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T rajectories of depressive sym ptom s after
hp fracture

P.Crstncho’*, E.J.Lenze’,M .S.Avidan® and K .S.Raw son’

D goartm ent of Psychiatry, H ealthy M ind Lab, W ashington U niversity School of M edicine, St Louis, M O , U SA
2D gpartm ent of A nesthesiclogy, W ashington U niversity School of M edicine, St Louis, M O , U SA

Background. H ip fracture is often com plicated by depressive sym ptom s in olderadults.W e sought to characterize tra-
Fctories of depressive sym ptom s arising afferhip fracture and exam ine their relationship w ith fiinctional outcom es and
w aking ability . W e also mvestigated clinical and psychosocial predictors of these trafectories.

M ethod. W e enrolled 482 mpatients, aged 5 60 years, w ho w ere adm ited forhip fracture repairateight St Louis,M O
area hogpials betw een 2008 and 2012. Participants w ith current depression diagnosis and or notable cognitive in pair-
ment w ere excluded . D epressive sym ptom s and functional recovery w ere assessed w ih the M ontgom ery-A sberg
D epression Rating Scale and Functional Recovery Score, respectively, for 52 w eeks after fracture. H ealth, cognitive,
and psychosocial variables w ere gathered at baseline.W e m odeled depressive sym ptom s using group-based trafctory
analysis and subsequently identi ed conelates of trajfctory group m em bership.

Results. Three trafctories em erged according to the course of depressive sym ptom s, w hich w e term ed ‘resilient!, dis-
tressed’, and depressed’. The depressed trapctory (10% of participants) experienced a persistently high levelof depres-
sive sym ptom s and a slow er tin e t recover m obility than the other trajfectory groups. Stressfiil life events prior to the
fracture, current sm oking, higher anxiety, less social support, antidepressant use, past depression, and type of in plant
predicted m em bership of the depressed trajctory.

Conclusions. D epressive sym ptom s arising after hip fracture are associated w ith poorer functional satus. C linicaland
psychosocial variables predicted m em bership of the depression trafctory. Early identi cation and ntervention of

ORIGINAL ARTICLE

patients n a depressive trapctory m ay in prove finctional outocom es afterhip fracture.

Remeived 22 duly 2015; Revised 4 D ecamber 2015; A cospted 8 D ecam ber 2015 ; First published anline 5 February 2016

Key words: D epression, functional recovery, hip fracture, m obility, older adults, trafctory .

Introduction

Falls are the leading cause of hip fractures In older
adults Parkkarietal 1999).H ip fractures are disabling
m edical events @uckem an, 1996; H annan et al. 2001;
M agaziner et al. 2003 ; Bentler et al. 2009) and their re-
covery is often com plicated w ith depressive sym ptom s
and pain Holmes & House, 2000b; W illiam s et al.
2006). D epressive sym ptom s are associated w ith the
risk of falling, functional in paim ent, and Ailure o re-
gain w aking independence afterhip fracture M ossey
etal.1990;Lenze etal. 2004 ;G vensetal. 2008;M orghen
et al. 2011). Recovery of w aking ability is crucial for
patients to regain independence, partake in the com -
munity, and rehtegrate nto ther environm ent
Salpakoskietal. 2014).

* A ddress for comrespondence: P. Cristancho, M D , D epartm ent of
Psychiatry, H ealthy M Ind Lab, SchoolofM ediche, W ashington
University SchoolofM edicine, Cam pusBox 8134,660 South Euclid, St
Louis,M O 63110, USA .

Em ail: crisenp@psychiatry w ustledu)

Degpie these adverse depression-lnked outoom es,
depression tends to be unrecognized w hen it em erges
after hip fracture ™ Gller-Thom sen et al. 2002). M ost
studies affer hp fracture have focused on the preva-
lence of depressive sym ptom s, thus including a m ix
of new -onset cases and chronic illhess cases M ossey
et al. 1990; Holmes & House, 2000a, b; Shyu et al.
2009). To our know ledge, only two studies have
reported exclisively on depressive sym ptom sdevelop -
g postfracture Lenze etal.2007;0 ude Voshaaretal.
2007). These studies found that apathy, sub-threshold
depressive sym ptom s, anxiety, cogniive in paim ent,
pain,and history of depression w ere risk factors for m-
cident depression. Questions rem ain about how de-
pressive sym ptom s evolve n the longer term after
hip fracture and w hether additonalvariables are asso-
ciated wih new -onset depressive sym ptom olgy.
Proper assesan ent of new -onset depressive sym ptom s
postfracture and correlates thereof could help identify
patients at risk and subsequently allow nterventions
to m ibgate a decline in functional status Lenze et al.
2004; Bentler et al. 2009), alleviate the burden of
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disability Lenzeetal.2001),and in prove quality of life
© m eletal. 2002).

