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Association of metformin use
with fracture risk in type 2
diabetes: A systematic review
and meta-analysis of
observational studies
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University, Zhanjiang, China, 3Department of Stomatology, Affiliated Hospital of Guangdong
Medical University, Zhanjiang, China, 4Centre for Biomedical Technologies, Queensland University
of Technology, Brisbane, Queensland, Australia, 5Center for Translational Medicine Research and
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Aims: Increasing evidence suggests that metformin can affect bone

metabolism beyond its hypoglycemic effects in diabetic patients. However,

the effects of metformin on fracture risk in type 2 diabetes mellitus (T2DM)

patients remain unclear. A systematic review and meta-analysis were

performed in this study to evaluate the association between metformin

application and fracture risk in T2DM patients based on previous studies

published until June 2021.

Methods: A systematic search was performed to collect publications on

metformin application in T2DM patients based on PubMed, Embase,

Cochran, and Web of Science databases. Meta-analysis was performed by

using a random-effects model to estimate the summary relative risks (RRs) with

95% confidence intervals (CIs). Subgroup analyses based on cohort/case-

control and ethnicity and sensitivity analyses were also performed.

Results: Eleven studies were included in the meta-analysis. Results

demonstrated metformin use was not significantly associated with a

decreased risk of fracture (RR, 0.91; 95% CI, 0.81–1.02; I2 = 96.8%). Moreover,

metformin use also demonstrated similar results in subgroup analyses of seven

cohort studies and four case-control studies, respectively (RR, 0.90; 95% CI,

0.76–1.07; I2 = 98.0%; RR, 0.96; 96% CI, 0.89–1.03; I2 = 53.7%). Sensitivity

analysis revealed that there was no publication bias.
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Conclusion: There was no significant correlation between fracture risk and

metformin application in T2DM patients. Due to a limited number of existing

studies, further research is needed to make a definite conclusion for clinical

consensus.
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1 Introduction

Diabetes mellitus (DM) is one of the leading causes of

mortality and reduced life expectancy (1, 2). The estimated

global number of individuals diagnosed with DM has

increased from 422 million in 2014 (3) to over 536.6 million

currently, and it is projected to reach 783.2 million by 2045,

accounting for 12.2% of 20-79 year-olds (4). Type 2 DM

(T2DM) represents approximately 90%–95% of all DM cases

(5, 6). Diabetes-related complication costs are substantial and

have significantly increased the healthcare burden of diabetes

patients (7, 8). The estimated global direct health cost of diabetes

is projected to rise to $845 billion by 2045 (9). Previous studies

have demonstrated an increased risk for fragility fractures as an

important complication of T2DM (10–12).

In contrast to patients with type 1 diabetes, T2DM patients

exhibited increased or normal bone mineral density in the clinic

but with increased bone fragility and fracture risk (13–15). The

pivotal causes of higher bone fragility in T2DM are strongly

associated with the phenotype of abnormal osseous architecture

(especially the increased cortical porosity), collagen

disorganization, bone vasculopathy, increased bone marrow

adiposity, and low bone turnover, which together contribute to

impairments in bone material properties (16–18). Patients with

T2DM who have suffered fractures are prone to frequent wound

infections, resulting in delayed fracture healing and an increased

risk of nonunion or pseudoarthropathy (19–21). Fractures in

T2DM patients result in prolonged immobility and

hospitalizations and lead to substantial morbidity and

mortality. In addition to the direct effects of diabetes on bone

fragility, current medical management of T2DM also

substantially impacts bone health and fracture risk (22, 23).

For instance, thiazolidinediones have been associated with an

increased fracture risk (24, 25), whereas metformin

administration has been shown to have a protective effect on

the bone health of diabetic patients (24–26).

Metformin, a biguanide antidiabetic drug, is considered the

standard initial treatment for T2DM patients. It affects several

aging-related processes, including bone deterioration, by

suppressing cellular senescence and chronic inflammation and
02
promoting autophagy (27, 28). Previous studies demonstrated

that metformin directly promoted osteoblastic differentiation of

different kinds of stem cells (including umbilical cord

mesenchymal stem cells (29), adipose-derived stem cells (30),

dental pulp stem cells (31), and bone marrow derived

mesenchymal stem cells (32), enhanced the anabolic action of

the bone (including beneficial effects on bone microarchitecture,

bone mineral density, and bone turnover markers), and

improved bone quality in patients with T2DM (33–36).

Furthermore, a previous report suggested a potential benefit of

metformin in contributing to decreased bone cancer risk in

T2DM patients (37).

