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Slower upper extremity function in older 
adults with hyperkyphosis negatively impacts 
the 6-min walk test
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Abstract 

Background: Approximately 30% to 40% of older adults have hyperkyphosis, defined as excessive curvature of the 
thoracic spine. Hyperkyphosis is associated with increased morbidity and mortality. This study aimed to determine 
whether hyperkyphosis (Cobb’s angle) and upper extremity tasks were independently associated with the 6-min walk 
test (6MWT) in community-dwelling older adults with hyperkyphosis.

Methods: In this cross-sectional study, we studied 71 women and 28 men aged 60–87 from the study of hyperky-
phosis, exercise, and function trial (SHEAF) who had kyphosis, 3 timed upper extremity tasks and the 6MWT assessed 
at their baseline visit. We used standing lateral spine radiographs and a standardized protocol for thoracic kyphosis 
(T4-T12) to measure Cobb angle of kyphosis. In addition, 3 activity of daily living (ADL) extremity tests (putting on and 
removing a laboratory coat, picking up a penny from the floor, and lifting a 7-lb. book to a shelf ) were used.

Results: The mean ± SD age was 70.1 ± 6.1 years. The mean ± SD Cobb angle of kyphosis was 57.4 ± 12.5 degrees. 
On average ± SD, the participants walked 504.8 ± 84.2 m in 6 min and took 2.4 ± 2.2 prescription medications. The 
mean ± SD height was 164.7 ± 8.5 cm, weight was 68.7 ± 13.1 kg, and BMI was 25.2 ± 4.0 kg/m2. Multivariate regres-
sion revealed that age, height, upper extremity book lift task, and the number of prescribed medications were signifi-
cant predictors of performance on the 6MWT (p < 0.05).

Conclusions: While kyphosis was not associated with the 6MWT, timed tests of upper extremity function indicated 
that upper body dynamics can affect walking performance. In addition, sociodemographic factors and the number 
of prescribed medications were significant contributing factors to the 6MWT in older adults with mild to moderate 
hyperkyphosis. These results illustrate multifactorial influences on physical performance and the need for an inte-
grated and targeted approach in helping older hyperkyphotic adults maintain healthy physical functioning as they 
age.
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Background
Hyperkyphosis, or stooped posture, is a common and 
easily recognizable condition among older adults, and it 
progresses with age. Hyperkyphosis is defined as exces-
sive thoracic spine curvature, and the gold-standard 
diagnostic test is a radiographic Cobb angle greater than 
40 degrees. Approximately 30% to 40% of older adults 
have hyperkyphosis [1, 2]. Hyperkyphosis is associated 
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with impaired physical function and increased morbid-
ity and mortality [3]. In particular, hyperkyphosis with 
54 degrees or greater substantially increases fall risk. 
Given a rapidly growing older adult population [4], we 
expect that the prevalence of hyperkyphosis will increase. 
Developing a more comprehensive understanding of the 
physical and functional correlates in older adults with 
hyperkyphosis will help elucidate the problem and pro-
vide the rationale for its prevention and treatment.

The 6-min walk test (6MWT) is a simple assessment to 
measure how an individual can walk on a flat, hard sur-
face in 6 min [5]. This test involves all the bodily systems 
for walking, particularly musculoskeletal, cardiovascu-
lar, and respiratory systems. Good test–retest reliabil-
ity, and convergent and construct validity of the 6MWT 
were previously reported to measure functional exercise 
capacity and physical endurance in older adults [6–8]. 
Several systematic reviews of factors influencing the 
6MWT distance were conducted in adults with cardio-
vascular disease, chronic respiratory disease, acute res-
piratory distress syndrome, community-dwelling adults, 
and children/adolescents [9–13]. Despite the popular-
ity of the 6MWT, there are limited data relating to the 
6MWT in older adults with hyperkyphosis.

Furthermore, trunk and upper extremity strength and 
range of motion can influence walking abilities, and 
severe hyperkyphosis may impair upper extremity func-
tion. However, upper extremity functions in relation to 
the 6MWT distance have not been carefully examined 
in community-dwelling older adults in general and, in 
particular, those with hyperkyphosis. A previous study 
reported that upper extremity functions showed signifi-
cant correlations with the 6-min walk distance (6MWD) 
in middle-aged to older patients with chronic obstruc-
tive pulmonary disease (COPD) [14]. However, to the 
best of our knowledge, the association between upper 
extremity function and 6MWT has not been examined 
in older adults with hyperkyphosis. Therefore, the aim 
of  this  study was to determine if  hyperkyphosis and 
upper extremity tasks were independently associated 
with the 6MWD in community-dwelling older adults 
with hyperkyphosis.

