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Abstract

Background: It is uncertain whether
metformin use is associated with
reduced risk of joint replacement in
patients with type 2 diabetes mellitus.
We aimed to establish whether metfor-
min use was associated with a reduced
risk of total knee replacement (TKR) or
total hip replacement (THR) among
these patients.

Methods: We selected patients with
type 2 diabetes mellitus that was diag-
nosed between 2000 and 2012 from the
Taiwan National Health Insurance
Research Database. We used prescrip-
tion time-distribution matching and
propensity-score matching to balance
potential confounders between metfor-

min users and nonusers. We assessed
the risks of TKR or THR using Cox pro-
portional hazards regression.

Results: We included 20347 participants
who were not treated with metformin
and 20347 who were treated with met-
formin, for a total of 40694 participants
(mean age 63 yr, standard deviation
11 yr; 49.8% were women) after prescrip-
tion time-distribution matching. Com-
pared with participants who did not use
metformin, those who used metformin
had lower risks of TKR or THR (adjusted
hazard ratio [HR] 0.70, 95% confidence
interval [CI] 0.60-0.81 for TKR or THR;
adjusted HR 0.71, 95% CI 0.61-0.84 for
TKR; adjusted HR 0.61, 95% Cl 0.41-0.92

for THR) after adjustment for covariates.
Propensity-score matching analyses
(10163 participants not treated with
metformin v. 10163 treated with metfor-
min) and sensitivity analyses using
inverse probability of treatment weight-
ing and competing risk regression
showed similar results.

Interpretation: Metformin use in
patients with type 2 diabetes mellitus
was associated with a significantly
reduced risk of total joint replacement.
Randomized controlled clinical trials in
patients with osteoarthritis are war-
ranted to determine whether metformin
is effective in decreasing the need for
joint replacement.

Osteoarthritis (OA) is a chronic joint disorder and a leading cause
of pain, loss of function and disability among older adults.! It is a
heterogeneous disease characterized by multifactorial causes
and complex phenotypes, including synovial inflammation,
osteoporotic, articular cartilage degradation and metabolic
phenotypes.?® Total joint replacements are often required in
patients with advanced OA.* The demand for total knee replace-
ment (TKR) and total hip replacement (THR) in the United States
is expected to reach 3.5 million and 572000 annually by 2030,
respectively.>® No drugs can prevent or reverse the progression
of OA disease.”

Diabetes mellitus has been identified as a risk factor for OA,
independent of body mass index,® and studies have reported
that insulin resistance contributes to the development of OA.°
Metformin is often the first drug used to treat diabetes mellitus
and is the most commonly prescribed drug worldwide for
patients with this condition because of its glucose-lowering
effect and excellent safety profile.’* Metformin use has also been
associated with a reduced risk of cardiovascular’* and inflamma-
tory diseases,'? as well as all-cause mortality.'* Metformin does
not affect weight,* improves insulin resistance®® and has anti-
inflammatory and chondroprotective effects.’® Recent animal
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studies have shown that, when administered shortly after joint
injury, metformin delayed the development of OA in an injury-
induced OA model;'" intragastric or intra-articular metformin
attenuated cartilage degradation and modulated pain in 2 OA
mouse models.1#19

Observational studies examining the association of metfor-
min use with OA-related outcomes are uncommon and inconclu-
sive. Although 2 studies reported that metformin use was associ-
ated with reduced annual loss of medial cartilage volume? or
joint replacement surgery?! in obese people with knee OA and
people with diabetes and OA, another study reported no signifi-
cant association between metformin use and the risk of OA
among patients with type 2 diabetes mellitus.?? Recently, the
authors of a retrospective cohort study with a 4-year follow-up
among patients with diabetes found that, compared with
patients who did not use metformin, those who used metformin
regularly had a 19% lower hazard of TKR.®

We sought to determine whether metformin use was associ-
ated with the risk of TKR or THR among patients with type 2 dia-
betes mellitus.

