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Abstract

Background: To describe demographic and clinical factors associated with the presence and incidence of
depression and explore the temporal relationship between depression and joint symptoms in patients with
symptomatic knee osteoarthritis (OA).

Methods: Three hundred ninety-seven participants were selected from a randomized controlled trial in people with
symptomatic knee OA and vitamin D deficiency (age 63.3 ± 7.1 year, 48.6% female). Depression severity and knee
joint symptoms were assessed using the patient health questionnaire (PHQ-9) and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), respectively, at baseline and 24 months.

Results: The presence and incidence of depression was 25.4 and 11.2%, respectively. At baseline, having younger
age, a higher body mass index (BMI), greater scores of WOMAC pain (PR: 1.05, 95%CI:1.03, 1.07), dysfunction (PR:
1.02, 95%CI:1.01, 1.02) and stiffness (PR: 1.05, 95%CI: 1.02, 1.09), lower education level, having more than one
comorbidity and having two or more painful body sites were significantly associated with a higher presence of
depression. Over 24 months, being female, having a higher WOMAC pain (RR: 1.05, 95%CI: 1.02, 1.09) and
dysfunction score (RR: 1.02, 95%CI: 1.01, 1.03) at baseline and having two or more painful sites were significantly
associated with a higher incidence of depression. In contrast, baseline depression was not associated with changes
in knee joint symptoms over 24 months.

Conclusion: Knee OA risk factors and joint symptoms, along with co-existing multi-site pain are associated with the
presence and development of depression. This suggests that managing common OA risk factors and joint
symptoms may be important for prevention and treatment depression in patients with knee OA.

Trial registration: ClinicalTrials.gov identifier: NCT01176344.
Anzctr.org.au identifier: ACTRN12610000495022.
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Background
Osteoarthritis (OA) is a prevalent joint disease, charac-
terised by whole joint structural changes, and is consid-
ered as a serious disease [1]. OA affects nearly 240
million people throughout the world, and its prevalence
is projected to increase as the population ages and obes-
ity rates increase [2]. Joint pain, stiffness and limited
function are common joint symptoms of OA, resulting
in reduced quality of life and disability that contribute to
substantial financial burden for individuals [3]. In
addition, OA is associated with comorbidities, including
cardiovascular disease, diabetes, hypertension, falls, frac-
tures and depression [1].
Depression is a major global public-health issue and is pro-

jected to be the second leading cause of disease burden by the
year 2020 [4, 5]. A recently systematic review and meta-
analysis recently reported that 19.9% of people with OA had
depressive symptoms, with a relative risk of depression of 1.17
in those with OA compared to those without [6, 7]. However,
depression is often under-recognised and under-treated in
older adults, particulary in patients with OA [8, 9]. Further-
more, concomitant depression in OA patients contributes to
increased difficulties in OA management and disease burden
[4]. Therefore, the interaction between OA and depression
should be taken seriously, and screening, prevention and treat-
ment of depression in OA patients should be considered [10].
Concomitant depression with OA may be mediated by ei-

ther biological or behavioural mechanisms with different aeti-
ology and risk factors [4, 11]. For example, there may be a
mechanism between pain and depression by neurobiological
links [12]. Besides, physical limitation caused by OA may lead
to gradual withdrawal from rewarding activities and social ac-
tivities [13]. A better understanding of depression in OA pa-
tients is crucial for identifying modifiable risk factors and key
areas for intervention [1]. Joint pain, decreased physical per-
formance and increased risks for chronic comorbidities are
typical characteristics of OA, which may be associated with
depression [9, 14, 15]; however, the longitudinal relationship
between clinical OA characteristics and depression in individ-
uals with OA has been poorly studied. In addition, although
the reciprocal relationship between depression severity and
pain is established, whether current depression severity pre-
dicts changes in joint symptoms overtime has been rarely in-
vestigated in knee OA patients [16–18].
The aims of this study were, therefore, to describe

demographic and clinical factors associated with the
presence and incidence of depression and to explore the
temporal relationship between depression and joint
symptoms in patients with symptomatic knee OA.

