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Abstract Background/objective: Knee osteoarthritis (OA) in older people may result in psy-
chological impairment, including anxiety and depression. This study investigates the effect of
intraarticular hyaluronic acid injection (IAHA) on geriatric patients with OA. Method: A total of
102 geriatric patients with knee OA undergoing IAHA were prospectively enrolled in this study.
Geriatric Depression Scale (GDS), State-Trait Anxiety Inventory (STAI), Western Ontario and
McMaster University Osteoarthritis Index (WOMAC) and the International Knee Documentation
Committee Subjective Knee Evaluation Form (IKDC), and Visual Analogue Scale (VAS) for pain
were recorded. All outcomes were measured at baseline before injection and during two, four,
and six month follow-ups. Results: IAHA had a significant short-term effect, relieving pain at
the two month follow-up, but the effect was weaker at the four month follow-up. Both IKDC
and WOMAC scores were significantly improved at the two month follow-up. Viscosupplementa-
tion did not improve STAI. GDS exhibited significant deterioration at the four month follow-up.
Conclusions: Although IAHA for the treatment of OA provided short-term efficiency, it had no
effects on anxiety and increased depression of geriatric people. Health education should be
provided with caution before viscosupplementation treatment to manage expectations of the
efficacy of treatment for geriatric OA patients.
© 2018 Asociación Española de Psicoloǵıa Conductual. Published by Elsevier España, S.L.U. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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PALABRAS CLAVE
Ácido hialurónico;
depresión;
artrosis;
cuasiexperimento

Resumen Antecedentes/objetivo: La artrosis de rodilla (AR) en personas mayores puede
causar ansiedad y depresión. Se investiga el efecto de la inyección intra-articular de ácido
hialurónico (IAAH) en pacientes mayores con AR. Método: Ciento dos pacientes mayores tratados
con IAAH fueron inscritos de forma prospectiva. Contestaron la Geriatric Depression Scale (GDS),
State-Trait Anxiety Inventory (STAI), Western Ontario and McMaster University Osteoarthri-
tis Index (WOMAC), International Knee Documentation Committee Subjective Knee Evaluation
Form (IKDC) y Visual Analogue Scale (VAS). Se evaluó antes de la inyección y durante el
seguimiento a dos, cuatro y seis meses. Resultados: La IAAH produjo un efecto significativo
a corto plazo, aliviando el dolor a los dos meses de seguimiento, pero el efecto fue más débil a
los cuatro meses. Las puntuaciones del IKDC y WOMAC mejoraron significativamente a los dos
meses de seguimiento. La visco-suplementación no mejoró la ansiedad. La GDS mostró un dete-
rioro significativo a los cuatro meses de seguimiento. Conclusiones: Aunque la IAAH fue efectiva
a corto plazo, no tuvo efectos sobre la ansiedad, y aumentó la depresión. Debe prestarse aten-
ción a la educación para la salud antes del tratamiento con viscosuplementación para controlar
las expectativas de la eficacia del tratamiento en pacientes mayores con AR.
© 2018 Asociación Española de Psicoloǵıa Conductual. Publicado por Elsevier España, S.L.U.
Este es un art́ıculo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Osteoarthritis (OA) is a chronic progressive joint dis-
ease, which commonly affects middle-age to elderly people
(Helmick et al., 2008; Lawrence et al., 2008). Symptomatic
knee OA occurs in 10% of men and 13% of women aged 60
years or older (Zhang & Jordan, 2010). The major goals of
OA treatment are pain reduction, joint mobility improve-
ment, and functional impairment limitation. Although the
late stages of this condition are often treated by joint
replacement, various conservative treatments for knee OA
provide short-term effects and have their own advantages
and disadvantages (Richmond et al., 2010). Intraarticular
hyaluronic acid (HA) injection is currently one of the most
popular conservative treatments. Intraarticular HA injec-
tions may improve joint lubrication, increase synovial fluid
viscosity, and inhibit proteoglycan degradation; the conse-
quent analgesic and anti-inflammatory effects reduce pain
(Day, Brooks, Conaghan, Petersen, & Multicenter Trial, 2004;
Johansen et al., 2016). However, controversy surrounds the
efficacy of viscosupplementation treatment especially in the
geriatric population, who are vulnerable to chronic pain as a
result of knee OA (Newberry et al., 2015). Geriatric people
with OA knee may gain less benefit from intraarticular HA
injections than younger people (Pelletier et al., 2018).

