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Abstract

Summary Hyperkyphosis, an increased kyphosis angle of the thoracic spine, was associated with a higher fall incidence
in the oldest quartile of a large prospective cohort of community-dwelling older adults. Hyperkyphosis could serve as an
indicator of an increased fall risk as well as a treatable condition.

Introduction Hyperkyphosis is frequently found in adults aged 65 years and older and may be associated with falls. We
aimed to investigate prospectively in community-dwelling older adults whether hyperkyphosis or change in the kyphosis
angle is associated with fall incidence.

Methods. Community-dwelling older adults (n=1220, mean age 72.9 +£5.7 years) reported falls weekly over 2 years. We
measured thoracic kyphosis through the Cobb angle between the fourth and 12th thoracic vertebra on DXA-based vertebral
fracture assessments and defined hyperkyphosis as a Cobb angle > 50°. The change in the Cobb angle during follow-up was
dichotomized (<5 or >5°). Through multifactorial regression analysis, we investigated the association between the kyphosis
angle and falls.

Results Hyperkyphosis was present in 15% of the participants. During follow-up, 48% of the participants fell at least once. In
the total study population, hyperkyphosis was not associated with the number of falls (adjusted IRR 1.12, 95% CI 0.91-1.39).
We observed effect modification by age (p =0.002). In the oldest quartile, aged 77 years and older, hyperkyphosis was pro-
spectively associated with a higher number of falls (adjusted IRR 1.67, 95% CI 1.14-2.45). Change in the kyphosis angle
was not associated with fall incidence.

Conclusions Hyperkyphosis was associated with a higher fall incidence in the oldest quartile of a large prospective cohort
of community-dwelling older adults. Because hyperkyphosis is a partially reversible condition, we recommend investigat-
ing whether hyperkyphosis is one of the causes of falls and whether a decrease in the kyphosis angle may contribute to fall
prevention.
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Introduction

The incidence of falls is high among older adults: one
out of three adults aged 65 years and older experiences
one or more falls annually [1-3]. Serious injuries occur
in one out of five fall incidents [3], with negative con-
sequences for both the individual patient and society. In
the individual patient, downregulation of activities due
to fear of falling causes deconditioning [4, 5]. Decon-
ditioning increases fall risk, resulting in a lower qual-
ity of life [6, 7]. Furthermore, patients live three times
more often in a nursing home after hospitalization due to
fall-related injury than to a non-fall-related reason [6].
Society bears the high medical costs of hospitalization
and other medical care needed after a fall incident [7, 8].
As fall rates and accompanying medical costs have been
rising worldwide over the past decade [7-9], identify-
ing fall risk factors is important in order to minimize
the number of fall incidents and thereby their negative
consequences.

One of the most important fall risk factors is a bal-
ance disorder [10]. Balance may be influenced by tho-
racic hyperkyphosis, an excessive curvature of the thoracic
spine. Hyperkyphosis may shift the center of mass of the
body forward if compensation in the lumbar spine and hip
region is not sufficient and thereby cause gait disorders
and disruption of balance [11-13]. Hyperkyphosis is fre-
quently found in older adults [14]. However, conflicting
results regarding the association between hyperkyphosis
and fall risk are reported [15-22]. The only large pro-
spective study on this association recently showed that
in older men a larger kyphosis angle, measured with the
blocks method, was associated to fall risk (RR=1.12, 95%
CI=1.06, 1.18), yet a larger Cobb angle was not associ-
ated to fall risk [23]. The Cobb angle, the angle between
two thoracic vertebra on a lateral radiograph in standing
position [24], has been used extensively in literature to
measure the kyphosis angle [14]. More prospective stud-
ies are warranted in both men and women using the Cobb
angle, to investigate whether a larger kyphosis angle is
associated with fall incidents over time.

We hypothesized that hyperkyphosis, measured with
the Cobb angle (Fig. 1), will be prospectively associated
to an increased fall incidence in a large cohort of older
adults.

