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Abstract

Objectives This study aims to evaluate the efficacy of treatments for Kashin—Beck disease (KBD).

Method We searched PubMed, Cochrane Central Register of Controlled Trials, Embase, Web of Science, SinoMed, Chinese
National Knowledge Infrastructure, reference lists and published systematic reviews and registries of ongoing trials through
May 2015 for randomised controlled trials (RCTs) of treatments for KBD. Outcomes of interest were pain, function, stiffness,
overall clinical improvement, radiographic improvement (X-ray) and adverse events. Frequentist network meta-analyses were
conducted using random-effects consistency model to assess the efficacy of treatments for KBD.

Results Forty-four RCTs with 9815 participants were included in the review. In children or adolescents, selenium (risk ratio 1.88, 95%
confidence interval (CI) 1.51-2.33), vitamin C (2.03, 1.40-2.95) and aspirin (2.14, 1.12—4.08) were effective for radiographic structure
improvement. In adults, chondroitin plus glucosamine was the best for pain (standardised mean difference 1.46, 95% CI 1.07—-1.85),
followed by intra-articular injection of hyaluronic acid (IAH) (1.09, 0.70-1.48), chondroitin (0.84, 0.47-1.21), diclofenac (0.63, 1.18—
1.08), naproxen (0.55, 0.12-0.98), meloxicam (0.52, 0.03—1.01) and glucosamine (0.40, 0.13—0.67) compared to placebo, with similar
results for other clinical outcomes in adults. However, the strength of most evidence was limited by the small number of trials with low
to moderate quality.

Conclusions Selenium supplement has demonstrated some benefits for structural improvement of the disease in children.
Chondroitin, glucosamine, IAH and nonsteroid anti-inflammatory drugs are effective for symptom improvements of KBD in
adults. Evidence of surgical and complementary treatments for symptoms and aspirin and vitamin C for structure has yet to be
established.

Key Points

* There were 23 nutraceuticals, pharmaceuticals and surgical and complementary treatments assessed for Kashin—Beck disease (KBD) in randomised trials.

* Among the 23 treatments, chondroitin, glucosamine, IAH and non-steroid anti-inflammatory drugs are more effective than placebo to relieve symptoms
for adults with KBD.

* Selenium supplement is more effective than placebo for radiographic improvement in children or adolescents.

* The efficacy of surgeries, aspirin, vitamin C and complementary treatments for KBD has not been established yet.
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Introduction

Kashin—-Beck disease (KBD) is an endemic
osteoarthropathy with unclear aetiology [1]. Nutrient (sele-
nium or iodine) deficiency, toxicity (humic acid) in water
and mycotoxins in grains have been suggested as causes of
the disease, but none was conclusive [2—-8]. To date, it is
believed that multifaceted aetiologies are involved in the
disease [9]. KBD usually starts from childhood or adoles-
cence, causing joint deformation (big joint), decreased limb
length and short stature, persistent pain and function limi-
tations. The most affected joints are ankles, knees, waists
and elbows [10, 11]. In China, KBD is geographically dis-
tributed like a ribbon spanning from northeast to southwest
across 15 provinces including Heilongjiang, Shaanxi,
Sichuan and Tibet. Approximately three million people
are affected, with a prevalence of 8.0 to 43.4% [12, 13].
Although the prevalence is declining recently, new cases
are still occurring [14].

From the 1970s, the Chinese authority and scientific com-
munity have launched several waves of national endeavours
to tackle the endemic KBD [1, 15]. These endeavours include
exploring the aetiology and epidemiology of KBD and, more
recently, prevention and treatments of the disease. Similar to
osteoarthritis, treatments of KBD primarily or mainly aim to
relieve pain and improve function, since the impairment of
cartilage, bone and joint is hard to reverse. A number of
randomised controlled trials (RCTs) have been conducted.
Two systematic reviews suggested selenium and intra-
articular injection of hyaluronic acid (IAH) were more effec-
tive than placebo, no treatment or other treatments [16, 17].
However, the effectiveness of other treatments, for example,
non-steroid anti-inflammatory drugs (NSA), surgeries and
complementary treatments, has not been systematically
reviewed. This is because many of them have never been
compared with placebo in RCTs. In addition, the comparative
efficacy of these treatments compared with each other is un-
clear as head-to-head comparisons of these treatments (direct
evidence) in RCTs are substantially lacking.