Depression occurs commonly in the general population
and especially older adults (Serby & Yu, 2003). Approxi-
mately ten percent of the geriatric population suffer from
severe anxiety and depressive symptoms (Al-Butmeh & Al-
Khataib, 2018). Depression is known to be a significant
contributor to poorer health outcomes and to be the lead-
ing cause of disease, causing nonfatal health outcomes
(Moussavi et al., 2007). Several factors have been reported
to be associated with depressive symptoms including sleep-
ing quality and underling disorders such as cerebellar
degenerative disease (Brandolim Becker et al., 2018; Nieto,
Hernández-Torres, Pérez-Flores, & Montón, 2018). Never-
theless, knee OA, which commonly affects elderly people, is
also associated with depressive symptoms especially among
geriatric population (Sugai et al., 2018). A study of older

adults with OA across six European countries has demon-
strated that severe and stable joint pain is associated with
anxiety and depressive symptoms in older people with OA
(De Koning et al., 2018). However, given that the clinical
results of intraarticular HA injection vary among elderly OA
patients who may simultaneously suffer from psychological
conditions of various severities, whether the effect of vis-
cosupplementation treatment on the improvement of knee
pain may also relieve psychological symptoms is question-
able.

Recently, biological evidence has revealed the link
between psychological symptoms and HA-CD44 signaling.
HA was reported to have contradictory dual functions in
the inflammatory process. It can promote the inflamma-
tion (Menezes, McAvoy, & Kubes, 2009), also can moderate
the inflammatory response (Wisniewski & Vilcek, 1997).
Intraarticular HA injection against knee OA is believed
to act through HA-CD44 binding pathway in non-clinical
basic science research (Altman, Manjoo, Fierlinger, Niazi,
& Nicholls, 2015). HA-CD44 binding is reported to suppress
interleukin-1beta (IL-1�), resulting in a down-regulation
of proinflammatory cytokines including matrix metallopro-
teinases (MMPs), so as to alleviate inflammation in OA
knee (Sasaki et al., 2004). However, recent evidence also
demonstrated that HA degradation products induced an
inflammatory response through CD44, resulting in increased
IL-1� and proinflammatory cytokines production (Campo
et al., 2012). Although there is little evidence on the asso-
ciation between CD44 expression and depression (Ditzen
et al., 2012), Ventorp et al. (2016) reported that HA-CD44
signaling might play a role in the pathobiology of suicidal
behavior owing to higher levels of HA and soluble CD44
in cerebrospinal fluid (CSF) from suicide attempters than
healthy controls. Considering the negative effect of HA-CD44
pathway on depression, whether intrarticular HA injection
among geriatric OA patients may increase the level of CSF
HA-CD44 signaling so as to be detrimental to psychological
symptoms still needs to be clarified.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Worsen depression after viscosupplementation treatment 33

However, to the best of our knowledge, no empirical
evidence of psychological outcomes (depression and anxi-
ety) following viscosupplementation treatment in geriatric
OA patients has been presented. This study is therefore
designed to evaluate pain reduction, functional improve-
ment and changes in depressive and anxious statuses
following viscosupplementation treatment for OA patients
who are older than 60 years. That is, this study serves
to understand the aforementioned relationships among
geriatric OA patients. Specifically, we hypothesized that psy-
chological status (including anxiety and depression) among
geriatric OA patients may not benefit from intraarticular HA
injection owing to uncertain effects on pain reduction and
functional improvement.

Method

Design

Patients who had been diagnosed with knee OA and who
attended orthopedic clinics for viscosupplementation treat-
ment in Wan Fang Hospital, Taipei, Taiwan, from June 2016
to April 2018, were prospectively enrolled. All patients
who seemed to be eligible for inclusion were contacted by
the researchers and received detailed information. Further
eligibility for enrollment was determined by applying the
following inclusion and exclusion criteria.

Qualified patients included men and women aged 60
years or above, who had suffered symptoms of knee OA,
including pain and stiffness, for at least three months, at
radiographic OA grade II---III according to the Kellgren and
Lawrence (KL) grading scale (Kellgren & Lawrence, 1957).
Excluded were patients with past or present trauma of,
surgery on, cancer, malignant tumor or infection in, the tar-
get knee. Although past trauma or surgery to the knee is
a known cause of OA, we excluded this subgroup because
post-traumatic OA is different from primary OA. Specifi-
cally, post-traumatic OA usually attacks younger patients
and has poor outcome even after total knee replacement
compared with primary OA (El-Galaly et al., 2017). Patients
with a history of vasovagal shock, who had used nons-
teroidal anti-inflammatory drugs (NSAIDs) in the two days
prior to injection, or had received corticosteroids by injec-
tion in the target knee in the preceding six months were also
excluded from the study. The reason of excluding those tak-
ing NSAIDs in the two days prior to injection is to avoid the
NSAIDs effects on baseline pain score. Patients with cog-
nitive impairment, identified by screening using the Short
Portable Mental Status Questionnaire (SPMSQ) with the cut-
off at five or more errors, were also excluded (Pfeiffer,
1975).

