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ABSTRACT

Introduction Type 1 diabetes (T1D) is associated

with higher fracture risk. However, few studies have
investigated the relationship between severe hypoglycemia
and fracture risk in patients with T1D, and the results

are controversial. Besides, none has investigated the risk
factors for fracture in Asian patients with T1D. The aim

of the present study was to investigate the prevalence

of bone fracture and its relationship between severe
hypoglycemia and other risk factors in Japanese patients
with T1D.

Research design and methods The single-center cross-
sectional study enrolled 388 Japanese patients with T1D
(mean age, 45.2 years; women, 60.4%; mean duration

of diabetes, 16.6 years) between October 2019 and April
2020. The occurrence and circumstances of any fracture
after the diagnosis of T1D were identified using a self-
administered questionnaire. The main outcomes were any
anatomic site of fracture and fall-related fracture. Severe
hypoglycemia was defined as an episode of hypoglycemia
that required the assistance of others to achieve recovery.
Results A total of 92 fractures occurred in 64 patients,
and 59 fractures (64%) were fall-related. Only one
participant experienced fracture within the 10 years
following their diagnosis of diabetes. In logistic regression
analysis, the multivariate-adjusted ORs (95% Cls) of a
history of severe hypoglycemia were 2.11 (1.11 to 4.09)
for any fracture and 1.91 (0.93 to 4.02) for fall-related
fracture. Fourteen of 18 participants with multiple
episodes of any type of fracture had a history of severe
hypoglycemia (p<0.001 vs no fracture).

Conclusions We have shown that a history of severe
hypoglycemia is significantly associated with a higher risk
of bone fracture in Japanese patients with T1D.

INTRODUCTION

Although the number of patients with type 1
(T1D) or type 2 (T2D) diabetes is increasing
worldwide,1 % recent advances in the treatment
of diabetes and its vascular complications
have prolonged life expectancy.”* Therefore,
a better understanding is required of classical
microvascular and macrovascular disease,
and of aging-related complications, such as
malignancy, cognitive dysfunction, or bone
fracture.” ® Both TID and T2D have been
reported to be associated with higher risks of

.12 Masae Minami,>® Yasutaka Maeda,?® Rie Yoshioka,?®

Significance of this study

What is already known about this subject?

» To date, no study has investigated the prevalence
and risk factors for bone fracture in Asian patients
with type 1 diabetes (T1D).

» Longer duration of diabetes, poor glycemic control,
and diabetic complications have been shown to in-
crease fracture risk in T1D.

» Hypoglycemia is also considered to be one of the
major risk factors for fracture in T1D, although the
epidemiological findings have been contradictory in
previous studies.

What are the new findings?

» A history of severe hypoglycemia was significant-
ly associated with a higher risk of bone fracture
(multivariate-adjusted OR 2.11 (95% CI 1.11 to
4.09)), even after adjustment for the duration of dia-
betes and diabetic microvascular complications.

» We have measured the prevalence and identified
the characteristics of bone fracture in Asian patients
with T1D.

How might these results change the focus of

research or clinical practice?

» Careful treatment for the prevention of diabetic com-
plications and of severe hypoglycemia should be
needed to reduce fracture risk in patients with T1D.

bone fracture.”® In particular, the risk of frac-
ture has been shown to be twofold to sixfold
higher in individuals with T1D, compared
with individuals without.”® Because bone frac-
ture, and especially fragility fracture, is associ-
ated with impaired quality of life and higher
mortality,” ' it is important that the mecha-
nisms involved and risk factors for fracture in
T1D are further studied.

The pathogenesis of T1D-associated frac-
tures appears to be multifactorial, and to
involve impairment in osteoblastic bone
formation caused by insulin deficiency, long
exposure to glucose toxicity, other meta-
bolic alterations, and/or a higher risk of
falls because of diabetic complications.’ ' To
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date, epidemiological studies have shown that a longer
duration of diabetes, poor glycemic control, and diabetic
complications increase fracture risk in T1D."*™ Hypo-
glycemia is also considered to be one of the major risk
factors for fracture in T1D, although the epidemiological
findings have been contradictory: some previous studies
have found a significant association between hypogly-
cemia and fracture risk,16 17 whereas others have failed to
show this."? 118

Inconsistency in the previous findings regarding hypo-
glycemia and fracture risk may be partly due to inconsis-
tent definitions of hypoglycemia and fracture outcomes.
Because the prevalence of T1D is much lower than that
of T2D," the previous studies were of patients with T1D
from a number of institutions, at which medical standards
may have differed. In particular, the incidence of T1D in
Asia is lower than in Western countries,19 2 hut Asia has a
large population, accounting for 60% of the global popu-
lation.*' To date, there has been no investigation of the
prevalence of or risk factors for bone fracture in Asian
patients with T1D. Therefore, we aimed to investigate
the relationship between severe hypoglycemia, other risk
factors, and fracture risk in Japanese patients with T1D at
a single institution.