We therefore undertook this comprehensive systematic
review attempting to gather all RCT evidence in KBD,
including placebo-controlled, no treatment-controlled and
active treatment-controlled trials. We used a network meta-
analysis (NWM) method to link different treatments to-
gether through a common comparator (node). This would
allow us to estimate both the efficacy of a treatment versus
placebo/no treatment and the relative efficacy between
treatments, with all direct and indirect evidence [18].

@ Springer

Methods
Eligible criteria

We included all RCTs comparing a treatment with placebo, no
treatment or active comparators for KBD, reporting at least
one of the following clinical outcomes: radiographic structure
improvement (X-ray manifestation) [19, 20], pain score, func-
tion score, stiffness score, clinical improvement score (e.g.
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) total score), clinical improvement rate (e.g. ac-
cording to national criteria [20] or a specific cut-off of pain
or function scale defined by the researcher) and adverse
events. Studies evaluating only laboratory outcomes were ex-
cluded. We searched English and Chinese databases (below)
with no language restriction on the selection of eligible
studies.

Search strategy

We searched databases of PubMed, Cochrane Central Register
of Controlled Trials, Embase, Web of Science, SinoMed
(CMB) and Chinese National Knowledge Infrastructure
(CNKI) from the inception to May 2015. Mesh and free texts
related to “Kashin—Beck disease” were used. RCTs were
searched using Cochrane Highly Sensitive Search Strategy
for identifying randomised trials in PubMed and Embase
[16] and adopted for Chinese literature database (online sup-
plementary search strategy). We also searched Chinese
Clinical Trial Registry (ChiCTR) and ClinicalTrials.gov for
ongoing trials, reference lists of included studies and pub-
lished systematic reviews.

Study selection, data extraction and quality appraisal

Two reviewers independently selected studies according to the
inclusion criteria (KZ and JLH). One reviewer extracted the
data and assessed the quality of all trials using a standard form
(KZ), which was checked by another (JLH). Disagreements
were resolved by discussion until a consensus was reached.
Data extracted were first author, year, study location, age and
gender of participants, treatments, duration and outcomes of
interests. The quality of the study was assessed using
Cochrane Risk of Bias tool in terms of generation of random
sequence, allocation concealment, blinding of participants,
blinding of assessor, incomplete data of outcome, selective
reporting and other bias [16]. The quality of evidence for each
outcome by comparison was assessed using the Grading of
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Recommendations Assessment, Development, and
Evaluation (GRADE) system as high, moderate, low and very
low [18]. With the GRADE system, the quality of evidence
may be downgraded/upgraded according to risk of bias, in-
consistency (heterogeneity), indirectness and imprecision of
the evidence [21, 22].

Statistical analysis

For meta-analysis, relative ratio (RR) was estimated for binary
outcomes. Standardised mean difference (SMD) was estimat-
ed for continuous outcomes to standardise different outcome
measures (e.g. VAS scale and WOMAC pain score for pain)
across trials. Their 95% confidence intervals (CIs) were also
estimated. The primary outcomes were radiographic
improvement and pain. Secondary outcomes were function,
stiffness, WOMAC total score and overall clinical improve-
ment score/rate. For the primary outcome radiographic im-
provement, the endpoint closest to 12 months was chosen,
considering the nature of radiographic changes. For other out-
comes, the endpoint right after the last treatment was used in
meta-analyses, most of which were of short to medium dura-
tion (< 6 months).