Whether change in kyphosis over time influences fall
risk has not yet been investigated. Change in the kypho-
sis angle over time may alter the body’s center of mass
that could negatively impact balance and increase fall
risk. Adapting to the change in the kyphosis angle may
increase fall risk. We hypothesized therefore that change
in the kyphosis angle over time will be associated to an
increased fall risk.
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Fig. 1 Cobb angle

Methods

Participants

The current study was performed within the sub-sam-
ple of the B-PROOF study in which a dual-energy X-ray
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assessment (DXA) was available (n=1220). Only partici-
pants included in two of the three study centers underwent
a DXA, because a DXA scanner was only present in these
two study centers. The B-PROOF (B-vitamins for the Pre-
vention of Osteoporotic Fractures) study is a multi-center
randomized placebo-controlled double-blind intervention
study aimed at investigating whether vitamin B, and folic
acid supplementation reduces osteoporotic fracture inci-
dence in older individuals with an elevated homocysteine
level. Inhabitants of the area of the research centers in the
Netherlands were invited by mail to participate if they were
65 years or older. Participants were included from August
2008 until March 2011 if their plasma homocysteine level
was > 12 pmol/L. Renal function influences homocyst-
eine levels. Therefore, participants were included if they
had sufficient renal function (serum creatinine concentra-
tion < 150 umol/L). They were excluded if they reported
malignancies in the past 5 years and if they were bedrid-
den or wheelchair bound [25]. Because the supplementation
of vitamin B, and folic acid had no effect on osteoporotic
fractures, fall incidence, or physical performance [26], we
treated the study population of the original trial as a cohort
in our current study. Informed consent was obtained from all
individual participants included in the study.

Cobb angle

The Cobb angle was first described to quantify scoliosis.
By modifying the direction of radiographic imaging from
anterior—posterior to lateral projection, the Cobb angle
became useful to assess kyphosis angles [22]. Numerous
kyphosis measurement methods have been used to quan-
tify the kyphosis angle, both in standing and recumbent
position [23, 27-29]. The Cobb angle is currently consid-
ered to be the gold standard kyphosis measurement when
measured on standing radiographic images [14]. We meas-
ured the Cobb angle on the DXA-based vertebral fracture
assessment (VFA), made in the recumbent position. In
several studies, the Cobb angle has been applied in recum-
bent position [29-31]. Kado et al. and Tran et al. showed a
reasonable correlation between the Cobb angle in recum-
bent position and kyphosis, measured in standing position
(ICC 0.65-0.68), and a reasonable correlation (ICC 0.68)
between two kyphosis measurement methods in recumbent
position [32]. Yet this correlation may be lower with increas-
ing kyphosis angles, as a correlation of 0.44 was reported
in hyperkyphotic participants (Cobb angle >50°) [33]. We
defined hyperkyphosis as a Cobb angle of >50° in order to
compare our results with prior research [18, 27].

Two researchers (SK and IH) measured the Cobb angle
independently. If the difference between the two measure-
ments of the Cobb angle was less than 10°, we used the
mean value. A third researcher (HW) remeasured the Cobb

angle if the difference between the measurements was 10°
or more or if the Cobb angle was judged to be more than 50°
by one researcher and less than 50° by the other researcher.
The third researcher remeasured 101 Cobb angles out of a
total of 2,322 DXA scans (Cohen’s kappa 0.96): 53 because
of a difference of more than 10° between the initial measure-
ments of the two investigators, and the remaining 48 were
remeasured because of different categorization of hyperky-
phosis versus a normal kyphosis angle. Based on consensus,
two researchers (HW and MK) decided the value of the final
Cobb angle. In 1,102 participants, a DXA performed after
2 years of follow-up was available.

Falls

A fall was defined as “an unintentional change in posi-
tion resulting in coming to rest at a lower level or on
the ground.” Participants recorded falls prospectively
on a research calendar every week. They returned the
research calendar every 3 months. Participants were fol-
lowed for 2 years after the baseline measurements. The
primary outcome measure was the number of falls dur-
ing follow-up [34].

Covariables

We obtained age, gender, educational level, current alcohol
intake, current or former smoking, use of a walking aid,
medical history, and information on use of a walking aid and
current medication use through structured questionnaires at
baseline. We measured height, weight, and 25-hydroxy-
vitamin-D concentration. Participants performed a timed
tandem-stance test to assess balance. We measured for a
maximum of 10 s how long participants were able to stand
with one foot directly in front of the other with their eyes
opened. Because of a ceiling effect, with 909 of the par-
ticipants (75%) successfully standing in a tandem stance
during the maximum duration of 10 s, we used categorized
scores of the tandem-stance test. Scores ranged from O to 4
points (4, 10 s; 2,4-9 s; 0, 4 s or less) and were categorized
[35]. Hand-grip strength was measured with a strain-gauged
dynamometer (Takei, TKK 5401, Takei Scientific Instru-
ments Co. Ltd., Japan).

