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Abstract

Background Physical disability is an important cause of affecting the quality of life in the elderly. The association
between standing height and physical disability is less studied.

Purpose The purpose of this study is to investigate the possible link between standing height and physical disability
among U.S. adults aged 60 years and older.

Methods The cross-sectional data were obtained from the US National Health and Nutrition Examination Survey
(NHANES) 2015-2018. Physical disability was assessed by six questions: “Have serious difficulty hearing (SDH)?’,"Have
serious difficulty seeing (SDS)?", “Have serious difficulty concentrating (SDC)?", "Have serious difficulty walking (SDW)?’,
"Have difficulty dressing or bathing (DDB)?" and “Have difficulty doing errands alone (DDEA)?". Responses to these
questions were "yes" or "no”. Answer yes to one of the above six questions was identified as physical disability. Standing
height (cm) was measured with an altimeter. Multivariate logistic regression was performed to examine the possible
link between standing height and physical disability after adjustment for all covariates.

Results A total of 2624 participants aged > 60 years were included in our study, including 1279 (48.7%) females and
1345 (51.3%) males. The mean age of participants was 69.41 +6.82 years. After adjusting for all potential confounders,
the inverse relationship between standing height and all physical disability (APD) was statistically significant
(OR=0.976,95%Cl:0.957-0.995). In addition, among six types of physical disability (SDH, SDS, SDC, SDW, DDB,

DDEA), standing height was also a protective factor for SDW (OR=0.961, 95%(C[:0.939-0.983) and DDEA (OR=0.944,
959%(Cl:0.915-0.975) in the full-adjusted model.

Conclusion The cross-sectional population based study demonstrates that standing height is a protective factor for
physical disability among U.S. adults aged 60 years and older.
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Introduction

Disability is defined as an umbrella term for impair-
ments, activity limitations, and participation restrictions
[1]. Physical disability is one of the most severe stages
of disability, including loss of limbs, motor dysfunction,
hearing impairment, visual impairment and etc [2]. Peo-
ple with physical disabilities are often at a disadvantage
in their daily lives. The onset of physical disability is a
dynamic process [3]. As health problems accumulate,
people will eventually lose their mobility. Compared
with the young, the elderly are more prone to physi-
cal disability due to the decline of physical function and
immunity [4—6]. The World Health Organization (WHO)
estimated the prevalence rate of disability was 10.2% in
adults over 60 years around the world [5]. Meanwhile,
one report said the prevalence rate of disability in mobil-
ity, hearing and vision in Americans aged 65 years and
older was 26.9%, 14.9% and 6.6%, respectively [7]. Fur-
thermore, physical disability is an important risk factor
for many diseases in the elderly. Some previous studies
have demonstrated strong associations between physical
disability and the occurrence of depressive symptoms,
diabetes, stroke and heart disease [8—11]. Physical dis-
ability has become a severe public health problem world-
wide. Different factors may influence physical disability
in different ages and in different populations. Therefore,
identifying the risk factors related to physical disability in
the elderly and implementing effective countermeasures
are critical.

Standing height is one of the individual unmodifiable
factor, so it is rarely the focus of the studies. Currently,
standing height has been shown to have implications on
human health and can be used to predict adverse out-
comes [12]. For example, a previous cohort study showed
standing height was inversely associated with gestational
diabetes mellitus (GDM) [13]. For per 5-cm increase in
standing height, the risk of GDM decreased by 19%. In
addition, a meta-analysis including twelve cohort stud-
ies demonstrated greater height is linked with increased
pancreatic cancer risk [14]. Each 5-cm height increment
had a 7% increased risk of pancreatic cancer. Moreover,
a review has also reported that height was an indepen-
dent risk factor for atrial fibrillation [15]. However, to our
knowledge, the association between standing height and
physical disability in the elderly is unknown and has not
been investigated. Unraveling the association will help
to determine the prevention and treatment strategies of
physical disability.

This study aimed to investigate the association between
standing height and physical disability in the elderly.
We explored the association by analyzing data from the
US National Health and Nutrition Examination Survey
(NHANES) 2015-2018.
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Materials and methods

Study population

The data was derived from NHANES data-
base(2015-2018). The NHANES is a cross-sectional
survey conducted by the National Centre for Health Sta-
tistics (NCHS). As a large clinical program in the United
States, NHANES was designed to investigate the health
status of Americans, involving demographic, dietary,
health-related questionnaires, physical examination and
laboratory data. The NHANES program was approved
by the Ethics Review Board of the NCHS. Among 19,225
participants in NHANES 2015-2018, 11,526 participants
were excluded due to missing data. Meanwhile, we also
excluded 5138 participants aged<60 years. 2624 par-
ticipants aged >60 years were eventually included in our
study (Fig. 1). Complete details about NHANES can be
accessed from https://www.cdc.gov/nchs/nhanes/index.
htm.

Physical disability measurement

Physical disability was assessed by six questions: “Have
serious difficulty hearing (SDH)?, “Have serious diffi-
culty seeing (SDS)?, “Have serious difficulty concentrat-
ing (SDC)?, “Have serious difficulty walking (SDW)?’,
“Have difficulty dressing or bathing (DDB)?” and “Have
difficulty doing errands alone (DDEA)?” Responses to
these questions were “yes” or “no”. Answer yes to one of
the above six questions is identified as physical disability.

