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Diabetes mellitus is a risk factor for low bone
mass-related fractures

A meta-analysis of cohort studies
Yu Ni, MD*”, Dongwei Fan, MDP

Abstract N\
Background: Diabetes mellitus (DMV) is inconsistently associated with the risk of low bone mass-related fractures (LBMF). This |
study aimed to summarize available cohort studies regarding the strength of association between type 2 diabetes mellitus (T2DM)
and LBMF.

Methods: Electronic searches of PubMed, Embase, and the Cochrane Library were performed to identify studies through April
2016. Cohort studies that reported effect estimates with 95% confidence intervals (Cls) of LBMF for T2DM and control comparison
were included.

Results: The summary relative risks (RRs) for T2DM versus non-T2DM were associated with a higher risk of LBMF (RR: 1.24; 95%
Cl: 1.09-1.41; P=.001). Further, women with T2DM showed a harmful impact on the incidence of LBMF (RR: 1.19; 95% CI:
1.04-1.36; P=.010). However, in men, T2DM showed no significant impact on the risk of LBMF (RR: 1.14; 95% CI: 0.93-1.39;
P=.215). Furthermore, the summary results suggested an association between T2DM and LBMF in studies that reported hazard
ratio (HR) as an effect estimate in total cohorts (HR: 1.31; 95% CI: 1.17-1.46; P<.001), men (HR: 1.26; 95% Cl: 1.11-1.43;
P <.001), and women (HR: 1.32; 95% CI: 1.16-1.50; P < .001). However, these significant associations were not observed in studies
that reported RR/odds ratio as an effect estimate.

Conclusions: The present meta-analysis confirmed that T2DM was associated with an increased prevalence of LBMF compared
with non-T2DM.

Abbreviations: BMD = bone mineral density, BMI = body mass index, Cl = confidence interval, DM = diabetes mellitus, HR =
hazard ratio, LBMF = low bone mass-related fractures, NOS = Newcastle-Ottawa Scale, OR = odds ratio, RRs = relative risks,

T2DM = type 2 diabetes mellitus.

Keywords: diabetes mellitus, fractures, low bone mass, meta-analysis

1. Introduction

The increasing epidemic of diabetes mellitus (DM) was associated
with around 1.3 million deaths in 2008 globally, and an
estimated 347 million people worldwide were affected."* The
burden of DM, as a major cause of premature illness and death, is
mostly attributed to cardiovascular diseases.*™! Type 1 DM
(T1DM) is a known risk factor for reduced bone mineral density
(BMD). The effect of type 1 DM on BMD depends on patients’
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gender or age.!® However, evidence supporting the effect of type
2 DM (T2DM) on subsequent low bone mass-related fractures
(LBMF) is limited and inconclusive.

Several observational studies have indicated an association
of DM with lower BMD or weak bone structure.”™!
Increased urinary calcium excretion, leading to negative
calcium balance, functional hypoparathyroidism, alterations
in vitamin D metabolism, and insulin-like growth factors, is
implicated in decreased BMD and associated risk of fractures.!”’
Currently, several studies indicate an association of T2DM
with an increased risk of LBMF.'%'®l Meanwhile, other
studies showed no significant association between T2DM
and the risk of LBMFE.['772% The correlation between DM and
LBMF according to sex, body mass index (BMI), and smoking
status still remains controversial. This large-scale review of the
available cohort studies was conducted to determine the
association between T2DM and LBMF. Also, these associations
were compared among participants with varying baseline
characteristics.

2. Methods

2.1. Data sources, search strategy, and selection criteria

This review was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Statement issued in 2009 (Checklist $1).11!
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The ethical approval and written consent were not necessary
for the meta-analysis because the data of meta-analysis was
collected from the published literature.

Any cohort study that examined the relationship between
T2DM and LBMF was eligible for inclusion in the present study.
No restrictions were placed on language or publication status
(published, in press, or in progress). PubMed, Embase, and
Cochrane Library electronic databases were searched for articles
published through April 2016. The following search terms were
used: (“diabetes” or “diabetes mellitus” or “blood glucose level”
or “blood sugar” or “Glycemic”) and (“low bone mass-related
fractures” or “low bone mass” or “bone mass” or “bone fracture”
or “skeletal fracture” or “osteoporotic fractures” or “osteo-
porotic” or “Osteoporosis” or “broken bone” or “bone density”
or “low bone density-related fractures” or “microarchitectural
deterioration”) and “clinical trials” and “human.” Also, reference
lists from all the relevant original and review articles were manually
searched to identify additional eligible studies. The medical subject
headings, study design, methods, patient population, design,
exposure, control, and outcome variables of these articles were
used to identify the relevant studies.

