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Purpose: To assess if metformin could reduce the risk of total hip arthroplasty (THA) in elderly patients with hip osteoarthritis and 
type 2 diabetes (T2DM).
Patients and Methods: It is a retrospective study among elderly patients (≥65 years) with hip osteoarthritis and T2DM. All included 
patients were divided into metformin group and non-metformin group, then propensity-score match (PSM) was performed to control 
potential confounding factors. The primary endpoint was the incidence of the first THA during the study period. Multivariate Cox 
regression analysis was employed to evaluate the association of metformin with the risk of THA.
Results: A matched cohort of 716 patients were finally included, with 308 metformin users and 308 metformin non-users. During 
a maximum follow-up of 10 years, the incidence of THA in metformin users was significantly lower than that in non-users (4.9% vs 
25.0%, P<0.01). Multivariate Cox regression analysis indicated that metformin users were significantly associated with a lower risk of 
THA compared with non-users (HR = 0.17, 95% CI: 0.10–0.30; P<0.01). In addition, further analyses indicated that participants with 
long-term metformin use (HR = 0.10, 95% CI: 0.02–0.46; P<0.01) or high metformin dosage (HR = 0.15, 95% CI: 0.04–0.57; P<0.01) 
had a lower risk of THA.
Conclusion: Metformin use could reduce the risk of THA in patients with hip osteoarthritis and T2DM, and the effect is accumulative 
and dose dependent.
Keywords: hip osteoarthritis, total hip arthroplasty, type 2 diabetes, metformin

Introduction
Hip osteoarthritis is one of the most common joint diseases in elderly people.1,2 Its incidence experienced a significant 
increase from 0.74 million in 2009 to 1.58 million in 2019, bringing about a substantial health and economic burden.3 It 
is a leading cause of pain and disability that may progress to the point where total hip arthroplasty (THA) is 
unavoidable.4

Diabetes mellitus has been reported to be independently associated with an increased risk of osteoarthritis.5 A US 
study in adults ranging from 18 to 64 years indicated that the incidence of arthritis in patients with diabetes was higher 
than those without diabetes (52% vs 27%).6 Metformin is the first-line therapy for the management of blood glucose in 
patients with type 2 diabetes mellitus (T2DM). As metformin also causes weight loss and has anti-inflammatory and 
chondroprotective effects, it has the potential to slow the progression of osteoarthritis. The potential shielding effect of 
metformin on the worsening of knee osteoarthritis has been reported in several studies, which revealed that regular 
metformin users had 19–74% lower hazards of total knee arthroplasty (TKA).7,8 However, the effect of metformin on hip 
osteoarthritis is rarely reported. Currently, only a subgroup analysis from a recent study reported by Zhu et al9 was found, 
reporting an association between regular use of metformin and about a 29% reduced likelihood of needing total hip 
arthroplasty (THA), but the association was not statistically significant.
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The present study aims to determine if metformin could reduce the risk of THA in elderly patients with hip 
osteoarthritis and T2DM.

Materials and Methods
Patients
It is a retrospective study. Medical records from elderly patients (≥65 years) who hospitalized at the Department of 
Orthopedics, First Affiliated Hospital of Harbin Medical University, China, from January 2012 to December 2021 were 
reviewed. Inclusion criteria include 1) discharge diagnosis of hip osteoarthritis, hip osteoarthropathy or degenerative joint 
disease of the hip, and 2) T2DM. Hip osteoarthritis was defined as a symptomatic hip joint that had patients’ complaints 
of hip pain and had radiological evidence of osteoarthritis (ie, joint space narrowing, sclerotic changes of the subchondral 
bone, osteophyte formation, or a bone cyst). Exclusion criteria include 1) inflammatory arthritis such as rheumatoid 
arthritis, psoriatic arthritis, and gout, 2) systemic lupus erythematosus (SLE), and 3) history of injury or surgery around 
the hip joint.