Frequentist NWM was conducted using the random-effects
consistency model [23, 24]. A simplest example of network
analysis is that a trial compares treatment A with B, and an-
other compares treatment B with C, then the indirect compar-
ison between A and C can be made through the shared com-
parator B, and the comparative effect of the three treatments
can be estimated. In our study, the comparative efficacy of
each treatment versus placebo and each other was estimated
for all clinical outcomes. The rank (possibility of being the
best treatment) of treatments was estimated and presented as
surface under the cumulative ranking curves (SUCRA) [23].
The value of SUCRA ranges from 1 (the max probability to be
the best treatment) to 0 (no chance of being the best). One
important assumption of NWM is the consistency
(inconsistency) of evidence, which refers to the similarity be-
tween direct evidence and indirect evidence of a comparison.
In our study, the consistency was assessed using the node-split
method and loop-specific heterogeneity estimates—the incon-
sistency factor (IF) [25, 26]. Publication or small study bias
was examined using comparison-adjusted funnel plot for pri-
mary outcomes [23].

Additional analyses were conducted to estimate the
overall effect size of NSA and traditional complimentary
medicines (TCM) for pain, function, stiffness, WOMAC
total score and clinical stiffness compared to placebo using
NWM. In trials with two or more NSAIDs arms, the pooled
effect of NSAIDs was estimated using Hedges’ method
[27], which was then used in the sensitivity NWM. We
planned to do subgroup or sensitivity analysis to examine
the impact of methodological quality on the estimates of

effect size for the primary outcomes. However, it was not
applicable for the limited number of available RCTs.
Conventional meta-analysis was also conducted using
random-effects model. The heterogeneity was examined
using QO test and /%, where 0 <0.05 or *>50% indicates
significant heterogeneity. All analyses were conducted
using STATA 13.0.

Results
Characteristics of included studies

We identified 698 citations through systematic literature
search. After screening the title and abstract and full text
reading, 44 trials were eligible for this study (Fig. 1). The
characteristics of included studies are presented in Table 1.
Of these, 24 trials were for children with KBD and 20 were
for adults. Twenty-three treatments were assessed, includ-
ing nutraceuticals (selenium (SE), iodine (I10), vitamin C
(VC), yeast (YE), glucosamine (GLU) and/or chondroitin
(CHO)), pharmacological (paracetamol (PAR), NSA in-
cluding aspirin (ASP), celecoxib (CEL), diclofenac
(DIC), ibuprofen (IBU), meloxicam (MEL), naproxen
(NAP)), intra-articular injection of hyaluronic acid (IAH),
surgical (arthroscopic debridement (AD), arthroscopic dril-
ling decompression (DD)) and TCMs (KBDI1 capsule,
KBD2 capsule, KBD3 patch, KBD4 capsule, Xiao Huo
Luo capsule (XHL), Kang Gu Zeng Sheng tablet (KGZ),
trimming skin therapy (TST) and nerve electrical stimula-
tion (NST)). The duration of the study ranged from 1 week
to 48 months. A RCT comparing DIC, GLU and their com-
bination with placebo is ongoing (ChiCTRTRC08000038).
The quality of included studies is presented in Online
Supplementary Fig. 1.

Electronic databases n=875 (Embase
n=26, Pubmed n=23, Web of science
n=138, CCRCT n=24, CNKI n=466, CMB
n=198)

» Remove duplicate n=177
v

Citations remain n=698

A 4

Screening removed n=661

A4

Citations remain n=37

< Reference list search n=7

A

Studies included n=44

Fig. 1 Flowchart of the study selection
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Outcomes for adults
Pain

Six trials accessed nine treatments for reduction of pain score
in adults with KBD, including two nutraceuticals: GLU and/or
CHO and six pharmaceutical treatments: PAR and NSA in-
cluding CEL, DIC, MEL and NAP, and IAH (Fig. 2).

