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Abstract

One of the effects of aging on the body is the reduction of height, which may overestimate the body mass index (BMI). It is
hypothesized that frail elderly people are more affected by this decline in height, however this is not clear in the literature.
The aim of this study was to compare the measured and estimated height and the BMI derived from measured and
estimated measurements, in the elderly according to the functional classification. A cross-sectional study with secondary
data was carried out with elderly people in outpatient care, classified as robust, at risk of fragility, and fragile. Estimated
height was calculated from knee height and estimated BMI with the estimated height. In the statistical analysis, ANOVA
test and the Hochberg's GT2 test were applied, when comparing the 3 categories of functionality. The sample consisted of
116 elderly people with a mean age of 83.6 (8.5), mostly women 73.0 (62.9%), and classified as robust 54.0 (46.6%). The
difference found for height was 4.2 (5.2), 4.6 (4.9), 7.1 (5.3) cm respectively for the robust, at risk of fragility, and fragile.
The difference between the robust and the fragile was significant (p=0.033). A similar result was obtained by assessing
the difference between BMIs (p=0.019). The study showed that frail elderly people have greater differences between
measured and estimated height, in comparison with robust people, suggesting that frail elderly people have more height
impairment, which can directly impact nutritional diagnosis. Caution is suggested in the use of measured height in the
elderly, particularly in the frail.
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INTRODUCTION

Measured height and weight represent
the main anthropometric measures used in
the assessment of nutritional status, mainly
as components for the calculation of body
mass index (BMI), although the accuracy of
BMI is being questioned in clinical practice’,
especially in the elderly?. In senescence,
changes in body composition occur that
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cannot be detected by BMI, such as a
reduction in muscle tissue, body water, bone
mineral density, subcutaneous adipose tissue,
and accumulation of fat in the central and
intramuscular region***° changes that are
often masked when body weight remains
stable or increases®.

On the other hand, BMI continues to be
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widely used in the evaluation of malnutrition
and obesity due to its practicality, low cost, and
relationship with chronic non-communicable
diseases, including in the elderly. The Global
Leadership Initiative on Malnutrition (GLIM)
recently published a global consensus of
indicators for assessing malnutrition in the
clinical practice of adults and the elderly and
included low BMI as a phenotypic criterion to
be considered in diagnosis’.

Thus, measures of weight and height must
be reliable in order to avoid bias distortions in
the calculation of BMI. One of the factors that
can influence the result of this index is the
reduction in height that happens throughout
life®210 Deformities in the spine associated
with changes in bone metabolism in the
vertebrae can cause a reduction in height
as one ages. It is estimated that there is an
average loss of T cm per decade starting from
the age of 407, although there is no consensus
in the literature regarding these changes.
Longitudinal studies suggest that the reduction
is greater in women (5 cm) than in men (3 cm)
up to 70 years of age, but in octogenarians
the differences between the sexes are less
significant'®'",

The literature suggests that the existing
differences between the estimated and
measured height in the elderly occur due to
the decrease in height'"" and although
this is more pronounced with age'®'"1>1°
the relationship with functional decline is
not clear of this. As a consequence of the
height reduction observed in the elderly, a
false increase in BMI of 0.7 and 1.6 kg/m?,
respectively, in men and women in their
seventies, in the absence of significant weight
changes, as well as 1.4- 1.5 and 2.5-2.6 kg/
m? in octogenarian men and women, we can
find respectively'®. Therefore, in cases where
the measured height is lower than the actual
height, the BMI may overestimate overweight
or underestimate malnutrition'”'8,

Elderly people have different levels
of functionality and the hypothesis is that
anthropometric changes must be associated
with  different degrees of functionality.
Robust elderly people are independent and
autonomous individuals, without functional
disability. Those considered at risk of frailty
are the elderly who are independent and
autonomous; however, they have chronichealth
conditions, such as sarcopenia or multiple
comorbidities that induce functional decline'.
The frail elderly have an established functional
decline, are partially or totally dependent, and
have a loss of autonomy due to the presence
of single or multiple disabilities'2°,

Therefore, it is important to look for
ways to predict height that are not affected
by compression of the vertebral discs and
postural problems present in the elderly. One
way is to estimate height by measuring knee
height'>1718.2122.2324 = 3 quick method that is
easy to apply, as it uses only one measurement
and can be performed on an individual
with standing and walking difficulties, and
practically does not change with age''. Other
methods of estimating height such as self-
reported and demispan height are available
but have some limitations. The literature
shows that self-reported height tends to be
overestimated in the elderly’. On the other
hand, demispan, in addition to overestimating
height, is not applicable in individuals with
chronic pain and movement limitations in the
upper limbs, conditions that are common in
the elderly?> 2627 especially in the fragile.