Statistical analysis

We compared baseline characteristics of the hyperkyphotic
and the non-hyperkyphotic through a chi-square test for cat-
egorical and an independent Student’s #-test for continuous
data. We used nonparametric tests if the distribution was
skewed.

We performed a negative binomial regression analysis
to test the association between number of falls and both
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hyperkyphosis and change in the kyphosis angle. Based
on interrater reliability and intrarater reliability in the lit-
erature [36, 37], and our own cohorts (data not published)
of 3.2-4.5°, we interpreted an increase in the Cobb angle
of at least 5° during the follow-up as the minimal detect-
able difference. Five degrees of change has been shown to
be associated with a decrease in physical performance and
may therefore be clinically relevant [38]. We dichotomized
change in the Cobb angle during follow-up to change (>5°)
or no change (<5°).

The initial model only included hyperkyphosis and the
number of falls. In this model, we tested for interaction
with gender, because previous studies reported effect modi-
fication regarding the association between hyperkyphosis
and fall risk [17, 21]. Based on a priori decisions, we also
tested for interaction with age (oldest quartile vs. youngest 3
quartiles) and study center. If the p-value of interaction was
0.10 or below, we performed stratified analyses. In case of
stratification, we compared relevant baseline characteristics
between groups.

We tested for potential confounders by adding covari-
ables separately to the initial model. If there was a change
of > 10% of the regression coefficient when adding a separate
covariable, the covariable was considered to be a confounder
and added to the adjusted model. We tested for confounding
by age, gender, and study center if these variables were not
effect modifiers. Furthermore, we tested for confounding by
smoking, alcohol use, cardiovascular comorbidity, number
of medications, use of a walking aid, and treatment alloca-
tion in the original trial.

In case of a statistically significant association between
hyperkyphosis and number of falls, we assessed whether
balance, hand-grip strength, and vitamin D concentration
mediated this association. Balance is a potential mediator,
because hyperkyphosis causes disruptions of balance and
may therefore increase fall risk [11]. Multiple studies show
an association between hyperkyphosis and decreased physi-
cal performance and even impairments in performance of
activities of daily living [27], which may lead to physical
inactivity and less exposure to sunlight. Through this path-
way, muscle strength and vitamin D may also mediate the
association between hyperkyphosis and falls.

We added these variables separately to the adjusted mod-
els, and if the incident rate ratio changed 10% or more, we
considered the variable a mediator. Because osteoporosis is
one of the causes of hyperkyphosis, we considered osteopo-
rosis and the presence of one or more fractures as overlap-
ping factors with hyperkyphosis. To avoid overadjustment,
we did not adjust for these variables. The level of signifi-
cance was set at @ =0.05. We performed statistical analyses
with SPSS software, version 21.0.

@ Springer

Results

Baseline characteristics are listed in Table 1. The mean age
of the 1,220 participants was 72.9 +5.7 years. One-third of
the participants reported a fall in the year before inclusion.
During follow-up, 48% of participants had experienced one
or more falls, and 25% were recurrent fallers. The median
number of falls was one (interquartile range 0-2) in hyperky-
photic participants and zero (interquartile range 0—1) in par-
ticipants with a normal kyphosis angle. Hyperkyphosis was
present in 15% of the participants. The mean Cobb angle was
37.0°+11.9° in the total cohort, with a mean Cobb angle of
56.6° +6.4° in hyperkyphotic participants and 33.5° +8.9°
in participants with a normal kyphosis angle. Participants
with hyperkyphosis were older and more often female.
Furthermore, they used a walking aid more often, had less
hand-grip strength, and had a lower score on the balance
test. Consistent with the fact that osteoporotic vertebral
fractures cause hyperkyphosis, hyperkyphotic participants
more often had vertebral fractures at baseline and clinical
fractures after the age of 50 years. Although physical activity
level was similar in both groups, the mean maximal hand-
grip strength was lower for the hyperkyphotic group, which
also more often had abnormal results in the balance test. In
22% (n=240) of the participants with a VFA at follow-up,
the increase in the Cobb angle was 5° or more. The mean
change in the Cobb angle was 0.46° +5.7°.

