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ABSTRACT

Background: Bone fractures are high in elderly patients with type 2 diabetes mellitus (T2DM), Hyperglycemia and chronic kidney
disease may increase the risk of fracture prevalence via altered bone metabolism, but whether glycemic control and kidney function
are associated with the risk of fracture prevalence remains unclear, This study evaluated the relationship between glycemic control
and baseline estimated glomerular filtration rate (eGFR) and risk of fracture prevalence in older and middle—aged patients with
T2DM. Methods: Patients who underwent a general medical check—up between 2009 and 2013 were selected from the Korean
National Health Insurance Sharing Service records. Chi—square test and multiple logistic regression analysis were used to assess
the relationship between glycemic control and eGFR and risk of fracture prevalence. Results: Cumulative fracture prevalence were
higher in patients with T2DM, irrespective of whether they had tight or less stringent glycemic control (fasting blood glucose [FBG]
> 110 mg/dL). After adjustment for baseline age and FBG, tight and less stringent glycemic control was significantly associated
with increased adjusted risk of fracture prevalence in middle—aged patients with T2DM (OR=1,13, 95% ClI, 1.05-1.21, p=0.0005 vs
OR=1.13, 95% CI, 1.06—1,20, p=0.,0001), but not in older patients, Baseline eGFR was not significantly related to fracture prevalence
in either older or middle—aged patients. Conclusion: Less stringent glycemic control significantly increased the adjusted risk of
fracture prevalence in middle—aged patients with T2DM, Further studies are needed to confirm the effect of tight glycemic control

on fracture prevalence,
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The risk of bone fracture in both men and women with type
2 diabetes mellitus (T2DM) is known to be high.""®) Patients
with diabetes and fractures are at high risk of post-fracture
infections.” Fracture risks in diabetes have been linked to
multiple factors including aging, body mass index (BMI),
estimated glomerular filtration rate (eGFR), glycated hemoglobin,
low bone turnover, bone mineral density (BMD), and medication
use.®1?) Lowering blood glucose levels to the target level has

been shown to reduce microvascular complications,> ¥

whereas it has been shown to increase the risk of cardiovascular
disease and mortality in middle-aged patients with diabetes.'>
Less stringent glycemic control (HbA1C < 8%) in patients with
limited life expectancy or severe hypoglycemia is associated
with increased risk of fracture and macro- and microvascular
complications.'®!” However, a recent study showed that fracture
risk did not depend on the level of glycated hemoglobin and/or
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fasting blood glucose (FBG) in patients with T2DM.'®!) Tight
glycemic control was shown to be related to increased
hypoglycemic risk and fracture prevalence in patients with
diabetes in Singapore.>?)

Vertebral fracture risk was higher in patients with T2DM and
lower eGFR?!2? than in those with normal eGFR in a study by
Mishima et al.'? However, in the randomized observational
Trial
(ACCORD),?® there was no difference in fracture prevalence
between older patients with T2DM and normal baseline eGFR
(> 60 ml/min/1.73 m?) and those with T2DM and low baseline
eGFR (< 60 ml/min/1.73 m?).

Tight as well as less stringent glycemic control may influence

Action to Control Cardiovascular Risk in Diabetes

the risk of fracture by influencing bone metabolism and structure
in diabetic patients.” Chronic kidney disease in patients with
diabetes may affect mineral metabolism and effectively reduce
bone strength,?> but baseline eéGFR in patients with diabetes is
not related to fracture prevalence in diabetes. As limited data
are available regarding the association of glycemic control and
kidney function with fracture prevalence, this study evaluated
the association of glycemic control and baseline eGFR with
fracture prevalence in a large cohort of older and middle-aged
patients with T2DM.

Methods

Data sources

This study retrospectively evaluated a cohort of 71,025
adults aged 45 to 79 years. Community-dwelling adults who
met the research criteria and had visited health care
institutions including tertiary and secondary hospitals, long-
term care facilities, clinics, and public health clinics, for a
general medical check-up at least bi-annually in the regional
areas of South Korea from January 01, 2009, to December 31,
2013, were included. The data were collected as follows: the
Cohort database provided by the Korean National Health
Insurance  Sharing Service (KNISS) included diagnostic,
procedure, and health examination codes and basic characteristics.
The cohort had been randomly selected from the electronic
medical records of insurance enrollees, aged 45 to 79 years,
between 2009 and 2013. Through a centralized database
extracted from the KNISS, with non-personally identifiable
information only used for research, subjects were selected

based on a table that was created using the database link, with
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person identification as a joint key according to KNISS
algorithm. The Institutional Review Board (IRB) of Duksung
Women’s University approved the research protocol with non-
human designation. Additionally, the study was approved by the
KNISS and was conducted in accordance with the Declaration of
Helsinki.