Methods
Study design, sample, and procedures
In this cross-sectional, secondary data analysis study, we 
analyzed 99 older adults who participated in the baseline 
visit for the study of hyperkyphosis, exercise, and func-
tion (SHEAF) randomized controlled trial (RCT). The 
study protocol was approved by the University of Cali-
fornia San Francisco and Kaiser Permanente Northern 
California Institutional Review Boards, and the Data 

Safety Monitoring Board members before participant 
enrollment. Detailed descriptions of the study design and 
protocol and participant eligibility have been previously 
published [15, 16]. In brief, participants were recruited 
from local senior centers, outpatient medical clinics, 
physician referrals, and medical center databases in San 
Francisco, California.

Inclusion criteria were proficiency in English, 
age ≥ 60  years, kyphosis angle ≥ 40° by the Debrunner 
kyphometer (Techmedica Inc, Camarillo, California) 
measured at the screening visit, and ability to walk one 
block without the use of an assistive device, climb one 
flight of stairs independently, and rise from a chair with-
out the use of one’s arms. Exclusion criteria were inabil-
ity to straighten the thoracic spine at least 5°, cognitive 
impairment (unable to draw a normal clock or recall any 
words on the Mini-Cog) [17, 18], inability to pass safety 
tests in the screening examination, or any disorder or 
disease likely to prevent or interfere with safe participa-
tion in a group-based exercise class (see methods paper 
for details on safety tests, disorders, and diseases) [15]. 
In total, 598 participants were pre-screened for eligibil-
ity. Of those, 290 were excluded for not meeting pre-
screening criteria or for being disinterested in the study. 
The remaining 308 proceeded to clinic screening. How-
ever, 209 participants were excluded due to not meeting 
eligibility criteria or declining to participate in the study, 
resulting in 99 participants who ultimately enrolled. We 
obtained permission from the participant’s primary care 
provider and all participants provided written informed 
consent. All baseline data collections were conducted 
before the randomization.

Measures
6MWT 
The 6MWT measured the distance in meters covered 
while walking along a standardized-distance of 60-feet in 
a long hallway marked by two cones for 6 min. This test 
measures the distance that a participant can walk on a 
flat, hard surface in 6 min [19]. It evaluates the global and 
integrated responses of systems involved during exercise, 
including the pulmonary and cardiovascular, circulatory, 
neuromuscular, and musculoskeletal. A previous study 
has concluded the 6MWT to be more reflective of activi-
ties of daily living than other walk tests [20]. In the origi-
nal trial, all participants except one could complete the 
6MWT at baseline.

Average baseline steps per day
We used an Omron pedometer to objectively measure 
the baseline physical activity level for 7 consecutive days 
before the randomization visit.
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Cobb angle of kyphosis
It was measured using the gold standard Cobb angle 
of kyphosis derived from standing lateral spine radio-
graphs and a standardized protocol for thoracic kypho-
sis (T4-T12) [21]. Participants stood barefoot with knees 
straight and arms supported at 90° of shoulder flexion; 
they were instructed to hold full inhalation for the dura-
tion of the scan. A trained radiologist (BF) made meas-
urements to read the radiographs. A greater Cobb angle 
indicates more kyphosis severity. Test–retest reliability 
for repeated measurement of Cobb angle from the same 
radiograph was estimated as ICC = 0.90. The standard 
error of the measurement was estimated as 1.4° [16].

Kyphosis from kyphometer
The Debrunner kyphometer (Techmedica Inc., Cama-
rillo, CA) was used for external measurement of kyphosis 
using the T2/3 spinous process interspace as the superior 
landmark and T11/T12 spinous process interspace as the 
inferior landmark.

Upper extremity function
In this study, 3 activity of daily living (ADL) extremity 
tests (putting on and removing a laboratory coat, picking 
up a penny from the floor, and lifting a 7-lb. book to a 
shelf ) were used. These were 3 components of the modi-
fied Physical Performance Test (modified PPT) [22, 23], 
a 9-item standardized test, including 7 timed and two 
untimed upper and lower extremity ADL tasks, used to 
assess multiple domains of physical function. The timed-
book lift test and timed-putting on and removing a labo-
ratory coat are upper extremity ADL tasks, and the timed 
pick-up a penny from floor task is a combined upper and 
lower extremity ADL task. Participants completed all 
9-items in the modified Physical Performance Test.

