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Abstract

Introduction: Hyperkyphosis commonly affects older people but is not widely

acknowledged as a clinically actionable problem, especially in men. There

are several techniques to quantify kyphosis including the blocks and Cobb angle

measurements. This study includes both kyphosis measures to investigate

whether older men with accentuated kyphosis may be at increased mortality risk.

Methods: Men aged ≥65 years (N = 5994) were recruited to participate in the

MrOS prospective cohort study from 2000 to 2002 (baseline). Our primary

cohort included 2931 enrollees (mean age 79.3 years; SD 5.2) who underwent

blocks-measured kyphosis from 2006 to 2009. Our secondary cohort included

2351 participants who underwent radiographic Cobb angle measurements at

baseline. Cox proportional hazards analyses were used to determine associa-

tion between kyphosis and all-cause mortality while adjusting for prevalent

radiographic vertebral fractures, bone mineral density, incident fractures, gait

speed, timed chair stands, self-reported health, alcohol use, medical co-morbid-

ities, and physical activity.
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Results: During a mean follow-up of 8.3 (SD 3.2) years, 1393 participants died in

the primary cohort. In this group, compared to men with 0–1 block kyphosis,

increasing blocks-measured kyphosis was associated with increased mortality (HR:

1.26–1.53, p trend <0.001). With addition of prevalent vertebral fracture to adjusted

models, the association remained significant in participants with severe kyphosis

(3+ blocks-measured). Similarly, with addition of chair stand performance the asso-

ciation remained significant for 4+ blocks kyphosis. Walking speed did not attenuate

the association of kyphosis andmortality. In the secondary cohort, there were no sig-

nificant associations between radiographic Cobb angle kyphosis andmortality.

Conclusions: Increasing blocks-measured kyphosis was associated with a

greater risk of mortality in older men, indicating that hyperkyphosis identified

on physical exam should be considered a clinically significant finding that may

warrant further evaluation and treatment.

KEYWORD S

hyper, kyphosis, kyphosis, mortality

INTRODUCTION

Hyperkyphosis, or increased thoracic curvature, commonly
affects older people and is associated with risk of mortality,
particularly in older women.1–4 Explanations for why
increased kyphosis is associated with death are not well
delineated, but since many equate kyphosis with osteoporo-
sis, there is an assumption that vertebral fractures and/or
low bone density may be the underlying reason. Previous
work has suggested that compared to older women without
vertebral fractures, those with vertebral fractures suffered
earlier mortality in large part due to pulmonary causes possi-
bly due to fracture-induced thoracic changes which may
cause restrictive respiratory dysfunction2 However, further
investigations have since reported that hyperkyphotic
women, irrespective of vertebral fracture status, are at
increased mortality risk.4 Although historically thought to
affect older women, excessive kyphosis was found in one
study to disproportionately affect older men by a ratio of
about 2:1.1 Thus, for this investigation, we aimed to investi-
gate the association between kyphosis and mortality in older
men while adjusting for prevalent radiographic vertebral
fractures, low bone density, and other possible confounders.

METHODS

Participants

Between March 2000 and April 2002, 5994 community-
dwelling men aged ≥65 years were recruited from
population-based listings to participate in the Osteoporotic

Fractures in Men (MrOS) prospective cohort study at
six US sites: Birmingham, AL; Minneapolis, MN; Palo
Alto, CA; Monongahela Valley near Pittsburgh, PA;
Portland, OR; and San Diego, CA. MrOS exclusion cri-
teria included inability to walk without assistance from
another person, a history of bilateral hip replacement,
inability to consent, or expected survival of less than
6 months. Institutional review boards at all clinical cen-
ters approved the study protocol and written informed
consent was obtained from all participants. The MrOS
study design and recruitment have been described in
detail elsewhere5,6 with its database available online at:
https://mrosonline.ucsf.edu.

Key points

• Among older men, worse kyphosis as mea-
sured by placing blocks beneath their head
while laying supine to achieve neutral head
position was associated with earlier mortality.

• This association remained even in models that
adjusted for possible confounders like preva-
lent vertebral fracture, bone density, chair
stand, and walking speed.

Why does this paper matter?

Hyperkyphosis on physical exam should be con-
sidered clinically significant and may warrant
further evaluation and treatment.

