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A B S T R A C T

Age-related hyperkyphosis is associated with adverse health outcomes, such as falls, fractures, and mortality.
However, few studies investigated the relationship between the severity of hyperkyphosis and physical
endurance in older adults. This study examined whether a degree of hyperkyphosis curvature was indepen-
dently associated with the 6-minute walk test (6MWT) distance. We analyzed the baseline data of 112 older
adults aged 60-92 enrolled in the Specialized Center of Research (SCOR) Kyphosis trial. The majority of the
sample had at least a college degree and were white. On average, participants walked 503.9 (SD 82.3) meters
in 6 minutes. Multivariate regression results showed that the degree of hyperkyphosis curvature was not
independently associated with the 6MWT distance, but taller height, lighter weight, and less prescription
medication were significant predictors of better performance on the 6MWT distance. Validation of the study
findings in a large, diverse older adult population is warranted.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

The population in the United States (U.S.) is aging rapidly. According
to the U.S. Census Bureau, more than 54 million adults are ages 65 and
older, and by 2050, the total number of adults ages 65 or older is pro-
jected to grow by approximately 85.7 million.1 Effective programs to
reduce age-related risk factors are crucial to prevent or delay disease
onset and slow the progression of illnesses. Promoting healthy aging
and independent living has critical clinical and policy implications for
increasing one's quality of life and reducing health care costs.

Age-related hyperkyphosis, excessive thoracic spine curvature, is
one of the most common conditions among older adults.2 Kyphosis
greater than 40° is defined as hyperkyphosis.3,4 Approximately 30% to
40% of older adults have hyperkyphosis,5,6 and its prevalence increases
with age. In general, age-related hyperkyphosis is a potentially modifi-
able risk factor for adverse health outcomes, such as falls, fractures,
pains, and mortality.7 The recent systematic review and meta-analysis
reported that exercise interventions targeting hyperkyphosis might
improve some health outcomes in adults with hyperkyphosis.8 Given a
growing aging population in the U.S, the burden of age-related hyperky-
phosis will become more significant. Thus, the development of more
comprehensive knowledge and new insights into older adults with
hyperkyphosis will assist in designing its prevention and treatment.9

Walking (gait) speed has been described as the sixth vital sign,
given its ability to predict future health status,10,11 hospitalization,12

and mortality 13 among older adults. In general, walking speed
decreases as one's age increases, although some older adults can
retain gait speed despite aging. Additionally, the female sex, shorter
height, greater body mass index (BMI), presence of chronic illnesses,
and lifestyle (i.e., smoking, sedentariness) appear to be associated
with slower walking speed.14,15 Moreover, a significant negative cor-
relation has been reported between thoracic curvature angle and
lung function restricting forced expiratory volume, forced vital capac-
ity, quiet expiration intercostal thickness and deep expiration dia-
phragm muscle thickness.16 Thus, the severity of age-related
hyperkyphosis may play an essential role in walking speed.
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The 6-minute walk test (6MWT) is one of the most widely used
assessment tools to measure aerobic capacity and endurance in older
adults,17,18 and it has excellent validity and reliability.18,19 The 6MWT is
affected by gait speed because slower gait speed reduces the distance
walked during the timed test. The results of the 6MWT were associated
with an increased risk of all-cause mortality in older adults.20 Further-
more, several systematic reviews examining factors associated with the
6MWT distance were conducted in adults with various health condi-
tions (i.e., cardiovascular disease, chronic respiratory disease, acute
respiratory distress syndrome), community-dwelling adults, and chil-
dren/adolescents.21�25 However, the findings of these systematic
reviews indicate that the 6MWT in older adults with hyperkyphosis is
scarce, with only a little evidence showing significant negative effects of
hyperkyphosis on the 6MWT.26 Thus, we investigated whether baseline
Cobb's angle was independently associated with the 6MWT distance
after controlling for potential confounding factors such as sociodemo-
graphic, extremity functions, and clinical characteristics in community-
dwelling older adults with hyperkyphosis.
Material and methods

