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Comparison of the Harris-Benedict Equation, Bioelectrical
Impedance Analysis, and Indirect Calorimetry for Measurement of
Basal Metabolic Rate among Adult Obese Filipino Patients
with Prediabetes or Type 2 Diabetes Mellitus

Sybil Claudine Luy and Oliver Allan Dampil

Section of Endocrinology, Diabetes and Metabolism, Department of Medicine, St. Luke’s Medical Center, Quezon City, Philippines

Abstract

Objectives. To compare mean basal metabolic rate (BMR) estimated using Harris-Benedict equation (HB) and
Bioelectrical Impedance Analysis (BIA) and the BMR measured using Indirect Calorimetry (IC) among adult obese
Filipino patients with prediabetes or type 2 diabetes mellitus (T2DM).

Methodology. This was a multi-center, cross-sectional study based on review of outpatient medical records of adult,
obese Filipino patients with pre-diabetes or type 2 diabetes mellitus who were seen prior to weight loss intervention at
the Outpatient Clinic of St. Luke’s Medical Center-Quezon City and the Metabolic and Diabetes Center of Providence
Hospital from August 2017 to January 2018. BMR was derived using three methods: Harris-Benedict equation,
Bioelectrical Impedance Analysis and Indirect Calorimetry.

Results. A total of 153 subjects were included in the study. Eighty subjects (52%) have pre-diabetes while 73 subjects
(48%) were diagnosed with T2DM. The mean BMR measured using IC is 1299+252 kcal/day while estimated mean
BMR predicted using HB equation and BIA were 1628+251 kcal/day and 1635+260 kcal/day, respectively. Compared
to measurement by IC, HBE and BIA significantly overestimated the mean BMR by 329 and 336 kcal/day, respectively
(p-value=<0.0001). IC measured BMR showed strong positive correlation with weight and moderate positive correlation
with height. Multiple stepwise regression analysis yielded the BMR prediction equation: BMR (kcal/day) = -780.806 +
(11.108 x weight in kg) + (7.164 x height in cm).

Conclusion. Among obese Filipinos with T2DM or prediabetes, HB equation and BIA tend to overestimate the BMR

measured using IC.
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INTRODUCTION

The measurement of basal metabolic rate (BMR), defined
as the energy required for performing vital body functions
at rest, is the largest component of energy expenditure.
Several studies reported that fat-free mass or the lean body
mass plays a major role in the variations in BMR. Other
factors that affect the BMR includes age, sex, diet, thyroid
status, exercise, and stress.! Since the BMR represents the
major component of daily energy expenditure in humans, it
is an important calculation for developing, understanding
and executing weight-related interventions.

There are several methods to measure energy expenditure,
but there is no consensus about which is the most accurate
for specific populations.®> The measurement of BMR via
prediction equations, bioelectrical impedance analysis
(BIA) and indirect calorimetry (IC) is a common practice
in weight clinics and for research.* The gold standard for
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BMR measurement is IC, whereby oxygen consumption
and carbon dioxide production in expired air are
directly measured for calculation of energy expenditure.
Although IC is extremely valid, it is not widely available,
has a high cost, is time consuming and requires specialized
personnel for its execution. Thus, the majority of BMR
estimates for weight loss interventions rely on BMR
prediction equations.®

The most widely used prediction equation is the Harris-
Benedict Equation (HBE), which was developed in
1918 as a simple, easy-to-use and universally available
method for calculation of BMR.® However, in spite of
their widespread use, previous studies have found that
prediction equations were inaccurate in various clinical
settings. These equations generally take into consideration
anthropometric variables such as age, body weight
and height of the subjects. As a consequence, they do
not permit a valid estimation of BMR in subjects with
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obesity.> Additionally, previous studies show that the
predicted BMR equations derived from Caucasian subjects
overestimated the BMR of the Asian subjects.”” These
prediction equations estimate BMR by incorporating the
patient’s height, weight, gender and age, but not race.

Moreover, literature also supports the inclusion of fat-free
mass as a variable in measuring BMR due to its strong
correlation with BMR. While fat-free mass is more difficult
to measure than body weight, modern technology has
resulted in techniques that are efficient, inexpensive and
reliable for use in clinical setting. Bioelectrical impedance
analysis (BIA) determines the electrical impedance or
resistance to flow of an electric current through body
tissues, to estimate total body water, which can then be
used to determine fat-free mass.' However, results of
BIA may be influenced by the hydration status, prandial/
fasting state, exercise, diuretic use, menstrual period,
ethnicity, age or body shape.?

