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Summary. Introduction. Viscosupplementation (VS) is an
available treatment for patients experiencing chronic pain
from osteoarthritis (OA). Limited research exists on gender
differences in pain reduction and functional improvement
following hyaluronic acid (HA) injections. This study aims to
present gender-based efficacy data of ultrasound (US)-guid-
ed HA injections in a substantial cohort of patients with hip
OA. Methods. This retrospective, observational, post-market-
ing study utilized data from the Antiage registry. Evaluations
of pain via the visual analogue scale (VAS), the Lequesne
index and non-steroidal anti-inflammatory drugs (NSAIDs)
consumption were conducted biannually over a follow-up
period lasting up to six years. Inclusion criteria included pa-
tients aged 18 or older with symptomatic hip OA lasting at
least one year. All participants received biannual HA injec-
tions for six years, guided by US to ensure accurate place-
ment. Results. The study included 1,655 patients grouped by
gender, age and BMI. Significant reductions in pain VAS, Le-
quesne index, and NSAIDs use were observed across all
groups from baseline through each follow-up. Women con-
sistently had higher baseline scores, which persisted over
time, except in the aged over 80 group, where no significant
baseline differences were found. Statistically significant dif-
ferences in baseline NSAIDs use were also noted, with wom-
en showing higher consumption. Response to VS was com-
parable between genders. Discussion. The study reinforces
the effectiveness and safety of HA injections for both genders
with hip OA. Although women had worse baseline scores,
their response to treatment was parallel to that of men.

Key words. Gender differences, hip osteoarthritis, visco-
supplementation, intra-articular injections.

Introduction

Osteoarthritis (OA) is a common degenerative joint dis-
ease that results in considerable pain, mobility restric-
tions, economic strain, reduced quality of life, and dis-
ability.! The primary risk factors include genetic predis-
position, sociodemographic variables, metabolic disor-
ders, joint trauma (e.g., fractures, strains, repeated stress),
excessive joint loading. OA can be also secondary to
rheumatoid arthritis, and gout. Numerous gender-specif-
ic differences have been explored in studies on OA.? Epi-

demiological studies have consistently shown a higher
prevalence of radiographic knee osteoarthritis (ROA) in
women compared to men starting from middle age.’

Gender differences in lower extremity alignment can
influence disease progression and surgical outcomes.*
Szilagyi’s examination of 27 studies on the association
between risk factors and knee osteoarthritis (KOA) iden-
tified notable sex-specific differences: higher body mass
index (BMI), alcohol consumption, atherosclerosis, and
elevated vitamin E levels were more prevalent in women,
while high physical activity, soft drink intake and ab-
dominal obesity were more common in men. Knee in-
jury, hypertension and low step rate appeared to impact
both genders similarly.

Jason Beng Teck Lim evaluated postoperative outcomes
following total knee replacement (TKR) for end-stage KOA
by reviewing data from 214 men and 1,040 women. The
study found that women had poorer preoperative knee
flexion, Oxford knee score, and Knee society score (KSS),
as well as lower scores on eight SF-36 subscores. However,
women experienced greater improvements in the Oxford
knee score and KSS at both 6-month and 2-year follow-
ups, along with better recovery in SF-36 subscores related
to social functioning and mental health after two years.°

Regarding intra-articular (IA) treatments, Zhao's review
of 30 randomized clinical trials (RCTs) did not identify
gender differences in the therapeutic efficacy of platelet-rich
plasma (PRP), though higher-quality studies with larger
sample sizes are needed for confirmation.” Conversely,
Sanchez found that in a study of 418 KOA patients under-
going multiple PRP injections, women presented with
more baseline pain but experienced greater pain relief com-
pared to men, though PRP was effective across both sexes.®

Projections indicate that by 2050, the prevalence of
hip OA will increase by 78.6% compared to 2020 levels,
reaching an estimated 62.6 million cases. Between 1990
and 2020, age-standardized years lived with disability
(YLD) rates increased by 6% among adults aged 70.°
Battista’s register-based study involving 14,610 patients
with hip or knee OA reported that women showed mar-
ginally better outcomes in terms of pain and function,
although the differences were not clinically significant.
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Deng’s investigation involving 4,796 KOA patients
assessed gender differences in the relationship between
patellofemoral grinding and synovitis using MRI at base-
line, 12, and 24 months. The findings indicated that
patellofemoral grinding was significantly associated with
synovitis, with this correlation being more pronounced
in women."

