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RESEARCH ARTICLE Open Access
Depression following hip fracture is associated
with increased physical frailty in older adults: the
role of the cortisol: dehydroepiandrosterone
sulphate ratio
Anna C Phillips1,3*, Jane Upton1,3, Niharika Arora Duggal2,3, Douglas Carroll1 and Janet M Lord2,3
Abstract

Background: Hip fracture in older adults is associated with depression and frailty. This study examined the
synergistic effects of depression and hip fracture on physical frailty, and the mediating role of the cortisol:
dehydroepiandrosterone sulphate (DHEAS) ratio.

Methods: This was an observational longitudinal study of patients with a hip fracture carried out in a hospital
setting and with follow up in the community.
Participants were 101 patients aged 60+ years (81 female) with a fractured neck of femur.
Measurements of the ability to carry out activities of daily living (ADL), cognitive function, physical frailty and assays
for serum cortisol and DHEAS were performed six weeks and six months post-hip fracture. Depressed and
non-depressed groups were compared by ANOVA at each time point.

Results: Hip fracture patients who developed depression by week six (n = 38) had significantly poorer scores on
ADL and walking indices of frailty at both week six and month six, and poorer balance at week six. The association
with slower walking speed was mediated by a higher cortisol:DHEAS ratio in the depressed group.

Conclusion: Depression following hip fracture is associated with greater physical frailty and poorer long term
recovery post-injury. Our data indicate that the underlying mechanisms may include an increased cortisol:DHEAS
ratio and suggest that correcting this ratio for example with DHEA supplementation could benefit this patient
population.

Keywords: Depression, Hip fracture, Frailty, Cortisol, Dehydroepiandrosterone sulphate
Background
With the ageing of the population, hip fractures are a
growing issue, with UK rates predicted to increase to
117,000 per annum by 2016 [1]. At least half of hip frac-
ture patients never regain their previous function [2], and
post-hip fracture mortality at one year has been recorded
as high as 33% [3]. The factors influencing recovery from
hip fracture are poorly understood although depression is
a common co-morbidity in these patients [4].
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The prevalence rate for depression in hip fracture
patients across eight US and UK studies ranged from
9–47% [5]. However, most previous research has included
patients with depression prior to hip fracture, so the health
consequences of new onset depression, i.e., depression oc-
curring shortly after hip fracture and most likely attribut-
able to this traumatic event, are unclear. Depression may
affect the recovery of walking independence [6], as well as
being associated with poorer rehabilitation participation [7],
increased risk of falling again [8], increased susceptibility to
infectious disease and higher mortality rates [4]. Depression
coincident with the physical trauma of hip fracture may
therefore accelerate progression from health to frailty. Un-
derstanding the mechanisms mediating the link between
Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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depression and poor health outcomes after hip fracture
may reveal novel approaches to improving recovery.
Cortisol levels are often higher in individuals with

depression [9,10]. A reduction in physical function may
also be driven by age-related increases in the ratio be-
tween cortisol and the anti-glucocorticoid dehydroepian-
drosterone sulphate (DHEAS). Higher cortisol levels in
older adults have been associated with characteristics of
frailty including a reduction in grip strength over a six
year period [11] and standing and walking performance
[12]. Low levels of serum DHEAS have been associated
with poorer physical function [13]. Importantly, the
cortisol:DHEAS ratio is higher in older hip fracture pa-
tients than in healthy controls [14] or younger compar-
able fracture patients [15]. Adrenocortical hormone
balance may thus be a major determinant of frailty in
older hip fracture patients, particularly in those with
depression. However, the combined effects of both hip
fracture and depression in the context of potential
mechanisms for frailty outcomes have not been exam-
ined until now. The present analysis sought to examine
the associations between post-hip fracture depression, in
patients without a prior diagnosis and history of depression
before age 50 years, and physical frailty in older adults, and
the potential role of cortisol and DHEAS.

Methods
Participants
Participants were 101 older adults (81 female) with a
mean ± SD age of 83.9 ±7.88 years who were admitted
to hospital in-patients with a fractured neck of femur
(hip fracture). Participating hospitals were all located
in the West Midlands, UK. Inclusion criteria were that
patients had sustained a hip fracture, were 60+ years of
age and did not meet the exclusion criteria. The latter
included existing medical conditions or medications
that could affect the immune system (e.g. glucocorticoids
and immune suppressants), dementia, taking antidepres-
sants or having a previous diagnosis of depression before
the age of 50 years. In this way we aimed to recruit those
patients who had likely developed depression post-fracture,
rather than those who already had a history of depression.
We were thus focusing on those with a first or new epi-
sode of depressive symptoms evident post-fracture, and
most likely resulting from the trauma of hip fracture.
All participants were Caucasian. All participants gave
written informed consent prior to the study, which was ap-
proved by South Staffordshire Research Ethics Committee
(study ref: 09/H1203/80).