Nonetheless, whether metformin can reduce the risk of

fractures remains unconfirmed and controversial. Previous

studies have reported no significant correlation between

fracture risk and metformin application (38) and no

significant effects of metformin on bone marrow density

(BMD) (39, 40). However, another investigation showed that

10 mg/mL of metformin might partially suppress the

mineralization of osteoblasts (41). Borges et al. found that the

effects of metformin monotherapy showed only small but not

significant increases in lumbar spine BMD at all time points

from baseline to week 80 in T2DM patients (42). Therefore, the

effect of metformin on bone metabolism and whether metformin

medication reduces the risk of fracture in patients with T2DM

needs further evaluation.

In this study, to determine whether metformin treatment

could reduce fracture risk in T2DM, a comprehensive meta-

analysis was performed on the fracture risk of T2DM patients

receiving metformin administration; it included all previous

reports up to June 2021.
2 Methods

2.1 Search strategy

This meta-analysis was performed according to the

Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) statement guideline for systematic reviews
frontiersin.org
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and meta-analyses (43, 44), and it was registered with

PROSPERO (No. CRD42022344967). We searched for studies

on the fracture risk of diabetic patients with metformin

administration published until June 2021 by using PubMed,

Embase, Cochran library, and Web of Science databases. The

following keywords were used for publication collection:

(“Metformin” OR “dimethylbiguanide” OR “metformin HCI”)

AND (“bone” OR “bone fracture” OR “fracture” OR

“osteoporotic fracture” OR “broken bone” OR “bone mineral

density” OR “BMD” OR “bone mass density” OR “osteoporosis”

OR “bone health” OR “bone quality”).
2.2 Inclusion criteria

Each title and abstract were reviewed to identify relevant

papers. Full texts of the articles were reviewed if the abstract was

deemed potentially relevant. Studies that met the following

criteria were eligible for inclusion:
Fron
(1) observational studies where metformin was the

exposure variable and fractures were the main

outcome variable or one of the outcome variables.

(2) T2DM participants aged ≥18 years.

(3) The odds ratio (OR), risk ratio (RR), and hazard ratio

(HR) were reported as the effect size (ES).
tiers in Endocrinology 03
2.3 Exclusion criteria

The exclusion criteria excluded studies that:
(1) Related to other drugs in combination treatment with

metformin.

(2) Excluded placebo diabetic control.

(3) Included Type 1 diabetes patients.

(4) Included single gender.
A total of 1,031 publications were identified with the search

strategy. Then, these studies were independently screened

according to the inclusion and exclusion criteria. A total of 11

s tud ies were e l i g ib l e and inc luded in the meta-

analysis. (Figure 1)
2.4 Data extraction

Two authors (WYN and YLM) independently conducted

study screening and data extraction from the eligible literature.

When disputes were encountered, they were resolved through

discussion or assisted by the main investigator (LYZ). The

following data were collected from all included studies: first

author’s surname, publication year, study design, country,

follow-up duration, mean age or age range of participants,
FIGURE 1

Flowchart of the study selection process.
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gender, sample size, number of cases, outcome variables and

fracture assessment method, the adjusted ORs, RRs, or HRs, and

the corresponding 95% confidence intervals (CIs) (Table 1). The

Newcastle-Ottawa Scale (NOS) quality assessment was used to

evaluate the studies.
2.5 Statistical analysis

Stata software was used for meta-analysis (Stata, version 16,

College Station, TX, USA). All reported ORs, RRs, HRs, and the

95% CIs for fracture risk were used to calculate the logarithmic

RR and its standard error (SE). A random effects model was used

to estimate the summary relative risks with 95% CIs. Q and I2

tests were performed to analyze the homogeneity of the included

studies. For the Q test, statistical significance was set at p ≤ 0.05;

for I2 statistics, the following critical points were specified to

define the degree of heterogeneity: <25% (low heterogeneity),
Frontiers in Endocrinology 04
25%–50% (moderate heterogeneity), 50%–75% (high

heterogeneity), and >75% (severe heterogeneity).

The subgroup analyses of cohort, case-control, and ethnicity

were respectively performed on the included studies. In addition,

sensitivity analysis was used to investigate the extent to which

inferences might depend on a particular study or research group.

Visual inspection of the funnel chart was used to assess

publication bias. A formal statistical assessment of funnel plot

asymmetry was performed using Egger’s regression asymmetry

test. P values of < 0.05 were considered statistically significant.
3 Results

3.1 Study characteristics

Among the 1,031 retrieved papers, 11 related to the

application of metformin and the risk of fracture in T2DM
TABLE 1 Characteristic table of studies on the relationship between MF use and fracture risk in diabetic patients.