Weight, height, and body mass index (BMI)
Individuals with hyperkyphosis could have two height 
measures (usual and best posture height). We meas-
ured the usual height in centimeters in a barefoot posi-
tion in this study. We assessed weight in kilograms with 
light clothing and calculated BMI as weight in kilograms 
divided by height in meters squared.

Vertebral fractures were assessed in T4 to L4 ver-
tebrae by an experienced radiologist from the baseline 
standing lateral spine radiographs using the Genant sem-
iquantitative (SQ) method grading fractures 0–3 [24].

Demographic and medication
Demographic information, such as age, sex, race/ethnic-
ity, education, were collected from participants at the 
baseline visit. In addition, trained research staff asked 

participants to report the names of any medication/sup-
plements they were regularly taking. The number and 
types of prescribed and non-prescribed medications were 
recorded, and prescribed medications were categorized 
into blood pressure, hyperlipidemia, hypothyroidism, 
diabetes, anxiety/depression, arthritis, and osteoporosis 
medications.

Statistical analysis
Descriptive statistics were used to describe participants’ 
sociodemographic (age, gender, race, education) and 
clinical information (height, weight, BMI, 6MWT, Cobb’s 
angle, kyphosis, vertebral fractures, baseline steps, 3 
extremity ADL tasks, number and types of medication). 
To investigate the association between sociodemographic 
and clinical factors on participants’ performance on the 
6MWT (m), univariate and multivariate regression anal-
yses were conducted. The multivariate regression model 
tested whether baseline Cobb’s angle and 3 extremity 
ADL measures were independently associated with the 
6MWT performance after controlling for sociodemo-
graphic and clinical characteristics. A sensitivity analy-
sis was conducted by replacing Cobb’s angle with the 
Debrunner kyphosis reading in the multivariate regres-
sion model. Statistical significance was set at P < 0.05. All 
analyses were conducted using SPSS (version 21.0; IBM, 
Chicago, IL, USA).

Results
Sample characteristics
Table  1 shows the sample sociodemographic and clini-
cal characteristics  at baseline. Of the 99 participants, 
the mean ± SD age was 70.1 ± 6.1  years with a range 
from 60 to 87 years, 71 (71.7%) were women, 86 (86.9%) 
were white, 78 (78.8%) completed college or graduate 
school. Mean ± SD height was 164.7 ± 8.5  cm, weight 
was 68.7 ± 13.1 kg, and BMI was 25.2 ± 4.0 kg/m2. On the 
6MWT, participants walked 504.8 ± 84.2  m. Mean ± SD 
Cobb’s angle was 57.4 ± 12.5 degrees and kyphosis was 
54.1 ± 8.6 degrees. A total of 16 (16.2%) participants 
reported two or more vertebral fractures. The aver-
age ± SD baseline steps were 5691.3 ± 3186.4 per day. 
Regarding three ADL tasks (i.e., book lift, jacket, pick up 
penny tasks), the average ± SD seconds taken to complete 
the task was 2.7 ± 0.7 s for the book lift task, 8.7 ± 2.6 s 
for jacket task, and 1.5 ± 0.4 s for pick up penny task. Our 
results for ADL tasks were similar to findings on older 
adults of similar age and BMI (2.7  s for book lift, 6.6  s 
for jacket, and 2.2 for pick up penny task [25]). Lastly, 
the mean ± SD number of prescription medications was 
2.4 ± 2.2.
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Regression analyses
Table 2 presents the results of univariate regression anal-
yses and a multivariate linear regression analysis predict-
ing individuals’ performance on the 6MWT at baseline. 
Overall, the multivariate regression model was significant 
(adjusted  R2 = 0.382, p < 0.001). Specifically, it revealed 4 
significant predictors: (1) age (B = -3.37; 95% CI, -5.89 to 
-0.85; p = 0.009), (2) height (cm) (B = 2.76; 95% CI, 0.30 to 
5.22; p = 0.029), (3) Book lift seconds (B = -37.58; 95% CI, 
-63.80 to -11.36; p = 0.006), and (4) number of prescribed 

medication taken (B = -8.17; 95% CI, -15.03 to -1.31; 
p = 0.020). This indicates that individuals with younger 
age and taller height were significantly more likely to per-
form better in the 6MWT than their counterparts. Fur-
thermore, older adults who took less time completing 
the book lift task and took less prescribed medications 
showed better performance in the 6MWT. The sensitiv-
ity analysis result showed that kyphosis when replacing 
Cobb’s angle with Debrunner angle in the multivariate 
regression analysis did not change the results.