The literature search was independently undertaken by 2
authors using a standardized approach. Any inconsistencies
between the 2 authors were settled by the primary author until a
consensus was reached. The study was eligible for inclusion if the
following criteria were met: the study had to have a cohort
design; the study investigated the association between T2DM and
the risk of LBMF; and the authors should report effect estimates
(relative risk [RRs], hazard ratio [HR], or odds ratio [OR]) and
95% confidence intervals (CIs) for comparisons of T2DM and
control. All reviews, comments, letters to editor, or case reports
were excluded because of the lack of available data. The
exclusion criteria were as follows: studies enrolling only
individuals with type 1 DM; absence of diabetes classification;
absence of data related to incidence or risk of fracture; incomplete
or missing data; absence of control group; cases diagnosed with
post-transplant diabetes or diabetes followed by kidney or
kidney—pancreas transplant; and intervention with osteoporotic
medications or surgery.

2.2. Data collection and quality assessment

The data collected included the first author or study group name,
publication year, country, study design, disease status, sample
size, age at baseline, percentage of male patients, effect estimate
and its 95% CI, reported endpoints, control, and covariates in the
fully adjusted model. The effect estimate that was maximally
adjusted for potential confounders was used for studies that
reported several multivariable adjusted effect estimates.

The Newcastle-Ottawa Scale (NOS), which is quite compre-
hensive and partially validated to evaluate the quality of
observational studies in meta-analyses, was used to test
methodological quality.??! The NOS is based on the following
3 subscales: selection (4 items), comparability (1 item), and
outcome (3 items). A “star system” (range, 0-9) was developed
for assessment. The data extraction and quality assessment were
conducted independently by 2 authors. Information was
reviewed and adjudicated independently by an additional author
referring to the original studies.

2.3. Statistical analysis

The relationship between T2DM and the risk of LBMF was
examined on the basis of effect estimate (OR, RR, or HR) and its
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95% CI published in each study. HR was considered equivalent to
RR in cohort studies. Further, given the low incidence of LBMF in
patients with DM, the OR could be assumed to be an accurate
estimate of RR. The random-effects model was used to calculate
the summary RRs and the 95% Cls for the risk of LBMF in total
cohorts, men, and women according to the effect estimate (RR/OR
and HR).?>**! Heterogeneity between studies was investigated
using the Q statistic. P values <.10 were indicative of significant
heterogeneity.[*>2%! Subgroup analyses of LBMF were conducted
based on country, smoking status, and adjusted or nonadjusted for
BMI. P values for heterogeneity between subgroups were
calculated using the chi-squared test and meta-regression analy-
sis.l?”! Also, a sensitivity analysis was performed by removing each
individual study from the meta-analysis.””®! Several methods were
used to check for potential publication bias. Visual inspections of
funnel plots for low bone density-related fractures were conducted.
Egger?®! and Begg tests>”! were also used to statistically assess the
publication bias for LBMF. All the reported P values were 2 sided,
and P values <.05 were considered statistically significant for all
included studies. Statistical analyses were performed using the
STATA software version 12.0 (Stata Corporation, College station,
TX).

3. Results

The results of study selection are shown in Fig. 1. A total of 846
articles were identified in the initial electronic search, of which
797 duplicates and irrelevant studies were excluded. Finally, 49
potentially eligible studies were selected. After detailed evalua-
tions, 11 cohort studies were selected for the final meta-
analysis.'"®2%" A manual search of the reference lists of these
studies did not yield any new eligible studies. The general
characteristics of the included studies are presented in Table 1.

