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Insulin use and fracture risk in patients with type 2
diabetes: A meta-analysis of 138,690 patients
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Abstract. Patients with type 2 diabetes mellitus (T2DM)
have been reported to have an enhanced risk of bone frac-
ture, however the association between insulin treatment and
risk of fracture in patients with T2DM remains to be fully
elucidated. The aim of the present meta-analysis was to
examine the possible association between insulin treatment
and risk of fracture in patients with T2DM. Relevant studies
published prior to and including April 2018 were identified
by literature searches in PubMed, Embase and Cochrane
Library databases. A meta-analysis was performed, which
included relevant trials of patients with T2DM comparing
insulin to oral anti-diabetic drugs. The combined effect was
expressed as a pooled risk ratio (RR) with 95% confidence
interval (CI), using a random-effects model. Subgroup analysis
was performed to consolidate the results. A total of 7 studies
comprising 138,690 patients were eligible for inclusion in
the present meta-analysis. After exclusion of one study that
introduced major heterogeneity, treatment with, insulin was
associated with a significantly increased risk of fracture
among patients with T2DM (RR=1.24, 95% CI, 1.07-1.44;
P=0.004). Subgroup analysis by sex indicated that the RR
for men was 1.04 (95% CI, 0.76-1.44, P=0.801) and that for
women was 1.22 (95% CI, 0.92-1.62, P=0.175). Subgroup
analysis by fracture site indicated that the RR for hip was
1.18 (95% CI, 0.83-1.68, P=0.363), that for vertebrae was
1.28 (95% CI, 0.90-1.81, P=0.169) and that for non-vertebrae
was 1.06 (95% CI, 0.80-1.41, P=0.686). Subgroup analysis
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by study design suggested that the RR for prospective and
retrospective studies was 1.35 (95% CI, 1.06-1.71, P=0.014)
and 1.16 (95% CI, 0.99-1.35, P=0.059), respectively. Subgroup
analysis by region indicated that the RR for Europe was 1.16
(95% CI, 0.91-1.48, P=0.220), that for North America was
1.24 (95% CI, 0.81-1.90, P=0.333) and that for Asia was 1.34
(95% CI, 0.91-1.98, P=0.141). In conclusion, treatment with
insulin increased the risk of fractures among patients with
T2DM compared with oral anti-diabetic drugs; however, the
association was influenced by various factors, including sex,
fracture site, study design and geographical region.

Introduction

Bone fracture, particularly in the hip and vertebrae, is a
major cause of morbidity and mortality among patients with
diabetes mellitus (DM) (1). It is evident that diabetic patients
have a higher fracture risk when compared with non-diabetic
patients (2-4). In contrast to type 1 DM (T1DM), T2DM is
associated with an increased body mass index (BMI) and
higher bone mineral density (BMD), which is paradoxical to
the increased fracture risk (5). This indicates that the BMD
may not reflect bone fragility in patients with T2DM. Insulin
deficiency and dysfunction, obesity and hyperinsulinemia,
altered level of estrogen, leptin and adiponectin, as well as
diabetes-associated complications, particularly peripheral
neuropathy, orthostatic hypotension or reduced vision due
to retinopathy may all be associated with an impairment of
bone metabolism and increased risk of fracture (5). In addi-
tion, medications used for diabetes management may have an
important role in bone metabolism and fracture risk.

The association between insulin use and fracture risk in
T2DM is being increasingly recognized. Insulin induces
anabolic effects on the bone, which includes the regulation
of bone cell proliferation and apoptosis, and the synthesis
of collagen (6). Most of the studies published to date have
indicated that insulin-treated diabetes is associated with
an increased risk of bone fracture (1,2,4,7-9); However, the
conclusions of certain studies appear to be inconsistent (10,11).
Kennedy et al (12) confirmed that patients taking insulin had an
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increased risk of accidents, which was most likely associated
with the increased tendency of insulin-treated patients to fall
during a hypoglycemic episode. To test the hypothesis that
insulin use is associated with fracture risk among patients with
T2DM and to determine confounding factors that may account
for any association, the present meta-analysis was performed.