RESEARCH DESIGN AND METHODS

Study participants

This single-center, cross-sectional study was conducted at
Clinic Masae Minami (Fukuoka, Japan), which is certified
by the Japan Diabetes Society. Patients aged =20 years
who had T1D and attended the clinic between October
2019 and April 2020 were invited to participate in the
study. A diagnosis of T1D was made on the basis of the
Japan Diabetes Society criteria.”® Briefly, the criteria
were permanent insulin treatment and/or positivity for
markers of autoimmune destruction, such as glutamic
acid decarboxylase antibody, and these are almost iden-
tical to the criteria of the American Diabetes Associa-
tion.” A total of 389 patients with T1D were initially
enrolled, but 1 patient who did not answer the question
regarding fracture was excluded, such that 388 partici-
pants remained.

Clinical evaluation and laboratory measurements

The participants completed a self-administered question-
naire regarding their smoking habits, alcohol drinking
habits, exercise habits, family history of hip fracture,
maximum body mass, and history of falls or severe hypo-
glycemia. Participants were classified as either current
smokers or not, and alcohol drinkers were defined
as those who drank =5days a week. Participants who
engaged in daily exercise, including gymnastics were
placed in a ‘regular exercise’ group. A history of falls
was defined as at least one fall within the preceding year.
Body mass index (BMI) was calculated using body mass
and height. Weight loss was calculated by subtracting the
body mass of the participant at the time of completing

the questionnaire from their maximum body mass, and
was expressed as a percentage of the maximum body
mass.”* Blood pressure was measured in the sitting posi-
tion using a standardized automated device. The partici-
pants’ clinical records were reviewed for the age of onset
of their diabetes, history of hypertension, dyslipidemia,
and other comorbidities.

Severe hypoglycemia was defined as an episode of hypo-
glycemia that required the assistance of others to achieve
recovery,” and participants who had experienced at least
one episode after a diagnosis of T1D were placed in a
‘severe hypoglycemia’ group.

Hemoglobin A, (HbA, ) was measured at the clinic
by high-performance liquid chromatography, and is
expressed as National Glycohemoglobin Standardiza-
tion Program values.”® Non-fasting blood samples were
collected byvenipuncture and were used to measure serum
creatinine by an enzymatic method and serum albumin
by the bromocresol purple method. HbA, is expressed as
the mean value over the preceding 12 months. The serum
creatinine and serum albumin concentrations shown are
the most recent values collected during the preceding 3
years. Estimated glomerular filtration rate (eGFR) was
calculated using the serum creatinine concentration
and the equation proposed by the Japanese Society of
Nephrology.?”

Diabetic neuropathy was diagnosed using the simpli-
fied criteria proposed by the Diabetic Neuropathy Study
Group in Japan,™ which specify that patients should meet
any two of the following three criteria: (1) presence of
symptoms considered to be due to diabetic polyneu-
ropathy, (2) bilateral loss of or decrease in ankle reflex,
and (3) decrease in bilateral vibration sensing over the
medial malleoli. Diabetic retinopathy was diagnosed by
an ophthalmologist, and was recorded as positive at any
stage of diabetic retinopathy. Diabetic kidney disease
(DKD) was defined as a urinary albumin/creatinine ratio
>30mg/g Cr or an eGFR <60 mL/min/1.73 m2.% Cardio-
vascular disease was defined as a history of stroke or coro-
nary artery disease, with ‘stroke’ including both ischemic
stroke and intracranial hemorrhage, and ‘coronary artery
disease’ including myocardial infarction, angina pectoris,
and coronary intervention.