The number of participants ranged from 1132 to 3,900,426 in
each study. Six studies were conducted in Europe,'®172%1 4 in

Records identified through database
searching: PubMed; EmBase;
and Cochrane Library (n=846)

—>| Duplicates removed (179)

4

Record screened (n=667) |

Articles excluded (n=618)
Reviews, case report, other design (n=31)
Irrelevant (n=587)

Full text articles assessed (n=49)

Articles excluded (n=38)

No desirable outcomes (n=25)
Affiliate trials (n=9)

Case control (n=4)

v

11 cohort studiers (12 cohorts) included

Figure 1. Study selection process.
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RR/OR or HR
Study (95% Cl) % Weight
HR ,
The Study of Osteoporotic Fractures —— 1.52(1.14,2.02) 8.1
EPESE B 1.22 (0.96, 1.56) 9.0
WHI 1.20 (1.1, 1.30) 12,6
QResearch database ' 1.39 (1.30, 1.47) 12.8
Subtotal — 1.31 (1.17, 1.46); P<0.001 42.5

(I-square: 68.9%; P=0.022)

RR/OR H
Nord-Tr"'ndelag Health Survey + 1.36 (1.09, 1.70) 9.5
The Rotterdam Study —m— 0.74 ( 0.55, 0.98) 8.0
OPRA — B 0.83 (0.52, 1.33) 49
The Blue Mountains Eye Study I 2.24 (1.18,4.23) 3.2
The Health, Aging, and Body Composition Study —_] 1.64 (1.07, 2.51) 55
the Troms? study JE T — 1.1 (0.77, 1.61) 6.4
lowa Womenj’s Health Study FEEEE T 1.70 (1.21, 2.38) 7.0
SCI-DC | 1.02 (0.98, 1.05) 13.1
Subtotal <.> 1.19 (0.98, 1.46); P=0.085 57.5
' (I-square: 77.4%; P<0.001)
Overall — 1.24 (1.09, 1.41); P=0.001100.0
: | : (l-square: 89.9%; P<0.001)
3 5 1 2
RR

Figure 2. Association between diabetes mellitus and low bone mass-related fractures in total cohorts.

the United States,'*™"5! and 1 in Australia."! The quality of

studies was assessed using the NOS. A study with a score >7 was
considered as high quality. Overall, 5 studies scored
8,110:12,13,15,16] § oty dies scored 7,1 141719201 and the remaining
1 scored 6.8

All the included studies reported an association between
T2DM and LBMF (Fig. 2). The summary RR showed that
patients with T2DM manifested an increased risk of LBMF
compared with non-DM participants (RR: 1.24; 95% CI: 1.09-
1.41; P=.001), and significant heterogeneity was seen (I*=
89.9%; P<.001). Furthermore, we noted that this significant
difference was mainly in studies reporting HR as an effect
estimate (HR: 1.31; 95% CI: 1.17-1.46; P<.001), while not
detected in studies reporting RR/OR as an effect estimate (RR/
OR: 1.19; 95% CI: 0.98-1.46; P=.085). As a result, a sensitivity
analysis was conducted, and the conclusion was not affected by
the sequential exclusion of any specific study that reported HR as
an effect estimate, while the results were variable in studies that
reported RR as an effect estimate (Table 2).

A total of 5 studies reported an association between T2DM
and LBMF in men. The summary RR indicated no significant

difference between T2DM and non-T2DM for LBMF (RR: 1.14;
95% CI: 0.93-1.39; P=.215; Fig. 3), and substantial heteroge-
neity was detected across included studies (I*=78.3%; P=.001).
In addition, there was significant difference between T2DM and
LBMF in studies that reported HR as an effect estimate (HR:
1.26; 95% CI: 1.11-1.43; P<.001), while no significant
difference was detected in studies that reported RR/OR as an
effect estimate (RR/OR: 1.06; 95% CI: 0.86-1.29; P=.597). The
conclusion did not change when sensitivity analysis was
conducted (Table 3).

Twelve studies reported an association between T2DM and
LBMF in women. The pooled analysis revealed that T2DM
significantly increased the risk of LBMF (RR: 1.19; 95% CI:
1.04-1.36; P=.010; Fig. 4). A significant heterogeneity was
observed among the included studies (I>=88.5%; P <.001). This
significant difference was observed in studies that reported HR as
an effect estimate (HR: 1.32;95% CI: 1.16-1.50; P <.001), while
not observed in studies that reported RR/OR as an effect estimate
(RR/OR: 1.07; 95% CI: 0.86-1.33; P=.552). The conclusion
was not affected by the exclusion of any specific trial from all of
the pooled analyses (Table 3).

Sensitivity analysis for total cohorts.