Materials and methods

Search strategy. PubMed, Embase and Cochrane Library
databases were searched for studies published prior to and
including April 2018 without any restrictions regarding
country, publication type or language. Combinations of the
following key words were used: [insulin (Title/Abstract)] AND
[fracture (Title/Abstract)] AND [diabetes (Title/Abstract)]. As
the search terms and strategy did not retrieve all relevant arti-
cles, the references listed in eligible papers were also screened
to supplement the results. Details of the search strategy
implemented in the current study are illustrated in Fig. 1.

Inclusion and exclusion criteria. Two authors (XKM and
YYL) independently performed literature searches, prelimi-
nary screening study titles and abstracts. The full-text articles
were subsequently evaluated according to the inclusion and
exclusion criteria; a third author (YHD) extracted valuable
data from the eligible studies to be included in the analysis.
Any discrepancies were resolved through discussion. The
inclusion criteria were as follows: i) The participants were
diagnosed with T2DM,; ii) each study used oral anti-diabetic
drugs as the control arm; iii) the duration of the study was at
least one year; and iv) complete fracture data for the insulin
and non-insulin groups were available. Studies were excluded
if: i) They compared their dataset to the general population;
and ii) only reported on T1DM or did not classify the DM type.

Data synthesis and analysis. Considering the heterogeneity
of the included studies, the random-effects model was used
to calculate the pooled risk ratio (RR), with a 95% confi-
dence interval (CI). Heterogeneity was evaluated using I?
statistics, with values of >25, >50 and >75% representing low,
moderate and high heterogeneity, respectively. A sensitivity
analysis was performed to verify the robustness of the results
by removing one study at a time. If there was a significant
change in heterogeneity after removing a study, then this study
was removed. To assess sources of heterogeneity, subgroup
analyses were performed based on sex, fracture sites, region
and study design. The results were regarded as statistically
significant if a two-sided P<0.05 was obtained. Statistical
analyses were performed using Comprehensive Meta-Analysis
version 2 (www.Meta-Analysis.com) and Stata (version 12;
www.Stata.com).

Results

Studyselection. Atotal of 344 records wereselected by searching
the databases and the literature references of the articles
retrieved. After 337 exclusions, 7 articles (1,3,8,13-16) were
determined to be eligible for the present meta-analysis (Fig. 1).
Overall, 138,690 patients were enrolled in the studies selected
(3,879 insulin users and 134,811 non-insulin users); among
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them, 5,798 cases of fracture were reported. The publication
dates for the studies ranged from 2001 to 2018 and the follow-up
time ranged from 2.3 to 22.0 years. The study population
mostly included middle-aged and elderly participants.
Among the eligible studies, two studies exclusively included
women. Fracture sites included the vertebrae, hip and other
non-vertebral locations. The study locations included Asia,
Europe and North America. The study design included
prospective and retrospective studies. The characteristics of
the seven trials are provided in Table 1.

Association between insulin intake and risk of fracture
in patients with T2DM. Overall, the pooled data from the
seven trials evaluating the risk of fractures associated with
insulin used in diabetic patients indicated that insulin did
not significantly increase the risk of fracture compared
to oral anti-diabetic drugs (RR=1.13, 95% CI, 0.92-1.39;
P=0.252; Fig. 2). However, the I* values indicated a signifi-
cant heterogeneity among the trials included (I°=84.1%).
Considering the obvious heterogeneity, a sensitivity analysis
and subgroup analysis were performed to explore the sources
of heterogeneity.

Sensitivity and subgroup analyses. A sensitivity analysis was
performed to verify the robustness of the results by removing
one study at a time. The analysis revealed that the results
changed following the exclusion of the study conducted by
Pscherer et al (13) (RR=1.24, 95% CI, 1.07-1.44; P=0.004;
Fig. 3), with the heterogeneity markedly decreased (I*=41.1%).

Subsequently, subgroup analyses by sex, fracture site, study
design and geographical region were performed to identify
the sources of heterogeneity. In the subgroup analysis by sex,
the corresponding RR for males was 1.04 (95% CI, 0.76-1.44,
P=0.801) and that for females was 1.22 (95% CI, 0.92-1.62,
P=0.175), while that for females and males combined was
1.26 (95% CI, 1.05-1.51, P=0.013; Fig. 4). No heterogeneity
was identified in the subgroup of males (I’=0.0%), whereas
the female and mixed sex subgroups demonstrated moderate
heterogeneity (I’=56.4 and 55.0%, respectively).