First
author
(year)

Country

Duration
of follow-

up
(years)

Design Mean
age

Samples
sizes Cases

Adjusted
OR, RR, or
HR (95%

CI)

Nos Fracture types

Tseng CH
(2021) (37)

Taiwan 5.3 Cohort 62 29,222 977
0.62

(0.55,0.71)
9 vertebral fracture

Tak Kyu Oh
(2020) (38)

South
Korea

5 Cohort 60 37378 972
1.00

(0.86,1.16)
7 Hip fracture

Starup-Linde J
(45)

Denmark 5.5 Cohort
Cases: 58
Controls:73

180,073 20,557
0.73

(0.71,0.76)
9

Any fracture, vertebral fracture,
forearm fracture, and osteoporotic
fracture

Wallander M
(46)

Sweden 1.3 Cohort
Cases: 79
Controls:81

79,159 2394
1.05

(0.96,1.14)
9 Hip fracture

Hung YC
(47)

Taiwan 3.9 Cohort 70 7,761 367
1.02

(0.83,1.26)
9 Hip fracture

Majumdar
(48)

USA 2.2 Cohort 52 72,738 741
1.00

(0.80,1.20)
9 Osteoporotic fracture

Colhoun
(49)

Scotland 9 Cohort 65 173,113 2,433
1.02

(1.00,1.05)
9 Hip fracture

Charlier
(50)

UK 23
Case-
control

71 28617 5692
1.00

(0.95,1.05)
8

Low-trauma fracture (non-vertebral
fractures of the proximal and distal
upper and lower extremities, ribs
and thorax, hip and foot)

Vavanikunnel
J
(51)

UK 21
Case-
control

72 27124 5366
0.96

(0.91,1.01)
8

Low-trauma fracture (non-vertebral
fractures of the proximal and distal
upper and lower extremities, ribs
and thorax, hip, and foot)

Puar TH
(52)

Singapore 5
Case-
control

Cases: 77
Controls:76

1,116 558
0.73

(0.57,0.94)
8 Hip fracture

Monami M
(53)

Italy 4.1
Nested
Case-
control

Cases: 69
Controls:68

332 83
0.94

(0.54,1.65)
8 Total fracture

Mean age only displayed integers, ignoring numbers after the decimal point. OR, odds ratio; RR, risk ratio; HR, hazard ratio; CI, confidence interval; Nos, Newcastle-Ottawa scale.
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patients and were included in this meta-analysis according to the

inclusion/exclusion criteria (Table 1). Among the 11 studies,

there were seven cohort studies (38, 45–49, 54), and four case-

control studies (50–53). All studies included both

genders (Figure 1).

These studies collectively included 635,945 participants and

were published between 2008 and 2021; they were conducted in

various regions, including one study each in the United States

(48), Denmark (45), South Korea (38), Singapore (52), Italy (53),

and Sweden (46), two in Taiwan (47, 54), and three in the United

Kingdom (49–51).

Regarding the types of fractures, five studies included

fractures at multiple sites, such as fractures of the proximal

and distal upper and lower extremities, ribs and thorax, hip, and

foot (45, 48, 50, 51, 53), two studies included vertebral fracture

(45, 54), six studies included hip fractures (38, 45–47, 49, 52),

and three studies included osteoporotic fracture (45, 46, 48).
3.2 Results of the meta-analysis

There were seven cohort studies and four case-control

studies involved in the meta-analysis. Four studies revealed

that metformin treatment reduced fracture risk, seven studies

demonstrated that metformin had no significant effect associated

with fracture risk, and no studies showed that metformin

increased fracture risk.

In this meta-analysis, we had 11 effect sizes obtained from 11

studies. The meta-analysis results are shown as forest plots

(F igure 2) . Resu l t s demonstra ted that met formin

administration was not significantly associated with a decrease
Frontiers in Endocrinology 05
in the fracture rate of diabetic patients (RR, 0.91; 95% CI, 0.81–

1.02). Significantly high between-study heterogeneity was found

(I2 = 96.8%, p < 0.001).

In the sensitivity analysis, no single study significantly

influenced the findings. No evidence of publication bias was

found in this meta-analysis with Egger’s test evaluation

(p = 0.99).
4 Discussion

The occurrence of fractures is closely related to low BMD

and osteoporosis development (55, 56). Previous studies have

demonstrated that BMD significantly decreased in patients with

T1DM, leading to an increased risk of fractures (57). Although

T2DM patients showed bone formation suppression,

microarchitecture deterioration, and microvascular

complications in the bone (58), unlike T1DM patients, T2DM

patients might not demonstrate significant BMD decline (59).