Viscosupplementation (VS) is a common treatment
for OA; however, data on gender differences following
IA administration of hyaluronic acid (HA) remain lim-
ited. The purpose of our study is to evaluate and analyze
gender differences in clinical outcomes after hip VS in
a substantial cohort from the Antiage registry. The Anti-
age registry is managed by the National Association for
IA Therapy of Hip Joint (www.antiagefbf.it), a non-
profit organization comprising specialists in internal
medicine, radiology, rheumatology, physical medicine
and sports medicine, with expertise in US-guided 1A
therapy for hip conditions. The registry contains detailed
records on patient characteristics, hip pathology, admin-
istered drugs, side effects, treatment outcomes, treatment
courses and the total number of injections performed.

Patients and methods
Characteristics of the population under observation

Study design. This study is a retrospective, observational,
open-label, post-marketing analysis. It included all pa-
tients who received IA hip injections. Data were sourced
from hospital records and analyzed using both descrip-
tive and inferential statistical methods.

Patient selection. Records of outpatients diagnosed with
symptomatic hip OA, characterized primarily by pain,
stiffness in the hip joint, and decreased walking ability
and treated with IA injections between 2005 and 2023
were reviewed. Patients were followed through clinical
visits scheduled approximately every six months. Base-
line and follow-up data were systematically recorded in
the Antiage registry.

Inclusion criteria for the study were: age >18 years, a
diagnosis of symptomatic hip OA according to the Amer-
ican College of Rheumatology (ACR) criteria persisting
for at least one year and up to 72 months of follow-up.'?

Exclusion criteria included the concurrent use of oral
anticoagulant therapy and the presence of significant
comorbidities (e.g., theumatologic diseases, chronic low
back pain, femoral head osteonecrosis). In May 2023, a
team of investigators, consisting of three rheumatolo-
gists and a rehabilitation physician, applied these crite-
ria to extract eligible patient data from the registry. Base-
line data included clinical history and demographic
details. Radiological assessments were performed using
the Kellgren-Lawrence grading system for hip OA on

non-weight-bearing X-rays taken no more than six
months prior to treatment.'® Pain was quantified using
a 100-mm visual analogue scale (VAS)'* and function
was evaluated by the Lequesne index.'*

Each patient received a single IA injection of HA
into the affected hip every six months. Different formu-
lations of HA were utilized, varying in molecular weight
(low or high), structural characteristics (linear or cross-
linked), volumes (2 or 4 ml), and concentrations (20,
30, or 60 mg/ml). If clinically indicated, up to two ad-
ditional injections were permitted, with a maximum
frequency of one injection every three months, within
a one-year period. Injections were administered every
six months, even in patients demonstrating clinical im-
provement, to sustain therapeutic benefits and prevent
disease flares. US guidance was employed for all IA pro-
cedures to ensure precise delivery. Follow-up assess-
ments at six-month intervals included evaluations of
pain via the 100-mm VAS and Lequesne index through-
out the 72-month study period, consistent with standard
clinical and therapeutic practices at our institution. Ra-
diographic assessments were repeated every 24 months
using standard X-rays. Dropouts were defined as patients
lost to follow-up due to missed visits or treatment ses-
sions, as well as those transferred to other healthcare
facilities. Patients who died or underwent total hip re-
placement (THR) were also categorized as dropouts.

All data presented were derived from the Antiage
registry and approved by the Ethical committee of Azien-
da Ospedaliera San Camillo Forlanini, Rome. Informed
consent was obtained from all participants.

Statistical analysis

Descriptive statistics were employed to represent the
characteristics of the patients and subgroups in this
study, where applicable. For continuous variables, the
reported measures included mean, range, and sample
size, while for categorical variables, counts and propor-
tions were presented. No tests for normality distribution
of the data were conducted.

Data analysis was performed using SPSS statistical
software. Changes from baseline in the Lequesne index,
pain measured on the VAS, and NSAIDs usage were doc-
umented at each follow-up point and compared with
baseline using paired t-tests to assess statistical signifi-
cance. The alpha value was adjusted for multiple com-
parisons, as noted for each analysis, to account for the
number of analyses performed on each variable. Odds
ratios (ORs) and their respective 95% confidence intervals
(CIs) were calculated, with a significance level set at p =
0.05, and were cross-classified across patient subgroups.

The initial classification of patients was performed to
investigate gender-based differences. Additionally, the
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Figure 1. Age classes categorized by gender.

patient cohort (men vs women) was stratified by baseline
age into the following categories: patients under 40 years
(with potential OA causes including strenuous activity,
sports, and overuse), patients aged 40-59 years, patients
aged 60-79 years, and patients aged 80 years and older
(Figure 1). Another classification involved the distribu-
tion of patients (men vs women) by BMI, categorized
into normal weight, overweight, and obese groups.

