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ABSTRACT (<200 words)

Background & Aims

Predictive equations for basal energy expenditure (BEE) derived from Caucasians tend to

overestimate BEE in non-Caucasians. The aim of this study was to develop a more suitable

method to estimate BEE in Japanese patients with diabetes using indices readily measured in

clinical practice.

Methods

BEE was measured by indirect calorimetry under a strict basal condition in 68 Japanese

patients with type 1 or type 2 diabetes. The best fitting equation was investigated by multiple

regression analysis using of age, sex, and anthropometric indices. The resultant new equation

was tested in a separate group of 60 Japanese patients with type 1 or type 2 diabetes, and the

accuracy compared with existing equations.

Results

The best-fit equation was BEE[kcal/day] = 10x (body weight)[kg] — 3x (age)[y] + 125(if male)

+ 750. Adjusted coefficient of determination was 81.0%. Root mean squared errors and

accurate prediction in the validation set were 103 kcal/day and 78% for the new equation; 184

and 50 for Harris-Benedict; 209 and 38 for Oxford; 205 and 42 for Liu; and 140 and 63 for
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Ganpule.

Conclusions

This new equation is simpler and estimates BEE more accurately in Japanese patients with

diabetes than the presently used equations do.

Keywords: basal metabolic rate; resting metabolic rate; indirect calorimetry; prediction

equation; diabetes; medical nutrition therapy
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1. Introduction

Diet is the most fundamental and initial treatment for all patients with diabetes, and

poor dietary management alone predicts poor subsequent glycemic control (1). Estimation of

daily energy expenditure for each patient is necessary for effective individualized diabetic

meal planning. Resting energy expenditure (REE) or basal energy expenditure (BEE) is

defined as the energy expended to maintain minimal metabolic activities, and is the main

component of total daily energy expenditure. To estimate daily energy expenditure, REE or

BEE is multiplied by a number specific to the various daily activities.

In healthy subjects, 65 to 90% of inter-individual variation in REE is explained by

fat-free mass (FFM) (2). In patients with diabetes, FFM is also the main factor in REE and

BEE (3-5), and there is no difference in FFM-adjusted REE between mildly hyperglycemic

patients and controls (6). In clinical practice, BEE or FFM are not usually available.

Equations factoring body weight, height, age and sex are widely used for clinical estimation

of the daily energy requirement of patients with diabetes (7). However, there has been little

investigation of the comparative validity of these equations.

The existing predictive equations derived from Caucasians are unevenly applied to

non-Caucasians, tending to overestimate energy expenditure (8-11). This accords with the

recent finding from the basal metabolic rate database that BEE is higher in Caucasians than in
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non-Caucasians (12). However, REE is similar in Asians and Caucasians after adjustment for

FFM, and BEE in Indians and Australians is similar after adjustment for FFM and fat mass

(13, 14). To date, there are few equations to estimate energy expenditure specifically in Asian

populations (10, 15).

Differences in the measurement technique of REE can cause biases (12). In most

studies evaluating energy expenditure, REE has been used rather than BEE. However, REE is

defined less rigorously than BEE and is influenced by physical and psychological stress and

ambient and body temperature (16-18). Since BEE is measured early in the morning before

the subject begins any physical activity and at least 10 hours after ingestion of any food, drink,

or nicotine, it remains remarkably constant on a daily basis (16, 18).