W e recently conclided a ongimidmal clinical epi-
dem bblogic study to vestigate genetic polym orph-
ism s predictive of depressive symptoms arising
postfracture Raw son et al. 2015). The study design
nclided in-depth psychosocial and clinical evalua-
tions over 1 year’s tim e postfracture focusing exclu-
sively on patents not experiencing a depressive
episode w hen the fracture occurred . W e therefore con-
structed a group based trapctory m odel to  tdepres-
sive sym ptom s post-fracture and exam ned how these
tractories conrelate w ith post-operative outoom es 1n
the year follow ing fracture. The group based trafctory
approach creates a practical sum m ary of longiidinal
data by recognizing pattems that develop over tim e.
W e hypothesized that higher depression soores
would correlate w ith poorer recovery of daily living
activites and m obility and w orse paln ratings post-
fracture. To determm Ine the m ost relevant correlates of
depressive sym ptom ology afterhip fracture, w e exam -
ned covariates thathave been show n n previous stud-
ies to contrbute to depressive sym ptom s In older
aduls ncluding lifetin e vulnerability health-related
factors n edical illness (Lenze et al. 2007; Sutin et al
2013), history of depression (Qude Voshaar et al
2007), antidepressant use (Lenze et al. 2007; Sutm
et al 2013), cogniton O ude Voshaar et al. 2007; Kin
et al. 2012), smoking Kin et al 2012; Heyes et al
2015)]; psychosocial factors [exposure to stressful
events Devanand et al. 2002), anxiety sym ptom s
O ude Voshaar et al. 2007), social support G eorge
et al 1989)]; pre-fiacture functoning [m obility
M ossey etal. 1990; Lenze etal. 2004)]; and characteris-
tics of the fracture [fracture type Lenze etal.2007;K in
e£al.2012), in planttype Bentleretal 2009;Tseng etal
2012), paln O ude Voshaar et al. 2007;D enkinger et al.
2014; Petrovic et al. 2014)].

M ethod

Participants

W e recruied participants w ith a prim ary diagnosis of
hp fracture adm ited for surgical correction at eight
area hospials m St Louis, M O between 2008 and
2012. Participants aged 5 60 years w ere screened for
hclusion. Key exclusion criteria w ere non-am bulatory
prior to fracture, current diagnosis of m ajpr or m nor
depressive disorder ({e. w ere clinically depressed at
tin e of fracture), and non-ransient m oderate to
severe cognitive Im paim ent (per chart review and
brief bedside cognitive testing) . A dd iHonalexclisions
w ere m etastatic cancer, hterferon treatm ent, lnoper-
able fracture, signi cant language, visual or hearing

In paim ent, lived m ore than 1h aw ay, or mability
to consent or cooperate w ith study protocol. A llpar-
teijpants signed a w ritten nform ed consentapproved
by the W ashington University School of M edicine
hsttutional Review Board and the local hospial's
review board.

Participantsw ere follow ed for52 w eeksw ith the ini-
tial baseline assessm ent approxin ately 2 days post-
surgery .A ssesan entsw ere done atscheduled intervals
(1,2,4,8,12,26,and 52 w eeks) after the initalbaseline
visit. Baseline, w eek 4, and w eek 52 assesan ents w ere
conducted In person w hile assessm ents atweeks 1, 2,
8, 12, and 26 wer performed over the phone.
Trahed study personnel perform ed all assesam ents.

M easures
D epressin

The M ontgom ery-A sberg Depression Rating Scale
M ADRS;M ontgom ery & A sberg, 1979) w as the pri-
mary depression measure. Inibdal M ADRS soores
assessed depressive sym ptom spre-fracture, ashospia-
lized patients described their m ood during the w eek
prior to fracture. The Structured Clinical hterview

forDSM -IV disorders €C D -IV ; First et al. 1996) diag-
nosed m apr and m nor depressive disorder date of
onset. The SCID w as adm histered at the inidal visit
to assess depressive disorder at tin e of fracture and
lifetim e history of depressive disorder. A dditonally,
iftheM ADRS scorew as5 10 or if the reported sadness
oranhedonia iem was5 2 atany follow -up visit, par-
tcipants w ere assessed w ith the SCID for new -onset
depressive disorder.

Functional rewovery

Basic activitdes of daily living BADLs), Insttum ental
activides of daily living ADLs), and m obility were
assessed w ith the Functional Recovery Score FRS)
from the Hogpiml for it Diseases Geratric H p
Fracture Research Group @uckem an et al. 2000).
Participants w ere asked how m uch help they needed
w ith several activites using a scale of 0 (cannotdo ac-
tvity atall) o 4 fio help needed).M obility w as rated
on a scale of 0-4 (0, non-am bulatory or transfers only;
1, cannotw ak outdoors, can w ak athom ew ith assist-
ive devices; 2, cannotw ak outdoors, can w alkk athom e
w ithout assistive devices; 3, can w ak outdoors w ith
assistive devices; 4, can w ak outdoors w ithout assist-
ive devices. These scores were summ ed and scaled
for each section BADLs, ADLs, m obility) for a total
FRS num ber ranging from 0 to 100. The FRS was
obtained at the midal baselne visit to collect pre-
fracture functoning, and w eeks 4, 12, 26, and 52 t©
m onior postfracture functoning. Participants’ use of



assistive devices eg. cane orw aker) and am bulatory
status (om m uniy am bulator, household am bulator,
non-am bultory) w ere also docum ented at each visit.
hform ation about the type of fracture and in plant
w as collected at baselne. Fracture type w as classi ed
as (1) fam oralneck, Q) ntertrochanteric, or 3) subtro-
chanteric/other. Type of in plant consisted of (1) toal
hp arthroplasty or hem aarthroplasty, @)

xation w ith screw s, or B) sliding hip screw , ntram e-
dullary (M ) nail, or other.

ntemal

Pann

Atalltm e points, participants used a num erical rating
scale w ith a score of 0 mdicating no pamn and 10 the
worstpaln (Ensen & Karoly, 1992).

Psychosocial

Stressfil life events experienced during the year prior
o fracture w ere assessed w ith the Geratric A dverse
Life Events Scale GALES;Devanand etal. 2002). The
scale consists of a checklist of 21 adverse life events
and the degree of stress of each eventw as rated on a
threepoint scale: @, not at all; 2, som ew hat; 3, very
stressfi1l). Scores w ere sum m ed for a total stress score
fmnaxin um of 63), w ith higher scores ndicating a
higher degree of stress.

