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This cross-sectional study examined the relatigndetween alternative anthropometric indices arel th
nutritional and metabolic status of the Thai elgerFour rural communities, each from the 4 maigiges of
Thailand were surveyed. A total of 2324 subjeGfsyears old and over were included in the stuldlyndex
and Demiquet had a very strong relationship to bomhss index with the r values of 0.93 and 0.88,
respectively. Fat weight had the highest correfatvith body mass index in older women, r = 0.84Q.001)
and with Mindex, r = 0.93R<0.001). In regard to anthropometric measuremémesmid-arm circumference
had the strongest relationship to all three Quetatiices, r = 0.76-0.87P0.001), while subscapular skinfold
thickness performed best among skinfold measuresnert0.69-0.74K<0.001). BMI achieved a significantly
higher degree of correlation with triceps and stilima skinfold thickness, mid-arm circumferencedafat
weight than DemiquetP<0.001 for all variables). The lymphocyte countsvibe only laboratory test that
related rather well to all three Quetelet indicesll three Quetelet indices had nearly the saméepatof
relationship to various nutritional parameters. Ttwt-off points of Mindex denoting under-nutrition,
overweight and obesity | in women were 55.95, 6968 75.60 kilogram/metre, respectively. At the sam
time, the cut-off points of Demiquet denoting undetrition, overweight and obesity | in men were6(h
93.98 and 102.16 kilogram/metreespectively. All this information supports thenefit of using Mindex and
Demiquet as alternatives to body mass index fatitiartal assessment in older Asian people, esggdial the
malnourished ones.
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Introduction

Apart from nutritional assessment, there is andasing arm-span in women. Two alternative anthropometric
use of anthropometric indices among older people measurements designed for older men (Demiquet ¥ bod
predict physical functions and mobility. According to a weight divided by arm-span squared) and older women
recommendation given by the Report of a WHO ExpefMindex = body weight divided by arm-span) were se-
Committee on the use of anthropometry in the eydierl quentially developed. S

1995, future research should seek a better index tiody ~ Although there were some studies indicating tse-
mass index (BMI) which would be one in which bod)tulness of Demiquet and Mindex in older addifsthere is

weight is related to some parameters other thaghti @ Paucity of population-specific reference data étuer

The three main reasons for the disadvantage of B#ll ghsian people. Even the anthropometric referencg tint
assessing the nutrition of elderly people in Bnitabuld

firstly, the loss of height with age due to ageted osteo- . . -

porosis, kyphoscoliosis and degenerative disc cda’sangnOt be. used in Edlnburgﬁl’h.ln addition, beqause the _body

secondly the inconvenience of measuring heightan-n mass index h._als been widely used, to verify thedu;alof
bulant elderl tient th h thie o these alternative measurements for older Thai suhaleds

am gan € thy r?a. 1ents or _or.:,e w Io may no de q the study of the relationship patterns of correlatietween

stand erect with their eyes at right angles togitoeind and, 056 two alternative measurements and the sthrafze,

finally, an increase in the fat to lean ratio idedl peoplé.

T_he COMA committee (1992) repommended t.hat Correspondence address:Dr. Prasert Assantachai, Dept of
demi-span measurement should be included in alfi-nutpreventive & Social Medicine, Faculty of Medicineiri;
tional surveys of older people as it declines le#h age Hospital, 2 Prannok Road, Bangkoknoi District, Barigk6700,
than does heightAccording to a survey in 890 men andrhailand
women aged over 65 years, weight has been shownTg): + (662)-419-7284; Fax: +(662)-411-5034

increase proportionately with arm-span squareden end Email: sipus@mahidol.ac.th
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body mass index, to other nutritional paramesgsci- measuring tape between the tip of the acromionga®c
fically relating to older Thai people. and the tip of the olecranon process, the mid-poirthe
Although abdominal obesity is well recognizasithe  upper arm could be identified. The right arm wasnt
main risk factor of metabolic syndrome and waistwin-  extended alongside the body, with the palm facipg u
ference can be easily measured, the alternativée@@uie wards. At this mid-point the tape was pulled sntmuad
indices, if their validity is proved, can still heseful for  the arm without compressing the tissue. The circum-

nutritional assessment in a malnourished oldertadul ference was recorded to the nearest 0.1 cm. Mid-arm
muscle circumference (MAMC) has been used widely as
Materials and methods a simple measure of lean body mass using the farmul