In the NWM, the most effective treatment was GLU +
CHO (SMD 1.46, 95% CI: 1.07 to 1.85), followed by IAH
(1.09,0.70 to 1.48), CHO (0.84,0.47to 1.21), DIC (0.63, 1.18
to 1.08), NAP (0.55, 0.12 to 0.98), MEL (0.52, 0.03 to 1.01)
and GLU (0.40, 0.13 to 0.67) compared to placebo, respec-
tively. However, PAR and CEL were not significantly more
effective than placebo (Fig. 3, Table 2). The relative efficacies
of treatments are reported in Online Supplementary Table 2.
No evidence of inconsistency in the network loops was found
(Online Supplementary Table 10). The comparison-adjusted
funnel plot was symmetry (Online Supplementary Fig. 3).

Function

In the NWM, six trials with eight nutraceuticals or pharma-
ceutical treatments versus placebo or each other were included
(Fig. 2). Comparing with placebo, GLU + CHO was the most
effective treatment (SMD 3.22, 95% CI: 2.75 to 3.69), follow-
ed by CHO (3.17,2.72 t0 3.62), IAH (1.08, 0.77 to 1.39), DIC
(0.78,0.33 to 1.23), NAP (0.72, 0.29 to 1.15) and GLU (0.69,
0.42 to 0.96). However, MEL was not more effective than
placebo (0.02, — 0.43 to 0.47), while VC was worse than pla-
cebo (—1.03, —1.64 to —0.42) (Fig. 3). The head-to-head
comparisons between treatments are shown in Online
Supplementary Table 6. No inconsistency was found in the
network (Online Supplementary Table 10).

Surgeries of AD, DD, AD + DD and AD + IAH were not
connected in the network as there were no shared compara-
tors. The conventional meta-analysis found that AD + IAH
was significantly better than AD alone, while no difference
was found between AD, DD and their combination (Online
Supplementary Table 12).

Stiffness

Four trials with eight nutraceuticals or pharmaceutical treat-
ments including GLU and/or CHO, NSA (DIC, NAP, MEL)
and TAH were included in the NWM for stiffness in adults
(Fig. 2). Comparing with placebo, CHO was the most effec-
tive treatment (SMD 3.51, 95% CI: 2.78 to 4.24), followed by
G+C (3.23, 2.50 to 3.96), DIC (1.29, 0.41 to 2.17), NAP
(1.26, 0.38 to 2.14) and GLU (1.09, 0.58 to 1.60). However,
MEL (0.65, —0.32 to 1.63) and IAH (0.46, —0.23 to 1.14)
were not better than placebo (Fig. 3). The head-to-head com-
parison of treatments can be found in Online Supplementary

@ Springer

Table 7. All loops of the network were consistent (Online
Supplementary Table 10).

WOMAC total score

Four trials assessing seven nutraceuticals or pharmaceutical
treatments including GLU and/or CHO, NSAIDs (CEL,
DIC, NAP) and IAH were included in the NWM for
WOMAC total score in adults (Fig. 2). Comparing with pla-
cebo, CEL was the most effective treatment (SMD 3.43, 95%
CI: 2.84 to 4.02), followed by GLU + CHO (3.36, 2.85 to
3.87), CHO (3.29, 2.78 to 3.80), IAH (1.31, 0.90 to 1.72),
DIC (0.97, 0.46 to 1.48), NAP (0.90, 0.41 to 1.39) and GLU
(0.84,0.53 to 1.15) (Fig. 3). The head-to-head comparisons of
treatments can be found in Online Supplementary Table 8. No
inconsistency was found in the network (Online
Supplementary Table 10).