The Duke Social Support Index O SSI; Landerm an
etal.1989) w asadm nistered atthe midalvisitto evalu-
ate four different dim ensions of social support: (1) size
of social netw ork, Q) social mteraction, a four-em
ndex m easuring the frequency of nteraction w ith
m em bers of theirnetw ork, 3) subjctive suppotrt, a six-
item scale m easuring the participant’s perception of
their nclusion as a valied and usefiilm em ber of the

socialnetw ork and the participant’s perceived satisfac-
tion w ith social support received, and @) mstrum ental
support, a 13-tem Index listng tangble services
received from the participant’s support netw ork.

Anxiety was measured by summ ng three iem s
(tense, w orried , relaxed) selected from the briefversion
of the State-Trait Anxiety Ihventory - State STAIS;
Berg et al. 1998). A t the mitdal visit, participants used
a vepoht sale to rate the extent they have felt
these em otions during the past24h (1,notatall;2,a
little; 3, m oderately; 4, quite a bit; 5, extrem ely). The
rem aining three iem s of the brief version (steady,
strained , com fortablk) w ere not ncluded due to sim ilar
wording w ih other fhon-anxiety) sym ptom s experi-
enced by older aduls after fracture.

Coonitve

The Short Blessed Test (SBT) evaluated baseline cogni-
tive satus Katzm an etal. 1983).H gher scores ind icate

Trapctordes of depressive sym ptom s after hip fracture 1415

m ore cognitve dif culdes. Participants w ere excluded
if they had a previous diagnosis of dem entia or
show ed m oderate t severe cognitve in paim ent on
the SBT (score >12), that did not resolve by the end
of their surgical repair hospialization .

During the nital hospialization, w e also ensured

absence of delirim sym ptom s usihg nterview er's
observations, chart records, and the Deliriim Rating
Scale ODRS; Trzepacz & Dew ,1995).

Health

The Cumulative Illness Rating Scale for G eratrics
CIRSG) evaliated medical illness burden ™ iller
et al. 1992). The scale quant es m edical data from
chart review s and participant hterview s. Fourteen
bodily system s are rated on a 0-4 scale [0, no problem ;
1, mid problem ; 2, m oderate severity problem ; 3,
severe disability; 4, extrem ely severe problem g.
acute hp fracture would be rated 4)]. Ratings are
then wllied for a total score. M edication usage w as
also docum ented at the mitdal visit. Tw o dichotom ous
variables w ere created t idicate antidepressant and/
or psychotropic use. H istory of sm oking w as collected
at baseline and sm oking status was classi ed as (1)
current, ) past, or B3) never sn oked.

Living
A tall tin e poInts, the participant’s place of residence

w as recorded as living at hom e or a type of facility
eg. skilled nursing facility).

Statistical analysis
TrakEctory m odeling

I this study, we emplyed group-based tmafctory
m odeling to characterize depressive sym ptom s after
hip fracture. The procedure proc TRAJ, GAS 93, SAS
Thsttute Tnc., U SA ) utilizes sem iparam etricm axin um

lIkelihood estmation t clstr partcipants nto
groups that follow sin ilar progressions of latent tra-
Fctories over tim e w ithout nferring zones of rarity.
A series of quadratic m odels w ere run that allow ed
evaliation of an Increasing num ber of trafctories
and the rem ovalofhigher order non-signi cant slopes
n order to determ ine the num ber of trafctories that
bestcharacterized oursam ple overtin e.M odelspeci -
cation nclided a zero-in ated Poisson (IP) distrdbu-
ton t t the positvely skewed datm, review of
alphas to determ ine the in ation function for each tra-
Pctory e g.teroept, linear, orquadratic zero-n  ation
probability logit, usual Poisson m odel), and starting
points acoounting for the nidal, pre-fracure M ADRS
soores. Carefiilm odelselection ncluded clinician nter-
pretation, group sizes >5% , and use of Bayesin
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hfom ation Criteria BIC) values to com pare com pet-
g m odels w ith different num ber of trafctories and
polymnom ial functons. Participants w ere assigned to a
speci ¢ tapctory, using the highest probabiliy of
m em bership, once the m odel w as correctly speci ed.
hdividuals w ith probabilites <0.70 w ere excluded in
aid of cormect classi cation Nagin & Odgers, 2010).
The resulting group m em bership was then used In
the follow ng analyses incliding AN O VA s for percent
of functoning and m obility recovered and exam in-
ation of variables obtaied at the hidal visit (e. ¥
for categorical variables, ANOVA s for continuous
varibles).

M ulbnam &1 Iogistic model M LN )

Trapctory group m em bership w as the dependentvari-
able. hdependentvariables mclided in the nalm odel
w ere age, gender, CIRS-G , antidepressant use, sm ok-
Ing history, pain ratings, SBT cognitive satus, FRSm o-
bility soores, GALES stress ratings, D SSI subscales,
anxiety sym ptom s, history of m mor/m ajpr depression,
and in plant type. Inclusion of these variables w as
based on previous research supporting a variable’s in -
portance, ensuring variables w ere not redundant, in -
t, an nnterpretable M LN

coef cient In tem s of sign, size, and signi cance,

provem ent In m odel

andor a signi cant ndependent ANOVA or ¥ test.
Continuous variables w ere centered to in prove Inter-
pretation of log odds.