Methods
Study design and participants
This study is a post-hoc analysis of a multicenter, ran-
domized, double-blind, placebo-controlled trial, the

Vitamin D Effect on Osteoarthritis (VIDEO) study,
aimed to evaluate the effect of vitamin D supplementa-
tion in patients with symptomatic knee OA and vitamin
D deficiency [19]. Participants were allocated to either
the treatment or placebo arm at a ratio of 1:1, and re-
ceived a capsule containing 50,000 IU (1.25 mg) vitamin
D3 (cholecalciferol) or placebo monthly for 24 months
[19]. In this current study, both treatment and placebo
groups were combined together as a cohort, which ad-
heres to STROBE statement and include a completed
STROBE checklist in the supplementary file.
Participants who suffered from symptomatic knee OA

(American College of Rheumatology criteria) for at least 6
months in Tasmania and Victoria (Australia) were en-
rolled [19, 20]. Exclusion criteria were detailedly described
in the protocol [19]. The important exclusion criteria were
participants with the severe radiographic changes (grade 3
on the Altman and Gold atlas) and/or severe knee pain on
standing (> 80mm on a 100-mm VAS) [19].

Anthropometrics and social demographic characteristics
Height and weight were measured to the nearest 0.1 cm
and 0.1 kg (with shoes and bulky clothing removed) using
electronic scales (Heine S-7307, Heine, New Hampshire,
USA) and stadiometer (Leicester Height Measure, Invicta
Plastics Ltd., Leicester, UK) at baseline. Body mass index
(BMI, in kg/m2) was calculated [19]. The participants’ in-
formation of education history, work status/types, current
smoking and concomitant medication usage were col-
lected by the questionnaire at baseline.

Outcomes measurements
Depression severity
Depression severity was measured using the patient
health questionnaire (PHQ-9) at baseline and 24month.
PHQ-9 is a validly, reliably and commonly used instru-
ment in diagnosing and assessing the severity of depres-
sion [21]. It contains nine items with a score range of 0
to 27, with each item being scored from 0 (not at all) to
3 (nearly every day). In this current study, the cut-off
point of ≥5 for PHQ-9 score at baseline was defined as
prevalent depression (no depression or depression), and
PHQ-9 score of ≥5 at follow-up in those without depres-
sion (PHQ-9 score < 5) was defined as incident depres-
sion. Besides, based on the generally recommended
criterion, a cut-off point of ≥5 has a sensitivity of 81.5%
and a specificity of 80.6% for mild depression and a cut-
off point of ≥10 has a sensitivity of 54.3% and a specifi-
city of 91.1% for moderate or severe depression [22].
The severity of depression (none, mild and moderate, se-
vere) was used to explore the association between base-
line depressive severity and change in knee symptoms
over 24 months.
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Predictors measurement
Knee joint symptoms
The Western Ontario and McMaster Universities OA
Index (WOMAC) was used to evaluate knee joint symp-
toms at baseline and 24month. The index is widely used
to assess the joint functional capacity in clinical trials
[23]. Three subscales (pain, stiffness, and physical func-
tion) and 24 questions (5 related to pain, 2 to stiffness
and 17 to physical function) constitutes the index, with
scores from 0 (none) to 100 (severe). The sum of three
subscales scores was calculated as the total WOMAC
score (0–2400). The WOMAC score was used in the
analyses as a continuous variable.

Multi-site pain
Participants were asked whether they experienced (yes/
no) neck, lower back, hands, shoulders and others pain
at baseline. The total number of painful locations (range
0 to 5) was categorized into three groups (no pain, one
painful site, two or more painful sites).

Self-reported medical conditions
Participants were asked whether they have been diag-
nosed (yes/no) by a doctor or a nurse with any of the
following conditions: depression, angina, high blood
pressure, heart attack, stroke, high cholesterol, diabetes,
osteoporosis, asthma, bronchitis and emphysema, and
whether they had these conditions currently. The total
number of current comorbidities, except for depression,
was categorized into three groups (no comorbidity, one
comorbidity and two or more comorbidities).

