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Abstract: We investigated racial variation in glycemic control (glycated hemoglobin A1c 
[HbA1c]) with fracture risk in geriatric patients with diabetes. Compared to an HbA1c of 
7.0–7.9% [53–63 mmol/mol], HbA1c ≥9.0% [≥75 mmol/mol] was associated with increased 
fracture risk among Blacks and those of Unknown race only. This increase was attenuated in 
Blacks after accounting for the relative frequency of patient-provider interaction. 
Keywords: diabetes, fragility fractures, glycemic control, racial differences, African 
Americans

Introduction
We have previously documented increased fracture risk among geriatric diabetic 
patients whose glycated hemoglobin A1c (HbA1c) tends to abide either in the very 
low (<6.5%) or high range (≥9.0%).1 Though non-Whites, and particularly African 
Americans, are at a decreased risk of fractures compared to US Whites,2–5 diabetes 
and factors associated with it such as poor glycemic control may modify the extent 
of this protective relationship. As the frequency and depth of patient-provider 
interaction may vary by race and play a role in both glycemic control and risk of 
fracture, we investigated whether the association of glycemic control with risk of 
fracture varies by race.

Research Design and Methods
Data on a cohort of 99,241 patients with diabetes who were over the age of 65 years 
were retrieved from the Synthetic Derivative. The Synthetic Derivative is a de- 
identified, non-relinkable copy of Vanderbilt University Medical Center’s electronic 
health record.6,7 This research was approved by the Institutional Review Board of 
Vanderbilt University.

To be included in the current study, patients had to be at least 65 years old, have 
an ICD-9 code for diabetes (ICD 9 code 250–250.9), and have at least two HbA1c 
values at or after the latter of six months prior to age 65 years or ICD-9 code for 
diabetes. To identify fracture cases we used ICD-9 codes 820–829 or 733. All 
fracture ICD-9 codes had to be time stamped with a date after that of the HbA1c 
values. A detailed description of this algorithm has been published previously.1 The 
final population for this study included 10,572 patients with diabetes and at least 
two HbA1c values prior to fracture or censoring.
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We tested whether the association of updated mean 
HbA1c with fracture risk varied by race (White, African 
American, Other race, Unknown race) using Cox survival 
analysis with age as the time scale. HbA1c was modeled in 
groups defined by clinically relevant HbA1c levels: <6.5% 
[<48 mmol/mol]; 6.5–6.9% [48–52 mmol/mol]; 7.0–7.9% 
[53–63 mmol/mol]; 8.0–8.9% [64–74 mmol-mol]; ≥9.0% 
[≥75 mmol/mol]. Our multivariable models included 
updated mean HbA1c, race, sex (Model1) as well as 
further controlling for number of BMI measurements 
(Model2). We used the number of BMI measurements as 
a surrogate for the relative frequency of outpatient visits 
with a provider. Updated mean HbA1c was defined as the 
average of all HbA1c values from baseline and follow-up. 
The criterion for statistical significance was a p-value 
<0.05. Statistical analyses were conducted using SAS ver-
sion 9.3 (Cary, North Carolina).

Results
Mean age at study baseline was 72 years. Fifty-one percent 
of the population was female, 73% were White, 15% were 
African American, 2% were identified to be of other racial 
background, and 10% of the patients had no documented 
race (Unknown race).

During an average of 3.3 years, there were 756 fracture 
events in Whites, 146 events in African Americans, 22 
events among those of Unknown race, and 25 events in 
those classified as Other race. Stratified analyses revealed 
that the statistically significant risk associated with an 
updated mean HbA1c ≥9.0% was only observed in African 
Americans (HR=2.04, 95% CI=1.28–3.26) and Unknown 
race (HR=4.64, 95% CI=1.04–20.77), though controlling 
for the number of BMI measurements greatly attenuated 
this excess risk in African Americans (HR=1.48, 95% 
CI=0.92–2.39). The multivariable adjusted risk of HbA1c 
with fracture risk stratified by race is presented in Table 1.