Design and sample

This is a cross-sectional, secondary data analysis of the Sex Differ-
ences in Musculoskeletal Conditions across the Lifespan Specialized
Center of Research (SCOR) kyphosisrandomized controlled trial (RCT)
in older adults. In this paper, we analyzed only the screening/baseline
data of the SCOR kyphosis trial. A detailed description of the study
design and eligibility of the study participants, and trial results have
been published elsewhere.27,28 The study protocol was approved by
the University of California, San Francisco, and Kaiser Permanente
Northern California Institutional Review Boards.

In brief, eligibility criteria were as follows: proficient in English, age
60 years or older, kyphosis angle 40 degrees or higher (measured with a
kyphometer at the screening visit), ability to walk one block without an
assistive device, able to climb one flight of stairs independently, rise
from a chair without the use of one's arms, no cognitive impairment on
theMini-Cog,29 and ability to pass safety tests in the screening examina-
tion or any disorder or disease likely to prevent or interfere with safe
participation in a group-based exercise program, and ability to actively
reduce their kyphosis measurement by at least 5 degrees. To assess the
kyphosis eligibility criterion, we used the kyphometer tool (Techmedica
Inc., Camarillo, CA) to obtain an external measurement of kyphosis (T3-
T12) using a standard protocol. In the first measurement, participants
were asked to stand in their usual posture, then a trained staff took a
measurement. In the second measurement, they were instructed to
have their best posture standing as straight and tall as they could. If par-
ticipants had a difference between the twomeasures equal to or greater
than 5 degrees (flexible spine), they were included in the study. If the
difference between the two measures were less than 5 degrees, we
defined it as a fixed spine. Those participants were excluded from the
study. (Note: This paper analzyed the baseline data of the SCOR kypho-
sis trial. However, participants needed to have a flexible spine because
the SCOR kyphosis trial included the exercise and posture intervention
to improve hyperkyphosis).

We recruited participants from local senior centers and outpatient
clinics at 2 large urban medical centers in San Francisco, California. We
pre-screened 305 adults by telephone or online and of those, 95 did not
meet eligibility criteria or were no longer interested in participating in
the study. 210 were invited for a further screening baseline visit, but 90
did not meet all eligibility criteria (e.g., did not pass kyphosis measure-
ment, had a fixed spine, failed Mini-Cog, failed safety exam). Of the
remaining 120 participants who met all eligibility criteria, 8 declined to
continue to be in the study. A total of 112 participants were analyzed in
the current study. Written informed consent was obtained from all par-
ticipants before study procedures. For participants' safety, permission
from the potential participant's primary care provider was obtained
before randomization.
Baseline measures

6MWTmeasured the distance in meters covered while walking on a
flat, hard surface (i.e., a long hallway) for 6 minutes.30 It measures the
global and integrated responses of systems involved during exercise
and has been suggested as a valid test reflective of daily living activi-
ties.31 Cobb angle of kyphosis was measured using the gold standard
Cobb angle of kyphosis derived from standing lateral spine radiographs
and a standardized protocol for thoracic kyphosis (T4-T12).32 In brief,
participants stood barefoot with knees straight and arms supported at
90° of flexion. They were instructed to hold full inhalation for the dura-
tion of the scan. Measurements were made by a trained radiologist. A
greater Cobb angle indicates more kyphosis severity.

