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Introduction
Hospital malnutrition is not uncommon, especially in geri-
atric patients.1,2 The monitoring of nutritional status, diagno-
sis of malnutrition and the delivery of nutritional support
often require the knowledge of the patient’s stature. For
instance, the calculation of body mass index and the estima-
tion of metabolic rate depend on stature as a variable. Such a
simple and non-invasive measurement, however, can be dif-
ficult to obtain from non-ambulatory patients, as well as
those with spinal curvature. Over the years, knee height3–5

and armspan4–8 have been introduced as alternative measure-
ments. According to Chumlea et al.3 knee height is superior
to armspan in stature estimation. However, the predictive
equations were established on Caucasian subjects and there is
evidence to suggest that, like armspan and height relation-
ship,8 knee height-to-stature (KH-S) equations are also
ethnic-specific.9 The objectives of the present study were to
validate the use of the Caucasian-based KH-S equations in
estimating stature and to develop ethnic-specific regression
models for stature estimation in elderly Chinese.

Methods
Potential subjects were approached by the observers and the
details of the measurements were given before verbal consent
was sought. This procedure was approved by the Ethics
Committee at the Haven of Hope Hospital.

Subjects
Subjects were of Chinese origin 60 years of age or older.
They were either outpatients of the Ruttonjee Hospital or
residents at the Hong Kong Society for the Aged (SAGE)
Tsui Lam Hostel for the Elderly. Ailments of the outpatients
were not related to disorders of bone, muscle or joints. All
hostel residents were in good health. None of the participat-
ing subjects had spinal curvature. They were ambulatory and
were able to stand erect without any support for height mea-
surement. Twenty-one women and 26 men were initially
recruited for the purpose of validating the Caucasian-based
equations.3 Subsequently, the regression models were based
on 164 women and 89 men.

Procedure
Height was measured twice in cm by the height bar of a stan-
dard hospital scale (Seca, Hamburg, Germany). Subjects
were standing straight on the scale without shoes and with
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of elderly Chinese men can be estimated by either the Caucasian-based or Chinese-based equation, the
regression model developed in the present study will better estimate the stature in elderly Chinese women.

Key words: Chinese elders, gender, Hong Kong, knee height, stature, validation.



the head positioned in the Frankfurt horizontal plane. While
the subjects were in the sitting position, knee height of their
left leg was measured twice, using knee height calipers (Ross
Laboratory, OH, USA). The procedure outlined by Chumlea
and Guo was followed.4 Readings were recorded to the
nearest 0.1 cm. All data were collected by two observers
working independently.

Statistical analyses
The mean of two measurements was used in all calculations.
Data are presented as means and standard deviations. Statis-
tical analyses were performed on SPSS for Windows, Version
7.5 (SPSS, Chicago). Stature predicted by the regression
equations of Chumlea and Guo was compared to measured
height using paired t-test. Multiple regression analyses were
performed to generate stature predictive equations using age
and knee height as independent variables.

Results
The within-observer coefficient of variation (CV) for stature
measurement was 0.16 and 0.17% for the two observers. The
within-observer CV for knee height measurement was 0.18
and 0.3%, respectively. The between-observer CV for stature
and knee height was 0.24 and 0.69%, respectively. The pre-
cision of measurement is in general agreement with that
reported by Cockram and Baumgartner.10

The physical characteristics of our subjects are shown in
Table 1. Results of validating the equations from Chumlea

are shown in Table 2. A mean difference of 1.7 cm
(P < 0.025) and 0.2 cm was observed for elderly women and
men, respectively.

Regression models derived from the present study are
shown in Table 3. In Chinese women, stature could be pre-
dicted by knee height and age in a linear regression model
with an adjusted r2 of 0.665 (P < 0.001). Knee height is the
most important determinant (t = 17.387, P < 0.001), with a
minor, yet significant, contribution from age (t = 2.839,
P = 0.005). In men, knee height (t = 12.361, P < 0.001) was
found to predict stature with an adjusted r2 of 0.633
(P < 0.001). Quadratic and logistic models were also tested
but offered no advantage over the linear model. Table 4
shows the results of using the initial 21 women and 26 men
to verify the newly established equations for elderly Chinese.