Clinical improvement

Eleven trials with 13 treatments including nutraceuticals: VC,
GLU and/or CHO; pharmaceuticals: NSA of CEL, DIC and
IBU; and TCM treatments including KGZ, KBDI capsule,
KBD2 capsule, KBD3 patch, KBD4 capsule and XHL cap-
sule were included in the NWM for clinical improvement rate
in adults (Fig. 2). IBU, DIC and CEL were combined as NSA
to enable the construction of the network. Comparing with
placebo, NSA was the most effective treatment (RR 7.58,
95% CI: 2.98 to 19.32), followed by IAH (7.47, 2.20 to
25.41), KBD4 (7.38, 2.86 to 19.03), KBD1 (7.24, 2.83 to
18.54), KBD3 (7.19, 2.68 to 19.26), KGZ (6.90, 2.69 to
17.68), XHL (6.43, 2.48 to 16.67), KBD2 (5.69, 2.20 to
14.73) and GLU + CHO (1.96, 1.17 to 3.28). However,
GLU alone (1.32, 0.75 to 2.34) and VC (1.80, 0.61 to 5.30)
were not more effective than placebo (Fig. 3). The compara-
tive effectiveness of treatments with each other is presented in
Online Supplementary Table 9. No inconsistency was found
in the loops of the network (Online Supplementary Table 10).

Other clinical outcomes

According to conventional meta-analysis, three studies that
reported patient global assessment showed no difference be-
tween TAH and MEL and between IAH and placebo, or
among CEL, MEL and PAR. Two studies reported physician
global assessment and no difference was found among IAH,
MEL and placebo, or among MEL, CEL and PAR. One study
assessed SF-12, in which GLU plus CHO and CHO alone
were significantly more effective than GLU alone or placebo,
but no difference was found between GLU plus CHO and
CHO alone. Two RCTs accessed joint space for adults, in
which no difference was found between GLU plus CHO and
placebo (Online Supplementary Table 12).
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X-ray improvement

VC (161)

NT(87)

Function score

NAP (65)

(211) 1AH

(82) MEL

VC (40)

PLA(141)

WOMAC total score

GLU(169)

(100) CEL,

(154)cHO DIC(50)

(52)g+c IAH (50)

PLA (101)

Fig. 2 Network maps for efficacy outcomes. AS, aspirin; CEL,
celecoxib; DIC, diclofenac; IAH, intra-articular injection of hyaluronic
acid; IBU, ibuprofen; MEL, meloxicam; NAP, naproxen; CHO, chon-
droitin; G+C, glucosamine + chondroitin; GLU, glucosamine; IOD, io-
dine; SE, selenium; VC, vitamin C; YEA, yeast; AD, arthroscopic de-
bridement; DD, arthroscopic drilling decompression; K1, KBD1 capsule;
K2, KBD2 capsule; K3, KBD3 patch; K4, KBD4 capsule; KGZ, Kang

Pain score

(152) MEL

(44) PAR CHO(54)

(52) CEL

(132) IAH

pic(s0) 1 NAP (65)

Stiffness score

NAP (65)

(170)GLU
DIC (50)

(132) 1AH CHO(54)

MEL (80) G+C(53)

PLA (112)

Clinical improvement
NSA (471)

(90)vC

(47) k4

(41) XHL

KGZ(79)

Gu Zeng Sheng tablet; NES, nerve electrical stimulation; TST, trimming
skin therapy; XHL, Xiao Huo Luo capsule; NT, no treatment; PLA,
placebo. (The width of the line is proportional to the number of trials
directly comparing the treatments, with the number of trials directly com-
paring the treatments besides the lines; the size of the bubble is propor-
tional to the number of participants randomly allocated to the treatment
with the number of participants in the arm in the brackets)
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X-ray improvement rate treatments vs. placebo