Study Design
All patients who met inclusion and exclusion criteria were divided into metformin group and non-metformin group. 
Participants were classified into metformin group if they had medical history of metformin use for more than 6 months. 
Patients who never took metformin were classified into non-metformin group. Additionally, the durations of metformin 
use were classified as short-term or long-term metformin use according to the median duration (1650 days). To examine 
the potential dose–response relationship between metformin use and risk of THA, we categorized participants into two 
groups based on daily dosage of metformin (low dose with <1.0 g and high dose with ≥1.0 g).

Data Collection
Patients’ first visit during the study period was regarded as the index date, and they were followed up until admission for 
THA surgeries by medical records review or by telephone interview.

The primary outcome was the incidence of THA. Covariates included demographics, comorbidities, hip pain, 
medications for pain management, and other antihyperglycemic therapies. Hip pain was assessed using the numeric 
rating scale (NRS) ranging from 0 to 10. The degree of hip pain was collected from the medical records, which was only 
evaluated in the resting state, with 0 representing no pain and 10 representing the most intensive pain.

Statistical Analysis
Propensity-score matching (PSM) was employed to reduce confounding biases. We calculated the propensity score 
(probability) of metformin use by logistic regression with age, gender, BMI, comorbidities, pain medications, other 
antihyperglycemic agents at baseline as predictors. Then, we matched each metformin nonuser 1:1 to a participant who 
did use metformin with a similar propensity score using the nearest neighbor greedy algorithm with the caliper of 0.01.

The Kaplan–Meier survival analyses were used to estimate the time from the index date to the first THA, and the Log 
rank test was used to compare the differences in survival free of THA between two groups. The Cox proportional-hazards 
model was used for multivariate analysis. Potential factors associated with THA in previous publications or in our 
clinical experience were included in the initial model. Variables were removed from the model by a backward selection 
procedure if alpha >0.05. We also used a time-dependent Cox model to explore the effects of time-varying exposure of 
metformin after adjustment for the time-dependent covariates.

Results
Patients’ Characteristics
The flowchart of study population selection is shown in Figure 1. From 2012 to 2021, a total of 1057 patients 
hospitalized with hip osteoarthritis and diabetes were recorded. After excluding 159 patients, the remaining 898 patients 
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included 491 metformin users and 407 non-users. Finally, a matched cohort of 764 patients was included, with 308 
metformin users and 308 metformin non-users.

Table 1 shows the descriptive statistics of patients in both groups before and after PSM. Before PSM, differences in 
age, BMI, obesity, opioids, and insulin were statistically significant between two groups (all P<0.05). After PSM, there 
was no significant difference in all baseline characteristics between the two groups (all P>0.05).

During a maximum follow-up period of 120 months (median 52 months), the hip pain was significantly improved in 
the metformin group compared with non-metformin group (1.6 ± 0.5 vs 2.2 ± 0.8; P<0.01), and the cumulative incidence 
of THA in metformin users was significantly lower than that in the metformin non-users (4.9% vs 25.0%, P<0.01). As 
shown in Figure 2, the Kaplan–Meier survival curve indicated a lower risk of THA in the metformin group (HR = 0.23, 
95% CI: 0.15–0.34; P<0.01).

Multivariate Cox regression analysis (Table 2) showed that after adjusting for potential confounding factors, 
metformin users were significantly associated with a lower risk of THA compared non-users (HR = 0.17, 95% CI: 
0.10–0.30; P<0.01). The time-dependent Cox model generated a similar result (HR = 0.12, 95% CI: 0.06–0.22; P<0.01). 
In addition, subgroup analyses indicated that long-term metformin use (HR = 0.10, 95% CI: 0.02–0.46; P<0.01) and high 
metformin dosage (HR = 0.15, 95% CI: 0.04–0.57; P<0.01) were significantly associated with lower risks of THA 
(Table 3).

