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Introduction

Knee osteoarthritis (OA) is the leading cause of disability in 
adults1-3 and its prevalence is anticipated to rise exponen-
tially over the next several decades. The pathogenesis of 
knee OA is multifactorial, but largely attributable to chronic 
overloading of the knee joint that promotes degradation of 
the articular cartilage.4,5 Hyaluronic acid (HA) is an integral 
component of synovial fluid. As part of its intra-articular 
function, it acts as a joint lubricant during shear stress and a 
shock absorber during compressive stress. The concentra-
tion and molecular weight of endogenous HA is often 
reduced in knee OA, leading to reduced viscoelastic proper-
ties of synovial fluid. Altered biodynamics with loss of 
other protective HA properties induce proinflammatory 
pathways.6 Intra-articular hyaluronic acid (IAHA) injec-
tions are intended to alleviate knee OA symptoms by revers-
ing the OA-induced HA deficit.7 Numerous systematic 
reviews have evaluated the effectiveness of IAHA for knee 
OA, with varying conclusions.8-16 However, relatively less 
attention has been paid to the safety of IAHA. In 2012, 

Rutjes and colleagues15 were among the first to report 
potential safety concerns with IAHA for knee OA. Since 
then, few studies have attempted to confirm the safety of 
IAHA and to further investigate the potential sources of het-
erogeneity among studies. The purpose of this systematic 
review and meta-analysis of randomized controlled trials 
(RCTs) was to report on the safety of IAHA in patients with 
symptomatic knee OA.
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Abstract
Objective. The objective of this systematic review and meta-analysis was to report the safety of intra-articular hyaluronic 
acid (IAHA) in patients with symptomatic knee osteoarthritis (OA). Methods. We identified randomized controlled trials 
reporting the safety of IAHA versus IA saline in adults with symptomatic knee OA. Main safety outcomes were adverse 
events (AEs), local AEs, serious adverse events (SAEs), study withdrawals, and AE-related study withdrawals. Results. A 
total of 35 randomized controlled trials with 38 group comparisons comprising 8,078 unique patients (IAHA: 4,295, IA 
saline: 3,783) were included in the meta-analysis. Comparing IAHA with IA saline over a median of 6 months follow-up, 
there were no differences in the risk of AEs (42.4% vs. 39.7%, risk ratio [RR] = 1.01, 95% CI = 0.96-1.07, P = 0.61), SAEs 
(1.8% vs. 1.2%, RR = 1.44, 95% CI = 0.91-2.26, P=0.12), study withdrawals (12.3% vs. 12.7%, RR = 0.99, 95% CI = 0.87-
1.12, P = 0.83), or AE-related study withdrawals (2.7% vs. 2.1%, RR = 1.37, 95% CI = 0.97-1.93, P = 0.08). Local AEs, all 
of which were nonserious, were more common with IAHA vs. IA saline (14.5% vs. 11.7%, RR = 1.21, 95% CI = 1.07-1.36, 
P = 0.003) and typically resolved within days. Conclusion. IAHA was shown to be safe for use in patients with symptomatic 
knee OA. Compared with IA saline, IAHA is associated with an increased risk of nonserious, transient local reactions. 
There was no evidence to suggest any additional safety risks of IAHA.
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Methods

Data Sources and Searches

We developed and followed a review protocol that adhered 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA).17 We searched Medline, 
Embase, the Cochrane Database of Systematic Reviews, 
and the Directory of Open Access Journals, with no lan-
guage restrictions, from inception to December 31, 2018 for 
RCTs of IAHA for symptomatic knee OA by using a com-
bination of study design-, diagnosis-, and treatment-specific 
keywords (Supplemental Table 1). Additionally, reference 
lists of included papers and relevant meta-analyses were 
manually searched. We also included results from published 
and unpublished sources (e.g. abstracts, Food and Drug 
Administration website) to reduce the risk of publication 
bias.18 Manuscripts published in non-English language 
journals were translated to English by local-language medi-
cal translators.