G eneralized estin ating equatdon GEE)

GEE w asused to m odelthe repeated pain assessm ents.
SA S procedure cenyop w ith a nom aldistrbution, log
Iink, and unstructured covariance structure w as gpe-
ci ed o exam lne the m ain effect of tim e, rafctory
group, and the mteraction betw een tim e and group .

Survival analysis

The lbg-rank ™ antel-Cox) test com pared if the sur-
vival curves w ere dentical am ong the three trapctory
groups I regards to lkelihood of retluming hom e post-
fracture. For the living arrangem ents analysis, only
participants w ho lived athom e at the tim e of fracture
w ere mclided. Participants w ere considered uncen-
sored if they retumed home at a particular time
pontduring the study . Participants thatdid notretum
hom e w ere censored and tim e to hom e w as recorded
as their lastavailable data tim e pomt. Survivalanalysis
w as calculated using the product lin it Kaplan-M eier)
m ethod w ith GraphPad Prism v. 605 for W mdow s
G raphPad Softw are, USA ).

Results

Identification of trajectories: resilient, distressed, and
depressed

Tabl 1 presents statistics on dem ographics, m obility,
health, hospimlization , psychosocial, cogniton, and re-
covery for all participants and by the identd ed trajc-
tory groups. Twenty-three participants were not
nclided In the trafctory m odel due t m issing data
on the M ADRS atbaseline and an addibonal 29 part-
clpants were excluded because their probability of
m em bership to one group w as <0.70. The group based
trapctory analysis in plied three typicalpattems ofde-
pressive sym ptom s em erging during the year post-
fracture, w hich w e nam ed ‘resilient’, distressed’, and
depressed’ Fig. 1). The resilient trafctory consisted
of 223 (51 8% ) participants w ho exhbired a very low

level of depressive sym ptom s throughout the study
period . The distressed trafctory ncluded 164 381% )
participants, w ho had an midal ncrease in depressive
sym ptom s during the st month post-fracture that
gradually subsided to levels sim ilar to pre-fracture
scores. The depressed trapctory consisted of 43 (10% )
participants w ho experienced a high level of depres-
sive sym ptom s throughout the study. Speci cally,
this group had an elevation of depressive sym ptom s
atw eek 1 that ncreased further to a threshold typical
of clinical depression in older adults M ADRS 5 15)
betw een w eeks 1 and 8 and rem ained high for the re-
m ainder of the year.

There were 50 (22 4% ) participants clinically diag-
nosed w ith new -onset m ajpr or m nor depression
after the nidal baseline visit. O £ these, participants
were more lkely t be In the depressed @2.0% ) or
the distressed (66 0% ) trafctory groups than the resili-
ent trafctory group R0% , X =3018 ), p4 0.001].

Baseline variables associated w ith trajectory group
m em bership

Resuls from the m ultinom ial logistic m odel (Table 2)
show s that health and em otion-related characteristics
obtained atbaseline acoount for part of the differences
betw een trafctory groups (seudoR?=0232,p<0001).
Compared to the resilient group, on average, the
depressed group had 38% higher GALES stessful
life-event mtings, 49% higher anxiety, and w as 39%

less satds ed w ith subjctive support. The depressed
group w as also 3 6 tin esm ore lkely to be Bking ant-
depressants, three tim es m ore lkely t have a history
of m ajpr or m nor depression, 41 tin es m ore lkely
to be a curment smoker (eference group: never
an oked), and 69 tim es m ore lkely to have a sliding
hip screw /M nailother type of surgicalin plant (refer-
ence group: total hip arthroplasty /hem iarthroplasty)
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Table 1. D escriptive statdistics of study sam ple and for the different trajectory groups