Basic demographic data including age, gender, marital
status, education and underlying comorbidities were col-
lected for each patient by face to face interview. Once
the participants had consented to be enrolled, all parti-
cipants completed questionnaires to evaluate metrics at
baseline (before injection) and at follow-up at two, four,
and 6 months using the following; the geriatric depres-
sion scale (GDS), the State-Trait Anxiety Inventory (STAI),
the Western Ontario and McMaster University Osteoarthri-
tis Index (WOMAC), the International Knee Documentation

Committee subjective knee evaluation form (IKDC), and
the Visual Analogue Scale (VAS) of pain severity. After the
baseline survey had been completed, all participants under-
went viscosupplementation treatment with low molecular
weight hyaluronic acid product of 2 mL Hya-Joint Syn-
ovial Fluid Supplement (SciVision Biotech Inc., Taiwan) with
500---730 kDa once per week for 3 weeks. The protocol
of intraarticular HA injection is based on the manu-
facturing recommendations (http://www.scivision.com.tw/
en/products 01 show.php?pc=4&ps=1), which is a general
treatment protocol in Wan Fang Hospital. At the follow-
ups, all participants were permitted to choose simultaneous
treatment with COX-II inhibitors (etoricoxib 60 mg once
daily). Other treatments, including intraarticular injection
with a steroid or platelet-rich plasma were not allowed.

The entire protocol and instrumentation were approved
by the ethical committee at Taipei Medical University,
and the ethical approval was registered as TMU-JIRB
N201606003. All participants consented to the study and
data publication.

Instruments

Measure of depression (Geriatric Depression Scale, GDS) and
anxiety (State-Trait Anxiety Inventory, STAI). The 15-item
version of the GDS for self-reporting has been validated for
use with older people (Cruice, Worrall, & Hickson, 2011),
including its Chinese version (Xie et al., 2015). The GDS
involves 15 questions, answered with ‘‘yes’’ or ‘‘no’’; a
score of at least the cut-off value of 6 indicates clini-
cally critical depressive symptoms (Dennis, Kadri, & Coffey,
2012). The STAI also involves self-reporting in response
to a questionnaire, which comprises two sections of 20
statements each. The two sections concern two categories
of anxiety: state-anxiety (S-Anxiety) and trait-anxiety (T-
Anxiety). State-anxiety refers to a subjective and transitory
feeling of tension, nervousness, and worry. Trait-anxiety
refers to a relatively general tendency of an individual to
perceive and respond to stressful situations with increased
intensity. Participants rate themselves in answer to the
associated questions using a four-point frequency scale. S-
Anxiety was used in this study because T-Anxiety is related to
the personality of an individual, and so is not relevant to this
study. A higher score on the GDS or the STAI indicates greater
depression or anxiety, respectively. The Chinese version of
STAI has good concurrent validity (r = .61 with Leeds Scale for
Self-Assessment of Anxiety), satisfactory test-retest reliabil-
ity (r = .74), and promising internal consistency (˛ = .83; Lee,
Lai et al., 2017; Lee, Lee et al., 2017). Additionally, the Chi-
nese version of GDS has good concurrent validity (r = .75 with
physician interviewed depression) and satisfactory internal
consistency (˛ = .88; Xie et al., 2015).

Measurements of knee function. Western Ontario and
McMaster University Osteoarthritis Index (WOMAC) and the
International Knee Documentation Committee subjective
knee evaluation form (IKDC) were used to evaluate knee
function. The WOMAC index involves a 24-item question-
naire with three subscales, which measure pain (five items,
score range 0---20), stiffness (two items, score range 0---8),
and physical function (17 items, score range 0---68) (Quintana
et al., 2006). Each question is scored on a scale of 0---4, which