In the subgroup analysis by fracture site, the corresponding
RR for hip was 1.18 (95% CI, 0.83-1.68, P=0.363), for
non-vertebral sites (including hip) was 1.06 (95% CI,0.80-1.41,
P=0.686) and for vertebral was 1.28 (95% CI, 0.90-1.81,
P=0.169) (Fig. 5). The heterogeneity in the non-vertebral
(including hip), vertebral and hip subgroups were 0.0, 39.6 and
66.7%, respectively.

In the subgroup analysis by study design, the corresponding
RR for prospective and retrospective study subgroups was
1.35 (95% (I, 1.06-1.71, P=0.014) and 1.16 (95% CI, 0.99-1.35,
P=0.059), respectively (Fig. 6). The heterogeneity was low in
the retrospective study subgroup (I’=5.8%) and moderate in
the prospective study subgroup (I°=52.4%).

In the subgroup analysis stratified by geographical
region, the corresponding RR for North America was
1.24 (95% CI, 0.81-1.90, P=0.333), that for Asia was 1.34
(95% CI, 0.91-1.98, P=0.141) and that for Europe was 1.16
(95% CI, 0.91-1.48, P=0.220; Fig. 7). The heterogeneity was
low in the Europe subgroup (I°=18.0%), but moderate in the
North America and Asia subgroups (I?=64.7 and 58.2%,
respectively).



EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 3957-3964,

Additional records identified
from the lists of references

Relevant records
identified by database
scarches of selected studies
(n=327) (n=47)

r r

Records afier duplicates
removed

(n=344)
Records excluded based on
title or abstract
¥ (n=307)
Records screened
(n=37)
Full-text articles excluded for the
> following reasons (n =30):
¥ 1) fracture data not available (n=13)
Full-text articles met 2) intervention or comparison group

the inclusion criteria not available (n =7)
(n=T7) 3) comparison with general
population (n =§)
4} types of diabetes mellitus not
classified (n=2)

b

Articles included in the

meta-analysis
(n=7)

Figure 1. Flow chart for the selection of articles for inclusion in the present
meta-analysis.

Discussion

Insulin has been used as one of several therapeutic options
for diabetic patients for numerous years. However, the
association between insulin use and fracture risk of
diabetes patients remains controversial. It is important to
clarify this issue, as bone fractures, particularly those of
the hip and vertebrae, are a major cause of disability and
mortality among elderly patients with T2DM. Therefore,
a meta-analysis was performed to determine the potential
association between insulin use and fractures in patients
with T2DM.

After exclusion of the study by Pscherer et al (13), the
corrected meta-analysis indicated that the use of insulin
significantly increased the risk of fractures among patients
with T2DM compared with oral antidiabetic drugs, which
was consistent with the results from previously published
studies (1,2,7-9,15). Subgroup analyses based on sex, study
design, fracture sites and geographical region were employed
to detect subgroup differences. The subgroup analysis by
sex indicated that insulin significantly enhanced the risk
of fracture from females and males combined, while there
was so significant difference between males and females
and no significant association was identified for either sex
separately. When the cohort was stratified according to study
design, the prospective study subgroups exhibited signifi-
cantly higher fracture risk associated with insulin treatment,
whereas no such association was observed in the retrospec-
tive subgroups. In addition, this association was not observed
in the subgroups that were stratified according to fracture site
and the region.

The source of heterogeneity in a meta-analysis should
be comprehensively investigated to avoid any possible
adverse influences. Considerable heterogeneity was
present in the initial meta-analysis, and the possible source

Table I. Characteristics of the eligible studies of fracture risk in patients with type 2 diabetes.

(Refs.)