Table 1 Sample sociodemographic and clinical data at baseline (N = 99)

a 1 missing case
b 5 missing cases
c 2 missing cases
d 26 missing cases

Sociodemographics Mean (SD) or %(n) [Range]

Age (years) - 70.1 (6.1) [60–87]

Gender Men 28.3 (28)

Women 71.7 (71)

Race/Ethnicity White 86.9 (86)

Non-white 13.1 (13)

Education Less than high school, completed high 
school, or some college education

21.2 (21)

Completed college or graduate school 78.8 (78)

Clinical data
  Height (cm) - 164.7 (8.5) [145–184]

  Weight (kg) - 68.7 (13.1) [44–114]

  Body Mass Index (kg/m2) - 25.2 (4.0) [17.8–39.7]

  Number of medication/supplement - 5.3 (3.5) [0–15]

  Number of prescription medications - 2.4 (2.2) [0.0 – 11.0]

  Taking blood pressure medication Yes 34.3 (34)

  Taking hyperlipidemia medication Yes 32.3 (32)

  Taking hypothyroidism medication Yes 15.2 (15)

  Taking diabetes medication Yes 4.0 (4)

  Taking anxiety/depression medication Yes 10.1 (10)

  Taking arthritis medication Yes 6.1 (6)

  Taking medication(s) for osteoporosis Alendronate. Other antiresorptive 
medication, parathyroid hormone, or other born-building medications

Yes 16.2 (16)

  6-minute walk test (m)a - 504.8 (84.2) [293.7–804.0]

  Cobb’s angle (°)b - 57.4 (12.5) [29.1 – 89.2]

  Kyphosis - 54.1 (8.6) [35–73]

  Vertebral fractures (Y)c Yes (2 or more) 16 (16.2)

  Average baseline steps (per day)d - 5691.3 (3186.4) [943–17558]

  Book lift task (seconds) Yes / seconds 98.0 (97) / 2.7 (0.7) [1.2–5.6]

No 2.0 (2)

  Jacket task (seconds) Yes / seconds 100 (99) / 8.7 (2.6) [3.7–17.0]

No 0 (0)

  Pick up penny task (seconds) Yes / seconds 100 (99) / 1.5 (0.4) [0.7–3.1]

No 0 (0)
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Discussion
Age-related hyperkyphosis has been defined as a new 
geriatric syndrome associated with advanced age and 
increases the risk of physical frailty [1]. However, hyper-
kyphosis has been underinvestigated because of lack 
of standardized diagnostic criteria and treatments. To the 
best of our knowledge, this was the first study to examine 
whether kyphosis angle degree and upper extremity ADL 
functions were independently associated with the 6MWT 
distance in community-dwelling older adults with age-
related hyperkyphosis. We believe that the study findings 
will provide new insights to design health promotion and 
prevention programs in older adults with hyperkyphosis.

In univariate analyses, all 3 ADL extremity tasks, book-
lift, jacket, and pick-up penny off the floor, were associ-
ated with 6MWT. This is consistent with prior 6MWT 
construct validity studies among older adults that report 
moderate correlation with a broad measure of ADL func-
tion (physical function subscale of the SF 36 including 
both upper and lower extremity function) [7, 26, 27], sug-
gesting 6MWT is broadly associated with ADL function. 
However, only the book-lift task remained significant 
after adjusting for socioeconomic and clinical charac-
teristics, suggesting unique body functions independ-
ent of other known confounding variables contributing 
to 6MWT performance. The book-lift upper extremity 
functional task requires unique body functions includ-
ing dynamic trunk, scapulothoracic and upper extremity 
mobility and stability and grip strength to lift the 7-pound 
book to the shelf compared to the other two ADL tasks, 
which require upper extremity motion and coordination, 
balance, and lower extremity squatting ability. A cross-
sectional study of older women with hyperkyphosis, 

osteoporosis, and vertebral fractures, found moderate 
correlations between a trunk and upper extremity endur-
ance and strength test and 6MWT and ADL function, 
but not hyperkyphosis, suggesting unique contributions 
from the trunk and upper extremity strength and endur-
ance [28]. Shoulder range of motion was not measured 
in the current study and differences in motion could also 
contribute to performance on book-lift test. The book-
lift task requires participants to grip and hold a 7-pound 
book. Grip strength is a known predictor of frailty [29] 
and decline in function [30, 31] and was reproted to 
have  moderate correlations with 6MWT in a cohort of 
Chinese older adults [32]. Supporting the theory that 
dynamic trunk, scapulothoracic and upper extremity 
mobility and endurance contribute to the book-lift task 
performance was a clinical trial that targeted yoga-based 
trunk and upper extremity strength and motion for 
6-months among a cohort of older adults with hyperky-
phosis. The study found that post-intervention kyphosis, 
book-lift timed-task, shoulder elevation (vertical reach) 
and dynamic (during normal and fast gait) scapular sta-
bility and static scapular positioning improved. However, 
in contrast to trunk and scapular strength and endur-
ance, also contributing to 6MWT, gait-speed and chair 
stand time did not improve (lower extremity function), 
which require similar body structure functions for the 
6MWT [33, 34]. Furthermore, while the parent clinical 
trial study did evaluate gait-speed, chair stands time and 
Timed Up and Go, all of which require similar body func-
tions to the 6MWT, we did not include these variables 
in the regression analysis as previous investigators have 
reported moderate to excellent criterion validity of these 
measures with the 6MWT in mixed populations (older 