Standing height measurement

Standing height (cm) usually was measured with an
altimeter. It requires the subject to stand in front of the
height meter, the head upright, the back and heel close
to the height meter, and then the surveyor read the value
on the instrument to obtain the height of the subject.
Standing height was categorized into quartiles (<157.40,
157.40-164.99, 165.00—172.20, >172.20), and the lowest
quartile was considered as the reference group.

Covariates

Sociodemographic variables included gender (female,
male), age (years) and race (Mexican American, Other
Hispanic, Non-Hispanic White, Non-Hispanic Black,
Other Race). As a continuous variable, age was also cat-
egorized into four following groups: 60—64, 65—69, 70-74
and 75 years or older. Health-related variables included
diabetes (yes, no), hypertension (yes, no), high choles-
terol level (yes, no), trouble sleeping (yes, no), failing kid-
neys (yes, no), vigorous work activity (yes, no), hepatitis
B (yes, no), hepatitis C (yes, no) and feeling depressed
(not at all, several days, more than half the days, nearly
every day). These variables were obtained by self-report.
Physical examination variables included weight (kg),
waist circumference (cm), upper leg length (cm), upper


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm

Wang et al. BMC Geriatrics (2024) 24:529

Participants of NHANES 2015-2018
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(n=19225)
> 6496 participants without data on self-reported physical
disability were excluded
\ 4
12756 participants were included
4994 participants were excluded
| ©3443 participants without questionnaire data
“| «1082 participants without physical examination data
A 4 * 469 participants without laboratory examination data
762 participants were included
>| 5138 participants with age < 60 years were excluded

2624 participants were included

Fig. 1 Flowchart showing the selection of study population

arm length (cm), arm circumference (cm), systolic blood
pressure (SBP, mmHg) and diastolic blood pressure (DBP,
mmHg). Leg and arm measurements were performed on
the right side of the body. Measurement would be taken
on the left side if a participant had an amputation or
other adverse condition. Laboratory examination vari-
ables included albumin (mg/L), creatinine (umol/L), high
density lipoprotein cholesterol (HDL-C, mmol/L), total
cholesterol (mmol/L), glycohemoglobin (%) and hyper-
sensitive C-reactive protein (Hs-CRP, mg/L). These labo-
ratory indicators were obtained by measuring the serum
samples.

Statistical analyses

We used frequencies, percentages, means and standard
deviation to describe variable characteristics. Continu-
ous variables and dichotomous variables were analysed
by analysis of variance (ANOVA) and Chi-Square (y?)
test to calculate differences between four standing height
groups. We created three logistic regression models to
determine associations between standing height and
physical disability among U.S. adults aged 60 years and
older. Model 1 was unadjusted; Model 2 Adjusted for
gender, age and race based on Model 1; Model 3 addi-
tionally adjusted for diabetes, hypertension, high cho-
lesterol level, trouble sleeping, failing kidneys, vigorous
work activity, hepatitis B, hepatitis C, feeling depressed,
waist circumference, upper leg length, upper arm length,

arm circumference, systolic blood pressure, diastolic
blood pressure, albumin, creatinine, high density lipo-
protein cholesterol, total cholesterol, glycohemoglobin
and hypersensitive C-reactive protein based on model
2. Because weight existed severe collinearity with other
variables, we did not include weight as an adjusted vari-
able in model 3. The association between standing height
and physical disability was further explored by subgroup
analyses stratified by gender, age and race. Moreover, we
used restricted cubic spline (RCS) model to detect the
possible nonlinear dose-response relationship between
standing height and physical disability. The significant
level is P<0.05. R version 4.1.0 and SPSS version 25.0
were used to perform all statistical analyses.

Results

Characteristics of participants

Table 1 showed the characteristics of participants. A
total of 2624 participants aged 60 years and older were
included in our study, including 1279 (48.7%) females and
1345 (51.3%) males. The mean age of participants was
69.41+6.82 years and 1099 (41.9%) participants reported
that they were Non-Hispanic White. For the diseased
condition, 722 (27.5%) participants had diabetes mellitus,
1563 (59.6%) participants had hypertension, 1485 (56.6%)
participants had high cholesterol level, 169 (6.4%) par-
ticipants had failing kidneys, 42 (1.6%) participants had
hepatitis B, and 52 (2.0%) participants had hepatitis C.
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Table 1 Characteristics of study population according to levels of standing height (N=2624)

