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Abstract: Depression, one of the most common comorbidities with osteoarthritis (OA), affects patient prognosis and quality of life. It
also increases the overall burden of disease. This subgroup of patients has not been effectively managed in clinical settings. The study
aimed to direct physicians’ attention to the co-occurrence of depression and OA. Therefore, this review summarizes the relevant
literature published over the past 10 years. The focus is on the prevalence of and risk factors for depression in OA, the effects of
depression on OA development and treatment response, comorbidity mechanisms, screening, and non-pharmacological treatment. The
research on the etiology of depression has been driven largely by epidemiological studies. Recent studies have shown that high levels
of pain, poor levels of function, high numbers of OA sites, and slow gait might be associated with depression. However, the
pathophysiology of OA and depression comorbidities remains unclear. In addition to immune inflammation and structural changes
in the brain, which have been documented in brain imaging studies, psychosocial factors may also play a role. The evidence indicates
that depression can be treated with early intervention; however, adjustments may need to be made for individuals with comorbid
depression in OA. It is recommended that health care providers pay more attention to depressive symptoms in patients with OA.
Clinicians should develop and implement an individualized and comprehensive treatment plan for patients based on a mental health
assessment and in teams with other professionals to optimize treatment outcomes.
Keywords: osteoarthritis, depression, epidemiology, prognosis, screening, treatment

Introduction
Osteoarthritis (OA), a chronic joint disease characterized by pain and limited mobility, affects over 300 million people
worldwide.1 According to the disease cost calculation method of Puig-Junoy et al, the social cost of OA may be 0.25% to
0.50% of a country’s Gross Domestic Product.2 There is consensus around the concern that the overall burden of OAwill
increase as the population ages.3

Depression is common in people with OA, with a prevalence of 20%.4 In 2020, a multicenter cross-sectional study
conducted in Australia and the United States that included 19,110 participants found that compared to the non-OA group,
the Odds ratio (OR) for depressive symptoms in the OA group was 1.41 [(95% confidence interval (CI) = 1.27–1.57).5

The reported prevalence of depression among patients treated with total shoulder arthroplasty increased from 5.1% in
2002 to 15.4% in 2012.6 This represents an almost three-fold increase. A similar trend has been observed among patients
with total knee arthroplasty (TKA).7 Considering the large population of patients with OA, a small percentage translates
into a significant number of people. Of concern is the accumulating evidence that depression negatively affects
prognosis,7 healthcare expenditures,8 and quality of life (QoL).9 Specifically, individuals with both OA and depression
have 38.8% higher direct medical costs than those with only OA.8 Data from the 2014 Japanese National Health and
Wellness Survey showed significant differences in Health-related quality of life (HRQoL), work productivity barriers,
and health care resource utilization between those with and without moderate to severe depression, even after adjusting
for potential confounders.9 The public health implications of these findings are vast, as it is suggested that depression
exacerbates the health-related burden of OA and that more attention should be paid to depression in people with OA.
However, depression is often neglected. In particular, identification and diagnosis of depression is more difficult when
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prominent somatic symptoms of OA obscure less obvious depressive symptoms.8,10 These sobering and salient evidence
emphasize the pressing need for a deeper understanding of this relationship.

Since a large number of studies has investigated the bidirectional relationship between OA and depression over the
years, we have seen the need for a more up-to-date review. This narrative review aimed to (1) summarize the relevant
epidemiologic literature; (2) explore the effects of depression on the onset, progression, and prognosis of OA and
determine the mechanisms of OA with comorbid depression; and (3) discuss the extant knowledge on depression
screening and nonpharmacological treatments in OA.

Depression and OA: Epidemiological Association
At the broadest level, a large and still growing literature documents the association of OA with depression. According to
the National Health Interview Survey (2015–2017), the age-standardized prevalence of depressive symptoms in adults
with arthritis was 12.1%; however, in adults without arthritis, it was 4.7%.11 In addition, the prevalence of depression in
specific forms of arthritis has been investigated. In 2016, a systematic review found a pooled prevalence of depressive
symptoms among patients with OA of 19.9% (95% CI: 15.9–24.5%).4 Furthermore, the prevalence of depressive
symptoms among adult knee osteoarthritis (KOA) patients and mixed lower extremity OA patients was 18.5% (95%
CI: 13.8–23.%) and 23.0% (95% CI: 16.4–30.2%), respectively.4 A meta-analysis by Scott et al found that approximately
one in five total joint arthroplasty (TJA) patients had depressive symptoms before and three months after surgery, and this
figure remained at 13% at one year after surgery.12 Historically, OA has received significantly less research attention
compared to rheumatoid arthritis (RA). After a long period of neglect, the number of studies documenting the prevalence
of depression in OA has increased in the past decade. Studies in the United States,8 Canada,13 Australia,5 Germany,14

Portugal,15 China,16 Japan,9 and Korea17 have provided evidence of an association between OA and depression.