2 COURS ET AL.
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For this study, we used two different kyphosis
assessments that were measured at different times during
the overall MrOS study. Our a priori primary predictor was
blocks-measured kyphosis, as this clinical measure had
been previously shown to be associated with mortality in
older women and men.1 Among the 5994 MrOS enrollees,
4681 men returned for visit 3 (March 2007–March 2009)
comprising the primary analytic cohort (see Figure 1). The
blocks method kyphosis measurement was implemented
late during visit 3 due to funding limitations so only 2931
MrOS enrollees who attended visit 3 in the latter part of
2007–2009 completed blocks kyphosis measurements.

The second measure of kyphosis was the Cobb angle
measure from radiographs obtained during the baseline
clinic visit (2000–2002). Of the original cohort of 5994
men, 2351 were randomly selected to have the Cobb
angle measured. Of the 2351 men who had Cobb angle
kyphosis measured, 1137 men also had the blocks mea-
sure of kyphosis performed.

Kyphosis measurements

Blocks

Kyphotic posture was measured using the blocks method
(see Figure 2). Participants attending the third clinic visit

were asked to lie supine on a radiology table. As needed,
1.7-cm blocks were placed under each participant's head
until a neutral position (participant's head neither

FIGURE 1 Participant flow

chart

FIGURE 2 Measure of hyperkyphotic posture. (A) Normal

spine with neutral head and neck position. (B) Kyphotic spine with

hyperextended neck position. (C) Kyphotic spine with head on

blocks restores neutral head and neck position. Modified from

Kado et al.1

HYPERKYPHOSIS AND MORTALITY RISK IN OLDER MEN 3
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hyperextended nor hyperflexed) was achieved and the
participant's eyes were directed toward the ceiling (range
0–10 blocks). The number of 1.7-cm blocks needed to
achieve this position was recorded. The interrater reli-
ability of the blocks method was calculated using Spear-
man correlation coefficients and ranged from 0.85 to
1.00, depending on the clinic site.

Cobb angle

From lateral spine radiographs obtained while the partic-
ipant was in a lying supine position, one study investiga-
tor (JTS) used Optasia software to place digitized points
at the superior edge of T4 and the inferior edge of T12
from which the Cobb angle of kyphosis was calculated. If
T4 and/or T12 were unable to be visualized, T5 and/or
T11 were used.

Ascertainment of mortality

Deaths were identified from participants' families or con-
tacts in responses to triannual questionnaires or phone
calls. Deaths were confirmed by a study physician adjudi-
cator utilizing death certificates. For the primary analytic
cohort, the mean follow-up for mortality was 9.0
(SD = 3.8) years and for the secondary cohort, the mean
follow-up time was 13.0 (SD = 5.8) years.

Prevalent radiographic vertebral fractures

Radiographic vertebral fracture assessment was done
at baseline and visit 2 (2005–2006) in the MrOS study
and has been detailed elsewhere.7 For the primary
analytic cohort at visit 2, lateral thoracic and lumbar
spine radiographs were performed according to proto-
col and triaged by trained technicians. All films con-
sidered to have a possible fracture or other
abnormality (“triage positive”) were evaluated by a
study physician reader (JTS) using the Genant semi-
quantitative (SQ) grading method7 to rate each verte-
bral level for fracture, with the modification that grade
1 fractures had to exhibit cortical discontinuity or
depression of most of either the superior or inferior
endplate to be considered fractured. Participants were
defined as having a prevalent radiographic vertebral
fracture when any baseline thoracic or lumbar verte-
bra had an SQ grade of ≥2. For the secondary analytic
cohort, prevalent vertebral fractures were assessed at
the baseline visit.

Bone mineral density

For the primary analytic cohort, at visit 3, areal bone
mineral density (BMD) (g/cm2) was measured for the
right hip using dual x-ray absorptiometry (DXA)
(QDR4500W, Hologic, Inc., Waltham, MA), unless the
participant reported a right hip replacement or metal
objects in the right leg, in which case the left hip was
measured. MrOS DXA quality assurance measures have
been detailed previously.8 Based on common phantoms
measured at all clinics, variability across clinics was lim-
ited, and cross-calibration correction factors were not
required. Precision of hip DXA scans is 1%–2%.9 For the
secondary analytic cohort, bone density was measured at
baseline.

Incident fractures

Postcard follow-up every 4 months collected information
regarding incident fractures of any type. All self-reported
fractures were confirmed by physician review of the
radiologic report. For the primary analytic cohort,
the mean follow-up time was 9.5 (SD = 3.4) years. For
the secondary analytic cohort, the mean follow-up time
was 14.2 (SD = 5.0) years.