Characteristics Quartiles of Standing Height (cm)
Q1 Q2 Q3 Q4 Total PValue
(<157.40) (157.40-164.99) (165.00-172.20) (>172.20)
Continuous variables[mean + SD]
Age(years) 7023+6.84 69.06+6.78 69.58+6.96 68.77£6.60 69.41+6.82 0.001
Systolic blood pressure(mmHg) 138.07+20.88 135.63+20.04 1351741903 131.82+17.68 135.18+19.57 <0.001
Diastolic blood pressure(mmHg) 66.33+£15.51 67.56+15.23 68.75+14.00 70.89+13.79 68.37+14.74 <0.001
Weight(kg) 68.61+15.04 7644+16.29 81.80+15.84 93.74+18.82 80.10+£18.90 <0.001
Waist circumference(cm) 9849+1342 101.46+14.25 103.74+13.23 108.66+14.96 103.07+14.46 <0.001
Upper leg length(cm) 33.97+249 36.34+2.68 38.78+246 41.4042.90 37.61+382 <0.001
Upper arm length(cm) 34.46+1.86 36.57+£1.77 38.10+1.63 4049+ 1.94 3739+284 <0.001
Arm circumference(cm) 31.07+4.53 32.35+4.72 3244+4.10 34.23+4.34 32.52+457 <0.001
Albumin(mg/L) 50.18+318.61 67.59+322.30 7726+ 35560 56.48+221.98 62.85+308.73 0.398
Creatinine(umol/L) 7716924570546 911630+587596 10962.96+6389.31 12267.81+6678.79 10005.54+6408.59 <0.001
HDL-C (mmol/L) 1.54+045 1.50+0.46 1.34+042 1.30+042 142+045 <0.001
Total cholesterol(mmol/L) 5114111 506+1.14 472+1.11 464+1.10 488+1.13 <0.001
Glycohemoglobin (%) 6.19+1.26 621+1.29 6.11+1.05 6.15+1.18 6.17+1.20 0476
HS-CRP (mg/L) 3.88+6.24 432+829 4.08+7.30 372+6.25 400+7.07 0448
Categorical variables[n(%)]
Gender <0.001
Female 626(94.8) 469(71.0) 159(24.4) 25(3.8) 1279(48.7)
Male 34(5.2) 192(29.0) 492(75.6) 627(96.2) 1345(51.3)
Age group 0.020
60-64 years 180(27.3) 224(33 9) 208(32.0) 21 9(33 6) 831(37.7)
65-69 years 151(22.9) 152(23.0) 136(20.9) 59(24.4) 598(22.8)
70-74 years 130(19.7) 104(15.7) 111(17.0) 1 25(1 2) 470(17.9)
>75 years 199(30.1) 181(27.4) 196(30.1) 149(22.8) 725(27.6)
Race <0.001
Mexican American 135(20.5) 103(15.6) 103(15.8) 34(5.2) 375(14.3)
Other Hispanic 124(18.8) 83(12.6) 69(10.6) 45(6.9) 321(12.2)
Non-Hispanic White 212(32.7) 258(39.0) 276(42.4) 353(54.1) 1099(41.9)
Non-Hispanic Black 78(11.8) 135(20.4) 141(21.7) 178(27.3) 532(20.3)
Other Race 111(16.8) 82(12.4) 62(9.5) 42(6.5) 297(11.3)
Diabetes 0.016
No 508(77.0) 477(72.2) 465(71.4) 452(69.3) 1902(72.5)
Yes 152(23.0) 184(27.8) 186(28.6) 200(30.7) 722(27.5)
Hypertension 0.079
No 243(36.8) 261(39.5) 276(42.4) 281(43.1) 1061(40.4)
Yes 417(63.2) 400(60.5) 375(57.6) 371(56.9) 1563(59.6)
High cholesterol level 0.051
No 267(40.5) 272(41.1) 305(46.9) 295(45.2) 1139(43.4)
Yes 393(59.5) 389(58.9) 346(53.1) 357(54.8) 1485(56.6)
Trouble sleeping 0.253
No 458(69.4) 426(64.4) 444(68.2) 435(66.7) 1763(67.2)
Yes 202(30.6) 235(35.6) 207(31.8) 217(333) 861(32.8)
Failing kidneys 0318
No 622(94.2) 617(93.3) 615(94.5) 601(92.2) 2455(93.6)
Yes 38(5.8) 44(6.7) 36(5.5) 51(7.8) 169(6.4)
Vigorous work activity <0.001
No 592(89.7) 566(85.6) 513(78.8) 489(75.0) 2160(82.3)
Yes 68(10.3) 95(14.4) 138(21.2) 163(25.0) 464(17.7)
Hepatitis B 0.035
No 656(99.4) 646(97.7) 643(98.8) 637(97.7) 2582(98.4)

Yes 4(0.6) 15(2.3) 8(1.2) 15(2.3) 42(1.6)




Wang et al. BMC Geriatrics (2024) 24:529
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Characteristics

Quartiles of Standing Height (cm)