http://www.scivision.com.tw/en/products_01_show.php?pc=4&ps=1
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corresponds to none (0), mild (1), moderate (2), severe (3),
and extreme (4). The three subscale scores are summed to
yield the WOMAC-total score. IKDC was first developed in
1987 by the International Knee Documentation Committee
and updated and validated in 2001 (Irrgang et al., 2001).
The IKDC is an 18-item, self-reported subjective evalua-
tion that involves questions concerning symptoms, sports
activities and function. Response options vary among the
questions, with different points on the numerical rating
scales. A single score is computed from all components from
zero (severe symptoms, pain, and restrictions) to 100 (nor-
mal knee, no restrictions or pain). The Chinese versions of
WOMAC and IKDC have been well developed and demon-
strated to provide acceptable psychometric properties (Fu
& Chan, 2011; Symonds, Hughes, Liao, Ang, & Bellamy,
2015; Xie et al., 2008). Specifically, the Chinese version
of WOMAC has acceptable test-retest reliability indicated
by intraclass correlation coefficients (ICCs = .76---.85), strong
internal consistency (˛ = .84---.96), and adequate concurrent
validity (r = −.39 to −.31 with physical component summary
of the SF-36; Symonds et al., 2015). Moreover, the Chinese
version of IKDC has excellent internal consistency (˛ = .97)
and good concurrent validity (r = .64 with physical function
and bodily pain; Fu & Chan, 2011). A higher WOMAC or IKDC
score indicates worse or better knee function, respectively.

Visual Analog Scale (VAS). The VAS is an instrument that
is regularly used to measure pain intensity on the 0---10 cm
scale, anchored by ‘‘no pain’’ (score of 0) and ‘‘the most
extreme pain possible’’ or ‘‘worst imaginable pain’’ (score
of 10) (Flandry, Hunt, Terry, & Hughston, 1991). In this study,
the participants’ subjective responses regarding the inten-
sity of pain in the injected knee are recorded. If both knees
are injected, then the VAS score for the left side is recorded
first; followed by that for the right side. The researcher
asked the patients, ‘‘On a 0---10 scale, how severe has been
the worst pain that you have experienced within the last
week?’’ In the follow-up sessions, the researcher again asked
about the pain. The VAS has excellent test-retest reliability
(ICC = 0.95; Letzen, Boissoneault, Sevel, & Robinson, 2016)
and adequate concurrent validity (r = −.60 with the Pain
degree subscale of Larson Knee Scale; Flandry et al., 1991).

Statistical analysis

Descriptive statistics, including mean (SD) and frequency,
were used to elucidate the characteristics of the par-
ticipants. The linear mixed effects model was used to
understand the changes of numerous outcomes (including
anxiety, depression, pain, and knee functions) over time
after a geriatric OA patient injected HA though the changes
could be due to intraarticular HA injection or illness course.
Specifically, repeated measurements were made using the
following instruments to evaluate the dependent variables
in the model: state scale of the STAI, GDS, VAS in left knee
pain, VAS in right knee pain, IKDC, each WOMAC subscale,
and WOMAC total score. We used VAS in left knee pain and
VAS in right knee pain because some participants had one
knee pain (either left or right) and most had two knees pain.
Given that the participants having two knees pain might
report different VAS score in different knees, we decided
to separate analyzing left knee pain and right knee pain.

Therefore, the linear mixed effects model using VAS in left
knee pain as dependent variable only analyzed those who
reported left knee pain (either the participant had pain in
left knee or pain in both knees). Similar practice was applied
to the linear mixed effects model using VAS in right knee pain
as dependent variable.

The primary predictors of the aforementioned depen-
dent variables were the follow-up measures at two, four,
and six months and each follow-up measure was com-
pared with baseline measure to determine the effects of
hyaluronic acid. In all of the mixed effects models, gen-
der, marital status, comorbidities (hypertension, diabetes
mellitus, heart disease, depression, and cancer), and age
were controlled because these factors may be confounders
in patient-reported outcomes (Chang, Yen, Jang, Su, & Lin,
2017; Huang, Chen, Pakpour, & Lin, 2018; Lee, Lai et al.,
2017; Lee, Lee et al., 2017; Lee et al., 2018). Specifically,
linear effect was estimated for age, and categorical effects
were estimated for other independent variables.

In the linear mixed effects model, a restricted maximum
likelihood estimator was used with the effect of time was
defined as random effect; the variance-covariance matrix
we used was the commonly used first-order autoregreesive
(AR (1)) model. Also, we set the absolute log-likelihood
convergence and absolute Hessian convergence at 0; abso-
lute parameter convergence at 0.000001. Akaike index
criterion (AIC), Bayesian information criterion (BIC), and
consistent AIC (CAIC) were calculated for model informa-
tion. All the statistics were calculated using IBM SPSS 23.0
(IBM Corp., Armonk, N.Y., USA).