In view of the scarcity of studies found
evaluating the estimated height in elderly
people according to the classification of their
functionality, and based on the hypothesis that
frail elderly people have greater height decline
when compared to non-frail elderly people,
this study aimed to compare height and BMI
derived from measured and estimated height
in the elderly.
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METHODOLOGY

Study design

This was a cross-sectional study with
secondary data, carried out with individuals
seen at the multiprofessional outpatient clinic
of the Jenny de Andrade Faria Institute at the
Hospital das Clinicas of the Federal University
of Minas Gerais (UFMG), evaluated from May
2015 to April 2019. The study was approved
by the Teaching and Research Management
of Hospital das Clinicas, UFMG and by the
Research Ethics Committee of the Federal
University of Minas Gerais, under number
80295616.1.0000.5149.

Participants

The sample consisted of individuals of both
sexes, non-institutionalized, aged 60 years or
older. Elderly people classified as robust, at risk
of fragility, and fragile, according to the Visual
Clinical-Functional Fragility Scale', were
included. The use of this method is consistent
with  the World Health Organization’s
International Classification of Functionality
(ICF) which emphasizes functionality.

This scale is based on functionality
(dependence or independence for basic
instrumental, or advanced activities of daily
living) and the presence of risk factors for
functional decline, diseases, and comorbidities.
The elderly were classified into strata (1 to
10) considering the progressive reduction
in vitality associated with the progressive
increase in frailty, as well as in 3 categories
(robust elderly, elderly at risk of frailty, and
frail elderly). Robust elderly people comprise
strata 1 to 3, those at risk of fragility, strata 4
and 5, and the fragile strata 6 to 10",

The robust elderly are those who are
functionally independent, who may or may
not have diseases. The elderly at risk of frailty,
are in a dynamic state between senescence

and senility, resulting in the presence of
imminent functional decline. Fragile elderly
people have reduced homeostatic reserve
and/or the ability to adapt to biopsychosocial
aggressions and, consequently, reduced
autonomy and independence™.

The study excluded individuals whose
physical condition did not allow a complete
anthropometric assessment, with edema and
amputations, and individuals with incomplete
anthropometric data.

Variables and measurements

Demographic, health, and anthropometric
data were collected from nutrition records.
Regarding demographic variables, age, sex, and
education (in years of study) were analyzed.
For health variables, the classification of
functionality and the main health problems
were assessed. The functional classification
of the elderly according to the Visual Clinical-
Functional Frailty Scale, described above, was
categorized into robust, at risk of fragility, and
fragile'. Concerning health problems, the most
prevalent diseases in the studied sample were
evaluated.

Regarding anthropometric measurements,
data on height, weight, and knee height
were collected. Height was measured on a
stadiometer coupled to a Balmak ® mechanical
scale, the ruler rod was positioned on top of
the individual's head. Their head was in the
Frankfurt position, upright within the elderly's
possibilities, with the palms of the hands turned
toward the body, with legs and feet parallel and
bare?®. Weight was measured with the individual
standing, positioned in the center of the base of
the scale and barefoot?®. The knee height was
obtained from the left leg with the individual
sitting in a chair, with both knees and ankles
flexed at 90° using an inextensible measuring
tape, with a precision of Tmm positioned from
the heel to the upper edge of the patella?®. The
height estimated in centimeters was obtained
using the formulas described in Chart 1.
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Gender Formula
Male (2.02 x knee height) - (0.04 x age (years)) + 64.19
Female (1.83 x knee height) — (0.24 x age (years)) + 84.88

Table 1 - Formulas by Chumlea et al. (1985) for the elderly over 60 years?2.

BMI was calculated by dividing weight in
kilograms by height in meters, squared. The
cutoff points adopted were those proposed
by Lipschitz for the elderly, underweight (<22
kg/m2), normal weight (22-27 kg/m?) and
overweight (>27 kg/m?) 29. The estimated
BMI was calculated from the measured
weight and the estimated height.

Statistical analysis

Data analysis was performed using the
Statistical Package for the Social Sciences
(SPSS Inc., Chicago, lllinois, United States)
version 19.0. Continuous variables were
tested for normality using the Shapiro-Wilk
test and the homogeneity of variances using
the Levene test. All variables studied showed
normal distribution. Quantitative variables
were described as mean and standard

RESULTS

The sample consisted of 116 elderly people,
the majority of whom were female 73 (62.9%).
The individuals' age ranged from 63 to 107
years with a mean of 83.6 (8.5) years. Most
elderly people were classified as robust 54
(46.6%) and 77 (67.0%) had systemic arterial
hypertension (Table 1).