Assessment of fractures

The occurrence of any fracture after the diagnosis of T1D
was identified using a self-administered questionnaire,
which included the age of the participant at the time of
fracture and the anatomic site of the fracture. The partic-
ipants selected the sites of fractures from the following
list: head/face/jaw, scapula, clavicle, arm, wrist, hand/
finger, rib/sternum, pelvis, coccyx, hip, femur without
hip, knee, lower leg, ankle, foot/toe, spine, other, and
unknown. Fractures that occurred during a road-traffic
accident were excluded. We also assessed the circum-
stances of the fracture using the same questionnaire;
whether the fracture was associated with a fall, hypogly-
cemia, or alcohol drinking.
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Figure 1 Frequencies of any fracture (A) and fall-related

fractures (B) by anatomic sites after diagnosed with diabetes
in Japanese patients with type 1 diabetes.

Statistical analysis

Differences in mean values or proportions between frac-
ture groups were assessed using Student’s t-test or the
x” test, as appropriate. We evaluated the relationships
between severe hypoglycemia, neuropathy, diabetic
retinopathy, DKD, and the history of fracture using
logistic regression analysis and estimated ORs with 95%
Cls. Multivariate adjustment was performed according
to age, sex, BMI, duration of diabetes, smoking status,
current drinking habits, exercise habits, family history
of hip fracture, weight loss, and HbAlC. For the evalu-
ation of the relationship between severe hypoglycemia
and fracture, we further adjusted for the presence
of neuropathy, diabetic retinopathy, and DKD. We
performed the statistical analyses with Statistical Anal-
ysis Software V.9.4 (SAS Institute, Cary, North Carolina,
USA). Values of p<0.05 were considered to represent
statistical significance.

RESULTS

Fractures characteristics

A total of 92 fractures occurred after a diagnosis of
diabetes in 64 patients with T1D. Of these fractures, 59
(64%) were fall-related, 6 (7%) were alcohol-related and
4 (4%) were hypoglycemia-related. Forty-six patients
experienced a single episode of fracture and 18 patients
experienced at least two episodes. Figure 1 shows
the frequencies with which fracture occurred at each
anatomic site (figure 1A) and the frequency with which
fall-related fracture occurred at each site (figure 1B).
For any fracture, foot/toe (25%) fractures were the most
frequent, followed by hand/finger (18%), wrist (15%),
sternum/rib (11%), ankle (9%), and arm (8%) fractures.
There were only four fragility fractures, such as those of
the hip/femur or spine. The distribution of fracture site
for fall-related fractures was almost identical to that for
any fracture. Online supplemental figure 1 displays the
percentages for any fracture (online supplemental figure
1A) and fall-related fractures (online supplemental figure
1B) according to the duration of diabetes. Few fractures
occurred in participants who had diabetes for <10 years,
but the number of any or fall-related fractures increased
with the duration of diabetes.

Epidemiology/Health services research

Clinical characteristics of participants with fracture history
Table 1 summarizes the clinical characteristics of the
participants according to their history of any fracture or
a fall-related fracture. Both participants who had expe-
rienced any fracture and those who had experienced
fall-related fractures were more likely to have had an
early onset of diabetes and to have a longer duration of
diabetes. The prevalence of severe hypoglycemia and
diabetic retinopathy, among patients who had experi-
enced a fracture or a fall-related fracture, was approxi-
mately twice as high as that among patients who had
not. Participants who had experienced any fracture were
more likely to be male and a smoker, and to have a higher
BMI, than those who had not. In contrast, participants
who had experienced fall-related fractures were more
likely to have fallen in the preceding 12 months, and
to have a history of DKD or cardiovascular disease than
those who had not.