In the present study, by measuring BEE under strict conditions, we developed a new

equation for estimation of BEE in Japanese patients with diabetes for use in a clinical setting.
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2. Patients, materials and methods

Patients

Japanese patients with type 1 or type 2 diabetes admitted to the Department of

Diabetes and Clinical Nutrition, Kyoto University Hospital, Kyoto, Japan for diabetes

self-management education during the period of December 2007 through September 2009

were recruited for derivation study. Written, informed consent was obtained from all

participants. During hospital stay, the participants had a prescribed diet with or without

medications including oral hypoglycemic agents and insulin according to the treatment guide

for diabetes of the Japan Diabetes Society (19). Their physical activity was not restricted, but

they did not engage in vigorous exercise. Participants were screened by medical history,

physical examination, and laboratory testing to assure the absence of hepatic, pulmonary,

thyroid, cardiac and renal dysfunction, macroalbuminuria, inflammatory diseases, and

malignant tumors. Those who took steroids or beta blockers or had physical disabilities were

excluded. The study protocol was approved by Kyoto University Graduate School and Faculty

of Medicine, Ethics Committee.

Indirect calorimetry

Basal energy expenditure (BEE) was measured in the morning under glycemic
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control with prescribed diet (29.1+£2.5 kcal/kg of standard body weight per day consisting of
52% carbohydrate, 20% protein, and 28% fat in energy component) and with medications
when needed. Standard body weight (kg) was calculated by multiplying 22 (kg/m?) by square
of height (m). Whole-body oxygen consumption (VO,) and carbon dioxide production
(VCOy) was measured for more than 10 minutes with indirect calorimetry (AE300S, Minato
Medical Science, Osaka, Japan) by one investigator (KI) at the bedside of each patient under
the strict condition described previously (5, 16, 17). Briefly, an afebrile patient in a
post-absorptive state after an overnight fast (14 hours) with <180 mg/dL capillary plasma
glucose remained in a supine position after waking on the bed in the ward without smoking or
taking caffeine, and the measurements were performed at room temperature between 22°C
and 27°C. After discarding the initial 5 minutes of recording, we took 5-minutes of data, in
accord with the steady state definition (17), during which the coefficient of variation for VO,
per minute and VCO; per minute was achieved <10%, and applied them to the Weir formula

with 24-hour urinary urea nitrogen (20).

Anthropometry and body composition
Height was measured on the day of admission. Body weight, skinfold thickness, and

waist circumference were measured immediately after the measurement of BEE by one
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investigator (KI). Triceps-skinfold thickness (TSF) and mid-upper arm circumference (MAC)
were measured in the non-dominant arm with the elbow bent at 90°. The physical markers
were measured at least twice, and their respective mean values expressed according to
Japanese standard method (21). Arm muscle circumference (AMC) and arm muscle area
(AMA) were calculated; AMC [cm] = MAC [cm] — 7 x TSF [mm] /10, AMA [cm?] = (AMC
[cm] ) ?/ 4. Waist circumference was measured at the mid-point between the lowest rib and
the iliac crest in a standing position at the end of gentle expiration keeping the measuring tape
horizontal and just fitted to the skin. Hip circumference was measured at the widest part of the
hip while standing. FFM and fat mass were measured by dual energy X-ray absorptiometry
scanner (Discovery, Hologic, Bedford, MA, USA) within 3 days before and after

measurement of BEE.

Other measurements

Glycated hemoglobin was measured by use of HPLC (ADAMS™ A1C HAB8180,
Arcray, Kyoto, Japan) and expressed as a National Glycohemoglobin Standardization
Program (NGSP) equivalent value [%] calculated by the formula HbAlc [%] = HbAlc [Japan
Diabetes Society (JDS)] [%] + 0.4 [%], which considers the relational expression of HbAlc

(JDS) measured by the previous Japanese standard substance and measurement methods and



144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

Accepted for publication in Clinical Nutrition on 22-NOV-2012 9

HbAlc (NGSP) (22). Capillary glucose before each meal was measured by glucose meter
(One Touch Ultra™, Johnson & Johnson, New Brunswick, NJ, USA) and expressed as
capillary plasma glucose (PG). As a parameter of glycemic control, mean preprandial PG for
three consecutive days before the measurement of BEE and fasting PG (FPG) just before the

measurement of BEE are shown.