OA as a Risk Factor for Depression
Depression is known to be a complex multifactorial disorder. In the OA population, the depression risk factors involved can
usually be divided into general factors and factors related to disease severity. Early studies were mostly cross-sectional studies
conducted in different settings, and researchers wanted to understand the prevalence of major depressive disease (MDD) and
depressive symptoms in the OA population, and to analyze the differences in characteristics between people with OAwith and
without depressive symptoms. In the German primary care population, almost 20% of OA patients have been found to have
moderately severe depression.14Moreover, the mean scores of the Patient Health Questionnaire-9 (PHQ-9) were quite high, with
a mean of > 15. Pain, social contact, physical limitations and Body Mass Index (BMI) were modifiable risk factors associated
with the severity of depression, while increasing age was a lower predictor of PHQ-9 scores.14 Similarly, Sale and Hawker et al
found a 21% prevalence of depression assessed using the Center for Epidemiological Studies-Depression scale (CES-D) in
a cohort of 1227 OA patients.18 Being female, experiencing greater pain and fatigue, experiencing stressful life events, being
treated for depression/psychiatric disorders, and higher levels of coping behaviors were associated with depression.18 Another
cross-sectional study showed a 12.2% prevalence of depression among patients with end-stage hip osteoarthritis (HOA) and
KOA.13 Patients reporting depression were more likely to be female, have a higher BMI, a higher number of comorbidities and
a higher number of painful joints.13

In contrast to cross-sectional studies that focus on providing prevalence data, longitudinal studies can better show the
temporal order between variables as well as identify potential factors that contribute to depression in people with OA.
Veronese et al showed that individuals with multiple OA sites and those with lower extremity OA were more likely to
develop depressive symptoms than the cohort without OA.19 Unadjusted analyses showed that those with OA had
increased odds of depressive symptoms at four years of follow-up compared to those without OA. Notably, after
adjusting for 12 potential confounders, having OA at baseline did not significantly increase the odds of depressive
symptoms compared to those without OA (OR = 1.26; 95% CI: 0.95–1.67, P = 0.25).19 The significant association in
univariate analysis became nonsignificant after adjusting for variables, possibly indicating that the association between
OA and depression onset was confounded by other factors. A recent longitudinal study of approximately 500,000
Swedish residents investigated the temporality between OA and comorbidity, similarly finding that those with OA had an
increased risk of being subsequently diagnosed with depression compared to those without OA.20 Another longitudinal
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study also found that female, low income and smoking were predictors of rapidly worsening depressive symptoms in
KOA patients.21 Besides focusing on radiographic OA or physician-diagnosed OA, Sugai et al observed the impact of
knee pain and dysfunction on the development of depression in a community-based 2-year cohort and showed that older
adults with severe pain (pain at night while in bed) and dysfunction (difficulty putting on socks, getting into and out of
a car, taking off socks) were at significantly increased risk of developing depressive symptoms.22 Therefore, the authors
concluded that when going outside begins to become a physical burden for older adults, they are likely to develop
depression.22 This view was subsequently supported by White et al, using data from the Osteoarthritis Initiative, who
found that slow gait speed (20-meter walk < 1.2 m/s) was a risk factor for worsening depressive symptoms in individuals
with or at high risk for KOA.23 Recently, Zheng et al found that patients who had KOA and two or more painful body
sites at baseline were at increased risk for depression.16

But not all studies had consistent findings. Using the Osteoarthritis Initiative data, Rathbun et al found that increased
structural severity and decreased physical performance in patients with radiological KOA increased the risk of depression
onset.24 However, after adjusting for time-varying confounders, pain severity was not significantly associated with the
onset of depression.24 This seems to be an important finding, or at least one worth pondering. Regrettably, the authors did
not provide a more in-depth analysis of this. In our opinion, this does not mean that OA pain has no effect on depressive
symptoms. This variation in the depression-knee pain correlation may depend on the specific study design, sample size,
sample inclusion criteria, sample characteristics, and statistical modeling methods. Actually, as a direct stressor, pain has
been demonstrated as a risk factor for depression.25 A recent meta-analysis including 121 studies [24 randomized
controlled trials (RCTs), 36 cross-sectional studies and 61 cohort studies] further supports a moderate positive correlation
between OA pain severity and depression severity in patients with OA (r=0.36, p<0.001).26 Indeed, these studies suggest
that OA symptom burden, particularly pain and physical function limitations, play a prominent role in the development of
depression.