Study design and procedure
The study was a longitudinal investigation comparing
the physical frailty and cognitive function of depressed
and non-depressed older hip fracture patients 6 weeks
and 6 months post fracture. Participants completed a ques-
tionnaire pack and undertook a range of measures to assess
physical frailty. Socio-demographics and health behaviours
were recorded to assess for bias between the non-depressed
and depressed groups. Participants also provided a blood
sample in order to determine serum concentrations of
cortisol and DHEAS.

Questionnaires and frailty measures
The Geriatric Depression Scale (GDS) was specifically
developed to screen the older population for depression
[16]. A shorter version, the 15-item GDS (GDS-15) is
widely used and explores dimensions of mood such as
self-esteem, distressing thoughts, positive attitude toward
life and judgment about own condition over the previous
week. Respondents answer yes or no to each item; scores
range from 0 to 15. A score of six or above was used to cat-
egorise patients as ‘depressed’ [17]. The commonly used
reliable and valid Hospital Anxiety and Depression Scale
(HADS) [18] was used to confirm depression symptoms
on a 7-item five-point scale (0–4) [19].
The Oxford Hip Score [20] (OHS) is a 12-item question-

naire validated to assess activities of daily living (ADL) and
ability in patients undergoing hip replacement surgery.
Each item has 5 possible responses with scores ranging
from 0–4, with 4 being the best outcome. Although not
validated for use with hip fracture, the Cronbach’s alpha at
week 6 in the present study was 0.84.
Physical frailty was assessed in part via the OHS but in

addition upper body strength was measured as handgrip
strength using a hydraulic hand dynamometer, lower
body strength using the Timed Up and Go (TUG) test
[21] and the Berg Balance Scale (BBS) [22]. The BBS
comprises 14 observable tasks to assess balance statically
and during the performance of tasks. It is a reliable and
valid scale with published norms by gender and decade
of age [23].
Data gathered included: date of birth, if suffering from

chronic illness or taking ongoing medication, and occu-
pational category of the previous main bread winner
using the Registrar General’s classification of occupa-
tions [24]. Occupational status was grouped as manual
or non-manual. Body mass index (BMI) was computed
as kg/m2 from measured height and weight. Health
behaviours were recorded using a questionnaire adapted
from the Whitehall study [25]. The time frame was over
the past year at week 6 and since their hip fracture at
month 6. Participants indicated their levels of physical
activity, cigarette smoking, alcohol consumption, and
sleep length using a simple categorical scoring system.
With the exception of physical activity, which was calcu-
lated as a weighted score (vigorous exercise × 3 +moderate
exercise × 2 +mild exercise), these were then converted into
binary variables splitting at the median.
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Blood samples and hormone analysis
A venous blood sample was taken from each participant
between the hours of 0800–1130 am at week 6 and month
6. Serum cortisol and DHEAS were analysed in duplicate
using separate ELISA based assays and commercial kits
(IBL International, Hamburg, Germany). Intra-assay coeffi-
cients were < 10%.

Data analysis
Differences between the depressed and non-depressed
group on the main demographic, health behaviour, and
operation-related variables were tested using chi-square
and ANOVA. In order to examine group differences at
week 6 and month 6 in the key psychosocial and frailty
variables, ANOVA was used. Repeated measures ANOVA
and ANCOVA models were run to assess changes in these
variables between the two sampling times, and whether
trajectory of change was influenced by depression status,
respectively. Any socio-demographics or health behav-
iours which significantly differed between the groups were
included as covariates to control for confounding. Week 6
health behaviours were included in analyses predicting
week 6 outcomes, and month 6 behaviours for month 6
outcomes. Regression was used to examine the associa-
tions between the cortisol: DHEAS ratio and the outcome
variables. Where hormone levels were associated with
frailty, potential mediation by cortisol: DHEAS was tested
by entering depression group at step 1, and cortisol:
DHEAS ratio at step 2, and confirmed by Sobel test.
Moderation was tested where cortisol:DHEAS was related
to depression group but not the outcome variables. Mean-
centred variables and interaction terms were created and
regressions run with the mean-centred variables entered
at step 1, and interaction term at step 2.