Q1 Q2 Q3 Q4 Total PValue
(<157.40) (157.40-164.99) (165.00-172.20) (>172.20)
Hepatitis C 0.090
No 653(98.9) 650(98.3) 636(97.7) 633(97.1) 2572(98.0)
Yes 7(1.1) 11(1.7) 15(2.3) 19(2.9) 52(2.0)
Feeling depressed 0.017
Not at all 487(73.8) 505(76.4) 522(80.2) 533(81.7) 2047(78.0)
Several days 109(16.5) 112(17.0) 81(12.5) 78(12.0) 380(14.5)
More than half the days 35(5.3) 20(3.0) 27(4.1) 23(3.5) 105(4.0)
Nearly every day 29(4.4) 24(3.6) 213.2) 18(2.8) 92(3.5)
Self-report physical disability[n(%)]
All physical disability(APD) 0415
No 364(55.2) 391(59.2) 379(58.2) 385(59.0) 1519(57.9)
Yes 296(44.8) 270(40.8) 272(41.8) 267(41.0) 1105(42.1)
Serious difficulty hearing(SDH) <0.001
No 567(85.9) 569(86.1) 523(80.3) 506(77.6) 2165(82.5)
Yes 93(14.1) 92(13.9) 128(19.7) 146(22.4) 459(17.5)
Serious difficulty seeing(SDS) 0.726
No 598(90.6) 595(90.0) 594(91.2) 598(91.7) 2385(90.9)
Yes 62(9.4) 66(10.0) 57(8.8) 54(8.3) 239(9.1)
Serious difficulty concentrating(SDC) 0.108
No 576(87.3) 589(89.1) 570(87.6) 594(91.1) 2329(88.8)
Yes 84(12.7) 72(10.9) 81(12.4) 58(8.9) 295(11.2)
Serious difficulty walking(SDW) 0.002
No 477(72.3) 490(74.1) 517(79.4) 518(79.4) 2002(76.3)
Yes 183(27.7) 171(25.9) 134(20.6) 134(20.6) 622(23.7)
Difficulty dressing or bathing(DDB) 0.266
No 606(91.8) 624(94.4) 611(93.9) 609(93.4) 2450(93.4)
Yes 54(8.2) 37(5.6) 40(6.1) 43(6.6) 174(6.6)
Difficulty doing errands alone(DDEA) <0.001
No 563(85.3) 598(90.5) 603(92.6) 608(93.3) 2372(90.4)
Yes 97(14.7) 63(9.5) 48(7.4) 44(6.7) 252(9.6)
Abbreviations HS-CRP: Hypersensitive C-reactive protein; HDL-C: High density lipoprotein cholesterol
Trouble sleeping was found in 861 (32.8%) participants, glycohemoglobin, hypersensitive C-reactive protein,

and 464 (17.7%) participants had vigorous work activ-
ity. Among all participants, 1105 (42.1%) participants
reported physical disability, of which 459 (17.5%) par-
ticipants reported SDH, 239 (9.1%) participants reported
SDS, 295 (11.2%) participants reported SDC, 622 (23.7%)
participants reported SDW, 174 (6.6%) participants
reported DDB and 252 (9.6%) participants reported
DDEA.

Characteristics of all participants were stratified by
quartiles of standing height, from which statistically sig-
nificant differences were found in gender, age, race, sys-
tolic blood pressure, diastolic blood pressure, weight,
waist circumference, upper leg length, upper arm length,
arm circumference, creatinine, HDL-C, total choles-
terol, diabetes, vigorous work activity, hepatitis B, feel-
ing depressed, SDH, SDW and DDEA (all P<0.05).
Participants with SDW and DDEA had a lower standing
height. There were no significant difference in albumin,

hypertension, high cholesterol level, trouble sleeping,
failing kidneys, hepatitis C, SDS, SDC and DDB among
quartiles of standing height (all P>0.05).

Association between standing height and physical
disability

Standing height was included as a continuous variable for
the subsequent analysis. We found standing height was
a protective factor for all physical disability (APD) after
performing a logistic regression analysis (Table 2). The
association was statistically significant in the full-adjusted
model (Model 3) (OR=0.976, 95%CI: 0.957—0.995). The
RCS model results showed a negative linear relationship
between standing height and the risk of APD (P for non-
linear=0.082) (Fig. 2). For per 1-cm increase in standing
height, the risk of APD decreased by 2.4%. Among the
six types of physical disability, standing height was a pro-
tective factor for SDW (OR=0.961, 95%CI:0.939-0.983)
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Physical disability Model 1 Model 2 Model 3
OR(95%Cl) PValue OR(95%Cl) PValue OR(95%Cl) PValue

APD 0.993(0.985-1.001) 0.074 0.997(0.986-1.009) 0.667 0.976(0.957-0.995) 0.015
SDH 1.020(1.009-1.030) <0.001 1.004(0.989-1.020) 0576 0.988(0.964-1.013) 0.344
SDS 0.993(0.979-1.006) 0.280 0.994(0.975-1.014) 0.572 0.996(0.964-1.028) 0.785
SDC 0.987(0.975-0.999) 0.040 0.980(0.963-0. 998) 0.031 0.971(0.941-1.002) 0.066
SDW 0.983(0.974-0.992) <0.001 1.004(0.991-1.018) 0.558 0.961(0.939-0.983) 0.001
DDB 0.989(0.974-1.004) 0.161 0.994(0.972-1.017) 0.625 0.981(0.945-1.019) 0.321
DDEA 0.963(0.950-0.976) <0.001 0.968(0.949-0.988) 0.001 0.944(0.915-0.975) <0.001

