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Background: Recently, a relationship between obesity and schizophrenia has been reported.
The prediction of resting energy expenditure (REE) is important to determine the energy expen-
diture of patients with schizophrenia. However, there is a lack of research concerning the most
accurate REE predictive equations among Asian patients with schizophrenia. The purpose of
the study reported here was to compare the validity of four REE equations for patients with
schizophrenia taking antipsychotics.

Methods: For this cross-sectional study, we recruited patients (n=110) who had a Diagnostic
and Statistical Manual of Mental Disorders, fourth edition, diagnosis of schizophrenia and were
admitted to four psychiatric hospitals. The mean (+ standard deviation) age of these patients
was 45.9113.2 years. Anthropometric measurements (of height, weight, body mass index) were
taken at the beginning of the study. REE was measured using indirect calorimetry. Comparisons
between the measured and estimated REEs from the four equations (Harris—Benedict, Mifflin—St
Jeor, Food and Agriculture Organization/World Health Organization/United Nations University,
and Schofield) were performed using simple linear regression analysis and Bland—Altman
analysis.

Results: Significant trends were found between the measured and predicted REEs for all four
equations (P<<0.001), with the Harris—Benedict equation demonstrating the strongest correla-
tion in both men and women (r=0.617, P<<0.001). In all participants, Bland—Altman analysis
revealed that the Harris—Benedict and Mifflin—St Jeor equations did not show a significant
bias in the prediction of REE, however, a significant overestimation error was shown for the
Food and Agriculture Organization/World Health Organization/United Nations University and
Schofield equations.

Conclusion: When estimating REE in patients with schizophrenia taking antipsychotics, the
Harris—Benedict equation appears to be the most appropriate for clinical use.
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Introduction
Weight gain among patients with schizophrenia is a growing concern because the
prevalence of obesity among patients with schizophrenia is higher than the prevalence
in the general population.'* Patients with schizophrenia are at risk for becoming
obese due to antipsychotic drug use,* poor dietary habits,’ and lack of exercise or
limited activity due to the negative symptoms of the disease.®

Several studies have shown that being overweight is a major risk factor for metabolic
syndrome, cardiovascular diseases, and premature death.” Further, obesity is associ-
ated with increased medication costs, '’ noncompliance with antipsychotic medication
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regimens,'! poorer psychosocial adaptation,'* and reduced
quality of life!* among patients with schizophrenia.

There are three principal components of energy expendi-
ture (EE) in humans: 1) the resting energy expenditure (REE),
2) the thermic effects of food, and 3) the EE of physical
activity. REE is the largest component of EE, ranging from
68% to 80% of non-activity total EE,'* and it is determined
by several factors, including age,' sex,'® body weight, and
fat-free mass.!” The maintenance of weight is the result of a
balance between energy intake and expenditure.'®

Previous studies among patients with severe mental
illnesses (SM1Is) have assessed the predictive equations for
REE only in Western populations.'®2! The differences in
lifestyle and physique make it difficult to extrapolate the
predictive REE equations used in populations of European
descent for use in Asian populations. Therefore, the purpose
of the study reported here was to measure REE in a group
of male and female patients with schizophrenia who were
taking antipsychotic medication and to determine whether
REE can be reliably estimated using previously published
predictive equations.

Methods

Participants

This study was conducted between January and September
2012. The subjects included 110 outpatients (69 males and
41 females) at four psychiatric hospitals in Japan who were
diagnosed with either schizophrenia or schizoaffective dis-
order based on Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, diagnostic criteria.?? The diagnoses
of the patients were recorded from their medical charts. The
data collection for this study was approved by the Ethics
Committee of Hirosaki University School of Medicine,
and all subjects provided written informed consent before
participating in the study.

Procedure

Demographic (age and sex) and medication data were obtained
from the participants’ medical records. Of the 110 subjects
in the study, 73 were receiving antipsychotic combination
therapy and 37 were receiving antipsychotic monotherapy.
Of the 37 patients receiving antipsychotic monotherapy, ten
were taking high metabolic risk antipsychotics (olanzapine =0,
quetiapine =4), 13 patients were taking risperidone, eleven
patients were taking aripiprazole, two patients were taking
blonanserin, and one patient was taking perospirone. Patient
height was determined without shoes on a portable stadiom-
eter with the mandible plane parallel to the floor.