Study Selection

Two independent researchers (LM, DF) reviewed titles and 
abstracts for possible inclusion. Primary inclusion criteria 
were RCTs of IAHA (IAHA group) versus IA saline (Saline 
group) for symptomatic knee OA; sample size at least 30 
patients per group; identical treatment and follow-up condi-
tions in each group; and at least one extractable safety out-
come. The 30-patient minimum sample size criterion was 
included to minimize bias associated with small-study 
effects.19 Duplicate publications and studies that included 
concomitant surgical procedures were excluded.

Data Extraction

Data were independently extracted from eligible studies by 
2 researchers (LM, DF). Data extraction discrepancies 
between the 2 researchers were resolved by discussion and 
consensus. The following variables were recorded in stan-
dardized data extraction forms: general manuscript infor-
mation, patient characteristics (gender, age, body mass 
index), study characteristics (sample size, blinding assess-
ment, industry funding, follow-up duration), HA character-
istics (trade name, molecular weight, source, cross-linking, 
regulatory status), procedural details (number of injec-
tions), and safety outcomes. Safety outcomes included all-
cause serious adverse events (SAEs), all-cause adverse 
events (AEs), local AEs, patient withdrawals, and 
AE-related patient withdrawals. Serious AE data were 
extracted based on investigator determination or report of 
any event that led to death, serious deterioration in health, 
life-threatening illness/injury, permanent impairment, hos-
pitalization or prolongation of hospitalization, or medical/
surgical intervention to prevent permanent impairment. 

Treatment relatedness data were extracted based on inves-
tigator determination. We reviewed the article text, tables, 
and patient flow diagrams to determine the number of 
patient withdrawals in total as well as those occurring due 
to an AE. The Cochrane Collaboration tool was used to 
assess risk of bias.20

Data Analysis

Safety outcomes in each group were compared using the 
risk ratio (RR) where an RR >1 indicated higher risk with 
IAHA and an RR <1 indicated lower risk with IAHA. 
When one group was compared to multiple groups within 
the same study, the sample size of the single group was 
adjusted to avoid double counting of patients.21 We used the 
I2 statistic to estimate heterogeneity of outcomes among 
studies where a value of 0% represents no heterogeneity 
and larger values represent increasing heterogeneity.22 
Substantial heterogeneity was defined by a Cochran Q test 
P < 0.1 or I2 > 50%. When substantial heterogeneity 
existed, a random effects model was planned; otherwise, a 
fixed-effect model was planned.23 Publication bias was 
visually assessed with funnel plots and quantitatively 
assessed with Egger’s regression test.24 Predefined sub-
group analyses were performed to explore the association 
of study-level factors on each safety outcome. We tested the 
stability of our estimates with two sensitivity analyses. The 
first sensitivity analysis was a one-study removed analysis 
in which we iteratively removed one study at a time to 
determine whether conclusions for each outcome were 
influenced by any single study. The second sensitivity anal-
ysis compared results of fixed-effect versus random effects 
models for each safety outcome. P-values were 2-sided 
with a significance level <0.05. Analyses were performed 
using Review Manager 5.3 (The Cochrane Collaboration, 
Copenhagen, Denmark).

Results

Study Selection

We screened 459 studies to determine eligibility for inclu-
sion in this review. We excluded 424 studies, mostly due to 
a non-IA saline control group, inadequate sample size, or 
nonrandomized design. Ultimately, 35 RCTs with 38 group 
comparisons comprising 8,078 unique patients (IAHA: 
4,295, Saline: 3,783) were included in this review. A flow 
diagram of study identification and selection is shown in 
Figure 1. A listing of excluded RCTs with reasons for 
exclusion is provided in Supplemental Table 2.