Subsequently, improved equations have been developed in
an attempt to improve estimates of BMR and reflect racial
variations. Among these are equations of Liu et al.* and
Yang et al.," which have been developed predominantly
for healthy Asian subjects. Similarly, Mifflin et al.,'* and
Owen et al.,”* have developed predictive equations for
overweight and obese Caucasians. However, there is
lack of data on the measurement of BMR in adult obese
Filipinos with T2DM or prediabetes. Hence, comparing
the existing methods of measuring BMR and developing a
predictive equation for this group is our interest.

OBJECTIVES
General objective

To compare the BMR estimated using Harris-Benedict
equation and BIA and the BMR measured using IC among
adult obese Filipino patients with pre-diabetes or T2DM.

Specific objectives

1. To compare mean BMR estimated using Harris-
Benedict equation and BIA and the BMR measured
using IC among adult obese Filipino patients with
pre-diabetes or T2DM.

2.  To determine the correlation between measured BMR
(using IC) and the following factors:

Age

Sex

Height

Weight

Body mass index (BMI)

Neck circumference

Wrist circumference

Waist circumference

Hip circumference

Waist-to-hip ratio

Fat-free mass

R

3. To develop a predictive equation to estimate the basal
metabolic rate among adult obese Filipino patients
with pre-diabetes or type 2 diabetes mellitus.
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METHODOLOGY

This was a multi-center, cross-sectional study based
on review of outpatient medical records of patients
who were seen prior to weight loss intervention at the
Outpatient Clinic of St. Luke’s Medical Center-Quezon
City and the Metabolic and Diabetes Center of Providence
Hospital-Quezon City from August 2017 to January 2018.
Included were adult Filipino patients aged 18 years to 65
years old diagnosed with pre-diabetes or T2DM based
on the American Diabetes Association criteria with
computed body mass index (BMI) of >25 kg/m? complete
anthropometric measurements (weight, BMI, neck
circumference, wrist circumference, waist circumference,
hip circumference, waist-to-hip ratio), and basal metabolic
rate data derived using HB, BIA, and IC. Exclusion criteria
included type 1 diabetes or types of diabetes other than
type 2 diabetes mellitus, current steroid use, chronic use of
steroid defined as any dose >1 week duration within the
past 3 months of IC measurement, history of any thyroid
conditions, including but not limited to history of thyroid
cancer, hypothyroidism, thyrotoxicosis or any history
of abnormal thyroid function tests or history or current
intake of any of the following medications: carbimazole,
strumazole, methimazole, propylthiouracil, liothyronine
or levothyroxine, history of use of illicit drug or other
psychoactive drugs, recent myocardial infarction, stroke or
major surgery within the past 3 months of IC measurement,
pregnant or breastfeeding patients, significant weight loss
>5% within 3 months prior to measurement of BMR, and
patients who have underwent weight loss intervention
prior to measurement of BMR.

From the patients’ medical records, the following data
were collected: age, sex, anti-diabetic medications,
anthropometric measurements (height, weight, BMI, neck
circumference, wrist circumference, waist circumference,
hip circumference, waist-to-hip ratio), body composition
(total body fat, total muscle, visceral fat) and basal metabolic
rate (Harris-Benedict equation, BIA, indirect calorimetry).

The BMR was determined using three methods. In men, the
Harris-Benedict equation formula used was: BMR=66.4730
+13.7516 x weight in kg + 5.0033 x height in cm — 6.7550 x
age in years. In women, BMR=655.0955 + 9.5634 x weight in
kg +1.8496 x height in cm — 4.6756 x age in years.

The second method of estimating BMR was through use of
the KaradaScan HBF-362 Bioelectrical Impedance Machine
developed by Omron (Kyoto, Japan). The subjects’ age,
sex, and height were entered into the machine. A standard
2 kilogram deduction was entered as an adjustment for
clothing weight in all subjects. Subjects were then asked
to stand barefoot on the metal foot-plates of the machine
while holding the handles for 30 seconds.