Study Design

Using the longitudinal cohort database of 510,000 individuals
from KNISS, 71,025 subjects, aged 45 to 79 years, who met the
inclusion criteria based on the study protocol, were selected.
There were 11,235 subjects with the diagnosis of T2DM and
59,790 age-matched subjects without any diagnosis of diabetes
mellitus. To identify subjects with or without diabetes, this
study required at least two FBG and two eGFR measurements
during the study period. Subjects with any fracture diagnosis
between January 1, 2009, and December 31, 2013, were
included because it was difficult to distinguish the record of
fracture occurring in a particular year from the duplicated
fracture record that would appear next year in the KNISS
database. Subjects were excluded if they were less than 45 years
old, had type-1 diabetes mellitus, had received a kidney
transplant, had a history of pancreatic cancer, or had osteoporosis;
a total of 276,580 individuals were excluded. Osteoporosis was
excluded to minimize negative osteoporotic effects on fracture
events. Individuals were excluded if baseline FBG and eGFR
measurements were missing, or only 1 FBG and eGFR
measurement was obtained during the bi-annual visits over the
S-year follow-up period. Figure 1 illustrates the derivation of
cohorts with and without diabetes. To identify coexisting
medical status with respect to diabetes and fracture, subjects
with T2DM were identified by KCD codes EI11-E11.9
corresponding to physician-diagnosed diabetes mellitus or
FBG > 126 mg/dL. Subjects without a diabetes diagnosis and
fasting blood glucose less than 125 mg/dL between January 1,
2009, and December 31, 2013, were the reference cohort. Adults
aged 45 to 64 years were classified as middle-aged patients, and
adults aged 65 to 79 years were classified as older patients.

To evaluate risk of fracture prevalence according to glycemic
control, FBG status was classified as tight glycemic control
(FBG<110mg/dL) and less stringent glycemic
(FBG> 110 mg/dL) using the American Association of Clinical
Endocrinologists (AACE) clinical guidelines (2015). To evaluate

risk of fracture prevalene according to kidney disease, eGFR was

control
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Fig. 1. The derivation of cohort with type 2 diabetes or without
diabetes

classified using the KNISS definition of kidney disease status as

normal eGFR (= 60 ml/min/1.73 m?) and low eGFR (< 60 ml/
min/1.73 m?).

Definitions
This study used KCD CODE to define medical conditions.

Subjects with T2DM were identified by KCD codes El1-
E11.9. Fracture cases were identified by KCD codes as
follows: skull and facial bones (S02.0-S92.291), neck (S12.0—
S12.9), rib, sternum and thoracic spine (S22.0-S22.9, 807 809,
810), lumbar spine (S32.0-S32.8, 808-808.09,808.11-808.19,
808.91-808.99, 809, 805-806), pelvic (S32.0-S32.8, T02.1-
T02.71, M48.40-M48.49, M84.0-M84.49), shoulder and upper
arm (S42.0-S42.9, 811-812, 818-819), forearm (S52.0-S52.9,
813, 818-819), wrist and hand (S62.0-S62.9, 814-816.09,
816.19, 816.99-817, 818-819), femur (S72.0-S72.9, 820-
820.12, 820.18-820.92, 820.98-821.22, 821.28-821.32, 821.38-
821.92, 821.98-821.99, 827-829), lower leg and ankle (S82.0-
S82.9, 822-824.03, 824.08-824.13, 824.18-824.93, 824.98-
824.99, 827-829), and foot (S92.0-S92.9, 825 826.01-826.19,
826.99-829.99). To determine the baseline for medication use,
insulin and other antidiabetic drugs were identified using the
Health Insurance Review and Evaluation Center Pharmaceutical
Standards Information (HIREC-PSI) codes: insulin (461801BIJ -

488701B1)), alpha-glucosidase inhibitors (100601 ATB, 348002ATB

- 249002ATD), biguanides (498100ATB, 502300ATB -
507100ATB, 513700ATB -  519600ATB), sulfonylureas
(474200ATB-TR, 165801ATB - 165901ATB, 471900ATB,

497200ATB), glinides (486101ATB, 430201ATB - 430203ATB),
glitazones (431901 ATB - 431902ATB  525901ATB,
348002ATB), GLP-1 receptor agonists (512101BIJ - 512102BlJ,
626601BIJ - 626602BlJ), DPP-4 inhibitor (500801ATB -
501103ATB, 520500ATB - 520700ATB, 520500ATB -
520700ATB), and SGL2 inhibitors (527301ATB - 527302ATB).
Other drugs that can increase blood glucose or affect bone
identified by their HIREC-PSI codes:
bisphosphonates  (358001ATB, 442330ATB, 480304ATB,
500200ATB), vitamin D/calcium (473800ATB, 498200ATB -
498300ATB,  503100ATB),  thyroxine  (183601ATB),
corticosteroids (116530BIJ, 142232BlJ, 243335BlJ,
170901 ATB, 193302ATB, 622901ATR), and estrogen therapy
(239001ATB, 297600ATB, 490400ATB, A14500ATB-
A15500ATB, A43900ATB, 557100ATB, 183403ATB). Past
medical history and family history of heart disease included

formation were

myocardial infarction and angina. Past medical history was
identified by KNISS code as follows: T2DM (HCHK
DIABML PMH_YN), hypertension (HCHK_HPRTS PMH_ YN),
heart disease (HCHK HDISE PMH YN), and hyperlipidemia
(HCHK _ HPLPDM_PMH_YN). Family history was identified as
T2DM (FMLY DIABML PATIEN _YN), hypertension (FMLY
HPRTS PATIEN_YN), and heart disease (FMLY HDISE PATIEN
YN).