Results
Recruitment and withdrawal data are shown in Figure 1,
including two individuals who were later found to violate
the inclusion criteria and thus were not included in ana-
lyses. Ineligibility was mainly due to the stringent inclusion
criteria we had set in order to be able to meaningfully
assess the impact of stress on immune function. Main rea-
sons for declining to participate were feeling too ill to want
to undergo the procedures, which were time consuming
and demanding. Other reasons mainly consisted of loss to
follow-up in the time between identification via the hospital
patient database and consenting. This was due to Ethics
committee procedures requiring 48 hours minimum deci-
sion time from receiving information until consent. Conse-
quently, during this time many patients were discharged, or
moved to other wards or facilities and were unable to be
traced anonymously from their original admission records.
Drop-out post-consent but prior to testing at six weeks
(N = 97) was most commonly due to a change of mind by
the patient or family members. From the minimal informa-
tion available at this stage we are able to confirm that there
was no age (p = .68) gender (p = .15) or hospital recruitment
site (p = .36) bias between those who consented then with-
drew and those who remained in the study for the six week
testing session. Reasons for withdrawal between week 6
and month 6 included: death or being too unwell to be
tested (N = 17), not being able to continue in the study for
a variety of reasons including feeling they had too much to
cope with, now receiving treatment for depressive symp-
toms or other medication/illnesses on the list of exclusion
criteria, or being non-contactable (N = 18). Again, there
was little evidence of selection bias between the sample
who withdrew or remained in the study at six months in
terms of gender (p = .26), initial depression group status
(p = .72), BMI (p = .34), number of medications being
taken (p = .09), and hospital recruited at (p = .26). However,
those who withdrew were marginally more likely to be
from the manual occupational group, (p = .05), were, on
average, 3.9 years older (p = .02), and had 0.5 more
comorbidities on average (p = .03).

Demographics and health behaviour
Detailed demographics and health behaviour of the two
hip fracture groups (depressed or non-depressed) are
shown in Table 1. The groups were comparable on all of
the key variables. About half (48.5%) were from manual
occupational households, and mean BMI was in the nor-
mal range. One third (38, 37.6%) were classified as having
significant depressive symptoms at week 6 using the GDS-
15. At month 6, data were available for 66 participants; 19
(29%) of whom were depressed. Any participant originally
eligible for the study but later started on anti-depressants
or therapy for depression post-six week assessment was
excluded from the six month assessment.

Psychosocial factors
Mean (SD) for psychosocial variables are reported in
Table 2. Participants classified as depressed had significantly
higher GDS scores by an average of 5.6, F(1,99) = 197.02,
p < .001, η2 = .666, at week 6. At month 6, this difference
remained significant, F(1,64) = 30.10, p < .001, η2 = .320;
those who were classified as depressed at week 6 still had
significantly higher depression scores at month 6, with a
mean group difference of 3.9. There was no detectable
change in GDS depression score between week 6 and
month 6. However, six of the non-depressed patients
became depressed, as classified by the GDS at month 6,
and 11 of the depressed patients became non-depressed, χ2

(1) = 11.85, p = .001. The main analysis by group will focus
on participants’ depression classification at week 6 in order
to examine the effect of a first or new episode of depressive
symptoms evident post-fracture, and likely resulting from
the hip fracture and its consequences. The difference in



Figure 1 Consort diagram showing recruitment rates.
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depression symptoms between the groups was also con-
firmed by significant group differences on the HADS
depression sub-scale, at week 6, F(1,98) = 65.02, p < .001,
η2 = .399, and month 6, F(1,64) = 19.46, p < .001, η2 = .233.

Frailty measures
Physical frailty was assessed using four measures. As shown
in Table 2, depressed patients were less able to engage in
ADL than non-depressed patients at week 6, F(1,72) = 13.87,
p < .001, η2 = .161, and month 6, F(1,57) = 6.22, p = .02,
η2 = .098. ADL significantly improved over time, F(1,46) =
15.97, p < .001, η2 = .258, although this did not vary by
depression group.
At both time points, depressed and non-depressed pa-

tients did not significantly differ in hand grip strength.
Overall, hand grip strength declined over time among



Table 1 Demographic characteristics, testing details and health behaviours

Depressed at Week 6 Not Depressed at Week 6

Mean (Standard Deviation) / Number (%) p

Week 6:

Number in group = 101 38 (38) 63 (62)