Results

After screening 149 participants, 47 were excluded and the
retained 102 participants all agreed to participate in this
study (Figure 1). A total of 102 participants were consid-
ered in the analysis. Most of the participants were females
(n = 74; 72.5%), and the mean age of the whole sample was
70.9 (SD = 7.2) years. Nearly four fifths of the participants
had hyaluronic acid injected into both knees (n = 80), and
approximately 10% of the participants had an intraarticu-
lar HA injection in either the left knee (n = 10) or the right
knee (n = 12). The most frequent comorbidity was hyperten-
sion (n = 63), followed by heart disease (n = 20) and diabetes
mellitus (n = 19). The sample had a relatively high educa-
tional level, as nearly 30% of the participants had at least a
bachelor’s degree (Table 1).

After controlling for confounders listed in Table 2,
intraarticular HA injection was found to have no effects on
anxiety. Interestingly, intraarticular HA injection had a sig-
nificantly negative effect on depression at the four month
follow-up (coefficient = 0.48, SE = 0.23; p = .04). However,
intraarticular HA injection relieved knee pain at the two
month follow-up (coefficient = −1.49 and −1.24, SE = 0.22
and 0.20, p < .001, for left knee and right knee, respec-
tively). The pain relief was maintained to the four month
follow-up (coefficient = −0.76, SE = 0.28, p = .007) but with
a reduced effect (Table 2). Age and gender effects were not
significant on anxiety, depression, and pain.

After controlling for confounders listed in Table 3,
intraarticular HA injection was found to improve the
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Figure 1 Flow chart of the study procedure.

Table 1 Participant characteristics (N = 102).

n (%)

Age (year) 70.9 (7.2)a

Gender
Male 28 (27.5)
Female 74 (72.5)

Marital status
Married 73 (71.6)
Widowed 24 (23.5)
Single 4 (3.9)

Educational level
Primary school and less 31 (30.4)
Junior high 14 (13.7)
Senior high 27 (26.5)
Bachelor degree and higher 30 (29.4)

Diagnosis
Hypertension (Yes) 63 (61.8)
Diabetes mellitus (Yes) 19 (18.6)
Heart disease (Yes) 20 (19.6)
Depression (Yes) 4 (3.9)
Cancer (Yes) 3 (2.9)

Injection side
Left 10 (9.8)
Right 12 (11.8)
Both 80 (78.4)

a Reported in mean (SD).

knee functions of the participants at the two month
follow-up: coefficient = 3.30, SE = 0.89, p < .001 for IKDC;
coefficient = −1.06, SE = 0.32, p = .001 on the WOMAC pain
subscale; coefficient = −0.43, SE = 0.15, p = .005 on the

WOMAC stiffness subscale; coefficient = −2.71, SE = 0.87,
p = .002 on the WOMAC physical function subscale; and
coefficient = −4.21, SE = 1.19, p < .001 for the WOMAC total
score. However, the effects were diminished at the four and
six month follow-ups (Table 3). Age and gender effects were
not significant on IKDC and WOMAC.

Discussion

This exploratory study demonstrates that viscosupplementa-
tion treatment for elderly patients with knee OA improved
knee function and reduced pain. However, the duration
of the effect of intraarticular HA injection was shorter
than anticipated: pain was improved for four months; knee
function was improved for two months. This study also
demonstrates that intraarticular HA injection might not
reduce the anxiety of geriatric OA patients and worsened
depressive status at the four month follow-up though the
negative findings might be due to the illness course.

Although intraarticular HA injection is a commonly used
intra-articular therapy for knee OA, controversy surrounds
the effect of viscosupplementation treatment because of
the inconsistent results and conclusions in the literature
(Bellamy et al., 2006; Rutjes et al., 2012). Unanimity has
not yet been reached on the usefulness of intraarticular
HA injections for treating knee OA (Altman, Schemitsch,
& Bedi, 2015). Nevertheless, a recently published network
meta-analysis revealed that intraarticular HA injection is an
effective short-term treatment option for pain due to knee
OA, and even more efficacious than NSAIDs, intraarticular
corticosteroid or placebo injection (Bannuru et al., 2015).
Evidence suggests that HA has significant short-term efficacy
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Table 2 Changes of anxiety, depression, and pain over time after participants injected intraarticular hyaluronic acid.