Trafctory group
ATl Resilient D istressed D epressed
(h=430) f=223) fh=164) h=43) P Posthod®
D em ographics
Age,years,mean &o.) 782 838) 785 B8 4) 782 B89) 765 101) 040
Education, years, m ean 6o .) 132 29) 132 9) 130 28) 136 3.0) 046
Gender,n & femalk) 325 (75 8) 168 (75 3) 123 (75.0) 34 (791) 085
Ethnicity,n & )
Caucasian 403 (93.7) 208 (93 2) 155 (94 5) 40 03 0) 067
A frican Am erican 24 66) 12 5 4) 9 65) 3 (7.0)
A sian 30.7) 3@14) - -
Living arrangem ent,n & °
Home 412 (95 8) 215 (96 4) 157 (©5.7) 40 03 0) 052
Rehab,SN F,ALF 18 @2) 8 B6) 7 @3) 3 (70)
M obility
Ambulatory status,n & )°
Com m unity am bulator 403 (939) 211 (955) 153 (93 3) 39 007) 042
H ousehold am bulator 26 61) 11 6.0) 11 6.7) 4 93)
A ssistive devices,n & )°
N o assistive device 311 (72 5) 165 (74 3) 120 (73 2) 26 605) 023
U se cane 61 (142) 33 (149) 19 (116) 9 209)
Usew aker 57 @3 3) 24 (1038) 25 (152) 8 (186)
Health
CIRS-G co-m orbidides, mean 6o .) 126 B.7) 119 B5) 133 38) 137 @1) <0.001 DepMbis>R
Antidepressantuse,n & yes) 88 (0.7) 36 (164) 35 213) 17 405) 0.002 Dep >DisR
Antpsychoticuse,n & yes) 99 @33) 47 @Q15) 41 @50) 11 @62) 065
Sm oking status,n & )
Current 51 (119) 18 81) 23 (141) 10 23 3) 0.02 Dep >Res
Past 208 485) 105 471) 83 (509) 20 @465)
N ever 170 B396) 100 @44 8) 57 35.0) 13 B02)
H ospitalization
Days to surgery, m ean 60 .) 16 1L.7) 18 (1.7) 15 @18) 12 0.7) 007
Length of stay, mean 6o .) 55 @438) 50 22) 57 66) 73 886) 0.02 Dep >DisR
Type of fracture,n & )
Fem oralneck fracture 218 (514) 121 65.0) 84 (522) 13 302) 0.02 Dep<DJ'S/R
Ihtertrochanteric 165 389) 76 (34 5) 66 @41.0) 23 635)
Sub-trochanteric and other 41 07) 23 105) 11 68) 7 163)
Type of surgery,n & )
Totalhip/hem frthroplasty 172 402) 9% @34) 67 409) 9 209) 0.02 Dep <D isR
htemal xation w ith screw s 101 236) 57 258) 31 189) 13 302)
0 ther® 155 362) 68 (30.8) 66 @402) 21 @489)
Em otion -related assessm ents
Anxiety trais®t
Relxed, mean 6o .) 33 @12) 30 @1) 35 @2) 37 @1) <0.001 Dep/bis>R
W orrded, mean &b .) 23 (13) 19 @1) 26 13) 31 @12) <0.001 Dep >Dis>R
Tense,mean 6o .) 23 @13) 19 @1) 26 13) 30 @4) <0.001 Dep >Dis>R
D uke Social Support lhdex
Tnstrum ental support,m ean 6o .) 99 1) 100 0) 99 22) 94 0) 030
Social nteracton, m ean 6o .) 63 (4) 65 4) 62 4) 57(2 0) 012
Socialnetw ork, mean 6o .) 53 @2) 52 @2) 53 @2) 5 @5) 091
Subictive support,m ean 6o .) 103 20) 99 (1L6) 105 21) 115 29) <0001 Dep>Dis>R
GALES stress rating, m ean 6p ) 27 29) 20 24) 31 30) 45 B36) <0.001 Dep >Dis>R
M ADRS,m ean @D.)h 32 44) 15 20) 46 @48) 4 6.7) <0.001 Dep >Dis>R
H istory of depression,n & yes)i 61 (14 4) 17 (71.7) 30 184) 14 B50) <0001 Dep/bis>R
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Table1l (nt)
Trafcory group
ATl Resilient D istressed D epressed
=430) f=223) fh=164) L =43) p Posthod®
C ogn iHbon
ShortBlessed Test,mean 6o .) 46 33) 43 (33) 49 32) 52 35) 0.07
R ecovery assessn ents
FunctionalRecovery Score
BADL score,mean 6o .) 437 1 8) 437 1 6) 435 (23) 440 (00) 027
IADL score,mean 6o .) 214 30) 216 31) 212 31) 210 3) 025
M obility score, m ean 6o .) 309 B8) 312 B6) 308 B6) 298 (61) 0.08
Totalsoore, mean 6o .) 960 €8) 965 66) 955 (71) 948 66) 016
Pal rating scale, m ean (sn.)j 33 28) 29 (28) 34 28) 43 (25) 0.01 Dep >DisR

ALF, A ssisted living facility; BAD Lis, basic activides of daily Iiving; CIRS-G , Cum ulative Ilness Rating Scale for G eriatrics;
Dep, D epressed trafctory group; D is, D istressed trafctory group; IA D Lis, Instrum ental activides of daily living; GALES,
G eriatric A dverse Life Events Scale;M ADRS, M ontgom ery-A sberg D epression Rating Scale; R, resilient; Rehab, rehabiliation

facility ;s o ., sandard deviation; SN F, skilled nursing facility .

2Signi cant ) tests w ere further evaluated to com pare cell counts using a z test and Bonferroni correction .

® place of residence at tin e of fracture.

¢ Participants reported on their pre-fracture finctional status.
40 ther: sliding hip screw , intram edullary nail or speci ¢ in plant.

€ Participants reported on their em otions for the past 24 h.

fFor relaxed , high scores re ect Jess anxiety ; for tense and w orried, high socores re ect high anxiety .
9 Participants reported on adverse life events in the year prior to fracture.

b Participants reported on theirm ood in the w eek prior to fracture.

i€ linical interview to determ ine pastm aprorm inor depression disorder.

Iparticipants reported on their pain Jevels during the past24 h.

com pared to the resilient group . The disttessed group,
rehtive to the resilient group, had 10% higher CIRSG

soores, 15% higher GALES ratings, 25% higher anxiety
rmtngs, and 11% poorer SBT oognitve soores.
A dditonally, the distressed group was 13 tin es m ore
kel t© have a history of depression, 1.7 tin es m ore
lkely to be a current sm oker, and 11 tim esm ore kel
to have a surgical repair consisting of sliding hip screw /
M nailother In plant in relation to the resilient group .

Post-fracture variables associated w ith trajectory
group m em bership

Reovery of m doility

U sing the m obility scaled soores from the FRS,w e esti-
m ated the percent of m obility recovered from their
pre-fracture m obility scores [(llow up w eek pre-
fracture) x 100] to exam Ine how the groups recovered
Fig. 2a). At 12 weeks’ postfracture, the depressed
group had recovered to only 64% of their pre-fracture
m obility score, w hereas the resilient group had recov-
ered to 83% (F2360=91,p<0.001).Sin flarly, at 1-year
postfracture, the depressed group recovered to only

67% of their pre-fracture m obility score, w hereas the
resilient group recovered to 88% (Fo327,=1364, p<
0.001).