Discussion
Hospital malnutrition is an existing problem. About one-third
of the patients in the geriatric ward of a general hospital in
Hong Kong were found to be malnourished.11 As part of the
process to implement a more vigorous nutritional status-
monitoring scheme, we examined the need to develop ethnic-
specific stature predictive equations for non-ambulatory
elderly Chinese. Our conclusion is consistent with that of
Myers et al. in that race-specific models are necessary.9

In the validation sample, we found that the Caucasian-
based equation significantly overestimated the body height of
Chinese women by 1.7 cm (Table 2). This is in general agree-
ment with the results of Myers et al. who found the equation
to overpredict height of Japanese-American women by a
mean of 1.5 cm.9 The situation is somewhat different for
men. While Myers et al. found the Chumlea et al. equation3

to underpredict the height of Japanese-American men, the
difference between measured and predicted height in the pre-
sent study was not significant. Reasons for the discrepant
results between studies remain to be elucidated, but likely
relate to the differences in stature and in trunk-to-leg length
among ethnic groups.12
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Table 1. Physical characteristics of subjects

Women Men

Validation sample 
n 21 26
Age (years) 77.8 ± 6.5 77.3 ± 7.5

(60–89) (64–92)
Height (cm) 148.1 ± 5.2 159.6 ± 7.2

(136–156) (144–172)
Knee height (cm) 45.7 ± 1.9 48.4 ± 1.9

(43–49) (45–52)

Chinese-based regression model
n 164 89
Age (years) 77.7 ± 6.2 74.3 ± 6.0

(64–97) (62–88)
Height (cm) 148.9 ± 5.7 161.4 ± 6.6

(134–161) (142–175)
Knee height (cm) 45.5 ± 1.8 49.1 ± 2.4

(40–51) (42–56)

Mean ± SD and range (in parenthesis).

Table 2. Validation of equations from Chumlea

Women Men

Stature (cm)
Measured 148.1 ± 5.2 159.6 ± 7.2
Predicted* 149.8 ± 3.6 159.8 ± 4.3
Difference (predicted* – measured) 1.7 ± 3.2† 0.2 ± 4.6

Based on 21 women and 26 men. * The equations of Chumlea et al. were
84.88 + (1.83 × knee height) – (0.24 × age) for women and
60.65 + (2.04 × knee height) for men. † t = 2.435, P < 0.025, by paired t-
test.

Table 3. Equations for estimating stature in Chinese elderly
subjects

Women Men

Estimate for age –0.12 —
Estimate for knee height 2.46 2.24
Intercept 46.11 51.16
Adjusted r2 0.665 0.633
Standard error of estimates 3.28 4.01

Based on 164 women and 89 men. In men, when both age and knee height
were entered as independent variables, estimate for age was found to be
–0.042 (P = 0.56).

Table 4. Validating the Chinese-based knee height to stature
regression models

Women Men

Stature (cm)
Predicted* – measured 0.9 ± 3.1 0.1 ± 4.4

Based on the initial 21 women and 26 men.* Predicting equations are
46.11 + (2.46 × knee height) – (0.12 × age) for women and
51.16 + (2.24 × knee height) for men.
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In women, the Chinese-based regression model gives
more precise stature estimation than the Caucasian-based
model. We believe that two factors might be important. First,
relative to the Caucasian studies,3,4 the current investigation
mainly described women with shorter build. This can be
deduced from the knee height data. The mean knee height of
the study of Chumlea et al.3 was 49.4 cm, but only 45.5 cm
in the present study. In fact, one-third of the 164 women had
knee height less than 44.8 cm, the mean minus 2 SD value of
the Caucasian database. Since the mean height of our sub-
jects is comparable to that obtained in large-scale surveys on
Chinese populations,13,14 the new equation will be suitable
for elderly Chinese women.

The second factor might be an interacting effect of age
and ethnicity. Age is a significant predictor for stature in
women but not men. As the relationship between these two
parameters is negative (Table 3), it highlights the possibility
of a differential rate of stature loss with age among ethnic
groups. Loss of height is a typical feature of osteoporosis, in
which ethnicity is a recognized covariant.15 Our analyses
indicate that in women the magnitude of difference in stature
prediction between the Caucasian-based equation and the
Chinese-based equation is age-dependent. When predicted
stature is plotted against knee height, the intercept of the two
prediction lines moves to the left with increase in age
(Fig. 1). Depending on the age and knee height, the differ-
ence in predicted height could be substantial, especially for
those who are under 75 years old and with knee height less
than 43 cm (Table 5).