Statistical Analysis
Descriptive statistics and univariate analyses were used to

assess baseline patient characteristics. Chi-square test and
Kaplan-Meier methods, using FBG as the time scale and
eGFR, were used to determine cumulative risk of fracture over
time for patients with T2DM or without diabetes. Adjusted
fracture prevalence by age, FBG, eGFR, body mass index
(BMI), sex, medication use, and past medical history of
diabetes were used to estimate potential confounding factors
using a multiple logistic regression model and the Wald Chi-
square test. Risk of fracture was evaluated using a Chi-square
test and was stratified by FBG and eGFR level. Odds ratio of
risk of fracture prevalence by the location (femur bone, pelvic
bone, spinal bones) was evaluated using the Chi-square test.

For statistical significance, p-value was set at < 0.05. Data



Table 1. Baseline characteristics

. Type 2 Reference -
Variables diz;zetes cohort vgue
Number of patients, N 11,235 59,790
Gender n(%)°

Male 6,512(58.0) 31,806(53.2%) <.001
Female 4,723(42.0) 27,984(46.8%) <.001
Follow up, years 5.0 5.0

Age years®, n(mean, $.D)°

45-54 3,089(50.7+2.4) 29,232(50.1+2.5) <.0001
55-64 4,019(60.3+2.5) 17,340(59.9+2.5) <.0001
65-74 3,273(69.8+2.5) 10,308(69.8+2.5) 0.69
>75 854(79.7%3.1)  2910(79.9+3.3) 0.12
Family history n(%)°
Diabetes 1,976(17.6) 3,503(5.9) <.0001
Hypertension 1,296(11.5) 7,134(11.9) <0001
Heart disease 304(2.7) 1891(3.2) 0.04

Past medical history n(%)°

Diabetes 6,847(60.6) 0 <.0001
Hypertension 4,883(43.5) 18,109(30.3)  <.0001
Heart disease 653(5.8) 2,246(3.8) <.0001
Hyperlipidemia 1,024(10.5) 3,465(5.8) <.0001
Fracture 1,636(14.6) 7.705(12.9)  <.0001
Laboratory data,
mean(S.D)¢
Height (cm) 161.1(x8.9) 161.3(8..7) 0.18
Weight (kg) 64.7(x10.7) 62.7(£10.2)  <.0001
BMI (Kg/m?) 24.8(£3.2) 24.1(£3.0)  <.0001
45-64 years 25.00(x3.2) 24.1(x2.9) <.0001
65-84 years 24.7(+3.3) 23.9(+3.1) <.0001
SBP (mmHg) 128.6(+15.4) 125.8(x15.6)  <.0001
DBP (mmHg) 78.2(x9.9) 78.0(x10.1) 0.02
eGFR (ml/min/1.73m?) 81.2(+x28.2) 82.3(x38.9)  0.0006
Scr (mg/dL) 1.1(x1.2) 1.2(+1.5) <.0001
FBG (mg/dlL) 136.2(+49.7) 97.0(x17.3)  <.0001
Urine albumin (mg/dL) 1.23(x0.7) 1.09(x0.4) <.0001
Triglyceride (mg/dlL) 165.8(£113.4) 140.1(£92.5)  <.0001
LDL-Cholesterol (mg/dL)  109.4(+44.5) 119.2(+41.4)  <.0001
Medication n(%)°
Insulin 294(2.6) 0 <.0001
Antidiabetic agents 8,470(75.4) 0 <.0001
Bisphophanates 12(0.1) 28(0.05) 0.01
Vitamin D/calcium 48(0.4) 104(0.2) <.0001
Thyroxine 198(1.7) 961(1.6) 0.23
Corticosteroids 1,544(13.7) 9,042(15.1)  0.0002
Estrogen therapy 140(1.3) 996(1.7) 0.001

@ Data for gender, family history, past medical history, medications are
reported as number of people (%). °Data for age reported as number of
people (mean, standard deviation). “Data for laboratory data are
reported as mean(standard deviation). Abbreviations: BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; Scr, serum creatinine; FBG, fasting
blood glucose; LDL, low density lipoprotein cholesterol
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were analyzed using SAS, version 9.2 (SAS Institute, Cary,
NC, USA). Patient medical records were selected and assessed

by professional statisticians.

Results

Baseline characteristics
Baseline characteristics of patients with and without diabetes

during follow-up were compared, and the data are shown in
Table 1. Of a total of 372,319 individuals, 71,025 were included
and evaluated retrospectively. A total of 11,235 individuals were
diagnosed with T2DM, and 59,790 individuals without diabetes
were used as the reference cohort. The following subjects
were excluded: 276,480 with data missing for FBG and eGFR
recorded at baseline and at bi-annual (minimum) visits over
the 5-years of follow-up, 495 with pancreatic cancer, kidney
cancer, or kidney transplant, and 24,319 with osteoporosis.
During 5 years of follow-up, there were 1,714 cumulative
fracture events in patients with T2DM. The mean age was 61.9
years at baseline. A family history of diabetes and hypertension
was significantly higher in patients with diabetes (p <0.001).
Overall, past medical history of bone fracture was significantly
higher in patients with diabetes than in the reference cohort (p <
0.0001). Compared with the reference cohort, mean FBG level
(p <0.0001), mean eGFR (p =0.0006), mean BMI (p <0.0001),
and medication use, including bisphosphonates, vitamin D/
calcium, and thyroxine, was higher in patients with T2DM,
whereas the reference cohort used more corticosteroids and

estrogen therapy at baseline.