O verall functimal recovery

W e found sin ilar results using the percentof toalFRS
score, which nclides not only m obility but also
BADLs and IADLs, rhtive t pre-fracture toml FRS
Fig. 2b). At 12 weeks’ postfracture, the depressed
group had recovered to only 77% of their pre-fracture
function, w hereas the resilient group had recovered
to 89% (Fo360=96,p<0.001).Sin ilarly, at 1+year post-
fracture, the depressed group recovered to only 80% of
therpre-fracture toalFR S, w hereas the resilient group
recoverad to 93% (F,53,=120,p<0.001).

Pann

The depressed trafpctory group reported m ore paln
than the resilient and distressed groups throughout
the study.Results from the GEE m odelfound a signi -
cantm ain effectof tim e (x%=180.6,p< 0.001), m ain ef-
fect of tapctory group (=564, p<0001), and a
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Fig.1l. Trafctories of depressive sym ptom s, m easured w ih
M ontgom ery-A sberg D epression Rating Scale, after hip
fracture using group-based trajctory m odeling. Three
clusters of ndividuals follow ng sin ilar pattems of
depressive sym ptom s em exging during the year
post-fracture w ere classi ed In the nidal sam ple of 459
(resilient 50.7% , distressed 39 3% , depressed 10.0% ). The
depressed group experienced a persistently high num ber of
depressive sym ptom s throughout the study period.
Predicted estin ates w ith 95%
shown.M odel speci cation nclided a quadratic
zero-in ated probability @IP) logit for the resilient group,
an nterceptonly ZIP Iogit for the distressed group, and a
typical Poisson function for the depressed group.

con dence ntervals are

tin exgroup Mteraction (G, =338, p=0.02), indicating
participants In the depressed group rEported m ore
overallpain and m ore persistence of pain than the re-
silient group Fig.3).

Secondary ocutaom es

Supplem entary Table S1 illustrates addidonal out-
com es of m obility, living arrangem ents, and m ortality .
Atl-vyearpost-fracture, the depressed trafctory group
w ere less lkely to be ndependent of assistive devices
than the resilientgroup and m ore lkely to use aw heel-
chair orbe non-am bulatory than the distressed and re-
silient groups (¢ =279, p4 0001).Likew ise, a Iow er
proportion of particpants In the depressed group
reported they were able to wak In the communiy
than participants In the resilient and distzessed groups
(G=186, p4 0001). I regard to participants w ho
lived at hom e at the tim e of fiacture and w ere able to
retum hom e during the study perdod , w e found no dif-
ferences betw een trafctory groups (=33, p=019),
nor betw een survival curves w hen exam ining tim e to
hom e (og rank=06,p=041).M orality did not differ
betw een trafctory groups (G =58,p=0.06).
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D iscussion
I this large sam ple of patients w ith hip fracture, we
characterized pattems of new -onset depressive sym p-
tom sduring the yearpostfracture.O urdata suggested
three clusters of participants based on the course of
em ergent depressive sym ptom s: the ‘resilient’ group
who scshowed no mntense distress, the Yistressed’

group who exhibited a sm all but transient rise, and
the Yepressed’ group w ho experienced high levels of

depressive sym ptom s.N ext, w e exam ned w hich clin-
ical and psychosocial variables w ere associated w ith
m ore depressive sym ptom s and found the depressed
tmapctory could be distinguished from the resilient
group by severalhealth and psychosocialvariables col-
lected at the nidal visit. Last, w e found the depressed
trakctory w as less lkely to recover to theirpre-fracture
m obility scores and had higher levels of pain through-
out the study com pared to the distressed and resilient
groups.

The study’s repeated depressive sym ptom assess-
m ents during the year post-fracture allow ed us to ob-
serve longiudmal pattems of depressive sym ptom s

that develop after a m edical stressor. A s depression
can go unrecognized postsurgery M GllerThom sen
et al. 2002), we exam ned which baseline variables
oould be characterized as risk factors for developing
a depressive trafctory post-fracture.H gh anxiety, his-
tory of stressfuil life events, less satisfaction w ith sub-
Bctive support, antidepressant use, being a curnent
am oker, past clinical diagnosis of m apr or m nor de-
pression, and in plant type w ere found to differentiate
the depressed group and resilient group in our study.
Among these early ndicators of a depressive trafc-
tory, severalof them supportprevious ndings.Forin-
stance, m ore anxiety w as identi ed as a risk factor for
being In the depressive trafctory, replicating a prior
report by Oude Voshaar etal. 2007).A history of de-
pressive illness has also been correlated w ith develop-
m ent of depression postfracture @Lenze et al. 2007;
Oude Voshaar et al. 2007). H gher stress levels experi-
enced w ith adverse life events In the year prior to
fracture predicted m em bership in the depression tra-
Fctory . To our know ledge, this is the rststudy to re-
port this association In this settng although it is
consistent w ith research indicating depression often
develops in the context of m uldple, cum ulative stress-
fil life events Kendler et al. 1999; Brown et al. 2014;
Sw artz ecal. 2014).