Methods

Data sources

We used data from Taiwan’s National Health Insurance Research
Database (NHIRD), which is maintained by Taiwan’s National
Research Agency for research purposes. It contains all registra-
tion files and original claims data from National Health Insurance
beneficiaries, including inpatient care, outpatient visits, diag-
nosis codes, medication prescriptions and personal information.
The National Health Insurance is a mandatory health insurance
program that covers 99% of Taiwan’s population of 23 million.
Taiwan’s National Health Research Institutes have restricted the
proportion of data given to researchers to 10% or less of Tai-
wan’s population. We used the Longitudinal Health Insurance
Database 2000, a subset of NHIRD, comprising 1 million people
who were randomly sampled from the 2000 Registry for Bene-
ficiaries of the NHIRD and which included their 1997-2013 med-
ical claim records. All data were validated by the Bureau of
National Health Insurance to ensure the accuracy of exposures,
outcomes and disease diagnoses.

Study participants

We identified patients who received diagnoses of diabetes
mellitus between January 2000 and December 2012 using the
International Classification of Diseases, Ninth Revision (ICD-9)
codes 250.xx. A sensitivity of 90.9% and positive predictive
value of 92.0% has been reported for the diagnosis of dia-
betes mellitus.?* We defined diseases using ICD-9 codes. We
excluded patients with type 1 diabetes, those younger than
45 years at the time diabetes mellitus was diagnosed, those
with an index date after June 2013, those who died or had a
joint replacement before the index date, those admitted for
knee or hip OA before the index date and those who were pre-
scribed metformin more than 180 days before the diagnosis
of diabetes mellitus.

Exposure

We defined the exposure as metformin use within 180 days after
or before a new diagnosis of type 2 diabetes mellitus between
January 2000 and December 2012. For participants treated with
metformin, we defined the index date as 3 months after the first
prescription of metformin. To deal with immortal time bias, we
individually assigned index dates to metformin nonusers that
corresponded to the index date for metformin users — matched
by age (within 3 yr), sex and time of physician visit for first diag-
nosis of type 2 diabetes mellitus (within 180 d) — using prescrip-
tion time-distribution matching (PTDM).%* We defined the time
from 9 months before the index date to the index date as the
baseline period; the follow-up points of interest were the index
date, and 12 months and 24 months after the first metformin pre-
scription (Appendix 1, Supplementary Figure 1, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.220952/tab-related-content).
We calculated the daily dosages of metformin use from the first
prescription to the 3 time points.

Outcomes

We defined the main outcomes as a TKR or THR after the index
date. The accuracy of the data on TKR and THR was high because
all reimbursements were peer-reviewed, given their substantial
cost.?® We calculated observed person-months from the sum of
the follow-up time for each participant from the index date until
the time of total joint replacement or censoring point (death or
end of study), whichever came first.

Covariates

We included demographics, diabetes severity, comorbidities,
medications for pain management (systemic corticosteroids,
nonsteroidal anti-inflammatory drugs, glucosamine and opi-
oids), other oral antihyperglycemic agents for diabetes mellitus
(sulfonylureas, a-glucosidase inhibitors, thiazolidinediones and
inhibitors of dipeptidyl peptidase-4) and insulin as covariates.
Comorbidities included OA (ICD-9 code 715), obesity (ICD-9 code
278), hypertension (ICD-9 code 401), hyperlipidemia (ICD-9 code
272), depression (ICD-9 code 296), chronic obstructive pulmon-
ary diseases (ICD-9 code 490-492, 493-496), gout (ICD-9 code
274), rheumatoid arthritis (ICD-9 code 714.0) and osteoporosis
(ICD-9 code 733). To include these comorbidities, the ICD-9 code
had to be recorded in at least 2 outpatient records or 1 admis-
sion record during the baseline period. We quantified diabetes
severity using an adaption of the Diabetes Complication Severity
Index.”’

Statistical analysis

In addition to PTDM, we used propensity-score matching (PSM) to
further balance potential confounders.?® We calculated the pro-
pensity score (probability) of metformin use by logistic regression
with age, gender, year of diabetes diagnosis, insurance type, dia-
betes severity, comorbidities, pain medications, other oral anti-
hyperglycemic agents and insulin at baseline as predictors. We then
matched each metformin nonuser 1:1 to a participant who did use
metformin with a similar propensity score using the nearest neigh-
bour greedy algorithm with the caliper of 0.01. We considered an
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absolute standardized mean difference of less than 0.1 between
the 2 groups after PSM as well balanced.”