Testing the new equation

A separate data set of Japanese patients with type 1 or type 2 diabetes admitted to the
same department for the same purpose during the period of June 2005 through December
2007 was drawn from the medical records for validation study. Inclusion/exclusion criteria
and dietary condition during hospital stay were similar to that of the derivation sample.

Whole-body VO, and VCO, was measured after an overnight fast (14-16 hours) for
more than 15 minutes with the same calorimetry by one investigator (MI) on the same
condition. Each patient was conveyed from their ward to the examination room by a
healthcare staff member in a wheel chair and they rested in bed in a supine position for 30
minutes before the measurement of BEE. BEE was calculated from VO, and VCO, by use of
Elwyn formula (BEE [kcal/day] = 3.581 x VO, [L/day] + 1.448 x VCO, [L/day] — 32.4) (16).

Body weight was measured on the day of calorimetry.
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The protocol of this validation study was also approved by Kyoto University

Graduate School and Faculty of Medicine, Ethics Committee.

Statistical analysis

Numerical data are summarized as means + SDs. Categorical data were treated as

dummy variables.

We first explored good estimators for FFM and fat mass in anthropometric indices,

such as body weight, height, TSF, AMA, waist circumference and hip circumference, because

FFM and fat mass are known as two major estimators of BEE. Correlations between these

variables were evaluated by Pearson’s correlation analysis. Multiple linear regression analysis

was then performed to evaluate the contribution of anthropometric indices, age, and sex to

FFM and fat mass. Next, a best-fit equation to estimate BEE from anthropometric indices, age,

and sex was explored by multiple linear regression analysis with consideration of estimators

of FFM and fat mass.

For testing the validity of our new equation and comparing it with existing prediction

equations, we calculated measures of accuracy. The mean percentage difference between BEE

estimated and measured (bias) was considered systematic error. The root mean squared error

(RMSE) was considered to reflect each individual’s error range unrelated to whether it was
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over or under estimation. The proportion of patients with BEE estimated within £10% of BEE

measured was considered another measure of accuracy (23).

Data were analyzed by use of Stata 11.0 (Stata Corporation, College Station, TX,

USA). Statistical significance was set at P<0.05 (2-tailed).
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3. Results

Data were obtained and analyzed in 68 patients, of which 7 had type 1 diabetes and

61 had type 2 diabetes. Mean glycated hemoglobin (HbA1c) on admission was as high as

10.5%, but mean fasting plasma glucose just before the measurement of BEE (FPG) was as

low as 113.7 mg/dL due to the treatments during hospital stay (Table 1). Additional

characteristics of patients in the derivation set and the results of measurement are shown in

Table 1.

Body weight had the highest correlation with FFM (r = 0.90), followed by arm

muscle area (AMA), height and hip circumference (r = 0.84, 0.75 and 0.73, respectively)

(Table 2). Waist circumference had the highest correlation with fat mass (r = 0.91), followed

by hip circumference, triceps-skinfold thickness (TSF) and body weight (r = 0.79, 0.78 and

0.75, respectively).

In regression analysis for FFM, we selected body weight, AMA, height and hip

circumference as potent estimators together with other plausible estimators, age and sex. As

both AMA and hip circumference were strongly correlated with body weight and AMA was

also strongly correlated with hip circumference, to analyze these three variables separately,

we used three sets of independent variables, (body weight, height, age and sex), (AMA,

height, age and sex), and (hip circumference, height, age and sex). The regressions revealed
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that all four variables were significant estimators for FFM in the first analysis (model 1 in

Table 3), that AMA and height were significant in the second analysis (model 2) and that hip

circumference, height and sex were significant in the third analysis (model 3). The first four

variables accounted for 95% of variation in FFM, the second two variables 84%, and the third

three variables 87%. For fat mass, we selected another three sets of independent variables,

(waist circumference, age and sex), (hip circumference ,TSF, age and sex) and (body weight,

TSF, age and sex) because waist circumference had a strong correlation with hip

circumference, TSF and body weight, and hip circumference also had a strong correlation

with body weight. In the first analysis, only waist circumference and sex were significant

estimators for fat mass, accounting for 86% of fat mass (model 4). In the second analysis, hip

circumference, TSF and age were significant, accounting for 84% of fat mass (model 5). In

the third analysis, body weight, TSF, age and sex were significant, accounting for 87% of fat

mass (model 6).