Fracture site

Region Sex Follow-up time, years

Population size

Study design

Author, year

13)

All three

Hip

23

Mixed

Germany

105,960

Retrospective database analysis

Pscherer et al, 2016
Janghorbani et al, 2006

~
—
~

22.0

Women

North America

8,348
657

Prospective study

2019

3)

Hip, vertebra,
non-vertebra

94

Women

North America

Prospective study

Schwartz et al, 2001

(®)

Hip, non-vertebra

Hip

6.0
39Y

Men, women
Mixed

Norway

455
7,761

Population-based cohort study

Ahmed et al, 2006
Hung et al, 2017

(15)
(14)
(16)

International

Nationwide population-based cohort study

Vertebra

NA
NA

Men, women
Mixed

Japan

838
14,671

Retrospective study

Kanazawa et al, 2010
Josse et al, 2017

All three

Europe

Randomized double-blinded study

DM, diabetes mellitus; NA, not applicable.
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Study RR (95% CI) Weight %
i
Pschere 2016 -~ ' 0.84 (0.79, 0.89) 12.62
Janghorbani 2006 i —_— 1.85 (1.40, 2.45) 10.38
Hung 2017 ——;— 1.14 (0.94, 1.38) 11.52
Kanazawa 2010a ——OI— 1.09 (0.74, 1.59) 8.89
Kanazawa 2010b i—'&— 1.61(1.16, 2.25) 9.62
Josse 2017 i —_— 1.37 (1.17, 1.59) 11.94
Schwartz 2001a . E 0.76 (0.35, 1.64) 4.60
Schwartz 2001b ——i-t-— 1.19(0.83, 1.72) 2.1
Schwartz 2001¢c £ -+ E 0.80 (0.28, 2.34) 2388
Ahmed 2006a E 1.02 (0.38, 2.74) 3.24
Ahmed 2006b + E 0.77 (0.33,1.77) 414
Ahmed 2006¢ + E 0.90 (0.43, 1.90) 4.78
Ahmed 2006d * E 0.87 (0.48, 1.57) 8.27
Overall (Z =1.15, P=0.252) <::i> 1.13 (0.92, 1.39) 100.00
Heterogeneity: Chi*=75.45, df=12 (P<0.001); I’=84.1%) I
NOTE: Weights are from random effects analysis i
O.QITS 1 3.I63

Figure 2. Forest plot comparing the risk of fracture following insulin and non-insulin treatment for patients with type 2 diabetes mellitus. The risk ratio and
weight for each study are presented as solid diamond and squares, respectively. The horizontal line indicates the 95% CI and the dotted line indicates the
pooled risk ratio. Pooled results for all studies are presented as an unfilled diamond. CI, confidence interval.

Study RR (95% CI) Weight %
Janghorbani 2006 —_— 1.85 (1.40, 2.45) 13.40
Hung 2017 T 1.14 (0.94, 1.38) 17.94
Kanazawa 2010a R 1.09 (0.74, 1.59) 9.39
Kanazawa 2010b _— 1.61(1.16, 2.25) 11.17
Josse 2017 —_— 1.37 (1.17, 1.59) 20.11
Schwartz 2001a -+ 0.76 (0.35, 1.64) 319
Schwartz 2001b R s S— 1.19 (0.83, 1.72) 9.90
Schwartz 2001c € + 0.80 (0.28, 2.34) 175
Ahmed 2006a + 1.02 (0.38, 2.74) 2.02
Ahmed 2006b - 0.77 (0.33, 1.77) 276
Ahmed 2006 ¢ + 0.90 (0.43, 1.90) 3.36
Ahmed 2006d ~+ 0.87 (0.48, 1.57) 5.01
Overall (Z=2.90, P=0.004) <> 124 (1.07, 1.44) 100.00
Heterogeneity: Chi‘= 18.67, df=11 (P=0.067); ’=41.1%
NOTE: Weights are from random effects analysis

I I

0.275 1 3.63

Figure 3. Sensitivity analysis verifying the robustness of the result by removing one study at a time. The risk ratio and weight for each study are presented
as solid diamond and squares, respectively. The horizontal line indicates the 95% CI. Pooled results for all studies, following exclusion of the study by
Pscherer et al (13), are presented as an unfilled diamond. CI, confidence interval.

was determined by removing one study each time and of heterogeneity. This may be due to the mean follow-up
re-performing the meta-analysis. Using this strategy, the time being too short in the insulin and control groups when
study by Pscherer ef al (13) was identified as the major source  compared with the follow-up times in the other studies.
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Study RR (95% Cl) Weight %
T

