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ABSTRACT

The elderly have a slower metabolism than the young, which affects their
thermal perceptions and comfort, particularly in hot-humid climates. Under-
standing these differences is important to identify the thermal comfort levels
of the elderly. The available data from Thailand is insufficient, so we analyzed
the literature for a proxy to estimate the metabolic equivalent of task (MET)
rate for Thai elderly (60 years old and over). A Vietnamese database was the
most reasonable proxy, since the body size of Thai and Vietnamese are similar,
with considerable similarity in culture, food, and climate. This study applied
18 human metabolism equations derived from the literature to the Vietnamese
data. Following statistical analysis of the measured MET rate of the Vietnamese
elderly, seven studies were found to be accurate to within a £10% margin of
error: Schofield (1985), WHO (1985), Owen et al. (1986), EU (1993), Muller
et al. (2004), Henry (2005), and Wells et al. (2009). Of these, the aggregate
equation (Wells et al., 2009) was the most convincing method for estimating the
MET rate of the Thai elderly, since it incorporates the Southeast Asian context
and limits bias. In conclusion, using the most accurate equation, the MET rate
of the average Thai elderly is calculated as 1,560 kcal/day for males and 1,230
kcal/day for females, equivalent to 43.10 W/m? (0.966 kcal/kg/h) and 38.57
W/m? (0.884 kcal/kg/h), respectively.
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INTRODUCTION

An individual’s metabolic equivalent of task (MET) is one of six main
factors that determine thermal comfort. Most thermal comfort standards are based
on the MET rate of an average adult. The elderly have a lower MET rate than
younger adults, however, and typically have different thermal perceptions. Many
studies have endorsed this position following clinical measurements conducted
in the laboratory. First, the elderly have lower oxygen consumption in indirect
calorimetry measurements (Kwan et al., 2004). Second, they have lower resting
energy expenditure (REE) levels than the young as a result of progressive loss of
fat free mass and a reduced MET rate in certain organs (Siervo et al., 2014). Third,
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their overall MET rate is also lower than that of younger adults (Pier et al., 1998;
Lihrmann et al., 2010). Although current calculation methods frequently result
in significant over- or under-estimates of the MET rate, this paper describes how
to calculate the MET rate in the Thai elderly with considerably more accuracy.

Six main factors are used to determine thermal comfort level: air tem-
perature, humidity, air speed, radiant temperature, metabolic rate, and clothing
insulation. MET rate is defined in the American Society of Heating, Refrigerating
and Air-Conditioning Engineering, Inc., ASHRAE Standard 55-2004, as the heat
transformation rate within an organism. The rate is expressed in ‘METs’ from the
total energy produced per unit of surface area. ASHRAE (2004) suggested that the
MET rate for a resting person is 58.15 W/m? based upon an average 30-year-old
man, 70 kg in weight, 1.75 m tall, and 1.8 m? in surface area. It has also been
applied for an average 30-year-old woman, 60 kg in weight, 1.70 m tall, and 1.6
m? in surface area. ASHRAE Handbook (2009) determined that 1 MET seated at
rest in an average man is equal to 50 kcal/h/m?. Based on the empirical research
on MET rate (Harris and Benedict, 1918), the average MET rate has been calcu-
lated as 25.7 kcal/day in men and 24.5 kcal/day in women, which is equivalent
to 1 kcal/kg/h. Although ASHRAE 55-2004 acknowledges that the elderly have
a decreased MET rate compared with the young, no recommendation exists for
how much lower the elderly rate might be.

ISO8996 (2004) defines four levels of accuracy as suitable for measuring
MET rate: screening, observation, analysis, and expert. Screening is a coarse es-
timation of MET rate by employment occupation category. Observation estimates
MET rate of subjects carrying out typical activities or tasks. Analysis measures
heart rate as an input to calculating the MET rate, providing a more accurate
estimate. The expert method is the most accurate, and relies on the direct mea-
surement of oxygen consumption. However, it is complicated and requires tests
in a laboratory. Indirect calorimetry is an alternative to the direct method, and
has been applied more frequently, since the equipment is easier to use and the
subjects need less preparation.