This cross-sectional study was done after it wascegl
by the Research Committee of Mahidol University. TheMAMC = mid-arm circumference -4 x triceps skinfold)
whole project finished in the year 2000. One distin
each of the four regions of the country was rangoml  Subcutaneous skinfold thickness was determiaied
selected, namely, Huay-Plu District in Nakorn Patho four sites, namely, the triceps, biceps, subscaparal
Province representing the central region, Hang-Chagupra-iliac skinfold. A trained nutritional nursenavwas
District in Lumpang Province representing the nemh skilled in using the Hapenden skinfold caliper it
region, Muang District in Sakolnakorn Province egn-  these measurements throughout the study to avaid an
ting the northeastern region and Graburi DistnictRa-  inter-observer bias. The Hapenden skinfold caliwas
nong Province representing the southern regionrépp  calibrated before being used in the morning; three
mately 500 older people aged 60 years old and mver successive measurements within 0.5 cm. of eachr othe
each region were randomly recruited, leading tmtalt were required before the actual reading was redotde
number of 2336 subjects. Twelve subjects wereugbedd  the nearest 0.1 mm.
due to an inability to stand erect, resulting intogal Body composition was measured by the near-
number of 2324 subjects. However, because theegurv infrared interactance technique and computerized-sp
was done separately in each region, and was subjéwé  trophotometer, Futrex-5000/X. approved by Human
availability of human resources and laboratory ises;  Performance Centers, USA, during the surve9ptical
the number of each laboratory tests varied. Afieek- Standard and Light Shield were used for zero adjust-
ground characteristics were assessed, the subjedes- ment and to ensure that no external light intedfevéh
went anthropometric measurements and body composihe measurement of body fat. The measurement point
tion analysis as well as blood tests to measurehlbio was located at halfway between the antecubitalafoss
mical data and various vitamin levels, namely,mitaA,  and the acromion at the belly of the biceps muscle.
beta-carotene, thiamin, cyanocobalamin, folic aastor- All the biochemical measurements and comgi&ied
bic acid anda-tocopherol. count were done on the day of venipuncture. Lowsitgn
Weight was measured to the nearest 0.1 kifogra lipoprotein (LDL) cholesterol was calculated by Eee
the morning before breakfast, with the subjecthgdt wald equation if triglyceride was below 400 mgfdl.
only in light clothes. Calibrated balancing scapdgced Whole blood and serum were kept at °Qbefore the
on firm ground were used. Standing height was nredsu laboratory measurement of all vitamin levels whiotre
to the nearest 0.1 cm. with the examinee wearing noompleted within 6 weeks after the day of venipuret
shoes, standing straight on a horizontal surfadh thie  Vitamin A, beta-carotene, ascorbic acid atbcopherol
heels together, the shoulders relaxed, arms asittes  were measured by an isocratic high performancediqu
and the head in the Frankfort horizontal plane. figight ~ chromatography* Erythrocyte transketolase activity and
scale was attached to the weighing scale so thigdub the thiamin pyrophosphate effect (TPP) were used to
would have weight and height measured at the samege t identify thiamin status’ A microbiological assay using
To measure demi-span, the examinee stood agaitest a fLactobacillus casei ATCC 7469 was used to measure the
wall, with the arms extended laterally and kept atfolic acid level*® Since red cell folate reflects the tissue
shoulder height during the measurement. A standarfével of folic acid, it was also included in theadysis.
measuring tape approved by the Ministry of CommerceThe laboratory technique used in the cyanocobalamin
number: 11596-25 at least 2 metres long, was UHeel. measurement was a radioisotope dilution and cazited
starting point was at the center of the suprasteroeh  coal techniqué? Serum ascorbic acid was measured by a
stretching laterally and ending at the metacarplapiggal  high performance liquid chromatography.
joint between the third and fourth fingers. The irgd SPSS version 10.0 was the main statisticataupe for
was recorded to the nearest 0.1 cm. SequentiayniD  statistical analysis and the level of statistidghiicance