Table 2 Unadjusted and adjusted regression on the 6-minute walk test at baseline (N = 91)

a Model  R2 = .464, Adjusted R.2 = .382, p < .001

Unadjusted Adjusteda

B t p-value 95% CI B t p-value 95% CI

Age -2.85 -2.03 .045 -5.63 to -0.06 -3.37 -2.66 .009 -5.89 to -0.85

Female gender -38.02 -2.05 .043 -74.77 to -1.26 -15.91 -0.72 .474 -59.89 to 28.07

Non-white -58.12 -2.37 .020 -106.73 to -9.50 -36.69 -1.65 .104 -81.06 to 7.68

Completed college or graduate school 24.32 1.18 .243 -16.74 to 65.37 31.25 1.74 .085 -4.44 to 66.94

Height (cm) 3.44 3.65  < .001 1.57 to 5.31 2.76 2.23 .029 0.30 to 5.22

Weight (kg) 0.01 0.02 .987 -1.29 to 1.31 -1.29 -1.88 .063 -2.65 to 0.07

Vertebral fractures 26.36 1.12 .264 -20.24 to 72.96 -15.29 -0.72 .471 -57.32 to 26.75

Cobb’s angle (°) 0.70 1.01 .316 -0.68 to 2.09 0.08 0.14 .887 -1.09 to 1.25

Book lift seconds -52.15 -4.81  < .001 -73.71 to -30.60 -37.58 -2.85 .006 -63.80 to -11.36

Jacket seconds -6.89 -2.13 .036 -13.31 to -0.47 -0.45 -0.14 .891 -6.96 to 6.06

Penny seconds -59.83 -3.09 .003 -98.27 to -21.40 -13.58 -0.64 .525 -55.91 to 28.75

Number of prescribed medication -12.28 -3.28 .001 -19.71 to -4.85 -8.17 -2.37 .020 -15.03 to -1.31
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adults, stroke and partial spinal cord)[35, 36]. Further 
study is needed to understand the relationships between 
the trunk and upper extremity strength and endurance, 
physical function, and hyperkyphosis in older adults with 
hyperkyphosis.

To the best of our knowledge, no studies have inves-
tigated the association between the 6MWT and Cobb 
angle of kyphosis in older adults with age-related hyper-
kyphosis. While we hypothesized that a greater degree 
of kyphosis would negatively impact the 6MWT, we 
did not find an association between the Cobb angle of 
kyphosis and the 6MWT. The inconsistencies could be 
explained by the multifactorial nature of the Cobb angle 
of kyphosis. First, our cohort included high functioning 
community-dwelling adults with age-matched normative 
values for the 6MWT [37]. They were an active group 
with a mean daily step count of 5691.3 (3186.4) steps, 
greater than the 4400 steps per day found to reduce the 
risk of mortality [38]. Second, kyphosis is known to pro-
gress slowly in adults over 50 years of age, approximately 
3 degrees each decade of life [39], and adaptations were 
likely made to maintain exercise capacity on the 6MWT. 
Third, we excluded participants with a fixed kyphosis 
and those without at least 5 degrees of mobility in the 
thoracic spine (to facilitate change from the exercise 
intervention); thus, this  reduced possible restrictions in 
pulmonary function from kyphosis that could impair the 
6MWT [40]. Thus, while age-related hyperkyphosis may 
increase the risk for physical frailty and impaired physical 
function, other factors, including physical activity level, 
may significantly affect physical function more than the 
degree of Cobb angle curvature alone.