Patient and Study Characteristics

Baseline patient characteristics in the IAHA and Saline 
groups are reported in Table 1. Characteristics of patients in 
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the IAHA and Saline groups were similar, with women 
comprising 60% of each group, a median age of 63 years in 
each group, and a median body mass index of 29 kg/m2 in 
each group. Most studies utilized patient and outcome 
assessor blinding, but injector blinding was rarely specified. 
Most HA products were derived from avian sources. The 
total number of injections received in each series ranged 
from 1 to 5, except for one study that used 11 injections.25 
Median patient follow-up was 6 months (range: 5 weeks to 
2 years) (Table 2). The most common potential sources of 
bias were lack of investigator blinding, industry funding, 
and incomplete outcome data (Figure 2).

Main Outcomes

Comparing IAHA with Saline groups, there were no differ-
ences in the risk of AEs (42.4% vs. 39.7%, RR = 1.01, 95% 
CI = 0.96-1.07, P = 0.61; Fig. 3), SAEs (1.8% vs. 1.2%, 
RR = 1.44, 95% CI = 0.91-2.26, P = 0.12; Fig. 4), study 
withdrawals (12.3% vs. 12.7%, RR = 0.99, 95% CI = 0.87-
1.12, P = 0.83; Fig. 5), and AE-related study withdrawals 
(2.7% vs. 2.1%, RR = 1.37, 95% CI = 0.97-1.93, P = 0.08; 
Fig. 6). Local AEs, none of which were classified as seri-
ous, were more common with IAHA versus Saline (14.5% 
vs. 11.7%, RR = 1.21, 95% CI = 1.07-1.36, P = 0.003; 
Fig. 7). Significant heterogeneity or publication bias was 
not observed for any outcome, with the exception of publi-
cation bias for the risk of AEs (Egger’s P = 0.04). 
Publication bias adjustment using the trim-and-fill method 
resulted in an almost identical nonsignificant difference  
in the risk of AEs (RR = 1.01, 95% CI = 0.96-1.06)  

compared with the unadjusted values (RR = 1.01, 95%  
CI = 0.96-1.07).

Subgroup and Sensitivity Analyses

In subgroup analyses, no study-level factor influenced the 
risk of any safety outcome. The associations of these factors 
on the risk of local AEs are provided in Table 3. Subgroup 
analysis results of other safety outcomes were not reported 
since no heterogeneity was observed for the other safety 
outcomes (all I2 = 0%). In the first sensitivity analysis, 
study conclusions were upheld in most scenarios when the 
meta-analysis was recalculated after removing one study at 
a time. The only safety outcome in which conclusions were 
influenced by individual studies was AE-related withdraw-
als in which one-at-a-time removal of 20 (91%) studies did 
not alter conclusions, but removal of Brandt et  al.26 or 
Lohmander et al.27 led to the conclusion of increased risk of 
AE-related withdrawal with IAHA injections (Supplemental 
Table 3). In the second sensitivity analysis, results of each 
safety outcome were largely identical when comparing 
fixed-effect and random effects meta-analysis models 
owing to low heterogeneity among studies (Supplemental 
Table 4).

Discussion

IAHA injections are generally perceived as safe for use in 
patients with symptomatic knee OA. This conclusion was 
corroborated in the current meta-analysis where we con-
firmed that IAHA was associated with an increase in local 

Figure 1.  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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nonserious AEs compared with saline injections (14.5% vs. 
11.7%), but with no differences between treatment groups 
in the risk of AEs, SAEs, study withdrawals, and AE-related 
study withdrawals. These conclusions were robust in sub-
group analyses and were not influenced by heterogeneity or 
publication bias.

Results of this meta-analysis confirmed that the risk of 
SAEs was comparable in patients receiving IAHA or saline. 
This finding agrees with a previous meta-analysis in which 
the risk of SAEs was no different with IAHA versus saline 
controls (RR = 1.24, P = 0.32).16 However, this is in con-
trast to the results of Rutjes et  al.15 who concluded that 

Table 1.  Patient Characteristics in Randomized Controlled Trials Included in the Meta-Analysis.

