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Abstract

Background—Fracture risk in men and women with type 1 diabetes (type 1 DM) has not been 

studied in a large prospective well designed cohort.

Objective—A systematic review and meta-analysis of observational studies were conducted to 

assess the association between type 1 DM and fractures.

Data source—Data were selected from Medline and Embase and abstract from annual scientific 

meeting of various diabetes and bone and mineral societies.

Study selection—Published studies reporting fracture risk in subjects with type 1 DM in 

comparison with subjects without diabetes between 1990 and July, 2014 and abstracts from 

various annual meeting (2005 onwards) were included for this meta-analysis.

Data extraction—Data were extracted from text of included publication or abstract of 

conferences.

Data synthesis—Fourteen studies that met inclusion criteria reported 2,066 fracture events 

among 27,300 subjects with type 1 DM (7.6%) and 136,579 fracture events among 4,364,125 

subjects without diabetes (3.1%). The pooled relative risk (RR) of any fracture in subjects with 

type 1 DM was 3.16 (95% CI 1.51–6.63, p=0.002). Women and men with type 1 DM had four and 

two times higher risk for any fractures, respectively, compared to subjects without diabetes. The 

pooled RR of hip fractures and spinal fractures were 3.78 (95%CI; 2.05–6.98, p<0.001) and 2.88 

(1.71–4.82, p<0.001), respectively, among subjects with type 1 DM.

Conclusion—Our meta-analysis suggests that both men and women with type 1 DM might have 

an increased risk for any fractures. A large prospective epidemiological study is needed to confirm 

our findings.

Introduction

Osteoporotic fractures result in increased morbidity and mortality that is preventable with 

effective screening and early treatment (1, 2). Low bone mineral density (BMD) has been 

Corresponding author: Viral N Shah, MD, Assistant Professor of Medicine & Pediatrics, Adult Clinic, Barbara Davis Center for 
Diabetes, University of Colorado, 1775 Aurora Ct, Mail stop A140, Room no 1318, Aurora, Co 80045, Phone:303-724-8186, Fax: 
303-724-6784, viral.shah@ucdenver.edu. 

Conflict of interest: None

HHS Public Access
Author manuscript
Diabet Med. Author manuscript; available in PMC 2016 September 01.

Published in final edited form as:
Diabet Med. 2015 September ; 32(9): 1134–1142. doi:10.1111/dme.12734.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



consistently associated with high risk for fractures especially in postmenopausal women (3). 

Impairment in glucose homeostasis has been shown to alter BMD and bone structure (4–6). 

Most, but not, all studies have shown that BMD is decreased in people with type 1 diabetes 

(type 1 DM) (5–8). Nevertheless, studies have reported type 1 DM is associated with two- to 

six-fold higher risks for fractures, especially hip fracture (9–22). Type 1 DM has been 

associated with higher risk for fractures even compared to type 2 diabetes (17, 23). 

Furthermore, the risk for fractures in people with type 1 DM is higher even after adjustment 

with multiple variables such as age, gender, duration of diabetes and complications of 

diabetes (9, 17, 23).

As a result of better glycemic control and dramatic declines in acute and long-term 

complications, survival and life expectancy has improved for people with type 1 DM in the 

last 2 decades (24, 25). Therefore, more people with type 1 DM are older and at risk for 

osteoporosis fractures. To minimize the morbidity and mortality associated with fractures, 

the National Osteoporosis Foundation (NOF) guidelines recommend screening for 

osteoporosis in the general population for women aged 65 years or older and men aged 70 

years and older (26). The U.S. Preventive Services Task Force (USPSTF) has a 

recommendation for screening of osteoporosis in women similar to that of NOF, but the 

USPSTF did not recommend screening for osteoporosis in men (27).

Currently, there are no guidelines or recommendations for screening of osteoporosis in 

people with type 1 DM despite the number of studies reporting higher risk for fractures (28). 

To our knowledge, no large prospective epidemiological study has been carried out to 

answer three important questions: 1) is the risk for fracture in people with type 1 DM higher 

than people without diabetes?, 2) is there a difference in risk for fractures at hip and spine?, 

and 3) is there any difference in the risk for fracture among men and women with type 1 

DM ? Therefore, we conducted a meta-analysis aimed to answer these three essential 

questions.