Since T2DM accounts for more than 90%–95% of all diabetes

cases, the factors associated with type 2 diabetic fractures attract

a lot of concerns. The effects of T2DM on bone are

multifactorial, including hyperglycemia (60), insulin imbalance

(61), obesity (62), and medications (63). Among several factors

that might influence the risk of fracture, much attention has been

given to glucose-lowering medications, for example, metformin.

In this study, we performed a meta-analysis and a series of

sub-group meta-analyses to examine the association between

metformin use and the risk of fracture in T2DM patients. We

found no significant association between metformin use and

fracture risk. Due to only a small number of studies (n=11) being
FIGURE 2

Forest plot of the 11 studies that examined the association between metformin application and fracture risk in T2DM patients; (Study: author and
year of publication; es, effect size; 95% CI, 95% confidence interval).
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included in this study, investigation of fractures in specific sites

was not possible; therefore, our study used the same strategy as

that of a previous report (64) that focused on the association of

metformin use and fracture risk from any sites with no focus on

a specific site.

We conducted a subgroup meta-analysis that only included

the seven cohort studies to demonstrate multiple validations of

our conclusion. The results showed that metformin

administration was not closely related to a decreased fracture

risk in diabetic patients (RR, 0.90; 95% CI, 0.76–1.07). Inter-

study heterogeneity was significant; I2 = 98.0%, p < 0.001

(Figure 3A). We also conducted a subgroup meta-analysis that

only included the four case-control studies. Like the cohort

studies, the case-control studies also demonstrated that

metformin administration was not closely related to a

decreased fracture risk in diabetic patients (RR, 0.96; 95% CI,

0.89–1.03), but heterogeneity was not significant, I2 = 53.7%,

p=0.090 (Figure 3B). In addition, ethnicity was used as a

categorical variable for subgroup analysis. Based on the eleven

collected studies, four studies were performed in Asian countries

(traditional major population mainly of Far-Eastern origins),

and seven were performed in Europe/the United States of
Frontiers in Endocrinology 06
America (traditional major population mainly of European

origins). Therefore, we used the Far-Eastern origins/the

European origins as the ethnic category for sub-group analysis.

Results demonstrated that metformin administration was not

closely related to a decreased fracture risk in diabetic people of

Far-Eastern origins (RR 0.83, 95% CI, 0.63–1.09) (Figure 4A).

The subgroup analysis in the diabetic people of European origins

similarly demonstrated that metformin administration was not

closely related to a decreased fracture risk (RR 0.95, 95% CI,

0.83–1.09) (Figure 4B). Overall, the subgroup meta-analyses

demonstrated that different subgroup analyses support the

same conclusion.

After subgroup analyses, we conducted a bias analysis on the

quality of the included studies, and STATA was used to prepare

a funnel chart for the 11 included studies. Funnel plot analysis

showed that five studies might significantly affect the overall

heterogeneity of the analysis (Figure S1). We excluded four of

the five studies that may have affected the overall heterogeneity

of this analysis (Starup-Linde et al., 2017 (45), Colhoun et al.,

2012 (49), Puar et al., 2012 (52), and Tseng et al., 2021 (54)) and

the remaining seven studies were used for further meta-analysis

(Figure S2). The results further demonstrated that metformin
A

B

FIGURE 3

The cohort/case-control subgroup analysis: (A): Forest plot of the included Cohort studies that examined the association between metformin
application and fracture risk in type 2 diabetic patients; (B): Forest plot of the included Case-control studies that examined the association
between metformin application and fracture risk in type 2 diabetic patients. (Study: author and year of publication; es, effect size; 95% CI, 95%
confidence interval; Weight, weight).
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administration and the fracture risk of diabetic patients were not

significantly inversely related (RR, 0.99; 95% CI, 0.96–1.02). The

heterogeneity between studies was I2 = 0.0%, which

demonstrated that the high heterogeneity across all 11 studies

did not significantly affect the results in this meta-analysis.

Therefore, the conclusion of this meta-analysis was robust and

credible. The Egger’s test result was p=0.9301 and p>0.05, which

indicated that the meta-analysis has no publication bias. A

sensitivity analysis was used to test the stability of the effect

size (ES) estimates (Figure S3). Overall, the data of these analyses

all suggested that metformin use is not significantly associated

with a decreased risk of fractures in T2DM patients.