We calculated the incidence rates of TKR or THR in the PTDM
and PSM cohorts. We used univariable and multivariable Cox pro-
portional hazards models in these cohorts to estimate crude and
adjusted hazard ratios (HRs) with Wald confidence intervals (Cls).
We reported cumulative incidence curves estimated by the
Kaplan-Meier method, with a comparison between groups by the
log-rank test. 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.

To verify the results, we conducted sensitivity analyses using
the inverse probability of treatment weighting method in
adjusted multivariable Cox proportional hazards regression to
balance and control for covariates across study groups.3® We
used a Fine and Gray competing risk regression model to esti-
mate the adjusted subdistribution HRs in another sensitivity
analysis, where we assumed that the competing events — includ-
ing death, admission for lower limb fracture (ICD-9 code 820-
829) or amputation (ICD-9 code 896, 897 or ICD-9 operation code
84.12-84.19) — precluded future TKR or THR.3! In addition, we
explored the diseases that resulted in TKR or THR, and we per-
formed sensitivity analyses by using OA-related TKR or THR as
outcomes. Furthermore, we conducted the analyses with the
alternative outcome of hospital admission for knee or hip OA
regardless of the type of treatment.

To examine the potential dose-response relationship
between metformin use and risk of total joint replacement, we
categorized participants into 3 groups based on daily dosage of
metformin (0 g, < 1.0 g and = 1.0 g) at 3, 12 and 24 months after
the first prescription. We also categorized participants treated
with metformin as either continuing users (defined as partici-
pants who had ever used metformin, including within 9 months
before index date), and previous users (defined as participants
who had previously used metformin, but not within 9 months
before index date) at 12 and 24 months after first prescription of
metformin. We evaluated dose-response effects using adjusted
Cox proportional hazards models. Given very few missing data,
we did not perform multiple imputation.

We considered a 2-tailed test with a p value less than 0.05 to
be statistically significant, without adjustment for multiplicity.
We performed statistical analysis using SAS version 9.4 (SAS
Institute) with propensity-score estimation and matching per-
formed by the PSMATCH procedure.

Ethics approval

Ethics approval for the study was granted by the Chung Shan
Medical University Hospital Human Research Ethics Committee
(Institutional Review Board approval no. CS15134). We used
anonymous data sets. Informed consent was waived owing to
the retrospective nature of this observational study.

Results

We identified 85455 participants who had new diagnoses of dia-
betes mellitus during the study period. After ineligibility exclusions

and 1:1 matching by age, sex and date of first visit for diagnosis
of diabetes mellitus using PTDM, 20347 participants were in
each of the metformin user and nonuser groups (Figure 1). A
total of 837 patients underwent TKR and 148 underwent THR in
the PTDM cohorts. An average of 90% of total joint replacements
were related to OA (97.5% for TKR, 50.7% for THR) (Appendix 1,
Supplementary Table 1). Detailed information about the dis-
eases associated with total joint replacement are shown in
Appendix 1, Supplementary Table 2 and Supplementary Table 3.

The characteristics of participants at baseline are shown in
Table 1. After PTDM, the 2 groups were similar in age, sex, year
of diagnosis of diabetes mellitus, urbanization status, pain relief
medications, other oral antihyperglycemic agents and insulin at
baseline, but had different types of insurance. Compared with
nonusers, participants who did use metformin had more severe
diabetes (i.e., a higher level of adapted Diabetes Complication
Severity Index), had a higher prevalence of hypertension and
hyperlipidemia, had a lower prevalence of depression and were
more likely to be prescribed other oral antihyperglycemic
agents or insulin at baseline. After PSM, the 10163 participants
remaining in each group were well matched (all absolute stan-
dardized mean differences <0.1).

Association of metformin use with incidence of total
joint replacement

Use of metformin was associated with a lower cumulative inci-
dence probability of TKR, THR or either total joint replacement
(Figure 2). In the PTDM cohort, the incidence of hip or knee joint
replacement over the study period was 4.99 per 10000 person-
months among nonusers and 3.40 per 10000 person-months
among participants who did use metformin. The crude HR was
0.69 (95% Cl 0.60-0.78), comparing those who used metformin
with those who did not, and the HR was 0.70 (95% Cl 0.60-0.81)
after adjustment for baseline covariates (Table 2).