Women H

Janghorbani 2006 f— 1.85(1.40,2.45) 13.40

Kanazawa 2010b — 161(1.16,2.25) 11.17

Schwartz 2001a - l 0.76 (0.35,1.64) 3.19

Schwartz 2001b —T & 1.19(0.83,1.72) 9.90

Schwartz 2001c ¢ + ; 0.80(0.28,2.34) 1.75

Ahmed 2006b - ; 0.77(0.33,1.77) 276

Ahmed 2006d . 0.87(0.48,1.57) 5.01

Subtotal (Z=1.36, P=0,175) < T 1.22(0.92,1.62) 47.18

Chi?=13.77, df=6 (P=0.032); ’=56.4% !

Mixed i

Hung 2017 S5 114(0.94,1.38) 17.94

Josse 2017 = 1.37(1.17,159) 20.11

Subtotal (Z=2.49, P=0.013) 4} 1.26(1.05,1.51) 38.05

Chi?=2.22, df=1 (P=0.136); =55.0% \

Men i

Kanazawa 2010a —_— 1.09(0.74,159) 939

Ahmed 2006a L 1.02(0.38,2.74) 2.02

Ahmed 2006 ¢ - : 0.90(0.43,1.90) 3.36

Subtotal (Z=0.25, P=0.801) - 1.04(0.76,1.44) 1477

Chi?=0.20, df=2 (P=0.905); 1=0.0% !

Overall (2=2.90, P=0.004) <> 124(1.07,1.44) 100.00

Chi*=18.67, df=11 (P=0.067); I’=41.1% K

NOTE: Weights are rromlrandom effects analysis ! ]

0.275

.

3.63
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Figure 4. Subgroup analysis based on sex comparing the risk of fracture following insulin and non-insulin treatment for patients with type 2 diabetes mellitus.
The risk ratio and weight for each study are presented as solid diamond and squares, respectively. The horizontal line indicates the 95% CI and the dotted line
indicates the pooled risk ratio. Pooled results for all studies are presented as an unfilled diamond. CI, confidence interval.

Chi?=1.03, df=2 (P=0.598); 1’=0.0%

Overall (Z=1.91, P=0.056)
Chiz=17.77, df=10 (P=0.059); I?=43.7%
NOTE: Weights are from random effects analysis
] I
0.275 363

1.20(1.00,1.43)  100.00

Study RR (95% Cl) Weight %
Hip i

]
Janghorbani 2006 P —— 1.85(1.40,245) 1592
Hung 2017 = 1.14(0.94,1.38) 19.74
Schwartz 2001a + L 0.76(0.35,1.64) 460
Ahmed 2006a : 1.02(0.38,2.74) 2.99
Ahmed 2006b - : 077(0.33,177) 4.03
Subtotal (Z=0.91, P=0.363) =J 1 1.18(0.83,168) 47.28
Chi?=12.00, df=4 (P=0.017); I’=66.7% :.>-

1
Vertebra H
Kanazawa 2010a ~— 1.09(0.74,159) 11.99
Kanazawa 2010b — 161(1.16,2.25) 13.80

]
Schwartz 2001¢c 3 <:>_ 0.80(0.28,2.34) 261
Subtotal (Z=1.38, P=0.169) =1 1.28(0.90,1.81) 28.40
Chi2=3_31( . df=2 (P=0.191); 1’=39.6% i

1
Non-vertebra '
Schwartz 2001b ? 1.19(0.83,1.72) 1252
Ahmed 2006 ¢ * * 090 (0.43,1.90) 484
Ahmed 2006d . L 0.87(048,157) 697
Subtotal (Z=0.40, P=0.686) < 1.06 (0.80,1.41) 24.33

]

1

1

1

ury

Figure 5. Subgroup analysis based on fracture site comparing the risk of fracture following insulin and non-insulin treatment for patients with type 2 diabetes
mellitus. The risk ratio and weight for each study are presented as solid diamond and squares, respectively. The horizontal line indicates the 95% CI and the dotted
line indicates the pooled risk ratio. Pooled results for all studies are presented as an unfilled diamond. CI, confidence interval. Note: non-vertebra includes the hip.