Although our male subjects were also shorter in stature,
we found the Caucasian-based equation to be a good predic-
tor of stature of elderly Chinese men. This may be, in part,
due to the lack of effect of age on stature in men. In the pre-
sent study, the age parameter estimate for men was –0.042,
which is similar to that reported in Caucasian men (–0.04).3

Thus, under the current model, knee height becomes the only
determinant for stature in men. In contrast to our findings,
Myers et al. suggested that the Caucasian equation under-
predicted height of men of Japanese origin.9 The discrepancy
may, in part, originate from the inclusion of age in their KH-S
predictive equation. Their equation was derived from a small
sample (n = 16) and age was also not a significant predictor
for stature. We have a reservation in including age in the
KH-S prediction equation for elderly men.

In summary, the relationship between stature, knee height
and age appears to be ethnicity- and gender-dependent. Knee
height is highly correlated to stature in both sexes. Age is also
a predictor of stature in women, but not men. Non-
ambulatory elderly women of Chinese origin should use the
ethnic-specific regression equation to predict stature.

Acknowledgement. This study was supported by a HKU/CRCG grant.

References
1. Gariballa SE, Sinclair AJ. Nutrition, ageing and ill health. Br J Nutr

1998; 80: 7–23.
2. Bienia R, Ratcliff S, Barbour G, Kummer M. Malnutrition in the

hospitalized geriatric patient. J Am Geriatr Soc 1982; 30: 433–436.
3. Chumlea WC, Roche AF, Steinbaugh ML. Estimating stature from

knee height for persons 60–90 years of age. J Am Geriatr Soc 1985;
33: 116–120.

Figure 1. Plots of predicted height against knee height as a function of
age in Chinese women. (a) For 65 years old, (b) 75 years old and (c) 85
years old. Predicted height was derived from the Caucasian-based (●) or
the Chinese-based equation (∆).

Table 5. Impact of knee height and age on the differences in
stature predicted by the Caucasian-based and the Chinese-
based equations

Age group
Difference (cm) *

Knee height (cm) 65 years old 75 years old 85 years old

39 6.4 5.2 4.0
41 5.1 3.9 2.7
43 3.9 2.7 1.5
45 2.6 1.4 0.2
47 1.4 0.2 –1.0
49 0.1 –1.1 –2.3
51 –1.2 –2.4 –3.6

* Caucasian-based minus Chinese-based estimated stature.



Stature prediction in Chinese 255

4. Chumlea WC, Guo S. Equations for predicting stature in white and
black elderly individuals. J Gerontol 1992; 47: M197–M203.

5. Han TS, Lean ME. Lower leg length as an index of stature in adults.
Int J Obes Relat Metab Disord 1996; 20: 21–27.

6. Mitchell CO, Lipschitz DA. Arm length measurement as an alterna-
tive to height in nutritional assessments of the elderly. JPEN 1982;
6: 226–229.

7. Kwok T, Whitelaw MN. The use of armspan in nutritional assess-
ment of the elderly. J Am Geriatr Soc 1991; 39: 492–496.

8. Reeves SL, Varakamin C, Henry CJ. The relationship between arm-
span measurement and height with special reference to gender and
ethnicity. Eur J Clin Nutr 1996; 50: 398–400.

9. Myers SA, Takiguchi A, Yu M. Stature estimated from knee height
in elderly Japanese Americans. J Am Geriatr Soc 1994; 42:
157–160.

10. Cockram DB, Baumgartner RN. Evaluation of accuracy and relia-
bility of calipers for measuring recumbent height in elderly people.
Am J Clin Nutr 1990; 52: 397–400.

11. Wong CYM, Kong BMH, Ho VYN, Ng SSL, Lui SSH, Li ETS.
Malnutrition in hospitalized geriatric patients. FASEB J 1997; 11:
A188 (abstract 1090).

12. Wang J, Thornton JC, Russell M, Burastero S, Heymsfield S, Pier-
son RN Jr. Asians have lower body mass index (BMI) but higher
percent body fat than do whites: Comparisons of anthropometric
measurements. Am J Clin Nutr 1994; 60: 23–28.

13. Kao MD, Huang HI, Tzeng MS, Lee NY, Shieh MJ. The nutritional
status in Taiwan — anthropometric measurement 1986–88 (I) body
weight and body height. J Chinese Nutr Soc 1991; 16: 63–84.

14. Ge K, Zhai F, Yan H. The dietary and nutritional status of Chinese
population (1992 National Nutrition Survey) Beijing: People’s
Medical Publishing House, 1996.

15. Dargent P, Breart G. Epidemiology and risk factors of osteoporosis.
Curr Opin Rheumatol 1993; 5: 339–345.