Age (years) 84.0 (8.62) 83.8 (7.48) .92

Sex (Male) 7 (18.4) 13 (20.6) .79

Body Mass Index (kg/m2) 22.6 (4.05) 23.5 (3.88) .31

Days between hip fracture and Week 6 interview 42.6 (14.06) 42.8 (12.81) .94

Days since hip fracture and Month 6 interview 189.6 (17.58) 195.6 (12.09) .15

Number of withdrawals (not including deaths) 11 (29) 19 (30.2) .72

Deceased within 6 months 3 (8) 2 (3) .29

Type of fracture (intracapsular) 20 (59) 37 (63) .71

Occupational status (Manual) 21 (55.3) 28 (44.4) .21

Number of co-morbidities 2.2 (1.41) 2.0 (1.28) .40

Number of medications 5.3 (2.96) 4.6 (2.68) .23

Taking pain medication 26 (68) 44 (70) .88

Exercise score (out of maximum of 30) 9.9 (3.63) 10.1 (3.32) .16

Less than 8 hours sleep per night 19 (50.0) 28 (44.4) .59

Alcohol (>1 drink per month) 15 (39.5) 22 (34.9) .65

One or more cigarettes per day 6 (15.8) 7 (11.1) .50

Month 6: Number in group = 66

Depressed at Month 6 13 (54) 6 (14)

Not Depressed at Month 6 11 (46) 36 (86)

Exercise score (out of maximum of 30) 8.8 (2.34) 8.9 (3.80) .92

Less than 8 hours sleep per night 16 (66.7) 27 (67.5) .95

Alcohol (>1 drink per month) 9 (37.5) 19 (46.3) .49

One or more cigarettes per day 3 (12.5) 4 (9.8) .73
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those tested at both follow-ups, F(1,54) = 5.94, p = .02,
η2 = .099, but this deterioration was not influenced by
depression status. However, those with depression took
significantly longer to complete the TUG test at week
6, F(1,82) = 4.16, p = .05, η2 = .048, and at month 6,
F(1,54) = 3.90, p = .05, η2 = .067, compared to the non-
depressed group. Both groups were far slower than age-
related norms at both time-points. Walking speed (TUG)
improved over time overall, F(1,51) = 14.47, p < .001,
η2 = .221. Depressed patients also scored significantly
worse on the Berg Balance scale at week 6, F(1,78) = 8.35,
p = .005, η2 = .097, compared to the non-depressed.
However, there was no significant difference by month 6.
Balance also improved over the 6 month period, F(1,46) =
28.71, p < .001, η2 = .384, in both groups.

Potential mediation by cortisol:DHEAS ratio difference
As shown in Figure 2 the serum cortisol:DHEAS ratio at
week 6 differed significantly between the groups, with
depressed participants having a higher ratio than the
non-depressed, F(1, 95) = 7.26, p = .008, η2 = .071. This
difference remained significant at month 6, F(1, 52) = 5.75,
p = .02, η2 = .100. There was no significant change in the
cortisol:DHEAS ratio from week 6 to month 6 in either
group. Cortisol:DHEAS at week 6 was not associated with
the OHS or balance score at either time point or the TUG
at week 6. However, it was significantly positively related
to TUG test time at month 6, such that the higher the
cortisol:DHEAS ratio, the longer it took the participant to
walk three metres, β = .44, p = .001, ΔR2 = .20. Cortisol:
DHEAS at month 6 was not associated with the month 6
scores for OHS or balance score. However, it was again
positively related to TUG test time at month 6, such that
the higher the cortisol:DHEAS ratio at month 6, the
longer it took the participant to walk three metres β = .39,
p = .008, ΔR2 = .15.
When the regression predicting walking speed (TUG) at

month 6 from depression group was rerun with adjustment
for week 6 cortisol:DHEAS ratio, the association with
depression group became non-significant, with evidence



Table 2 Psychosocial and frailty measures by hip fracture group

Depressed Not Depressed

Mean (Standard Deviation) / Number (%) p

Week 6: Number = 101

Number in group 38 (38) 63 (62)

Geriatric Depression Scale 8.2 (2.47) 2.6 (1.53) <.001

Hospital Anxiety and Depression Scale Depression 9.1 (4.71) 3.4 (2.31) <.001

Hospital Anxiety and Depression Scale Anxiety 8.0 (4.55) 4.0 (3.71) <.001

Oxford Hip Score 22.1 (9.33) 30.0 (8.04) <.001

Mini Mental State Examination Score 24.4 (4.08) 24.7 (4.60) .78

Hand Grip Mean (kg) 14.3 (6.20) 15.9 (6.69) .25

Timed-Up-and-Go (seconds) 69.6 (47.03) 52.4 (30.31) .04

Berg Balance Scale Score 17.6 (14.80) 27.4 (14.16) .005

Month 6: Number = 66

Depressed 19 (29) 47 (71)