The incidence of TKR among metformin nonusers and users
was 4.15 per 10000 person-months and 2.96 per 10000 person-
months, respectively; and the incidence of THR was 0.83 and 0.44
per 10000 person-months, respectively. Participants who used
metformin had significantly lower risks of TKR (adjusted HR 0.71,
95% Cl 0.61-0.84) and THR (adjusted HR 0.61, 95% Cl 0.41-0.92)
than nonusers, after adjustment for covariates (Table 2).

In the PSM cohort, the crude HR of total joint replacement was
0.73 (95% CI 0.61-0.87), and the adjusted HR was 0.75 (95% Cl
0.62-0.89), comparing participants who did use metformin with
those who did not. Metformin users had a significantly lower risk
of TKR (adjusted HR 0.76, 95% Cl 0.62-0.92) than nonusers, after
adjustment for covariates. The estimated association between
metformin use and incidence of THR was similar but not statis-
tically significant (adjusted HR 0.71, 95% Cl 0.44-1.13) in the PSM
cohort (Table 2).

Dose-response relationships

Compared with metformin nonusers, the risk of joint replace-
ment was significantly lower among those taking less than 1.0 g
metformin per day and among those taking 1.0 g per day or
more, after adjustment for covariates, although the results were
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statistically significant only when the daily dose was calculated
from first prescription to the 3-month point (Table 3 and
Appendix 1, Supplementary Figure 2). The dose-response rela-
tionships between metformin use and total joint replacements
were inconsistent.

Compared with nonusers, the risk of total joint replacement
was lower among those who had previously used metformin
(adjusted HR 0.83, 95% Cl 0.52-1.35) and continuing users
(adjusted HR 0.72, 95% Cl 0.48-1.09), after adjustment for covari-
ates, at the 12-month mark, although this was not statistically
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2000 LHID
n=1000 000 beneficiaries

Patients newly diagnosed with DM
n=85455

Used metformin
n =46 947

Excluded:

« Metformin started before diagnosed with DM n=2876

« Index date* after June 2013 n=2887

« Dead before index date n =462

« Ever admission for knee OA or TKR before index date n=916
« Ever admission for hip OA or THR before index date n=255

Metformin users
n=39551

Matched metformin users
n=20 347
Unmatched
n=19 204

Matching by age, sex, date
of first DM visit and PTDMT

PSM metformin users
n=10163

Propensity-score matching

Patients eligible for study
n=69 706

Excluded:

*« TypelDM n=618

« Younger than 45 yr when diagnosed
withDM n =15131

Did not use metformin
n=22759

Matched metformin nonusers
n=20347
Unmatched

n=2412

PSM metformin nonusers
n=10163

Figure 1: Study flowchart. Note: DM = diabetes mellitus, LHID = the Longitudinal Health Insurance Database, OA = osteoarthritis, PSM = propensity-
score matching, PTDM = prescription time-distribution matching, THR = total hip replacement, TKR = total knee replacement. *Index date for metfor-
min users was 3 months after first prescription of metformin. tParticipants who did not use metformin were individually matched with those who did

use metformin by PTDM.
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Table 1 (part 1 of 2): Baseline characteristics among participants who did or did not use metformin

