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Abstract

Objective—The main objective was to test the validity of height estimated by knee height in
Mexican older adults, as a surrogate for standing height.

Design—Cohort study.

Setting—Data were drawn from the first and third waves of the Mexican Health and Aging
Study.

Participants—Included participants were community-dwelling 50-year or older adults with
measured height at baseline and in follow-up. Subjects with a lower limb fracture in the follow-up
were excluded.

Measurements—Main measurements were baseline standing height and 11-year follow-up and
knee-estimated height in follow-up. Population specific equations were used to estimate standing
height from knee height. Comparisons between baseline standing height and knee-derived height
were done with simple correlations, limits of agreement (Bland-Altman plot) and Deming
regressions.

Results—A total of 136 50-year or older adults were followed-up for eleven years, with a mean
age of 60. There was a positive correlation between knee-estimated height and baseline standing
height of 0.895 (p<0.001) for men and of 0.845 (p<0.001) for women. Limits of agreement for
men were from —6.95cm to 7.09cm and for women from —6.58cm to 8.44cm.

Conclusion—According to our results, knee-estimated height could be used interchangeably
with standing height in Mexican older adults, and these results might apply also to other
populations.
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Introduction

Methods

Standing height (SH) is one of the more common anthropometric measurements used in
clinical settings and has a number of implications in health during the life course; ranging
from a marker of development in early life to a component of the body mass index (BMI) in
adulthood (1) and late life. However, SH is not constant and it is well known that humans
reach a maximum height in early adulthood and from there on height continuously declines,
which may not be considered as normal and rather be a manifestation of disease (e.g.
osteoporosis) (2, 3).

A number of approximations to a reliable measurement (and in particular in late life) of
height have been described in the literature (e.g. equations, formulas, etc.) (4-6).
Dimensions of certain bones —and in particular the fibula/tibia— are quite stable across
adulthood and its measurement can be used to estimate SH (4-8).

More recently it has come to the attention of researchers and clinicians the fact that height
loss could have an important clinical relevance and that it may predict adverse outcomes (9,
10, 3, 11). Moreover, having an accurate approximation of SH is important when estimating
BMI and other body composition parameters (e.g. skeletal muscle index), this is particularly
true when it is not possible to measure SH in bedridden older adults or with limited mobility
(8). In particular, having accurate BMI would aid in diminishing misclassification of older
adults as obese when using the current SH (12, 13), or with low weight.

Having historical records of the maximal SH of a person would allow having a constant
reference of each person, however both in clinical and research setting is rarely the case (4).
Therefore, alternatives to assess maximum SH are equations derived from other
anthropometric measurements. One of the most used for this purpose has been knee-
estimated height (KeH), and equations have been developed for different populations of
older adults, including Mexican older adults (5). Therefore, the aim of this report is to test
the validity of height estimated by KeH Mexican older adults specific equations. We here
hypothesize that KeH is equal to the SH measured in the past meaning that KeH is a proper
equivalent of SH.

Design and Setting

This is a secondary analysis of the Mexican Health and Aging Study (MHAS), a cohort
study that began in 2001 and has its last wave in 2015 (fourth wave). Complete methods and
objectives are available elsewhere (14, 15). Regarding this report, 50-years or older adults
with measurement of SH and KeH in the baseline wave and in the third one were analyzed.
Baseline assessment included 15,402 subjects and a representative probabilistic sub-sample
for anthropometric measurements was drawn (n=1,905) (14, 15). From this sub-sample only
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1,320 were 50-years or older, and from these subjects, only 158 had also complete
anthropometric measurements in 2012 follow-up. In addition those older adults that reported
a lower limb fracture in 2012 (during the past 10-years) were not included (n=22), in order
to avoid measurement bias of KeH due to the potential deformity of the limb caused by the
fracture. The final sample consisted of 136 adults 50-year or older.

Measurements

Measurements were done by trained interviewers and certified in anthropometry, in both
waves the same methods were used. A graded stadiometer was used to measure height in
centimeters; the stadiometer was fixed to a wall in a 90° angle with the floor and the subject
was asked to stand still with arms by the sides, the measurement was done from the highest
point of the head to the ankles; this was repeated in two occasions and the average of the
measurements in centimeters was used in this report. In order to assess KeH, the
interviewers asked the older adult to be seated comfortably in a stool (with standardized
height, brought to the site by the interviewer); with a goniometer a 90° angle was verified
between the leg and the thigh (8). The average of two measurements in centimeters was used
in the KeH equations (4). Specific equations for KeH in Mexican older adults were used (5),
stratified by sex, as follows:

Height in centimeters (women)=73.7+4(1.99 x knee estimated height in centimeters)—(0.23 xage in years)

Height in centimeters (men)=>52.6+(2.17 xknee estimated height in centimeters)

Statistical Analysis

In order to assess the validity of KeH in estimating maximum SH (using a SH from eleven
years ago as a measurement of the closest parameter to maximum SH available in the
dataset) the first step was to describe the differences between measurements as means and
standard deviations (SD) of the differences (baseline SH minus current SH, current KeH
minus current SH, and current KeH minus baseline SH); a paired t-test was performed in
order to assess if there was a significant difference between measurements. To visually
assess the correlation of the measurements scatter plots and the Spearman correlation were
done. Bland-Altman plots were performed to assess limits of agreement and mean difference
between measurements (with Pitman’s test of difference in variance for this difference) (16).
Finally, a Deming regression was performed to assess estimates (point beta coefficients
along with 95% confidence intervals) taking into account the bias of error of measurements
(17) for repeated diagnostic tests. All estimations were performed with STATA ©14 software
and were stratified for sex.

