracellular (i.e., serum
phosphorus) to intracellular components**. In our
patients, serum phosphorus levels were significantly
associated with IRI level (p = -0.219, p < 0.05: Fig.
1). The lack of association we found between BMI
and serum phosphorus level may be because BMI is
a measurement of relative body weight, not body
composition (i.e., body fat).

The present study has some limitations. First,
our study population was small; the sample size of

women is too small to reflect the true nutritional

status of women with obesity. Future studies should
increase the sample size. Second, the study popula-
tion comprised participants from only one hospital;
therefore, it is uncertain whether these findings can
be generalized to other patients with mental
illnesses. Our results may serve as a basis for future
large-scale studies. Finally, we could not investigate
how different types of mental illnesses, food intake
habits, patient behaviors, and treatments (including
psychiatric medications) affected serum micronu-
trient levels in this study. For example, in 65 of the
patients who had schizophrenia, the association
between serum phosphorus and VFA or IRI
increased to p = —-0.318 (p < 0.05) and p =-0.251 (p
< 0.05), respectively—but in another 12 who had
mental retardation and manic-depressive illness, this
association was not observed, likely because of the
small number of cases. All of our patients were fed
nutritionally complete meals based on the Japanese
RDAs, but individual differences in serum mineral
concentrations were nevertheless observed. Snacking
may be one possible cause for these variations, but
the nutrient levels present in the snacks that some of
the patients consumed were not examined. Some
patients with mental illness were observed to have
water intoxication®, also known as dilutional hypo-
natremia, caused by excessive consumption of soft
drinks, in previous studies. Individual differences in
the intestinal absorption of nutrients may also be
responsible for variations in serum mineral levels,
but these were not examined in this study. The prev-
alence of obesity has been reported to be 48.9% for
schizophrenia outpatients in the Japanese popula-
tion'?. Admission to a mental hospital was reported
to decrease this prevalence to 23.1% through life-
style improvements alongside the administration of
appropriate treatments (i.e., psychotherapy and
medication). Future studies of the relationship
between VFA and serum mineral levels in outpa-
tients with mental illness are warranted. The effects
of antipsychotics on serum mineral levels were not
examined in this study, except for zinc.

In conclusion, consistent with previous studies,
a higher prevalence of visceral fat obesity was found

in hospitalized patients with mental illness.
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However, in previous studies, mineral deficiencies
were more common in obese individuals, whereas in
our patients, despite the presence of visceral fat
obesity, the prevalence of mineral deficiencies of
iron, magnesium, sodium, potassium, calcium, and
phosphorus were low. This low prevalence may be
explained by the fact that patients consume meals
that meet the RDAs.
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