Furthermore, the mean follow-up time was unbalanced in the
insulin group (2.0 years) and the control group (2.5 years),

which may have led to bias regarding in the incidence of frac-
ture. This indicated that the inconsistent follow-up periods
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Study

Prospective study
Janghorbani 2006
Josse 2017

Schwartz 2001a +

Schwartz 2001b —

L 3

Schwartz 2001¢ €

Subtotal (Z=2.44, P=0.014)
Heterogeneity: Chi> df=4 (P=0.078); 1>=52.4%

Retrospective study

Hung 2017 -1

Kanazawa 2010a
Kanazawa 2010b

Ahmed 2006a

Ahmed 2006b -+

Ahmed 2006¢ +
Ahmed 2006d -

Subtotal (Z=1.89, P=0.059)
Heterogeneity: Chi*=6.37, df=6 (P=0.383); 1°=5.8%

Overall (2=2.90, P=0.004)
Heterogeneity: Chi*=18.67, df=11 (P=0.067) I’=41.1%
NOTE: Weights are from random effects analysis

RR (95% Cl)

1.85 (1.40, 2.45)
1.37 (1.17, 1.59)
0.76 (0.35, 1.64)
1.19(0.83,1.72)
0.80 (0.28, 2.34)
1.35(1.06, 1.71)

1.14 (0.94, 1.38)
1.09 (0.74, 1.59)
161 (1.16, 2.25)
1.02 (0.38, 2.74)
0.77(0.33, 1.77)
0.90 (0.43, 1.90)
0.87 (0.48, 1.57)
1.16 (0.99, 1.35)

1.24 (1.07, 1.44)

Weight %

13.40
20.11
3.19
9.90
1.75
48.35

17.94
939
11.17
202
276
336
5.01
51.65

100.00

|
0275

1

|
3.63

Figure 6. Subgroup analysis based on study design comparing the risk of fracture following insulin and non-insulin treatment for patients with type 2 diabetes
mellitus. The risk ratio and weight for each study are presented as solid diamond and squares, respectively. The horizontal line indicates the 95% CI and the
dotted line indicates the pooled risk ratio. Pooled results for all studies are presented as an unfilled diamond. CI, confidence interval.

Study RR (95% CI) Weight %
North America i

Janghorbani 2006 i —_— 1.85(1.40,2.45) 16.11
Schwartz 2001a - 4 0.76 (0.35,1.64) 4.12
Schwartz 2001b _— 1.19(0.83,1.72) 1219
Schwartz 2001c € - . 0.80(0.28,2.34) 229
Subtotal (Z=0.97, P=0.333 ] 1.24(0.81,1.90) 34.71
Heterogergeity: Chi*=8.50, df=)3 (P=0.037); =64.7% :‘E> ( )

Asia i

Kanazawa 2010a —_—t— 1.09(0.74,1.59) 1161
Kanazawa 2010b - 161(1.16,225) 1363
Subtotal (Z=1.47, P=0.141) -'-‘-0- 1.34(0.91,1.98) 2524
Heterogeneity: Ch=2.39, df=1 (P=0.122); P=58.2% '

Europe i

Josse 2017 L 1.37(1.17,159) 23.10
Ahmed 2006 a ] 1.02(0.38,2.74) 263
Ahmed 2006 b . : 0.77(0.33,1.77) 358
Ahmed 2006 ¢ . ; 0.90(0.43,1.90) 434
Ahmed 2006 d - : 0.87(0.48,1.57) 639
Subtotal (Z=1.23, P=0.220) T 1.16 (0.91,1.48)  40.05
Heterogeneity: Chi?=4.88, df=4 (P=0.300); I’=18.0% !

Overall (Z=2.66, P=0.008) <> 1.26 (1.06,1.49) 100.00
Heterogeneity: Chi=16.46, df=10 (P=0.087); ’=39.2% '

NOTE: Weights are from random effects analysis !

|
0.275

1

1
3863

Figure 7. Subgroup analysis based on region comparing the risk of fracture following insulin and non-insulin treatment for patients with type 2 diabetes
mellitus. The risk ratio and weight for each study are presented as solid diamond and squares, respectively. The horizontal line indicates the 95% CI and the
dotted line indicates the pooled risk ratio. Pooled results for all studies are presented as an unfilled diamond. CI, confidence interval.

may account for the heterogeneity observed. In addition, the
heterogeneity also changed after subgroup analysis. Some

subgroups had very low heterogeneity while some subgroups
still remained at moderate levels of heterogeneity. Therefore,
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it may be postulated that sex, fracture site, study design
and region may have contributed to the heterogeneity in the
present meta-analysis.