Sayre et al conducted a cohort study designed to identify risk factors for future depression in KOA.27 Interestingly,
the authors found that compared to non-OA, Kellgren-Lawrence grade (KL) 1 levels were predictive of depression in the
present and at follow-up, but KL 2 and KL 3 levels were not predictive.27 A seemingly plausible explanation for this
unusual pattern, according to the authors, is the adaptation of the diagnosis in patients with advanced OA disease. The
sample size for this study was relatively small, and the authors acknowledge that there were only three depressed patients
with KL 3 or higher at the time of the first follow-up, thus producing a particularly large confidence interval. In addition,
it has been shown that the relationship between depressive symptoms and knee pain/functional deterioration is
independent of the radiographic severity of OA.28,29 A study by Veronese et al also found that the strength of the
association between KOA and depressive symptoms decreased when radiographic/clinical KOAwas used instead of self-
reported KOA, and was not significant at the P < 0.05 level (adjusted OR: 1.32; 95% CI: 0.99–1.78; P = 0.06).19 These
studies suggest that OA symptom burden, such as pain and physical functional limitations, is much more strongly
associated with depressive symptoms than radiological grading.

Depression as a Risk Factor for OA
Recently, Wang et al developed a symptomatic KOA prediction model using secondary analysis of the China Health and
Retirement Longitudinal Study data to identify individuals at risk of developing KOA.30 The authors concluded that
previous KOA prediction models had ignored many potential predictors; therefore, this study included depressive
symptoms variables in the model. They found that patients with mild or moderate to severe depression had a two- or
three-times higher risk of developing KOA than those without depression.30 The risk model showed good discrimination
with area under the receiver operating characteristic curve (AUC) = 0.719 (95% CI = 0.700–0.737) and optimism-
corrected AUC = 0.712 after bootstrap validation. Similar studies are rare; thus, there is a lack of robust data to support
such a hypothesis. This seems logical, as the research on comorbid depression has often had the goal of improving OA
management. In other words, the focus has been on depression treatment in patients with OA rather than OA prevention
in patients with depression. In conclusion, it is inconclusive whether depression increases the risk of OA onset.

The association between depressive symptoms and OA symptom progression and structural progression has been
documented in several longitudinal studies. Rathbun et al found that depressive symptoms had a nonlinear direct effect
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on the physical functioning of patients with KOA and an indirect effect mediated through pain severity.31 They also
found that the persistence of depressive symptoms had a cumulative effect on knee pain.32 These studies suggest that
depressive symptoms may lead to prolonged and increased OA pain, thus creating a vicious cycle between depression
and OA pain. Using a group-based trajectory model to analyze the Osteoarthritis Initiative data, White et al found that
baseline depressive symptoms were associated with functional decline trajectories.33 This is supported by a recent
systematic review with moderate evidence supporting depression as a predictor of severe or progressive OA pain
trajectory.34 Moreover, Jacobs et al used biomarker analysis to identify structural changes in KOA after two years of
follow-up of non-obese patients, obese patients without depression, and obese patients with depressed mood.35 They
found that obese patients with depressed mood had significantly worse pain and function at baseline and 2-year follow-up
compared to the other two groups. In addition, an increased excretion of collagen terminal peptide markers was observed
in the urine, thereby suggesting a more severe progression in cartilage degradation and bone reconstruction.35 Both
obesity and depression have been separately identified as increasing the risk of systemic disease. In this study, the authors
suggest that the increased cartilage degeneration and bone remodeling in obese patients with comorbid depression may
be due to an increased systemic inflammatory burden compared to non-obese patients or obese patients without
depression. This is an important finding, because very few previous studies have used biomarker approaches to assess
the risk of disease progression in OA patients suffering from depression. These findings may suggest that depression is
not only important for OA symptom progression, but may also affect the structural progression of OA.

However, some of the findings are inconsistent. A prospective study found no significant difference in the progression
trajectory of OA structural deterioration based on radiology between patients with KOA with and without depression.36

Notably, the authors suggested the possibility of different conclusions if more sensitive methods had been used to assess
structural OA progression.36 This may also be part of the reason for the inconsistent conclusions reached by Jacobs and
Rathbun et al24,35 Furthermore, Riddle et al found that among patients with depression, the Western Ontario and
McMaster Universities Osteoarthritis (WOMAC) pain scores and functional scores worsened at average rates of 0.6
and approximately 2 points per year, respectively.37 This suggests that some thresholds, such as baseline mental health
and depressive symptom severity and duration, may need to be met for depression to have a clinically significant effect
on OA symptoms. In addition, conflicting findings suggest that different depression subtypes are not consistently
associated with OA. Rathbun et al found that patients with OA have different subtypes of depression that may have
different effects on pain and disability.38 In a next exploratory study, López-Ruiz et al found that compared to control
subjects, patients with OA were more likely to exhibit a temperamental self-image, dramatic speech, be submissive in
relationships, be irritable, express resentment, feel blamed and ashamed, and exhibit physical weakness, fatigue,
exaggerated physical symptoms, and health concerns.39 These multidimensional symptoms emphasize the heterogeneity
of OA disorders, which may partially explain the contradictory results between some studies.