Pain score treatment vs. placebo

Treatment SMD (95% Cl) SUCRA
Treatment RR (95% CI) SUCRA
Glucosamine + Chondroitin —=— 1.46(1.07,1.85) 1
Aspirin —_— 214(1.12,408) 8
IAHA —_— 1.09(0.70, 1.48) .9
Vitamin C —_— 2.03 (1.40, 2.95) 8
Chondroitin —_— 0.84(047,121) 7
Sodium selenite —_— 1.88 (1.51,2.33) 7
Diclofenac —_— 0.63(0.18,1.08) 6
Unclear control —— 1.63(0.98,2.72) 6 Naproxen 0.55(0.12,098) 5
Yeast 136(067,276) 5 Meloxicam —— 0.52(0.03,1.01) 5
l h salt 104(0.16,670) 4 Glucosamine — 0.40 (0.13,0.67) .3
No treatment — 0.87(0.46,1.66) 2 Paracetamol —_— 0.35(-0.28,0.98) 3
lodine —_——T 0.81(0.36, 1.85) 2 Celecoxib —_— 0.12(-0.49,0.73) .1
T . ; ‘
149 1 6.7 -1.85 0 1.85
Function score treatment vs. placebo Stiffness score treatment vs. placebo
Treatment SMD (95% CI) SUCRA Treatment SMD (95% CI) SUCRA
Glucosamine + Chondroitin —=— 322(2.75,369) 9 Chondroitin 351278,424) 1
Chondroitin —*— 317(272,362) 9
Glucosamine + Chondroitin —— 323(250,39) 9
IAHA — 1.08(0.77,1.39) .7
Diclofenac —_— 129(041,217) 6
Diclofenac — 0.78(0.33,1.23) 6
Naproxen —_— 126(0.38,214) 6
Naproxen —— 0.72(0.29,1.15) 5
Glucosamine — 1.09(0.58,1.60) .5
Glucosamine — 0.69(042,096) .5
Meloxicam 4 002(043,047) 2 Meloxicam —— 065(-0.33,1.63) .3
IAHA i 046(-023,1.15) 2
Vitamin C —_— -1.03 (-1.64,0.42) 0 4D s, 1 k
T T T T
-3.69 0 3.69 -4.24 0 424
WOMAC total score treatment vs. placebo Clinical improvement treatment vs. placebo
Treatment RR (95% Cl) SUCRA
Treatment SMD (95% Cl) SUCRA
NSAIDs —  761(297,1951) 9
—_—
Celecoxib —— 343(284,402) 9 1AHA 482212616 8
KBD4 tablet ———a———  7.39(2.88,1893) 8
Glucosamine + Chondroitin —+— 336(285,387) 9 KBD1 tablet — e 724(283.1856) 8
Chondroitin —s— 329(278,380) 8 KBD3 patch —_——  7.17(269,19.11) 7
Kang Gu Zeng Sheng ———— em@emme) 7
1AHA 131(090,1.72) 5 Xiao Huo Luo — 6.42(2.46,16.78) .6
Diclofenac —_— 0.97(0.46,148) 4 KBD2 tablet —_— 570(2.18,14.89) 5
Glucosamine + Chondroitin —_— 1.95(1.17,3.25) 3
Naproxen — 0.90(0.41,1.39) 3 )
Vitamin C —_— 1.80 (0.61, 5.30) 2
Glucosamine — 0.84(0.53,1.15) .2 Chondroitin [ 1.73(1.02, 2.94) 2
Glucosamine ——— 1.32(0.75,2.34) A
T T ; T
-4.02 0 4.02 0397 1 252

Fig. 3 Network meta-analysis of efficacy outcomes compared with pla-
cebo. RR, rate ratio; SMD, standardised mean difference; CI, confidence
interval; SUCRA, surface under the cumulative ranking curves; IAH,

Adverse events

Fifteen RCTs reported AEs in adults. For NSA, the AEs ranged
from 0% for AS to 27.8% for MEL, which were mainly gastro-
intestinal events and skin itch, palpitation, headache, dizziness
and elevated alanine transaminase (ALT) were also documented.
For TCM, the rate of AEs ranged from 0.0 to 3.0%, which
mainly were also gastrointestinal events, which was similar to
PAR. The AEs of IAH were mainly swelling and pain at the joint
of injection (10.0 to 29.8%). CHO and GLU had similar rates of

@ Springer

intra-articular injection of hyaluronic acid; NSA, non-steroid anti-inflam-
matory drugs; KGZ, Kang Gu Zeng Sheng tablet; XHL, Xiao Huo Luo
capsule

AEs as placebo which include dyspepsia, abdominal pain, con-
stipation, diarrhea, nausea, cough and headache. No sever ad-
verse events were reported (Online Supplementary Table 14).