quet and Mindex could be calculated as folldws: was set aP value of less than 0.05. The Pearson product
Demiquet (for older men) = body weight (kilogram)/ moment correlation coefficient was used to esthbés
demi-span (metré) relationship between the two measurements. A geod
Mindex (for older women) = body weight (kilogram)/ to excellent relationship was achieved if the datien
demi-span(metre) coefficient (r) was greater than 0.75.As the number of

each variable studied varied, the statistical asiglgf the

The circumference of the upper arm (mid-armwn-  correlation between each group of nutritional partrs
ference) was measured at its mid-pOint, locateér aft and Quete|et indices was done Separate|y accotdiﬁge
bending the right elbow at a 9@ngle and placing the availability of the data. In addition, the degrefecorre-
forearm palm down across the trunk. By placing &ation between the Quetelet indices and the notrti and
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metabolic status were also compared individually benificance P<0.001) were mid-arm muscle circumference,
tween BMI and the alternative anthropometric indiby  hemoglobin, uric acid and lean weight. The ondhauit

the MedCalc statistical program. statistically significant differences were lymphtey
count, blood glucose, albumin, globulin and higimsity
Results lipoprotein (HDL). Of all vitamin levels, only faliacid

The age range and mean age of overall subjects@@ere levels in both serum and red cell, beta-caroterse an
97 and 68.93 6.75 years old. The ratio of male to femaletocopherol were significantly higher among oldemvem
was 885: 1439 (1:1.63). The percentages of paaiit®p (P<0.01). The 5,50" and 9%' percentiles of BMI in men
from the central, northeastern, northern and seonthe were 16.1, 21.4 and 28.8 kilogram/métamd in women
regions were 26.1%, 25.3%, 25.5% and 23.1%, resped6.2, 22.8 and 30.8 kilogram/métrerespectively.
tively. Around fifty-seven percent still lived wittheir  Accordingly, the #,50" and 98' percentiles of Demiquet
spouses while 6.4% lived alone. Regarding the &duc were 59.4, 88.1 and 123.6 kilogram/métrehile they
tional background of the subjects, 24.6% had nbeen were 45.7, 69.3 and 96.8 kilogram/metre for Mindex.
to formal school and 65.8% achieved only a primedy-  Both Demiquet and Mindex had an excellent relatigms
cation.

Table 1 Characteristics of subjects recruited during eamrhelation study regarding anthropometry, bloestd, body
composition and vitamin measureme

Male Female
N mean €D N mean §D

Body mass index (kg/M 644 21.54 8.99 1013 22.76 4.45
Demiquet (kg/rf) 644 86.74 #20.22 n/a n/a
Mindex (kg/m) n/a n/a 1013 68.2716.48
Triceps skinfold thickness (mm) 644 9.9481 1013 16.12 ¥.23
Biceps skinfold thickness (mm) 644 5.12+#6 1013 8.43 5.19
Subscapular skinfold thickness (mm) 644 3.82.+6.68 1013 16.08A495
Suprailiac skinfold thickness (mm) 644 .Q4+9.73 1013 18.4016.30
Mid-arm circumference (mm) 644 267.96:4 1013 270.8 40.4
Mid-arm muscle circumference (mm) 644 43628.4 1013 220.2 27.0
Hemoglobin (gm/dl) 403 14.491482 597 13.04 1.66
Lymphocyte count 403 2845.71646.2 597 2993.51082.8
Blood glucose (mg/dl) 729 103.88.1 1177 105.7 42.4
Cholesterol (mg/dl) 729 221.54.4 1177 240.7 2.0
Triglyceride (mg/dl) 729 168.486.1 1177 184.7 94.6
High-density lipoprotein (mg/dl) 729 40.3912.21 1177 41.15 13.01
Low-density lipoprotein (mg/dl) 729 14%461.0 1177 162.7 0.4
Albumin (gm/dl) 729 4.25 0.54 1177 4.27 ©.48
Globulin (gm/dI) 729 3.53 6.62 1177 3.59 8.61
Uric acid (mg/dI) 404 6.50 $.65 588 5.89 4.65
Fat weight (kg) 813 16.016+46 1311 20.66 6.40
Lean weight (kg) 813 38.876161 1311 29.99 5.52
Percent of body fat (%) 813 28.36.69 1311 40.12 .29
Thiamin pyrophosphate effect (%) 567 52tF.93 896 11.74 8.19
Serum folate (ng/dl) 567 4.764:32 896 5.89 5.48
Red cell folate (ng/dl) 567 261.0129.6 896 287.1 #30.9
Cyanocobalamin (pg/dl) 567 673.247.9 896 689.9 230.5
Ascorbic acid (mg/dl) 567 1.116:53 896 1.07 .54
Beta-carotenen@/dl) 567 10.06 #14.15 896 12.86 $5.96
Vitamin A (mg/dl) 567 66.93 434.05 896 65.12 32.45