Research Design and Methods

Data Sources and Searches

We followed a standardized protocol to do this meta-analysis as per the guidelines and 

similar to our previous study (29, 30). We conducted a systematic search for the articles 

from MEDLINE and Embase on the association between type 1 DM and fractures published 

between 1990 and July, 2014, using the following search terms: type 1 DM, insulin 

dependent diabetes mellitus (IDDM), insulin requiring diabetes, AND fracture, bone mineral 

density, osteopenia, or osteoporosis. “Abstracts” from annual scientific meetings (2005 

onward) of the American Society for Bone and Mineral Research (ASBMR), American 

Diabetes Association (ADA), European Association for the Study of Diabetes (EASD), and 

the European Calcified Tissue Society (ECTS) were also searched. We also searched studies 

from cross references of the included studies.
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Study selection

Two authors (VNS, CSS) independently screened abstracts of the studies reporting fractures 

in type 1 DM using search criteria mentioned above. The abstracts of the studies were 

reviewed further if the following criteria were fulfilled: 1) recruitment of subjects with type 

1 DM as case and non-diabetic subjects as control groups, and 2) reported risk of fracture or 

incidence of fracture. The studies were excluded if they: a) enrolled only subjects with type 

2 diabetes, b) did not classify diabetes type, c) did not reported incidence or risk of fracture, 

d) had incomplete or missing data, e) included no control group, f) included cases with post-

transplant diabetes or diabetes subjects who underwent kidney or kidney-pancreas 

transplant, g) included intervention with any osteoporotic medication or surgical procedure. 

The studies were included after agreement between two authors (VNS, CSS) and 

disagreement was resolved with discussion and opinion of third author (JSK). The only 

studies published in English literature were included.

We have analyzed the risk for various fractures sites defined as major osteoporotic fractures 

by NOF (26). We excluded the fractures of ribs, face, skull, toes, fingers, stress fracture, 

neuropathic (Charcot’s) foot related fracture, and fracture as a result of hypoglycemic 

seizure.

Data extraction and quality assessment

From each study we extracted the name of first author, year of publication, country, criteria 

for defining type 1 DM, number of subjects with type 1 DM and number of controls, 

incidence of fractures among type 1 DM patients, and controls, and fracture sites (Table-1). 

The third author (JKS) verified the extracted data. The methodological quality of the 

included studies was assessed using the Newcastle-Ottawa Scale (31). The instrument used a 

star system to assess the study quality based on three criteria: (i) participants' selection (4 

stars), (ii) comparability of study groups (2 stars) and (iii) assessment of exposure (3 stars). 

The highest total score for a study was nine. Higher quality study was defined if the study 

scored 7 or more stars.

Statistical methods

Data were analyzed using Comprehensive Meta-Analysis version 2.2 (Englewood, NJ, 

USA). As fracture is a rare event, the odds ratio mathematically approximates the relative 

risk (RR) and therefore, we presented all data as RR. We calculated RR using MedCalc® 

version 12.2.1 (MedCalc Software bvba, Mariakerke, Belgium) if the effect estimate was not 

reported and the raw data allowed RR calculations. Heterogeneity was assessed by I2 

statistic to estimate variation across studies. I2 values of 25% or less, 50–74%, and 75% or 

higher represent low, moderate and high inconsistency, respectively. Random-effects model 

was chosen over a fixed-effect model when significant heterogeneity was observed (32). 

Tests for interaction using summary estimates were performed, using the method described 

by Altman and Bland (33). Publication bias was assessed using funnel plot and adjusted rank 

correlation tests (34, 35). All statistical tests were two-sided and P < 0.05 was considered 

statistically significant, except otherwise specified. Pre-specified Subgroup analyses were 

performed according to (i) cohort studies, (ii) higher quality studies, (iii) gender (male and 

female), (iv) fracture site (hip and spine), and (v) gender specific fracture types.
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Results

Study selection

Of 324 publications and 23 abstracts presented at various scientific meetings identified 

initially, 315 were excluded based on titles and abstracts of the studies [Figure-1]. After full 

text review of 32 selected articles, 18 articles were excluded that did not qualify inclusion 

criteria. The excluded studies are shown in supplemental table-1. Finally, 14 studies were 

included for the analysis. Of these 14 studies, 13 were published articles and one was paper 

presented at scientific meeting.