Effect estimate Excluded study RR/OR or HR and 95% CI P Heterogeneity, % P value for heterogeneity

RR/OR Nord-Trundelag Health Survey 1.17 (0.93-1.47) 184 75.9 <.001
Rotterdam Study 1.29 (1.04-1.60) .022 76.8 <.001
OPRA 1.24 (1.00-1.54) .050 80.1 <.001
Blue Mountains Eye Study 1.14 (0.94-1.39) 189 76.3 <.001
Health, Aging, and Body Composition Study 1.15(0.93-1.41) 191 77.3 <.001
Tromsg study 1.21 (0.96-1.52) 100 80.6 <.001
lowa Women'’s Health Study 1.13 (0.92-1.38) .236 73.4 .001
SCI-DC 1.25 (0.95-1.64) 112 75.3 <.001

HR Study of Osteoporotic Fractures 1.28 (1.14-1.45) <.001 76.8 013
EPESE 1.32 (1.17-1.51) <.001 784 .010
WHI 1.38 (1.31-1.47) <.001 0.0 480
QResearch database 1.24 (1.12-1.37) <.001 18.0 296

Cl=confidence interval, EPESE = established populations for epidemiologic studies of the elderly, HR =hazard ratio, OPRA = osteoporosis prospective risk assessment, OR = odds ratio; RR =relative risk,

SCI-DC = Scottish care information—diabetes collaboration, WHI=women’s health initiative.
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RR/OR or HR
Study (95% Cl) % Weight
HR :
QResearch database 3 1.26 (1.11, 1.42) 32.3
Subtotal <> 1.26 (1.11, 1.43); P<0.001 32.3
: (I-square: -; P=-)
RR/OR :
Nord-Tr ndelag Health Survey H—E——— 154(0.98,2.41) 12.9
The Rotterdam Study —q— 0.96 ( 0.60, 1.52) 12.3
the Troms? study I 1.21 (0.60, 2.47) 6.6
SCI-DC : 0.97 (0.92, 1.02) 35.9
Subtotal 1.06 (0.86, 1.29); P=0.597 67.7
(I-square: 31.2%; P=0.225)
Overall 1.14 (0.93, 1.39); P=0.215 100.0

(I-square: 78.3%; P=0.001)

3 5 1
RR

Figure 3. Association between diabetes mellitus and low bone mass-related fractures in men.

Heterogeneity testing showed a P value of <.10 for the
relationship between T2DM and the risk of LBMF. Therefore,
stratified analyses for T2DM were performed based on country,
smoking status, and adjusted or nonadjusted BMI, to minimize
heterogeneity among the included studies and evaluate the
association between T2DM versus control and LBMF. As shown
in Table 4, no significant association was found between T2DM
and LBMF when the study was conducted in Europe or
percentage smoking was 20% or greater in total cohorts.
Further, men with T2DM were associated with the elevated risk
of LBMF in a study with the percentage smoking of 20% or
greater or the study adjusted for BMI. In addition, women with
T2DM significantly increased the risk of LBMF when the study
was conducted in the United States or Australia, the percentage
smoking was <20%, and the study adjusted for BMI. However,
women with T2DM exerted a protective effect on LBMF if the
study used OR as an effect estimate. Finally, the ratio between
subgroups indicated the risk of LBMF, which was lower in

Europe compared with that in the United States or Australia. The
study that adjusted for BMI was associated with a higher risk of
LBMF in men compared with the study not adjusted for BMI.

A potential publication bias for the risk of LBMF was found in
the funnel plots (Fig. 5). Quantitative Egger and Begg tests were
used to assess the publication bias. No evidence of publication
bias for LBMF was reported (P value for Egger test: .235; P value
for Begg test: 1.000).

4. Discussion

The present meta-analysis was based on cohort studies and
explored all the possible relationships between T2DM and the
risk of LBMF. The findings suggested that patients with T2DM
manifested a higher risk of LBMF. Furthermore, the pooled RR
indicated that T2DM increased the incidence of LBMF
significantly compared with nondiabetes in women. No such
effect was seen in men.

Sensitivity analysis for men and women.