Overall, epidemiological studies on the relationship between OA and depression are rapidly increasing. However, this
bidirectional relationship is still inconclusive. Future longitudinal studies should adequately discuss the mediating role of
OA symptoms on OA depression. This is because not all patients with OA have the same symptoms, and some are even
asymptomatic.

Effects of Depression on OATreatment Outcomes
Over the past decade, there has been much discussion about the impact of depression on OA treatment outcomes, as
evidenced by a recent systematic review.40 These studies adjusted for specific confounders and analyzed the relationship
between patients’ baseline depressive symptoms and OA prognosis.40 Most studies have focused on patients with knee
and hip OA. Few have addressed those with hand, shoulder, or spine OA. Some but not all studies have concluded that
preoperative depression is associated with poorer postoperative outcomes, such as greater postoperative pain,7,41–43 poor
clinical and functional improvement,44–46 higher infection rates,6,47–49 and lower satisfaction.50 The recent systematic
review also supports that depression has a negative impact on TJA outcomes.40 This systematic review, published in
2020, included 30 articles (16 retrospective and 14 prospective) comprehensively reviewing the relationship between
depression and TJA in the last decade.40 In addition, several studies have examined the impact of depression on
conservative treatment of OA.51–53
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Indeed, controversial results have emerged regarding the impact of depression on OA treatment outcomes. In 2014,
Singh and Lewallen presented four key limitations of such studies.46 Subsequently, Bletterman analyzed in detail the
reasons for the poor quality of prospective longitudinal studies.54 On this basis, these differences could be attributed
partly to several factors.

First, the sensitivity of many early studies was limited by the failure to calculate trial sample sizes or the high rates of
loss to follow-up. Vissers et al indicated that depression might have no effect on TKA outcomes.55 However, the
following year, in a prospective multicenter study at three general hospitals in the Netherlands, Vissers et al calculated
the sample size to reduce the risk of false negative results.42 The findings indicated that preoperative depressive
symptoms were predictive of less change in the Knee injury and Osteoarthritis Outcome Scores and Hip disability and
Osteoarthritis Outcome Scores 12 months after surgery.42

Second, patients with KOA, HOA, and lumbar spine OA exhibit different patterns of perioperative depression.56

Thus, the use of samples of patients with surgeries at different sites or primary and revision surgeries might have
negatively affected the homogeneity of the cohorts.57 In addition, depression and OA symptoms can change over time.58

Some studies did not provide a comprehensive clinical assessment of patients over time, nor did they provide detailed
sample characteristics. Future studies should collect information on changes in patients’ conditions over a longitudinal
course, as well as give information about the degree of depression or details of treatment.

Finally, results can be confounded by common issues, such as the use of various depression scales, inconsistent cutoff
scores, and different study contexts, as well as the lack of clinical diagnoses and adequate adjustments for potential
confounders (eg, use of antidepressants and analgesics) in observational studies. Therefore, the results and conclusions of
the present study should be interpreted with caution. Improvements in the above areas are needed in future studies.

Overall, the current evidence suggests that most depressed patients can improve with TJA. However, a subset of
patients will not improve. Future studies need to identify patient characteristics associated with depression non-resolution
and need to identify the high risk group for persistent progression of depressive symptoms.

Potential Mechanisms of OA and Comorbid Depression
The wide range of risk factors associated with depression in OA suggests that there may be multiple potential
comorbidity pathways, making it impossible to find a simple etiologic model. Furthermore, there is insufficient evidence
to support depression as a risk factor for the development of OA. Therefore, in this paper, we elucidate the potential
mechanisms by which OA increases the risk of depression from biological, sociological, and psychological perspectives
through a biopsychosocial model. As shown in Figure 1. Biological and psychosocial factors are not parallel; they are
interrelated.

Biological Factors
If the comorbidity of OA and depression is not coincidental, then there should be a biological link between the two
disorders. In fact, several studies have confirmed the involvement of inflammation, neurotransmitters, the hypothalamic-
pituitary adrenal axis, and cortisol levels in the biological mechanisms of OA and depression.59–62

A growing body of literature has identified inflammatory mediators, such as interleukin-1β, interleukin-6, and tumor
necrosis factor-α, in OA.60 It has been established that these peripheral cytokines can act on the central nervous system,
which is distant from the joints.63 In a review, D’Mello and Swain detailed the main pathways of communication
between the periphery and the brain, as well as the mechanisms by which inflammation plays a role in depression.64

Shimura et al observed that in patients with KOA, those with depression had higher serum interleukin-6 levels than those
without.65 However, the sample size of this study was small. The cross-sectional study design also did not accurately
reflect the causal relationship between inflammation and depression in patients with OA. Future prospective studies with
large samples are needed to address these issues. In fact, any disease with a significant inflammatory component in the
pathological mechanism is likely to induce depressive symptoms.66 OA that has an inflammatory component is no
exception, which still needs to be verified by more studies.