In this study, fewer prescription medications, younger 
age, and taller height were significant predictors for bet-
ter 6MWT performance. The number of prescription 
medications to the 6MWT performance is intuitive. 
Older adults with more prescription medications prob-
ably had more chronic illnesses. The study participants 
reported using fewer prescription medications than 
what might be considered average for their age group 
[41]. Age and height findings were consistent with pre-
vious systematic reviews of the 6MWT in various pop-
ulations [9, 10, 12, 13]. In particular, Salbach found that 
age, height, weight, and heart rate explained the largest 
variance of the 6MWT performance [9]. Similar findings 
were reported in adults with chronic respiratory disease 
[10] and healthy adult and adolescent samples [12, 13]. 
Age and height were related to individuals’ walking speed 
and stride length [42], which may have factored into their 
6MWT performance. Some systematic reviews reported 
that lower weight was associated with better 6MWT per-
formance. However, weight was not a significant predic-
tor, and the study sample could explain this finding with 

relatively low weight in the present study. These findings 
highlight the importance of adjusting age and height 
when interpreting the 6MWT results.

Strengths and limitations
The strength of this paper includes the use of the gold 
standard kyphosis measure, Cobb angle of kypho-
sis derived from standing radiographs, and measuring 
objective upper extremity function measures. However, 
despite these strengths, several limitations also need to 
be acknowledged. The sample in the present study did not 
include older adults with severe hyperkyphosis or multi-
ple comorbidities who were not able to participate in an 
exercise and posture training program. Also, the doses of 
prescribed medication were not available, so the severity 
of the diseases was not able to be ascertained. In addi-
tion, the sample size was relatively small and represented 
highly motivated subjects who agreed to participate in a 
6-month training program. Thus, the study results may 
not be generalizable to older adults with severe hyperky-
phosis or multiple comorbidities. Furthermore, the study 
sample included predominantly white, college educated, 
and high functioning older persons, reflecting an impor-
tant limitation towards generalizability. Finally, this was 
a cross-sectional observational study of a randomized 
clinical trial with likely unmeasured confounding. Thus, 
causal relationships cannot be inferred.

Conclusions
This study suggests that older adults who experience dif-
ficulty performing upper extremity book lift tasks and 
who are taking multiple prescription medications were 
less likely to perform well on the 6MWT. Given the 
expected increase in the prevalence of hyperkyphosis 
in the aging population, this study suggests the need for 
health care providers to assess the risk of impairments in 
upper extremity function and 6MWT in older adults with 
hyperkyphosis. Lastly, the study’s findings will need to be 
cross-validated with larger studies that include diverse 
samples (e.g., ethnicity) to examine whether  the effects 
of one’s age, height, extremity ADL tasks, and a number 
of prescription medications would be similar across indi-
viduals with diverse sociodemographic backgrounds.

Abbreviations
ADL: Activity of daily living; BMI: Body mass index; 6MWT: 6-Minute walk test.

Acknowledgements
Not applicable.

Authors’ contributions
Y.F. and Y.O analyzed the data, wrote the main manuscript, and created tables. 
W.K. designed the study and collected the data. A.G., N.L., and D.K. assisted in 



Page 7 of 8Fukuoka et al. BMC Musculoskeletal Disorders          (2022) 23:505  

designing the study and collecting the data. All authors reviewed and edited 
the manuscript. All authors read and approved the final manuscript.

Authors’ information
Not applicable.

Funding
This project was supported 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 Nursing Research K24NR015812, and by the Alzhei-
mer’s Association AARGD-NTF-20–684334.
Its contents are solely the authors’ responsibility and do not necessarily repre-
sent the official views of the funding agencies.

Availability of data and materials
The datasets used in this paper are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
All study participants provided a written consent form.

Consent for publication
Not applicable.

Competing interests
Y.F., Y.O, W.K., A.G., and N.L. declare that they have no competing interests. D.K. 
reports receiving royalties from UpToDate.

Statement on ethical approval with the full name of the ethics 
committee
The study protocol was approved by the University of California San Francisco 
and Kaiser Permanente Northern California Institutional Review Boards (# 
12–08917). In addition, the Data Safety Monitoring Board members reviewed 
and approved the study protocol before participant enrollment.

Statement on institutional/national/international guidelines followed 
for the study
We followed the guidelines on Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE).

Statement on informed consent from the participants/legal guardians 
whose data is used in the study
All participants provided a written consent form before study enrollment.

Author details
1 Department of Physiological Nursing, University of California, San Francisco, 
2 Koret Way, N631, San Francisco, CA 94143, USA. 2 Department of Physical 
Therapy and Rehabilitation Science, University of California, San Francisco, San 
Francisco, CA 94158, USA. 3 San Francisco Medical Center, Kaiser Permanente 
Northern California, San Francisco, CA 94118, USA. 4 Center for Musculoskeletal 
Health, School of Medicine, University of California at Davis, Davis, CA 95616, 
USA. 5 Department of Medicine, Stanford University School of Medicine, 
Stanford, CA and Geriatric Research Education and Clinical Center (GRECC), 
Veterans Health Administration, Palo Alto, CA 94304, USA. 6 Department 
of Communication, University of California Davis, Davis, CA 95616, USA. 

