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Case study: Analysis of the association of clinical factors with risk of bone fractures in
adult patients with type 2 diabetes mellitus (DM) using THIN®, A Cegedim Database

Generating real-world insights
with European EHR data
For life sciences organizations working on treatments for European
patients, developing and executing a go-to-market strategy can be
challenging, time consuming, and resource-intensive. From pre-clinical
research through post-launch commercialization, a focused use of
real-world data throughout the product life cycle can help reveal critical
insights needed to demonstrate the need for and value of treatments.
A solid research and analytical strategy, in combination with robust
European real-world data, can help organizations develop marketspecific insights when pursuing European markets.
Through a collaboration with Cegedim Health Data, IBM® Watson
Health® offers research solutions with anonymized, patient-level EHR
data for nearly 60 million European patients from THIN®, A Cegedim
database. By partnering with Watson Health, life sciences organizations
can analyze European data within the self-service platform IBM
MarketScan® Treatment Pathways or work with Watson Health
researchers to design and conduct studies to generate insights across
a variety of therapeutic areas.
This case study highlights one example of how IBM Watson Health can
support global real-world evidence generation needs. For more
information about our other solutions for the life sciences industry,
please see page 6.
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Analysis of the
association of
clinical factors
with risk of
bone fractures
in adult
patients with
type 2 diabetes
mellitus (DM)

Introduction
Uncontrolled type 2 diabetes mellitus (DM) is responsible for significant
morbidity and mortality. Type 2 DM-associated complications include
neuropathy, nephropathy, retinopathy, cardiovascular disease,
cerebrovascular disease, peripheral vascular disease, diabetic foot
syndrome, and bone fractures. While many of these complications
have been extensively studied, bone fractures associated with type 2
DM remain an under-recognized complication. Long-term metabolic
abnormalities in patients with type 2 DM may substantially alter bone
structure and health and these changes could cause a significant
increase in the risk of bone fractures. Type 2 DM may result in bone
fragility due to alterations in the microscopic architecture of the bone
cortex and changes in bone mineral density, thereby increasing possible
susceptibility to fractures. Furthermore, age-related sarcopenia can be
exacerbated in patients with type 2 DM and may result in an increased
risk of bone fractures. Accumulating evidence demonstrates that
decreased bone turnover and remodeling may play a significant role in
the development of bone fractures in patients with type 2 DM.

Objectives
In this study we investigated the association of pertinent clinical factors
with the risk of bone fractures in adult patients with type 2 DM. The
clinical factors evaluated included age, sex, body mass index (BMI),
initial serum hemoglobin A1c (HbA1c) level, mean serum HbA1c level,
anti-diabetic drug class and number, and diagnosis of osteoporosis.

Methods
This retrospective observational cohort study utilized anonymized
electronic medical record data from THIN®, A Cegedim Database. A
random sample of 27,000 patients in France with a diagnosis of type
2 DM at any point in their history from the broader Cegedim database
was further restricted to patients with active medical records and at
least one E11* ICD-10 code between January 1, 2017 and December
31, 2019, for a final analytic sample of 21,298 patients. The outcome
of interest was a diagnosis of bone fracture, defined as a dichotomous
variable. Age and initial serum HbA1c levels were ascertained at the
time of first documented diagnosis of type 2 DM in the dataset. Mean
serum HbA1c level was defined as the average (minimum of two) values
during the study timeframe. We considered age, BMI and serum HbA1c
level as both continuous and categorical variables (age: < 55, 55-70,
> 70 years old; BMI: ≤ 25, > 25 - < 30, ≥ 30 kg/m2; HbA1c: ≤ 7%, >
7-9%, > 9%). Anti-diabetic drug treatment was defined as the first
drug treatment within 90 days of the start of the study. Anti-diabetic
drug classes included: insulin analogs, insulin sensitizers, insulin
secretagogues, incretins, glucosurics and glucose uptake inhibitors,1
and were defined as a categorical variable (no drug treatment, one drug
class, and two or more drug classes). We also evaluated the association
of osteoporosis as a comorbidity with the risk of bone fractures. All
diagnoses were based on ICD-10 codes.
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Statistical Analysis