Severe hypoglycemia and fracture

Table 2 shows the ORs for any fracture or fall-related frac-
ture, according to the history of severe hypoglycemia. Of
the participants who had experienced severe hypogly-
cemia, 25.9% had experienced any fracture, in contrast
to only 9.7% of the participants who had not. The age-
adjusted and sex-adjusted OR (95% CI) of severe hypo-
glycemia for any fracture was 3.12 (1.78 to 5.62), and
the multivariate-adjusted OR (95% CI) was 2.10 (1.11 to
4.06). Further adjustment for the presence of neurop-
athy, diabetic retinopathy, and DKD did not significantly
affect this finding. Of the patients who had experienced
severe hypoglycemia, fall-related fractures had occurred
in 19.1%, in contrast to only 7.5% of the participants
who had not. The age-adjusted and sex-adjusted OR
(95% CI) of severe hypoglycemia for fall-related fractures
was 2.98 (1.59 to 5.79), and the multivariate-adjusted OR
(95% CI) was 1.93 (0.94 to 4.04). Online supplemental
figure 2 displays the relationships between total number
of fractures or the number of fall-related fractures and
the history of severe hypoglycemia. Of the participants
who had experienced a single episode of any fracture,
61% had a history of severe hypoglycemia, and 78% of
the participants who had experienced multiple episodes
of any fracture also had this history, whereas only 37%
of the participants who had not experienced fracture
had this history (p for trend <0.001 (unadjusted); p for
trend=0.02 (multivariate-adjusted)). In addition, the
combination of a history of a fall and severe hypogly-
cemia was also significantly associated with higher risks of
both any and fall-related fracture (online supplemental
table 1).

Diabetic complications and fracture

The relationships between diabetic microvascular compli-
cations and fracture risk are shown in online supplemental
tables 2—4. Of the participants with neuropathy, 23.0%
had a history of any fracture, whereas 14.6% without
neuropathy had such a history (online supplemental
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Table 1 Clinical characteristics of patients with type 1 diabetes according to the history of any fracture or fall-related fracture
Any fracture Fall-related fracture
(-) (+) P value (=) (+) P value

N 324 64 340 48
Age (years) 45.3+14.7 44.9+16.9 0.82 45.2+14.8 46.2+£17.0 0.63
Female sex (%) 63.0 46.9 0.02 61.2 54.2 0.35
Onset of diabetes (years) 30.2+15.7 21.0x14.4 <0.001 29.8+15.8 20.8+14.3 <0.001
Duration of diabetes (years) 15.2+10.5 24.0+9.4 <0.001 15.4+10.4 25.6+9.5 <0.001
BMI (kg/m?) 22.5+3.3 23.4+3.7 0.04 22.6+3.3 23.0+3.8 0.36
Weight loss (%) 10.6+14.3 8.9+11.8 0.39 10.6+14.4 8.3+9.0 0.13
Current smoker (%) 13.6 23.4 0.04 14.4 20.8 0.25
Current drinker (%) 13.6 17.2 0.45 12.9 22.9 0.06
Exercise habit (%) 60.6 59.4 0.86 61.0 56.3 0.53
Fall in the past 12 months (%) 21.3 813 0.09 20.9 37.5 0.01
Family history of hip fracture (%) 3.1 4.7 0.52 3.0 6.3 0.24
HbA, (%) 7.7+0.9 7.6+0.9 0.42 7.7+1.0 7.7+0.8 0.96
HbA, , (mmol/mol) 61.1+£10.2 60.0+10.2 0.42 60.9+10.4 61.0+£9.0 0.96
eGFR (mL/min/1.73 m? 88.7+19.3 87.4+19.4 0.63 88.7+19.1 87.4+20.4 0.68
Serum albumin (g/dL) 4.0+0.3 4.0+£0.4 0.90 4.0+0.3 4.0+0.3 0.94
Systolic blood pressure (mm Hg) 113+12 115+10 0.13 113+12 11510 0.14
Diastolic blood pressure (mm Hg) 66+8 66+7 0.95 66+8 66+7 0.80
Hypertension (%) 10.5 141 0.41 10.6 14.6 0.41
Dyslipidemia (%) 17.6 15.6 0.70 17.7 14.6 0.60
History of severe hypoglycemia (%) 37.0 65.6 <0.001 38.5 64.6 <0.001
Diabetic complication

Neuropathy (%) 20.7 &1 -3 0.06 20.9 33.3 0.053

Diabetic retinopathy (%) 29.9 51.6 <0.001 30.3 56.3 <0.001

DKD (%) 17.0 25.0 0.13 16.8 29.2 0.04

Cardiovascular disease (%) 1.5 4.7 0.11 1.5 6.3 0.03

Values are expressed as means+SD or percentages.