We performed regression analysis to determine BEE with the most influential

estimators (FFM and fat mass) and plausible additional estimators (age and sex), which

together explained 81% of the variation (model 7 in Table 3). We then performed backward

stepwise estimation, using three sets of variables, (significant variables in model 1 and 6;

body weight, height, TSF, age and sex), (significant variables in model 2 and 4 plus age;
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AMA, height, waist, sex and age), and (significant variables in model 3 and 5; hip

circumference, height, TSF, age and sex). The best fitting regression for BEE consisted of

body weight, age and sex in the first analysis (model 8), height, waist, age and sex in the

second analysis (model 9), and hip circumference, height, TSF and sex in the third analysis

(model 10). The adjusted coefficient of determination in model 8 was 81%, which was larger

than the 73% in model 9 and the 77% in model 10. The detailed results of model 8 are shown

in Table 4.

We then simplified the resultant equation of model 8 to make it easy to use in clinical

practice.

BEE = 10 x body weight — 3 x age + 125 (if male) + 750.

[BEE (kcal/day), body weight (kg), age (year)]

The bias of this equation in the derivation set was — 1.2 + 6.4%; RMSE was 94

kcal/day; accurate estimation was 91%.

We then tested this new equation in a separate validation data set comparing it with

existing equations (Table 5). Characteristics of patients in the validation set are shown in

Table 6. The ratio of patients with type 1 and 2 diabetes was almost the same as in the

derivation set. Mean age was similar to that in the derivation set, but there were more obese

people in the validation set. FPG and PPPG, which represent the glycemic levels around the
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time of measurement of BEE, were higher, but HbAlc on admission was lower than that in

the derivation set. Mean duration of diabetes was similar to that in the derivation set.

Prescribed diet was almost the same as in the derivation set, but treatment with insulin was

more common in the derivation set. The bias of the new equation was 4.8 = 7.7%, RMSE was

103 kcal/day, and the percent of patients estimated within 10% of measured value was 78 %.

The new equation had better validity than Harris and Benedict equation, Oxford equation, or

the Liu equation and Ganpule equation (Table 7).
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4. Discussion

We report a new equation to estimate BEE in Japanese patients with diabetes with

higher accuracy compared to existing equations. As in other BEE estimation equations, the

main estimator was FFM and additional estimators were fat mass, age and sex (2-4, 24).

Stepwise estimation analysis of the estimators of FFM and fat mass in the present study

revealed that no other indices improved fitting of the equation for BEE except body weight,

age and sex. Although anthropometric indices are good estimators for body composition and

they improve predictability of certain equations for BEE (25, 26), they were not as effective

as body weight in the present study. This accords with the finding that the standard error of

the estimate of REE prediction by weight, height, sex and age was well within the range of

the standard error of estimates from other FFM-derived prediction equations (27). Since

ethnic difference in BEE is derived from differences in body composition (13), an

ethnicity-specific constant term could more precisely estimates BEE (4, 12), but an

ethnicity-specific coefficient of anthropometry is also valid.

We compared our new equation with existing equations such as Harris and Benedict,

Oxford, Liu, and Ganpule because the Harris and Benedict equation is widely known in

clinical practice in Japan, the Oxford equation was recently developed from a large number of

subjects including many ethnicities, and the Liu equation and Ganpule equations were derived
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from Chinese and Japanese subjects, respectively (7, 10, 12, 15). The validation analysis

revealed better validity of the new equation in Japanese patients with diabetes than any of the

other equations.