Results

A total of 1,655 patients were included in this study,
with a mean age of 62.5 years (range: 21-94). Assessment
values were recorded at baseline and every six months
for up to six years, with statistical analysis performed on
the data collected at these intervals. Descriptive statistics
for the study cohort are provided in Table 1. Data on
pain VAS, Lequesne index, and NSAIDs consumption
(days of use per month) were collected and analyzed by
gender, age categories (<40, 40-59, 60-79, 280), and BMI
classification (normal weight, overweight, obese). No
side effects were reported.

Results categorized by gender

Compared to baseline, VS resulted in a statistically signifi-
cant reduction in pain VAS, Lequesne index, and NSAIDs
consumption (p <0.05) across all groups over time (Figure
2). Summarizing all variables, a reduction was observed
following the first injection and sustained throughout the
six-year period. Women demonstrated higher baseline val-
ues (VAS: 6.05 vs 5.28; Lequesne index: 9.08 vs 7.15;
NSAIDs consumption: 6.93 vs 4.86), which were main-
tained throughout the study (VAS: 4.2 vs 3.47; Lequesne
index: 6.70 vs 4.79; NSAIDs consumption: 3.48 vs 1.77).
There was a significant gender difference in baseline NSAIDs
consumption (men: 4.86 vs women: 6.93, p <0.001).

Table 1. Characteristics of the sample at baseline

Total patients (n) 1,655
Males 822 (49.7%)
Females 833 (50.3%)

Age (years, mean)

BMI (mean)

62.5 (range 21-94)
26.4 (+2.9 SD)
74.01 (range 41-140)
168.03 (range 130-193)

Weight (kg, mean)

Height (cm, mean)

Smokers 105 (6,7%)
Pain VAS mean 5.66 (2.3 SD)
Lequesne index mean 8.12 (4.42 SD)
NSAIDs intake (days/months mean) 5.9(9.3SD)
Concomitant knee OA 388 (23.4%)
Diabetes mellitus 70 (4.2%)
Age classes (years)

Under 40 51 (3.1%)
40-59 606 (36.9%)
60-79 840 (51.1%)
80-99 147 (8.9%)
Hip affected*

Right 872 (57.6%)
Left 642 (42.4%)
BMI categorization*

Normal 590 (39.8%)
Overweight 677 (45.8%)
Obese 212 (14.4%)

* Some participants are missing data for this variable.

Results categorized by gender and age

Age class: under 40. VS led to a significant reduction in pain
VAS, Lequesne index, and NSAIDs consumption (p <0.05)
compared to baseline in all groups (Figure 3). Men under
40 showed a greater reduction in these parameters, al-
though this data was not adjusted for comorbidities, pos-
sibly influenced by menstrual cycle-related pain in women.

Age class: 40-59. Significant reductions in pain VAS, Le-
quesne index, and NSAIDs consumption were observed
post-VS (p <0.05) in all groups (Figure 4). Women aged
40-59 experienced greater initial reductions in VAS and
Lequesne index, while men demonstrated more pro-
nounced reductions after 72 months. Men consistently
showed greater reductions in NSAIDs consumption
throughout the study period. A significant baseline gen-
der difference was noted in NSAIDs use (men: 4.98 vs
women: 7.15, p = 0.02).
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Figure 2. Results of three parameters (pain VAS, Lequesne index,

consumption of NSAIDs) categorized by gender.

Figure 3. Results of the three parameters (pain VAS, Lequesne
index, consumption of NSAIDs) categorized by gender and age
(<40).
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Age class: 60-79. Statistically significant reductions in
pain VAS, Lequesne index, and NSAIDs consumption
(p <0.05) were observed over time in all groups (Figure
5). In the 60-79 age group, significant baseline gender
differences were found in all parameters: pain VAS (men:
5.11 vs women: 6.07, p = 0.045), Lequesne index (men:
6.82 vs women: 9.2, p = 0.002), and NSAIDs consump-
tion (men: 4.53 vs women: 6.86, p <0.001).

Age class: >80. Significant reductions (p <0.05) were ob-
served over time in this group as well (Figure 6). Unlike
other age groups where women had worse scores, no
significant baseline gender differences were found in this
subgroup.

Results categorized by BMI and gender

The study population included 590 normal-weight pa-
tients (BMI 18-25), 677 overweight patients (BMI 25-
30), and 212 obese patients (BMI 30-40). All BMI groups
showed significant reductions in pain VAS, Lequesne
index, and NSAIDs consumption at all follow-up points
compared to baseline (p <0.05).