B (SE)

Independent variables STAIa GDS VAS Lb VAS Rc

Follow-up (Ref: baseline)
2-Month −0.97 (0.72) 0.32 (0.17) −1.49 (0.22)*** −1.24 (0.20)***

4-Month −0.67 (0.95) 0.48 (0.23)* −0.76 (0.28)** −0.27 (0.25)
6-Month −1.04 (1.07) 0.36 (0.27) −0.29 (0.31) 0.14 (0.28)
Gender (Ref: female) −1.95 (1.77) 0.20 (0.51) 0.03 (0.42) −0.050 (0.43)
Married (Ref: single) −3.86 (4.23) −1.49 (1.22) 2.65 (1.38) −0.89 (0.97)
Widowed (Ref: single) −0.46 (4.54) −1.11 (1.31) 3.34 (1.44)* −0.57 (1.06)
Hypertension (Ref: yes) −2.29 (1.64) −0.11 (0.46) −0.33 (0.39) −0.13 (0.39)
Diabetes mellitus (Ref: yes) −3.40 (1.91) −0.35 (0.56) −0.21 (0.46) −0.22 (0.47)
Heart disease (Ref: yes) −2.73 (1.94) −0.52 (0.56) 0.11 (0.48) −0.30 (0.46)
Depression (Ref: yes) −7.84 (4.76) −3.27 (1.38) −0.16 (1.15) 1.33 (1.43)
Cancer (Ref: yes) −1.13 (5.54) −0.89 (1.61) −0.15 (1.37) −1.52 (1.38)
Age −0.03 (0.11) 0.05 (0.03) −0.04 (0.03) −0.001 (0.03)

Actual score in dependent variables M (SD)

Baseline 20.22 (9.67) 2.75 (2.56) 4.46 (2.42) 4.23 (2.01)
2-Month 19.14 (9.94) 2.99 (2.57) 3.02 (1.94) 3.04 (1.99)
4-Month 19.47 (9.64) 2.96 (2.37) 3.81 (1.99) 4.04 (2.04)
6-Month 19.07 (8.19) 2.87 (2.27) 4.23 (2.26) 4.42 (2.12)

a State and Trait Anxiety Inventory; only the state scale was used.
b Only included those who had injected hyaluronic acid at left knee or both knees; n = 90.
c Only included those who had injected hyaluronic acid at right knee or both knees; n = 92. GDS = Geriatric Depression Scale;

VAS L = Visual Analogue Scale on left knee pain; VAS R = Visual Analogue Scale on right knee pain.
* p < .05.

** p < .01.
*** p < .001.

Table 3 Changes of knee function over time after participants injected intraarticular hyaluronic acid.

B (SE)

Independent variables IKDC WOMAC
Pain

WOMAC
Stiffness

WOMAC
Physical function

WOMAC
Total score

Follow-up (Ref: baseline)
2-Month 3.30 (0.89)*** −1.06 (0.32)** −0.43 (0.15)** −2.71 (0.87)** −4.21 (1.19)***

4-Month 1.38 (1.29) −0.28 (0.41) −0.18 (0.19) −1.30 (1.16) −1.79 (1.58)
6-Month −0.20 (1.37) 0.04 (0.46) 0.02 (0.21) −0.37 (1.33) −0.37 (1.80)
Gender (Ref: female) 3.34 (2.49) 0.65 (0.70) −0.45 (0.28) −1.71 (2.31) −1.53 (3.06)
Married (Ref: single) −0.42 (5.90) −1.38 (1.69) 0.70 (0.67) −5.30 (5.50) −5.88 (7.28)
Widowed (Ref: single) −6.34 (6.34) −0.22 (1.81) 0.67 (0.72) −2.18 (5.90) −1.63 (7.82)
Hypertension (Ref: yes) 2.23 (2.30) −0.77 (0.65) −0.06 (0.25) −1.46 (2.13) −2.33 (2.82)
Diabetes mellitus (Ref: yes) 3.91 (2.69) −1.13 (0.76) 0.14 (0.30) −4.75 (2.50) −5.75 (3.30)
Heart disease (Ref: yes) 3.77 (2.73) −1.31 (0.77) −0.48 (0.30) −1.45 (2.53) −3.20 (3.35)
Depression (Ref: yes) 1.46 (6.66) 0.69 (1.90) −0.10 (0.75) 0.11 (6.20) 0.67 (8.21)
Cancer (Ref: yes) 7.22 (7.79) −3.41 (2.20) 0.63 (0.86) −8.30 (7.23) −11.21 (9.57)
Age −0.18 (0.16) −0.04 (0.05) 0.02 (0.02) 0.37 (0.15)* 0.35 (0.20)