Abbreviations APD: All physical disability; SDH: Serious difficulty hearing; SDS: Serious difficulty seeing; SDC: Serious difficulty concentrating; SDW: Serious difficulty
walking; DDB: Difficulty dressing or bathing; DDEA: Difficulty doing errands alone; Model 1: unadjusted; Model 2: Adjusted for gender, age and race; Model 3:
adjusted for gender, age, race, diabetes, hypertension, high cholesterol level, trouble sleeping, failing kidneys, vigorous work activity, hepatitis B, hepatitis C, feeling
depressed, waist circumference, upper leg length, upper arm length, arm circumference, systolic blood pressure, diastolic blood pressure, albumin, creatinine, high
density lipoprotein cholesterol, total cholesterol, glycohemoglobin and hypersensitive C-reactive protein
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Fig. 2 Restricted cubic spline of association between standing height and all physical disability(APD); Model 1: unadjusted; Model 2: Adjusted for gender,
age and race; Model 3: adjusted for gender, age, race, diabetes, hypertension, high cholesterol level, trouble sleeping, failing kidneys, vigorous work activ-
ity, hepatitis B, hepatitis C, feeling depressed, waist circumference, upper leg length, upper arm length, arm circumference, systolic blood pressure, dia-
stolic blood pressure, albumin, creatinine, high density lipoprotein cholesterol, total cholesterol, glycohemoglobin and hypersensitive C-reactive protein

and DDEA (OR=0.944, 95%CI:0.915-0.975). These rela-
tionships were significant in Model 3. The RCS model
results (Fig. 3) also demonstrated a negative linear rela-
tionship between standing height and the risk of SDW (P
for nonlinear=0.649) and a negative nonlinear relation-
ship between standing height and the risk of DDEA (P
for nonlinear=0.034). For every 1-cm increase in stand-
ing height, the risk of SDW and DDEA decreased by 3.9%
and 5.6%, respectively. There was no significant associa-
tion between standing height and SDH, SDS, SDC, and
DDB after adjusting for all potential confounders.

Subgroup analyses

Subgroup analyses of gender, age and race were con-
ducted to further identify the relationship between
standing height and physical disability. Subgroup analy-
ses results were showed in Table 3. After adjusting for all
potential confounders, the inverse association between
standing height and APD was statistically significant in
female (OR=0.968, 95%CI:0.941-0.997), age=>75 years
(OR=0.950, 95%CI:0.916—0.984) and the race of Non-
Hispanic White (OR=0.967, 95%CI:0.939-0.995).

these populations, we also found standing height was a
protective factor for SDW and DDEA in Model 3. More-
over, through subgroup analyses, we observed that the
negative relationship between standing height and SDC
was statistically significant in the age group of 70-74
years (OR=0.909, 95%CI:0.839-0.984) and the race of
Other Hispanic (OR=0.889, 95%CI:0.810-0.975) in
model 3.

Discussion

Disability is an important cause of affecting the quality
of life and causing death among the elderly. As the pro-
portion of the elderly population increases globally, the
prevalence of physical disability will increase substan-
tially. In the nationally representative survey, we demon-
strated that standing height was a protective factor for
APD after adjusting for all potential confounders. For
per 1-cm increase in standing height, the risk of APD
decreased by 2.4%. In addition, a negative dose-response
relationship between standing height and risk of APD
was also showed by RCS model. Besides, among six types
of physical disability, we also found standing height was a
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Fig. 3 Restricted cubic spline of association between standing height and different types of physical disability after adjusting all confounders; SDH:
Serious difficulty hearing; SDS: Serious difficulty seeing; SDC: Serious difficulty concentrating; SDW: Serious difficulty walking; DDB: Difficulty dressing or

bathing; DDEA: Difficulty doing errands alone

protective factor for SDW and DDEA in the full-adjusted
model. Our study provides further support for the rela-
tionship between standing height and physical disability
among adults aged 60 years and older.

Our findings were in line with previous similar stud-
ies reporting the protective effect of standing height on
physical disability. A cohort study including 421 rheu-
matoid arthritis patients from Northern European origin
showed that adult height is inversely linked with impair-
ment of joint function and overall disability [16]. In addi-
tion, a previous study in Japanese participants found that
taller (=170 ¢cm for men and 2160 ¢cm for women) people
were 16% less likely to report functional limitation in
comparison with shorter (<155 cm for men and <145 cm
for women) individuals [17]. Moreover, it is widely
accepted that fracture is one of the important reasons
for physical disability in the elderly. A global longitudinal
study of osteoporosis in 52,939 postmenopausal women
also demonstrated a negative association between height
and upper arm/shoulder and clavicle fractures [18]. For
per 10-cm height increment, the risk of upper arm/shoul-
der and clavicle fractures decreased by 15% and 27%,
respectively. In short, the above studies indicated that
standing height may be inversely associated with the risk
of physical disability in the elderly. The possible biologi-
cal mechanisms are as follows: Taller people usually have

wider bones and may counteract the adverse effects of
cortical structural changes, and shorter people with nar-
rower bones may thus be more likely to have fractures
and eventually cause physical disability [18, 19].