— tocopherolrg/dl) 567 549.7 4340.0 896 604.1 867.2

Although 14.4% had a satisfactory financial stali®&6%  with BMI with the r value of 0.88 and 0.93, respeely
admitted that they had inadequate income for déidy  (Table 2). Regarding the pattern of degree of tatica
As far as the underlying medical conditions wer@-co with various skinfold thicknesses, all three Quettéh-
cerned, 45.1% suffered from arthralgia, 18.2% had-c dices had the same pattern, i.e., the correlatefficient
nic hypertension and 6.4% had diabetes mellitudendp ~ was the highest at the subscapular site while & the
to 74.8% revealed that they had a chronic illness. lowest at the biceps site. Mid-arm circumferendeiexed

As far as the gender difference was concersedie  the highest correlation with BMI in men (r = 0.8BMI
nutritional variables were higher among the oldegndle in women (r = 0.86), Demiquet (r = 0.76) and Mindex
adults with statistical significanceP€0.001), namely, 0.87). When the alternative Quetelet indices andl BM
body mass index, all skinfold thickness measuresjentwere compared in terms of their correlation witinkkd
cholesterol, triglyceride, low-density lipoprote{bDL), thickness, BMI achieved a higher degree of corimiat
fat weight and percent of body fat. The varialidgch  than Demiquet, significantly at triceps and sufigei
were lower among the older women with statistidgt s skinfold thickness and mid-arm circumference.
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Meanwhile, there was no significant difference mw  However, when the alternative Quetelet indices Bt
BMI and Mindex in this regard (Table 2). This ingied were compared in terms of their correlation with fa
that Mindex was a better index of obesity than Qprat. weight and percent of body fat, BMI performed sig-

In respect to the correlations between Quebetices nificantly better than the alternative Quetelet iced
and blood chemistry and hematological results, Derti  (Table 4). On the other hand, Mindex achieved aifsig
and Mindex had a higher degree of correlation whtse cantly higher degree of correlation with lean begsight
parameters than BMI did. However, both of the alter than BMI.

native Quetelet indices correlated to albumin aotwin Of all hematological measurements and blood- ch
in a higher degree than BMI did with statisticajrst ~ mistry, the lymphocyte count related best to akéQue-
ficance (Table 3). telet indices with the highest correlation coeéfiti by

All variables of body composition analysisthg near  Demiquet (r=0.37). Hemoglobin had the poorest rela-
infrared interactance technique revealed a vepngtre- tionship with BMI in older men (r=0.12). Blood cho-
lationship with all three Quetelet indices, givinge to lesterol and LDL had the best relationship withthtee
the r value ranging from up to 0.94 between fatgvei Quetelet indices both in men and women more than an
and BMI in older women to 0.55 between the pergmnta other biochemical variables. In contrast, globuéind
of body fat and Demiquet. In general, the higliegfree  HDL had the poorest inverse relationship to all ¢h@Qie-
of correlation was revealed between fat weight alid telet indices both in men and women. Likewise,tladi
three Quetelet indices. The lower degree of cdrogla vitamin levels had little or no relationship to afree
was seen between all three Quetelet indices amul le@uetelet indices (r < 0.25). Most of them also magrse
weight and percentage of body fat, respectively. relationships, especially in older women.