Ourresuls also dem onstrated thatparticipants w ho
follow ed the depressive trapctory exhibied worse
fiinctionaland m obility outoom es In the post-operative
repeated m easures. The depressed group had the ow -
est percentage of pre-fracture functon recovered, in
term s of both m obility and total functional recovery,
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Table 2. Estmated odds ratios O R) and 95% amfidence ntervals CI) from muldnam il ogistic regression of trajectory groups

Estin ate SE. Pr>y? OR 95% CI
D istressed v. resilient

Intercept —142 048 0.003 024

Age,years 0.02 0.02 022 1.02 099-1.06
Antidepressantuse 0.07 037 085 107 052-223
Anxiety trais 022 0.05 <0.001 125 113-138
CIRS-G co-m orbidides 010 0.04 002 110 1.02-120
FRS M obility score 0.00 0.04 093 1.00 093-1.08
GALES stress rating 014 0.05 001 115 1.04-128
Gender -019 033 055 083 044-156
H istory of depression 085 043 0.05 233 1.00-542
In planttype - ntemal xation w ith screw s -031 036 039 0.73 036-148
In planttype - sliding hip screw , M nail, other 076 032 0.02 214 113-4.03
Paln rating scale -005 0.05 039 096 086-1.06
SBT cognitive score 010 0.04 002 111 102-121
Sm oking smtus- current 1.00 050 0.05 271 1.01-729
Sm oking status - past 050 032 011 165 0.89-3.06
Socialnetw ork 0.05 0.03 018 1.05 098-112
Subctive support 011 0.08 018 111 095-129

D epressed v. resilient

Intercept -501 099 <0.001 001

Age 0.04 0.03 024 1.04 098-110
Antidepressantuse 153 059 001 461 146-14 61
Anxiety trais 040 0.09 <0.001 149 125-1.78
CIRS-G co-m orbidides 0.05 0.07 045 1.05 092-120
FRS m obility score 0.02 0.07 081 1.02 089-117
GALES stress rating 032 0.09 <0.001 138 117-164
Gender -0954 060 011 039 012-126
In planttype - Intemal xation w ith screw s 101 065 012 275 0.77-9.77
In planttype - sliding hip screw - M nail, other 207 063 0.001 794 231-2731
H istory of depression 139 065 003 402 113-14 28
Pan rating scale 0.09 0.09 033 1.09 092-130
SBT cognitive score 0.06 0.08 042 1.07 091-124
Sm oking status - curent 163 0.79 0.04 511 1.09-24 .00
Sm oking status - past 051 059 039 167 052-531
Socialnetw ork 0.09 0.06 012 1.09 098-122
Subctive support 033 011 0.003 139 112-172

CIRS-G, Cum ulative Ilness Rating Scale for G eriatrics; FR S, Functional Recovery Score; GA LES, G eriatric A dverse Life

Events Scale; M , intram edullary; SBT, Short Blessed Test.

Reference categories for categorical variablks are antidepressant use fione), gender fm ale), history of depression (o),

and

an oking s@tus fhever sm oker), In plant type (talhip arthroplasty, hem aarthroplasty).
Likelhood ratio * statistic 6 r)=11723,p<0001 32),AIC =52577,R*= 32 (Cox & Snell), 038 N agekerke adjisted
value).Each param eter is ndependent of the other variables.n = 305.

of the three ttapctory groups throughout m ost of the
study perdod . A s can be expected , percent of m obility
and total functon recovered was ow for all three
groups 4 weeks affer fracture. At 3 months post-
fracture, how ever, the depressed group saw little in -
provem ent In m obiliyy, w hereas both the distressed
and resilient groups had recovered to 80% of their
pre-fracture m obility . A dditonally, a greater propor-
tion of participants In the depressed group were
non-am bulatory or required assistive devices 1-year

post-fracture, ndicating greater dependence and m o-
bility disabiliy n this group. Our ndings agree
w ith previous literature show ing depressive sym ptom s
are associated w ith poor rehabiliation outcom es, loss
of mdependence M ossey et al. 1990; Holmes &
House, 2000b; Lenze et al. 2004; H ershkoviz et al
2007; Tseng et al. 2012), and failure to regain w aking
ability after hip fracture rehabilimton M ossey et al
1990; Givens et al. 2008; M omghen et al. 2011).
Likew ise, our ndings echo prior evidence of poor
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Fig.2. Depressed trafpctory associated w ith poorerm obility and finctional recovery . A ssessm ent of w hether participants
retumed to pre-fracture fiinctoning w as estim ated as the percent recovered at each tin e ponnt relative to pre-fracture scores
[(folow -up w eek pre-fracture) x 100]. Both percent of @) m obility recovered and b) total functional recovery indicated

signi cant differences betw een the depressed and resilient groups atw eeks 12, 26, and 52. Figures display m eans w ih

standard error bars for each tin e pomnt.

fiinctional recovery In patients w ith depressive sym p-
tom s In other clinical settings such as stroke and car-
diac rehabiliation H ermm ann et al. 1998; Sw ardfager
ecal 2011).

Another In portant nding w as the progression of
pain over tim e In the depressed trafctory . lh contrast
o Petrovic et al. 2014), who reported higher post-
operatory paln after hip arthroplasty in patients w ith
depressive sym ptom s, w e observed that pain ratings
w ere sin ilar am ong the three ttajfectories n the Inm e-
diate postoperatory period. H ow ever, differences m
pain becam e evident over tine w ih the depressed
group exhibiting higher pain than the distressed and
resilient groups the rem ainder of the year. O verall,
this ndig adds to existing litemture ndicating a
close association between pan and depression
W illiam son & Schulz, 1992; Karp et al. 2005; M orone
et al. 2010; Jackson, 2013; D enkinger et al. 2014). It is
also possible that pain could have nterfered w ith re-
covery In the depressive trafectory group, as higher
levels of pain have been associated w ith poorer finc-
ton after hp fracture W illams e al 2006;
Salpakoskietal. 2014).