Table 2 shows the association between falls and both
hyperkyphosis at baseline and change in the kyphosis angle
during follow-up. In the analyses regarding the associa-
tion between hyperkyphosis and number of falls only, we
observed effect modification by age (p =0.002). We did not
observe effect modification by gender or study center in any
of the analyses.

In the adjusted analyses, hyperkyphosis was not associ-
ated with the number of falls, with an incident rate ratio
(IRR) of 1.12 (95% C10.91-1.39, p=0.291). Hyperkyphosis
was significantly associated with a higher number of falls
during follow-up in the oldest quartile of our cohort, aged
77 and older (IRR 1.53,95% CI 1.10-2.12, p=0.012). The
oldest quartile more often had cardiovascular comorbidity,
used more medications, and used a walking aid more often
(all p<0.001; Table 3). We tested for potential confounding
by gender, smoking, alcohol use, treatment allocation, study
center, use of a walking aid, cardiovascular comorbidity, and
number of medications. Although the oldest quartile used a
walking aid more often than the three younger quartiles, use
of a walking aid was not a confounder. The covariables gen-
der, smoking, alcohol use, treatment allocation, and study
center were also no confounders. Only gender, cardiovas-
cular comorbidity, and number of medications changed the
regression coefficient> 10% and were added to the model.
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Table 1 Baseline characteristics

Table 2 Results of the negative
binomial regression analyses
of the association between

the number of falls and both
hyperkyphosis and change in
the kyphosis angle

Table 3 Differences in baseline
characteristics between the
oldest quartile, aged 77 years
and older, and the youngest 3
quartiles

Characteristic

Hyperkyphosis (n=188)

No hyperkyphosis p

(n=1032)
Age (years, SD) 74.7+6.3 72.5+£5.5 <.001
Female (n, %) 128 (68%) 462 (45%) <.001
Education level (n, %) 0.27
Low 111 (59%) 544 (53%)
Intermediate 35 (19%) 209 (20%)
High 42 (22%) 277 (27%)
Current or former smoker (n, %) 105 (56%) 707 (69%) 0.001
Alcohol use
> 1 unit per day (n, %) 49 (26%) 388 (38%) 0.002
Cardiovascular comorbidity (n, %) 48 (27%) 295 (31%) 0.42
Number of medications (median, IQR) 2.5(1.04.0) 3.0 (1.0-5.0) 0.89
BMI [kg/m?] (mean, SD) 27.0+3.8 27.0+3.9 0.83
MMSE-score (median, IQR) 28 (27-29) 28 (27-29) 0.98
GDS-15-score (median, IQR) 1(0-2) 1(0-2) 0.96
25-OH-vitamin D [ng/mL] (mean, SD) 20.7+8.8 223+9.6 0.030
Vertebral fractures
>2 fractures present (n, %) 20 (11%) 66 (6%) 0.034
Fracture after the age of 50 (n, %) 59 31%) 228 (22%) 0.006
Use of walking aid (n, %) 23 (12%) 66 (6%) 0.005
Physical activity [min/day] (mean, SD) 165 (102) 160 (106) 0.52
Hand-grip strength (mean, SD) 29.0+9.2 33.8+10.2 <.001
Balance test abnormal (12, %) 75 (40%) 258 (25%) <.001
Cobb angle 56.6° +6.4° 33.5°+8.9° <.001
Participants with > 1 incident falls (n, %) 97 (52%) 492 (48%) 0.322
Model 1% Ratio, 95% CI p Model 2 Ratio, 95% CI 4
Hyperkyphosis IRR 1.15 (0.94-1.42) 0.182 IRR 1.12 (0.90-1.40)" 0.31
Oldest quartile IRR 1.53 (1.10-2.12) 0.012 IRR 1.67 (1.14-2.45)° 0.008
Youngest 3 quartiles IRR 0.87 (0.62-1.71) 0.925 IRR 0.91 (0.68-1.23)° 0.55
Change of kyphosis IRR 1.01 (0.98-1.03) 0.654 IRR 1.00 (0.98-1.03)° 0.83
*Unadjusted
bCorrected for gender, cardiovascular comorbidity, and number of medications
CCorrected for age and gender
Characteristic Oldest quartile Youngest three quartiles  p
(n=314) (n=906)
Age (years, SD) 80.6+3.5 70.2+3.3 <.001
Female (n, %) 149 (48%) 441 (49%) 0.71
Cardiovascular comorbidity (n, %) 102 (32%) 241 27%) 0.001
Number of medications (median, IQR) 3 (1-5) 2 (1-4) <.001
Use of walking aid (n, %) 59 (19%) 30 3%) <.001
Physical activity [min/day] (mean, SD) 140 (86) 168 (110) <.001
Hand-grip strength (mean, SD) 29.5+9.1 343+10.3 <.001
Balance test abnormal (1, %) 92 (29%) 242 (27%) 0.38
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In the adjusted analyses, the association persisted (IRR 1.67,
95% CI 1.14-2.45, p=0.008).