Geriatric Depression Scale 7.0 (3.75) 3.1 (1.99) <.001

Hospital Anxiety and Depression Scale Depression 7.6 (4.21) 4.0 (2.57) <.001

Hospital Anxiety and Depression Scale Anxiety 7.0 (5.07) 3.5 (3.01) .001

Oxford Hip Score 29.6 (8.97) 35.3 (8.14) .02

Mini Mental State Examination 25.3 (3.89) 25.9 (3.59) .51

Hand Grip Mean (kg) 14.2 (6.7) 16.3 (6.56) .25

Timed-Up-and-Go (seconds) 50.8 (36.23) 34.4 (25.81) .05

Berg Balance Scale Score 32.7 (13.4) 36.1 (12.71) .37
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of significant mediation using the Sobel test, (p = 0.01),
such that a higher cortisol:DHEAS ratio explained the rela-
tionship between depression group and longer TUG speed.
There was also significant mediation by the cortisol:DHEAS
ratio at month 6, p = .04. The regression equation steps
with and without adjustment for cortisol:DHEAS are
shown in Figure 3 to illustrate the mediation.
Figure 2 Serum cortisol and DHEAS were measured at 6 weeks
and 6 months post fracture and their ratio determined. The data are
the mean (±SE) for the cortisol:DHEAS ratio for hip fracture patients by
depression group at 6 weeks and 6 months post fracture.
Potential moderation by cortisol:DHEAS
Cortisol:DHEAS at week 6 was not associated with the
OHS, balance score, TUG at week 6. However, to test
for moderation effects an interaction term was created
from the mean-centred variables. When regressions were
run predicting each frailty outcome separately with
depression group and cortisol:DHEAS entered at step 1,
and the relevant interaction term at step 2, there was no
significant cortisol:DHEAS at week 6 × depression inter-
action effect for the TUG, BBS, or OHS at week 6. This
suggests no moderation by cortisol:DHEA of the associ-
ation between depression and these frailty outcomes at
week 6. Cortisol:DHEAS at month 6 was not associated
with the month 6 scores for OHS or BBS score. Regressions
using the mean-centred interaction term showed no sig-
nificant month 6 cortisol:DHEAS × depression interaction
effects for BBS or OHS at month 6, suggesting no evidence
of moderation.

Discussion
In the current study, depression post-hip fracture was
associated with poorer ADL and slower walking speed
six weeks and six months post-hip fracture. Depressed
participants also had significantly poorer physical func-
tioning, as reflected in lower Berg Balance scale scores
at week 6. These group differences were not driven by



Figure 3 Mediation analyses. Values represent standardized β coefficients. * = p < .05.
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differences in demographics or health behaviours. The
cortisol:DHEAS ratio differed between the groups at
both time points and mediated the relationship between
depression and slow walking speed at month 6.
The incidence rates for depression in our study are

higher than a previous report showing 17% of patients
had new-onset depression at 6 weeks post hip fracture
[9]. The much higher incidence of depression post-fracture
found here may reflect that co-morbidities were relatively
low in our sample and thus injury and loss of independence
may have had a greater impact on wellbeing. This requires
further investigation given the considerable impact of de-
pression on patients’ quality of life as well as on hip fracture
outcomes [26].
Regarding physical frailty, a detrimental effect of de-

pression on ADL has been reported previously in those
with or without prior depression [27]. In the present
study we found that this relationship was still present at
6 months post-hip fracture. As self-reported ADL may
be affected by depressive symptomatology [27], objective
levels of physical function were also measured. The
detrimental impact of post hip fracture depression on
walking speed reported here is in accordance with most
previous studies [28] with one exception, in which
depressive symptomatology was not predictive of walking
ability at one-year post discharge [29]. This contrast with
the present results may reflect differences in the timing
and type of measurement; we assessed depression at
6 weeks post-fracture predicting TUG at 6 weeks and
6 months, whereas this previous study was examining pre-
dictors of walking ability at one year, and walking ability
was not directly assessed but rated over the telephone.
This study included a measure of dynamic balance

which differed between the depression groups at week 6
but not at month 6. In contrast, it has been reported
previously that depression can have a detrimental effect
on physical function at 12 months [28], although this
effect was very small. The mean balance score for both
groups at 6 months was lower than that reported for
community dwelling older adults [29], although it was
similar to that reported for institutionalised older adults
[30]. This suggests that hip fracture severely impaired
balance, but given improvements, institutionalisation is
not necessarily a consequence.
That the week 6 cortisol:DHEAS ratio was higher