Data analyses
Baseline characteristics are described as mean ± standard
deviation (SD) or numbers of participants (percentage).
Univariable and multivariable log-binomial regressions
were used to explore risk factors associated with the
presence of depression at baseline and incidence of de-
pression over time. If the log binomial model failed to
converge, it was estimated by using a poisson distribu-
tion and robust standard errors. Multivariable models
for prevalent depression were adjusted for age, sex, BMI
and baseline vitamin D level. Multivariable models for
incident depression were adjusted for age, sex, BMI,
baseline 25-hydroxyvitamin D level and treatment arms
(vitamin D treatment versus placebo). Univariable and
multivariable linear regressions were used to examine
the temporal relationship between baseline depressive
severity and change in knee symptoms over 24 months
before and after adjustment for age, sex, BMI, baseline
25-hydroxyvitamin D level, treatment arms and baseline
WOMAC score. All tests were two-sided and a P value
of < 0.05 was considered as statistically significant. Stata
version 12.0 was used to perform statistical analyses.

Results
Baseline characteristics of participants
Table 1 presents baseline characteristics of the study
participants. The mean age of 397 participants was
63.3 ± 7.1 years and mean BMI was 29.6 ± 4.9. Of them,
196 (49.4%) participants were female and 201 (50.6%)
were allocated to the treatment group. At baseline, 296
(74.6%) participants were identified as not suffering from
depression, 70 (17.6%) were identified as suffering from
mild depression, and 31 (7.8%) were identified as suffer-
ing from moderate to severe depression. The presence of
any depression in this study was 25.4% (according to the
PHQ-9), 5.8% participants had self-reported depression
and 4.3% used anti-depressant medications.

Factors associated with the presence of depression
As shown in Table 2, being younger, female, and having
a higher BMI, greater scores of WOMAC pain (Fig. 1a),
WOMAC function (Fig. 1b) and WOMAC stiffness, a
lower education level, and more than one comorbidity
were significantly associated with a higher presence of
depression in univariable analyses. After adjustment for
age, sex, BMI and baseline 25-(OH)D level, the associa-
tions persisted except for female sex, which was no lon-
ger statistically significant. Having two or more sites of
pain was significantly associated with a higher presence
of depression in multivariable analyses. Age was not sig-
nificantly associated with the presence of depression in
either univariable or multivariable analysis. Results were
similar, when self-reported depression was used as the
outcome or if the analyses were adjusted for anti-
depressant medication use (data not shown).

Factors associated with incident depression
Three hundred forty participants completed the follow-
up. Twenty-eight out of 249 participants (11.2%) without
depression at baseline had incident mild to severe de-
pression at 24 months. Table 3 shows the factors associ-
ated with incident depression. Being female and having a
higher WOMAC pain (Fig. 1c) and WOMAC function
(Fig. 1d) score were significantly associated with greater
incident depression over 24 months in univariable and
multivariable analyses. The presence and incidence of
depression were higher in females than in males (31.1%
vs 20.1%, p = 0.01 for presence, and 27.3% vs 16.5%, p =
0.02 for incidence). Having two or more painful sites
was significantly associated with greater incident depres-
sion over 24 months in the multivariable analyses. In a
sensitivity analysis further adjusting for anti-depressant
medication, the results were largely unchanged (data not
shown). In contrast, there were no significant associa-
tions between age, BMI, education, WOMAC stiffness,
comorbidity and incident depression.
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Temporal relationship between baseline depression
severity and changes in joint symptoms overtime
Table 4 describes the longitudinal association of baseline
depression with changes in knee joint symptoms over
24 months. Although participants with mild to severe
depression had greater decreases in WOMAC symptoms
compared to participants without depression at baseline
in the univariable analyses, the significant associations
disappeared in the multivariable analyses. In addition,
the results were consistent when either self-reported de-
pression at baseline was used as the exposure or if the

analyses were adjusted for anti-depressant medication
use (data not shown). When considering the potential
modification effect of treatment, the associations were
examined separately for treatment and placebo groups.
The results remained largely unchanged, except for the
negative association between baseline depression and
change in knee pain in the treatment group (Supplemen-
tary Table 1 and 2). Participants with mild or moderate/
severe depression had significant decreases in WOMAC
pain score in the treatment group, while participants
with mild or moderate/severe depression had non-