Moreover, the comorbidity of OA and depression may be due, in part, to a common genetic etiology. Some studies
have already addressed this problem by using large genetic data sets to identify risk variants and determine sites that
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contribute to MDD risk. Recently, Barowsky et al used cross-disorder genome-wide genetic data analysis to examine
the etiological relationship between OA and MDD.67 After a series of pleiotropic analyses, the findings suggest that
OA and MDD share common genetic risk mechanisms, one of which centers on the neural response to the sensation
of mechanical stimulus.67 This suggests that the two diseases may share a common genetic risk mechanism. In
addition, Boer et al conducted a genome-wide association study meta-analysis across 826,690 individuals (177,517
with OA) and found that OA shares genetic components with multiple traits, including depressive symptoms.68 More
convincing evidence is needed in the future to analyze whether there is a genetic overlap between OA and depression.

Research findings based on neuroimaging techniques such as magnetic resonance imaging (MRI), provide a neural
basis for the causal relationship between OA and depression. Pain is known to have a significant impact on brain function
in areas such as cognition and emotion.69 MRI scans of the brains of people with OA have shown that people with OA
have faster declines in hippocampal volume than people without OA and people with normal cognition, even after
adjusting for factors such as age, gender, education, and APOE4 genotype.70 Brain structural studies of people with
depression have consistently found smaller hippocampal volumes in people with MDD compared to people without
depression.70 It is clear that there is an association between the functional and structural changes in the specific brain
regions involved in OA pain processing and depressive symptoms. In fact, few studies exist for the depression comorbid
OA group, which makes it difficult to compare more clearly the changes in the brain of patients with OA and comorbid
depression.

Figure 1 Potential mechanisms of comorbid depression in osteoarthritis.
Notes:A plausible explanation for the comorbidity of depression and OA may be influenced by a complex set of interacting factors that form a bidirectional relationship
from psychosocial factors and biological mechanisms. There may also be common disease risk factors, which could go great lengths in explaining why depression and OA
tend to coexist.
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Psychosocial Factors
The biopsychosocial model posits that health is influenced by biological, psychological, and social factors and affects the
complex interplay of these factors.71 From the perspective of psychological research, patients with OA have more
exposure to psychological and physical stressful events such as pain, physical limitations with other psychological
stressors related to the diagnosis of OA than the general population. The link between stressful life events and depression
has been found to be strong.72 Indeed, in addition to the fact that OA pain is itself a physiological stressor, many
psychosocial variables have been shown to play a role in the relationship between OA and depression. Because there is
no gold standard for the definition and classification of psychological constructs, different researchers have different
ways of delineating them, and the amount of information available on psychosocial factors is enormous, we only review
the relevant variables selectively. The psychosocial factors that have received more attention in OA include perceived
discrimination,73 aesthetic discomfort,74 pain catastrophizing,75 social support,76 perceived isolation,77 social isolation,78

and neighborhood characteristics.79 Studies have been conducted to support the role of these psychological factors in the
bidirectional relationship between OA and depression. Specifically, pain catastrophizing is often cited as a risk factor for
the development of OA pain,80 making OA patients more likely to develop depressive symptoms by amplifying pain. In
a cohort of older veterans with OA, McClendon et al found that the number of socially disadvantaged groups to which
each participant belonged (ie, self-reported female gender, African American race, income <$20,000, and/or unemploy-
ment due to disability) was significantly associated with higher perceived discrimination, pain, and depression, and that
perceived discrimination significantly mediated the relationship between cumulative disadvantage and depressive
symptoms, and pain severity.73

Using prospective data from the European Project on OSteoArthritis, Siviero et al found that people with KOA or
HOA, regardless of whether they also had hand OA, had a 1.47-fold higher risk of social isolation than someone with no
OA or only hand OA.78 This result is not surprising; pain and functional impairment have been shown to be risk factors
for social isolation. Interestingly, this study also found that OA remained an independent predictor of social isolation in
multivariate analyses after adjusting for pain and functional limitations. The authors interpreted this to mean that the fear
of pain in OA patients was more important than OA pain itself.78 It is reasonable to speculate that the OA diagnosis itself
may also cause psychological stress to the patient. In fact, qualitative studies have shown that most people have very little
knowledge about OA.40 The misconception that exercise causes joint damage and pain or that conservative treatments are
ineffective undoubtedly increases the psychological stress of people with OA thereby promoting depression. A recent
national study of Chinese patients with arthritis found that greater mobility impairment predicted an increased risk of
depression.81 The authors concluded that it is unclear whether the ability to walk itself or the limitation of community
participation due to walking difficulties leads to an increased risk of worsening depressive symptoms. This study did not
distinguish between subtypes of arthritis; however, the findings are consistent with a study conducted by Parmelee et al in
patients with OA.82 Parmelee et al found that the ability of older adults with KOA to engage in casual activities, such as
engaging in hobbies or visiting friends or relatives, was associated with fewer depressive symptoms.82 It is reasonable to
speculate that OA increases the risk of depression through psychosocial factors such as social isolation as a mediating
variable, ie, OA directly or indirectly increases the risk of social isolation and subsequently induces depression. Of
course, additional longitudinal studies are needed to assess the role of psychosocial factors in the relationship between
OA and depression.