BMR was measured by indirect calorimetry using
Fitmate™GS portable desktop indirect calorimeter
developed by Cosmed (Rome, Italy). Previously, Nieman
et al., (2006) showed that the FitMate™ system was both
reliable and valid during rest and exercise.’ Prior to BMR
measurement using IC, patients fulfilled the following
guidelines: no food intake for at least 5 hours, has not
exercised for at least 4 hours, has not consumed caffeine
for a least 4 hours, has not consumed stimulatory nutrition
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supplements (such as ephedra or synephrine containing)
for at least 4 hours, has not smoked for at least 1 hour, and
is not pregnant or lactating. The procedure was conducted
in a darkened, quiet room. Soft music was provided upon
patient’s request. The canopy hood with veil was placed
over a patient’s head. The patient was placed in a semi-
reclined position and instructed to comfortably breathe
inside the canopy hood, where the expired gas dilutes
with room air. The procedure lasted for approximately
20 minutes.

All anthropometric measurements, BIA and IC were
done at the Diabetes and Metabolic Center of Providence
Hospital conducted by either of the two trained personnel.
Fat-free mass (in kg) was determined using the following
equation: Free fat mass = weight in kilograms — (weight in
kilograms x total body fat percentage measured by BIA).

The sample size was calculated using the computation
for difference between 2 means, with level of significance
at 0.05 and power set at 95%. Values for the difference in
mean and standard deviation were based on a similar study
by Ikeda et al.'* wherein the mean BMR estimated using
Harris-Benedict equation was 1388+309 kcal/day and the
mean BMR measured using IC was 1260+219 kcal/day. The
minimum sample size required in the study is at least 135.

Statistical analysis

The estimated mean BMR derived from BIA and Harris-
Benedict equation was compared to the mean BMR
measured by IC using paired t-test. The results were
reported as the mean+standard deviation (SD). The degree
of agreement between the estimated and measured BMR
was evaluated by Bland-Altman limits of agreement
analysis. The limits of agreement was defined as the
mean difference +2 standard deviations. The estimated
accuracy was defined as the percentage of the subjects
whose predicted BMR was within +10 % of measured
BMR. Overestimation and underestimation was defined
as >10 % and <10 % of measured BMR, respectively. For
the correlation of measured BMR with age, anthropometric
measurements and sex, the Pearson’s correlation coefficient
and Spearman’s rank correlation were used. Multiple
stepwise regression analysis was used to derive a predictive
equation to estimate BMR among adult obese Filipino
patients with pre-diabetes or type 2 diabetes mellitus.

Ethical consideration

The study has been approved by Institutional Ethics
Review Committee (IERC) of St. Luke’s Medical Center-
Quezon City (RPC-007-01-18). Patient confidentiality
was respected by ensuring anonymity of patient records
by securing the records in a private room. All study data
were recorded and investigators were responsible for the
integrity of the data i.e., accuracy, completeness, legibility,
etc. The manner of disseminating and communicating the
study results guaranteed the protection of confidentiality
of patient data.

Data collection was done by the main investigator. Patient
code instead of name was used as identifier. Only the
ages and sex of the patients were revealed. To ensure
confidentiality, research records were kept in a locked file,
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and all electronic information were coded and secured
using a password-protected file. The study files will be
kept by the investigator in a locked cabinet for 3 years,
after which paper records will be shredded and recycled.
Records stored on a computer hard drive will be erased to
remove all data from the storage device. For data stored on
USB drive, the storage device will be physically destroyed.
Any trial-related monitoring, audits, IERC review, and
regulatory inspections shall be allowed by providing direct
access to source data/documents.

RESULTS

A total of 153 subjects were included in the study. The
clinical and demographic characteristics of the subjects are
shown in Table 1. Mean age of patients was 41.8+2.3 years
old (range: 20 to 64 years old). There is a larger percentage
of female (70%) subjects (n=107). Eighty subjects (52%) have
pre-diabetes while 73 subjects (48%) were diagnosed with
T2DM. Most patients with pre-diabetes were managed
with lifestyle modification (95%). Eighty-one percent of
diabetic patients were on oral diabetes agents only.

There were significant differences between the mean
height (p-value=<0.0001), weight (p-value<0.0001), neck
circumference  (p-value<0.0001), waist circumference
(p-value<0.0001), and waist-to-hip ratio (p-value<0.0001)
among male and female subjects, with male subjects
having higher anthropometric measurements compared to
females. With the exception of weight (p-value=0.267) and
wrist circumference (p-value=0.097), all anthropometric
measurements of T2DM subjects were significantly higher
when compared to pre-diabetic subjects (Table 1).