PTDM cohort PSM cohort

No. (%) of patients  No. (%) of patients No. (%) of patients No. (%) of

Research

who did not use who did use who did not use patients who did
metformin metformin Absolute metformin use metformin Absolute
Characteristic n=20347 n=20347 SMD n=10163 n=10163 SMD
Age at baseline, yr 0.048 0.048
45-60 7818 (38.4) 7871 (38.7) 3801 (37.4) 3679 (36.2)
60-75 7967 (39.2) 8067 (39.6) 4158 (40.9) 4087 (40.2)
=75 4562 (22.4) 4409 (21.7) 2204 (21.7) 2397 (23.6)
Sex 0 0.006
Female 10218 (50.2) 10218 (50.2) 5152 (50.7) 5270 (51.8)
Male 10 129 (49.8) 10 129 (49.8) 5011 (49.3) 4893 (48.2)
Year of DM diagnosis 0.023 0.025
2000-2003 8425 (41.4) 8486 (41.7) 3746 (36.9) 3746 (36.9)
2004-2007 5376 (26.4) 5381 (26.4) 2750 (27.1) 2826 (27.8)
2008-2012 6546 (32.2) 6480 (31.8) 3667 (36.1) 3591 (35.3)
Urbanization 0.088 0.043
Urban 12 344 (60.7) 11673 (57.4) 6013 (59.2) 5823 (57.3)
Suburban 5826 (28.6) 6269 (30.8) 3044 (30.0) 3174 (31.2)
Rural 2177 (10.7) 2405 (11.8) 1106 (10.9) 1166 (11.5)
Insurance type 0.214 0.015
Government 1718 (8.4) 1419 (7.0) 754 (7.4) 773 (7.6)
Privately held company 10 361 (50.9) 10310 (50.7) 5278 (51.9) 5036 (49.6)
Agricultural organizations 4418 (21.7) 5008 (24.6) 2327 (22.9) 2444 (24.0)
Low-income 177 (0.9) 106 (0.5) 55(0.5) 60 (0.6)
Non-labour force 3324 (16.3) 3196 (15.7) 1601 (15.8) 1682 (16.6)
Others 349 (1.7) 308 (1.5) 148 (1.5) 168 (1.6)
Level of adapted DCSI at 0.114 0.015
baseline*
0 13533 (66.5) 12601 (61.9) 6359 (62.6) 6259 (61.6)
1 3024 (14.9) 3670 (18.0) 1885 (18.6) 1865 (18.4)
2 2524 (12.4) 2666 (13.1) 1311 (12.9) 1372 (13.5)
3 616 (3.0) 758 (3.7) 322 (3.2) 356 (3.5)
4 481 (2.4) 491 (2.4) 219 (2.2) 241 (2.4)
25 169 (0.8) 161 (0.8) 67 (0.7) 70(0.7)
Comorbidities at baseline
Osteoarthritis 3351 (16.5) 3073 (15.1) 0.037 1686 (16.6) 1714 (16.9) 0.007
Obesity 47(0.2) 143 (0.7) 0.069 47 (0.5) 38(0.4) 0.014
Hypertension 9926 (48.8) 12 135 (59.6) 0.219 6286 (61.8) 6173 (60.7) 0.023
Hyperlipidemia 5789 (28.4) 8121 (39.9) 0.243 4179 (41.1) 4106 (40.4) 0.015
Depression 2874 (14.1) 2179 (10.7) 0.104 1245 (12.2) 1299 (12.8) 0.016
COPD 2430 (11.9) 2301 (11.3) 0.020 1204 (11.8) 1238 (12.2) 0.010
Gout 2247 (11.0) 1839 (9.0) 0.067 1283 (12.6) 1010 (9.9) 0.085
RA 199 (1.0) 176 (0.9) 0.012 80(0.8) 68 (0.7) 0.014
Osteoporosis 1019 (5.0) 804 (4.0) 0.051 470 (4.6) 426 (4.2) 0.021
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Table 1 (part 2 of 2): Baseline characteristics among participants who did or did not use metformin

PTDM cohort

No. (%) of patients

who did not use who did use
metformin metformin
Characteristic n=20 347 n=20347
Pain medications at baseline
Systemic corticosteroids 5606 (27.6) 5863 (28.8)
NSAIDs 8807 (43.3) 9309 (45.8)
Glucosamine 873 (4.3) 844 (4.2)
Opioids 2068 (10.2) 2139 (10.5)
Other OAG drugs at baseline
Sulfonylureas 1464 (7.2) 11035 (54.2)
a-glucosidase inhibitors 253 (1.2) 1053 (5.2)
Thiazolidinediones 123 (0.6) 717 (3.5)
DPP-4 inhibitors 64 (0.3) 501 (2.5)
Insulin at baseline 398 (2.0) 1416 (7.0)

No. (%) of patients

PSM cohort

No. (%) of
patients who did

No. (%) of patients
who did not use

Absolute metformin use metformin Absolute
SMD n=10163 n=10163 SMD
0.028 2911 (28.6) 2958 (29.1) 0.010
0.050 4764 (46.9) 4700 (46.2) 0.013
0.007 419 (4.1) 463 (4.6) 0.021
0.011 985 (9.7) 1096 (10.8) 0.036
1.185 1460 (14.4) 1463 (14.4) 0.001
0.224 244 (2.4) 272 (2.7) 0.018
0.206 118(1.2) 130 (1.3) 0.011
0.184 61 (0.6) 65 (0.6) 0.005
0.244 354 (3.5) 418 (4.1) 0.033

Note: COPD = chronic obstructive pulmonary disease, DCSI = Diabetes Complications Severity Index, DM = diabetes mellitus, DPP-4 = dipeptidyl peptidase-4, NSAID = nonsteroidal
anti-inflammatory drug, OAG = oral antihyperglycemic agent, PSM = propensity-score matching, PTDM = prescription time-distribution matching, RA = rheumatoid arthritis,

SMD = standardized mean difference.