Management of Depression in OA
Screening for Depression
The review of the OA literature indicated that the Hospital Anxiety and Depression Scale (HADS), CES-D, Beck
Depression Inventory, Geriatric Depression Scale, and PHQ-9 have been commonly used to assess depression. The
HADS has been shown to be valid and reliable in OA applications when the appropriate thresholds are used.83 The
psychometric assessments of many scales are applicable to the general population or patients with chronic conditions;84

however, very limited data are available for individuals with OA. Thus, clinicians can refer to instruments that have been
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validated for disorders with symptoms similar to those in OA. Smarr and Keefer’s review provided detailed recommen-
dations for selecting a depression screening scale.85

There is no consensus on the depression screening procedures in clinical practice. At first glance, universal depression
screening for patients with OAwould appear to be beneficial; however, the decision should be evidence-based. Individual
studies have investigated the possible impact of depression screening on clinical outcomes in samples of patients with
OA. Mallen et al conducted a cluster RCT involving 45 UK general practices where GPs were randomized to routinely
screen patients with OA for depression and anxiety or not. The primary outcome was current pain intensity reported by
patients at post-visit and at 3-, 6-, and 12-month follow-up. Secondary outcomes included pain-related disability, anxiety,
depression, and general health. Results from the multistage modeling showed that participants screened for depression
had significantly higher mean pain scores than those in the control group at all follow-up time points.86 This researcher
and colleagues used this data to report the cost-effectiveness of adding the above-mentioned measures of routine
screening for anxiety and depression in older patients with OA.87 The results showed that this was not a cost-effective
option. This cluster RCT filled an apparent gap in the literature; however, the results were surprising and disappointing.
This is because most researchers advocate universal screening for depression in the OA population, thereby improving
outcomes and reducing future health care burden and costs. To our knowledge, this is the first large primary care-based
pragmatic trial to investigate the utility of this approach. The findings cast doubt on whether screening for anxiety and
depression should be routinely performed in primary care in patients with OA. Unfortunately, because of the paucity of
similar studies, a comparison of the studies was not possible. The value of screening for depression should not be
dismissed because of the results of this study by Mallen et al.86 Subsequent research should validate the effectiveness and
cost-effectiveness of different screening procedures in combination with treatment options.

Nonpharmacological Treatment
Given the high burden that depression poses in the OA population, there is an urgent need for advances in medical
treatment. Research into this realm is ongoing. In 2019, the Osteoarthritis Research Society International (OARSI)
updated its clinical guidelines for the nonsurgical management of knee, hip, and polyarticular OA.88 The effects of
comorbidities, including depression, on treatment choices were acknowledged. Specifically, the guidelines suggest that
clinicians choose mind-body exercise, cognitive behavioral therapy (CBT), and CBT combined with exercise as
nonpharmacological intervention options for the subgroup of patients with OA with depression. The dominant therapy
option is antidepressants, which are not a panacea, especially for older adults, who often suffer from multiple disorders.
In addition, the number of studies evaluating the safety and efficacy of antidepressant classes in OA was small.89,90

Therefore, the present study has focused on psychotherapy and exercise therapy.
Most psychotherapy trials on OA populations have targeted surgical patients. These results have been summarized in

systematic reviews and meta-analyses. A 2018 systematic review did not support the effectiveness of psychotherapy in
TKA and total hip arthroplasty.91 However, most of the RCTs included in the systematic review were published before
2005, and their evidence was of low quality.91 A more recent meta-analysis included 40 studies.92 It concluded that
perioperative interventions targeting psychological distress had a positive effect on postoperative pain, function, and QoL
for patients who underwent TKA.92 Although not all of the evidence included in the meta-analysis was for psychother-
apy, the results suggest that interventions targeting psychological distress in patients with TKA are very attractive
directions for treatment.92

It should be noted that OA patients with depression may respond better to psychotherapy than those without
psychological disorders. If the OA patients participating in the trial required little psychotherapy, there is little room
for the intervention to be of value, which may obscure the true effect of psychotherapy on patients with OA comorbid
depression. However, few studies have addressed this subgroup; thus, the clinical effects of psychotherapy are unclear.
To address this limitation, Geng et al conducted an RCT.93 A total of 49 homogenous patients diagnosed with depression
by a psychiatrist were enrolled in the trial. 25 patients in the intervention group received psychotherapy 4 times a week
during hospitalization and every 2 weeks after discharge. The average number of psychotherapy sessions received by
patients in the intervention group was 8.4 ± 1.3. It was found that at 6 months after TKA, the group receiving
psychological interventions had significantly higher satisfaction than the control group receiving routine perioperative
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management (88% and 62.5%, respectively). This finding supports the provision of comprehensive treatment, including
psychotherapy, for depressed patients scheduled to undergo TKA.93 This study also confirms Bierke et al who found that
patients’ endogenous psychological characteristics had an impact on TKA satisfaction, with a particularly significant role
of depression.50 The results of these two studies imply that the negative impact of depression on TKA satisfaction can be
improved by psychotherapy.