Weight, height, and BMI were measured with usual standing
height in centimeters and barefoot weight in kilograms with light
clothing using standard methods and calculated BMI as weight in
kilograms divided by height in meters square. Vertebral fractures
were calculated from T4�L4 baseline standing lateral spine radio-
graphs using the Genant semi-quantitative (SQ) method grading frac-
tures ranging from 0 = none (normal), 1 = mild, 2 = moderate, and
3 = severe.33 In the current study, we defined vertebral fracture as S.
Q. � 1. Upper extremity function was measured using three activity
of daily living (ADL) extremity tests (putting on and removing a labo-
ratory coat, picking up a penny from the floor, and lifting a 7-lb. book
to a shelf) from the modified Physical Performance Test (modified
PPT).34,35 Average baseline steps per day were measured using an
Omron pedometer to objectively calculate the baseline physical activ-
ity level for 7 consecutive days before the randomization visit. Socio-
demographics such as age, sex, race/ethnicity, and education were
collected from participants at the baseline visit. Medication and sup-
plement information was obtained by asking participants to self-
report the names of any medications/supplements they regularly had
taken to manage their health and comorbidities. We classified them
into twomain categories (prescription, over-the-counter, and supple-
ments). The prescription medications were further categorized into
disease conditions (i.e., blood pressure, hyperlipidemia, hypothyroid-
ism, diabetes, anxiety/depression, arthritis, and osteoporosis).
Statistical analysis

Descriptive statistics were used to describe participants’ sociode-
mographic (age, gender, race, education) and clinical information
(height, weight, BMI, 6MWT, Cobb’s angle, vertebral fractures, daily
baseline steps, 3 extremity ADL tasks, number and types of medica-
tion). To investigate the association between sociodemographic and
clinical factors on participants’ performance on the 6MWT distance
(meter), univariate and multivariate regression analyses were con-
ducted. The multivariate regression model tested whether baseline
Cobb’s angle was independently associated with the 6MWT perfor-
mance after controlling for potential confounding factors such as
sociodemographic, extremity functions, and clinical characteristics.
Statistical significance was set at P < .05. All analyses were conducted
using SPSS (version 21.0; IBM, Chicago, IL, USA).
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Results

Sample characteristics

Table 1 shows the sample sociodemographic and clinical charac-
teristics. Of the 112 participants, the mean [standard deviation (S.D.)]
age was 69.8 (§ 6.3) years with a range from 60 to 92 years, 67
(59.8%) were women, 102 (91.1%) were white, 98 (87.5%) had a bach-
elor's or advanced degree. Mean (SD) height (cm), weight (kg), and
BMI (kg/m2) were 167.0 (§ 9.5) cm, 73.9 (§ 14.9) kg, and 26.4 (§ 4.0)
kg/m2, respectively. The mean (S.D.) number of prescription medica-
tions and supplements and the number of prescription medications
alone was 5.8 (3.6) and 2.9 (2.2), respectively. Mean (S.D.) Cobb's
angle was 55.6 (§ 12.1) degrees. 19 (17.0%) participants had at least
one vertebral fracture. The average (S.D.) baseline steps per day were
6226.1 (§ 3363.8). For the three ADL tasks (i.e., book lift, jacket, pick
up penny tasks), the average (S.D.) seconds taken to complete the
task was 2.5 (§ 0.7) seconds for the book lift task, 9.8 (§ 3.4) seconds
for jacket task, and 1.6 (§ 0.6) seconds for pick up penny task. On
average (S.D.), participants walked 503.9 (§ 82.3) meters in the
6MWT and 6226 (§ 3363.8) steps per day.

Regression analyses

Table 2 presents the results of univariate regression analyses and
a multivariate linear regression analysis predicting individuals' per-
formance on the 6MWT. Overall, the multivariate regression model
was significant (adjusted R2 = .394, p < .001). Results revealed that
Cobb’s angle was not significantly associated with 6MWT distance
(b = -0.52; 95% CI, -1.68 to 0.64; p = .378) even after controlling for
Table 1
Baseline sample sociodemographic and clinical data (N = 112).