Oxygen consumption

Oxygen consumption in the elderly, at rest, has been found to be lower
than that reported by the ISO8996 (2004) for the average adult of 3.5 ml/min/
kg (Kwan et al., 2004; Sergi et al., 2010; Coelho-Ravagnani et al., 2013). These
tests used the indirect calorimetry measurement of oxygen consumption. However,
research comparing age groups in tropical and subtropical conditions is limited.
While Chinese female and male younger adults consumed 3.3 and 3.0 ml/min/
kg, respectively, older Chinese (over 65) consumed 2.8 ml/min/kg (Kwan et al.,
2004). Sergi et al. (2010) confirmed a value of 2.9 ml/min/kg in resting Chinese
elderly. The 50-year-old Brazilian’s O, intake while resting was 2.7 ml/min/kg
(Coelho-Ravagnani et al., 2013). Young Thai adults (age 25 years) consumed 3.9
ml/min/kg (Thongpresert and Chaivatsagool, 1985), whereas Thai elderly were
much lower at 2.3 ml/min/kg when resting after doing yoga (Buranruk et al.,
2010). Interestingly, research around the world with different ethnic groups has
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shown much lower oxygen consumption levels than the accepted standard, even
with younger subjects.

Energy expenditure and MET rate

Metabolism can also be measured using energy expenditure. Basal energy
expenditure (BEE) and resting energy expenditure (REE), also known as resting
metabolic rate (RMR), both measure energy burned at rest. REE is usually men-
tioned as resting metabolic rate (RMR). Likewise, BEE and BMR are noted. BMR
requires specific conditions and is usually measured in a laboratory or clinical
environment, considered as Grade II of the controlling environment. The subject
has to fast for 12 hours and have slept for § hours, with 4 hours of non-stimulating
activity before testing to ensure that the digestive system is inactive. However,
measuring RMR requires just 12 hours of non-vigorous activity and 30 min of
resting at a neutral temperature (22°C) before testing (Grade 111 control) (Compher
et al., 2006). BMR and RMR account for about 52-70% of total daily energy
expenditure (Liu et al., 1995). RMR better represents typical daily life than BMR
and requires fewer restrictions before measuring, although BMR more accurately
represents basal energy expenditure.

The elderly have lower REE levels than the young as a result of progres-
sive loss of fat-free mass and a reduced MET rate in certain organs (Siervo et al.,
2014). BMR is also lower in the elderly (Fleisch, 1951 in FAO/WHO/UNU, 1981).
Research data found a progressive decrease in BMR of approximately 15% in el-
derly (50-80 years old) Caucasians. The BMR of elderly Australians was measured
at 5,726 kj/day, which is 458 kj/day, or 7.4%, lower than that of younger adults
(Piers et al., 1998). The RMR of elderly Chinese females and males (60+ years),
measured using indirect calorimetry, was 6.5% and 7.8% lower (5,432 and 6,971
kj/day), respectively, than those of Chinese younger adults (Krems et al., 2005).
However, the loss of fat-free mass is not the only factor contributing to reduced
energy expenditure in the elderly. REE can be reduced by the progressive loss
of muscle mass in particular body areas; for example, leg muscles in the elderly
may have advanced loss of mass compared with other parts of the body (Hunter
et al., 2001).

MET rate varies depending on demographic, anthropometric, and body
composition characteristics: age, sex, ethnicity, weight, height, water body mass,
fat mass, and fat-free mass. Although some researchers have suggested that the
MET rates between ethnic groups, such as Egyptian, Burmese, Thai, Filipino,
Japanese, Korean, and Indian are not significantly different (FAO/WHO/UNU,
1981), others have asserted the differences are distinct. For example, Asian adults
living in the United States were measured with an 8.5% lower REE than the
equation predicted for Westerners (Case et al., 1997). Moreover, the FAO/WHO/
UNU equation overestimated BMR by 8-11.5% in tropical people (Henry and
Rees, 1991), and the Schofield equation used in a FAO/WHO/UNU worldwide
project overestimated BMR by 5-12% in Asian subjects (Henry, 2005) and 11%
in Vietnamese subjects (Nhung et al., 2007).
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METHODS

This paper applies 18 predictive equations available from the literature to
estimate the MET rate for the Thai elderly and uses statistical analysis to select
the most accurate method for the Thai context.