Table 2. The Pearson correlation coefficients of body nikadex, Mindex and Demiquet with various anthropaimet
measurements. The comparisons of correlation caaffic of BMI and Demiquet and Mindex to other aagfometric
measurements were also shown inRhalue column

Male Female

N = 644 N=1013

BMI Demiquet P BMI Mindex P
BMI n/a 0.88* - n/a 0.93* -
Mid-arm circumference 0.85* 0.76* <0.001 0.86* 087 0.372
Subscapular skinfold thickness 0.74* 0.69* 0.066 726. 0.74* 0.336
Mid-arm muscle circumference 0.71* 0.66* 0.091 0.69 0.72* 0.180
Triceps skinfold thickness 0.70* 0.59* <0.001 0.71* 0.69* 0.378
Supra-iliac skinfold thickness 0.70* 0.59* <0.001 .7% 0.73* 0.636
Biceps skinfold thickness 0.60* 0.59* 0.782 0.65* 68 1.0

* P <0.00:

Table 3. The Pearson correlation coefficients of body niiadex, Mindex and Demiquet with blood chemistrglan
hematological measurements. The comparisons oflatiore coefficients of BMI and Demiquet and Mindiex
blood chemistry and hematological measurements alsceshown in th® value column

Male Female

N = 403 N = 597

BMI Demiquet P BMI Mindex P
Hemoglobin 0.12* 0.18** 0.385 0.23** 0.28** 0.357
Lymphocyte count 0.25** 0.37** 0.060 0.31* 0.35** 0.439

N =729 N=1177
Blood glucose 0.23* 0.27* 0.416 0.15** 0.19* 0.81
Cholesterol 0.27** 0.37** 0.034 0.27** 0.31* 0.290
Triglyceride 0.27* 0.21* 0.225 0.14** 0.15** 0.89
High-density lipoprotein -0.22** -0.23** 0.841 -e* -0.13** 0.327
Low-density lipoprotein 0.25* 0.37* 0.011 0.24** 0.29** 0.193
Albumin 0.27** 0.42** 0.001 0.19** 0.27** 0.041
Globulin -0.05 -0.16** 0.033 -0.10* -0.19** 0.026
Uric acid 0.18** 0.21** 0.552 0.15** 0.14* 0.805

** P <0.001*P < 0.02

Table 4. The Pearson correlation coefficients of body niadex, Mindex and Demiquet with body compostion
measurements. The comparisons of correlation caeffic of BMI and Demiquet and Mindex to body conipos
measurements were also shown inRhalue column

Male Female

N =813 N =1311

BMI Demiquet P BMI Mindex P
Fat weight 0.83* 0.74* <0.001 0.94* 0.93* 0.042
Lean weight 0.65* 0.69* 0.144 0.77* 0.87* <0.001
Percent of body fat 0.68* 0.55* <0.001 0.69* 0.58* <0.001

* P <0.001
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Table 5. The Pearson correlation coefficients of body niiadex, Mindex and Demiquet with various vitaminéév
measurements. The comparisons of correlation caaitic of BMI and Demiquet and Mindex to variousawiin levels
were also shown in the value column

Male Female

N = 567 N = 896

BMI Demiquet P BMI Mindex P
Thiamin pyrophosphate -0.09* -0.22* 0.025 -0.10* -0.16* 0.197
effect
Serum folate 0.11* 0.04 0.237 -0.09* -0.15* 0.198
Red cell folate 0.07 0.07 1.0 -0.04 -0.05 0.832
Cyanocobalamin -0.02 0.03 0.401 -0.004 0.02 0.612
Ascorbic acid -0.01 -0.08 0.239 -0.03 -0.05 0.672
Beta-carotene 0.01 0.06 0.400 -0.02 -0.01 0.833
Vitamin A -0.08 -0.20* 0.040 -0.10* -0.18* 0.085

- tocopherol 0.03 -0.10* 0.029 -0.08* -0.15* 0.134
*P<0.05
Discussion body weight = BMI x (height)

= Demiquet x (demi-span)