Study

No.  
Randomized

Age  
(Years)

Female  
Patients (%)

BMI  
(kg/m2)

HA Saline HA Saline HA Saline HA Saline

Altman, 199834 164 168 62 65 61 53 32 30
Altman, 200435 173 174 63 63 46 64 30 30
Altman, 200936 293 295 63 61 63 63 32 33
Arden, 201437 108 110 65 61 55 46 27 28
Baltzer, 200938 135 107 57 60 55 64 a a

Brandt, 200126 114 112 65 67 63 63 32 30
Chevalier, 201039 124 129 64 63 74 68 29 30
Day, 200440 116 124 62 62 56 61 30 29
Dickson, 200141 53b 57 65 64 57 56 29 29
Dixon, 198825 30 33 a a a a a a

Dougados, 199342 55 55 67 69 76 65 a a

Hangody, 201743 150 138 59 58 66 74 28 29
Henderson, 199444 45 46 69 64 67 72 a a

Henrotin, 201745 40 41 67 63 63 76 29 31
Huang, 201146 100 100 66 64 74 78 26 25
Huskisson, 199947 50 50 66 65 76 58 a a

Jorgensen, 201048 167 170 63 61 66 57 29 29
Karlsson, 2002a49 92 66b 72 71 67 61 28 28
Karlsson, 2002b49 88 66b 70 71 65 61 28 28
Kosuwon, 201250 30 30 61 61 100 100 27 26
Lohmander, 199627 120 120 59 58 56 56 28 27
Lundsgaard, 2008 51 84 84 69 70 57 52 30 29
Neustadt, 200552 128 124 58 59 45 50 29 29
Petrella, 200253 30 30 67 63 36 43 30 33
Petrella, 200654 53 53 62 64 43 46 30 31
Petrella, 2008a55 50 50b 69 71 54 60 27 27
Petrella, 2008b55 50 50b 71 71 58 60 27 27
Petterson, 201856 184 185 60 59 59 57 30 30
Pham, 200457 131b 85 65 65 71 69 29 29
Puhl, 199358 102 107 62 61 73 55 26 27
Rolf, 2005a59 90 91b 55 53 44 38 27 28
Rolf, 2005b59 91 91b 54 53 38 38 27 28
Saravanan, 200260 33 33 a a a a a a

Seikagaku, 200161 619 537 62 61 62 59 28 28
Shichikawa, 198362 52 55 a a a a a a

Strand, 201263 251 128 61 60 60 60 28 29
Wobig, 199864 52 54 60 64 56 74 27 28
Wu, 199765 48c 42c 69 69 34 22 a a

BMI = body mass index; HA = hyaluronic acid
aValues not reported.
bSample size of common comparator group within the same study adjusted to avoid double-counting in meta-analysis.
cEstimated values.
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IAHA increased the risk of SAEs (RR = 1.41, P = 0.04). In 
the current study, the risk of experiencing an SAE following 
IAHA was low, occurring in 1.8% of patients. Furthermore, 
as was shown in the meta-analysis of Rutjes et al.,15 none of 
the SAEs were related to IAHA but instead to unrelated 
conditions. Overall, it appears that SAEs following IAHA 
are rare, occur with a similar frequency as with IA saline, 
and are unrelated to the treatment itself.

We determined that IAHA increased the risk of nonseri-
ous, transient local reactions compared with IA saline. The 
most common local reactions were injection site pain, arthral-
gia, joint swelling, and joint effusion, which subsided within 
2 to 3 days in most instances. Despite this increased risk in 
local reactions, IAHA was well tolerated with the percentage 
of patient withdrawals overall (12.3% vs. 12.7%) and with-
drawals due to an AE (2.7% vs. 2.1%) comparably low in 

Table 2. T reatment Regimens of Randomized Controlled Trials Included in the Meta-Analysis.