In recent years, psychotherapy has no longer been limited to face-to-face meetings between physicians and patients.
The telephone, internet, and mobile applications are increasingly being used. In a study by O’Moore et al, 69 patients
with a combination of KOA and MDD were randomly assigned to internet-based cognitive behavioral therapy (iCBT)
and conventional OA treatment groups.94 The participants in the iCBT group had fewer depressive symptoms, higher
self-efficacy, less pain, and greater physical functioning at the completion of the intervention and at the 3-month follow-
up.94 The results of this study are encouraging. They indicated that telemedicine may be attractive to patients who have
difficulty attending in-person treatment, especially in the context of the coronavirus disease pandemic.

Exercise as an effective treatment for depression is also supported by the literature in patients with OA. A 2018
review of a mixed methods Cochrane study on the effects of exercise on the physical and mental health of patients with
symptomatic OA of the lower extremities found moderate quality evidence that exercise can slightly alleviate depressive
symptoms in individuals with OA.95 Although exercise has been shown to have a positive effect on physical and mental
health improvement in OA, a question to consider is whether depression affects the response to exercise therapy in
patients with OA. Legha et al used data from three large RCTs of exercise interventions in patients with KOA conducted
in the United Kingdom, with the aim of investigating whether comorbidity was associated with primary outcomes based
on WOMAC scores after KOA received exercise interventions.52 The study found that the presence of anxiety/depression
was significantly associated with less pain and functional improvement at 6 months after the exercise intervention
compared to the absence of anxiety/depression. This suggests that for people with OA depression comorbidity,
a combination of other interventions (eg, pharmacotherapy and psychotherapy) is needed to compensate for the negative
impact of depression on exercise therapy. Recently, an observational one-arm design study found similar levels of
improvement in physical function, pain intensity, and QoL after 8 weeks of supervised exercise and educational
interventions in individuals with OA and depression and those without depression.96 This finding suggests that
supervised exercise can be used in concert with educational interventions.

In fact, de Rooij et al developed an individualized exercise program for KOA older adults with comorbidities as early
as 2014.97 The authors concluded that disease interactions and their management require more complex and individua-
lized care than simply the aggregate of separate guideline components. To develop an exercise program adapted to the
comorbidities, the authors took five steps, which were to select comorbidities with a high prevalence of OA, conduct
a literature search to identify limitations and contraindications to exercise therapy for each comorbidity, consult with
experts in each comorbidity (who provided advice on the treatment of each comorbidity and how to incorporate
principles of exercise therapy and training for the comorbidity into an exercise program for KOA), and conduct an
exercise program in 11 patients to field test the protocol. Post-treatment evaluation of patient outcomes showed
significant improvements in activity limitation and pain. This study design is not an RCT and therefore can only be
considered to present an exploratory conceptual model of an exercise protocol for OA comorbidities. Future strong
experimental data are needed to support that OA patients with comorbid depressive symptoms experience not only
improved pain and physical function, but also improved mental health after exercise therapy.

For the first time, the latest OARSI guidelines include mind-body exercises, such as tai chi and yoga, as a core
treatment option for patients with KOA.88 Currently, multimodal mind-body programs for OA patients with comorbid
depression are being developed.98 The results of these studies are likely to change the current treatment paradigm.
Furthermore, a recent network meta-analysis found that strengthening exercise, mixed exercise and control interventions
were more beneficial than stretching for depressive symptoms.99 Strengthening exercises and mind-body exercises had
comparable probability for optimal treatment of depressive symptoms.99 The authors concluded that health professionals
can recommend strengthening exercises or mixed exercises as types of exercises to improve depressive symptoms in
patients with KOA.99 A recent study also provides insight into designing exercise programs for people with depression.
Stevens et al found that people’s participation in sports groups can have benefits through the dual pathway of increased
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physical activity and decreased feelings of isolation.100 More research is needed in the future to determine the best
exercise strategy for people with comorbid depression with OA.