Effects of glycemic control on fracture prevalence
Cumulative fracture prevalence was higher in patients with

T2DM than in the reference cohort during follow-up. A
significantly higher risk of fracture prevalence was observed
in middle-aged T2DM patients with less stringent glycemic
control (FBG > 110 mg/dL, OR = 1.29, 95% CI: 1.16-1.43, p =
0.0001). Older patients with diabetes and older reference cohorts
with FBG of < 110 mg/dL and > 110 mg/dL both showed similar
high fracture prevalence than middle-aged patients, as shown in
Table 2. Cumulative fracture prevalence increased for all age
groups over time, as shown in Figure 2. Comparison of
fracture prevalence suggests that age had a negative effect on
fracture prevalence, while mean FBG < 110 mg/dL did not
significantly increase fracture prevalence in patients with

diabetes. However, with a multivariable adjustment for baseline
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Table 2. Relationship between glycemic control and cumulative risk of fracture prevalence in older and middle aged patients type2
diabetes for 5 years of follow-up

Age Middle aged patients (45-64 years) older patients (65-79 years)

Fasting blood Diabetes Reference cohort p-value Diabetes Reference cohort p-value
Glucose (mg/dL)  %° (n/total) % (n/total) OR 95% CI %9 (n/total) %9 (n/total) OR 95% CI
<110 15.0 140 0.23 18.2 16.8 0.20
(308/2,049) (5,550/39,529) 1.08 (0.95-1.22)  (240/1,318) (1,715/10,203) 1.10 (0.95-1.28)
>110 15.6 12.6 0.0001 16.8 15.8 0.38
- (766/4,896) (821/6,529) 1.29 (1.16-1.43)  (400/2,379) (318/2,008) 1.07 (0.91-1.2¢)

“Data for fracture incidence are reported as number of people per total patients (%). Abbreviations: Cl, confidence interval; OR, odds ratio.
Cumulative fracture prevalence was higher in both oldr and middle aged patients with T2DM compared to reference cohort during follow-up.

Less stringent glycemic control (FBG=110 mg/Dl) in middle aged patients with T2D was associated with significantly increased risk of fracture
prevalence.

20
18 -
16 4

14 -

12 A

10 4

—— middle aged patients with type2 diabetes

Fracture prevalence (%)

--z--middle aged reference cohort
—+— older patients with type2 diabetes

r -=»=--older reference cohort

<110 2110 <110 2110 <110 2110

2009 2011

2013 years

Level of fasting blood glucose (mg/dL)

Fig. 2. Comparison of cumulative fracture prevalence in older and middle-aged patients in relation to glycemic control for five
years of follow-up

Cumulative fracture prevalence gradually increased with age in patients with T2DM. Odds ratio of fracture risk was significantly
higher in middle-aged patients with diabetes with less stringent glycemic control than the age-matched reference cohort (p <
0.0001, OR =1.29,95% Cl = 1.16-1.43). Abbreviations: Cl: confidence interval, FBG: fasting blood glucose, Reference cohort: without
diabetes mellitus, OR: odds ratio, p: p-value, DM: type2 diabetes mellitus

age and FBG the adjusted risk of fracture prevalence was
significantly higher in middle-aged patients with T2DM (OR =
1.13, p=0.0001 vs OR=1.13, p=0.0005). The adjusted association
between age, FBG, FBG, eGFR, BMI, sex, medication use, history
of diabetes, and risk of fracture is shown in Table 3. After adjusting
for sex, BMI, and medication use, both males and females and
obesity was significantly associated with increased risk of fracture
prevalence, but medication use was significantly associated with
decreased risk of fracture prevalence in patients with diabetes

compared to the reference cohort.

Effect of eGFR on fracture prevalence
Cumulative fracture prevalence was not significantly
different in older and middle-aged patients with type 2
diabetes compared to those in the reference cohort, irrespective of
whether baseline eGFR was normal (= 60 ml/min/1.73 m?) or
low (< 60 ml/min/1.73 m?). The greatest risk of hip fracture
prevalence was seen in middle-aged patients with diabetes and
normal eGFR (OR = 1.44, 95% CI: 1.00-2.06, p=0.04), as
shown in Figures 3-1 and 3-2. Subjects with normal eGFR >
60 ml/min/1.73 m* and low eGFR < 60 ml/min/1.73 m* had

the same degree of risk for spinal fracture prevalence in



Table 3. Association of adjusted multivariable factors with risk of
fracture prevalence

Parameters Odds ratio, 95% ClI p-value
Age, years
45~64 1.09 (1.04-1.15) 0.0007
65~79 1.06 (0.99-1.14) 0.09
Sex
Male 1.07 (1.02-1.13) 0.01
Female 1.13 (1.06-1.20) 0.0002
FBG, mg/dL
<110 1.13 (1.05-1.21) 0.0005
>110 1.13 (1.06-1.20) 0.0001
eGFR, ml/min/1.73m?
<60 1.02 (0.91-1.14) 0.78
>60 1.10 (1.05-1.15) <.0001
BMI, kg/m?
<25 1.07 (1.01-1.13) 0.02
>25 1.11 (1.04-1.18) 0.0008
Medication use
Yes 0.82 (0.77-0.86) <0.000]
No 0
History of T2DM
Yes 0
No 1.14 (1.06-1.23) 0.0003

Multiple logistic regression tests showed that age, sex, FBG, eGFR, BM|,
history of T2DM were significantly associated with risk of fracture prev-
alence. Old age and low eGFR was associated with increased risk of
fracture prevalence in diabetes, but it was not significant. Medication
use was also related to low risk of fracture prevalence. Abbreviations:
BMI, body mass index; Cl, confidence interval; eGFR, estimated glo-
merular filtration rate; FBG, fasting blood glucose; OR, odds ratio
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patients with diabetes. This suggests that normal eGFR >
60 ml/min/1.73 m®> had no protective effect against fracture.
The risk of fracture prevalence at the femoral, hip, and lumbar
spinal sites by eGFR level is shown in Table 4. Table 3 shows
multivariable adjusted association between eGFR and fracture.
Compared to eGFR matched patients without diabetes, the
adjusted risk of fracture prevalence was significantly higher in
both older and middle-aged patients with diabetes and normal
eGFR.