Study

Blinding HA Characteristics

Follow-up 
(Days)Subjects Injectors

Outcome 
Assessors Trade Name

US 
Approved

Cross-
Linked

Avian 
Origin

MW 
(kDa)

No. 
Injections

Altman, 199834 Yes No No HYALGAN Yes No Yes 730 5 182
Altman, 200435 Yes No Yes DUROLANE Yes Yes No 9000 1 182
Altman, 200936 Yes No Yes EUFLEXXA Yes No No 3600 3 182
Arden, 201437 Yes No Yes DUROLANE Yes Yes No 9000 1 42
Baltzer, 200938 Yes No Yes HYA-JECT No No No 1400 3 203
Brandt, 200126 Yes No Yes ORTHOVISC Yes No No 2900 3 189
Chevalier, 201039 Yes No Yes SYNVISC Yes Yes Yes 6000 1 182
Day, 200440 Yes No Yes ARTZAL Yes No Yes 1170 5 126
Dickson, 200141 Yes No Yes SYNVISC Yes Yes Yes 6000 3 84
Dixon, 198825 Yes No Yes HYALGAN Yes No Yes 730 11 336
Dougados, 199342 No No No HYALGAN Yes No Yes 730 4 364
Hangody, 201743 Yes Yes Yes MONOVISC Yes Yes No 2900 1 182
Henderson, 199444 Yes No Yes HYALGAN Yes No Yes 730 5 35
Henrotin, 201745 Yes Yes Yes KARTILAGE CROSS No No No a 1 180
Huang, 201146 Yes No Yes HYALGAN Yes No Yes 730 5 175
Huskisson, 199947 Yes No Yes HYALGAN Yes No Yes 730 5 182
Jorgensen, 201048 Yes No Yes HYALGAN Yes No Yes 730 5 91
Karlsson, 2002a49 Yes No Yes ARTZAL Yes No Yes 1170 3 182
Karlsson, 2002b49 Yes No Yes SYNVISC Yes Yes Yes 6000 3 182
Kosuwon, 201250 Yes No Yes GO-ON No No No 1500 5 182
Lohmander, 199627 Yes No Yes ARTZAL Yes No Yes 1170 5 185
Lundsgaard, 200851 Yes No Yes HYALGAN Yes No Yes 730 4 182
Neustadt, 200552 Yes No Yes ORTHOVISC Yes No No 2900 4 196
Petrella, 200253 Yes Yes Yes SUPLASYN No Yes No 1000 3 84
Petrella, 200654 Yes No Yes SUPLASYN No Yes No 1000 3 84
Petrella, 2008a55 Yes No No HYALGAN Yes No Yes 730 3 728
Petrella, 2008b55 Yes No No SYNVISC Yes Yes Yes 6000 3 728
Petterson, 201856 Yes Yes Yes MONOVISC Yes Yes No 2900 1 182
Pham, 200457 Yes No Yes NRD101 No a No 1900 3 365
Puhl, 199358 Yes No Yes ARTZAL Yes No Yes 1170 5 98
Rolf, 2005a59 Yes No Yes SYNVISC Yes Yes Yes 6000 3 364
Rolf, 2005b59 Yes No Yes ARTZAL Yes No Yes 1170 3 364
Saravanan, 200260 No No No SYNVISC Yes Yes Yes 6000 3 42
Seikagaku, 200161 Yes No No ARTZAL Yes No Yes 1170 3 126
Shichikawa, 198362 Yes No No NOT REPORTED No a a a 5 35
Strand, 201263 Yes No Yes GEL-ONE Yes Yes Yes a 1 91
Wobig, 199864 Yes Yes Yes SYNVISC Yes Yes Yes 6000 3 182
Wu, 199765 Yes No No ARTZAL Yes No Yes 1170 5 182

HA = hyaluronic acid; MW = molecular weight; US = United States.
aValues not reported.
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Figure 2. R isk of bias assessment with the Cochrane Collaboration Tool.