Conclusions and Future Directions
In this review, up-to-date information has been gathered for analyzing the impact of depression on OA development and
treatment response, elucidating potential mechanisms of comorbidity, reviewing the available evidence on depression
screening, and exploring nonpharmacological treatments for depression appropriate for patients with OA. Much of what
we know about depression in OA comes from epidemiological studies, such as prevalence, risk factors, and the
bidirectional relationship between depression and OA. The incidence of depression varies considerably across the
literature. However, the extant literature clearly indicates that patients with OA are more likely to have depressive
symptoms as compared to the general population. Also, a large amount of this literature shows that patients with OAwho
suffer from depression tend to have worse clinical outcomes. The development of comorbid depression in OA involves
multiple pathways, such as common biological and psychosocial factors. The safety and efficacy of many depression
treatments based on underlying mechanisms have been demonstrated in patients with OA. Although some progress has
been made in the understanding of the relationship between depression and OA, many questions remain unaddressed.

First, the relationship between depression and OAmay be related to a complex set of factors, such as demographic factors
(age, gender, race/ethnicity, economic conditions, education, employment), anthropometric traits (BMI, obesity), psychosocial
factors (anxiety, pain catastrophizing, expectations, perceived discrimination, social support, social isolation, neighborhood
characteristics), clinically relevant factors (pain, functional status, medical comorbidities, total number of troublesome joints),
and other characteristics (fatigue, sleep). This means that disentangling the association between OA and depression and
potential mediators remains an important avenue for future research. In addition, since psychological factors such as anxiety
and pain catastrophizing often coexist with depression, future prospective studies are needed to comprehensively assess the
relative contribution of each psychological factor to clinical outcomes in OA. The strategic next step would be to enhance our
understanding of the mechanisms of this association with longitudinal studies with different types of OA patients, larger
sample sizes, longer follow-up times, and utilizing more diverse statistical modeling approaches.

Second, the lack of focus on shared neurobiological mechanisms is a key limitation of the existing literature.
Although there is a partial overlap between the changes in biochemical, molecular biological and neurobiological
mechanisms observed in the two disorders separately, few studies have compared OA patients with comorbid depression
to OA patients without depression. This is due in part to the fact that our understanding of the pathophysiology of
depression alone and OA alone is extremely limited. Such studies have also received limited financial support.101

Considering the heterogeneity of OA and depression, it may be that only the elucidation of the biological mechanisms of
MDD combined with OA disease will fundamentally change the current treatment situation.

From a clinical perspective, our first challenge is the timely screening and diagnosis of depression. It is very
important to detect and provide timely treatment before depressive symptoms worsen further. To date, it is unclear
when, where, and by whom depression screening is performed in patients with OA as well as what characteristics these
patients meet. It is necessary to utilize appropriately designed, well-conducted prospective studies and RCTs in order to
validate whether systematic depression screening leads to improved outcomes in patients with comorbid depression in
OA.86 Furthermore, focused screening of those patients with OA who are at greatest risk for depression may not only
reduce unnecessary psychological harm but also avoid the consumption of medical resources. Therefore, there is a clear
need for future research to construct simple and easy to use clinical prediction models for depression. Also, the
psychometric properties of depression screening tools should be tested among the OA population in the future, as this
will assist in advancing the understanding that surrounds the selection of screening tools and optimal cutoff scores.

Available evidence supports psychological interventions and exercise therapy for patients with OA who suffer from
depression, but these results need to be replicated and expanded. We found a lack of evaluation of the cost and
effectiveness of other interventions, such as physical therapy, pharmacotherapy, and integrated care models, in this
unique subgroup. Therefore, initiating studies to determine whether physiotherapy approaches, such as transcranial
magnetic stimulation or electroconvulsive therapy for MDD and phonophoresis or transcutaneous electric nerve
stimulation for pain relief, might help with depression in OA may provide valuable new insights. In addition, little is
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known about the challenges and facilitators in the treatment of OA patients with comorbid depression, and future
exploratory qualitative studies with patients and healthcare professionals are needed to address this issue. It is noteworthy
that most of the current studies have targeted KOA, and this evidence cannot necessarily be extrapolated to patients with
OA in different joints.88 Thus, there is a need to include patients with various types of OA. Importantly, the target
population for intervention studies should be OA patients who already have depressive symptoms or are at a high risk for
depression. Finally, further exploration of the short- and long-term efficacy and influences of various treatment options,
mechanisms of action of treatment, and dose-effects is needed in the future. In conclusion, more research is needed to
determine the most effective strategies for treating depressive symptoms in patients with OA.

The relationship between depression and OA is a very interesting topic. Several systematic reviews could be conducted in the
future, such as the effect of depression on treatment mechanisms, effect of depression onOA screening etc. High-quality research
is needed to fill the various gaps in this area and to develop clinical practice guidelines applicable to patients with OA as soon as
possible, specifically in the case of those with comorbid depression. Health practitioners need to recognize depression as an
important comorbidity of OA; thus, they should comprehensively assess patients’ mental health.88 In addition, interdisciplinary
collaboration is needed to design and implement individualized treatment plans to improve patient QoL.
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