Discussion

Using a nationwide cohort of patients with diabetes, this
retrospective cohort study assessed the risk of fracture
prevalence in older and middle-aged patients with T2DM by
FBG and eGFR to determine whether risk of fracture
prevalence was associated with glycemic control and kidney
disease during the follow-up period. This study found that
overall cumulative fracture prevalence was higher in both
older and middle-aged T2DM patients than in the reference
cohort. Both tight and less stringent glycemic control were
associated with increased adjusted risk of fracture prevalence
in diabetes over time. A case-control study from Singapore
reported that tight glycemic control (HbA1C <7%) was related

to increased hypoglycemia and increased age-adjusted fracture

Fracture prevalence (%)
I

—e—Femoralbone indiabetes
--#~--Femoral bone in reference cohort
—— Hip bone in diabetes

-=¥=-Hip bone in reference cohort
—r— Lumbar spinal bone in diabetes

== == Lumbar spinal bone in reference cohort

2
1 4
- -
P P ———————— T —A
1] x_._-.--*:r;_-t_-_---—=--r---c _____________ -_*, I
eGFR 2 60 eGFR < 60 (ml/min/1.73m2)

estimated glomerular filtration rate in middle aged patients with type2 diabetes

Fig. 3-1. Comparison of cumulative fracture prevalence in middle-aged patients with and without diabetes, when stratified by

eGFR, over five years of follow-up

Cumulative fracture prevalence at the hip site was significantly higher in middle-aged patients with type 2 diabetes (OR = 1.44, 95%
Cl: 1.00-2.06, p = 0.04) than in the reference cohort irrespective of whether baseline eGFR was normal (2 60 ml/min/1.73m?) or low (<
60 ml/min/1.73 m?). Abbreviations: Cl: confidence interval, eGFR: glomerular filtration rate, OR: odds ratio, p: p-value, reference

cohort: without diabetes mellitus
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—#— Femoral bone in diabetes
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estimated glomerular filtration rate in older patients with type2 diabetes

Fig. 3-2. Comparison of cumulative fracture prevalence in older patients with and without diabetes, as stratified by eGFR, over five
years of follow-up

Fracture prevalence at the hip site was not significantly altered in older patients with diabetes compared to those in the reference
cohort (OR =0.94, 95% Cl: 0.68-1.30, p = 0.69) with normal eGFR.Abbreviation: eGFR: glomerular filtration rate, OR: odds ratio, Cl:
confidence interval, p: p-value, reference cohort: cohort of individuals without diabetes mellitus

prevalence in older patients with T2DM,?” this suggested that  via different mechanisms influencing bone fragility. However,
age had a negative effect on fracture prevalence, but tight in a geriatric study, Conway> described that tight glycemic
glycemic control had no protective effect against fracture, perhaps  control (HbA1C <7%) was associated with a lower risk of

Table 4. Cumulative risk of fracture prevalence at femoral, hip, lumbar spinal sites by category of e GFR between type?2 diabetes and
reference cohort

Category of eGFR (ml/min/1.73 m?) eGFR > 60 eGFR < 60
Middle aged diabetes/ older diabetes/ Middle aged diabetes/ older diabetes/
reference cohort reference cohort reference cohort reference cohort
Fracture prevalence (n=6,453/43,034) (n=3,149/10,974) (n=655/3,532) (N=978/2,244)
Femoral fracture, n (%)°
Type2 diabetes 7(0.11) 25(0.9) 2(0.3) 10(1.2)
Reference cohort 32(0.08) 65(0.7) 4(0.1) 13(0.7)
p-value 0.40 0.18 0.23 0.14
OR, 95% ClI 1.42 (0.63-3.22) 1.37 (0.86-2.18) 2.71 (0.49-14.82) 1.84 (0.80-4.21)
Hip fracture, n (%)°
Type2 diabetes 36(0.4) 47(1.7) 4(0.7) 10(1.2)
Reference cohort 163(0.4) 178(1.8) 13(0.4) 33(1.7)
p-value 0.04 0.69 0.37 0.36
OR, 95% ClI 1.44 (1.00-2.06) 0.94 (0.68-1.30) 1.67 (0.54-5.13) 0.72 (0.35-1.46)
Lumbar Spinal fracture, n (%)°
Type2 diabetes 427(7.0) 198(7.14) 44(7.2) 60(7.3)
Reference cohort 2847(7.2) 731(7.42) 221(6.7) 121(6.2)
p-value 0.60 0.61 0.65 0.28
OR, 95% ClI 0.97 (0.87-1.08) 0.96 (0.81-1.13) 1.08 (0.77-1.51) 1.19 (0.86- 1.64)

eData for frequency of bone fractures are reported as number of people (%). ° Data for age, FPG, eGFR are reported as mean(standard devia-
tion). Abbreviations: eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; OR, odds ratio; reference cohort, patients without
type?2 diabetes mellitus



fracture in elderly patients with T2DM than in patients with a
baseline glycated hemoglobin level of 7-7.9%. In contrast,
Schwartz?® failed to show an association between tight
glycemic control (A1C of 6.4-7.5%) and decreased fracture
risk in older patients with T2DM.