Our findings are not consistent with several previous
studies. A recent cross-sectional investigation among
155 Japanese older adults found that participants with
higher height were more likely to report a decline in
activities of daily living (ADL) [20]. Including seven pro-
spective studies, a meta-analysis from US, Norway and
other European countries in 2016 demonstrated positive
association between height and risk of hip fracture [21].
Meanwhile, a cohort study involving 796,081 postmeno-
pausal women with a follow-up period of 8 years also
suggested taller women were at increased risk of fracture
[22]. These seem to contradict the conclusions of our
study. There are several possible reasons for these incon-
sistent conclusions. First, participants in our study were
older than 60 years, while participants in almost all other
studies were a mix of younger (under 60 years) and older
adults. Second, the role of confounders may contribute to
inconsistent results. Previous studies did not adjust some
possible confounders, such as SBP, DBP, HDL-C, total
cholesterol, glycohemoglobin, etc [23, 24]. Instead, our
study considered more potential confounders (24 factors)
than others. Thus our findings are even more convincing.
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Table 3 Subgroup analyses of association between standing height and physical disability

Physical disability Model 1 Model 2 Model 3
OR(95%Cl) PValue OR(95%Cl) PValue OR(95%Cl) PValue
Female
APD 0.977(0.961-0.994) 0.007 0.990(0.973-1.007) 0.256 0.968(0.941-0.997) 0.030
SDH 0.968(0.943-0.993) 0.012 0. 987(0 960-1.014) 0.333 0.976(0.937-1.017) 0.248
SDS 0.999(0.971-1.028) 0.936 008(0.978-1.038) 0619 1.035(0.983-1.089) 0.194
SDC 0.979(0.954-1.005) 0.119 0. 983(0 957-1.010) 0.219 0.968(0.924-1.014) 0.167
SDW 0.992(0.974-1.010) 0.374 0.999(0.981-1.019) 0.953 0.962(0.932-0.993) 0.015
DDB 0.966(0.935-0.998) 0.039 0.975(0.942-1.009) 0.148 0.966(0.915-1.020) 0.211
DDEA 0.940(0.915-0.966) <0.001 0.950(0.924-0.976) <0.001 0.919(0.880-0.959) <0.001
Male
APD 0.995(0.981-1.010) 0.522 1.004(0.988-1.019) 0.645 0.986(0.959-1.012) 0.288
SDH 0.999(0.982-1.017) 0.950 1.013(0.994-1.032) 0.168 0.995(0.964-1.026) 0.739
SDS 0.978(0.953-1.003) 0.090 0.984(0.958-1.010) 0.234 0.975(0.928-1.024) 0.310
SDC 0.971(0.949-0.994) 0.014 0. 978(0 954-1.002) 0.068 0.976(0.934-1.020) 0.275
SDW 1.006(0.988-1.024) 0.537 008(0.989-1.027) 0.398 0.959(0.927-0.992) 0016
DDB 1.009(0.979-1.039) 0.580 1.010(0.979-1.042) 0.536 0.989(0.939-1.043) 0.691
DDEA 0.985(0.958-1.013) 0.288 0.989(0.961-1.017) 0431 0.977(0.930-1.026) 0.342
60-64 years
APD 1.006(0.992-1.021) 0.405 1.004(0.984-1.024) 0.724 0.988(0.952-1.026) 0.526
SDH 1.035(1.013-1.057) 0.001 1.017(0.986-1.049) 0.286 0.977(0.927-1.030) 0.385
SDS 0.999(0.975-1.024) 0.963 1.001(0.966-1.037) 0.943 1.012(0.953-1.074) 0.705
SDC 0.990(0.968-1.012) 0.361 0.994(0.963-1.026) 0.719 0.999(0.937-1.064) 0.975
SDW 0.998(0.981-1.014) 0.784 1.010(0.987-1.034) 0.385 0.967(0.925-1.011) 0.139
DDB 1.006(0.980-1.034) 0.641 1.012(0.974-1.052) 0.537 1.014(0.944-1.088) 0.711
DDEA 0.977(0.951-1.003) 0.082 0.973(0.938-1.010) 0.145 0.941(0.881-1.006) 0.073
65-69 years
APD 1.006(0.989-1.023) 0478 1.011(0.987-1.036) 0.362 1.004(0.960-1.049) 0.870
SDH 1.042(1.016-1.068) 0.001 1.015(0.979-1.052) 0417 1.024(0.959-1.092) 0.480
SDS 0.998(0.968-1.028) 0.883 006(0.963-1.052) 0.777 0.991(0.913-1.076) 0.829
SDC 1.002(0.975-1.029) 0.898 0. 997(0 959-1.036) 0.872 1.000(0.926-1.081) 0.991
SDW 0.990(0.972-1.009) 0318 022(0.994-1.051) 0.118 0.999(0.949-1.052) 0.974
DDB 0.982(0.948-1.017) 0.303 0. 992(0 944-1.043) 0.759 1.031(0.939-1.131) 0.524
DDEA 0.985(0.955-1.016) 0337 1.004(0.960-1.050) 0.864 1.000(0.924-1.081) 0.994
70—74years
APD 0.983(0.965-1.001) 0.067 0.997(0.970-1.025) 0.849 0.974(0.927-1.023) 0.291
SDH 1.009(0.985-1.034) 0455 0.989(0.953-1.026) 0.559 0.976(0.919-1.037) 0438
SDS 0.986(0.957-1.015) 0.338 0.988(0.945-1.032) 0.584 0.998(0.926-1.076) 0.963
SDC 0.955(0.926-0.984) 0.003 0.949(0.908-0.993) 0.023 0.909(0.839-0.984) 0.018
SDW 0.973(0.951-0.996) 0.021 0.994(0.960-1.028) 0.716 0.962(0.906-1.020) 0.193
DDB 1.009(0.972-1.048) 0.622 1.016(0.960-1.074) 0.590 0.950(0.863-1.047) 0.301
DDEA 0.968(0.936—1.000) 0.052 0.991(0.943-1.041) 0.719 0.948(0.868-1.035) 0.234
>75 years
APD 0.980(0.966-0.996) 0.011 0.974(0.952-0.996) 0.022 0.950(0.916-0.984) 0.005
SDH 1.017(1.000-1.034) 0.050 0.994(0.970-1.018) 0617 0.981(0.944-1.019) 0.323
SDS 0.988(0.964-1.014) 0.361 0.983(0.948-1.021) 0.380 0.981(0.925-1.040) 0.517
SDC 0.996(0.973-1.018) 0.699 0.967(0.935-1.001) 0.054 0.972(0.921-1.025) 0.295
SDW 0.970(0.954-0.987) 0.001 0.986(0.961-1.011) 0.265 0.930(0.893-0.968) <0.001
DDB 0.963(0.935-0.992) 0.012 0.961(0.921-1.003) 0.066 0.953(0.892-1.019) 0.953
DDEA 0.944(0.922-0.966) <0.001 0.935(0.905-0.967) <0.001 0.922(0.875-0.972) 0.003
Mexican American
APD 1.010(0.986-1.035) 0420 1.029(0.993-1.067) 0.115 1.038(0.973-1.107) 0.260
SDH 1.045(1.014-1.077) 0.004 1.039(0.994-1.086) 0.092 1.004(0.934-1.080) 0.904