Ethical Issues

The Institutional Review Boards or Ethics Committees of the University of Texas Medical
Branch in the United States, the Instituto Nacional de Estadistica y Geografia, the Instituto
Nacional de Salud Publica. All study subjects signed an informed consent.
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Results

A total of 136 subjects were followed-up for eleven years, the mean age at baseline was of
60 years (£ SD 7.32); 59.72 years (+ SD 7.47) for men and 60.1 years (+ SD 7.05) for
women. The frequency of women was of 53.1% (n=70) and 46.9% (n=66) of men (table 1).

Baseline SH mean for men was of 164.53cm (+ SD 7.76) and for women was of 152.5cm (+
SD 6.97). Current SH mean was of 162.06cm (+ SD 7.97) for men and 149.05cm (+ SD
6.29) for women; simultaneous measurement of KeH and the mean value was 157.82cm (z
SD 8.72). There was a significant difference between baseline SH and current SH, with a
mean difference of —2.46¢cm for men (p<0.001) and of —3.45cm for women (p<0.001); in
contrast the difference between KeH and baseline SH was not significant in men (0.07cm,
p=0.86) nor in women (1cm, p=0.051).

A significant correlation between baseline SH and KeH was found for men (r=0.895,
p<0.001) and women (r=0.845, p<0.001) (figure 1). Limits of agreement assessed by the
Bland Altman plots for men were from —6.95 to 7.09cm, the mean difference between
measurements of 0.07 (95% CI —0.79 to 0.93) and the Pitman’s test of difference in variance
of 0.42 (p<0.001). Regarding women parameters, the limits of agreement were from —6.58
to 8.44cm and the mean difference of 0.93 (95% CI 0.035 to 1.82) and the Pitman’s test of
difference in variance of 0.42 (p<0.001) (figures 2a and 2b).

Finally regarding to the Deming regression parameters between baseline SH and KeH for
men the beta coefficient was of 1.25 (95% CI 1.11-1.39, p<0.001); and for women the beta
coefficient was of 1.34 (95% CI 1.14-1.53, p<0.001).

Discussion

According to our results KeH could be used interchangeably when no record of past height
is available to estimate SH (as the closest parameter to maximum SH). Moreover, KeH is
similar to maximum SH as shown by the lack of difference between KeH and baseline SH,
and significantly different from simultaneous SH. Our longitudinal findings support previous
research on using KeH as a surrogate or even as a more precise estimate of maximum SH
rather than using current SH (18) The limits of agreement of both measurements are from
-6.58 to 8.44cm (for the whole sample), a fair approximation to what maximum SH would
have been. However, further research should aim at finding more accurate agreement, either
by testing other KeH equations (4) or actually comparing to maximum height of the older
adult.

Simultaneously measuring both SH and KeH is in some cirumstances feasible in a clinical
setting and may aid the physician in taking decisions (19); and is routinely used in
nutritional screening tools such as the Mini-nutritional Assessment (20). In addition, when a
difference is evidenced in an older adult, should alert of possible osteoporosis (21, 10, 3, 11)
and may point to the fact that the BMI (and other body composition parameters) should be
calculated with the estimated value rather than with the measured one, because of
overestimation of obesity (or missing low weight) in older adults or misclassification that
could lead to restrictive diets (22) or other treatments (23). Testing this difference in clinical
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setting and research could also help in advancing the field of so-called osteo-sarcopenia
(24), giving a practical measurement that could be added to calf circumference measurement
(25) to test this problem in every-day care; however this is still to be clarified in the future.

In addition, some recent reports have shown that a reduction of height, estimated by the
difference of current SH and KeH could predict adverse outcomes. Having a valid KeH
could aid in advancing the field of knowing the significance of loosing height in older adults
(3, 26, 27)

The main flaw of our study is the sampling method used to choose sub-sample of
anthropometry in the different waves, resulting in a lower number of older adults with
complete follow-up of measurements (14, 15). Nevertheless, this also could be taken as
strength; the fact of having a cohort of over one hundred older adults with SH measurements
eleven years apart was the basis of this validation. Further research should aim at testing this
methodology in other populations and testing how the substitution of current height with
KeH could change the categorization of BMI in addition to describing the significance of
height loss when using the subtraction of KeH from SH when measured simultaneously.
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Figure 1.
Scatter Plot Comparing Current Knee-Estimated Height with Baseline Standing Height

Stratified by Sex
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Bland-Altman Plot of the Difference of Measurements (y-axis) with the Average of

Measurements (x-axis) * a) Men b) Women
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Table 1
General Characteristics of the Population
M easurements TOTAL Men (n=66) Women (n=70)
Age, mean (SD) 60(7.32)  59.72 (7.47) 60.1 (7.05)

Baseline SH, mean (SD) ~ 157.7 (9.6) 16453 (7.76)  152.5 (6.97)
Current SH * mean (SD) 1547 (98)  162.06 (7.97)  149.05 (6.29)

KeH * mean (SD) 157.9(8.1) 164.45(6.32)  151.56 (5.43)

SH= standing height in centimeters, KeH= knee-estimated height in centimeters;

*
Current SH and KeH were simultaneously measured eleven years apart from the baseline SH
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