Identifying the database

The MET rate in Thai young adults has been measured directly (Thongpresert
and Chaivatsagool, 1985), but not in the Thai elderly. This study first searched
the literature for MET databases of the elderly in Asia, and compared body size
characteristics of these databases (Vietnamese, Japanese, and Chinese elderly)
with Thai elderly. The best-matched database was used as a proxy for the Thai
elderly.

Note, however, that the body size comparison given below is not a direct
anthropological measurement.

Methods for selecting the appropriate equation

This research examined 18 published MET rate equations that estimate REE
for the elderly to select the most accurate equation. The 18 predictive equations
are shown in Table 1.

Table 1. Comprehensive prediction equations of resting energy expenditure for
older adults.

Equations Subjects Prediction equations of REE (kcal/day)
Harris-Benedict (1918) Age 29+14y 655 + 9.5*W + 1.9*H — 4.9*AGE
N =239
Adjusted DRI* - Male >50 y: [21.5 + (10.8 - 0.173*W)]*W
Female > 50 y: [20.7 + (8.9 - 0.172*W)]*W
Bernstein (1983) Agemean =40y  Male: 11.02*W + 10.23* - 5.8*AGE - 1032
N =202 Female: 7.48*W — 0.42*H — 3*AGE + 844
Schofield (1985) Age > 60y Male: 11.711*W + 587.7
(for age > 60 y) N=7173 Female: 9.082*W + 658.5
FAO/WHO/UNU (1985) Age > 60y Male: 13.5*W + 487
(for age > 60 y) N = 11,000 Female: 10.5*W + 596
Owen (1986; 1987) Age 18-82y Male: 10.2*¥W + 879
N =104 Female: 7.18*W + 795
Mifflin St-Joer (1990) Age 19-78 y 9.99*W + 6.25*¥H — 4.92*AGE + 166*SEX - 161
N =498
Fredrix (1990) Age 51-82 y 1641 + 10.7*W — 9*AGE — 203*SEX
N =40
EU (1993) - Male 60-74y: 11.9*W + 700

Female 60-74 y: 9.2*W + 688
Male >75y: 8.4*W + 819
Female >75 y: 9.8%W + 624

Liu (Liu et al., 1995) Age 20-78 y Male: 13.88*W + 4.16%H — 3.43*Age
N =223 Female: 13.88*W + 4.16*H — 3.43*Age -112.40
De Lorenzo (2001) Age 18-59 y Male: 53.284*W + 20.957*H — 23.859*AGE + 487

N =320 Female: 46.322*W + 15.744*H — 16.66*AGE -944
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Lithrman (2002) 107 males, age
66.9+5.1 y
179 females, age

67.8+5.7y
Age 5-80 y
N = 2528
Age 1895y
N =655
Age 3-60+ y
N = 10,552

Muller (2004)

Livingston (2005)

Henry (2005)

Korth (2007)
Ganpule (2007)

Age 21-68 y

Age 36.5+16 y
N =137

3169 + 50*W — 15.3*AGE + 746*SEX

0.047*W — 0.01452*AGE + 1.009*SEX + 3.21

Male:  293*W%430 _ 5 92*AGE
Female: 248*W%43¢ _ 5 09*AGE
Male 60-70y: 13*W + 567
Female 60-70 y: 10.2*W + 572
Male >70y: 13.7*W + 487
Female >70 y: 10¥W + 577

41.5%+35*H+1107.4*SEX — 19.1*AGE - 1731.2

Male: (0.0481*W + 0.023*H — 0.0138*AGE —
0.4235)*1000/4.186

Female: (0.0481*W + 0.023*H — 0.0138*AGE —
0.9708)*1000/4.186

Aggregate based on  Average of individual equations

Wells et al. (2009)

Note: Table has been modified and updated from Siervo et al. (2014); y = years;
*Adjusted Dietary Reference Intakes (DRI) (1975 in Miyake et al., 2011).