SDS 1.004(0.968-1.041) 0.833 0.989(0.938-1.042) 0.670 1.043(0.953-1.142) 0.358
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Table 3 (continued)
Physical disability Model 1 Model 2 Model 3
OR(95%Cl) PValue OR(95%(Cl) PValue OR(95%(Cl) PValue
SDC 0.993(0.954-1.033) 0.720 0.992(0.936-1.051) 0.779 1.042(0.934-1.163) 0461
SDW 0.983(0.955-1.011) 0.228 1.039(0.995-1.085) 0.083 1.015(0.942-1.094) 0.693
DDB 0.999(0.957-1.043) 0.980 1.032(0.968-1.099) 0334 1.008(0.911-1.114) 0.880
DDEA 0.965(0.930-1.001) 0.059 0.979(0.927-1.034) 0454 0.993(0.906-1.088) 0.878
Other Hispanic
APD 0.980(0.956-1.003) 0.093 0.996(0.958-1.035) 0.830 0.990(0.926-1.059) 0.770
SDH 0.999(0.966-1.033) 0.961 0.987(0.934-1.042) 0.624 0.955(0.879-1.038) 0.276
SDS 0.985(0.950-1.022) 0431 0.985(0.929-1.044) 0.600 1.040(0.947-1.143) 0.407
SDC 0.979(0.949-1.010) 0.179 0. 948(0 902-0.997) 0.037 0.889(0.810-0.975) 0013
SDW 0.979(0.954-1.005) 0.121 021(0.979-1.066) 0331 0.994(0.917-1.078) 0.891
DDB 0.936(0.894-0.980) 0.005 0. 950(0 886-1.018) 0.147 0.880(0.766-1.010) 0.070
DDEA 0.946(0.909-0.986) 0.008 1.000(0.938-1.067) 0.993 0.966(0.863-1.081) 0.547
Non-Hispanic White
APD 0.990(0.978-1.002) 0.104 0.981(0.963-1.000) 0.052 0.967(0.939-0.995) 0.024
SDH 1.020(1.006-1.035) 0.007 0.991(0.968-1.014) 0425 0.986(0.952-1.021) 0422
SDS 0.979(0.958-1.002) 0.069 0.971(0.938-1.005) 0.095 0.945(0.898-0.995) 0.030
SbC 0.988(0.969-1.007) 0218 0.976(0.947-1.005) 0.103 0.980(0.935-1.026) 0.387
SDW 0.976(0.962-0.990) 0.001 0.984(0.962-1.006) 0.153 0.954(0.921-0.988) 0.009
DDB 0.996(0.971-1.022) 0.744 0.980(0.942-1.019) 0.307 0.973(0.914-1.035) 0378
DDEA 0.950(0.929-0.973) <0.001 0.940(0.907-0.973) 0.001 0.910(0.861-0.962) 0.001
Non-Hispanic Black
APD 0.985(0.967-1.003) 0.108 0.989(0.963-1.015) 0405 0.957(0.915-1.000) 0.052
SDH 1.011(0.981-1.042) 0460 1.010(0.967-1.056) 0.646 0.955(0.887-1.028) 0.224
SDS 1.007(0.975-1.039) 0.674 036(0.990-1.085) 0.130 0.997(0.926-1.074) 0.947
SbC 0.979(0.950-1.009) 0.173 0. 962(0 922-1.004) 0.073 0.975(0.902-1.053) 0514
SDW 0.979(0.958-0.999) 0.044 0.985(0.956-1.015) 0321 0.937(0.891-0.986) 0.012
DDB 1.006(0.970-1.044) 0.753 1.011(0.959-1.066) 0.681 1.017(0.935-1.108) 0.689
DDEA 0.987(0.957-1.018) 0411 0.994(0.951-1.039) 0.791 0.961(0.894-1.032) 0.270
Other Race
APD 1.012(0.987-1.038) 0.359 1.024(0.986-1.063) 0214 0.949(0.886-1.016) 0.133
SDH 1.034(0.998-1.071) 0.068 1.021(0.969-1.077) 0434 1.002(0.912-1.102) 0.961
SDS 1.055(1.006-1.106) 0.028 1.062(0.993-1.136) 0.079 1.056(0.930-1.200) 0.398
SbC 1.015(0.966-1.067) 0.555 1.032(0.961-1.109) 0.386 0.926(0.785-1.093) 0.365
SDW 1.012(0.981-1.044) 0437 1.066(1.017-1.117) 0.007 0.943(0.857-1.037) 0228
DDB 1.023(0.969-1.080) 0420 1.034(0.957-1.118) 0.396 0.959(0.818-1.126) 0.611
DDEA 0.984(0.943-1.026) 0452 0.997(0.938-1.059) 0919 0.929(0.836-1.031) 0.167