*A person who had both mild and severe complication would be classified as a severe case.

significant. At the 24-month mark, compared with nonusers, con-
tinuing users of metformin had a significantly lower risk of total
joint replacement (adjusted HR 0.72, 95% CI 0.57-0.92) and TKR
(adjusted HR 0.75, 95% CI 0.58-0.96), after adjustment for covari-
ates (Table 3).

Sensitivity analyses

The results of sensitivity analyses for risk of TKR or THR using
inverse probability of treatment weighting and competing risk
regression were consistent with the primary analysis (Table 2).
Sensitivity analyses including only OA-related TKR or THR as the
outcomes also generated similar results as the primary analysis
(primary analysis: adjusted HR 0.66-0.70; sensitivity analysis:
adjusted HR 0.67-0.81) (Appendix 1, Supplementary Table 1).
The time-dependent Cox model generated similar results (THR or
TKR: adjusted HR 0.81, 95% CI 0.70-0.95; TKR: adjusted HR 0.82,
95% Cl 0.69-0.97; THR: adjusted HR 0.80, 95% Cl 0.54-1.21)
(Table 2). Further, the sensitivity analysis using the alternative
outcome of the incidence of hospital admission for knee or hip
OA showed that metformin users had significantly lower risks
than nonusers (Appendix 1, Supplementary Table 4).

Interpretation

We conducted a large, population-based cohort study with a
14-year follow-up period, and found that, among patients with
type 2 diabetes mellitus, metformin use was consistently associ-
ated with a reduced risk of TKR and THR compared with not
using metformin. The findings were consistent using PTDM,
PSM, inverse probability of treatment weighting and competing
risk regression models. Sensitivity analyses using secondary

outcomes such as OA-related total joint replacements and hospi-
tal admission for knee or hip OA generated similar results.

Other studies have evaluated the association between met-
formin use and OA in patients with diabetes. A cohort study using
electronic health records reported no statistically significant
association (adjusted HR 1.02, 95% ClI 0.91-1.15) between met-
formin and occurrence of OA in patients with type 2 diabetes
mellitus, but this study’s limitations included variability among
clinicians in diagnosing and recording OA, no assessment of spe-
cific joint OA and no adjustment for some important covariates.?
Another retrospective cohort study reported that, among
968 patients who had OA and type 2 diabetes mellitus, those
who were prescribed cyclooxygenase-2 (COX-2) inhibitors and
metformin had lower rates of joint replacement than those
treated with COX-2 inhibitors alone (adjusted HR 0.74, 95% ClI
0.60-0.92).%* The authors did not control for immortal time bias,
and potential confounding effects were not adjusted for using
propensity-score weighting or matching. Most recently, a large
retrospective study conducted among 93330 patients with
type 2 diabetes mellitus that used PSM found that regular met-
formin users had a 19% lower hazard of TKR than nonusers over
their 4-year follow-up period, consistent with our findings.?

Diabetes and metabolic syndrome have been shown to be
associated with OA.32%® The biological mechanisms linking met-
formin and OA are yet to be clarified. Metformin could decrease
the risk of total joint replacement among patients with diabetes
mellitus by multiple mechanisms, including by reducing inflam-
mation, by sustaining adenosine 5-monophosphate-activated
protein kinase activity in chondrocytes and by regulating metab-
olism.*®343 Given our findings and those of a previous observa-
tional study,” a randomized trial of the efficacy of metformin in
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Figure 2: Cumulative probability of (A) total hip or knee replacement, (B) total knee replacement and (C) total hip replacement in a prescription time-
distribution matched (PTDM) cohort of participants who did or did not use metformin, and of (D) total hip or knee replacement, (E) total knee replace-
ment and (F) total hip replacement in a propensity-score matched (PSM) cohort of participants who did or did not use metformin. We conducted log-
rank tests to compare the distributions of cumulative incidence curves, estimated by the Kaplan-Meier method, between the 2 groups (metformin
nonusers v. metformin users).
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Table 2: Association of metformin use with the incidence of total joint replacement at 3 months after index date

Patients who did
not use metformin

Variable n=20347
Follow-up time, median, mo 45
Observed person-months 1115374
THR or TKR

No. of events 556

Incidence rate per 10000 person-months (95% Cl)

Crude HR (95% Cl) Ref.