Actual score in dependent variables M (SD)

Baseline 52.94 (13.23) 4.53 (3.99) 1.58 (1.70) 14.75 (13.84) 20.85 (17.92)
2-Month 56.16 (12.28) 3.51 (3.28) 1.21 (1.45) 11.78 (10.24) 16.52 (13.46)
4-Month 54.26 (12.17) 4.28 (3.37) 1.40 (1.47) 12.98 (10.24) 18.67 (13.68)
6-Month 52.74 (12.12) 4.58 (3.64) 1.58 (1.51) 13.95 (10.75) 20.09 (14.55)

* p < .05.
** p < .01.

*** p < .001.
IKDC = The International Knee Documentation Committee Questionnaire; WOMAC = Western Ontario and McMaster University Osteoarthri-
tis Index.
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(up to six months) in treating knee OA pain (Bannuru, Natov,
Dasi, Schmid, & McAlindon, 2011; He et al., 2017), and
that a repeated course of viscosupplementation treatment
every six months maintains or increases pain reduction
(Altman, Hackel, Niazi, Shaw, & Nicholls, 2018). The results
in this study are consistent with previous findings that
intraarticular HA injection significantly reduces pain and
improves the knee function of geriatric people with knee
OA.

However, unlike previous studies on the efficacy of
intraarticular HA injection (Bannuru et al., 2011), this
study reveals that viscosupplementation treatment exhib-
ited only short-term efficacy for up to four months (or less).
One cause may be the older age (average 70.91 years) of
our study group and their consequent suffering of more
severely degenerate knee joints. Evidence in other stud-
ies also demonstrates that elderly OA patients may not
benefit from viscosupplementation treatment as much as
younger patients, who experience a longer period of func-
tional improvement of the knee (Pelletier et al., 2018; Ucar,
Diracoglu, Suleyman, & Capan, 2013). Additionally, the HA
with the low molecular weight (500---730 kDa) that was uti-
lized in our study may not be as efficient as that with
high molecular weight (6000---7000 kDa), used in other stud-
ies (Boutefnouchet, Puranik, Holmes, & Bell, 2017). The
effectiveness of viscosupplementation treatment in pain
reduction and functional improvement may benefit from an
increased frequency of HA injections, with a period of only
four months instead of six months, for geriatric patients.
HA with a high molecular weight may facilitate the mainte-
nance of the long-term efficacy of the injections in geriatric
populations with chronic knee pain.

Even with the significant short-term reduction of pain
and improvement of knee function, this study surprisingly
found that intraarticular HA injection seemed not reduce
anxiety and even might negatively affected the depressive
status of participants who were undergoing viscosupple-
mentation treatment. Depressive status had significantly
deteriorated at the four month follow-up, when the effec-
tiveness of intraarticular HA injection in pain relief and
improving knee function were reduced. The lack of a rela-
tionship of anxiety and depressive status with pain and
functional improvement may be possibly explained by high
expectations for the long-term efficacy of intraarticular HA
injection, which caused the participants to be disappointed
by their actual experience. Patients have been suggested
to have high expectations of viscosupplementation treat-
ment, which may cause a placebo effect as high as 30---40%
(Fibel, Hillstrom, & Halpern, 2015). Our finding may eluci-
date that the concepts of patients’ expectations, and effects
of disappointment when medical treatments do not cure
the problem, may be of broad relevance, far beyond the
arthritis clinic. Considering the short-term efficacy of vis-
cosupplementation treatment in the geriatric population,
health education regarding the short-term effectiveness of
viscosupplementation should be clearly provided to geriatric
OA patients before injection to prevent them from having
an unreasonable expectation of the efficacy of the treat-
ment. Similarly, clinicians who provide service to other types
of patients may also want to consider the possible adverse
effects on psychological status when the treatment effects
disappoint the patients.