Aggregate Equation (AE)

@

means no data.

Siervo et al. (2014) suggested that the aggregate equation provides the most
accurate REE estimation, with no significant bias in gender and age. Individual
results were then tested statistically for their error and bias to arrive at a repre-
sentative equation for the proxy of Thai elderly. The outcomes were compared to
the measured data. The program ‘IBM SPSS Statistics’ 22 was used for statistical
analysis and the most accurate method identified to estimate the MET rate for the
Thai elderly. The two following methods identified the most accurate equation
for the elderly.

Error tests. The percentage error was calculated from the different means
between the measured REE and the predicted REE. The coefficient of variation
(CV) can also illustrate the accuracy of data. The higher the error and CV values,
the less accurate the results are. Equations with less than +10% error were iden-
tified as more accurate.

Bias tests. The bias of the percentage error in weight and height was tested
with Pearson’s Correlation. First, the significance of the difference between the
predicted REE and the measured REE was measured. Next, bias analysis was
conducted to assess the relationship of percentage of error to weight and height.
Gender bias was not tested due to inadequate information. The following char-
acteristics were recognized as having less bias:

* No significant difference between measured and predicted results.

* No apparent correlation between the percentage of error and weight or
height.
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RESULTS

The proxy database for the Thai elderly

The Vietnamese database has the least significant body size difference com-
pared with the Thai. Table 2 shows a stronger correlation of overall characteristics
of the Thai-Vietnamese elderly than the Thai-Japanese and Thai-Chinese. Although
there is no significant correlation when considering gender, weight, and height
of the Thai, Vietnamese, and Japanese elders, the Thai and Vietnamese databases
shows a significant correlation in BMI (p<0.05). The selected Vietnamese database
consisted of 35 males and 40 females (Nhung et al., 2007).

Table 2. Characteristics of the Thai, Vietnamese, and Japanese elderly.

Race Gender Age, yr Weight, kg Height, m BMI, kg/m’
Thai Male 62+3 67+10 1.67+0.05 24.3543.50
Female 64+4 58+ 9 1.53+0.06 24.70+£3.67
Vietnamese  Male 65+4 61+ 8 1.62+0.49 22.89+2.04*
Female 664 52+ 5 1.53+0.41 21.90+1.80*
Japanese Male 6949 60+ 8 1.63£0.10 22.50+2.80
Female 69+9 51+ 8 1.50+0.10 22.80+3.20
Chinese Male 68+5 78+ 10 1.73+0.66 26.10+2.80
Female 69+5 68+12 1.60+0.55 26.50+4.00

Note: *Significant (p<0.05) compared to the Thai group.

The Vietnamese database was selected as the most appropriate for estimat-
ing the MET rate of the Thai elderly, since the Vietnamese body size is the most
similar of the three ethnicities studied.

The Vietnamese database was then applied to all 18 equations and the
accuracy of each determined.

The prediction of REE of Thai elderly

Using the 18 equations, the REE values of Thai elderly are much lower
than the ISO8996 (2004) value (Table 3). MET rate can then be calculated from
the predicted REE in both units — W/m? (SI) and kcal/kg/h (IP), which reflect the
individual’s skin surface area and weight.

These REE values vary by +/-32% the average value. The REE values
calculated for Thai elderly averaged 1,552+512 kcal/day for males and 1,223+473
kcal/day for females. They are equivalent to 42.89 W/m?, or 0.96 kcal/kg/h, for
males and 38.37 W/m?, or 0.88 kcal/kg/h, for females. The Vietnamese elderly
record lower values of 40.82 W/m?, or 0.95 kcal/kg/h, for males and 37.38 W/
m?, or 0.92 kcal/kg/h, for females (Nhung et al., 2007). These values of the Thai
elderly are approximately 30% and 7% lower than 1 MET of the standard, cal-
culated by skin surface area (W/m?) and by weight (kcal/kg/h), respectively.