Figure 3.  Forest plot of pooled risk ratio for adverse events with hyaluronic acid (HA) or saline injections. The risk ratio and 95% 
confidence interval are plotted for each study. The size of the square is proportional to the sample size of the study. The pooled risk 
ratio is denoted by the diamond apex and 95% confidence interval denoted by the diamond width. A pooled risk ratio of more than 
1 indicates higher risk with HA. A pooled risk ratio of less than 1 indicates lower risk with HA. Heterogeneity: I2 = 0%, P = 0.62. 
Publication bias: Egger’s P = 0.04.
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both IAHA and IA Saline groups. It was interesting that no 
factors related to study design or HA product characteristics 
influenced safety results, but this was not particularly surpris-
ing since there was little heterogeneity among studies.

Given this evidence supporting the safety of IAHA in 
relation to IA saline, it would be interesting for future stud-
ies to compare the safety of IAHA to active therapies rec-
ommended for treatment of symptomatic knee OA. In a 
clinical practice guideline for treatment of knee OA, non-
steroidal anti-inflammatory drugs (NSAIDS) were the only 
nonsurgical knee OA treatment recommended by the 
American Academy of Orthopaedic Surgeons (AAOS).28 
Yet, knee OA pain is chronic in nature and NSAIDS are not 
indicated for chronic use because of safety concerns. 
Furthermore, selective and nonselective oral NSAIDs 
increase the risk of serious cardiovascular events and should 
be used with caution in patients with high cardiovascular 
risk.29 Finally, drug fact labels specify that “NSAIDs can 
increase the chance of a heart attack or stroke, either of 
which can lead to death.”30 Given that cardiovascular dis-
ease is highly prevalent in patients with OA,31 there appears 
to be a disconnect in societal guidelines regarding the safety 
profile of recommended therapies for knee OA. Rigorous 
safety evaluations of IAHA versus oral NSAIDs would help 
clarify the comparative risk profile of these therapies in 
patients with knee OA.

Strengths of this meta-analysis were inclusion of only 
RCTs utilizing saline controls and robust study conclusions 

that were not influenced by heterogeneity among studies, 
publication bias, or analysis specifications. There were also 
several limitations of this meta-analysis that warrant addi-
tional discussion. First, patients treated with oral therapies 
or injection of active products were excluded from the con-
trol group. While safety comparisons to these other thera-
pies are certainly warranted, inclusion of all potential 
therapies in a common control group would introduce sig-
nificant biases that would complicate data interpretation. 
Second, in accordance with best evidence practices and fol-
lowing the methodology used by the AAOS in their system-
atic review of IAHA,32 we excluded studies with small 
sample sizes. While it is possible that important safety 
events may be missed using this methodology, exclusion of 
small studies reduces bias risk since they tend to report 
greater treatment benefits than large trials and often suffer 
from lower methodological quality.19 Finally, the effect of 
repeat IAHA cycles on safety outcomes could not be evalu-
ated in this review, but has previously been reported to be 
safe with no reported SAEs in a previous review.33

Conclusions

IAHA was shown to be safe for use in patients with symp-
tomatic knee OA. Compared with IA saline, IAHA was 
associated with an increased risk of nonserious and tran-
sient local reactions. There was no evidence to suggest any 
additional safety risks of IAHA.