Received: 9 February 2022   Accepted: 16 May 2022

References
 1. Kado DM, Miller-Martinez D, Lui LY, Cawthon P, Katzman WB, Hillier TA, 

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):2210–6.

 2. Kado DM, Prenovost K, Crandall C. Narrative review: hyperkyphosis in 
older persons. Ann Intern Med. 2007;147(5):330–8.

 3. Koelé M, Lems W, Willems H. The clinical relevance of hyperkyphosis: A 
narrative review. Front Endocrinol. 2020;11:5.

 4. Vespa J, Lauren M, Armstrong DM. Demographic turning points for the 
United States: Population projections for 2020 to 2060. Current Popula-
tion Reports, P25-1144. Washington, DC: U.S. Census Bureau; 2020.

 5. Lipkin D, Scriven A, Crake T, Poole-Wilson P. Six minute walking test for 
assessing exercise capacity in chronic heart failure. Br Med J (Clin Res Ed). 
1986;292(6521):653–5.

 6. 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):363–75.

 7. Hamilton DM, Haennel R. Validity and reliability of the 6-minute walk 
test in a cardiac rehabilitation population. J Cardiopulm Rehabil Prev. 
2000;20(3):156–64.

 8. Chan WL, Pin TW. Reliability, validity and minimal detectable change of 
2-minute walk test, 6-minute walk test and 10-meter walk test in frail 
older adults with dementia. Exp Gerontol. 2019;115:9–18.

 9. Salbach NM, O’Brien KK, Brooks D, Irvin E, Martino R, Takhar P, et al. 
Reference values for standardized tests of walking speed and distance: a 
systematic review. Gait Posture. 2015;41(2):341–60.

 10. Singh SJ, Puhan MA, Andrianopoulos V, Hernandes NA, Mitchell KE, Hill CJ, 
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):1447–78.

 11. Parry SM, Nalamalapu SR, Nunna K, Rabiee A, Friedman LA, Colantuoni 
E, et al. Six-minute walk distance after critical illness: a systematic review 
and meta-analysis. J Intensive Care Med. 2021;36(3):343–51.

 12. Bellet RN, Francis RL, Jacob JS, Healy KM, Bartlett HJ, Adams L, et al. 
Repeated six-minute walk tests for outcome measurement and exercise 
prescription in outpatient cardiac rehabilitation: a longitudinal study. 
Arch Phys Med Rehabil. 2011;92(9):1388–94.

 13. Cacau LDAP, Santana-Filho VJD, Maynard LG, Gomes M, Fernandes M, Car-
valho VO. Reference values for the six-minute walk test in healthy children 
and adolescents: a systematic review. BJCVS. 2016;31:381–8.

 14. Toosizadeh N, Berry C, Bime C, Najafi B, Kraft M, Mohler J. Assessing 
upper-extremity motion: An innovative method to quantify functional 
capacity in patients with chronic obstructive pulmonary disease. PLoS 
ONE. 2017;12(2):e0172766.

 15. Katzman WB, Vittinghoff E, Kado DM, Schafer AL, Wong SS, Gladin A, et al. 
Study of Hyperkyphosis, Exercise and Function (SHEAF) Protocol of a 
Randomized Controlled Trial of Multimodal Spine-Strengthening Exercise 
in Older Adults With Hyperkyphosis. Phys Ther. 2016;96(3):371–81.

 16. Katzman WB, Vittinghoff E, Lin F, Schafer A, Long RK, Wong S, et al. 
Targeted spine strengthening exercise and posture training program to 
reduce hyperkyphosis in older adults: results from the study of hyper-
kyphosis, exercise, and function (SHEAF) randomized controlled trial. 
Osteoporos Int. 2017;28(10):2831–41.

 17. 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):1451–4.

 18. Sinclair A, Gadsby R, Hillson R, Forbes A, Bayer A. Brief report: use of the 
Mini-Cog as a screening tool for cognitive impairment in diabetes in 
primary care. Diabetes Res Clin Pract. 2013;100(1):e23–5.

 19. ATS Committee on Proficiency Standards for Clinical Pulmonary Function 
Laboratories. ATS statement: guidelines for the six-minute walk test. Am J 
Respir Crit Care Med. 2002;166(1):111–7.