Sociodemographics

Age (years) -
Gender Men

Women
Race/Ethnicity White

Non-white
Education Completed high sc

high school
Completed college

Clinical data
Height (cm) -
Weight (kg) -
Body Mass Index (kg/m2) -
Number of prescriptions or over the counter medication, or

supplement
-

Number of prescription medication -
Taking blood pressure medication Yes
Taking hyperlipidemia medication Yes
Taking hypothyroidism medication Yes
Taking diabetes medication Yes
Taking anxiety/depression medication Yes
Taking arthritis medication Yes
Taking medication(s) for osteoporosis

Alendronate. Other antiresorptive medication, parathyroid
hormone, or other bone-building medications

Yes

6-Minute Walk Test (meters)a -
Kyphosis by Cobb's angle (°)b -
Vertebral fractures c Yes (1 or more)
Average baseline steps (per day)d -
Book lift task (seconds) Yes / seconds

No
Jacket task (seconds) Yes / seconds

No
Pick up penny task (seconds)e Yes / seconds

No

a = 2 missing cases; b = 3 missing cases; c 1 participant had 4 fractures, 2 had 3 fractures, 5 ha
potential confounding factors However, the model identified 3 signif-
icant predictors: (1) height (cm) (b = 4.18; 95% CI, 1.79 to 6.56;
p = .001), (2) weight (kg) (b = -2.73; 95% CI, -3.97 to -1.50; p < .001),
and (3) number of prescription medications taken (b= -11.20; 95% CI,
-17.54 to -4.87; p = .001). That is, participants with taller height, ligh-
ter weight, and took less prescribed medication were significantly
more likely to perform better in the 6MWT than their counterparts.

Discussion

Age-related hyperkyphosis has been under-investigated due to
the lack of standardized diagnostic criteria and treatments. This
paper aimed to examine whether Cobb angle of kyphosis derived
from standing lateral spine radiographs was significantly associated
with the 6MWT distance controlling for potential confounding fac-
tors. While we hypothesized that the study participants with a
greater degree of Cobb angle of kyphosis would have a significantly
shorter 6MWT distance, we did not find its significant association in
community-dwelling older adults enrolled in the SCOR kyphosis trial.
This non-significant association finding agrees with the previous
study result.9,36,37 We consider several possible explanations for the
non-significant association between 6MWT distance and degree of
kyphosis. First, age-related hyperkyphosis progresses slowly
(approximately 3 degrees each decade of life)38 in adults over
50 years of age. Thus, the older participants in the present study
might have time to adapt to slow changes in their bodies and main-
tain exercise endurance.9 Second, the study sample represented rela-
tively physically active community-dwelling older adults. For
example, this study sample's mean daily step counts were 6226.1 (SD
3363.8), higher than the national representative adults in the U.S.39,40
Mean (SD) or %(n) [Range]

69.8 (6.3) [60-92]
40.2 (45)
59.8 (67)
91.1 (102)
8.9 (10)

hool or some college education or less than 12.5 (14)

or graduate school 87.5 (98)

167.0 (9.5) [146.8-189.0]
73.9 (14.9) [44.1-117.4]
26.4 (4.0) [19.1-37.1]
5.8 (3.6) [0-15]

2.9 (2.2) [0-9]
38.4 (43)
25.0 (28)
16.1 (18)
2.7 (3)
19.7 (22)
3.6 (4)
9.8 (11)

503.9 (82.3) [270.8-722.2]
55.6 (12.1) [28.0-83.7]
17.0 (19)
6226.1 (3363.8) [757.9-21931.0]
2.5 (0.7) [1.3-6.0]
0
9.8 (3.4) [4.6-26.9]
0
1.6 (0.6) [0.7-4.2]
0

d 2 fractures, and 11 had 1 fracture; d = 18 missing cases; e = 1 missing case



Table 2
Unadjusted and adjusted linear regression models predicting the 6-minute walk test distatnce at baseline (N = 106).