Discussion
This retrospective study investigated the association of metformin use with the risk of THA in elderly patients with hip 
osteoarthritis and T2DM. Metformin users were found to have a significantly lower incidence of THA. Moreover, 
multivariate Cox regression indicated that metformin use was substantially associated with a lower risk of THA after 

Figure 1 The flowchart of study population selection.
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controlling for potential confounders. Subgroup analyses showed that increased duration and dosage of metformin use 
were significantly associated with reduced risks of THA, suggesting a potential accumulative and dose-dependent effect.

A few metabolic processes that regulate cartilage growth and nutrition were reported to influence cartilage health, and 
if altered, it can lead to cartilage degradation.10 Some studies have focused on scavenging excessive reactive oxygen 

Table 1 Patients’ Baseline Characteristics Between Metformin Users and Non-Metformin Users

Before PSM After PSM

Metformin 
Group (n=491)

Non-Metformin 
Group (n=407)

P value Metformin 
Group (n=308)

Non-Metformin 
Group (n=308)

P value

Demographics
Age, years 75.2±3.6 73.9±2.8 <0.01 73.1±2.3 73.2±2.4 0.37

Female, % 313 (63.6%) 241 (59.4%) 0.21 182 (59.1%) 197 (64.0%) 0.25

BMI, kg/m2 26.0±2.3 25.3±2.1 <0.01 25.4±2.0 25.4±2.1 0.47
Comorbidities

Obesity, % 108 (22.0%) 57 (14.0%) <0.01 39 (12.7%) 51 (16.6%) 0.21

Hypertension, % 294 (59.8%) 254 (62.6%) 0.41 195 (63.3%) 199 (64.6%) 0.80
Hyperlipidemia, % 172 (35.0%) 154 (37.9%) 0.37 111 (36.0%) 128 (41.6%) 0.19

COPD, % 57 (11.6%) 46 (11.3%) 0.92 34 (11.0%) 41 (13.3%) 0.46

Hip Pain 3.1±0.7 3.0±0.7 0.70 3.0±0.7 3.0±0.7 0.53
Medications for pain 

management

Systemic corticosteroids, % 108 (22.0%) 97 (23.9%) 0.52 68 (22.1%) 80 (26.0%) 0.30
NSAIDs, % 215 (43.7%) 183 (45.1%) 0.69 135 (43.8%) 145 (47.1%) 0.47

Glucosamine, % 15 (3.0%) 9 (2.2%) 0.54 9 (2.9%) 9 (2.9%) 1.00

Opioids, % 63 (12.8%) 31 (7.6%) 0.01 34 (11.0%) 28 (9.1%) 0.50
Antihyperglycemic agents

Sulfonylureas, % 74 (15.0%) 68 (16.7%) 0.52 48 (15.6%) 59 (19.2%) 0.29

α-glucosidase inhibitors, % 26 (5.3%) 27 (6.7%) 0.40 15 (4.9%) 21 (6.8%) 0.39
Thiazolidinediones, % 6 (1.2%) 4 (1.0%) 1.00 6 (1.9%) 3 (1.0%) 0.51

Insulin, % 15 (3.0%) 25 (6.2%) 0.03 7 (2.3%) 16 (5.2%) 0.09

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; NSAIDs, nonsteroidal anti-inflammatory drugs.

Figure 2 Kaplan–Meier curve illustrating the pattern of survival free of total Hip arthroplasty (THA) by metformin using status.
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species (ROS) to alleviate oxidative stress in OA pathogenesis, such as using nanozymes as natural antioxidant enzyme 
equivalents.11–14 An increasing number of investigators have postulated that diabetes induces the progression of 
osteoarthritis by chronic hyperglycemia, insulin resistance and excess reactive oxygen species.15,16 Metformin has 
been reported to reduce the risk of total joint replacement through reducing inflammation, improving insulin sensitivity, 
and inhibiting ROS production.9,17,18