Insulin, as an anabolic agent in the bone, stimulates the
regulation of osteoblast function, increasing the proliferation
and differentiation from mesenchymal stem cells (17). In a
study using a mouse model, insulin receptor substrates caused
osteopenia with decreased bone formation and increased
bone resorption (18). According to a clinical study, osteo-
penia and osteoporosis are frequent complications in adult
and pediatric patients with TIDM (6). In a 7-year follow-up
study in young patients (age range, 20-36 years) with TIDM,
intensive insulin therapy stabilized the BMD and decreased
bone resorption markers (19). In T2DM, insulin resistance
reduces the efficiency of insulin in promoting glucose
uptake and utilization, leading to relative insulin deficiency.
The body produces compensatory amounts of insulin to
maintain stable blood glucose levels, resulting in hyperin-
sulinemia. Furthermore, it is well-known that once insulin
therapy is established, adequate levels of portal insulin are
obtained at the expense of peripheral hyperinsulinemia,
which may have an impact on various organs and tissues.
Certain studies have indicated that insulin resistance,
particularly hyperinsulinemia, may negatively affect bone
strength relative to load (20,21).

The mechanisms responsible for the increased fracture
risk in insulin users remain to be fully elucidated. There
are several potential mechanisms. First, most studies
have reported that endogenous insulin is an anabolic
agent in bone (22-24), whereas the effect of exogenous
insulin remains ambiguous (25-31). Barrett-Connor and
Kritz-Silverstein (32) reported that exogenous insulin
therapy removes the impact of endogenous insulin as an
anabolic agent on bone. Second, diabetic insulin users are
usually more likely to have chronic hyperglycemia, which
may impair bone quality (20). Third, patients requiring
insulin administration usually have a long history of
diabetes and diabetic complications, which may affect
the occurrence of bone fractures. Several studies have
indicated that advanced disease increases the risk of frac-
ture (17,33). Fourth, insulin treatment is associated with an
increased tendency to fall during a hypoglycemic episode.
Kennedy er al (12) observed that insulin-treated subjects
were more likely to fall and sustain bone fracture due to
a fall during a hypoglycemic episode when compared to
non-insulin-treated patients. Finally, insulin users are
more likely to have diabetic retinopathy and peripheral
neuropathy, which increases the prevalence of chronic
gait/balance impairments and impaired vision (4,9).

Of note, the present study had certain limitations.
First, a certain degree of heterogeneity was present in
the current meta-analysis, even after removing one study.
Bias analysis was also not performed due to the rela-
tively small number of studies included in this analysis.
Second, several confounding factors, including BMD,
BMI, calcium/vitamin D levels, glycosylated hemoglobin,
duration of diabetes, dose of insulin, level of glucose and
any other treatments affecting the fracture risk, were not
considered, as most of studies did not include this data and
therefore the pooled adjusted RR was not calculated. Further
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studies are necessary to analyze the correlation of different
statuses of insulin and fracture risk. Third, the present study
did not include patients with TIDM, as only few studies
reported on it; certain studies have indicated that different
types of DM affect bone to varying degrees and through
various mechanisms (34,35). Fourth, the study population
mostly included elderly participants and post-menopausal
women who appeared to have higher insulin intake, and
this may have biased the outcomes. A further meta-analysis
should be performed to examine age and menopausal status
of women with TIDM. The geographical distribution was
another possible limitation of the present results, with only
one out of seven studies were conducted in Asia. Therefore,
further meta-analysis is required and should include are
more studies from Asia.

Despite these limitations, the present meta-analysis indi-
cated that insulin treatment is associated with an increased
fracture risk among patients with T2DM, when compared to
oral anti-diabetic drugs. Subgroup analysis indicated that the
association was influenced by sex, fracture site, study design
and geographical region. These results suggest that the risk
of fracture associated with insulin use should be considered
in the process of deciding on a treatment approach. However,
further randomized, controlled studies are required to confirm
these results.
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