Normal weight class

Female patients exhibited higher baseline pain scores than
male patients. A statistically significant reduction (p
<0.05) was observed at six months, continuing progres-
sively until 72 months (Figure 7). The Lequesne index
showed a similar trend with no notable gender differ-
ences, with reductions starting at six months (p <0.05)
and continuing up to 72 months. Significant gender dif-
ferences in NSAIDs consumption at baseline were noted
(men: 4.06 vs women: 6.39, p <0.001). Similar to pain
VAS and Lequesne index, NSAIDs consumption showed
areduction at six months, maintained through 72 months.

Overweight class

The 677 patients in this group exhibited a rapid decrease
in clinical indices after the first injection, which was
sustained over 72 months (Figure 8). A significant base-
line gender difference was noted in NSAIDs consump-
tion (men: 4.96 vs women: 7.42, p <0.001).

Obese class

The obese subgroup included 212 patients. Statistically
significant reductions in all parameters were noted at six
months (p <0.05), sustained up to 72 months (Figure
9). Obese women appeared to show a greater reduction
in pain VAS compared to men. Baseline gender differ-
ences in NSAIDs consumption were also significant
(men: 5.67 vs women: 7.62, p = 0.006).
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Figure 4. Results of the three parameters (pain VAS, Lequesne
index, consumption of NSAIDs) categorized by gender and age
(40-59).
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Figure 7. Results of the three parameters (pain VAS, Lequesne
index, consumption of NSAIDs) categorized by gender and BMI
(<25).

Figure 8. Results of the three parameters (pain VAS, Lequesne
index, consumption of NSAIDs) categorized by gender and BMI
(25-30)
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Figure 9. Results of the three parameters (pain VAS, Lequesne
index, consumption of NSAIDs) categorized by gender and BMI
(>30)

Discussion

To our knowledge, this is the first study to evaluate the
efficacy and safety of VS with HA in a large cohort of hip
OA patients over an extended follow-up period of six
years. This observational study corroborates previous find-
ings on VS efficacy and safety, demonstrating that its ef-
fects are sustained over time even with repeated injection
cycles (Table 2). US-guided HA injections administered
biannually appear to provide an effective dosage regimen
for symptoms control, with the US guidance technique
proving essential to injection accuracy and subsequent
treatment effectiveness.'® These data support VS as back-
ground therapy in hip OA, together with other pharma-
cological and non-pharmacological interventions. Nota-
bly, VS achieved consistent symptoms reduction across
both genders, suggesting that it can effectively manage OA
in real-world settings. Our results indicate that factors such
as gender, age, and BMI categories may influence indi-
vidual patient responses to VS, allowing for a better un-
derstanding of who may benefit most from this treatment.

A statistically significant reduction in pain VAS, Le-
quesne index, and NSAIDs use was observed at every
time point from the first treatment onward. Our cohort’s
age distribution aligns with typical OA demographics,
peaking between ages 50-70. However, the study also
included younger patients (33 men and 18 women un-
der age 40), likely due to sports and work-related ac-
tivities, as well as a substantial group of 756 patients
over age 60, demonstrating VS's utility in both younger
and older populations.

Our analysis revealed several gender and age-related
differences. Overall, men experienced greater reductions
in pain, functionality (as measured by the Lequesne in-
dex), and NSAIDs consumption, with the latter decreasing
by 53.58% after six years. At baseline, male patients under
40 reported higher pain scores than their female coun-
terparts, whereas women had higher baseline values in
older age groups. In the 40-59 age group, women showed
greater initial improvements in pain (-29.33% vs -22.51%)
and functionality (-28.25% vs -26.98%) compared to
men. Conversely, no significant gender difference was
observed in patients over 80, potentially due to hormon-
al changes or similar pain sensitivities in both genders,
though further studies are needed to confirm this. With-
in the 60-79 age group, sub-analysis revealed that gender
differences persisted until age 80, further highlighting the
unique dynamics in OA response by age.