As shown in table 2, the estimated height
was greater than that measured in all categories

deviation when symmetric, and median
and interquartile range when asymmetric.
Categorical variables were described in absolute
and relative frequency. The independent
quantitative variables were compared between
measured and estimated height as well as
measured and estimated BMI by Student's t-test
for independent samples. Categorical variables
were compared between BMI categories using
Pearson's chi-squared test or Fisher's exact
test, according to the proportion of expected
frequencies less than 5. The analysis of variance
comparing the differences between height and
BMI (both measured and estimated) according
to the three categories of functionality, was
carried out through the analysis of variance test
(ANOVA) and Hochberg's GT2 test of multiple
comparisons of means. Values of p <0.05 were
considered significant.

of functionality, (p <0.001). The difference in
BMI was also significant, however the BMI
calculated with estimated height was lower
than the BMI calculated with measured height,
in all categories of functionality (p <0.001).
The difference found for height was 4.2
(5.2), 4.6 (4.9), 7.1 (5.3) centimeters (cm),
respectively for the robust, at risk of fragility,
and fragile elderly. The difference being
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between robust and fragile elderly was
significant (p=0.033). A similar result was
obtained by assessing the difference between

Table 1 - Characteristics of the elderly population
studied. Belo Horizonte, MG, 2015-2019.

Studied variables Studied elderly
Age according to functionality Mean (SD)
Robust 85.9 (5.6)
Risk of Fragility 88.5(6.8)
Fragile 77.0(9.1)
Gender N (%)
Male 43(37.1)
Female 73 (62.9)

Complete years of schooling Mean (SD) 29(3.8)
Functionality N (%)

Robust 54 (46.6)
Risk of Fragility 24 (20.7)
Fragile 38(32.7)

Main health problems N (%)

Systemic arterial hypertension 77 (67.0)
Diabetes Mellitus 27 (23.3)
Neurological Diseases 21(18.1)
Osteoporosis 21(18.1)
Joint disease 12 (10.3)

DP: desvio padrao; N: nimero

BMI calculated with measured and estimated
height measurements (p=0.019), as shown in
Table 3.

Table 3 - Distribution of differences between
estimated and measured heights, and difference
between estimated and measured BMIs, according
to the functionality of the elderly. Belo Horizonte,
MG, 2015-2019.

BMI P-Value'

Functionality Height P-Value' difference

Difference

Robust® 42(5.2) 0.033 -1.7(1.7)  0.019
Risk of 46 (4.9) -1.0(2.2)

Fragility?

Fragilel? 7.1(5.3) 2.4 (3.1)

BMI, body mass index. a) mean (standard deviation). 1-ANOVA test
and Hochberg's GT2 test of multiple comparisons of means indicated a
significant difference between the robust and the fragile, both in height
and BMI differences.

Table 2 - Distribution of averages of the measured and estimated heights, and measured and estimated
BMIs, according to the functionality of the elderly. Belo Horizonte, MG, 2015-2019.

Height Height BMI BMI
Functionality n measured®  estimated? P Value' measured®  measured® P Value'
(cm) (cm) Kg/m? Kg/m?
Robust 54 1(gﬁ)2 1(873;‘ <0.001 (24‘?-1“) (24541) <0.001
Risk of Fragilty 24 1(1511_-3) (1150%5; <0.001 (243.62) (24128) <0.001
Fragile 38 1(327-53 }?98-)7 <0.001 (276-75) (26472) <0.001

BMI, body mass index. a) mean (standard deviation). 1- Student's t-test. Measured BMI calculated with measured weight and height data.

Estimated BMI calculated with measured weight and estimated height.
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Table 4 - BMI classification as thin and overweight, according to the functionality of the elderly. Belo

Horizonte, MG, 2015-2019.

Thin

Overweight

Functionality N BMI BMI

measured® estimated?

BMI BMI

1
measured® estimated? P Value

P value'

Robust 54 10(185)  13(24.1)  <0.001  26(48.1) 17(31.5)  <0.001
Risk of Fragility 24 7(29.2)  12(500) <0.001  4(167)  3(125)  <0.001
Fragile 38 13(34.2)  14(36.8) <0001 17(44.7) 14(36.8)  <0.001

a) number (percentage). 1- Chi-squared test.

DISCUSSION

The present study shows that the estimated
height differed from the measured height, with
the estimated average height being greater
than the measured one, a finding that is
similar to that of other studies that used the
same height estimation methodology as this
study'>'*. The work of Closs et al.'* evaluated
elderly people aged 60 to 93 years and found
an average difference between the estimated
and measured height of +3 c¢cm. Fogal et al.™
found an average difference of +2 cm for
females and found no difference between
males.