Table 1 Baseline characteristics of participants (N = 397)

Mean/ Numbers SD/ Percentage

Age (years) 63.3 7.1

Female sex (n, %) 193 48.6

Body mass index (kg/m2) 29.6 4.9

Serum 25-(OH)D levels (nmol/L) 43.7 12.2

Treatment group (n, %) 201 50.6

PHQ-9 score

0–4 296 74.6

5–9 70 17.6

≥ 10 31 7.8

Anti-depressant medication use (n, %) 17 4.3

Education

School only (n, %) 49 12.4

High school (n, %) 96 24.4

University or higher (n, %) 249 63.2

Work status

Full-time employed (n, %) 114 28.9

Part-time/causal employment (n, %) 83 21.0

Unemployed/home duties/retired (n, %) 198 50.1

Work type

Manual (n, %) 128 32.8

Office/professional (n, %) 262 67.2

WOMAC score

Pain (0–500) 136.4 87.0

Function (0–1700) 477.9 30.9

Stiffness (0–200) 62.0 40.7

Multi-site joint pain, (n, %)

No pain 240 60.5

One site 133 33.5

More than one site 24 6.0

Comorbidity, (n, %)

No comorbidity 162 40.8

One comorbidity 221 55.7

More than one comorbidity 14 3.5

PHQ-9 Patient health questionnaire depression scale; WOMAC Western Ontario and McMaster Universities Arthritis Index
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significant increases in WOMAC pain score in the pla-
cebo group. Similar trends were observed for change in
WOMAC function and stiffness.

Discussion
This study investigated the temporal relationships be-
tween demographic and OA clinical factors, joint symp-
toms and depression in patients with symptomatic knee
OA. Depression was common in this population with a
presence of 25.4% and incidence of 11.2% over 24
months. Common OA risk factors such as higher BMI,
lower education level and having two or more comor-
bidities were associated with prevalent depression and
being female was associated with incident depression in
knee OA patients, however, older age was negatively as-
sociated with prevalent depression. Higher levels of knee
pain and physical dysfunction and having multi-site pain

were associated with increased risks of both prevalent
and incident depression. In contrast, baseline depression
severity did not predict changes in OA symptoms. These
findings provide epidemiological evidence that manage-
ment of common OA risk factors, chronic pain and joint
dysfunction may be beneficial for preventing and man-
aging depression in knee OA patients.
Numerous studies have explored the demographic fac-

tors associated with depression in elderly populations.
Female sex, lower education levels and the biological
risks including endocrine and inflammatory factors are
potential risk factors for depression in the elderly [24].
However, only a few studies have been conducted in in-
dividuals with OA, and most did not assess longitudinal
relationships. A cross-sectional study reported that fewer
social contacts, increased BMI, perceived pain and lim-
ited physical activity were associated with depression

Table 2 Factors associated with the prevalence of mild to severe depression at baseline (N = 397)

Univariable Multivariablea

PR (95% CI) PR (95% CI)

Age (years) 0.96 (0.94, 0.99) 0.96 (0.94, 0.99)

Female sex (n, %) 1.55 (1.10, 2.18) 1.38 (0.98, 1.96)

BMI (kg/m2) 1.05 (1.02, 1.09) 1.05 (1.02, 1.08)

Education

School only (n, %) Reference Reference

High school (n, %) 0.63 (0.40, 1.00) 0.61 (0.39, 0.95)

University or higher (n, %) 0.49 (0.33, 0.73) 0.50 (0.34, 0.74)

Work status

Full-time employed (n, %) Reference Reference

Part-time/causal employment (n, %) 0.80 (0.49, 1.29) 0.78 (0.49, 1.25)