Balance, vitamin D concentration, and hand-grip strength
did not mediate the association between hyperkyphosis and
number of falls. Change in the kyphosis angle during the
2 years of follow-up was not associated with number of falls
in the unadjusted and adjusted model (adjusted IRR 0.96,
95% C10.79-1.17, p=0.689).

Discussion

Hyperkyphosis was prospectively associated with a higher
number of falls in the oldest quartile, aged 77 years and
older, in a cohort of Dutch community-dwelling older adults.
Change in the kyphosis angle was not associated with the
number of falls during follow-up.

Most cross-sectional and in particular the 2 small pro-
spective cohort studies reported a higher fall risk for hyper-
kyphotic participants [20, 23]. In our study, a significant
association between hyperkyphosis and falls was only found
in the oldest quartile, with a mean age of 80 years, a mean
number of medications of 4, and cardiovascular comorbidity
present in 32% (see supplement table S1). This is in con-
cordance with current literature as both prospective studies
assessed a comparable population. The cohort of van der
Jagt-Willems consisted of geriatric outpatients with a mean
age of 79 years, an average number of 6 medications, and
an average Charlson Comorbidity Score of 1.3. McDaniels-
Davidson included community-dwelling older adults as was
the case in our cohort, though with a higher mean age of
78 years, 65% having more than 3 chronic conditions and an
average number of 4 medications. This study and previous
literature show that hyperkyphosis appears to form a fall risk
factor in particularly the oldest age group, who have more
comorbidities negatively affecting the compensatory mecha-
nisms to prevent falls [11, 18, 19]. Generally, the number
of fall risk factors increases with age. Among older adults,
hyperkyphosis adds to a higher number of other fall risk
factors and a decreased capability to prevent falls, resulting
in an increased absolute fall risk.

Against the expectation, increase of the kyphosis angle
was not associated with the number of falls during 2 years
of follow-up. This may be explained by the low number of
participants (n=240) with an increase of the Cobb angle
of > 5°. Mean change of the Cobb angle in this cohort was
0.46° £5.7°. This is a small change compared to two previ-
ous studies, describing an increase of the Cobb angle 2.6°
in 3 years and 7° in 15 years and 3.9 in 4 years [38, 39]. The
follow-up duration of our study may have been too short to
investigate this hypothesis.

We investigated potential contributory factors in the asso-
ciation between hyperkyphosis and falls. Previous literature
showed that hyperkyphosis may disrupt balance [11] and,

@ Springer

because balance disorders are a major fall risk factor, may
therefore enhance fall risk. The current cohort study does not
support this hypothesis, because performance on the balance
test did not mediate the association between hyperkyphosis
and number of falls. This is in line with other studies, report-
ing no association between hyperkyphosis and balance [13,
27, 40].

Apparently, literature is contradicting on the association
between hyperkyphosis and balance. Yet, rather uniformly,
sagittal inclination of the spine as a whole and the lumbar
lordosis angle have been shown to be associated to impaired
balance [13, 41] and a higher fall risk [18, 19, 41-43]. The
Cobb angle is not always correlated to inclination of the total
spine, as shown by Demarteau et al. and Katzman et al. in
community-dwelling older adults [12, 13].

This may indicate that hyperkyphosis indeed influences
balance and thereby fall risk, if it leads to a forward shift
of the center of mass which cannot be compensated in the
lumbosacral and hip region. The older adults participating
in this study may have had enough ability to compensate a
potential forward shift of the center of mass.