Study characteristics and description of study quality

Table-1 contains the characteristics of the studies including name of the first author, year of 

publication, country, and number of subjects with type 1 DM and without diabetes, fracture 

incidence, definition of type 1 DM, fracture assessment methods and adjusted variables. Of 

these 14 studies, six were cohort studies (9, 11, 12, 14, 16, 17), seven were cross-sectional 

studies (10, 15, 18–22) and one registry based case-control study (13). There were only three 

prospective cohort studies (11, 12, 14).Of the 14 studies, 10 studies had fracture event as 

primary end point (9–17, 19). There were 2,066 fracture events among 27,300 subjects with 

type 1 DM (7.6%) compared to 136,579 fracture events among 4,364,125 subjects without 

diabetes (3.1%). The studies by Hothersall et al and Melchoir et al reported the fracture 

events from hospital records (9, 16). Three studies identified fracture events based on 

International Classification of Disease (ICD) codes for fractures (9,12,13); one study 

reported spinal fractures based on vertebral fracture assessment software from DXA study 

(10); two studies have confirmed self-reported fracture either by physician or medical 

records (16,18) and six studies reported fractures events as self-reported without further 

confirmation (11,14,15,19,21,22). Four studies were conducted in US populations 

(11,14,1518) and nine were in European populations (9,10,12,13,16,17,19,20,22). Seven 

studies reported hip fractures, two studies reported spinal (vertebral) fractures, and two 

studies reported wrist or forearm fractures [Table-1]. Four studies reported fracture events 

only in women (11, 14–16, 18). None of these studies stratified fractures by ethnicity. All 

but four have reported how they defined type 1 DM. The definition of type 1 DM and 

fracture assessment is detailed in Table-1. The quality of the studies was heterogeneous. Six 

studies were of higher quality (Newcastle-Ottawa Scale >7).

Type 1 diabetes and fracture risk

Fracture risk was calculated from all 14 studies that included 27,300 subjects with type 1 

DM and 4,364,125 subjects without diabetes. The proportion of fracture events reported in 

subjects with type 1 DM was 7.6% compared to 3.1% in subjects without diabetes. The 

pooled relative risk (RR) of any fracture in subjects with type 1 DM was 3.16 (95% CI 1.51–

6.63, p=0.002) compared to subjects without diabetes [Figure-2]. There was high 

heterogeneity across the studies (I2=98.25, p<0.001).

The sensitivity and subgroups analysis was carried out as specified in methods and presented 

in Table-2. After excluding outliers, the risk for any fracture was 1.5 times higher in subjects 

with type 1 DM (RR 1.54; 1.27–1.88, p<0.001). In a sensitivity analysis, including six 
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cohort studies showed 4.45 fold higher risk for any fractures (RR 4.45; 1.33–14.89, p<0.01) 

in type 1 DM. Similarly, the risk was two times higher among subjects with type 1 DM in a 

sensitivity analysis including seven cross-sectional studies (RR 2.13; 1.24–3.67, p=0.006). 

In a random effect model with six higher-quality studies, the pooled RR of type 1 DM and 

any fracture was 2.96 (CI; 1.8–4.86, p<0.001).

The pooled RR of hip fracture was 3.78 (95%CI; 2.05–6.98, p<0.001) while pooled RR for 

spinal fracture was 2.88 (1.71–4.82, p<0.001) among subjects with type 1 DM compared to 

subjects without diabetes. Since the study by Hothersall et al included the largest number of 

subjects with type 1 DM and captured only hip fracture events from patients who were 

hospitalized, it is quite possible that this study might have underestimated fracture risk and 

might affect the risk for hip fracture in our meta-analysis. Therefore, a sensitivity analysis 

was carried out after excluding the study by Hothersall et al, and the pooled relative risk for 

hip fracture was 4.51 (2.11–9.66, P<0.001).

The pooled RR for any fracture was higher in women with type 1 DM (RR 4.10; 1.79–9.38, 

p<0.001) compared to women without diabetes. Nevertheless, the risk for any fracture was 

also higher in men with type 1 DM compared to men without diabetes (1.79; 1.38–2.33, 

p<0.001). The risk for hip fracture and fractures other than hip was also higher in men and 

women with type 1 DM compared to people without diabetes [Table-2]. The pooled RR for 

any fracture in subjects with type 1 DM was higher compared to subjects without diabetes 

irrespective of studies with US populations (5.89; 4.05–8.58, p<0.001) or studies with 

European populations (2.25; 0.89–5.62, p=0.08).