As shown in Table 1, with regards to body composition,
females have significantly higher total body fat
(p-value=<0.0001) than male subjects while total muscle
and visceral fat (p-value=<0.0001 and 0.008, respectively)
were higher in male subjects. The mean BMI were similar
for both males and females at 32.6+4.69 kg/m*and 31.8+4.95
kg/m?, respectively (p-value=0.180). Despite having similar
BMI, male subjects were significantly leaner than female
subjects, with fat-free mass of 70.86+8.8 kg and 49.29+5.2 kg,
respectively (p-value=<0.0001). There were no differences
in the body composition between pre-diabetic and T2DM
subjects (p-value=0.444, 0.416 and 0.171 respectively) except
for fat-free mass. Despite having comparable mean BMI
(p-value=0.242), type 2 diabetic subjects are significantly
leaner than prediabetic subjects (p-value=0.004).

These measurements were above the cutoffs for
overweight/obesity and central obesity associated with
cardiometabolic diseases among Filipino adults identified
in the study of Pagsisihan et al.”” In the said study, optimal
cut-offs for overweight/obesity and central obesity in
males and females are BMI of 24 and 23 kg/m? waist
circumference of 84 and 77 cm, and waist-to-hip ratio of
0.91 and 0.85 respectively.

Table 2 shows the comparison between measured BMR
using IC and estimated BMR using HB equation and
BIA. The mean BMR measured using IC is 1299+252 kcal/
day. Estimated mean BMR predicted using HB equation
and BIA were 1628+251 kcal/day and 1635+260 kcal/
day, respectively. The mean BMR estimated using the
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Table 1. Demographic characteristics, anthropometric measurements, and body composition of the subjects (N=153)
Characteristics MeanzSD or Percent (%) (n/N)
Mean age (years+SD) 41.8+12.3
Sex
Male 46 (30%)
Female 107 (70%)
Classification
Prediabetes 80 (52%)
Lifestyle modification only 76 (95%)
On metformin 4 (5%)
T2DM 73 (48%)
On oral anti-diabetic agents only 59 (81%)
On combination insulin and oral anti-diabetic agents 7(11%)
On insulin only 0(0%)
With GLP-1 agonist 9 (12%)
Male (n=46)  Female (n=107) p-value  Prediabetes (n=80)  T2DM (n=73)  p-value
Anthrc_)pometric measurements 169+6.3 157+6.4 0.000* 159+7.9 162+8.9 0.012*
Height (cmSD) 93+13.4 78+12.3 0.000* 81£14.1 86145  0.267
Weight (kg+SD) 4045.1 36+367  0.000* 36+4.8 38:4.02  0.012*
Negk mrcumference (cm+SD) 107+15.4 96+15.2 0.000* 96+18.7 102+11.2 0.002*
Waist circumference (cm+SD) 110119 107+11.6 0073 106211.8 110£11.6  0.044*
Hip circumference (cm+SD) 19.312.9 17£10.15 0182 19215.2 16:1.00  0.097
Wrist circumference (cmzSD) 0.97+0.1 0.90+0.12 0.000* 0.90%0.15 0.94+0.05 0.000*
Waist-to-hip ratio
Body composition
Total body fat (%) 28.09+26.3 36.9+4.4 0.000* 34.53+6.1 34+22.33 0.416
Total muscle (%) 27.24+2.9 22.443.5 0.000* 23.54£3.9 24.2+4.1 0.171
Visceral fat (%) 21.06x7.2 16.9+10.7 0.008* 18.75+11.6 18.02+7.9 0.444
Fat-free mass (kg) 70.86+8.8 49.29+5.2 0.000* 53.14+10.6 58.6+12.4 0.004*
Mean BMI (kg/m?*SD) 32.64.69 31.8+4.95 0.180 31.8+4.53 32.5¢5.23 0.242
Overall mean BMI (kg/m?*SD) 32.06+4.8
* significant (p-value<0.05)
Table 2. Comparison between measured BMR using IC and estimated BMR (BIA, HB equation)
Mean BMR + SD (kcal/day) ABMR p-value
Indirect Calorimetry 12994252
Harris-Benedict equation 16281251 329 <0.001*
Bioelectrical impedance analysis 1635260 336 <0.001*

* significant (p-value<0.05)

Table 3. Proportion of accurate, underestimated and overestimated BMR predictions for all subjects

Underestimation (n,%)

Accurate within + 10% (n,%) Overestimation (n,%)

Harris-Benedict equation
Bioelectrical impedance analysis

0 19 (12%)
0 15 (11%)

134 (88%)
138 (90%)

* significant (p-value<0.05)

HB equation and BIA significantly overestimated the
mean BMR measured using IC by 329 and 336 kcal/day,
respectively (p-value=-<0.0001).