Some aspect of a subject, Potential confounding variables
may affect risk of fracture or fracture prevalence in diabetes.
This study investigated the known confounders and risk
factors such as advanced age'™, poor glycemic control,> 1310
low GFR level,zl'zz) high BMI,27) medication use,28'30) and
female sex,”® 39 to identify the relationship between these
variables and risk of fracture prevalence using a multiple
logistic regression model. Evaluating adjusted outcomes, the
association between fracture prevalence and age differed
between the middle-aged patients with T2DM and the age-
matched reference cohort. Adjusted risk of fracture prevalence
was significantly higher in only middle-aged patients with
diabetes in this study. It can be inferred that middle-age may
be negatively correlated with fracture prevalence because this
group had low cortical volumetric BMD and high cortical
porosity at the radius site, despite having low resorption than
the control group.’” However, in geriatric patients with CKD,
Bacchetta et al. reported that older men and women with CKD
had lower total volumetric BMD, trabecular volumetric BMD,
and cortical thickness, and higher cortical porosity,”> suggesting
that cortical thickness and volumetric trabecular BDM was
negatively associated with older patients with CKD. In
contrast, Napoli failed to show an association between older
diabetes and increased risk of fracture at the vertebral site.3"
In a study conducted by Shanbhogue, both older and middle-
aged diabetes patients with macrovascular disease had lower
cortical volumetric BMD, cortical thickness, and higher
cortical porosity at the radius site.>?) The inconsistent association
with risk of fracture prevalence might be due to the varied
population parameters, such as age, FBG chronic kidney disease,
diabetic complications, and bone microarchitecture, evaluated in
several previous studies.

This study found that cumulative fracture prevalence was
not different in older and middle-aged patients with diabetes
than in the reference cohort, irrespective of whether baseline
eGFR was normal (= 60 ml/min/1.73 m?) or low (< 60 ml/
min/1.73 m?). Bacchett reported that trabecular volumetric
BMD and cortical thickness was significantly lower in CKD
patients than in those with normal GFR, which was related to

higher risk of fracture.?” In contrast, the unadjusted fracture
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incidence was not increased or decreased in those with low
GFR than in those with normal GFR in an Isavoka study,”>
suggesting that a normal eGFR > 60 ml/min/1.73 m> had no
protective effect against fracture. Factors that contribute to risk of
fracture prevalence remain controversial*®3" The inconsistent
evidence underlying fracture risk estimates may be due to the
varied population parameters selected for previous studies or the
small number of patients with recorded eGFR wused for
validation in this study.

Another study suggested that antidiabetic agents and other
drugs had a positive effect on adjusted risk of fracture
prevalence in patients with diabetes, but a few previous
studies regarding interaction between antidiabetics or other
drugs and bone fracture have shown variable results
depending on the population parameters.>® 3! 32-3%) This could
be explained by glucose metabolism and bone microarchitecture:
osteocalcin is a protein that affects the pancreatic (3-cell and
adipose tissue,>> and low osteoblast activity,36) osteocalcin, and
37)

pro-collagen type 1 amino-terminate peptide’”’ were associated

with decreased bone formation or increased osteoblast
proliferation, and collagen synthesis,*® insulin use,*3-** 3% and
high fasting glucose levels were associated with increased
fracture risk.> 3 A systematic meta-analysis*” suggested that
antidiabetic drugs such as insulin may affect bone metabolism
and fracture, leading to increased fracture prevalence.’® 33
Tight glycemic control with antidiabetic agents, including
insulin, did not decrease or increase fracture prevalence in
older patients with diabetes compared to those with standard
glycemic control.’® The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) randomized trial failed to show
the relationship between intensive glycemic control and
decreased fracture risk in diabetes. Although diabetes is
pathophysiologically involved in the negative regulation of
bone formation and bone remodeling, this discrepancy may
have been due to different population parameters and the
disease status of patients included in the cohorts.

Strengths of this study included the use of a cohort design
and a large sample size. Thus, the cohort is representative of
the characteristics of the entire Korean population. Therefore, it
may provide clinical information regarding fracture prevalence
with respect to FBG and eGFR in Korean adults with T2DM.
This study also has a few limitations. First, the data were
obtained from a predominantly Korean population. Therefore,
these results may not be extrapolated to the general population.

Also, it is difficult to identify between new fracture incidences
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and old fracture events using KCD code recorded in the KNISS
database system, although cumulative fracture event estimates
may counter this limitation. Second, potential limitation of this
study is that antidiabetic agents and drugs that affect bone
formation were not evaluated separately. This may obscure the
individual effects of each antidiabetic agent and other drugs
associated with risk of fracture prevalence. Third, the accuracy
of diagnosis information in claim Health Insurance Review
and Assessment Service (HIRA) data is limited. Though, there
seems to be possible bias between diagnoses in HIRA data
and actual medical conditions that a patient has, Park BJ study
showed that an average of 70% of diagnoses in HIRA data is
consistent with diagnoses at actual medical records.*'*? Based
on International Classification of Diseases 10th Revision (ICD-
10) in Korea, accordance rate was 87.2% for diabetes (E10-14),
75.9% for inpatients setting and 72.3% for outpatients
setting.®) The variable results observed regarding fracture
prevalence depend on various population parameters. For
these reasons, it is crucial to consider a homogeneous
population-based study to evaluate fracture risk and its effect

on fracture prevalence as a protective factor in diabetes.