Relative Risk of Fracture by Patient Characteristic

Descriptive statistics were summarized as mean (standard deviation)
for continuous data or as frequencies (percentages) for categorical data.
Simple log binomial regression models were used to assess the strength
of the association between each clinical factor of interest (e.g. age) and
the dichotomous outcome of interest (e.g. fracture). The magnitude
of the associations was quantified using the relative risk (RR) and the
corresponding 95% confidence interval (CI). Relative risk and 95%
CI were calculated from the beta coefficients. All tests were 2-sided,
and the significance level was set to 0.05. Statistical analyses were
performed using the SAS language on WPS Analytics, Version 4.2 (World
Programming).

Characteristic

Relative
Risk

95%
Confidence
Interval

P-value

Age (years)

1.017

(1.011, 1.023)

<0.0001

Results
A total of 21,298 adult type 2 DM patients (66 ± 11 years old, 43%
females) were identified and included. A total of 933 (4%) type 2 DM
patients had a diagnosis of bone fractures. Results show that type 2 DM
patients older than 70 years had a 51% increase in risk of bone fractures
as compared to type 2 DM patients 55 years old or younger (95% CI
1.226, 1.848; P<.0001). Moreover, for each year increase in age, the
risk of bone fractures increased by approximately 2% (95% CI 1.011,
1.023; P<.0001). Likewise, female type 2 DM patients had a statistically
significant increase of 47% (95% CI 1.295, 1.665; P<.0001) in risk of
bone fractures compared to type 2 DM males. We found a statistically
significant association between the initial serum HbA1c level, performed
on the first date of documentation of type 2 DM diagnosis in the dataset,
and risk of bone fractures (RR = 0.690, 95% CI 0.526, 0.905; P =
0.0028). Compared to the group of patients with initial serum HbA1c of
≤ 7%, those with initial serum HbA1c levels ranging from 7% to 9 had
a 65% (RR = 0.352, 95% CI 0.178, 0.695; P =0.0009) reduction in risk
of bone fractures. No association was found between the initial antidiabetic drug treatment given within 90 days of the start of the study
and a risk for bone fractures. The number of initial anti-diabetic drugs
given within 90 days of the start of the study was not associated with a
risk of bone fractures. A diagnosis of osteoporosis was associated with
an increased risk of bone fractures compared to patients without this
diagnosis (CI 6.792, 9.349; P<.0001).

Age group
(years)
< 55
55 to 75
> 70

<0.0001
Reference
1.107
1.505

(0.902, 1.359)
(1.226, 1.848)

Gender
(reference male)

1.469

(1.295, 1.665)

<0.0001

BMI (kg/m2)

0.987

(0.967, 1.007)

0.1956

BMI (kg/m2)
≤ 25
>25 to <30
≥ 30

Reference
1.055
0.933

(0.750, 1.484)
(0.666, 1.308)

0.690

(0.526, 0.905)

HbA1c at first
reading of T2DM
Dx (%)

0.6356

HbA1c at first
reading of T2DM
Dx (%)
≤7
>7 to 9
>9

Reference
0.352
0.253

(0.178, 0.695)
(0.062, 1.304)

HbA1c mean (%)

0.864

(0.767, 0.973)

HbA1c mean
group (%)
≤7
> 7 to 9
>9
Number of
initial antidiabetic drugs
None
One
Two or more
Osteoporosis
(reference no
diagnosis)
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0.0028

0.0009

0.0128
0.0119

Reference
0.698
0.741

(0.547, 0.892)
(0.419, 1.308)
0.1258

Reference
1.126
1.172

(0.960, 1.320)
(1.001, 1.371)

7.968

(6.792, 9.349)

<0.0001
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Discussion

Study Limitations

This retrospective study showed a statistically significant association
between clinical factors such as increasing age, female gender, initial
serum hemoglobin A1c levels ≤ 7.0%, and osteoporosis with increased
risk of bone fractures in adult patients with type 2 DM. No association
was found between the first anti-diabetic drug treatment (drug class and
number) and BMI with the risk of bone fractures.