Several studies demonstrated that metformin treatment was

associated with significant low bone fracture risks in patients

with diabetes (65, 66). The treatment of T2DM patients and

osteoporosis with metformin and dietary intervention could

decrease blood glucose levels, increase bone density, and

alleviate osteoporosis (67–70). A recent study also reported

that metformin use was associated with a lower risk of

osteoporosis/vertebral fracture in T2DM patients (37). A prior

systematic review and meta-analysis suggested that metformin

use was inversely associated with the risk of fracture in diabetes

(RR, 0.82; 95% CI, 0.72–0.93; n=7; I2 = 22.4%; p=0.259) (64).

Another meta-analysis demonstrated that the use of metformin

appears to decrease the fracture risk (RR, 0.86; 95% CI, 0.75–

0.99; I2 = 95.2%; p <0.001). The reduced fracture risk with

metformin could be related to metformin prescriptions that
Frontiers in Endocrinology 07
typically start in the early stages of type 2 diabetes mellitus

(63). Furthermore, metformin has several relevant

contraindications, including renal insufficiency, severe liver

disease, and heart failure. A lower comorbidity may contribute

to the influence of metformin on the lower incidence of bone

fractures (53).

This study found that metformin use is not significantly

associated with a decreased risk of fractures in T2DM patients.

Our results are inconsistent with previous studies including type

1 and type 2 patients and single-gender data. Our study focused

on T2DM patients and only included studies that examined both

genders. A previous study byWallander et al. (46), demonstrated

that women with T2DM-oral medication had an increased risk

of hip fracture compared to men. Therefore, we excluded studies

that reported on single-gender involvement. According to the

data we collected in the 11 studies, four studies revealed that

metformin treatment could reduce fracture risk (45, 50, 52, 54),

and another seven demonstrated that metformin had no

significant effect associated with fracture risk (38, 46–48, 52).

None of the studies in this review showed that metformin

increased fracture risk. The differing results between studies

may be due to variations in metformin dose and duration.

However, we noted that all the included observational studies

did not reveal the specific metformin dose, which makes it

difficult to interpret and analyze the underlying reason. To

model the univariate effects of metformin, the 11 included

studies selected individuals who could be stratified based on
A

B

FIGURE 4

The ethnic subgroup analysis: (A): Forest plot of the four studies that were performed in Asia (major population: Far-Eastern origins); (B): Forest
plot of the seven studies that were performed in Europe/the United States (major population: European origins); Study: author and year of
publication; es, effect size; 95% CI, 95% confidence interval; Weight, weight).
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cumulative exposure to metformin. For example, current

metformin users were defined by Charlier et al. as participants

with their last prescription ≤ 60 days prior to the index date (50),

whereas Colhoun et al. included metformin users with a

cumulative exposure of 1 year (49). Therefore, in this meta-

analysis, we focused on T2DM patients with current metformin

duration (at least>30 days) as the outcome and ignored the dose.

We summarized the relevant information on metformin

administration reported in the 11 included studies (Table S1).

The data on ever-exposure to metformin was not used in this

study, as we assumed that there were no legacy or carry-over

effects from remote exposure to any antidiabetic drugs. Colhoun

et al. considered that cumulative metformin exposure does not

depend on the events in the unexposed and, therefore, cannot be

affected by allocation bias (49). We used cumulative metformin

exposure in this study was consistent with them. Therefore, the

data from current cumulative exposure to metformin was

considered more accurate than data from ever exposure to

metformin. In addition, though several studies have various

sub-group settings, they may not provide comprehensive

information for analysis. Therefore, we preferred to use the

total integrated data for the present analysis. For example, in a

study by Charlier et al. (50), current metformin exposure was

divided into three categories: ①HbA1c ≤ 7.0%, ②HbA1c>7.0%

and ≤ 8.0%, and ③HbA1c>8.0%. Our study only collected the

general comprehensive data for analysis, independently based on

patients’HbA1c levels. The results demonstrated that metformin

treatment was not significantly associated with fracture risk.

However, we noticed that HbA1 level is an important parameter

in metformin use that may significantly affect fracture risk.

Patients with current metformin use that controlled the HbA1

levels at the range of ≤7.0% and >7.0% but ≤8.0% demonstrated

a significantly reduced risk of fractures (aOR, 0.89; 95% CI, 0.83–

0.96, and 0.81; 95% CI, 0.73–0.90, respectively). The results

suggested that proper blood sugar management by metformin

may help to decrease fracture risk. However, Hung et al.

demonstrated that severe hypoglycemia in T2DM patients

significantly increases the risk of falls and the cumulative

incidence of hip fracture (47). The study by Puar et al. also

suggested a greater risk of falls in older adults with tight glycemic

control (HbA1c<7%) (52). If metformin administration

significantly contributes to severe hypoglycemia, then the fall

risk may increase and decrease the beneficial effects of

metformin on bone. Wallander et al. suggested that metformin

administration was independently associated with an increased

risk of non-skeletal fall injury (46).