Conclusion

Tight glycemic control and less stringent glycemic control
increased the adjusted risk of fracture prevalence in Korean
middle-aged patients with diabetes. This study suggests that
greater caution for middle-aged patients with diabetes, who
exhibit less stringent glycemic control, may benefit to prevent
fractures prevalence. Further longitudinal studies are needed to
confirm the association between fracture prevalence and glycemic

control.

Acknowledgements

This research was supported by a Duksung Women’s
University Research Grant 2015, Seoul, Republic of Korea to
implement the study (grant number: 3000002579). The author
would like to thank Dr. Hee Ju Jun and Hyun Jee Lee from the
Department of Informational Statistics at Dongduk Women’s

University for their support in statistical processing.

Conflict of Interest Statement

The author has no institutional interest or conflicts.

10.

11.

12.

13.

14.

15.

References

. Schwartz AV, Hillier TA, Sellmeyer DE, ef al. Older women with dia-

betes have a higher risk of falls: a prospective study. Diabetes Care
2002;25:1749-54.

. Cortes-Sancho R, Perez-Castrillon JL, Martin-Escudero JC, et al. Type

2 diabetes mellitus as a risk factor for hip fracture. ] Am Geriatr Soc
2004; 52: 1778-9.

. Lee RH, Pieper CF, Colon-Emeric C. Functional impairments mediate

association between clinical fracture risk and Type 2 diabetes mellitus
in older women. J Am Geriatr Soc 2015; 63:1546-51.

. Wallander M, Axelsson K, Nilsson AG; et al. Type 2 Diabetes and risk

of hip fractures and on-skeletal fall injuries in the old age: A study from
the fractures and fall injuries in the old age cohort (FRAILCO). J Bone
Miner Res 2016;31:1-12.

Conway BN. Glycemic control and fracture risk in old age patients
with diabetes. Diabetes Res Clin Pract 2016; 115: 47-53.

. Sanches C, Vianna AGD, Barreto FC. The impact of type 2 diabetes on

bone metabolism. Diabetol Metab Syndr 2017; 9: 1-7.

. Liao CC, Lin CS, Shih CC et al. Increased risk of fracture and postfrac-

ture adverse events in patients with diabetes: two nationwide popula-
tion-based retrospective cohort studies. Diabetes Care 2014; 37: 2246-
52.

. Starup-Linde J, Gregersen S, Frost M et al. Use of glucose-lowering

drugs and risk of fracture in patients with type 2 diabetes. Bone
2017:95; 136-42.

. Janghorbani M, VanDam RM, Willett WC, et al. Systematic review of

type 1 and type 2 diabetes mellitus and risk of fracture. Am J Epidemiol
2007; 166: 495-505.

Mishima T, Motoyama K, Imanishi Y, ef al. Decreased cortical thick-
ness, as estimated by a newly developed ultrasound device, as a risk for
vertebral fracture in type 2 diabetes mellitus patients with eGFR of less
than 60 mL/min/1.73 m?. Osteoporos Int 2015; 26: 229-36.
Vestergaard P. Diabetes and bone fracture: risk factors for old and mid-
dle age. Diabetologia 2014; 57: 2007-8.

Moayeri A, Mohamadpour M, Mousavi SF, ef al. Fracture risk in
patients with type 2 diabetes mellitus and possible risk factors: a sys-
tematic review and meta-analysis. Ther Clin Risk Manag 2017;13: 55-
68.

Garber AJ, Abrahamson MJ, Barzilay J1, et al. Consensus statement by
the American association of clinical endocrinologists and American
college of endocrinology of the comprehensive type2 diabetes manage-
ment algorithm-2018 Executive Summary. Endocr Pract 2018; 24:91-
120.

Hirakawa Y, Arima H, Zoungas S, et al. Impact of visit-to-visit glyce-
mic variability on the risks of macrovascular and microvascular events
and all-cause mortality in type 2 diabetes: the ADVANCE trial. Diabe-
tes Care 2014; 37: 2359-65.

Miller ME, Williamson JD, Gerstein HC, et al. ACCORD Investiga-
tors. Effects of randomization to intensive glucose control on adverse
events, cardiovascular disease, and mortality in older versus younger
adults in the ACCORD Trial. Diabetes Care 2014; 37: 634-43.

. Cefalu WT, Abate N, Aroda VR, ef al. American diabetes association

Standards of medical care in diabetes-2017. Diabetes Care 2017;
40(Suppl. 1):525-832.

. Chiang JI, Li TC, Li CI, ef al. Visit-to-visit variation of fasting blood

glucose is a predictor of hip fracture in older persons with type 2diabe-
tes: the Taiwan Diabetes Study. Osteoporos Int 2016:27:3587-97.



18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Dooley AC, Weiss NS, Kestenbaum B. Increased risk of hip fracture
among men with CKD. Am J Kidney Dis 2008; 51:38-44.