However, these average values do not represent MET for the Thai elderly.
The next method helps to identify the most appropriate method to determine the
Thai elderly MET rate.
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Table 3. Prediction of resting energy expenditure (REE) of Thai elderly.

Equations Gender Predicted REE REE or MET REE or MET
(kcal/day) rate (W/m?) rate (kcal/kg/h)
1 Harris-Benedict M 14224235 39.28 0.88
F 1202+162 37.70 0.86
2 Adjusted DRI M 1566+128 43.26 0.97
F 1211495 37.99 0.87
3 Bernstein M 1426+185 39.41 0.88
F 1077+196 33.78 0.77
4  Schofield M 10714226 29.60 0.66
F 11594120 36.35 0.83
5 FAO/WHO/UNU M 1819+195 50.24 1.13
F 1508+204 47.30 1.08
6 Owen M 1811+147 50.03 1.12
F 1697+165 53.22 1.22
7 Mifflin St-Jeor M 1396+169 38.57 0.86
F 12054138 37.79 0.87
8  Fredrix M 1555+151 42.97 0.96
F 1206172 37.84 0.87
9 EU M 1961+179 54.17 1.21
F 1674+159 52.50 1.20
10 Liu M 14234202 39.33 0.88
F 1121217 35.17 0.81
11 De Lorenzo M 1376147 38.02 0.85
F 1214+123 38.07 0.87
12 Luhrman M 1501+149 41.47 0.93
F 12214121 38.31 0.88
13 Muller M 14424163 39.85 0.89
F 1163+134 36.49 0.84
14 Livingston M 1643£193 45.38 1.02
F 1166+205 36.59 0.84
15 Henry M 14684215 40.55 0.91
F 751+186 23.54 0.54
16 Korth M 1409+183 38.92 0.87
F 1091£196 34.22 0.78
17 Ganpule M 2095+376 57.89 1.30
F 1130117 35.44 0.81
18 Aggregate M 1560+173 43.10 0.97
F 1230+138 38.57 0.88

The most appropriate method to identify the MET rate for the Thai elderly
Two tests were used to eliminate the ineffective prediction equations for
the Asian elderly. Based on these statistical tests, a qualitative approach helped
determine the most appropriate method for the Thai elderly MET rate.
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Error tests

The error of each REE calculation is shown in Figure 1. An error range
within 10% and a CV within five units were considered acceptable (Figure 1).
Based on this, the Harris-Benedict, Korth, and AE equations were identified as
providing the most accurate predictions.
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Figure 1. Calculation of mean percentage of errors from the predicted REE (kcal/
day).

Note: *Mean percentage of error is more than +10%. **Having a CV over five units. *Significant
difference between measured and calculated results (p<0.05). "Significant bias between the percentage

of error and weight and height (p<0.01).

Bias test

The bias between datasets was tested statistically to eliminate equations
with limited applicability. The Lurhmann and Henry models showed a significant
difference between measured and predicted REE. Pearson’s correlation examined
the association between the percentage of the error on weight and height. The
Owen model showed that the level of bias on both weight and height is highly
significant (p<0.01). Therefore, the Lurhmann, Henry, and Owen models were
eliminated based on the bias test.

DISCUSSION

According to both error and bias tests, three REE equations effectively
predicted REE of the Asian elderly — the Harris-Benedict, Korth, and AE models.
To identify the most appropriate model depends on whether the studies included
Asian subjects and/or age specific parameters in their analysis to determine a
predictive equation for calculating REE.
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Eleven of the equations were based on Caucasian and/or non-Asian sub-
jects; these were considered insufficiently effective for predicting the MET rate of
Asians. Seven equations included Asian subjects in their original survey — Adjusted
DRI, FAO/WHO/UNU, Owen, Liu, Henry, Ganpule, and the AE (see Table 4).
In addition, as the MET rate reduces in the elderly along with the body mass,
fat mass, and muscle mass (FAO/WHO/UNU, 1981), if the individual formula
incorporates age and weight as a parameter, the results will be more accurate.
Only the AE included Asians as well as decreasing weight and increasing age in
their formulas (Table 4), making it the most accurate predictive equation for REE
in the Vietnamese elderly.