The REE measurements were performed using a
MedGem™ portable indirect calorimeter (HealtheTech,
Inc., Golden, CO, USA) following an overnight fast and
30 minutes of rest at a constant temperature in a relaxing
environment. Subjects were instructed to position the nose
clips and try to breathe nasally to test that nasal respira-
tion was blocked. The calorimeter used for this study was
auto-calibrated for 5 minutes before testing. After the
calibration was complete, the patients were instructed to
place the single-use mouthpiece into their mouths and
breathe normally. A typical reading took approximately
10 minutes to obtain.

Predictive REE equations

The predictive regression equations of Harris and Benedict,?
Mifflin et al (the Mifflin—St Jeor equation),* the Food and
Agriculture Organization/World Health Organization/United
Nations University (FAO/WHO/UNU),” and Schofield*
were used to calculate REE (Table 1).

Table | Equations used for the estimation of resting energy
expenditure in kcal/day

Name of equation  Equation

Harris—Benedict?

Male 66.0+13.7 x weight (kg) + 5.0 X height (cm) —
6.8 x age (year)
Female 655.0+9.6 x weight (kg) + 1.7 X height (cm) —

4.7 X age (year)
Mifflin—St Jeor?

Male 9.99 x weight (kg)+6.25 x height (cm) — 4.92 x
age (year) + 5.00
Female 9.99 x weight (kg)+6.25 X height (cm) — 4.92 x
age (year) — 161.00
FAO/WHO/UNU?*
Male, age (years)
18-30 15.4 x weight (kg) + 27.0 x height (m) + 717.0
31-60 I'1.3 x weight (kg) + 16.0 x height (m) + 901.0
=6l 8.8 x weight (kg) + 1,128.0 x height (m) + 1,071.0
Female, age (years)
18-30 13.3 x weight (kg) + 334.0 X height (m) + 35.0
31-60 8.7 x weight (kg) + 25.0 x height (m) + 865.0
=6l 9.2 x weight (kg) + 637.0 x height (m) + 302.0
Schofield?
Male, age (years)
18-30 I5.1 x weight (kg) + 692.0
31-60 I'1.5 x weight (kg) + 873.0
=6l I'1.7 x weight (kg) + 588.0
Female, age (years)
18-30 14.8 x weight (kg) + 487.0
31-60 8.1 x weight (kg) + 846.0

=61 9.1 X weight (kg) + 659.0

Abbreviation: FAO/WHO/UNU, Food and Agriculture Organization/World
Health Organization/United Nations University.
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Statistical analysis

Descriptive statistical analyses were performed to describe
the demographic and clinical variables. To compare the main
demographic and clinical characteristics between sexes, an
unpaired Student’s #-test was performed to analyze continu-
ous variables. The data are presented as the means + standard
deviation. The relationship between measured and predicted
REEs was tested using simple linear regression analysis. The
root mean square error (RMSE) was used to evaluate the
model fit. Pearson’s correlation coefficient (') was calculated
to observe the association between the measured and pre-
dicted REEs for each of the predictive regression equations
used. Bland—Altman analysis®’ was used to calculate agree-
ment between the measured and predicted REEs. A value
of P<<0.05 was considered significant. Data were analyzed
using the PASW Statistics 18 software for Windows (IBM
Corporation, Armonk, NY, USA).

Results

Participant characteristics

The characteristics of the participants are listed in Table 2.
Significant differences were found between sexes in the
anthropometric measurements, such as body weight and
height. Moreover, males had significantly higher measured
and predicted REEs than females. No differences were
observed for any of the other characteristics.

Linear regression

In all participants, linear regression analysis revealed that the
Harris—Benedict equation had the lowest RMSE and thus the
best predictive accuracy of all tested equations (RMSE =283.41,
r=0.617, P<<0.001), followed by the Mifflin—St Jeor equation
(RMSE =291.31, r=0.588, P<<0.001), the Schofield equa-
tion (RMSE =301.70, =0.546, P<<0.001), and the FAO/

WHO/UNU equation (RMSE =303.93, =0.536, P<<0.001).
All four predictive equations were found to reliably predict
the measured REE (P<<0.001).

In males, linear regression analysis revealed that
the Harris—Benedict equation had the lowest RMSE
and thus the best predictive accuracy of all tested equa-
tions (RMSE =319.04, r=0.613, P<<0.001), followed by
the Mifflin—St Jeor equation (RMSE =322.38, r=0.602,
P<0.001), the Schofield equation (RMSE =339.86,
r=0.540, P<0.001), and the FAO/WHO/UNU equation
(RMSE =345.77, r=0.516, P<<0.001). All four predictive
equations were found to reliably predict the measured REE
in males (P<<0.001).