Unemployed/home duties/retired (n, %) 0.84 (0.57, 1.22) 1.10 (0.71, 1.70)

Work type

Manual (n, %) Reference Reference

Office/professional (n, %) 0.88 (0.62, 1.25) 0.85 (0.60, 1.22)

WOMAC score/ 10 unit

Pain (0–50) 1.05 (1.03, 1.07) 1.05 (1.03, 1.07)

Function (0–170) 1.02 (1.01, 1.02) 1.02 (1.01, 1.02)

Stiffness (0–20) 1.08 (1.04, 1.12) 1.05 (1.02, 1.09)

Multi-site joint pain, (n, %)

No pain Reference Reference

One site 1.21 (0.85, 1.74) 1.06 (0.75, 1.51)

More than one site 1.64 (0.93, 2.88) 1.73 (1.00, 2.98)

Comorbidity, (n, %)

No comorbidity Reference Reference

One comorbidity 1.08 (0.75, 1.55) 1.14 (0.80, 1.65)

More than one comorbidity 2.13 (1.18, 3.86) 1.98 (1.03, 3.80)
a All multivariable analyses were adjusted for age, sex, BMI and baseline 25-(OH)D level, except for age (adjusted for sex, BMI and baseline 25-(OH)D level), sex
(adjusted for age, BMI and baseline 25-(OH)D level) and BMI (adjusted for age, sex and baseline 25-(OH)D level)
Mild to severe depression was defined as PHQ-9 scores ≥5
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severity in 1021 patients with knee OA [15]. In our
current study, we reported similar results and reported
that, cross-sectionally, higher BMI, lower education level
and having two or more comorbidities were associated
with prevalent depression. Females had higher prevalent
and incident depression than males, although the associ-
ation of female sex with prevalent depression was not
significant in multivariable analyses. While, we found
younger age was associated with prevalent depression in
elderly OA patients. Aging is a risk factor for OA, but
not a risk factor for depression. It is noteworthy that the
overall prevalence is lower in elderly compared to youn-
ger people, but older people with medical comorbidity
have elevated risk for depression [25, 26].
Obesity, female sex and a lower education level are

known as risk factors for both OA and depression.
Therefore, the high prevalence depression in OA indi-
viduals may be in part attributed to shared risk factors.
Taking higher BMI for example, higher BMI, indicating
overweight or obesity, is a well-known risk factor of OA

and also can increase vulenrability to depression directly
and indirectly through complex mechanisms [27, 28].
Obesity causes a high prevalence of OA, which may
be related to combined effects from biomechanical,
inflammatory and metabolic factors. In addition, obes-
ity can induce poor self-image, low self-esteem and
social isolation, which are well-known contributors to
depression. It also can activate inflammatory path-
ways, involving hypothamlamic-pituitary-adrenal axis
dysreuglation, which are associated with increased risk
of depression through biological and psychological
pathways [27]. Obesity and lower levels of education
are modifiable factors; therefore, management of
obesity and improvement of education level may pre-
vent depression and should have beneficial effects in
patients with knee OA. Additionally, female sex pre-
dicted incident depression over 24 months in knee
OA patients. Hence, it is important for clinicians to
screen for, and try to prevent and treat depression,
especially in female patients with knee OA.

Fig. 1 Associations of baseline WOMAC pain (0–500) and WOMAC function (0–1700) tertiles with the prevalence (a, b) and incidence (c, d) of
depression in patients with knee OA