Outcomes for children or adolescents
Radiographic structure

In total, 22 trials assessed the efficacy of treatments on radio-
graphic improvement (X-ray) in children or adolescents aged
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from 2 to 16 years. Treatments included nutraceuticals (SE, IO,
VC, VE or their combinations) and pharmaceuticals (AS) com-
pared with no treatment, placebo or each other. To simplify the
interpretation of the results, only 20 trials with monoregimen
were included in the network meta-analysis (Fig. 2).

In the NWM, AS, VC and SE were significantly more ef-
fective than placebo, and the RRs (95% Cls) were 2.14 (1.12 to
4.08),2.03 (1.40 to 2.95) and 1.88 (1.51 to 2.33), respectively,
while no significant difference was found for YE (1.36, 0.67—
2.76) and SEs (1.04, 0.16-6.70) (Fig. 3). The head-to-head
comparisons are presented in Online Supplementary Table 4.
There was significant inconsistency for the loop of SE—unclear
control-VC (Online Supplementary Table 10).

Pain, function and stiffness

Only one RCT assessed pain, function and stiffness for chil-
dren, in which no difference was found among 1O plus SE, 10
plus PLA and no treatment for these outcomes at 12-month
follow-up through conventional meta-analysis (Online
Supplementary Table 11).

Clinical improvement

Two RCTs appraised clinical improvement in children.
Through conventional meta-analysis, one RCT showed AS
was significantly more effective than no treatment (RR
27.00, 95% CI 1.73 to 420.68), and another found no differ-
ence among 10 plus SE, 10 plus placebo and no treatment
(Online Supplementary Table 11).

Other clinical outcomes

One RCT accessed height, weight and skeletal delay in children,
in which no difference was found among 10 plus SE, 10 plus
placebo and no treatment (Online Supplementary Table 11).

Adverse events

Three studies reported AEs of treatments for children. Chen
1979 reported no AEs were observed for AS during 4 months
of treatment. [48] Niu 1990 reported few children who re-
ceived SE tablets had mild nausea and vomiting but no detail
was given. [49] Moreno-Reyes 2003 described 4 among 208
children (1.9%) who had transient biochemical hyperthyroid-
ism related to 1O injection. [50]

Additional analysis

In additional analysis, the overall effect size of NSA and
TCMs was estimated using NWM for outcomes of pain, func-
tion, stiffness, WOMAC total score and clinical improvement
where data were available. The results were similar to the

main analysis (Online Supplementary Fig. 4). However, we
were unable to conduct sensitivity or subgroup analysis by
methodological quality or sample size of the studies, due to
the limited number of included trials.

Discussion

To the best of our knowledge, this is the first network meta-
analysis assembling evidence from all RCTs for treatments in
KBD. In total, 44 trials with 23 nutraceuticals, pharmacolog-
ical and surgical treatments and TCMs were examined. The
main findings of this study are as follows: (1) in adults, CHO,
GLU, IAH and NSA are effective for pain and function; (2) in
children or adolescent, selenium supplement was effective for
structure improvement; and (3) the efficacy of surgeries, aspi-
rin, vitamin C and TCMs has yet to be established.