In females, linear regression analysis revealed that the
Mifflin—St Jeor equation had the lowest RMSE and thus the best
predictive accuracy of all tested equations (RMSE =229.66,
r=0.593, P<<0.001), followed by the FAO/WHO/UNU equa-
tion (RMSE =231.52, 7=0.584, P<<0.001), the Harris—Benedict
equation (RMSE =232.56, r=0.579, P<<0.001), and the
Schofield equation (RMSE =238.41, =0.549, P<<0.001). All
four predictive equations were found to reliably predict the
measured REE in females (P<<0.001).

Bland—Altman analysis
For all participants, Bland—Altman analysis revealed that
the Harris—Benedict (—1.7£282.3 kcal/day; Figure 1) and
Mifflin—St Jeor (—46.7£290.3 kcal/day; Figure 2) equations
did not show a significant bias in the prediction of REE. For
the other two equations, Bland—Altman analysis showed
significant mean biases of 88.71305.5 kcal/day for the FAO/
WHO/UNU equation (Figure 3) and 64.7+301.8 kcal/day for
the Schofield equation (Figure 4).

In males, Bland—Altman analysis revealed that the
Harris—Benedict (27.6+316.4 kcal/day) and Mifflin—

Table 2 Anthropometric characteristics and resting energy expenditures (REEs) of subjects

Variable Total (n=110) Male (n=61) Female (n=49) P-value*
Age (years) 45.9+13.2 46.8+13.1 44.8+13.4 0.440
Height (cm) 164.118.4 168.417.1 158.816.8 <0.001
Weight (kg) 66.5+13.1 68.9+13.1 63.5+12.6 0.029
Body mass index (kg/m?) 24.7+4.5 24.214.0 25.245.1 0.263
REE measured (kcal/day) 1,442+358 1,506+400 1,362+282 0.029
REE Harris—Benedict? (kcal/day) 1,440+230 1,534+246 1,323+143 <0.001
REE Mifflin—St Jeor?* (kcal/day) 1,395+224 1,515+192 1,245+162 <0.001
REE FAO/WHO/UNU? (kcal/day) 1,530+235 1,656+227 1,375+127 <0.001
REE Schofield? (kcal/day) 1,506+226 1,625+218 1,359+127 <0.001
Notes: *Values are the mean * standard deviation. Student’s unpaired t-test was performed to compare sex differences.

Abbreviation: FAO/WHO/UNU, Food and Agriculture Organization/World Health Organization/United Nations University.
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Figure | Bland-Altman plot of measured resting energy expenditure (REE) and
predicted REE using the Harris—Benedict (HB) equation? in males (black squares)
and females (gray circles).

Note: The solid line represents the mean bias, and the dashed lines represent the
limits of agreement (mean + two standard deviations).

St Jeor (9.4+323.3 kcal/day) equations did not show a
significant bias in the prediction of REE. For the other
two equations, the analysis showed significant mean biases
of 149.51343.5 kcal/day for the FAO/WHO/UNU equation
and 119.0£337.0 kcal/day for the Schofield equation.

In females, Bland—Altman analysis revealed that the
Harris—Benedict (—38.1+231.1 kcal/day), FAO/WHO/UNU
(13.1£232.2 kcal/day), and Schofield (-2.9+237.6 kcal/day)
equations did not show a significant bias in the prediction of
REE. In contrast, the analysis showed a significant mean bias
of —=116.5+227.3 kcal/day for the Mifflin—St Jeor equation.

Discussion

To the best of our knowledge, this study is the first to compare
actual REE measurements with predicted REEs determined
by the Harris—Benedict, Mifflin—St Jeor, FAO/WHO/UNU,
and Schofield equations in Asian patients diagnosed with
schizophrenia. REE corresponds to the calories the body uses to
maintain vital body functions (eg, heart rate, brain function, and
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Figure 2 Bland—Altman plot of measured resting energy expenditure (REE) and
predicted REE using the Mifflin—-St Jeor (M) equation? in males (black squares) and
females (gray circles).

Note: The solid line represents the mean bias, and the dashed lines represent the
limits of agreement (mean + two standard deviations).
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Figure 3 Bland—Altman plot of measured resting energy expenditure (REE) and predicted
REE using the Food and Agriculture Organization/World Health Organization/United
Nations University (F) equation® in males (black squares) and females (gray circles).
Note: The solid line represents the mean bias, and the dashed lines represent the
limits of agreement (mean * two standard deviations).

breathing) and represents the number of calories an individual
would burn daily if awake at rest. An FAO/WHO/UNU expert
panel adopted the principle of expressing the energy require-
ments of adults in terms of multiples of REE.? Therefore, REE
is used to estimate the 24-hour EE and physical activity level
(24-hour EE divided by REE). In this study, we found that
in Japanese patients with schizophrenia, the Harris—Benedict
equation reliably predicted the energy needs of male and female
patients with an insignificant estimation bias.