Other measurements

At visit 3, participants completed a self-administered
questionnaire and were interviewed and examined in
the clinical centers. Date of birth, race (white
vs. nonwhite), smoking status (current vs. past/never),
and current alcohol use (yes/no) were self-reported at
baseline. In addition, participants provided self-reported
health (good-excellent vs. not), medical comorbidities
that included a history of stroke, cancer (excluding non-
melanoma skin cancer), diabetes, chronic obstructive
pulmonary disease, hypertension, congestive heart fail-
ure, myocardial infarction, and Parkinson's Disease.
Self-reported physical activity was assessed using the
Physical Activity Scale for the Elderly.10 Study staff also
measured each participant's height (stadiometer) and
weight (balance beam or digital scale), and body mass
index (BMI) was calculated as kg/m2. Gait speed was
measured in two trials over a 6-m course. Each trial
began with the participant standing still, and the two
trials occurred consecutively without a rest between
attempts. The result was reported in m/s as the mean of
both times. Participants completed a timed five chair
stands task with arms crossed at their chest.

4 COURS ET AL.
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STATISTICAL ANALYSES

Baseline characteristics of men in the primary analytic
cohort were compared across each blocks group (0–1,
2, 3, and 4+ blocks) using Mantel–Haenszel test for cate-
gorical data and ANOVA for continuous data (Table 1).
We compared differences in visit 3 characteristics
between 2931 men who completed blocks measurements
and 1750 men who attended visit 3 but did not complete
these measures using Chi-Square for categorical and T-
Test for continuous variables (Table 2).

After confirming the assumption that hazards rates
were proportional, we used Cox proportional hazards
analyses to determine the association between kyphosis
and all-cause mortality. We calculated hazard ratios
(HR) and 95% confidence intervals (CI) for men with
2, 3, and 4+ blocks-measured kyphosis, with 0–1 blocks
serving as the referent group. We performed a test of
trend to evaluate correlation.

All multivariable models were initially adjusted for
clinic site and age at the time of kyphosis assessment.
Models were then additionally adjusted for several poten-
tial confounders of the association between kyphosis and
mortality. Candidate potential confounders were
included in multivariate-adjusted models based upon bio-
logical plausibility and if they were significantly

associated with both the kyphosis measure (p ≤ 0.10) and
with all-cause mortality (p ≤ 0.10 or changed beta-
estimate by ≥10%) in age and clinic-adjusted models. The
final multivariable-adjusted models included clinic site,
and the following variables: age, race, BMI, comorbidity
count (0 through 8), total hip BMD, incident clinical frac-
ture (assessed post visit 3), physical activity, alcohol use,
and self-reported health. To investigate potential media-
tors by which kyphosis might be associated with all-cause
mortality, we also individually added either walking
speed or chair stand ability (classified into quintiles of
increasing time to complete the chair stand with the low-
est quintile also including those who were unable to com-
plete the task) to the final multivariable model. Finally,
we added prevalent radiographic vertebral fractures to
determine whether spine fractures might explain any
kyphosis-mortality association.

RESULTS

The study sample included 2931 men with a mean age of
79.3 years (SD 5.2). Baseline characteristics are listed in
Table 1. The minority of men required only 0–1 blocks to
achieve a neutral head position (20.3%, n = 595), with
29.9% (n = 875) requiring 2 blocks, 28.0% (n = 821)

TABLE 1 Baseline characteristics of primary analytic cohort by blocks kyphosis group

Block Kyphosis group

p-valueBlocks (N = 595) 2 Blocks (N = 875) 3 Blocks (N = 821) 4+ Blocks (N = 640)

Clinic site

Birmingham 115 (19.3%) 107 (12.2%) 109 (13.3%) 86 (13.4%) <0.0001

Minneapolis 92 (15.5%) 144 (16.5%) 121 (14.7%) 113 (17.7%)

Palo Alto 62 (10.4%) 122 (13.9%) 117 (14.2%) 177 (27.7%)

Pittsburgh 57 (9.6%) 183 (20.9%) 173 (21.1%) 62 (9.7%)

Portland 20 (3.4%) 132 (15.1%) 191 (23.3%) 153 (23.9%)

San Diego 249 (41.8%) 187 (21.4%) 110 (13.4%) 49 (7.7%)