Table 3 summarizes the percentages of accurate,
underestimated and overestimated BMR predictions by
HB equation and BIA for all subjects. A value is considered
accurate when the difference between the estimated
BMR and measured BMR (calculated as estimated BMR-
measured BMR/measured BMR) is not greater than+10%.
The percentages of estimated BMR (HB equation and BIA)
within #+10% of the measured BMR (IC) were only 12% and
11%, respectively. In 88% and 90% of the subjects, BMR were
overestimated when HB equation and BIA, respectively,
were used to derive the BMR.

The individual differences between measured and
predicted BMR plotted against the average of the measured
BMR and predicted BMR are shown in the Bland-Altman
plots in Figure 1 and 2. Bland-Altman plots displayed the
calculated mean of the estimated and measured BMRs
against the calculated difference between the estimated
and measured BMR for each subject. The mean difference
(estimated BMR - measured BMR) was defined by the
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solid red horizontal line. On the y-axis, the distance of the
mean difference line from the zero-difference point visually
represented bias. Data points were plotted closest to the
zero-difference point for participants whose BMR was
most closely predicted to the measured BMR. Two solid
horizontal lines, located 2 SD above and below the mean
difference line, corresponded to the limits of agreement
defined by Bland and Altman.® To define limits of
agreement, they recommended that at least 95% of the data
points should lie within +2SD of the mean difference.

In Figure 1, showing the agreement between estimated
BMR using Harris Benedict equation and measured BMR
using IC, 144 out of 153 (94%) data points lie within +2SD,
4 (2.6%) out of 153 data points fall beyond -2SD and
5 (3.3%) out of 153 data points lie above +2SD. Figure 2
presents the agreement between estimated BMR using BIA
and measured BMR using IC. One hundred forty-three
out of 153 (93%) data points lie within #2SD, 7 out of 153
(4.6%) data points fall beyond -2SD and 3 out of 153 (2%)
data points lie above +25D. Using the cut-off of at least
95% as proposed by Bland and Altman,' there is a lack
of agreement between IC and HB equation, and between
IC and BIA.
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Figure 1. Bland-Altman plot displaying the agreement and bias between the BMR Predicted with the HB equation and the
measured BMR using IC. Reference lines represent the mean (red line) of the prediction equation (bias) and the limits of
agreement (2 SD) (green lines). Regression line, coefficient of determination (R?) and p-value for the slope are provided.
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(2 SD) (green lines). Regression line, coefficient of determination (R?) and p-value for the slope are provided.
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Table 4 shows the association of several variables with
measured BMR. Measured BMR showed positive
correlation with male sex, height, weight, BMI, neck
circumference, wrist circumference, waist circumference,
hip circumference, waist-to-hip ratio, and fat-free mass
(r=0.538, r=0.578, 1r=0.762, r=0.482, r=0.507, 1=0.048,
r=0.498, r= 0.474, and r=0.219, r=0.571 respectively), while
age showed negative correlation (r=-0.156). Weight was
strongly correlated with measured BMR while other
variables are only weakly to moderately correlated with
measured BMR.

Table 4. Correlation of variables with measured BMR
(using IC)

Correlation Coefficient (r)

Age -0.107
Male sex 0.538
Height 0.578
Weight 0.762
BMI 0.482
Neck circumference 0.507
Wrist circumference 0.048
Waist circumference 0.498
Hip circumference 0.474
Waist-to-hip ratio 0.219
Fat-free mass 0.571

Multiple standard stepwise regression analysis was
performed to derive the prediction equation to estimate
BMR among adult obese Filipino patients with pre-
diabetes or type 2 diabetes mellitus based on IC as the
dependent variable, and age, sex, height, weight, BMI, neck
circumference, waist circumference, hip circumference
and waist-to-hip ratio and fat-free mass as independent
variables. The summary of the derivation of the new
equation is shown in Table 5. The table shows that only
height and weight were significant predictors of BMR.
Regression equation with weight as the only independent
variable contributed to 58% (adjusted R*<0.577) of BMR
variability. The inclusion of height to the model increased
the predictive power to 62% (R?=0.617). Hence, the
regression equation for predicting the BMR was:

BMR (kcal/day) = -780.806 + (11.108 x weight in kg) +
(7.164 x height in cm).