Adjusted HR* (95% Cl) Ref.

Time-dependent Cox modelf, adjusted HR (95% Cl) Ref.

Competing outcomet, adjusted HR (95% Cl) Ref.

IPTWS, adjusted HR (95% Cl) Ref.
TKR

No. of events 463

Incidence rate per 10000 person-months (95% Cl)

Crude HR (95% Cl) Ref.

Adjusted HR* (95% Cl) Ref.

Time-dependent Cox modelf, adjusted HR (95% Cl) Ref.

Competing outcomed, adjusted HR (95% Cl) Ref.

IPTW1, adjusted HR (95% Cl) Ref.
THR

No. of events 93

Incidence rate per 10000 person-months (95% Cl)

Crude HR (95% Cl) Ref.
Adjusted HR* (95% CI) Ref.
Time-dependent Cox modelf, adjusted HR (95% Cl) Ref.
Competing outcomet, adjusted HR (95% Cl) Ref.
IPTWS, adjusted HR (95% CI) Ref.

PTDM cohort

4.99 (4.59-5.42)

4.15 (3.79-4.55)

0.83(0.68-1.02)

PSM cohort

Patients who
used metformin

Patients who did
not use metformin

Patients who
used metformin

n=20347 n=10163 n=10163
54 43 50
1262729 534785 596 746
429 271 219
3.40 (3.09-3.73) 5.07 (4.50-5.71) 3.67(3.21-4.19)
0.69 (0.60-0.78) Ref. 0.73 (0.61-0.87)
0.70 (0.60-0.81) Ref. 0.75 (0.62-0.89)
0.81 (0.70-0.95) Ref. 0.83 (0.68-1.01)
0.76 (0.65-0.89) Ref. 0.80 (0.67-0.96)
0.66 (0.56-0.77)
374 230 188
2.96 (2.68-3.28) 4.30 (3.78-4.89) 3.15(2.73-3.63)
0.72 (0.62-0.82) Ref. 0.73 (0.60-0.89)
0.71 (0.61-0.84) Ref. 0.76 (0.62-0.92)
0.82 (0.69-0.97) Ref. 0.83 (0.67-1.03)
0.78 (0.66-0.92) Ref. 0.81 (0.67-0.98)
0.67 (0.57-0.80)
55 41 31
0.4 (0.33-0.57) 0.77 (0.56-1.04) 0.52 (0.37-0.74)
0.54 (0.38-0.75) Ref. 0.69 (0.43-1.10)
0.61 (0.41-0.92) Ref. 0.71 (0.44-1.13)
0.80 (0.54-1.21) Ref. 0.83 (0.50-1.38)
0.68 (0.44-1.05) Ref. 0.78 (0.47-1.30)
0.58 (0.39-0.88)

Note: Cl = confidence interval, DCSI = Diabetes Complications Severity Index, HR = hazard ratio, IPTW = inverse probability of treatment weighting, OAG = oral antihyperglycemic agent,
PSM = propensity-score matching, PTDM = prescription time-distribution matching, Ref. = reference category, THR = total hip replacement, TKR = total knee replacement.
*The covariates include demographic variables (sex, age, urbanization, and insurance type), adapted DCSI score, comorbidities, medications for pain management, other OAG drugs

and insulin use.

TTime-dependent Cox model considered time-varying exposure (metformin) and time-dependent covariates (including age, score of adapted DCSI, comorbidities, medications for

pain management and other OAG drugs).
tDeath, admission for lower limb fracture or amputation.

§Balance diagnostics showed that covariates were well balanced between groups after IPTW.

patients with OA is indicated. Metformin has been studied in
patients without diabetes mellitus and was found to be safe.* Trials
of metformin for the prevention of diabetes mellitus and for weight
reduction among patients with obesity and without diabetes melli-
tus showed that doses of 1.7-2.5 g/d could be prescribed without
increases in incidence of hypoglycemia or lactic acidosis.*"*

Limitations

Data on HbA,, levels were not available, so we could not adjust
for degree of blood glucose control, although we did adjust
for severity of diabetes mellitus using the adapted DCSI.