among the depressed hip fracture group is supported by
previous studies [14]. In the present study, the ratio was
also associated with poorer physical function, and mediated
the association between depression and walking speed at
month 6. This underlines the previously reported associa-
tions between higher cortisol, lower DHEAS and physical
frailty [12,13] and is likely to be due to the effects of high
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levels of cortisol on the degradation of muscle [31], or
reduction in bone density [32]. It is possible to argue that
the cortisol:DHEAS ratio could, however, be acting as a
confounder in the depression-frailty association rather
than a mediator, as it is expected that the trauma of hip
fracture would contribute to an increased cortisol:DHEAS
ratio which could then underlie both depressive symptoms
and frailty in terms of walking speed. However, analyses
conducted as part of a parallel manuscript has confirmed
that the cortisol:DHEAS ratio only significantly differed
between those patients with depression and those without
(p = .004) and controls (p = .001), but not between those
with hip fracture but no depression and controls (p = .12).
This would suggest that the depression and frailty associ-
ation was not a consequence of changes in the cortisol:
DHEAS ratio as a consequence of the hip fracture. Thus,
mediation would appear a more compelling explanation
than confounding.
That cortisol:DHEAS did not mediate all of the associa-

tions between depression and physical function suggests
that other mechanisms also may underlie this relationship,
such as reduced motivation to participate in rehabilitation
or levels of pro-inflammatory cytokines.
This study has several limitations. First, it was primarily

designed to investigate the synergistic effect of what we per-
ceive as depressive symptoms that present post-onset and
potentially as a result of hip fracture on physical function,
through exclusion of patients with a history of depression
pre-fracture prior to age 50 years. However, we do realise
that in the absence of a pre-fracture measure of depressive
symptoms, this is an assumption. Despite excluding those
with a previous diagnosis of depression prior to age 50 years
and those taking anti-depressants, it is possible that some
participants may have had symptoms post-age 50 years but
prior to their hip fracture although none were undergoing
treatment at the time of fracture. Further, our exclusion
of previously depressed patients or those with cognitive
decline, or immune-related comorbidities means our
findings may not be generalisable to the wider hip fracture
population and may have introduced some non-assessable
selection bias in the absence of more general socio-
demographics of patients not being available prior to
informed consent. However, these exclusions do suggest
that the associations reported here would be even stronger
had patients with poorer physical or mental status been
included as these factors are associated with poor recovery
[33]. Third, the sample only included Caucasian patients,
thus further investigation within diverse ethnic groups is
needed. Fourth, the sample comprised mainly women.
However, the ratio of women to men in our sample
reflects the reported sex ratio of hip fractures in the UK.
Fifth, we did not measure pain in our sample, and it is
possible that pain could contribute to both depression and
cortisol levels [34], although individuals with depression
tend to report lower pain levels [35] and our present de-
pressed and non-depressed groups did not differ signifi-
cantly on whether or not they were taking analgesic
medication. Finally, there were a relatively high number of
withdrawals but this is common in studies of hip fracture
in older patients; the rapid changes in setting make it diffi-
cult to track hip fracture patients post-discharge and many
felt too unwell to participate. The sample of patients
included in this group was therefore likely to be in rela-
tively good health compared to those who withdrew. This
highlights that the effect of depression on outcomes is not
restricted to patients with poor health post hip fracture.

Conclusions
In conclusion, depression emerging post-hip fracture in
older adults impairs physical function, including walking
speed, balance, and activities of daily living. This is the
first time that depressive symptoms in the absence of
longer term pre-fracture depression diagnosis have been
shown to relate to recovery and physical frailty. Effects
on walking speed were mediated by alterations in the
cortisol:DHEAS ratio which was heightened among the
depressed group. This novel finding implies that in order
to speed recovery of physical function and independence
following hip fracture, patients should be assessed and
treated for depressive symptoms. This is of relevance to
surgeons and health professionals alike involved in re-
habilitation post-fracture surgery who currently do not
screen this patient group for depressive symptoms. Iden-
tification and treatment of depression in these patients
would improve patient outcomes and quality of life as
well as impacting upon health service costs incurred
through treatment of those with slower recovery and
decreased independence post-fracture. We propose that
correcting the cortisol:DHEAS imbalance by oral supple-
mentation with DHEA may be one means of improving
depressed mood and contributing to better physical
function after hip fracture. However, such an interven-
tion would need to be cautiously informed by the inter-
vention literature in order to determine an effect dosage
and regime for an effect in these patients.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JL and AP conceived of the original research idea and sought and received
funding for the study. JU collected the data, NAD conducted laboratory
assays. AP and JU conducted the analyses and interpretation. AP was a
major contributor in writing the manuscript with JU and also drew the
figures. JU constructed the first draft and conducted the literature search. JL,
DC, and NAD also contributed to drafts of the manuscript. All authors read
and approved the final manuscript.