DISCUSSION

Measurement of energy expenditure is an essential
element in the estimation of energy requirements in
humans. In this study, the measured BMR of 153 adult
Filipino obese patients with prediabetes or T2DM using
indirect calorimetry was compared with the results from
BMR estimated by HB equation and bioelectrical impedance
analysis. Previous studies reported that existing predictive
equations derived from Caucasian subjects are not suitable
for the Asian population because they tend to overestimate
the BMR.*"*!” Similarly, our result showed that HB equation
and BIA overestimate the BMR compared to IC by 329 kcal/
day and 336 kcal/day, respectively. The mean BMI of all
subjects in the study was 32.06+4.8 kg/m? with mean total
fat percentage of 34.3%. A review by Deurenberg!® showed
that compared to whites, Asian population had a higher fat
percentage at similar BMI. This was also the finding in the
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study of Wouters-Adriaens et al.," in which Asian subjects
had an average BMI of 23.4 kg/m? and a fat percentage of
26.9% while white subjects had similar average BMI of
22.4 and lower fat percentage of 20.1%. They elucidated
that the difference in body composition between Asians
and whites explained the overestimation of predictive
equations in Asian subjects. In a study by Frankenfeld®
involving adult volunteers across different BMI categories
(BMI22.2 to 61.8 kg/m?), it was reported that the magnitude
of error in the HB equation increases with increasing
BML. This result is in agreement with the present study in
which BMR values of pre-diabetic or T2DM obese subjects
derived from HB equation are overestimated.

In addition, body composition influences energy
expenditure, and subsequently may have an effect on the
predictive ability of the HB equation. In obese individuals,
resting energy expenditure is lower than would be
predicted by BMR equations, due to a greater proportion of
fat mass versus metabolically active fat free mass. This was
reported in the study of Douglas et al.*® which assessed
the effects of weight history status on the ability of HB
formula to predict measured resting energy expenditure.
In their study, HB formula significantly overestimated
resting energy expenditure among overweight subjects,
and was more accurate among normal weight and weight-
reduced women, with nearly 300 kcal/day difference in
the predicted resting and measured energy expenditure
in the overweight group. This was similar to our result
which showed that BMR derived using HB equation and
BIA overestimate the BMR measured using IC by 329 kcal/
day and 336 kcal/day, respectively. They attributed this
discrepancy between predicted resting and measured
energy expenditure values to body composition. The lower
proportion of weight as fat-free mass, which is the largest
determinant of resting energy expenditure, in overweight
subjects may explain the overestimation of resting energy
expenditure by HB formula.

In our study, the HB overestimated the BMR in 86.9% of
the subjects. This finding was congruent to that of Miller
et al., which reported that HB equation overestimated
the BMR in 86.8% of the young overweight or obese
Hispanic women subjects. The disparity was explained
by the different population used in the development of
the HB equation, which included female participants
who were predominantly of normal weight. In addition,
the HB sample also differ from the individuals of the
abovementioned study because of the dramatic decline in
the activity with modern transportation and conveniences.
In contrast, among overweight Singaporean Chinese
subjects, the HB formula overestimated BMR by an average
of 545 K] (equivalent to 130 kcal) in only 42% of subjects.!”
They rationalized that the HB equation is based on gender,
height, weight and age and developed in Caucasian
subjects, hence overestimation is expected. It should be
noted that in this study, the subjects had lower mean BMI
of 26.4+5.4 kg/m? compared to the subjects in our study.
Overestimation of the BMR can hinder successful weight
loss intervention programs due to inaccurate computation
of an individual’s energy requirements.

The Bland-Altman limits of agreement analysis (LOA)
showed BMR generated from HB equation and BIA lack

agreement with BMR measures using IC. Due to the wide
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limits of agreement for both HB equation (LOA=10.21 to
-669.77 kcal/day) and BIA (LOA=-12.13 to -659.99) when
compared to IC (Figure 1 and 2), clinicians need to be aware
of the limitations of this prediction equation and BIA for
estimating individual energy requirements.