Baseline NSAIDs consumption showed statistically
significant gender differences in normal-weight patients
(men 4.06 vs women 6.39, p <0.001). Both normal-
weight men and women exhibited similar trends in pain
and functionality improvement. This gender disparity
in NSAIDs use was also noted in overweight and obese
groups, though without significant differences in pain
VAS or Lequesne index scores.
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Table 2. Summary of the main results

General
population

B A reduction after the first injection, maintained
over time for up to 6 years for all outcomes

B In women, higher values at baseline,
maintained over time for up to 6 years

B A statistically significant gender difference at
baseline regarding NSAIDs consumption (males
4.86 vs females 6.93, p <0.001)

Classage  ® Areduction after the first injection, maintained
<40 over time for up to 6 years for all outcomes

H In men, a larger reduction in pain VAS,
Lequesne index and NSAIDs consumption

B No gender difference at baseline

Class age
40-59

B A reduction after the first injection, maintained
over time for up to 6 years for all outcomes

B Women showed a greater reduction in VAS and
Lequesne at the beginning

B Men showed a greater reduction after 72 months
B Men had a greater reduction in NSAIDs
consumption at all times

Class age
60-79

B A reduction after the first injection, maintained
over time for up to 6 years for all outcomes

| Statistically significant gender difference at
baseline about all 3 parameters, with higher
values in women

Classage M Areduction after the first injection, maintained
>80 over time for up to 6 years for all outcomes
B No gender difference in the baseline values of
VAS, Lequesne and NSAIDs consumption

BMI <25 B A reduction after the first injection, maintained

over time for up to 6 years for all outcomes

B A statistically significant gender differences in
normal weight patients at baseline about
consumption of NSAIDs

BMI25-30 ® A reduction after the first injection, maintained

over time for up to 6 years for all outcomes

B A statistically significant gender differences in
normal weight patients at baseline about
consumption of NSAIDs

BMI >30 B A reduction after the first injection, maintained

over time for up to 6 years for all outcomes

B A statistically significant gender differences in
normal weight patients at baseline about
consumption of NSAIDs

At baseline, obese patients reported the highest pain
scores and Lequesne index values, yet they showed sig-
nificant improvement after the first injection, with sus-
tained benefits over time. Overweight patients had slight-
ly lower baseline values but showed similar positive trends.
Notably, overweight women achieved the greatest pain
reduction (VAS -28.73%), while overweight men showed
the greatest functional improvement (Lequesne -29.72%).

The literature on intra-articular steroid injections for
hip osteoarthritis and gender-related outcomes is mixed.
Deshmukh et al. (2011) found that gender did not predict
the efficacy of steroid injections, although radiographic
severity did.'” Perruch suggested men experienced longer-
lasting relief compared to women,'® while other studies

did not report gender-related efficacy differences for
VS.1220 For PRP a review of 30 RCTs found no significant
gender differences’, although one RCT indicated women
achieved greater pain reduction than men.®

There are some limitations in this study. This is not
a prospective study and confounding factors such as
diabetes, smoking status, vitamin D levels and physical
or work activity were not evaluated. These factors may
influence response to VS. Additionally, data on comor-
bidities, treatments, OA severity in other joints and
symptomatic slow-acting drug for osteoarthritis (SYSA-
DOA) use were not collected. Despite these limitations,
the large sample size and extended follow-up period
provide valuable insights. Future research should ana-
lyze the effects of individual HA products, as this study
considers VS as a single treatment category.

Conclusions

Future research should consider OA patient subpopula-
tions, including phenotypes and gender differences,
when assessing the effectiveness of HA treatments. Cur-
rent literature offers limited data on gender disparities
in the use of VS for OA, and this study provides valuable
evidence to guide future clinical applications.

Our findings show that VS is effective in both men
and women, with comparable effect sizes across genders.
While women exhibited higher baseline values across
all subsets, their treatment outcomes were similar to
those of men. Interestingly, in patients over 80 years of
age, baseline gender differences appeared to diminish.
These results underscore the importance of continued
research to optimize HA treatment strategies and im-
prove patient care.

Abbrevations VS: viscosupplementation; OA: osteoarthritis; HA: hy-
aluronic acid; US: ultrasound; VAS: visual analogic scale; NSAIDs: non-
steroidal anti-inflammatory drugs; BMI: body mass index; ROA: radio-
graphic knee osteoarthritis; KOA: knee osteoarthritis; TKR: total knee
replacement; KSS: Knee society score; SF: short form; PRP: platelet-rich
plasma; YLD: years of healthy life lost due to disability; PROMs: patient-
reported outcome measures; ACR: American College of Rheumatol-
ogy; Cl: confidence intervals; RCT: randomized controlled trial; SYSA-
DOAs: symptomatic slow-acting drug for osteoarthritis.

Key messages

m Viscosupplementation is a valid treatment option for
managing hip osteoarthritis.

B Thereisalimited number of studies examining gender
differences in treatment responses among patients
with hip osteoarthritis.

B The literature presents conflicting results regarding
treatment outcomes in terms of pain relief, function-
al improvement, and NSAIDs use.

11
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