Acknowledgments
We are grateful to the following hospital consultants for their assistance:
Professor Sir Keith Porter and Mr Martin Goodman (Queen Elizabeth Hospital
Birmingham), Mr Edward Davis (Russells Hall Hospital Dudley) and Mr Sanjay



Phillips et al. BMC Geriatrics 2013, 13:60 Page 9 of 9
http://www.biomedcentral.com/1471-2318/13/60
Mistry (Heartlands Hospital Birmingham). We are also grateful to the NIHR/
Wellcome Trust Clinical Research Facility, Queen Elizabeth Hospital
Birmingham for their research nurse and testing facilities support.
Funding
This work was supported by funding from the Research Councils UK New
Dynamics of Ageing initiative (Grant Number RES-356-25-0011).

Author details
1School of Sport and Exercise Sciences, University of Birmingham,
Birmingham B15 2TT, UK. 2School of Immunity and Infection, University of
Birmingham, Birmingham B15 2TT, UK. 3MRC-Arthritis Research UK Centre for
Musculoskeletal Ageing Research, University of Birmingham, Birmingham B15
2TT, UK.

Received: 29 January 2013 Accepted: 13 June 2013
Published: 17 June 2013
References
1. Dennison E, Mohamed MA, Cooper C: Epidemiology of osteoporosis.

Rheum Dis Clin North Am 2006, 32(4):617–629.
2. Stevens JA, Olson S: Reducing falls and resulting hip fractures among

older women. MMWR Recomm Rep 2000, 49(RR-2):3–12.
3. Roche JJ, Wenn RT, Sahota O, Moran CG: Effect of comorbidities and

postoperative complications on mortality after hip fracture in elderly
people: prospective observational cohort study. BMJ 2005, 331(7529):1374.

4. Nightingale S, Holmes J, Mason J, House A: Psychiatric illness and
mortality after hip fracture. Lancet 2001, 357(9264):1264–1265.

5. Holmes JD, House AO: Psychiatric illness in hip fracture. Age Ageing 2000,
29(6):537–546.

6. Morghen S, Bellini G, Manuele S, Guerini F, Frisoni G, Trabucchi M:
Moderate to severe depressive symptoms and rehabilitation outcome in
older adults with hip fracture. Int J Geriatr Psychiatry 2011, 26:1136–1143.

7. Lenze EJ, Munin MC, Dew MA, Rogers JC, Seligman K, Mulsant BH, Reynolds
CF 3rd: Adverse effects of depression and cognitive impairment on
rehabilitation participation and recovery from hip fracture. Int J Geriatr
Psychiatry 2004, 19(5):472–478.

8. Lloyd BD, Williamson DA, Singh NA, Hansen RD, Diamond TH, Finnegan TP,
Allen BJ, Grady JN, Stavrinos TM, Smith EU, et al: Recurrent and injurious
falls in the year following hip fracture: a prospective study of incidence
and risk factors from the Sarcopenia and Hip Fracture study. J Gerontol A
Biol Sci Med Sci 2009, 64(5):599–609.

9. Deuschle M, Schweiger U, Weber B, Gotthardt U, Korner A, Schmider J,
Standhardt H, Lammers CH, Heuser I: Diurnal activity and pulsatility of the
hypothalamus-pituitary-adrenal system in male depressed patients and
healthy controls. J Clin Endocrinol Metab 1997, 82(1):234–238.

10. Lesch KP, Laux G, Schulte HM, Pfuller H, Beckmann H: Corticotropin and
cortisol response to human CRH as a probe for HPA system integrity in
major depressive disorder. Psychiatry Res 1988, 24(1):25–34.

11. Peeters GM, van Schoor NM, van Rossum EF, Visser M, Lips P: The
relationship between cortisol, muscle mass and muscle strength in older
persons and the role of genetic variations in the glucocorticoid receptor.
Clin Endocrinol (Oxf ) 2008, 69(4):673–682.

12. Peeters GM, van Schoor NM, Visser M, Knol DL, Eekhoff EM, de Ronde W,
Lips P: Relationship between cortisol and physical performance in older
persons. Clin Endocrinol (Oxf ) 2007, 67(3):398–406.

13. Berkman LF, Seeman TE, Albert M, Blazer D, Kahn R, Mohs R, Finch C,
Schneider E, Cotman C, McClearn G, et al: High, usual and impaired
functioning in community-dwelling older men and women: findings
from the MacArthur Foundation Research Network on Successful Aging.
J Clin Epidemiol 1993, 46(10):1129–1140.

14. Dubin NH, Monahan LK, Yu-Yahiro JA, Michael RH, Zimmerman SI, Hawkes
W, Hebel JR, Fox KM, Magaziner J: Serum concentrations of steroids,
parathyroid hormone, and calcitonin in postmenopausal women during
the year following hip fracture: effect of location of fracture and age.
J Gerontol A Biol Sci Med Sci 1999, 54(9):M467–M473.