In summary, our data demonstrated that metformin

treatment was not significantly associated with the risk of

fracture, and our results are independent of patients’ HbA1c

levels/glycemic control levels. When the data with HbA1c

control is considered for analysis, for example, If the data of

HbA1c ≤ 7.0% (OR, 0.89; 95% CI, 0.83–0.96) (Charlier, 2021)

(50) was used for our meta-analysis, it shifted the overall
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estimate (OR, 0.87; 95% CI, 0.77–0.97) and the results

demonstrated that metformin treatment was related to a

decreased fracture risk in T2DM patients (Figure S4).

Metformin is often prescribed in combination with other

antidiabetic medications. The possible effect of interaction

between metformin with other antidiabetic medications may

also affect bone fracture risk. A previous study investigated the

effect of metformin relative to placebo in combination with

insulin analogs (Metformin + Insulin vs. Placebo + Insulin) on

bone markers P1NP Procollagen type 1 N-terminal propeptide

(P1NP) and C-terminal telopeptide of type I collagen (CTX) in

patients with T2DM (71). The levels of bone formation marker

P1NP and bone resorption marker CTX increased significantly

in both groups. However, the Metformin+Insulin combination

increased P1NP less than the Placebo+Insulin combination.

There was no statistical difference in CTX between groups.

There were no adverse effects on bone or muscle when

metformin was used in combination with sitagliptin (72). The

current use of metformin plus SGLT-2 inhibitor compared to the

current use of metformin plus DPP-4 inhibitor was not

associated with fractures in patients with type 2 diabetes (73).

SGLT2 inhibitors + metformin combination treatment do not

affect fracture risk compared to GLP-1 receptor agonists +

metformin combination (74). SGLT2 and metformin

combination therapy did not influence fracture risk compared

with metformin monotherapy or other medications in patients

with T2DM (75). Low-dose combination therapy with

rosiglitazone and metformin was highly effective in preventing

type 2 diabetes in patients with impaired glucose tolerance, with

little effect on the clinically relevant adverse events of these two

drugs (76). Another previous study demonstrated that

metformin combined with sulfonylurea, meglitinide, acarbose,

pioglitazone, immunosuppressants, or estrogen (women only)

for diabetes management, all revealed a significant association

with lower fracture risk. However, metformin combined with

insulin or rosiglitazone for diabetes management did not show a

decreased fracture risk. Significant interactions between

metformin, insulin, sulfonylurea, and pioglitazone were found

(p-values for interaction<0.05). The protective effect of

metformin was not significant in insulin-treated patients, while

metformin revealed greater beneficial effects in sulfonylurea or

pioglitazone-treated patients (28). The possible effect of the

interaction of metformin with other antidiabetic medications

on bone fracture protection still needs more direct evidence to

show specific indications clearly.

This meta-analysis has some limitations. There was

significant heterogeneity between the 11 included studies. The

reason may be due to differences in the sample sizes of the

included studies. For instance, the study of Starup-Linde et al.,

2017 (45) included the most fracture cases (20,557), while

Monami et al., 2008 (53) included only 83 cases. The

significant case differences in the sample size may have

contributed to the high heterogeneity (77). Additionally, study
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differences in the quality, design, and country and continent of

origin may have also contributed to the high heterogeneity. The

high heterogeneity may have been caused by the difference in the

strength of the correlation between the studies rather than the

difference in the direction of the correlation (78). Further, the

number of studies (n=11) included in this meta-analysis was

limited, and it is expected that more sufficient samples and high-

quality clinical data will be available in the future. Studies with a

larger sample size will provide more accurate evidence to

support metformin administration and its role in fracture risk

in diabetic patients. In this study, we only focus on the

association of metformin therapy and fracture risk. However,

T2DM patients commonly use multiple medications for

hyperglycemia management. The potential interaction effects

between metformin and other antidiabetic medication on bone

fracture protection also need more direct evidence to clearly

show specific indication.
5 Conclusion

In this systematic review and meta-analysis, we found that

metformin administration was not significantly correlated with a

decreased fracture risk in T2DM patients. These results were

independent of patients’ HbA1c levels and glycemic control

levels. Due to the limited number of studies included in this

meta-analysis, further investigations are needed to make

stronger conclusions for clinical consensus.
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59. Valderrábano, Linares MICD. Diabetes mellitus and bone health:
epidemiology, etiology and implications for fracture risk stratification.
Endocrinology (2018) 4(1):9. doi: 10.1186/s40842-018-0060-9