No publication bias was observed among studies using adjusted rank correlation (p = 0.25) 

and the funnel plot showed minimal asymmetry (32, 33).

Discussion

Findings of this meta-analysis reveal that type 1 DM is associated with three-fold higher risk 

for any fracture. The relative risk for hip fracture and spinal fracture is 3.78 times and 2.88 

times higher in type 1 DM, respectively. The risk for hip fracture is five times higher in 

women with type 1 DM and four times higher in men with type 1 DM. The risk for any 

fracture is higher in both US and European populations.

Our study showed that type 1 DM was associated with a three times higher risk for any 

fracture and the higher risk persisted even after sensitivity analysis including cohort studies 

and higher quality studies. Osteoporosis and fracture risk in subjects with type 1 DM is 

poorly understood as many factors influence bone health in people with type 1 DM (28). 

Studies have shown that BMD is lower in children and adolescents with type 1 DM (5, 7, 

24). The inadequate accrual of bone mass may result into osteoporosis in later life (36) and 

may be one of the reasons for higher risk for fracture in subjects with type 1 DM. Poor 

glycemic control and longer duration of diabetes have been associated with low BMD and 

higher risk for fracture in subjects with type 1 DM in some studies (19, 23) but, not in other 

studies (10, 17, 21). None of the studies have stratified the fracture events as per the 

glycemic status or duration of type 1 DM hence; it was not possible for us to do sensitivity 
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analysis based on these factors. Studies have also demonstrated higher risk for fractures in 

presence of microvascular complications especially nephropathy (23). Studies have found 

that risk for fracture is higher in patients with type 1 DM compared to type 2 diabetes (17, 

37). A plausible reason may be that people with type 2 diabetes have higher insulin levels as 

a result of insulin resistance and therefore have higher BMD while type 1 DM are insulin 

deficient (28). Recently it has been shown that insulin increases bone density and strength 

via direct or indirect effect on bone formation and thus acting as anabolic agent to bone. 

(38). However, it is not known whether intensive insulin therapy helps in preserving BMD 

and reducing the risk for fractures. A study in type 1 DM showed stable BMD with intensive 

insulin therapy over 7 years (39) while a large randomized trial in type 2 diabetes showed no 

difference in fracture risk with intensive insulin therapy (40).

People with type 1 DM have increased risk for other autoimmune diseases such as thyroid 

disease and celiac disease. Presence of thyroid or celiac disease is an independent risk factor 

for fracture (41, 42). Most of the studies included in our analysis did not adjust the fracture 

risk for the presence of either thyroid or celiac disease; hence, contributions of these 

autoimmune diseases to fracture risk among subjects with type 1 DM may not be ruled out.

Studies have shown that the life-time risk for osteoporotic fractures is higher in elderly 

women compared to men (43, 44). Therefore, the guidelines by various associations and 

organizations uniformly recommend screening of osteoporosis in postmenopausal women at 

the age of 65 or greater, but there is no consensus among these guidelines on screening for 

osteoporosis in men (26, 27, 45–47). However, our meta-analysis revealed that risk for any 

fracture, hip fracture, and spinal fracture is higher in both men and women with type 1 DM 

compared to people without diabetes. Therefore, both men and women with type 1 DM 

should be considered as a risk factor for fracture and might be considered for screening of 

osteoporosis.

The risk for hip and spine fracture is higher in subjects with type 1 DM in our meta-analysis. 

However, it is difficult to comment on the risk for forearm fractures because only a few 

studies have reported the fracture events at these locations in subjects with type 1 DM. 

Similarly, it is difficult to comment on age and risk for fractures in subjects with type 1 DM 

as only three studies stratified fracture events as per age (9,12,16). Furthermore, the small 

number of fracture events in these studies made it difficult to explore association between 

type 1 DM and fracture risk with age stratification.

Our study has several limitations which should be noted. First, the studies included in this 

meta-analysis are observational studies and therefore, the findings of this meta-analysis 

should be interpreted with caution (48). Furthermore, the potential bias, confounding factors, 

and heterogeneity among the included studies might affect the findings of this study (48). 