In the adult obese Filipino subjects with pre-diabetes
or T2DM evaluated in this study, the best correlation
found with measured BMR was weight (r=0.762). This
result is in agreement with the study on adult obese
and overweight Chinese with T2DM wherein weight
had significant positive correlation with BMR. In the
said study, obese patients with T2DM had significantly
higher BMRs than overweight patients and controls with
normal.”? In contrast to our finding, the aforementioned
study showed that male sex negatively correlated with
measured BMR. Previous studies have suggested that
males have higher BMR than females independent of
sex differences in body composition.?** However, it was
reported that once adjusted for both fat-free mass and fat
mass, the impact of sex is not significant. Men generally
display a higher absolute resting metabolic rate than
women because of their larger quantity of fat-free mass.*
As in earlier studies,*? the present study showed that age
was negatively correlated with measured BMR. Reduction
in fat-free mass quality®® and decline in both mass and
cellular fraction of organs and tissues® may account for
this age-related decline in BMR.

The derived equation confirmed that BMR is highly
correlated with height and weight while the addition
of other variables (age and sex) did not contribute
significantly to the prediction model. As shown in Table
5, by adding height as the second predictor, the adjusted
R square column increased from 0.577 to 0.617. However,
R square hardly increased any further by adding a third
variable. The Sig. F Change confirms this: the increase in
R square from adding a second predictor is statistically
significant, (F(1,150)=16.708, p-value=0.000). Subsequent

Table 5. Model summary for derivation of new BMR equation

Measurement of BMR among Adult Obese Filipino Patients with Prediabetes or T2DM

addition of a third predictor did not significantly
improve r-square any further. Hence, there is no point
in including more than 2 variables in the derived model.
The newly developed equation based on IC can explain
approximately 62.2% of the variance in estimated BMR of
the subjects, which will be confirmed in a separate group
of subjects in another study.

CONCLUSION

Among obese Filipinos with T2DM or prediabetes, HB
equation or BIA, albeit easy and convenient to use, tends to
overestimate the BMR measured using IC.

Limitation of the study and recommendation

The limitation of our study is that the subject recruitment was
restricted to those who have access to healthcare facilities and may
not be representative of the whole population. Since this study
strictly examined data from adult obese Filipinos with pre-diabetes
or T2DM, results are not generalizable to other racial/ethnic groups
or subjects with different conditions. Further studies involving
larger, more heterogeneous cohorts, such as patients with normal
BMI, are needed. Likewise, we recommend a cross-validation
study on a separate group of adult obese Filipino patients with
pre-diabetes or T2DM using the computed prediction equation.
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Change Statistics Durbin-

Model R R Square Adjusted R Square Std. Error of the Estimate R Square Change F Change dff df2 Sig. F Change Watson
1 .762a .580 577 164.370 .580 208.437 1 151 .000
2 .789b .622 617 156.435 .042 16.708 1 150 .000
3 .793c 629 621 155.575 .007 2.663 1 149 .105
4 .796d .634 .624 154.910 .006 2.282 1 148 133
5 .799% .639 .627 154.390 .005 1.999 1 147 .160
6 .802f .644 .629 153.933 .005 1.875 1 146 173
7 .804g .647 .630 153.831 .003 1.193 1 145 276
8 .805h .648 .629 153.967 .002 744 1 144 .390
9 .806i .650 .628 154.241 .001 489 1 143 485
10 .806j .650 .625 154.770 .000 .024 1 142 .877
11 .806k .650 .622 155.314 .000 .007 1 141 .932 400
a. Predictors: (Constant), Weight
b. Predictors: (Constant), Weight, Height
c. Predictors: (Constant), Weight, Height, WaistToHipRatio
d. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference
e. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age
f. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass
g. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass, BMI
h. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass, BMI, NeckCircumference
i. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass, BMI, NeckCircumference, Sex
j. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass, BMI, NeckCircumference, Sex, WaistCircumference
k. Predictors: (Constant), Weight, Height, WaistToHipRatio, WristCircumference, Age, FatFreeMass, BMI, NeckCircumference, Sex, WaistCircumference,

HipCircumference
. Dependent Variable: IC
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