60. Tanaka KI, Yamaguchi T, Kanazawa I, Sugimoto T. Effects of high glucose
and advanced glycation end products on the expressions of sclerostin and RANKL
as well as apoptosis in osteocyte-like MLO-Y4-A2 cells. Biochem Biophys Res
Commun (2015) 461(2):193–9. doi: 10.1016/j.bbrc.2015.02.091

61. Patsch JM, Kiefer FW, Varga P, Pail P, Rauner M, Stupphann D, et al.
Increased bone resorption and impaired bone microarchitecture in short-term and
Frontiers in Endocrinology 11
extended high-fat diet-induced obesity. Metab-Clin Exp (2011) 60(2):243–9. doi:
10.1016/j.metabol.2009.11.023

62. Ellegaard M, Jorgensen NR, Schwarz P. Parathyroid hormone and bone
healing. Calcified tissue international (2010) 87(1):1–13. doi: 10.1007/s00223-010-
9360-5

63. Hidayat K, Du X, Wu M-J, Shi B-M. The use of metformin, insulin,
sulphonylureas, and thiazolidinediones and the risk of fracture: Systematic
review and meta-analysis of observational studies. Obes Rev (2019) 20(10):1494–
503. doi: 10.1111/obr.12885

64. Salari-Moghaddam A, Sadeghi O, Keshteli AH, Larijani B, Esmaillzadeh A.
Metformin use and risk of fracture: a systematic review and meta-analysis of
observational studies. Osteoporosis Int (2019) 30(6):1167–73. doi: 10.1007/s00198-
019-04948-1

65. Josse RG, Majumdar SR, Zheng YG, Adler A, Bethel MA, Buse JB, et al.
Sitagliptin and risk of fractures in type 2 diabetes: Results from the TECOS trial.
Diabetes Obes Metab (2017) 19(1):78–86. doi: 10.1111/dom.12786

66. Vestergaard P, Rejnmark L, Mosekilde L. Relative fracture risk in patients
with diabetes mellitus, and the impact of insulin and oral antidiabetic medication
on relative fracture risk. Diabetologia. (2005) 48(7):1292–9. doi: 10.1007/s00125-
005-1786-3

67. Huang X, Li S, Lu W, Xiong L. Metformin activates wnt/beta-catenin for the
treatment of diabetic osteoporosis. BMC Endocr Disord (2022) 22(1):189.
doi: 10.1186/s12902-022-01103-6

68. Lu CH, Chung CH, Kuo FC, Chen KC, Chang CH, Kuo CC, et al.
Metformin attenuates osteoporosis in diabetic patients with carcinoma in situ: A
nationwide, retrospective, matched-cohort study in Taiwan. J Clin Med (2020) 9
(9):2839. doi: 10.3390/jcm9092839

69. Chen B, He Q, Yang J, Pan Z, Xiao J, Chen W, et al. Metformin suppresses
oxidative stress induced by high glucose via activation of the Nrf2/HO-1 signaling
pathway in type 2 diabetic osteoporosis. Life Sci (2022) 312:121092. doi: 10.1016/
j.lfs.2022.121092

70. Wang LX, Wang GY, Su N, Ma J, Li YK. Effects of different doses of
metformin on bone mineral density and bone metabolism in elderly male patients
with type 2 diabetes mellitus. World J Clin Cases (2020) 8(18):4010–6. doi:
10.12998/wjcc.v8.i18.4010

71. Nordklint AK, Almdal TP, Vestergaard P, Lundby-Christensen L, Jorgensen
NR, Boesgaard TW, et al. Effect of metformin vs. placebo in combination with
insulin analogues on bone markers P1NP and CTX in patients with type 2 diabetes
mellitus. Calcified Tissue Int (2020) 107(2):160–9. doi: 10.1007/s00223-020-00711-
5

72. Koshizaka M, Ishikawa K, Ishibashi R, Maezawa Y, Sakamoto K, Uchida D,
et al. Effects of ipragliflozin versus metformin in combination with sitagliptin on
bone and muscle in Japanese patients with type 2 diabetes mellitus: Subanalysis of a
prospective, randomized, controlled study (PRIME-V study). J Diabetes Investig
(2021) 12(2):200–6. doi: 10.1111/jdi.13340