= Mindex x demi-span
therefore, Demiquet = (heigklemi-spaf) x BMI
Mindex = (heighfdemi-span) x BMI

Mindex and Demiquet are good alternative indicatufrs
nutritional status as they are based on the conhapthe
relationship between arm-span and weight remain con
stant in older adults with normal morphology, since
weight has been shown to increase proportionatély w
arm-span squared in men and arm-span in women. The mean value of heightemi-spah for men was
According to the study by Whitet al, the changes in both 4.0863 while the mean value of hefgtiemi-span for
Mindex and Demiquet with age are similar to thosens women was 3.0241. Sequentially, the cut-off poiots
for BMI.*” However, due to the ethnic differences leadingMindex denoting under-nutrition, overweight and sibe
to different body architecture, to adopt theseraftBve | in women were 55.95 (3.0241 x 18.5), 69.55 (31024
indices for practical use during nutritional assesst in ~ 23) and 75.60 (3.0241 x 25) kilogram/metre, respelst
Asian older adults needs specific study done iremld Atthe same time, the cut-off points of Demiquetating
Asian people. Compared to BMI, the current standardinder-nutrition, overweight and obesity | in menreve
method, our results revealed that both Mindex apth®  75.60 (4.0863 x 18.5), 93.98 (4.0863 x 23) and 1®2.
quet had nearly the same pattern of relationshimtimus  (4.0863 x 25) kilogram/metferespectively.
nutritional parameters as BMI had. In additionthbof For the purpose of widespread use of screetualy
them achieved an excellent relationship to BMI wiith r  even in a primary health care setting, the beststosild
value of 0.93P<0.001) and 0.88R<0.001), respectively. be practical and reliable as well as economicahdék
There was a study in Canada which also reported thend Demiquet measurements obviously meet these re-
same high degree of relationship, r = 0.96 and..81 guirements especially in those whose height canbeot

In view of the poorer correlations between #iter-  validly measured, as in cases of severe osteogoansi
native Quetelet indices and skinfold thickness #&amid bed-ridden status. To measure arm-span with a megsur
weight compared to the correlations between BMI andape is still much more convenient than to meabkeight
skinfold thickness and fat weight, these two alitie  or knee height, since the measuring tape is muehpsr,
Quetelet indices did not perform as well as BMtearms  smaller, lighter and even easier to carry in thekpbthan
of their correlation with obesity indices, but perhed the cumbersome wood board to measure height arel kne
better than BMI as general nutrition and metabatic  height. Although skinfold thickness and its detfives,
dices, i.e., serum albumin, serum globulin and leady  e.g mid-arm muscle circumference, are also gooitand
weight. Our results also agreed with those redobtg  tors, its use is certainly limited to the reseasoba due to
White et al., which suggested that Mindex was a betterits poor reliability with unskilled users. In addit, the

index of obesity than Demiqu¥t.Although waist cir-
cumference is a better index of obesity than Biio
measure waist circumference in older people witrese

altered compressibility of subcutaneous tissue dlas
been noted in some older persons as well as signifidi-
urnal variations in skinfold thickness measuremeshich

kyphoscoliosis or those who are bed-ridden might benay be attributed to observer erfor.

subject to error.
According to the Asia-Pacific regional guideli on
using BMI, which suggests the cut-off points_of18.5,

> 23 and >25 kg/nf denoting under-nutrition, overweight

and obesity |, respectively, for Asian peoffleve can use
these cut-off points of BMI to reveal the cut-offipts of
Mindex and Demiquet from our population data. Besea
the calculation formula for BMI, Demiquet and Minde
involve body weight, such an equation can be cantid
as shown below.

BMI, Demiquet and Mindex were poorly relateal t
various vitamin levels. These findings agreed wfithse
found in a study in Aberdeen which showed thattatte
Quetelet indices were poor predictors of low micro-
nutrient statud’ In conclusion, Mindex and Demiquet
may be the ideal indices for older Asian peoplesithey
have the same pattern of relationship to otheritrartal
indices as BMI does while at the same time overogmi
some significant disadvantages of BMI in the elderl
These alternative Quetelet indices perform best vitney
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are used to screen for malnourished older peojlera
than the obese ones.
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