Age 77.8 (SD 4.7) 78.8 (SD 4.8) 79.6 (SD 5.3) 80.7 (SD 5.7) <0.0001

Caucasian 520 (87.4%) 760 (86.9%) 733 (89.3%) 588 (91.9%) 0.003

BMI 26.4 (SD 3.6) 27.2 (SD 3.6) 27.3 (SD 4.3) 27.3 (SD 4.0) 0.0001

Current alcohol use 387 (65.4%) 566 (65.0%) 508 (62.0%) 390 (61.0%) 0.053

Current smoker 12 (2.0%) 14 (1.6%) 17 (2.1%) 14 (2.2%) 0.64

Excellent/Good health status 538 (90.9%) 770 (88.1%) 678 (82.7%) 529 (82.7%) <0.001

# of comorbidity 1.2 (SD 1.0) 1.4 (SD 1.1) 1.5 (SD 1.1) 1.5 (SD 1.1) <0.0001

PASE score 138.9 (SD 65.5) 134.3 (SD 67.6) 128.7 (SD 71.6) 118.7 (SD 68.6) <0.0001

Total hip BMD 0.94 (SD 0.14) 0.95 (SD 0.14) 0.94 (SD 0.15) 0.92 (SD 0.16) 0.0002

Any incident fracture 113 (19.0%) 155 (17.7%) 152 (18.5%) 151 (23.6%) 0.034

Note: N (%) or Mean (SD).

HYPERKYPHOSIS AND MORTALITY RISK IN OLDER MEN 5
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requiring 3 blocks, and 21.8% (n = 640) requiring 4+
blocks. Men requiring more blocks tended to be older, Cau-
casian, had slightly greater BMI, reported worse health,
had more comorbidities, were less physically active, less
likely to be current drinkers, had lower hip BMD, and were
more likely to have an incident fracture. During a mean
follow-up of 8.3 years (SD 3.2), 1393 participants died.

Given that not all the men who attended visit 3 had
the blocks measurement of kyphosis, we compared base-
line characteristics of those who were and were not
included in these analyses to test for any significant dif-
ferences. We found that men without blocks measure-
ment of kyphosis tended to be older, Caucasian, less
likely to drink, report worse self-reported health status,
and less physically active (see Table S1).

In a model adjusted for age, race, and clinical site,
compared with 0–1 blocks, the hazards ratio for mortality
increased from 1.26 for 2 blocks up to 1.53 for 4+ blocks
(Table 2). With further multivariable adjustment, the
hazards ratios were slightly attenuated by about 7%–8%,
but each model retained statistical significance. The
p value for this trend was <0.0001.

As there is a known close relationship between preva-
lent vertebral fractures and kyphosis,11,12 we examined
how adjustment for prevalent vertebral fractures assessed
at visit 2 (2005–2006) may influence the association
between blocks kyphosis and mortality risk (Table 2).
Even after adding prevalent vertebral fracture to the fully
adjusted model, the association between blocks-measured
kyphosis and mortality retained significance in the two
most kyphotic groups of men (3 blocks vs. 0–1 blocks,
HR 1.21 [1.02–1.44]; 4+ blocks vs. 0–1 blocks, HR 1.32
[1.10–1.58]) but not in those with mild kyphosis (2 blocks
vs. 0–1 blocks, HR 1.18 [0.99–1.39]).

To consider whether the association between blocks
and mortality might be explained by worse physical per-
formance, we separately added walking speed to the mul-
tivariable model, and the association between

hyperkyphosis and all-cause mortality was not substan-
tially attenuated and remained statistically significant
(Table 2). When we substituted chair stand performance
for walking speed, the worst category of kyphosis was
modestly associated with mortality, with the magnitude
of association similar to that after consideration of preva-
lent vertebral fracture (Figure 3).

Considering Cobb angle kyphosis and mortality risk,
there were 1479 men who died over the mean follow-up
time of 13.0 (SD = 5.8) years. Whether investigating the
overlapping sample of men who were included in the
blocks kyphosis analysis (n = 1137) or the entire sample
of men who had Cobb angle kyphosis measured
(n = 2351) at Visit 1, we found no significant associations
in age, race and clinic adjusted models between Cobb
angle kyphosis and mortality risk (HR per degree
increase of kyphosis = 1.00; 95% CI: 0.95–1.06,
p value = 0.96). Considering threshold effects of either
quartiles or quintiles, the results remained non-
significant.