Heterogeneity, P value for

Group Effect estimate Excluded study RR and 95% Cl P % heterogeneity
Men RR/OR (excluding single study and the Nord-Trundelag Health Survey 0.97 (0.92-1.02) 259 0.0 .829
study reported HR as an effect Rotterdam Study 1.14 (0.83-1.56) 431 541 113
estimate due to only 1 study Tromsg Study 1.07 (0.83-1.37) 621 50.1 135
reported HR as an effect estimate) SCI-DC 1.22 (0.91-1.65) 187 2.5 .359
Women RR/OR Nord-Trundelag Health Survey 1.02 (0.78-1.33) 912 75.9 .002
Rotterdam Study 1.17 (0.96-1.43) 21 64.7 .023
OPRA 1.10 (0.87-1.40) 420 78.2 .001
Tromsg Study 1.06 (0.83-1.37) 627 79.4 .001
lowa Women’s Health Study 0.99 (0.80-1.21) .899 65.6 .020
SCI-DC 1.06 (0.75-1.50) 740 78.7 .001
HR Study of Osteoporotic Fractures 1.29 (1.12-1.49 <.001 81.8 .004
EPESE 1.34 (1.16-1.56) <.001 82.6 .003
WHI 1.42 (1.33-1.51) <.001 0.0 415
QResearch database 1.24 (1.12-1.37) <.001 18.0 .296

Cl=confidence interval, EPESE = established populations for epidemiologic studies of the elderly, HR =hazard ratio, OPRA = osteoporosis prospective risk assessment, OR = odds ratio; RR = relative risk, SCI-
DC = Scottish care information—diabetes collaboration, WHI=women’s health initiative.
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RR/OR or HR
Study (95% Cl) % Weight
HR '
The Study of Osteoporotic Fractures -, 1.52(1.14,2.02) 9.0
EPESE B 1.22 (0.96, 1.56) 10.2
WHI 1.20 ( 1.11,1.30) 14.7
QResearch database | 1.43 (1.33,1.53) 14.9
Subtotal _ 1.32 (1.16, 1.50); P<0.001  48.8
: (I-square: 74.8%; P=0.008)
RR/OR :
Nord-Tr"'ndelag Health Survey — 1.31 (1.01,1.69) 9.8
The Rotterdam Study ~ ——Jl——— : 0.63 (0.44, 0.90) 7.3
OPRA - : 0.83 (0.52, 1.33) 5.3
the Troms? study - 1.08 (0.70, 1.67) 58
lowa Womenj’s Health Study —l— 1.70(1.21,2.38) 7.7
SCI-DC [ B 1.05 (1.01, 1.10) 15.2
Subtotal —_— 1.07 (0.86, 1.33); P=0.552  51.2
E (I-square: 74.2%; P=0.002)
Overall _ 1.19 (1.04, 1.36); P=0.010 100.0
: | . (l-square: 88.5%; P<0.001)
3 5 1 2
RR

Figure 4. Association between diabetes mellitus and low bone mass-related fractures in women.

A previous meta-analysis suggested that patients with T1IDM
or T2DM showed a significantly increased risk of LBMF.
However, T2DM was associated with a higher level of BMD,
whereas TIDM was associated with a lower level of BMD.3!!
The inherent limitation of the previous review was related to a
shorter duration of follow-up, which failed to reveal a significant
clinical benefit, especially if event rates were lower than expected.

Furthermore, T2DM was associated with the degree of control
achieved, and the treatment regimens for T2DM might affect the
incidence of LBMF. Therefore, a meta-analysis of studies was
conducted to evaluate these relationships.

Most of the findings of the present study were consistent with
the results of a cohort study from Norway.!'”! This prospective
study revealed that the risk of hip fracture in women younger

Subgroup analyses for total cohorts, men, and women.

Number Effect estimate Heterogeneity, P value for Ratio between Between-subgroup
Outcomes Group of cohorts and 95% ClI P % heterogeneity subgroups heterogeneity
Total cohorts ~ Country
Europe 6 1.08 (0.89-1.32) 424 94.2 <.001 0.77 (0.59-0.99) 0.039
USA or Australia 6 1.41 (1.20-1.65) <.001 53.6 .056
Smoking status
20% or greater 3 1.06 (0.70-1.61) 783 89.2 <.001 0.80 (0.52—1.25) 0.332
<20% 4 1.32 (1.14-1.54)  <.001 49.7 113
Adjustment of BMI
Yes 6 1.19 (1.04-1.36) 010 79.3 <.001 0.87 (0.64-1.19) 0.376
No 6 1.37 (1.03-1.81) .030 81.4 <.001
Men Country
Europe 5 1.14 (0.93-1.39) 215 78.3 .001 — —
USA or Australia 0 — — — —
Smoking status
20% or greater 3 1.24 (1.10-1.39) <.001 0.0 540 — —
<20% 0 — — — —
Adjustment of BMI
Yes 4 1.25 (1.12-1.41)  <.001 0.0 555 1.29 (1.14-1.46) <0.001
No 1 0.97 (0.92-1.02) 247 — —
Women Country
Europe 6 1.07 (0.87-1.31) 533 92.6 <.001 0.81 (0.63-1.04) 0.105
USA or Australia 4 1.32 (1.14-1.54) <.001 49.7 113
Smoking status
20% or greater 3 1.01 (0.59-1.72) 975 90.3 <.001 0.77 (0.44-1.33) 0.345
<20% 4 1.32 (1.14-1.54)  <.001 49.7 113
Adjustment of BMI
Yes 6 1.18 (1.01-1.37) 042 82.0 <.001 0.95 (0.69-1.31) 0.763
No 4 1.24 (0.93-1.64) 145 79.7 .002