Discussion
We evaluated the relationship of glycemic control with 
fracture risk among a multi-ethnic cohort of geriatric 
patients with diabetes receiving treatment at Vanderbilt 
University Medical Center. In this population, the associa-
tion of A1c with fracture risk was greater in those of non- 
white race. We have previously reported that an average 
HbA1c residing in the 6.5–6.9% range during follow-up 
was associated with the lowest fracture risk.1 Herein we 
show that African Americans and those of Unknown and 
Other race, had a higher risk of fracture if their HbA1c 

Table 1 Updated Mean HbA1c and Fracture Risk, Stratified by Race, in Geriatric Patients with Diabetes

Whites, n=7757, 
Events=756

Blacks, n=1559, Events=146 Unknown, n=1007, 
Events=22

Other, n=241, 
Events=25

Model 1 Model 2 Model 1 Model 1 Model 2 Model 2 Model 1 Model 2

HbA1c 
category

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

HR  
(95% CI)

<6.5% 0.96 

(0.80–1.15)

0.99 

(0.83–1.19)

0.85  

(0.53–1.37)

0.80 

(0.50–1.28)

1.14 

(0.35–3.64)

1.25 

(0.39–4.04)

1.06 

(0.36–3.16)

0.80 

(0.26–2.46)

6.5–<7.0% 0.80 

(0.65–0.99)

0.84 

(0.68–1.04)

0.67  

(0.39–1.13)

0.69 

(0.40–1.16)

0.98 

(0.28–3.45)

1.29 

(0.36–4.63)

0.18 

(0.02–1.45)

0.18 

(0.02–1.50)

7.0–<8.0% Ref Ref Ref Ref Ref Ref Ref Ref

8.0–<9.0% 1.26 
(1.00–1.60)

1.18 
(0.93–1.49)

0.95  
(0.57–1.57)

0.89  
(0.53–1.47)

0.83  
(0.16–4.36)

1.27 
(0.24–6.74)

1.98 
(0.66–5.96)

1.34 
(0.41–4.30)

≥9% 1.27 
(0.92–1.76)

1.01 
(0.73–1.40)

2.04  
(1.28–3.26)

1.48 
(0.92–2.39)

4.64 
(1.04–20.77)

4.17 
(0.92–18.88)

2.00 
(0.48–8.34)

1.19 
(0.27–5.29)

Sex, female 1.71 
(1.48–1.99)

1.67 
(1.44–1.94)

1.74  
(1.17–2.60)

1.79 
(1.20–2.68)

3.09 
(1.11–8.55)

3.50 
(1.25–9.76)

1.52 
(0.64–3.62)

1.79 
(0.72–4.42)

Number of 
BMI 

measurements

—————– 0.97 
(0.96–0.97)

——————— 0.97 
(0.96–0.98)

—————— 0.84 
(0.74–0.95)

—————– 0.94 
(0.90–0.97)
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was >9.0% compared to having an HbA1c in the 7.0–7.9% 
range, an elevated risk which was not observed in Whites.

We speculate that the frequency and intensity of the 
patient-provider interaction and the social support of the 
patient may account for our findings. The association 
between high HbA1c, fracture risk and race was moder-
ated by number of BMI measurements. Although our data 
were minimally adjusted, only accounting for age, sex and 
the number of BMI measurements in the association of 
HbA1c with fracture, we speculate that the number of BMI 
measurements is a marker of the relative frequency of out- 
patient care events or the intensity of healthcare the patient 
is receiving. The number of BMI measures was associated 
with a lower risk of fracture among all racial groups and 
accounting for the number of BMI measurements attenu-
ated the association of a high HbA1c in each of these 
groups. This was particularly marked in African 
Americans. Those of Unknown race had the greatest risk 
of fracture associated with a high HbA1c, the fewest BMI 
measurements, and the greatest protection associated with 
the number of BMI measurements. In summary, lack of 
diabetes control is associated with increased fracture risk, 
a risk particularly pronounced among non-White patients. 
Our data also suggest the frequency of patient-provider 
interaction has an impact on fracture risk in geriatric 
patients and confounds the association of high HbA1c 
with fracture risk, particularly among African Americans.
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