73. Schmedt N, Andersohn F, Walker J, Garbe E. Sodium-glucose co-
transporter-2 inhibitors and the risk of fractures of the upper or lower limbs in
patients with type 2 diabetes: A nested case-control study. Diabetes Obes Metab
(2019) 21(1):52–60. doi: 10.1111/dom.13480

74. Al-Mashhadi ZK, Viggers R, Starup-Linde J, Vestergaard P, Gregersen S.
SGLT2 inhibitor treatment is not associated with an increased risk of osteoporotic
fractures when compared to GLP-1 receptor agonists: A nationwide cohort study.
Front endocrinol (2022) 13:861422. doi: 10.3389/fendo.2022.861422

75. Qian BB, Chen Q, Li L, Yan CF. Association between combined treatment
with SGLT2 inhibitors and metformin for type 2 diabetes mellitus on fracture risk:
a meta-analysis of randomized controlled trials. Osteoporosis Int J established as
result cooperation between Eur Foundation Osteoporosis Natl Osteoporosis
Foundation USA (2020) 31(12):2313–20. doi: 10.1007/s00198-020-05590-y

76. Zinman B, Harris SB, Neuman J, Gerstein HC, Retnakaran RR, Raboud J,
et al. Low-dose combination therapy with rosiglitazone and metformin to prevent
type 2 diabetes mellitus (CANOE trial): a double-blind randomised controlled
study. Lancet. (2010) 376(9735):103–11. doi: 10.1016/S0140-6736(10)60746-5

77. Sedgwick P. Meta-analyses: what is heterogeneity? BMJ Br Med J (2015) 350:
h1435. doi: 10.1136/bmj.h1435

78. Imrey PB. Limitations of meta-analyses of studies with high heterogeneity.
JAMA Network Open (2020) 3(1):e1919325–e1919325. doi: 10.1001/
jamanetworkopen.2019.19325
frontiersin.org

https://doi.org/10.1111/j.1463-1326.2011.01461.x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/j.bone.2016.11.026
https://doi.org/10.1002/jbmr.3002
https://doi.org/10.1007/s00198-017-4021-4
https://doi.org/10.1210/jc.2015-4180
https://doi.org/10.1007/s00125-012-2668-0
https://doi.org/10.1210/clinem/dgaa796
https://doi.org/10.1210/jc.2018-01879
https://doi.org/10.1111/j.1532-5415.2012.04052.x
https://doi.org/10.2337/dc07-1736
https://doi.org/10.1530/EJE-20-0507
https://doi.org/10.1038/s41574-019-0220-8
https://doi.org/10.1001/jamanetworkopen.2021.21106
https://doi.org/10.1001/jamanetworkopen.2021.21106
https://doi.org/10.1002/dmrr.2508
https://doi.org/10.1111/nyas.13463
https://doi.org/10.1186/s40842-018-0060-9
https://doi.org/10.1016/j.bbrc.2015.02.091
https://doi.org/10.1016/j.metabol.2009.11.023
https://doi.org/10.1007/s00223-010-9360-5
https://doi.org/10.1007/s00223-010-9360-5
https://doi.org/10.1111/obr.12885
https://doi.org/10.1007/s00198-019-04948-1
https://doi.org/10.1007/s00198-019-04948-1
https://doi.org/10.1111/dom.12786
https://doi.org/10.1007/s00125-005-1786-3
https://doi.org/10.1007/s00125-005-1786-3
https://doi.org/10.1186/s12902-022-01103-6
https://doi.org/10.3390/jcm9092839
https://doi.org/10.1016/j.lfs.2022.121092
https://doi.org/10.1016/j.lfs.2022.121092
https://doi.org/10.12998/wjcc.v8.i18.4010
https://doi.org/10.1007/s00223-020-00711-5
https://doi.org/10.1007/s00223-020-00711-5
https://doi.org/10.1111/jdi.13340
https://doi.org/10.1111/dom.13480
https://doi.org/10.3389/fendo.2022.861422
https://doi.org/10.1007/s00198-020-05590-y
https://doi.org/10.1016/S0140-6736(10)60746-5
https://doi.org/10.1136/bmj.h1435
https://doi.org/10.1001/jamanetworkopen.2019.19325
https://doi.org/10.1001/jamanetworkopen.2019.19325
https://doi.org/10.3389/fendo.2022.1038603
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association of metformin use with fracture risk in type 2 diabetes: A systematic review and meta-analysis of observational studies
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Data extraction
	2.5 Statistical analysis

	3 Results
	3.1 Study characteristics
	3.2 Results of the meta-analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