In order to support our postulation that there is a mis-
match on expectations (i.e., high expectation on knee
function improvement and high depression); a mediation
test was further carried out. That is, pain and knee functions
should be mediators in the association between HA injection
and depression, we reanalyzed our data using the four-step
method proposed by Baron and Kenny (Baron & Kenny, 1986;
Huang et al., 2018) to examine the mediated effects of pain
and knee functions in the association between intraarticular
HA injection and depression. The four-step method includes
three linear mixed effects models: the first model examined
whether intraarticular HA injection significantly explained
depression; the second model examined whether intraar-
ticular HA injection significantly explained pain or knee
function; the third model examined whether pain or knee
function significantly explained depression when intraartic-
ular HA injection was taken into account. When all the three
models are supported, the mediated effects are confirmed.
Because the first and second models were in accordance with
our results in Tables 2 and 3, we additionally analyzed the
third model. Our results indicated that depression, pain, and
knee function were significantly explained by intraarticular
HA injection (Tables 2 and 3); depression was significan-
tly explained by pain (coefficient = 0.24, SE = 0.05, p < .001
for VAS in left knee pain; coefficient = 0.23, SE = 0.06,
p < .001 for VAS in right knee pain) and knee function
(coefficient = −0.08, SE = 0.01, p < .001 for IKDC; coeffi-
cient = 0.16, SE = 0.03, p < .001 on the WOMAC pain subscale;
coefficient = 0.15, SE = 0.07, p = .03 on the WOMAC stiff-
ness subscale; coefficient = 0.08, SE = 0.10, p < .001 on the
WOMAC physical function subscale; and coefficient = 0.05,
SE = 0.01, p < .001 for the WOMAC total score).

However, the mediated effects did not have strong evi-
dence in causal relationships because the linear mixed
effects models used the same time points for retrieving
coefficients. We thus further conducted cross-lagged analy-
ses to provide strong evidence in the temporal association
between knee functions/pain and depression. Three cross-
lagged models were constructed: Model 1 was a stability
model with associations only between the same variables
(e.g., knee functions affects only knee functions; depres-
sion affects only depression); Model 2 was a lagged model
that adds the lagged effects of proposed cause (i.e., knee
functions or pain at baseline) to our proposed result (i.e.,
depression at month 2) to Model 1; Model 3 was another
lagged model that adds the lagged effects of our proposed
result to our proposed cause (i.e., depression at baseline
additionally affect knee functions/pain at month 2) to Model
1. All the Models 2 significantly outperformed Models 1
(�2 = 9.59---18.96; df = 3; p = .02 to <001), except for WOMAC
stiffness subscale (�2 = 5.58; p = 0.13) and VAS in left knee
pain (�2 = 5.79; p = 0.12). All the Models 3 significantly out-
performed Models 1 (�2 = 10.21---14.23; df = 3; p = .02---.003),
except for IKDC (�2 = 3.97; p = .27), VAS in left knee pain
(�2 = 3.74; p = 0.29), and VAS in right knee pain (�2 = 7.28;
p = .06). Therefore, we tentatively concluded that our pos-
tulation above is supported. However, future studies are
required to examine the effectiveness of health education
for geriatric OA patients.

This study has some limitations. First, only 102 elderly
participants, who might not represent the geriatric pop-
ulation with knee OA throughout Taiwan. Second, this
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study did not involve a randomized control trial. Thus,
potential biases, such as maturation or history effects,
might not have been eliminated. Specifically, given the
lack of a control group, we were unable to control the
effects of illness course on our studied outcomes. There-
fore, it is unclear whether our findings were really resulted
from intraarticular HA injection. Third, all participants in
this study were allowed combined treatment with COX-II
inhibitors for pain control at will during the follow-ups.
This fact might have influenced the pain relief after vis-
cosupplementation treatment. Fourth, the measurements
of knee function using WOMAC and IKDC were all based on
patient-reported questionnaires, rather than evaluation by
physicians. Improvement in knee function, including range
of motion and gait, was not objectively evaluated in this
study. Finally, given no proposed biological mechanism in
the relationship between itraarticular HA injection and psy-
chiatric symptoms, our study is exploratory research. Due to
the nature of exploratory research, we did not control for
the multiple comparisons in our analyses, and future studies
based on our preliminary findings are warranted to inves-
tigate any possible biological mechanisms. However, even
with these limitations, this study is the first to elucidate
the effect of intraarticular HA injection on depressive status
among geriatric patients with knee OA.

Conclusions

Although intraarticular HA injection for treating OA has
short-term efficacy in pain relief and functional improve-
ment, it may not improve anxiety or depressive status among
geriatric people. Further attention is recommended paid to
the anxiety and depressive status of geriatric people with
knee OA. Detailed health education may be needed before
viscosupplementation treatment to prevent an unduly high
expectation of the treatment for geriatric OA patients.
Healthcare providers may also want to closely detect the
possible adverse effects on psychological status when the
treatment effects disappoint other types of patients.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.ijchp.
2018.10.001.
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