TABLE 2 Blocks Kyphosis and all-

cause mortality
Kyphosis classificationa hazard ratio (95% Confidence Interval)

Modelb 0–1 Block 2 Blocks 3 Blocks 4+ Blocks

Age, race, clinic Ref. 1.26 (1.08–1.49) 1.35 (1.14–1.59) 1.53 (1.29–1.81)

Multivariable Ref. 1.19 (1.01–1.40) 1.25 (1.06–1.48) 1.42 (1.19–1.69)

MV + prevalent VF Ref. 1.18 (0.99–1.39) 1.21 (1.02–1.44) 1.32 (1.10–1.58)

MV + walk speed Ref. 1.21 (1.03–1.43) 1.25 (1.05–1.48) 1.36 (1.14–1.62)

MV + chair stand Ref. 1.15 (0.98–1.36) 1.18 (1.00–1.40) 1.29 (1.08–1.56)

Note: p-value for trend ≤0.0001.
aComparison group is 0–1 blocks.
bMultivariable model adjusted for age, clinic, race, BMI, total hip BMD, comorbidity count, incident
fracture, physical activity, self-reported health, and current alcohol intake.

FIGURE 3 Blocks kyphosis and all-cause mortality

6 COURS ET AL.

 15325415, 0, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/jgs.18100 by U

niversity O
f C

alifornia - D
avis, W

iley O
nline L

ibrary on [02/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



DISCUSSION

In this cohort of community-dwelling older men, greater
degree of kyphosis measured by the blocks method was
associated with an increased risk of mortality. These find-
ings are consistent with results previously reported
among older men and women.1–4 There was a correlation
between greater number of blocks and higher mortality
risk even after adjusting for multiple potential con-
founders such as BMI, self-reported health, comorbidity
count, hip BMD, incident clinical fractures, self-reported
physical activity, and other variables. Perhaps surprising
was the complete null association between Cobb angle
measured kyphosis and mortality risk in this group of
older men.

Although Cobb angle kyphosis traditionally measured
from plain lateral radiographs of the spine is thought to
be the gold standard measurement of kyphosis, much of
the epidemiological literature suggests that other mea-
sures of hyperkyphosis perform better in predicting
adverse health outcomes. For example, in reports of
kyphosis associations with poor self-reported and objec-
tive measures of physical function,1,13,14 impaired pulmo-
nary function,15 incident falls,16 and incident fractures,17

other measures of kyphotic posture including the Deb-
runner's kyphometer, flexicurve, occiput-to-wall, and
blocks measures of kyphosis were used instead of the tra-
ditional radiographic Cobb angle.

The blocks measure of kyphosis, similar to the
occiput-to-wall measure, has now been reported in three
separate cohorts, the Rancho Bernardo Study of 1353
older community-dwelling men and women residing in
California,1 the Kurabachi study (n = 894 older Japanese
community-dwelling men and women)18 and the MrOS
study.12 The advantage of the blocks measure is that,
while not a precise estimation of degree, it is easy to iden-
tify a patient with clinically relevant hyperkyphosis on
routine physical examination. Our study results add to
the literature by indicating that not being able to lie flat
on a DXA table is now associated not only with poorer
physical function14 and subsequent falls,16 but also it con-
firms that accentuated kyphosis of >6.8 cm (equivalent to
4 blocks) to reach a neutral head position on a flat table
is independently associated with increased mortality risk
among men with greater degrees of kyphosis (3 or more
blocks). This risk, while somewhat attenuated, remains
even after adjusting for a measure of existing vertebral
fracture and incident clinical fractures that are known
mortality risk factors. Previously published studies of
blocks-measured kyphosis and mortality risk did not
adjust for prevalent radiographic vertebral fractures.1

It is reasonable to question why in this study, the
Cobb angle was not associated with increased mortality

risk while the blocks measure of kyphosis was. Unpub-
lished data from the Study of Osteoporotic Fractures
(SOF) and the Rancho Bernardo Study (RBS) which both
had Cobb angle measures of kyphosis available demon-
strated similar null findings and yet in SOF, the flexi-
curve standing measure of kyphosis was associated with
increased mortality and in RBS, the blocks measure dem-
onstrated a similar correlation of increasing blocks and
greater mortality.1,4 In the current study, the Cobb angle
was measured about 6.8 (SD = 0.3) years earlier than the
blocks measure of kyphosis when the MrOS men were
not only younger, but also were likely more healthy and
had less kyphosis. However, based upon previous find-
ings in other relatively large cohorts that found no associ-
ation between Cobb angle kyphosis and mortality risk,
we doubt that differences in who was exactly studied
within the MrOS cohort is the explanation for the differ-
ence in findings.