Zheng et al. BMC Musculoskeletal Disorders           (2021) 22:40 Page 6 of 10



Joint pain and dysfunction, multisite pain and comor-
bidities are clinical characteristics of OA. Multisite pain,
joint pain and joint function limitation are common in
musculoskeletal conditions, and have been linked to de-
pression in previous studies [29]. Individuals who experi-
enced chronic pain and physical activity limitation are at
an increased risk of depression [30, 31]. In OA patients,
joint pain severity and dsyfunction were associated with
depression severity cross-sectionally and longitudinally
[32–37]. Knee OA patients with greater pain associated
with higher risk of depression at baseline and slow gait
speed may represent an important risk factor for wors-
ening depressive symptoms over time [35, 37]. The slow
gait speed has been proved to be a risk factor for phys-
ical limitaion [38]. In our study, although we used a dif-
ferent method to assess depression severity, we found

similar results. Individuals who experienced multi-site
pain, more severe knee pain and joint dysfunction, and
had more than one comorbidity were at a higher risk of
prevalent depression cross-sectionally in knee OA pa-
tients. Over 24 months, multi-site pain, knee pain and
dysfunction were associated with increased incidence of
depression over 24 months, suggesting a potentially
causal relationship. These supported the notion that
management of pain, joint dysfunction and other comor-
bidities may help to improve depression in knee OA pa-
tients [17, 39].
Depression severity is dynamic, changing over time,

and prior depressive illness modifies the experience of
currently depressed mood [40]. The reciprocal relation-
ship between depression severity and pain severity has
been well established, but whether current depression

Table 3 Factors associated with the incidence of mild to severe depression at 24 months amongst participants without depression
at baseline (N = 249)

Univariable Multivariablea

RR (95% CI) RR (95% CI)

Age (years) 0.98 (0.94, 1.03) 1.00 (0.95, 1.04)

Female sex (n, %) 2.47 (1.19, 5.13) 2.51 (1.17, 5.37)

Body mass index (kg/m2) 1.00 (0.92, 1.09) 1.01 (0.93, 1.09)

Education

School only (n, %) Reference Reference

High school (n, %) 0.82 (0.23, 2.88) 0.68 (0.20, 2.27)

University or higher (n, %) 0.75 (0.24, 2.34) 0.68 (0.23, 1.98)

Work status

Full-time employed (n, %) Reference Reference

Part-time/causal employment (n, %) 0.85 (0.29, 2.55) 0.74 (0.25, 2.18)

Unemployed/home duties/retired (n, %) 1.22 (0.53, 2.81) 1.40 (0.54, 3.67)

Work type

Manual (n, %) Reference Reference

Office/professional (n, %) 0.83 (0.40, 1.72) 0.68 (0.33, 1.38)

WOMAC score/ 10 unit

Pain (0–50) 1.05 (1.01, 1.09) 1.05 (1.02, 1.09)

Function (0–170) 1.01 (1.01, 1.03) 1.02 (1.01, 1.03)

Stiffness (0–20) 1.03 (0.95, 1.12) 1.03 (0.95, 1.11)

Multi-site joint pain, (n, %)

No pain Reference Reference

One site 1.43 (0.68, 3.01) 1.22 (0.58, 2.57)

More than one site 2.73 (0.91, 8.22) 3.55 (1.31, 9.58)

Comorbidity, (n, %)

No comorbidity Reference Reference

One comorbidity 1.02 (0.50, 2.08) 1.13 (0.54, 2.38)

More than one comorbidity 1.51 (0.23, 9.83) 1.34 (0.21, 8.66)
a All multivariable analyses were adjusted for age, sex, BMI, baseline 25-(OH)D level, and intervention, except for age (adjusted for sex, BMI baseline 25-(OH)D level
and intervention), sex (adjusted for age, BMI, baseline 25-(OH)D level and intervention) and BMI (adjusted for age, sex, baseline 25-(OH)D level and intervention)
Mild to severe depression was defined as PHQ-9 scores ≥5
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severity has causal effects on severity of joint symptoms
overtime has been rarely investigated [16, 18]. Kurt et al.
have reported that change in pain severity over 3 months
predicted subsequent depression severity, and vice versa,
change in depression severity over 3 months predicted
subsequent pain severity over 12 months in patients with
persistent back, hip and knee pain [16]. The significant
associations in the univariable analyses became non-
significant after adjustment for co-variables, suggesting
that the negative associations between baseline depression
severity and change in WOMAC scores were confounded
by other factors. In knee OA patient, we only found higher
levels of knee joint symptoms and having multi-site pain
at baseline were associated with increased risks of both
prevalent and incident depression, while baseline depres-
sion severity did not predict knee joint symptomatic pro-
gression over 2 years. There was one study have explored
the causal cumulative effect between depressive symptoms
and knee pain among patients with knee radiographic OA.
Rathbun reported the causal effect of pain severity signifi-
cantly increases with the persistence of depressed mood,
but depressive symptoms on OA knee pain does not
change over time, which was smiliar with this current
study [18]. Our findings suggest the potentially cause-
effect relationship is from knee joint pain and physical
dysfunction to depression, rather than from depression to
knee symptoms, in patients with knee OA.
This study has some potential limitations. It was a