Unadjusted Adjusteda

b t p-value 95% CI b T p-value 95% CI

Age �3.81 �3.17 .002 �6.19 to -1.43 �2.05 �1.86 .066 �4.23 to 0.14
Female �8.87 �0.55 .582 �40.72 to 22.97 �10.22 �0.44 .661 �56.31 to 35.86
Non-white �62.33 �2.33 .022 �115.36 to -9.30 �34.55 �1.50 .136 �80.20 to 11.11
Completed college or graduate school 8.55 0.36 .718 �38.29 to 55.40 23.66 1.24 .217 �14.16 to 61.48
Height (cm) 2.30 2.90 .005 0.73 to 3.88 4.18 3.47 .001 1.79 to 6.56
Weight (kg) �0.58 �1.10 .276 �1.63 to 0.47 �2.73 �4.39 <.001 �3.97 to -1.50
Vertebral fractures 7.67 0.36 .719 �33.05 to 53.70 24.84 1.28 .203 �13.61 to 63.29
Cobb’s angle (°) 0.36 0.55 .583 �0.95 to 1.67 �0.52 �0.89 .378 �1.68 to 0.64
Book lift seconds �24.31 �2.37 .020 �44.68 to -3.94 �1.42 �0.14 .889 �21.61 to 18.76
Jacket seconds �7.32 �3.31 .001 �11.70 to -2.94 �4.99 �1.97 .052 �10.02 to 0.05
Penny seconds �39.17 �3.12 .002 �64.04 to -14.30 �8.98 �0.63 .533 �37.47 to 19.51
Number of prescription medication �14.05 �4.21 <.001 �20.66 to -7.43 �11.20 �3.51 .001 �17.54 to -4.87
a N = 106; Model R2 = .462, Adjusted R2 = .394, p < .001
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Third, we excluded the older adults with a fixed kyphosis or those
without at least 5 degrees of mobility in the thoracic spine from the
study because they were less likely to respond to the SCOR kyphosis
exercise and posture intervention.16 It is possible that those older
adults could have reduced pulmonary function from age-related
hyperkyphosis, and they might have a significantly shorter 6MWT
distance.16

Consistent with the findings from the systematic review,24 taller
heights and lighter weights were significant predictors for better
6MWT distance. This is because older adults with taller heights had
longer walking stride lengths, and those with lighter weight had
faster-walking speeds than their counterparts. Other studies have
examined BMI, instead of height and weight, and shown that greater
BMI was significantly associated with shorter 6MWT distance.41 Age
is also considered one of the most significant factors in predicting the
6MWT distance. In general, as age increases, the 6MWT distance
becomes shorter. However, age becomes no longer significant after
controlling for other factors in this study. One potential explanation
is the homogeneity of the older adult sample in this study, selecting
community-dwelling older adults with hyperkyphosis using tight
RCT eligibility criteria.

In this study, the participants reported using fewer prescription
medications (mean 2.9 per day) than what might be considered aver-
age for their age group. U.S. older adults who took 5 or more medica-
tions increased from 12.8% to 39.0% between 1988-1991 and 2009
-2010, respectively.42 Despite the relatively fewer prescription medi-
cation intake, participants who took more prescription medications
had significantly shorter 6MWT distances than those who took less
in this study. This finding is intuitive and aligns with the previous
study finding in older adults with hyperkyphosis.9 Older adults tak-
ing more prescription medications might have more chronic illnesses
and worsening health status. In this study, a small number of partici-
pants who took arthritis medication were not significantly impacted
by joint pain from osteoarthritis.

Strengths and limitations

To the best of our knowledge, this study is one of few investiga-
tions to examine the association between the 6MWT and Cobb angle
of kyphosis in older adults with age-related hyperkyphosis. Another
strength includes using the gold-standard Cobb angle measurements
of kyphosis derived from standing lateral spine radiographs, a costly
and time-consuming measure. Despite these strengths of this study,
several limitations need to be addressed. Older adults with fixed
hyperkyphosis or multiple comorbidities prohibiting participation in
a posture training and exercise program were excluded from the
study. Therefore our results may reflect a healthier group of
hyperkyphotic subjects. In addition, the study subjects were primar-
ily white, highly motivated, educated with at least a college educa-
tion, and physically active. Thus, the findings of this study may not be
generalizable to all older and ethnically diverse adults. Lastly, due to
cross-sectional analysis, causal relationships cannot be inferred, or
there might be unknown confounding factors that we did not adjust
for in this study.