Rather, we postulate that the need to use blocks to
achieve a neutral head position while lying flat on an
exam table captures an issue of fixed, flexed cervical
ridigity that is associated with poorer health outcomes.
The blocks measure, similar to the occiput to wall assess-
ment serves to capture an upper thoracic and cervical
postural change that is not captured with the traditional
Cobb angle measure that typically ranges from T4 to T12
(lower down on the spine). Thoracic musculature may
offer more flexibility than does cervical musculature
where inter-spinal ligaments also play a prominent sup-
porting role. Thus, cervical kyphosis, when it develops, is
less able to be corrected than thoracic kyphosis due to
small muscular units and ligament inflexibility.

Considered in the context of prior kyphosis research,
our present findings have potentially important clinical
implications. Those with the most severe degrees of
blocks kyphosis are at increased mortality risk regardless
of underlying prevalent vertebral fractures or objectively
measured poor physical function, and there was a signifi-
cant correlation with p for trends, p < 0.001–0.007,
regardless of covariate adjustment. Sugai et al., report
that those who had blocks kyphosis progression (defined
as >2 blocks) over 4 years of follow-up, were more likely
to suffer from physical functional decline.18 In addition,
those who had worse kyphosis at baseline were more
likely to experience worsening kyphosis over time. Given
these observations, an older person who has difficulty
lying flat within 3.4 cm of the table (2 blocks), might be
counseled to improve posture and work on maintaining
spinal muscle strength. Randomized controlled trials of
back extensor strengthening demonstrate efficacy in
reducing kyphosis progression.19,20

Although we adjusted our analyses for objective mea-
sures of physical function, including walking speed and
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timed chair stand, worsening physical function may
result from worse kyphosis13,18 and be in the causal path-
way between hyperkyphosis and mortality. If the hyper-
kyphosis precedes physical functional decline, then
adjustment for measures of physical function in our study
should not be made. However, the Kurabachi Study dem-
onstrated that worsening grip strength preceded blocks
kyphosis progression so we reported results with and
without adjustment for measures of physical function.

It is worth noting in Table 1 that there is variability in
kyphosis among the clinical sites. For example, the par-
ticipants from San Diego appear to be less kyphotic than
those from other sites. Although there was training
across sites to optimize inter-rater reliability, it's possible
that variability in technique may have contributed to the
differences between sites. Another possibility is that dif-
ferences in geographic location affect the population's
health and thus their levels of kyphosis. For example,
San Diego has a reputation for good weather and active
lifestyle, which may confer a less kyphotic population.
Nevertheless, we accounted for this site-based variability
by adjusting for site in our analyses.

The current study has several important strengths,
including its enrollment of a large cohort of community-
dwelling older men. Additional strengths include its pro-
spective design and the ability to adjust for multiple
potential confounders. Our analyses also have several
limitations. First, because MrOS participants are
community-dwelling, largely healthy older men, our find-
ings may have limited applicability to other populations.
It would have been more ideal to have the blocks and
Cobb angle kyphosis measures done at the same visit in
the same men to allow more direct comparisons between
the two. Also, since vertebral fractures are an important
cause of hyperkyphosis, this study was limited in that
prevalent vertebral fractures were assessed about 2 years
prior to when the blocks measure of kyphosis was com-
pleted, so we cannot conclusively assert that it is not inci-
dent vertebral fractures that account for the observed
increased mortality. In addition, although we identified
and adjusted for several confounders, there may be other
unmeasured confounders not included in our analysis.
Finally, it would have been interesting to look at cause-
specific mortality, particularly pulmonary versus non-
pulmonary causes of death, however the MrOS data set
did not specify cause of death to that level of specificity.

In conclusion, our findings suggest that greater
blocks-measured kyphosis is independently associated
with increased risk of mortality, such that more severe
kyphosis predicts earlier mortality independent of prior
vertebral fractures, incident clinical fractures, and objec-
tively measured physical function. Given that random-
ized controlled trial results support that back extensor

strengthening and posture training can improve kyphosis
in older persons, these findings highlight the importance
of identifying excessive kyphosis in the clinical setting,
and intervening early to prevent the progression of
kyphosis. The benefits of targeted kyphosis interventions
on kyphosis progression and mortality warrant further
study.
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