Several factors can contribute to this
difference. Malnutrition, sarcopenia, and
osteoporosis are some examples. These
disorders are caused, among others, by
inadequate lifestyle and eating habits®*® that can,
in the long term, directly or indirectly impact
the postural control of the elderly, making the
measured height not a reliable measurement.

In this study, the estimated heights were
higher than those measured in all categories
of functionality, however the difference was
greater in the frail elderly (+ 7.1 cm) compared

to the robust elderly (+4.2 cm). As for the BMI,
the estimated was lower than that derived
from the measured height, mainly in the frail
elderly (-2.4 kg/m2), in comparison with the
robust (-1.7 kg/m2). The present study did not
find other studies in the literature with this
theme that took into account the functional
classification of the elderly, a fact that makes it
impossible to compare the results found.
However, understanding the different
characteristics of these groups can help us
evaluate the results found. Considering the
Activities of Daily Living (ADLs), the robust
individuals walk without difficulties and,
therefore, they have no greater impediments
to remain active. They usually have a dietary
pattern that keeps them healthy and they
display comorbidities of low complexity.
The fragile, however, have a pronounced
functional decline which makes them partially
or totally dependent for basic, instrumental,
and advanced ADLs. In general, they are
not very active and are affected by diseases
that directly impact their quality of life'>%. It
is believed that these factors may justify the
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significant difference found between the
estimated and measured heights of these two
functional categories of the elderly.

The literature shows that older elderly people
have greater postural impairment than younger
elderly people'' 5. However, in this study
it was found that the difference in height was
more pronounced in the fragile, even the fragile
elderly with a lower average age than the robust,
suggesting that this is more related to frailty and
not to the age of individuals. This corroborates
with the statement that the reduction in height
should not be explained only by senescence,
but by deteriorated health conditions®' present
in fragile elderly people. Factors of a social,
biological order and the individual's nutritional
condition may positively or not interfere in the
reduction of height with aging?'.

In addition, 18% of the elderly people
studied had osteoporosis and 34% of fragile
elderly people had a measured BMI of less
than 22.0 kg/m?, situations associated with
a possible reduction in measured height3'32,
With aging, men and women have a decrease
in the synthesis of estrogen, a hormone that
is related to bone mass health. In males, the
decrease in this hormone occurs gradually
and at older ages. In women, however, this
reduction occurs abruptly soon after the onset
of menopause?2.

Thus, it is believed that the height measured
in fragile elderly is not the appropriate
measurement to be used in clinical practice,
due to the difficulty to position them acording
to the recommends of the World Health
Organization?®®. Fragile elderly people, usually,
have difficulties to stand on the scale, need to
spread their legs to maintain balance, and are
unable to maintain their upright posture due to
postural changes.

The difference found in the height of the

Mundo da Saude 2020,44:445-453, e0422020

elderly reflected directly in the calculation
of BMI. The measured BMI underestimated
thinness in all functional categories. There was
also an overestimation of overweight. Other
studies have also found differences in BMI
derived from estimated measurements''?,
but these did not consider the functionality of
individuals, making it impossible to compare
the results. Gavriilidou et al."> observed that
the difference in BMI overestimated obesity
in younger elderly people and underestimated
for older elderly people. In the sample by
Fogal et al.'®, obesity was underestimated in
women. This study attributes these differences
to the postural changes present in the elderly,
as previously discussed.

BMI remains a widely used tool in clinical
practice for diagnosing malnutrition and obesity
and helps in the diagnosis of sarcopenia, in
addition to being used in equations to define
drug doses’3*3435 Therefore, the diagnosis
derived from the wrong BMI can harm the
individual's health. There is a need for studies
that propose formulas that estimate the stature
of elderly Brazilians and that take into account
the individual's functionality for more accurate
results, thus, avoiding wrong nutritional
diagnoses.

Some limitations must be considered in the
present study. The formula used in this study
was developed from a sample of Caucasian
individuals. Studies show that there can be
precision gaps when the formula is used in
different populations'. Another limitation was
that the sample made it impossible to subdivide
the functionality categories by sex and age
groups. The robust elderly, coming from the
healthy aging clinic, have as inclusion criteria
only elderly people aged over 80 years, so this
functional category did not include younger
elderly people.
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CONCLUSION

The estimated height was greater than that
measured in all categories of functionality.
The fragile elderly have greater differences
between the measured and estimated heights,
compared to the robust, suggesting that the
fragile elderly have greater height impairment

which can directly impact the nutritional
diagnosis. Caution is suggested in the use of
the height measured in the elderly and the use
of the estimated height in the assessment of
nutritional status is recommended, particularly
in the fragile elderly individuals.
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