The analgesic effect of NSA was well established in other
chronic pain conditions such as osteoarthritis [28, 29], mainly
by blocking enzyme cyclooxygenase (COX) [30]. Chondroitin,
glucosamine and hyaluronic acid are important components of
the extracellular matrix and articular cartilage and vital in main-
taining and repairing of cartilage [31, 32]. The use of chondroitin,
glucosamine and hyaluronic acid in KBD is based on the evi-
dence from osteoarthritis—a condition characterised by imbal-
ance of cartilage loss and impairment, though their effectiveness
is still controversial [33—37]. The reduction of pain and improve-
ment of function may be achieved through their role in maintain-
ing and repairing of cartilage, which may be similar for KBD. Yu
and colleagues conducted a systematic review (SR) including
seven trials comparing IAH with vitamin C, drugs or other treat-
ments and found that IAH was significantly better in achieving
overall effectiveness (OR 10.44, 3.57-30.51) for KBD [17].

The efficacy of selenium supplement for structure improve-
ment in children or adolescents has been well documented. In a
SR, Yue and colleagues included 10 trials comparing sodium
selenite with placebo or no treatment and showed that sodium
selenite was more effective than controls in repairing
metaphyseal lesions (OR 5.63, 95% CI 3.67-8.63) and distal
end of phalanges (OR 2.98, 95% CI 1.32-6.70) based on radio-
graphic assessment [15]. During our preparation of the manu-
script, another NWM has been conducted for selenium supple-
ment, concluding that it is more effective than placebo or no
treatment in repairing metaphysis impairment, with the combi-
nation of sodium selenite and vitamin C being the best [38].
However, as shown in our study, the strength of the evidence
was weakened due to the methodological limitations of the in-
cluded trials. SRs of prevention and epidemiological studies also
supported the efficacy of selenium supplementation in
preventing KBD in children [39]. SRs found that environmental
selenium concentration was significantly lower in endemic re-
gions than non-endemic regions, and serum selenium concentra-
tion in people with KBD was significantly lower than healthy
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persons [5, 40]. Recent studies show that KBD is characterised
not only by articular cartilage damage and chondrocyte apoptosis
but also involves inflammation and oxidative stress [41]. The
role of selenium in KBD mainly involves maintenance of thyroid
function and antioxidation [9]. However, meta-analyses found
no relationship between iodine deficiency and KBD [5, §].

There were studies showing that aspirin is associated with
reduced cartilage loss [42, 43], but contradicting evidence also
exists [44]. Little is known about the mechanisms of aspirin in
relation to joint structure in KBD. The effect of vitamin C may
relate to its antioxidation role. However, there is no convinc-
ing evidence that vitamin C is effective for any other type of
arthritis [45, 46]. Thus, further investigation of the role of
aspirin and vitamin C in KBD is needed.

This review has several limitations. First, due to the small
number of trials/participants in most comparisons in current
networks, a small study effect may not be ruled out [47], though
the comparison-adjusted funnel plot did not show obvious
asymmetry. Second, most comparisons in the NWM were of
low to moderate quality. As most of the outcomes in KBD were
subjective, the lacking of allocation concealment and blinding
to the participants and assessors may distort the efficacy esti-
mates. Unfortunately, due to the limited number of studies, we
were unable to conduct sensitivity or subgroup analysis to in-
vestigate their impact on the efficacy estimates. Due to the
reasons described above, the ranks of probability of being the
best treatment estimated using SUCRA in this study may be
interpreted with caution. The solo relying on estimated ranks
may be misleading. A patient-tailored discussion considering
both the efficacy and safety of treatments is needed. Finally, we
did not hand-search journals and conference abstracts; thus,
publication bias may exist, though both important English and
Chinese literature databases, reference lists, published system-
atic reviews and trial registers have been searched.

In conclusion, CHO, GLU, IAH and NSA are more effec-
tive than placebo to relieve symptoms for adults with KBD.
Selenium supplement is more effective than placebo for radio-
graphic improvement in children or adolescents. However, the
efficacy of surgeries, aspirin, vitamin C and TCMs for KBD
has not been established yet.
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