Another cause for not finding an effect of balance in our
cohort may be that the sensitivity of the tandem-stance test
may be limited. Using a more extensive balance test, such
as the Berg Balance Scale, might lead to different results.

Another explanation for the higher fall incidence in older
adults with hyperkyphosis may be muscle weakness. Mus-
cle strength decreases with aging, and lower back-extensor-
muscle strength and lower hand-grip strength is associated
with a larger kyphosis angle [44] as well as with increased
fall risk. However, although the adults aged 77 years and
older had significantly lower hand-grip strength at baseline
than the younger adults in our cohort (Table 3), we found
no confounding or mediation by grip strength. Yet, in this
study, we only measured hand-grip strength, which may be
a suboptimal measure for muscle strength associated with
hyperkyphosis compared to back-extensor-muscle strength.

The use of a walking aid may have influenced fall risk.
Higher as well as lower fall risks among walking aid users
have been described in literature. Twelve percent of the par-
ticipants with hyperkyphosis reported using a walking aid
versus 6% of the participants with a normal kyphosis angle.
The use of a walking aid was no confounder regarding the
association between hyperkyphosis and fall incidence. We
have no evidence that the type of walking aid influenced the
association between hyperkyphosis and the number of falls
in this cohort.

Our cohort study has several strengths, including the
prospective design with 2 years of prospective follow-up
of the fall incidents and the large sample size. Furthermore,
this study is the first to investigate the association between
change in the kyphosis angle during follow-up and the fall
incidence in older adults. Thus, we were able to detect
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potential temporary effects of a change in the kyphosis angle
on the fall risk.

However, there are three limitations. First, we limited
our analyses to the 1,220 participants of the cohort in
whom a DXA was performed. The decision of whether
a participant received a DXA scan was merely based on
the availability of a DXA scanner in the study center.
Potentially, we could have underestimated the association
between hyperkyphosis and fall incidence by selecting par-
ticipants who were fit enough to undergo the DXA scans.
Secondly, the traditional gold standard kyphosis measure-
ment is the Cobb angle, measured in standing position [14].
In our study, DEXA-based vertebral fracture assessments,
made in recumbent position, were used. The posture of the
participant during kyphosis measurement may influence
the Cobb angle. The supine position eliminates the effects
of gravity and the muscles and ligaments of the back, and
the Cobb angle is expected to be smaller than in standing
position, particularly among those with a greater degree
of kyphosis [33].

Therefore, the use of DEXA-based vertebral fracture
assessments, made in recumbent position, may have led to
underestimation of the Cobb angle and the prevalence of
hyperkyphosis in this cohort due to misclassification. The
prevalence of hyperkyphosis in our study is indeed lower
than in previous literature, in which prevalence ranges
between 20 and 40% [14]. This may have led to underesti-
mation of the association between hyperkyphosis and falls.
Thirdly, all participants had a slightly elevated homocysteine
level (median 14.4 (IQR 13.0-16.6) umol/L), which may
limit generalizability of study results. Nevertheless, we have
no reason to assume a different association between hyper-
kyphosis and falls in normo-homocysteinic older adults
compared to hyperhomocysteinic older adults, because the
literature has reported no such difference. Additionally, in
the general population, elevated homocysteine concentra-
tions (> 15 umol/L) are prevalent in 30 to 50% people aged
65 years and older [25] Treatment of the elevated homocyst-
eine level did not affect fall risk or physical performance
[26] In addition, treatment allocation was not a confounder
in the analyses. Therefore, we think the homocysteine level
is unlikely to have influenced the association between hyper-
kyphosis and fall incidence.

In conclusion, hyperkyphosis was associated with a
higher number of falls in the adults aged 77 years and older
of this first large prospective study in community-dwelling
older adults. This association is of particular interest because
hyperkyphosis is partially reversible [45]. Hyperkyphosis
could serve as an indicator of an increased fall risk as well
as a treatable condition in order to diminish the fall risk of an
older adult with hyperkyphosis. Therefore, we recommend
that future research investigate whether hyperkyphosis is one

of the causes of falls and whether a decrease in the kyphosis
angle contributes to fall prevention.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00198-021-06136-6.
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