Abbreviations APD: All physical disability; SDH: Serious difficulty hearing; SDS: Serious difficulty seeing; SDC: Serious difficulty concentrating; SDW: Serious difficulty
walking; DDB: Difficulty dressing or bathing; DDEA: Difficulty doing errands alone; Model 1: unadjusted; Model 2: Adjusted for gender, age and race; Model 3:
adjusted for gender, age, race, diabetes, hypertension, high cholesterol level, trouble sleeping, failing kidneys, vigorous work activity, hepatitis B, hepatitis C, feeling
depressed, waist circumference, upper leg length, upper arm length, arm circumference, systolic blood pressure, diastolic blood pressure, aloumin, creatinine, high
density lipoprotein cholesterol, total cholesterol, glycohemoglobin and hypersensitive C-reactive protein

Third, different study populations may be one of the rea-
sons why the conclusions are inconsistent. Currently,
few studies investigate the relationship between standing
height and physical disability in the elderly. More stud-
ies are needed to further clarify this relationship in the
future.

Our subgroup analyses showed inverse significant rela-
tionship between standing height and APD in females in
Model 3, but this relationship was not observed in males.
Related studies to explain the sex differences are rare. For
females, higher height may reduce the risk of APD. More

studies should be conducted to explore the cause of sex
differences in the future. For age and race, after adjust-
ing for all confounders, the negative association between
standing height and APD was statistically significant in
participants aged>75 years and the race of Non-His-
panic White, while other subgroups had no significant
association. These associations may not reach statistical
significance due to reduced statistical power. More evi-
dence should be explored in a larger sample population
in future studies.
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Our findings have clinically important implications.
With aging populations, the increase in physical disabil-
ity in older adults is a public health problem worldwide.
As this trend develops, more older people will eventu-
ally lose their ability to care for themselves. Besides,
the increase in physical disability may also lead to an
increased risk of many chronic diseases [25]. As an indi-
vidual basic characteristic, standing height should be
considered as a predictor of physical disability in adults
aged 60 years and older.

Our study has several strengths. On the one hand, our
study adjusted more possible confounders than others.
Therefore, our results were more credible. On the other
hand, we classified all physical disability (APD) into six
categories (SDH, SDS, SDC, SDW, DDB, DDEA) and
explored the relationship between standing height and
six types of physical disability separately. Thus our study
was more comprehensive. Meanwhile, there are some
limitations in our study. First, NHANES was a cross-sec-
tional study, so we were difficult to know the causal rela-
tionship between standing height and physical disability.
In the future, interventional or prospective studies with
larger sample sizes should be conducted to further con-
firm our conclusions. Second, data on physical disability
were obtained by self-reporting from participants, which
inevitably had a certain degree of subjectivity. Third,
more than half participants were excluded from our study
due to missing information, which might cause bias.

Conclusion

Our study suggests that standing height is a protective
factor for APD after adjusting for all potential confound-
ers. In addition, among six types of physical disability,
inverse association between standing height and SDW
and DDEA is also statistically significant in the full-
adjusted model. It is necessary to pay close attention to
changes in standing height and intervene in time. Future
prospective studies with large sample sizes are still
needed to verify our findings.
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