BEE was measured under strictly controlled conditions in the present study. In

addition, we confirmed the FPG of the patients to be <180 mg/dL just before the measurement

of BEE, since BEE is unaffected by the glucose level when its value is <180 mg/dL (5, 6). As

the mean FPG of patients in the derivation set was improved to 114 mg/dl just before the

measurement of BEE due to the prescribed diet and medications during hospital stay, in

contrast to the poor mean FPG level as high as 170 mg/dl just after admission, clinical

application of this equation to patients with stable glycemic control is recommended.

There are potential weaknesses of the present study. First, only a small number of

patients with type 1 diabetes was included. However, no difference in the value of BEE

between patients with type 1 and type 2 diabetes has been described to date. In type 1 diabetes,

the elevated energy expenditure is observed only during insulin deprivation, and it returns to

normal level by insulin treatment (28). In type 2 diabetes, there is no difference in

FFM-adjusted REE between mildly hyperglycemic patients and controls (6). Thus, when they

are under treatment, BEE in both type 1 and type 2 diabetes patients can be assumed

comparable to that in healthy people. In addition, our validation data set has more background
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in common with the derivation set than the general population of Japanese patients with

diabetes. We also did not measure BEE of healthy Japanese for comparison. It remains to be

established whether or not the difference in BEE between Japanese patients with diabetes and

healthy Japanese is insignificant when FPG of patients are <180 mg/dL.

The values estimated from the proposed equation in the present study are well

matched to the reference values for Japanese BEE (Dietary reference intakes) reported in

healthy Japanese as values per body weight among different groups for age and sex (29). In

addition, when mean BEE values were calculated by the proposed equation from mean body

weight and age reported in other studies including healthy Japanese and Chinese, estimated

BEE values were in good agreement with measured values (10, 15, 30).

We report a new equation using parameters readily available in clinical practice to

estimate BEE of patients with diabetes in an Asian population. Further studies are required to

in a wide range of populations to determine its usefulness in Asian clinical settings.
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All Male Female
No. of patients 68 39 29
Type of diabetes (typel/type2) (n) 7/61 4/35 3/26
Age (years) 298+ 112 58.3 +10.3 61.8+12.2
(range 19-78)
Height (cm) 161.3+9.5 167.6 6.0 152.9 +6.3
Body weight (kg) 6281471 67.3+16.0 56.7 +10.2
(range 34.6-113.6)

BMI (kg/m?) 24.0 + 4.7 239453 24.2+3.8
FFM (kg) 47.7+10.6 53.4+94 39.9+6.5
Fat mass (kg) 16.0£7.0 148 £8.0 17.8+4.9
TSF (mm) 15.9+7.8 13.1+6.5 19.8+7.8
AMA (sz) 446 +10.2 489+9.7 38.8+7.9
Waist (cm) 86.5+12.4 86.2+14.0 86.9 +10.3
Hip (cm) 91.3+7.8 92.4+85 89.8 +6.7
BEE (kcal/day) 1290 + 217 1395 + 210 1149 + 130
FPG (mg/dL) 113.7+25.8 113.3+25.5 114.3 + 26.6
PPPG (mg/dL) 143.5+ 35.9 146.5 + 39.7 139.3 +30.3
HbALc (%) 105+25 10.3+2.4 10.8 £2.7
Duration of diabetes (years) 9.3+7.38 109+8.9 7.1+55
Treatment

Diet (kcal/SBW/day) 29.1+25 289+21 29.3+3.0

Medications

Ins only (n) 34 21 13
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Ins + Met (n) 10 4 6
Ins + SU (n) 3 2 1
Ins + SU + Met (n) 1 0 1
SU (n) 8 5 3
SU + Met (n) 5 2 3
Met only (n) 4 3 1
None (n) 3 2 1

384  'Data are means + SD. BMI, body mass index; FFM, fat-free mass; TSF, triceps-skinfold

385  thickness; AMA, arm muscle area; Waist, waist circumference; Hip, hip circumference; BEE,
386  Dbasal energy expenditure; FPG, fasting plasma glucose just before the measurement of BEE;
387  PPPG, mean preprandial plasma glucose for three consecutive days before the measurement
388  of BEE; HbAlc, glycated hemoglobin; SBW, standard body weight; Ins, insulin; SU,

389  sulfonylurea; Met, metformin.
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390  Table 2 Correlations between FFM, fat mass and anthropometric indices.