Despite the multiple strategies that we employed to control
for potential confounders, unmeasured confounding factors
could yet bias the results. We conducted our study among a
population with type 2 diabetes mellitus in Taiwan; generaliz-
ability of our findings to other populations and to patients
with OA but without diabetes mellitus is unknown. Finally, our
research data sets were collected before 2014, and oral anti-
hyperglycemic agents that have been approved more recently
were not used as frequently as they are now. However, met-
formin continues to be used as first-line treatment for type 2
diabetes mellitus in Taiwan and many other jurisdictions.®
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Table 3: Association of metformin dosage at points 3, 12 and 24 months after first prescription with incidence of total

joint replacement

Variable

3 months after first prescription

Ordinal model
Patients who did not use metformin (n =20 347)
Patients on < 1.0 g/d metformin (n = 14 621)
Patients on = 1.0 g/d metformin (n = 5726)
p for trend

12 months after first prescription

Ordinal model
Patients who did not use metformin (n =18 103)
Patients on < 1.0 g/d metformin (n = 16 143)
Patients on < 1.0 g/d metformin = 1.0 g per day (n =3079)
p for trend

Adherence model
Patients who did not use metformin (n =18 103)
Previous users of metformin (n =5241)
Continuing users of metformin (n =13 981)

24 months after first prescription

Ordinal model
Patients who did not use metformin (n = 14 924)
Patients on < 1.0 g/d metformin (n = 14 149)
Patients on = 1.0 g/d metformin (n =2189)
p for trend

Adherence model
Patients who did not use metformin (n = 14 924)
Previous users of metformin (n =5063)

Continuing users of metformin (n =11 275)

TKR or THR

Ref.
0.69 (0.59-0.81)
0.75 (0.60-0.94)
<0.001

Ref.
0.82 (0.70-0.97)
0.75 (0.54-1.04)
0.014

Ref.
0.83 (0.52-1.35)
0.72 (0.48-1.09)

Ref.
0.81 (0.67-0.98)
0.77 (0.52-1.13)
0.031

Ref.
0.88 (0.71-1.09)
0.72 (0.57-0.92)

Adjusted HR* (95% Cl)

TKR

Ref.
0.70 (0.59-0.83)
0.79 (0.61-1.00)
0.003

Ref.
0.85 (0.71-1.01)
0.79 (0.56-1.12)
0.054

Ref.
0.78 (0.46-1.32)
0.70 (0.45-1.10)

Ref.
0.81 (0.66-0.99)
0.81(0.54-1.21)
0.062

Ref.
0.86 (0.69-1.08)
0.75 (0.58-0.96)

THR

Ref.
0.63 (0.42-0.96)
0.56 (0.29-1.07)
0.024

Ref.
0.67 (0.41-1.07)
0.50 (0.19-1.33)
0.060

Ref.
1.34(0.42-4.31)
0.93 (0.28-3.05)

Ref.
0.80 (0.48-1.35)
0.55 (0.16-1.91)
0.273

Ref.
1.01 (0.57-1.82)
0.52 (0.24-1.12)

Note: Cl = confidence interval, HR = hazard ratio, Ref. = reference category, THR = total hip replacement, TKR = total knee replacement.

*Unless indicated otherwise. The covariates include baseline demographic variables (including sex, age, urbanization, insurance type), and time-dependent covariates (including
score of adapted Diabetes Complication Severity Index, comorbidities, medications for pain management, other oral antihyperglycemic agents and insulin use). The average daily
dosage was calculated at 3, 12 and 24 months after the first metformin prescription. All individuals were at risk and followed after the time points of interest. We categorized
participants treated with metformin as either continuing users (defined as participants who used metformin, including within 9 mo before index date), and previous users (defined as
participants who had used metformin, but not within 9 mo before index date) at 12 and 24 months after first prescription of metformin.

Conclusion

We found that metformin use in patients with type 2 diabetes melli-
tus was associated with a significantly reduced risk of joint replace-
ment, suggesting a potential therapeutic effect of metformin in
patients with OA. Randomized controlled clinical trials are warranted
to determine whether metformin is effective in patients with OA.
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