However, we have taken care to address these limitations by reporting sensitivity analysis for 

fracture events after excluding outliers and analyzing the cohort studies and high quality 

studies separately. Second, the definition of type 1 DM in the studies varies. Therefore, it is 

quite possible that there may be misclassification of diabetes in many cases. However, we 

have taken adequate measures to reduce this error by excluding studies where either diabetes 

was not classified or authors have acknowledged misclassification of type 1 DM 
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(supplemental Table-1). Similarly, fracture assessment was heterogeneous among the 

selected studies. The risk for hip fracture in our study might have been influenced by the 

study of Hothersall et al as they had the largest number of type 1 DM subjects and reported 

only hospitalized hip fractures events; therefore it might underestimate the fracture risk. 

Since the non-hospitalization of hip fracture is rare and the risk for hip fracture was almost 

similar even after excluding Hothersall study, we feel that the bias or influence of Hothersall 

study is minimal and unlikely to affect the result of our study. Third, all the studies except 

one were carried out in Caucasian populations. It is known that African Americans 

populations have higher BMD and less fracture risk (49). Since the studies have not reported 

the facture events stratified by ethnicity, it was not possible for us to comment on that. 

Therefore, the interpretation and findings of this meta-analysis should be limited to 

Caucasian populations. Fourth, most studies included in this meta-analysis have a relatively 

small number of subjects with type 1 DM compared to type 2 diabetes and non-diabetic 

subjects. Furthermore, the fracture events were also small resulting in wide confidence 

interval.

Despite these limitations, our study has important clinical and research implications. The 

guidelines by various organizations such as NOF, USPSTF, World Health Organization, 

American College of Physicians, and American College of Obstetricians and Gynecologists 

recommends BMD testing in women aged 65 or older or postmenopausal women younger 

than 65 in presence of other risk factors (26,27,43–45). Furthermore, many guidelines do not 

recommend testing BMD for osteoporosis screening in men (27). The findings of our study 

indicate that both men and women with type 1 DM are at higher risk for fractures compared 

to individuals without diabetes. This might have major public health implication in screening 

subjects with type 1 DM for osteoporosis. A prospective epidemiological study is necessary 

to recommend screening for osteoporosis among people with type 1 DM at younger ages 

than current recommendations.

In summary, our meta-analysis suggests that type 1 DM might be associated with increased 

risk for any fractures. The risk for fracture is higher in both men and women with type 1 

DM. Further studies are needed to confirm these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow of study selection and search
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Figure 2. 
Forest plot for fracture risk in subjects with type 1 diabetes
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Table 2

Stratified and sensitivity analyses of the association of type 1 diabetes and risk of fractures

Variable Studies included
N, (References)

RR (95%CI), p Heterogeneity (I2)

Sensitivity analysis

  After excluding outliers 9 (9,10,12,13,17–20,22) 1.54 (1.27–1.88), P<0.001 41.89

  Cohort studies 6 (9,11,12,14,16,17) 4.45(1.33–14.89), P = 0.01 98.67

  Cross sectional studies 7 (10,15,18–22) 2.13 (1.24–3.67), P=0.006 51.39

  Higher quality studies 6 (9–11, 13, 14, 17,) 2.96 (1.80–4.86), P<0.001 92.58

Stratified by fractures

  Hip 7 (9, 11, 12, 13, 14, 16, 17) 3.78 (2.05–6.98), P<0.001 93.42

  Vertebral (spine) 2 (10, 13) 2.88(1.71–4.82)#, P<0.001 0.0

Stratified by gender and fracture type

  Men

    Any fracture 7 (9, 10, 12, 17, 19, 20, 22) 1.79 (1.38–2.33)#, P<0.001 0 %

    Hip Fracture 3 (9, 12, 17) 4.05 (0.99–16.47), P=0.051 81.43

    Fracture other than Hip 3 (10, 17, 20) 1.73 (0.59–5.09)#, P=0.317 0.00

  Women

    Any fracture 12 (9–12, 14–20, 22,) 4.10 (1.79–9.38), P<0.001 96.22

    Hip Fracture 6 (9, 11, 12, 14, 16, 17) 5.19(2.22–12.11), P<0.001 92.80

    Fracture other than Hip 4 (10, 15, 17, 20) 2.65 (1.38–5.13)#, P= 0.004 4.84

Country wise

  USA 4 (11,14, 15, 18) 5.89 (4.05–8.58), P<0.001 62.73

  Europe 9 (9–10, 12–13, 16–17, 19–20, 22) 2.25 (0.89–5.62), P=0.08 98.87

Random effect model used for all analysis except marked as # where fixed model used because of low heterogeneity.

RR; Relative risk, N; number.
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