Individuals with a lower REE tend to gain more weight
than those with a normal REE.?*%® To develop an appropri-
ate intervention program for weight reduction in patients
with schizophrenia, an accurate assessment of REE for each
patient is needed.®

Recently, direct or indirect calorimeters and respiratory
chambers have been developed to measure REE. However,
these devices are expensive, and their operation requires
trained personnel and long testing times for patients with
schizophrenia. Therefore, the calculation of REE by
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Figure 4 Bland-Altman plot of measured resting energy expenditure (REE) and
predicted REE using the Schofield (S) equation® in males (black squares) and females
(gray circles).

Note: The solid line represents the mean bias, and the dashed lines represent the
limits of agreement (mean * two standard deviations).
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mathematical equation has been adopted as the major method
to assess the energy needs of individuals.?®

In the study reported here, we employed four predictive
equations for REE. These equations were developed to predict
the REE in healthy populations. The Harris—Benedict equation
was derived from predominantly normal-weight Caucasian
males (n=136) aged 16 to 63 (2719) years and females
(n=103) aged 15 to 74 (31£14) years in studies conducted
from approximately 1907 to 1917.2 The Mifflin—St Jeor
equation was developed from a sample of 498 normal-weight,
overweight, obese, and severely obese individuals aged 19 to
78 (44.5£14.1) years.? The racial composition of the sample
was not specified, and the representation of older adults
(75 to 84 years) was limited. Finally, the FAO/WHO/UNU
and Schofield equations were developed from a database of
the scientific literature published from 1914 to 1980.25% This
database consisted of 7,173 subjects, mostly derived from
European military and police recruits. The age of the study
participants ranged from 19 to 82 years.

A few studies have compared the measured and predicted
REEs of SMI patients in Western populations. A previous
study of eight Australian male patients with schizophrenia
demonstrated that the Harris—Benedict equation overesti-
mated the REE by 284 kcal/day.' These researchers also
found that the Schofield equation overestimated the REE
by 287 kcal/day. In another study in Greece,?' the Mifflin—
St Jeor equation was determined to be the most appropriate
equation for 128 male and female patients with mood or
psychotic disorders. Moreover, in our study, this equation
was found to be the most accurate because it produced esti-
mation errors of only —1.7 kcal/day in all participants. In
Skouroliakou et al’s study,”! the predictive Harris—Benedict
and Schofield equations were found to greatly overestimate
the real energy needs of male and female patients with SMIs.
For example, in males, the Harris—Benedict equation over-
estimated the measured REE by 175 kcal/day. In a study of
15 patients with bipolar disorder in Italy,” researchers found
that the Harris—Benedict equation overestimated REE by
483 kcal/day and that the Schofield equation overestimated
REE by 397 kcal/day.

Our results show sex differences in agreement between
the measured and predicted REEs for predictive equations.
Because the predictive equations were developed mainly
from measurements made on Caucasian subjects, ethnic-
ity could explain the observed differences. In addition, sex
hormones such as estrogens and progesterone can affect
REE,” and menstrual condition or menopause may have
affected our results.

In contrast to previous studies, our results show that the
Harris—Benedict equation was not biased in the prediction
of REE. One possible explanation for this is that the mean
body mass index of the participants in this study was lower
than that of the studies from Western countries. Obesity
might be related to a hypometabolic state that is reflected
as a decreased REE/kg body mass.*® Another explanation
is that differences in physical exercise, sleep pattern, ill-
ness duration, severity of negative symptoms, body com-
position, ethnicity, and socio-environmental factors might
have affected our findings.?'>* In particular, antipsychotic
medications may be an important factor. Although some
studies have found unaltered REEs between patients who
were taking antipsychotics and those who were not,>* the
use of first- or second-generation antipsychotics might
have confounded the results. However, a lack of research
concerning these mentioned factors in this population lim-
its our ability to determine those factors that might have
contributed to the differences among studies. Additional
studies are necessary to further establish the predictive value
of these equations in a larger population taking different
antipsychotic drugs.

Conclusion

The findings of this study suggest the use of the Harris—
Benedict equation as the most appropriate means of estimat-
ing the REE of male and female patients with schizophrenia
taking antipsychotics. An equation that can predict the energy
needs of patients with schizophrenia that has a low estimation
error and low cost might be useful for a weight reduction
program for these patients.
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