. Melton LJ, Leibson CL, Achenbach SJ, et al. Fracture Risk in Type 2

Diabetes: Update of a Population-Based Study. J Bone Miner Res
2008;23:1334-41.

Puar TH, Khoo JJ, Cho LW, et al. Association between glycemic con-
trol and hip fracture. ] Am Geriatr Soc 2012; 60:1493-7.

Farr JN, Melton LJ 3rd, Achenbach SJ, ef al. Fracture prevalence and
Characteristics in Young Adults Aged 18 to 49 Years: A Population-
Based Study. ] Bone Miner Res 2017; 32: 2347-54.

Bacchetta J, Boutroy S, Vilayphiou N, ef a/Norio Kurumatani Early
impairment of trabecular microarchitecture assessed with HR-pQCT in
patients with stage II-IV chronic kidney disease. J] Bone Miner Res
2010; 25: 849-57.

Isakova T, Craven TE, Scialla JJ, ef al. Change in Estimated Glomeru-
lar Filtration Rate and Fracture Risk in the Action to Control Cardio-
vascular Risk in Diabetes Trial. Bone 2015; 78: 23-7.

McNair P, Madsbad S, Christensen MS, et al. Bone mineral loss in
insulin treated diabetes mellitus: studies on pathogenesis. Act an Endo-
crinol (Copenh) 1979; 90: 463-72.

Malluche HH, Porter DS, Pienkowski D. Evaluating bone quality in
patients with chronic kidney disease. Nat Rev Nephrol 2013; 9: 671-80.
Schwartz AV, Karen L, Margolis KL, ef al. Intensive Glycemic Control
Is Not Associated with Fractures or Falls in the ACCORD Randomized
Trial. Diabetes Care 2012; 35:1525-31.

Savvidis C, Tournis S, Dede AD. Obesity and bone metabolism. Hor-
mones (Athens) 2018; 17: 205-17.

Losada-Grande E, Hawley S, Soldevila B, ef al. Insulin use and Excess
Fracture Risk in Patients with Type 2 Diabetes: A Propensity-Matched
cohort analysis. Scientific Reports 2017; 19: 1-9.

Schwartz AV, Karen L, Hillier TA, et al. Older women with diabetes
have a higher risk of falls: a prospective study. Diabetes Care 2002;
25:1749-54.

Shanbhogue VV, Hansen S, Frost M, et al. Compromised cortical bone
compartment in type 2 diabetes mellitus patients with microvascular
disease. Eur J Endocrinol 2016; 174: 115-24.

Napoli N, Schwartz AV, Anne L, et al. Vertebral Fracture Risk in Dia-

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fracture prevalence in older and middle aged diabetes /203

betic Elderly Men: The MrOS Study. J Bone Miner Res; 33: 63-9.
Robert G, Josse MB, Sumit R, et al. Sitagliptin and risk of fractures in
type 2 diabetes: Results from the TECOS trial. Diabetes Obes Metab
2017;19: 78-86.

Ivers RQ, Cumming RG, Mitchell P, ef al. Diabetes and Risk of Frac-
ture. The Blue Mountains Eye Study. Diabetes Care 2001; 24: 1198-
203.

Beam HA, Parsons JR, Linet SS. The effects of blood glucose control
upon fracture healing in the BB Wistar rat with diabetes mellitus. J
Orthop Res 2002; 20: 1210-16.

Shu A, Yin MT, Stein E, et al. Bone structure and turnover in type 2 dia-
betes mellitus. Osteoporos Int 2012; 23: 635-41.

McCarthy AD, Uemura T, Etcheverry SB, ef al. Advanced glycation end
products interfere with integrin-mediated osteoblastic attachment to a
type-I collagen matrix. Int J Biochem Cell Biol 2004; 36: 840-8.

Zanatta LC, Boguszewski CL, Borba VZ, et al. Osteocalcin, energy and
glucose metabolism. Arq Bras Endocrinol Metab 2014; 58: 444-51.
Lemming DJ, Alexandersen P, Karsdal MA, ef al. An update on bio-
markers of bone turnover and their utility in biomedical research and
clinical practice. Eur J Clin Pharmacol 2006; 62:781-92.
Losada-Grande E, Hawley S, Soldevila B, ef al. Insulin use and Excess
Fracture Risk in Patients with Type 2 Diabetes: A Propensity-Matched
cohort analysis. Sci Rep 2017; 19: 1-9.

Hygum K, Starup-Linde J, Harslof T, et al. Mechanisms in endocrinol-
ogy: Diabetes mellitus, a state of low bone turnover - a systematic
review and meta-analysis. Eur J Endocrinol 2017; 176: R137-R157.
Park BJ, Sung J, Park K, et al. Studying on diagnosis accuracy for
health insurance claims data in Korea. Seoul: Seoul National Univer-
sity, 2003, p. 17-29.

Kim JA, Yoon SK, Kim LY, ef al. Towards Actualizing the Value
Potential of Korea Health Insurance Review and Assessment (HIRA)
Data as a Resource for Health Research: Strengths, Limitations, Appli-
cations, and Strategies for Optimal Use of HIRA Data. Korean Med Sci
2017;32:718-28.

Kimm H, Yun JE, Lee SH, et al. Validity of the diagnosis of acute myo-
cardial infarction in korean national medical health insurance claims
data: the korean heart study (1). Korean Circ J 2012; 42: 10-5.