BMI=body mass index, Cl=confidence interval.
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Funnel plot with pseudo 95% confidence limits
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Figure 5. Funnel plot.

than 75 years with T1IDM or with a longer-duration T2DM,
whereas a shorter-duration T2DM significantly increased the risk
of hip fractures. The present study also indicated that T2DM
significantly increased the risk of LBMF. T2DM induced
stiffening of endothelial cells, thickening, and narrowing, which
might have affected the bone mass.

A significant association between T2DM and the risk of LBMF
was observed. However, several studies included in the present
meta-analysis reported inconsistent results. The Rotterdam Study
indicated that participants with T2DM had an increased BMD,
and women with T2DM were associated with a lower incidence
of nonvertebral fractures.['”! The osteoporosis prospective risk
assessment group found no association between T2DM and
LBMF, whereas elderly women with T2DM and without renal
insufficiency had high bone mass and low bone turnover.l'!
These 2 studies specifically included populations at a lower risk of
LBMF, mostly without a history of DM, which probably affected
the subsequent risk. Furthermore, the Rotterdam Study used the
2-h value, and the fasting oral glucose tolerance test was not
performed. In addition, patients with DM were found to be less
active and associated with poorer health compared with healthy
individuals, which might have affected the incidence of LBMF.

Heterogeneity between the subgroups demonstrated that the
country and effect estimates were significantly associated with the
relationship between T2DM and LBMEF in the total cohorts
(Table 4). Furthermore, adjusted BMI showed no effect on the
relationship in men, while effect estimate biased the relationship
in women. The possible reason for this could be that 1 study
reported OR as an effect estimate and specifically used the 2-h
value for assessing DM and its association with lower incidence
of LBMF. We noted that the relationship between T2DM and
LBMF was associated with statistical significance in studies that
reported HR as an effect estimate, while this was not observed in
studies reporting RR/OR as an effect estimate. The reason for this
could be that T2DM patients were associated with a poor quality
of life, and time for LBMF occurred sooner than non-T2DM
patients. Lastly, the findings of the subgroup analysis based on
other factors may be unreliable due to the smaller number of
cohorts included in such a subset. These findings highlight a
potential relationship between T2DM and LBMF in specific
subsets and developed a synthetic and comprehensive review.

The 2 strengths of the present study are as follows: most of the
included studies were prospective cohort studies, eliminating
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selection and recall bias, which is a limitation in retrospective
case—control studies; and the large sample size helped in
quantitatively assessing the association of T2DM with the risk
of LBMF. Therefore, these findings are potentially more robust
than those of any individual study.

The limitations of the present study are as follows: the adjusted
models varied across the included studies, and the adjusted
factors were implicated in the development of LBMF; publication
bias was inevitable in the meta-analysis of published studies; the
duration of the follow-up period may have affected this
relationship; stratified analyses based on the age of individuals
were not conducted because only 2 of the studies reported the
mean age of the participants; glycemic control strategy was not
adjusted in all of the included studies, hence the hyperglycemic
status could have affected the progression of LBMF; and
subgroup analyses based on RR/OR and HR were not conducted
due to the small size of the cohorts, which might have affected the
strength of the summary results.

Our results suggest that T2DM might be critical for the risk of
LBMF, especially in women. Additional therapeutic interven-
tions should be employed to reduce the incidence and
progression of T2DM. Future studies should focus on specific
populations to analyze the relationship between T2DM and the
risk of LBMF.
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