FFM FM Ht Wt TS AMA  Waist  Hip
FFM 100 — — — _ _ _ _
FM 0.38+ 1.00 — _ _ _ _
Ht 0.75;  -0.12 100 — — — — —
Wt 0.90;  0.75%  0.49% 100 — — — —
TSF 013  0.78% -0.30*  0.46% 100 — — —
AMA 0.847  048F  0.50f  0.83] 0.07 100 — —
Waist 0.56;  0.91% 002 083t  070f  0.60% 100 —
Hip 0.73; 079  0.28%  090f  050f 0.73%  0.83% 1.00

Pearson’s correlation coefficients (n=68):*p<0.05; +p<0.01; p<0.001. FFM, fat-free mass; Ht,
height; Wt, weight; TSF, triceps-skinfold thickness; AMA, arm muscle area; Waist, waist
circumference; Hip, hip circumference.

391



392
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Table 3 Results of multiple regressions for FFM, FM and BEE.
Ad;.
R? Model
FFM = —26.9 + 0.5x Wt + 0.3xHt — 0.1xAge + 3.9xSex * 0.95 1
FFM = — 60.8 + 0.6x AMA + 0.5x Ht" 0.84 2
FFM = — 102.8 + 0.8xHip + 0.5xHt + 4.5xSex ¢ 0.87 3
FM =—26.3 + 0.5x Waist — 2.6xSex © 0.86 4
FM = — 45.4 + 0.5xHip + 0.4x TSF + 0.1xAge ¢ 0.84 5
FM =—-14.3 + 0.4xWt + 0.2xTSF + 0.1xAge — 5.1xSex 0.87 6
BEE = 691.6 + 11.6xFFM + 8.9xFM — 2.6xAge + 106.7xSex 0.81 7
BEE = 748.4 + 10.4xWt — 3.0xAge + 125.4xSex ® 0.81  Model (1 +6) 8
BEE = — 332.3 + 6.1xHt + 9.5x Waist — 4.6xAge +147.1xSex ' 0.73  Model (2 + 4) 9
BEE = —1139.3 + 13.8xHip + 6.1xHt +5.6x TSF +157.9xSex © 0.77  Model (3 +5) 10

393

394

395

396

397

FFM, fat-free mass (kg); FM, fat mass (kg); BEE, basal energy expenditure (kcal/day); Wt,

body weight (kg); Ht, height (cm); AMA, arm muscle area (cm?); Hip, hip circumference

(cm); Waist, waist circumference (cm); TSF, triceps-skinfold thickness (mm); Adj. R?

adjusted coefficient of determination.

& Male = 1, female = 0.
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® Age and sex were not significant determinants when added to this model.

¢ Age was not a significant determinant when added to this model.

9 Sex was not a significant determinant when added to this model.

® Height and TSF were not significant determinants when added to this model.

" AMA was not a significant determinant when added to this model.



Accepted for publication in Clinical Nutrition on 22-NOV-2012 29

404  Table 4 Detailed result of model 8.

Dependent variable Std. Adj.

BEE? Coef.? 95% CI ¢ coef. ¢ P>t R2¢

Independent variables

Intercept 748.4 562.6 934.1 <0.001 0.810
Wt (kg) 10.4 86 121 0.70 <0.001
Age (year) -3.0 52  -0.9 -0.16 0.007

Sex (male=1, female=0) 125.4 75.6 175.1 0.29 <0.001

405  ®BEE, basal energy expenditure (kcal/day).
406 P Coef., partial regression coefficient.