Figure 4.  Forest plot of pooled risk ratio for serious adverse events with hyaluronic acid (HA) or saline injections. The risk ratio and 
95% confidence interval are plotted for each study. The size of the square is proportional to the sample size of the study. The pooled 
risk ratio is denoted by the diamond apex and 95% confidence interval denoted by the diamond width. A pooled risk ratio of more 
than 1 indicates higher risk with HA. A pooled risk ratio of less than 1 indicates lower risk with HA. Heterogeneity: I2 = 0%, P = 0.80. 
Publication bias: Egger’s P = 0.55.
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Figure 5.  Forest plot of pooled risk ratio for study withdrawal with hyaluronic acid (HA) or saline injections. The risk ratio and 95% 
confidence interval are plotted for each study. The size of the square is proportional to the sample size of the study. The pooled risk 
ratio is denoted by the diamond apex and 95% confidence interval denoted by the diamond width. A pooled risk ratio of more than 
1 indicates higher risk with HA. A pooled risk ratio of less than 1 indicates lower risk with HA. Heterogeneity: I2 = 0%, P = 0.98. 
Publication bias: Egger’s P = 0.13.
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Figure 6.  Forest plot of pooled risk ratio for adverse event-related study withdrawal with hyaluronic acid (HA) or saline injections. 
The risk ratio and 95% confidence interval are plotted for each study. The size of the square is proportional to the sample size of the 
study. The pooled risk ratio is denoted by the diamond apex and 95% confidence interval denoted by the diamond width. A pooled 
risk ratio of more than 1 indicates higher risk with HA. A pooled risk ratio of less than 1 indicates lower risk with HA. Heterogeneity: 
I2 = 0%, P = 0.85. Publication bias: Egger’s P = 0.87.

Figure 7.  Forest plot of pooled risk ratio for local adverse events with hyaluronic acid (HA) or saline injections. The risk ratio and 
95% confidence interval are plotted for each study. The size of the square is proportional to the sample size of the study. The pooled 
risk ratio is denoted by the diamond apex and 95% confidence interval denoted by the diamond width. A pooled risk ratio of more 
than 1 indicates higher risk with HA. A pooled risk ratio of less than 1 indicates lower risk with HA. Heterogeneity: I2 = 9%, P = 0.34. 
Publication bias: Egger’s P = 0.12.
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Table 3.  Subgroup Analysis of Study-Level Factors on the Risk of Local Adverse Events.

Study-Level Factor No. studies RR 95% CI P-value

No. injections 0.11
  1-2 7 1.26 1.00-1.61  
  3 10 1.09 0.92-1.28  
  >3 8 1.55 1.16-2.07  
Follow-up duration 0.12
  1-3 mo 7 1.65 1.20-2.28  
  4-6 mo 14 1.14 0.99-1.31  
  >6 mo 4 1.19 0.77-1.84  
Sample size 0.33
  ≥100 per group 13 1.17 1.02-1.34  
  <100 per group 12 1.38 1.03-1.85  
Publication year 0.37
  Before 2000 7 1.48 1.07-2.04  
  2000-2009 12 1.14 0.98-1.34  
 A fter 2009 6 1.23 0.95-1.60  
Outcome assessor blinding 0.41
  No 4 1.12 0.91-1.39  
  Yes 21 1.25 1.08-1.46  
Molecular weight (kDa) 0.43
  ≥6,000 7 1.28 1.00-1.64  
  >1,500 to <6,000 6 1.00 0.73-1.37  
  ≤1,500 9 1.24 1.05-1.46  
Patient blinding 0.52
  No 1 1.57 0.70-3.55  
  Yes 24 1.20 1.06-1.36  
Cross-linked 0.60
  Yes 10 1.29 1.03-1.60  
  No 13 1.20 1.03-1.40  
Industry-funded study 0.66
  No 5 1.30 0.91-1.87  
  Yes 20 1.19 1.05-1.36  
HA origin 0.77
  Bacterial 10 1.23 0.99-1.53  
 A vian 14 1.20 1.03-1.39  
US approved HA 0.84
  Yes 21 1.21 1.06-1.39  
  No 4 1.17 0.85-1.61  
Injector blinding 0.98
  No 21 1.21 1.06-1.37  
  Yes 4 1.20 0.58-2.46  

HA = hyaluronic acid; RR = risk ratio; US = United States.
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