Conclusions

This study found that the degree of hyperkyphosis curvature was
not independently associated with the 6MWT distance in older adults
even after controlling for known confounding factors. In contrast, the
older adults who were tall, light in weight, and taking fewer prescrip-
tion medications had a greater 6MWT distance. This study highlights
the need for considering prescription medications when estimating
height and weight-adjusted 6MWT distance in older adults with
hyperkyphosis. Validation of the study findings in a large, diverse
older adult population is warranted.

Acknowledgments

The study was funded by a P50 AR063043 grant from the Office of
Research in Women’s Health and the National Institute of Arthritis
and Musculoskeletal and Skin Disorders; by the National Institute on
Aging (NIA) RO1AG041921, by the National Center for Advancing
Translational Sciences, National Institutes of Health, through UCSF-
CTSI Grant Number UL1 TR000004, by the National Institute of Nurs-
ing Research K24NR015812, and by the Alzheimer's Association
AARGD-NTF-20-684334.

References

1. Bureau UC. Older population and aging. https://www.census.gov/topics/popula
tion/older-aging.html. Accessed.

2. Katzman WB, Gladin A, Lane NE, et al. Feasibility and acceptability of technology-
based exercise and posture training in older adults with age-related hyperkypho-
sis: pre-post study. JMIR Aging. 2019;2(1):e12199.

3. Takahashi T. Trunk deformity is associated with a reduction in outdoor activites of
daily living and life satisfaction in community-dwelling older people. Osteoporos
Int. 2005;16:273–279.

4. Kado DM, Huang MH, Karlamangla AS, Barrett-Connor E, Greendale GA. Hyperky-
photic posture predicts mortality in older community-dwelling men and women:
a prospective study. J Am Geriatr Soc. 2004;52(10):1662–1667.

5. Kado DM, Miller-Martinez D, Lui LY, et al. Hyperkyphosis, kyphosis progression,
and risk of non-spine fractures in older community dwelling women: the study of
osteoporotic fractures (SOF). J Bone Miner Res. 2014;29(10):2210–2216.

6. Kado DM, Prenovost K, Crandall C. Narrative review: hyperkyphosis in older per-
sons. Ann Intern Med. 2007;147(5):330–338.

7. Koel�e M, Lems W, Willems H. The clinical relevance of hyperkyphosis: a narrative
review. Front Endocrinol. 2020;11:5.

https://www.census.gov/topics/population/older-aging.html
https://www.census.gov/topics/population/older-aging.html
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0002
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0002
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0002
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0003
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0003
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0003
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0004
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0004
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0004
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0005
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0005
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0005
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0006
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0006
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0007
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0007
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0007


Y. Fukuoka et al. / Geriatric Nursing 47 (2022) 95�99 99
8. Ponzano M, Tibert N, Bansal S, Katzman W, Giangregorio L. Exercise for improving
age-related hyperkyphosis: a systematic review and meta-analysis with GRADE
assessment. Arch Osteoporos. 2021;16(1):1–14.

9. Fukuoka Y, KatzmanWB, Gladin A, Lane NE, Kado DM, Oh YJ. Slower upper extrem-
ity function in older adults with hyperkyphosis negatively impacts the 6-min walk
test. BMC Musculoskelet Disord. 2022;23(1):1–8.

10. Studenski S, Perera S, Wallace D, et al. Physical performance measures in the clini-
cal setting. J Am Geriatr Soc. 2003;51(3):314–322.

11. Purser JL, Weinberger M, Cohen HJ, et al. Walking speed predicts health status and
hospital costs for frail elderlymale veterans. J Rehabil Res Dev. 2005;42(4):535–546.