The poorer functional recovery soores and higher
palh rmatngs inply particpants In the depressed
group experienced a higher burden of disability affer
hip fiacture. In this regard, severml studies have
show n an association betw een depression and disabil-
ity i oMder adults Kennedy et al 1990; Zeiss et al
1996; Beekm an et al. 1997; Prince et al. 1997; Penninx
et al. 1999; Lenze et al. 2001;0 m elet al 2002).0 ur re-
search group haspreviously reported the rapid onsetof
depressive sym ptom s isa com m on eventduring acute-
care hogpialization (Lenze etal. 2007). thas also been
postulated that depressed patients are less physically

active (Penninx et al. 1999) and participate less in re-
habilitation program s, in peding their functonal recov -
ery Feinstein, 1999; Lenze et al. 2004 ; Sw ardfager et al.
2011).The ndigsalso callattention to thedif culty n
disceming causal nference n an observational study,
as it m ay be that persistent disability and pan led to
persistently elevated depressive sym ptom ology .

Unigue sudy strengths mclide our prospective de-
sign, the system atic m easurem ent of depressive sym p-
tom s in m ediately afterhip fracture, and the ong-tem ,
com prehensive battery of clinical and psychosocial
assessm ents. In additon, study participants were
assessed free of depressive illness, deliriim , and
m odemtesevere cognitive in paim ent at the begin-
ning of the study w hich allow ed us to m ore accurately
exam ne the trafctory course of em ergent depressive
sym ptom s after hip fracture.

Som e lin imtions should be considered w hen nter-
preting this study’s results. First, mfom ation about
falls w as not mcluded . G ven that falls are associated
w ith depression Kvelde et al. 2013; Stubbs et al
2016) and a history of 2lls is associated w ith poorout-
door waking recovery (Salpakoski et al. 2014) we
ocould not adequately explore confounding effects
rlated to Blls I our results. Second, m obility was
assessed using the participant’s selfreport from the
FRS at all tim e points. An obfctive m easure such as
the Tined Up & Go’ test Podsiadlo & Richardson,
1991) could have provided a m ore precise estim ation
of m obility. Third, the use of the num erical pain rat-
ng scale lin ited our abiliy t© explore different
aspects of pamn. n future research w e w ould consider
using the Brief Pamn Iventory (Cleeland & Ryan,
1994), w hich assesses paln ntensity and mterference
w ith activides.
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Fig.3. Depressed trafctory associated w ith higherpain.
Repeated m easures of pai ratings, using generalized

estin ating equations, revealed a signi cant tin e, group, and
tin exgroup teraction.Estim ated m eans w ith standard
error bars are show n.

T conclusion, three trafectories of depressive sym p-
tom s - resilient, distressed , and depressed - w ere spe-
cl ed using group based trafctory m odeling . Focusing
on the depressed trapctory, this group, com prising
10% of particpants w ith hip fracture, had poorer re-
covery of m obility, poorer functional recovery, and
higher ratings of pain i the year Hllow ing hip
fracture. The necessity of w aking ability and function-
al recovery to regaining mndependence after hip
fracture underlnes the inportance of our ndings
Salpakoski et al. 2014). A s w ell, several clinical and
psychosocial variables were ddentdi ed which could
be potentially useful variables n delneating w ho is
at greatest risk for developing a depressive trafctory
affer hip fracture, although there is considerable add-
itHonal variance w hereby fiirther research could iden-
tfy other variables g. bilogical, neurobilogical)
o create a m ore robust predictive mdex of depression .

Last, these ndings linking the onset of depressive
sym ptom s and disability suggest that prom pt ddentd -
cation and m anagem ent of depression m ay prevent
continuous and persistent depressive sym ptom s and
thus In prove both psycholgical and functional out-
com es affera disabling m edicalevent.Yet, treating de-
pressive sym ptom s In this context poses a challenge.
Antidepressant m edications are not indicated in
the absence of a mapr depression diagnosis and
they are often poorly tolerated and ineffective in the
very old and m edically il @ lam o et al. 2014; D iz &
Reynolds, 2014; Iaboni et al. 2015). Likew ise, psycho-
thermpy w ould be dif cult to carry outw ih m edically
illelders in npatentand rehabiliation m edical settings.
W e would argue that practical, non-pham acmlgical
terventions are needed that tthe population and set-
tihg of m edically ill, disabled elderly.G ven the stong

and lkely bidirectonal relationship betw een depres-
sion and disability, such stategies m ight mclude earl-
jer and m ore Intensive rehabilimtion after discharge
from the hospimal, as well as stuctured exercise pro-
gram s to prevent plateauing of fiinction and m obiliyy
after form al rehabilitation has ceased . Structured exer-
cise has been show n effective in reducing depression
severity In oderadults Bridle ecal. 2012) and both -
tensive, supervised exercise program s and progressive

resistance training im prove finctional recovery after
hip fracture Beaupre etal 2013).0 ur group is testing
an Intervention, Enhanced M edical Rehabiliation’,
designed to increase the mtensity of postacute physic-
al and occupational therapy, relying on m otivational
techniques to overcom e patients’ em otional barriers
to rehabilimtion participation such as depression
Lenze et al. 2013). Further testing of this and other
practcal nterventions could help m axin ize recovery
efforts postfracture w hen depressive sym ptom s arise,
providing rhef from ntertw med depression and
disability .

Supplem entary m aterial

For supplem entary m aterial acoom panying this paper
visit http y/Adx doiorg/101017/50033291715002974 .
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