407  °ClI, confidence interval.

408  “Std. coef., standardized coefficient.

409  °Adj. R? adjusted coefficient of determination.

410
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411  Table 5 Equations to estimate BEE .
Formula Reference
New equation 10 W — 3 A+ 125 (if male) + 750 *°
Harris and Benedict (1919) Male: 13.75 W +5.00 H -6.76 A + 66.47 d 7
Female: 9.56 W + 1.85 H — 4.68 A + 655.10
Oxford (2005) Male: 18-30 years; 16.0 W + 545 12
30-60 years; 14.2 W + 593
60 + years; 13.5W +514
Female: 18-30 years; 13.1 W + 558
30-60 years; 9.74 W + 694
60 + years; 10.1 W + 569
Liu (1995) 13.88 W + 4.16 H — 3.43 A — 112.40 (if female) + 54.34 10
Ganpule (2007) (48.1W + 23.4H — 13.8A — 547.3(if female) — 423.5)/4.186 15

412

413

414

415

416

®BEE, basal energy expenditure (kcal/day).

"W, weight (kg).
©A, age (year).

9 H, height (cm).
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Table 6 Characteristics of patients (validation set).
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all Male Female
No. of patients 60 36 24
Type of diabetes (typl/type2) (n) 6/54 3/33 321
Age (years)? >89 13.3 55.8 + 13.5 63.6 +11.8
(range 21-82)
Body weight (kg)’ (ranz6e.jli.11i:8. 0 70.0+19.2  62.2+15.8
BMI (kg/m?) 25.7 £6.7 24.6 £6.2 275+7.2
BEE (kcal/day)® 1260 + 219 1342 + 225 1137 + 141
FPG (mg/dL) 132.1+20.8 130.8 + 20.5 133.9+21.6
PPPG (mg/dL) 157.6 + 32.3 156.7 + 34.8 159.0 + 28.9
HbALc (%) 9.3+15 95+1.8 9.0+1.1
Duration of diabetes (years) 10.0+8.8 9.3+84 11.0£9.5
Treatment
Diet (kcal/SBW/day) 29.4+28 29.4+3.0 29.4+25
Medications

Ins only (n) 28 15 13

Ins + Met (n) 2 1 1

Ins + SU (n) 2 2 0

SU (n) 13 9 4

SU + Met (n) 4 4 0

Met only (n) 3 1 2

None (n) 8 4 4
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Data are means=SD. BMI, body mass index; BEE, basal energy expenditure; FPG, fasting
plasma glucose just before the measurement of BEE; PPPG, mean preprandial plasma glucose
for three consecutive days before the measurement of BEE; HbAlc, glycated hemoglobin;

SBW, standard body weight; Ins, insulin; SU, sulfonylurea; Met, metformin.
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422  Table 7 Evaluation of equations in validation set.
Estimated BEE  Estimated BEE Accurate
Equation per body? per kg Wt" Bias® RMSE®  estimation®

New equation 1317 + 227 20.2+23 48+7.7 103 78
Harris and Benedict 1388 + 309 21.1+£22 9.8+94 184 50
Oxford 1420 + 309 216+23 12.3+95 209 38
Liu 1407 + 321 21.3+21 11.1+10.9 205 42
Ganpule 1323 + 295 20.1+24 45+105 140 63

423  n=60. Data are means + SD.

424  *Estimated BEE per body, mean basal energy expenditure estimated per body (kcal/day)

425 P Estimated BEE per kg Wt, mean basal energy expenditure estimated per kg body weight

426  (kcal/kg/day)

427  °Bias, mean percentage error between estimated and measured BEE ((BEE estimated — BEE

428  measured) / BEE measured) (%)

429  YRMSE, root mean squared error (kcal/day)

430  ® Accurate estimation, percent of the patients estimated by each equation within 10% of

431  measured value (%).

432