12. Duan-Porter W, Vo TN, Ullman K, et al. Hospitalization-associated change in gait
speed and risk of functional limitations for older adults. J Gerontol Ser A. 2019;74
(10):1657–1663.

13. Studenski S, Perera S, Patel K, et al. Gait speed and survival in older adults. JAMA.
2011;305(1):50–58.

14. Busch TDA, Duarte YA, Pires Nunes D, et al. Factors associated with lower gait
speed among the elderly living in a developing country: a cross-sectional popula-
tion-based study. BMC Geriatr. 2015;15(1):1–9.

15. Sallinen J, M€anty M, Leinonen R, et al. Factors associated with maximal walking
speed among older community-living adults. Aging Clin Exp Res. 2011;23(4):273–
278.

16. Ab Rahman NNA, Singh DKA, Lee R. Correlation between thoracolumbar curvatures
and respiratory function in older adults. Clin Interv Aging. 2017;12:523.

17. Hamilton DM, Haennel R. Validity and reliability of the 6-minute walk test in a car-
diac rehabilitation population. J Cardiopulm Rehabil Prev. 2000;20(3):156–164.

18. Rikli RE, Jones CJ. The reliability and validity of a 6-minute walk test as a measure
of physical endurance in older adults. J Aging Phys Act. 1998;6(4):363–375.

19. Mangan D, Judge J. Reliability and validation of the six minutes walk. J Am Geriatr
Soc. 1994;42:SA73.

20. Yazdanyar A, Aziz MM, Enright PL, et al. Association between 6-minute walk test
and all-cause mortality, coronary heart disease�specific mortality, and incident
coronary heart disease. J Aging Health. 2014;26(4):583–599.

21. Bellet RN, Francis RL, Jacob JS, et al. Repeated six-minute walk tests for outcome
measurement and exercise prescription in outpatient cardiac rehabilitation: a lon-
gitudinal study. Arch Phys Med Rehabil. 2011;92(9):1388–1394.

22. Cacau LDAP, de Santana-Filho VJ, Maynard LG, Gomes M, Fernandes M, Carvalho
VO. Reference values for the six-minute walk test in healthy children and adoles-
cents: a systematic review. Braz J Cardiovasc Surg. 2016;31:381–388.

23. Parry SM, Nalamalapu SR, Nunna K, et al. Six-minute walk distance after critical ill-
ness: a systematic review and meta-analysis. J Intensive Care Med. 2021;36
(3):343–351.

24. Salbach NM, O’Brien KK, Brooks D, et al. Reference values for standardized tests of
walking speed and distance: a systematic review. Gait Posture. 2015;41(2):341–
360.

25. Singh SJ, Puhan MA, Andrianopoulos V, et al. An official systematic review of the
European Respiratory Society/American Thoracic Society: measurement properties
of field walking tests in chronic respiratory disease. Eur Respir J. 2014;44(6):1447–
1478.
26. Li WY, Chau PH, Dai Y, Tiwari A. The prevalence and negative effects of thoracic
hyperkyphosis on Chinese community-dwelling older adults in Wuhan, Hubei
Province, China. J Nutr Health Aging. 25. 202120212021:57–63.

27. Katzman WB, Parimi N, Gladin A, et al. Sex differences in response to targeted
kyphosis specific exercise and posture training in community-dwelling older
adults: a randomized controlled trial. BMC Musculoskelet Disord. 2017;18(1):509.

28. Gladin A, Katzman WB, Fukuoka Y, Parimi N, Wong S, Lane NE. Secondary analysis
of change in physical function after exercise intervention in older adults with
hyperkyphosis and low physical function. BMC Geriatr. 2021;21(1):1–12.

29. Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for dementia:
validation in a population-based sample. J Am Geriatr Soc. 2003;51(10):1451–
1454.

30. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Labora-
tories. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care
Med. 2002;166(1):111–117.

31. Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic overview of the
measurement properties of functional walk tests used in the cardiorespiratory
domain. Chest. 2001;119(1):256–270.

32. Lundon KM, Li AM, Bibershtein S. Interrater and intrarater reliability in the mea-
surement of kyphosis in postmenopausal women with osteoporosis. Spine.
1998;23(18):1978–1985.

33. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment using a
semiquantitative technique. J Bone Miner Res. 1993;8(9):1137–1148.

34. Reuben DB, Siu AL. An objective measure of physical function of elderly outpa-
tients. The physical performance test. J Am Geriatr Soc. 1990;38(10):1105–1112.

35. Brown M, Sinacore DR, Binder EF, Kohrt WM. Physical and performance measures
for the identification of mild to moderate frailty. J Gerontol A Biol Sci Med Sci.
2000;55(6):M350–M355.

36. Hannink E, Newman M, Barker KL. Does thoracic kyphosis severity predict
response to physiotherapy rehabilitation in patients with osteoporotic vertebral
fracture? A secondary analysis of the PROVE RCT. Physiotherapy. 2022;115:85–92.

37. Lorbergs AL, Murabito JM, Jarraya M, et al. Thoracic kyphosis and physical function:
the Framingham study. J Am Geriatr Soc. 2017;65(10):2257–2264.

38. Kobayashi T, Atsuta Y, Matsuno T, Takeda N. A longitudinal study of congruent sag-
ittal spinal alignment in an adult cohort. Spine (Phila Pa 1976). 2004;29(6):671–
676.

39. Bassett DR, Wyatt HR, Thompson H, Peters JC, Hill JO. Pedometer-measured physi-
cal activity and health behaviors in United States adults. Med Sci Sports Exerc.
2010;42(10):1819.

40. Lee IM, Shiroma EJ, Kamada M, Bassett DR, Matthews CE, Buring JE. Association of
step volume and intensity with all-cause mortality in older women. JAMA Intern
Med. 2019;179(8):1105–1112.

41. Kamiya K, Adachi T, Kono Y, et al. The 6-Minute Walk Test: difference in explana-
tory variables for performance by community-dwelling older adults and patients
hospitalized for cardiac disease. J Cardiopulm Rehabil Prev. 2019;39(5):E8–E13.

42. Charlesworth CJ, Smit E, Lee DS, Alramadhan F, Odden MC. Polypharmacy among
adults aged 65 years and older in the United States: 1988�2010. J Gerontol Ser A
Biomed Sci Med Sci. 2015;70(8):989–995.

http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0008
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0008
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0008
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0009
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0009
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0009
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0010
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0010
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0011
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0011
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0012
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0012
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0012
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0013
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0013
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0014
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0014
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0014
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0015
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0015
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0015
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0015
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0016
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0016
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0017
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0017
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0018
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0018
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0019
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0019
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0020
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0020
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0020
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0020
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0021
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0021
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0021
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0022
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0022
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0022
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0023
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0023
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0023
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0024
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0024
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0024
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0025
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0025
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0025
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0025
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0026
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0026
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0026
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0027
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0027
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0027
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0028
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0028
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0028
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0029
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0029
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0029
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0030
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0030
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0030
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0031
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0031
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0031
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0032
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0032
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0032
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0033
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0033
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0034
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0034
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0035
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0035
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0035
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0036
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0036
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0036
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0037
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0037
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0038
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0038
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0038
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0039
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0039
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0039
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0040
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0040
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0040
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0041
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0041
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0041
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0042
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0042
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0042
http://refhub.elsevier.com/S0197-4572(22)00166-5/sbref0042

	Factors associated with the 6-minute walk test performance in older adults with hyperkyphosis
	Introduction
	Material and methods
	Design and sample
	Baseline measures
	Statistical analysis

	Results
	Sample characteristics
	Regression analyses

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgments
	References