 20. Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic over-
view of the measurement properties of functional walk tests used in the 
cardiorespiratory domain. Chest. 2001;119(1):256–70.

 21. Lundon KM, Li AM, Bibershtein S. Interrater and intrarater reliability in the 
measurement of kyphosis in postmenopausal women with osteoporosis. 
Spine. 1998;23(18):1978–85.

 22. Reuben DB, Siu AL. An objective measure of physical function of 
elderly outpatients The Physical Performance Test. J Am Geriatr Soc. 
1990;38(10):1105–12.

 23. 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):M350–5.



Page 8 of 8Fukuoka et al. BMC Musculoskeletal Disorders          (2022) 23:505 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 24. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment 
using a semiquantitative technique. J Bone Miner Res. 1993;8(9):1137–48.

 25. Apovian CM, Frey CM, Wood GC, Rogers JZ, Still CD, Jensen GL. Body mass 
index and physical function in older women. Obes Res. 2002;10(8):740–7.

 26. Harada ND, Chiu V, Stewart AL. Mobility-related function in older 
adults: assessment with a 6-minute walk test. Arch Phys Med Rehabil. 
1999;80(7):837–41.

 27. Benavent-Caballer V, Lisón JF, Rosado-Calatayud P, Amer-Cuenca JJ, 
Segura-Orti E. Factors associated with the 6-minute walk test in nursing 
home residents and community-dwelling older adults. J Phys Ther Sci. 
2015;27(11):3571–8.

 28. Shipp KM, Purse JL, Gold DT, Pieper CF, Sloane R, Schenkman M, et al. 
Timed loaded standing: a measure of combined trunk and arm endur-
ance suitable for people with vertebral osteoporosis. Osteoporos Int. 
2000;11(11):914–22.

 29. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56(3):M146–56.

 30. Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb JD, et al. 
Midlife hand grip strength as a predictor of old age disability. JAMA. 
1999;281(6):558–60.

 31. Dodds R, Kuh D, Sayer A, Cooper R. Can measures of physical perfor-
mance in mid-life improve the clinical prediction of disability in early 
old age? Findings from a British birth cohort study. Exp Gerontol. 
2018;110:118–24.

 32. Zhang Q, Lu H, Pan S, Lin Y, Zhou K, Wang L. 6MWT performance and its 
correlations with VO2 and handgrip strength in home-dwelling mid-
aged and older Chinese. Int J Environ Res Public Health. 2017;14(5):473.

 33. Wang M-Y, Greendale GA, Kazadi L, Salem GJ. Yoga improves upper-
extremity function and scapular posturing in persons with hyperkypho-
sis. JYPT. 2012;2(3):117.

 34. Greendale GA, Huang MH, Karlamangla AS, Seeger L, Crawford S. 
Yoga decreases kyphosis in senior women and men with adult-onset 
hyperkyphosis: results of a randomized controlled trial. J Am Geriatr Soc. 
2009;57(9):1569–79.

 35. Flansbjer U-B, Holmbäck AM, Downham D, Patten C, Lexell J. Reliability of 
gait performance tests in men and women with hemiparesis after stroke. 
J Rehabil Med. 2005;37(2):75–82.

 36. van Hedel HJ, Wirz M, Dietz V. Assessing walking ability in subjects with 
spinal cord injury: validity and reliability of 3 walking tests. Arch Phys Med 
Rehabil. 2005;86(2):190–6.

 37. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test 
performance in community-dwelling elderly people: Six-Minute Walk 
Test, Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys Ther. 
2002;82(2):128–37.

 38. Lee I-M, 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):1105–12.

 39. Kobayashi T, Atsuta Y, Matsuno T, Takeda N. A longitudinal study of con-
gruent sagittal spinal alignment in an adult cohort. Spine (Phila Pa 1976). 
2004;29(6):671–6.

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

 41. 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 A Biol Sci Med Sci. 2015;70(8):989–95.

 42. Samson MM, Crowe A, De Vreede P, Dessens JA, Duursma SA, Verhaar HJ. 
Differences in gait parameters at a preferred walking speed in healthy 
subjects due to age, height and body weight. Aging Clin Exp Res. 
2001;13(1):16–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Slower upper extremity function in older adults with hyperkyphosis negatively impacts the 6-min walk test
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design, sample, and procedures
	Measures
	6MWT 
	Average baseline steps per day
	Cobb angle of kyphosis
	Kyphosis from kyphometer
	Upper extremity function
	Weight, height, and body mass index (BMI)
	Demographic and medication

	Statistical analysis

	Results
	Sample characteristics
	Regression analyses

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