The association of metformin use and the risk of TKA has been widely explored. In a recently published cohort study, 
metformin use was reported to be significantly associated with a reduced risk of TKA over 14-year follow-up (prevalence 
ratio: 0.26, 95% CI: 0.15 to 0.45, P< 0.001).9 In addition, a large retrospective cohort with 93,330 patients and a 4-year 
follow-up indicated that regular metformin users had a 19% lower risk of TKA than non-users.19 However, studies 
reporting the association of metformin use with the risk of THA were limited. In a recently published study,9 metformin 
use in patients with type 2 diabetes mellitus was associated with a significantly reduced risk of total joint replacement 
including THA and TKA (HR = 0.75, 95% CI: 0.62–0.89), but in the subgroup analysis, the association of metformin use 
and the incidence of THA was not significant (HR = 0.71, 95% CI: 0.44–1.13). In contrast, our study found a significantly 
negative association between metformin use and THA incidence, and the effect of metformin on the lower risk of THA is 
accumulative and dose dependent.

The current study has several limitations. First, lifestyle and sociodemographic variables, which might be potential 
confounding factors, were not available in the dataset and may lead to bias. In addition, as included patients were 
diagnosis with both hip osteoarthritis and T2DM, further studies are needed to generalize our findings to all hip 
osteoarthritis patients.

Table 2 Association of Metformin Use with the Risk of Total Hip Arthroplasty

Before PSM After PSM

Non-Metformin 
Group (n=491)

Metformin 
Group (n=407)

P value Non-Metformin 
Group (=308)

Metformin 
Group (n=308)

P value

No. of events 85 (20.9%) 23 (4.7%) <0.01 15 (4.9%) 77 (25.0%) <0.01
Crude HR (95% CI) Ref. 0.23 (0.16–0.34) <0.01 Ref. 0.23 (0.15–0.34) <0.01

Adjusted HR* (95% CI) Ref. 0.20 (0.13–0.32) <0.01 Ref. 0.17 (0.10–0.30) <0.01

Time-dependent Cox model, 
adjusted HR† (95% CI)

Ref. 0.15 (0.08–0.25) <0.01 Ref. 0.12 (0.06–0.22) <0.01

Notes: *The covariates include demographic variables, comorbidities, medications for pain management, and other antihyperglycemic agents. †Time-dependent Cox model 
considered time-varying exposure (metformin) and time-dependent covariates (demographic variables, comorbidities, medications for pain management, and other 
antihyperglycemic agents).

Table 3 Association of Metformin Use Duration and Dosage with the Risk of Total hip Arthroplasty

Before PSM After PSM

HR 95% CI P value HR 95% CI P value

Metformin use duration (Long vs short-term)
Crude model 0.48 0.21–1.18 0.12 0.13 0.03–0.48 <0.01

Adjusted model* 0.46 0.19–1.14 0.09 0.10 0.02–0.46 <0.01
Time-dependent Cox model† 0.43 0.16–1.16 0.10 0.07 0.01–0.51 <0.01

Metformin use dosage (High vs low dose)

Crude model 0.27 0.11–0.73 <0.01 0.17 0.05–0.62 <0.01
Adjusted model* 0.25 0.10–0.62 <0.01 0.15 0.04–0.57 <0.01

Time-dependent Cox model† 0.30 0.11–0.84 0.02 0.17 0.04–0.80 0.03

Notes: *The covariates include demographic variables, comorbidities, medications for pain management, and other antihyperglycemic agents. †Time- 
dependent Cox model considered time-varying exposure (metformin) and time-dependent covariates (demographic variables, comorbidities, medica
tions for pain management, and other antihyperglycemic agents).
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Conclusions
In conclusion, metformin use was significantly associated with a reduced risk of THA in participants with hip 
osteoarthritis and T2DM. Moreover, there are accumulative and dose-dependent effects of metformin use with the 
reduced risk of THA.

Ethics Approval and Informed Consent
This study was approved by the Ethics Committee of The First Affiliated Hospital of Harbin Medical University 
(approval no. 2020054). All procedures were conducted according to the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. Informed consent was waived by the Ethic Committee of The First 
Affiliated Hospital of Harbin Medical University because of the retrospective nature of the study. Patient participation 
was anonymous, whose names or identifying information were not collected.
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