post-hoc analysis of a randomized controlled trial which
was primarily designed to examine vitamin D supple-
mentation on knee OA outcomes. The social and socio-
economic deprivation, which are important factor and
mediator for depression and the association with knee

OA, had not been collected at enrollment, except for the
educational status and employment information in this
study. Therefore, this should be a limitation. Addition-
ally, the generalisbility may be limited to OA patients re-
cruited into trials, because of inherent issuses of
secondary analysis of a RCT. Nevertheless, the findings
from this study were plausible as we found that vitamin
D supplementation reduced visual analog scale knee
pain, improved physical function and decreased depes-
sive symptoms [41, 42]. In this study, depression was as-
sociated with reduced knee pain and dysfunction over 2
years only in vitamin D supplemented group. The rea-
sons underlying this are unclear but it may be related to
effects of vitamin D treatment, as vitamin D supplemen-
tation reduced depessive symptoms as well as visual ana-
log scale knee pain and dysfunction [41, 42]. Patients
with depression would have a more responsiveness to
vitamin D treatment and thus had further reductions in
knee symptoms. In addition, 18% participants did not
complete the 24months follow-up, and loss of follow-up
bias may be present; however, the retention rate in this
trial was high, an there were no significant differences in
the baseline characteristics between those who com-
pleted and who did not complete the trial. This suggests
a minimal loss of follow-up bias in our study. Further-
more, we defined depression using the patient health
questionnaire, which was developed for depression diag-
nostic, severity measures and assessment of depression
outcome changes over time. It may lead to misclassifica-
tion of depression; however, when we used the self-
reported depression as the outcome or exposure and
anti-depressant medication as a covariate and the results
were largely unchanged.

Table 4 The association between depression severity at baseline and change in joint symptom over 24 months (N = 337)

Univariable
β (95% CI)

Multivariable
β (95% CI)

WOMAC score

Pain (0–500) a

No depression Reference Reference

Mild depression −35.8 (−63.7, −7.9) −12.4 (−36.7, 11.8)

Moderate to severe depression −100.3 (− 143.1, −57.4) −32.0 (−72.2, 8.2)

Function (0–1700) b

No depression Reference Reference

Mild depression − 139.9 (− 222.2, − 57.7) −67.8 (− 145.4, 9.7)

Moderate to severe depression − 225.4 (− 357.5, −93.2) −90.3 (−220.3, 39.7)

Stiffness (0–200) c

No depression Reference Reference

Mild depression −13.2 (−26.0, −0.5) −5.2 (−16.5, 6.1)

Moderate to severe depression −29.4 (−49.0, − 9.8) −11.8 (−30.0, 6.5)
a Multivariable analysis was adjusted for age, sex, BMI, baseline 25-(OH)D level, treatment arm and baseline WOMAC pain score
b Multivariable analysis was adjusted for age, sex, BMI, baseline 25-(OH)D level, treatment arm and baseline WOMAC function score
c Multivariable analysis was adjusted for age, sex, BMI, baseline 25-(OH)D level, treatment arm and baseline WOMAC stiffness score
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Conclusions
Knee OA risk factors and joint symptoms, along with
co-existing multi-site pain are associated with the pres-
ence and development of depression. This suggests that
managing common OA risk factors and joint symptoms
may be important for prevention and treatment of de-
pression in patients with knee OA.
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