Table 4. Consideration of age and ethnicity as a particular factor in experimental

bias.

Equations Ethnicities Age Height  Weight Age
(Mean, no. of (Mean, (Mean, included
participants)  metres) kg) in the

equation
1  Harris-Benedict Caucasian M 29 (136) - - v
F 29 (103) - -

Adjusted DRI~ Japanese =~  -------- No English data available----------- -

Bernstein Obese M 40 (48) 1.77 92.4 4
American F 39 (157) 1.64 76.6

4  Schofield Caucasian M 72.4 (50) 1.65 62.3 -
F 66.4 (38) 1.53 55.5

> 60 (11,000) - - -
5 FAO/WHO/ Caucasian,

UNU *# South
American,
African,
Tropical
6  Owen Mixed M 38 (60) 1.75 86.6 -
Americans, 35 (44) 1.64 74.9
Caucasian, F
Oriental
7  Mifflin St-Jeor  American M 44.4 (251) 1.78 87.5 v
F 44.6 (247) 1.64 70.2
8  Fredrix Netherlander M 63 (18) - 81.1 v
F 66 (22) - 64.8
9 EU Europeans, M 60-75 - 73.5 -
(Scottish, F 60-75 - 66.1
Italian)
10 Liu Chinese M 44.0 (102) 1.68 63.5 v
F 43.6 (121) 1.57 52.9
11 De Lorenzo Italian M 28.7 (127) 1.77 83.8 v
F 41.1 (193) 1.61 72.0
12 Luhrman German M 66.9 (107) 1.73 78.8 4
F 67.8 (179) 1.60 67.5
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Table 4. Continued.

13 Muller ® German - 5-80 (2,528) 1.70 77.6 v
14 Livingston Obese M 51 (334) - 82 v
American F 36 (299) - 96
48 (433) 69
39 (356) 90
15 Henry All ethnicities M > 60 (5,794) 1.70 71.3 -
F > 60 (4,702) 1.56 60.0
16 Korth German M 37 (50) 1.80 85.1 v
F 35 (54) 1.69 72.6
17 Ganpule Japanese M 71 1.70 68.3 v
F 66 1.59 54.0
18 Aggregate = - Average of all available equations------- 4

Note: *The report covers many ethnicities around the world; Caucasian refers to Northern Europeans,
including the British and North Americans; South American refers to Mexicans and Guatemalans;
African refers to Gambians; and tropical refers to Papua New Guinean. "This study did not cover
gender differences. “-” means no data.

Given its appropriateness, we have adopted the AE method for the Thai
database, even though it still overestimates by 1-4%, as shown in Figure 1. The
MET rate of the average Thai elderly is calculated as 1,560 kcal/day for males
and 1,230 kcal/day for females, equivalent to 43.10 W/m? (0.966 kcal/kg/h) and
38.57 W/m? (0.884 kcal/kg/h), respectively. It is approximately 7-30% lower than
the RMR 58.15 W/m? for average 30-year-old men in ISO8996 (2004). Regarding
the Vietnamese data, the measured REE is 1,382 kcal/day for males and 1,142
kcal/day for females, equivalent to 40.82 W/m? (0.95 kcal/kg/h) and 37.38 W/m?
(0.92 kcal/kg/h), respectively. The Thai and Vietnamese MET rates (W/m?) differ
by approximately 4%. These results are similar to the percentage difference in
weight and BMI between the two ethnicities. Therefore, the estimated REE can
be assumed to be representative until a direct measurement of REE is undertaken
with the Thai elderly. Further study should include metabolic measurement of the
Thai elderly, which would permit an accurate predictive equation to be developed.
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