Limitations of our study include its retrospective design, the utilization
of a random sample from a larger database of adult patients, and a
short duration of observation. Finally, there may be underreporting of
bone fracture diagnoses in the database as some patients with this
complication may receive care at emergency room departments or with
orthopedic specialists.

The increased risk of bone fractures seen in association with serum
HbA1c levels ≤ 7%, suggesting well controlled disease is in contrast to
the association of poorly controlled type 2 DM with complications such
as retinopathy, nephropathy, and diabetic foot syndrome.2-4

Conclusions

The underlying mechanisms for the increased risk of bone fractures
in patients with type 2 DM have not been clearly elucidated.
Abnormalities in glucose and lipid metabolism in type 2 DM may result
in derangements of bone turnover and remodeling increasing the risk of
bone fractures. This differs from the decrease in bone mineral density
underlying osteoporotic bone fractures.5

We identified statistically significant associations between increasing
age, female gender, hemoglobin A1c levels ≤ 7%, and osteoporosis with
an increased risk of bone fractures in a large sample of adult patients in
France with type 2 DM. These results represent a real-world evidence
contribution to better understand bone complications in type 2 DM.
Prospective studies are needed to further evaluate the etiologic and risk
factors as well as preventive interventions to decrease the risk of bone
fractures in adult patients with type 2 DM.

Clinical Implications
The association between serum HbA1c levels ≤ 7% obtained within
90 days of the initial documentation of a type 2 DM diagnosis with
increased risk of bone fractures in our analysis is unexpected. Plausible
explanations underlying this association may include detrimental effects
of some anti-diabetic medications on bone turnover and remodeling,
increased falls leading to bone fractures caused by hypoglycemic events
caused by drugs such as insulin or sulfonylureas and increased physical
activity that may place individuals at a higher risk of bone fractures. A
multivariable analysis will be performed to determine if an independent
association between serum HbA1c levels and the risk of bone fractures
exists.

Rosario B, Hekmat R, Snowdon JL, Preninger A, Willis VC, Jackson GP,
Arriaga YE, Weeraratne D.
Clinical Factors Associated with Risk of Bone Fractures in Adult Patients
with Type 2 Diabetes Mellitus. APHA 2021; Oct 23-27, 2021; Denver, CO.
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For life sciences organizations bringing treatments for
European patients to market, IBM Watson Health can offer
real-world insights in two formats:
Rapid, self-service insight
generation with IBM
MarketScan Treatment
Pathways with European Data
Access

Customized HEOR and market
analytics studies conducted
using THIN®, A Cegedim
Database, by IBM Watson
Health researchers

Generate insights quickly with
IBM MarketScan Treatment
Pathways, a cloud-based platform
for rapidly analyzing virtually any
research-ready healthcare data
source. With Treatment Pathways,
users can easily analyze UK and
French data without custom
programming, data intake, or
software.

Work with a team that knows your
products, therapeutic areas, and
markets. With over 1,000 peerreviewed studies conducted in
collaboration with clients and 30+
years of experience, IBM Watson
Health researchers and data
scientists can help you develop
credible evidence and insights
using rich global data, rigorous
study design, and advanced
methodologies.

In addition to our solutions for European real-world
evidence generation, IBM Watson Health offers a core
portfolio of real-world data and insights to support the full
go-to-market life cycle, including:
Proprietary real-world data:
– IBM MarketScan Research
Databases
– IBM Explorys® Therapeutic
Datasets Delivered
– IBM MarketScan Explorys
Claims-EMR Data Set

Analytic tools:
– IBM MarketScan Treatment
Pathways
– IBM MarketScan Inpatient View
– IBM MarketScan Outpatient
View
– IBM Facility Targeting Reports

Research services:
– Health economics and
outcomes research
– Market analytics
– Literature reviews
– Economic modeling
– Dossiers
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Learn more
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