15. Butcher SK, Killampalli V, Chahal H, Kaya Alpar E, Lord JM: Effect of age on
susceptibility to post-traumatic infection in the elderly. Biochem Soc Trans
2003, 31(2):449–451.
16. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO:
Development and validation of a geriatric depression screening scale:
a preliminary report. J Psychiatr Res 1983, 17:37–49.

17. Sheikh VI, Yesavage VA: Geriatric Depression Scale (GDS): recent evidence
and development of a shorter version. In Clinical gerontology: a guide to
assessment and intervention. Edited by Brink TL. New York: Haworth Press; 1986.

18. Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67(6):361–370.

19. Bjelland I, Dahl AA, Haug TT, Neckelmann D: The validity of the hospital
anxiety and depression scale. An updated literature review. J Psychosom
Res 2002, 52(2):69–77.

20. Dawson J, Fitzpatrick R, Carr A, Murray D: Questionnaire on the perceptions of
patients about total hip replacement. J Bone Joint Surg Br 1996, 78(2):185–190.

21. Podsiadlo D, Richardson S: The timed “Up & Go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991, 39(2):142–148.

22. Berg KO, Maki BE, Williams JI, Holliday PJ, Wood-Dauphinee SL: Clinical and
laboratory measures of postural balance in an elderly population.
Arch Phys Med Rehabil 1992, 73(11):1073–1080.

23. Lusardi MM: Functional performance in community living older adults.
J Geriatr Phys Ther 2004, 26:14–22.

24. OPCS: Classification of occupations. London: HMSO; 1980.
25. Marmot MG, Davey-Smith G, Stansfield S, Patel C, North F, Head J, White I,

Brunner E, Feeney A: Health inequalities among British civil servants: the
Whitehall II study. Lancet 1991, 337:1387–1393.

26. Voshaar RC, Banerjee S, Horan M, Baldwin R, Pendleton N, Proctor R, Tarrier
N, Woodward Y, Burns A: Predictors of incident depression after hip
fracture surgery. Am J Geriatr Psychiatry 2007, 15(9):807–814.

27. Kempen GI, Sanderman R, Scaf-Klomp W, Ormel J: The role of depressive
symptoms in recovery from injuries to the extremities in older persons.
A prospective study. Int J Geriatr Psychiatry 2003, 18(1):14–22.

28. Mossey JM, Mutran E, Knott K, Craik R: Determinants of recovery 12
months after hip fracture: the importance of psychosocial factors.
Am J Public Health 1989, 79(3):279–286.

29. Magaziner J, Simonsick EM, Kashner TM, Hebel JR, Kenzora JE: Predictors of
functional recovery one year following hospital discharge for hip
fracture: a prospective study. J Gerontol 1990, 45(3):M101–M107.

30. Conradsson M, Lundin-Olsson L, Lindelof N, Littbrand H, Malmqvist L,
Gustafson Y, Rosendahl E: Berg balance scale: intrarater test-retest
reliability among older people dependent in activities of daily living and
living in residential care facilities. Phys Ther 2007, 87(9):1155–1163.

31. Seene T, Alev K: Effect of glucocorticoids on the turnover rate of actin
and myosin heavy and light chains on different types of skeletal muscle
fibres. J Steroid Biochem 1985, 22(6):767–771.

32. Mussolino ME: Depression and hip fracture risk: the NHANES I
epidemiologic follow-up study. Public Health Rep 2005, 120(1):71–75.

33. Hippisley-Cox J, Coupland C: Derivation and validation of updated
QFracture algorithm to predict risk of osteoporotic fracture in primary
care in the United Kingdom: prospective open cohort study. BMJ 2012,
344:e3427.

34. Dev R, Hui D, Dalal S, Nooruddin ZI, Yennurajalingam S, Del Fabbro E,
Bruera E: Association between serum cortisol and testosterone levels,
opioid therapy, and symptom distress in patients with advanced cancer.
J Pain Symptom Manage 2011, 41(4):788–795.

35. Dickens C, McGowan L, Dale S: Impact of depression on experimental
pain perception: a systematic review of the literature with meta-analysis.
Psychosom Med 2003, 65(3):369–375.

doi:10.1186/1471-2318-13-60
Cite this article as: Phillips et al.: Depression following hip fracture is
associated with increased physical frailty in older adults: the role of the
cortisol: dehydroepiandrosterone sulphate ratio. BMC Geriatrics 2013
13:60.


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Study design and procedure
	Questionnaires and frailty measures
	Blood samples and hormone analysis
	Data analysis

	Results
	Demographics and health behaviour
	Psychosocial factors
	Frailty measures
	Potential mediation by cortisol:DHEAS ratio difference
	Potential moderation by cortisol:DHEAS

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Funding
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