BMI, body mass index; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rates; HbA, , hemoglobin A, .

table 2). The age-adjusted and sex-adjusted OR (95% CI)
of neuropathy for any fracture was 2.14 (1.02 to 4.51),
but this finding became less significant after multivariate
adjustment. Similar tendencies were observed for partici-
pants with diabetic retinopathy and DKD (online supple-
mental tables 3, 4), and multivariate adjustment also
reduced the significance of these findings. Table 3 shows
the relationship between the number of diabetic micro-
vascular complications and fracture. Compared with
patients without any complications, the age-adjusted and
sex-adjusted ORs (95% Cls) for any fracture were 2.43
(1.20 to 4.92) in those with one complication and 4.74
(2.19 to 10.48) in those with two or more complications,
although the significance diminished after multivariate
adjustment, including for the duration of diabetes and
severe hypoglycemia.

Other factors and fracture
Finally, we evaluated other risk factors for any fracture
and fall-related fracture (table 4). A longer duration of

diabetes was significantly associated with a higher risk of
both any fracture and fall-related fracture. Smoking was
also significantly associated with a higher risk of any frac-
ture, whereas a family history of hip fracture was associ-
ated with a higher risk of fall-related fracture.

DISCUSSION

In this single-center, cross-sectional study, we demon-
strated that severe hypoglycemia was associated with a
higher risk of bone fracture in Japanese patients with
T1D. The relationship between severe hypoglycemia
and any fracture was found to be significant after
multivariate adjustment for covariates, including the
duration of diabetes, glycemic control, the presence
of a diabetic complication, and smoking status. To our
knowledge, this is the first study to investigate the prev-
alence of, and risk factors for, fracture in Asian patients
with T1D.
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Table 2 Adjusted ORs and 95% Cls for any fracture or fall-related fracture according to severe hypoglycemia in patients with

type 1 diabetes

Any fracture Fall-related fracture
Without severe  With severe Without severe  With severe
hypoglycemia hypoglycemia hypoglycemia hypoglycemia
Number of patients with fracture 22 42 17 31
Number of total patients 226 162 226 162
Percentage of patients with fracture (%) 9.7 25.9 7.5 19.1
ORs (95% Cl)
Unadjusted 1.0 (ref.) 3.25(1.87t0 5.78) 1.0 (ref.) 2.90 (1.57 to 5.57)
Age-adjusted and sex-adjusted 1.0 (ref.) 3.12(1.78 10 5.62) 1.0 (ref) 2.98 (1.59 t0 5.79)
Multivariate adjusted 1.0 (ref.) 2.10(1.11to 4.06) 1.0 (ref.) 1.93 (0.94 to 4.04)
Multivariate adjusted+neuropathy, diabetic 1.0 (ref.) 2.11(1.11t0 4.09) 1.0 (ref) 1.91 (0.93 to 4.02)

retinopathy, DKD

Multivariate adjustments include age, sex, BMI, diabetes duration, current smoking habit, current drinking habit, exercise habit, family history

of hip fracture, weight loss, and hemoglobin A, .
BMI, body mass index; DKD, diabetic kidney disease.

Anatomic sites of fractures

We have shown that the most frequent sites for fracture
in patients with T1D are the foot/toe, wrist, and hand/
finger. This finding is almost identical to that of a previous
study of 756 patients with T1D in the USA, in which the
top three fracture sites were metatarsal/toe (24%), meta-
carpal/finger (21%), and elbow/radius/ulna/humerus
(15%).” Furthermore, few participants had experienced
fragility fractures, such as those of the hip/femur or
spine, in the present study, which was also consistent with
the findings of the previous study, which recorded 5% of
fractures in the hip/pelvis/femur and 3% in the verte-
brae, although the classification of fracture site in this
study differed slightly from that in the present study.”’
These results may be explained by the fact that the
samples in the present and previous study included rela-
tively younger participants. Only 65% of all the fractures
recorded were fall-related fractures in the present study,
which may imply that the remaining fractures occurred
during sports or were caused by a high-energy accident.
Furthermore, we may have underestimated the number
of spinal fractures because only one-third of all spinal
fractures are associated with clinical symptoms.”'

Frequency of fractures

With respect to the number of fractures that occurred
after a diagnosis of T1D, 12% of the participants had
experienced a single fracture and 5% had experienced
multiple fractures in the present study. This is consis-
tent with the findings of a previous study of 600 patients
with T1D in Italy (mean age, 41.9 years, mean duration
of diabetes, 19.9 years) in which 14% had experienced
a single fracture and 5% had experienced multiple frac-
tures.” Given that mean age and duration of diabetes
were similar between the samples in the previous and
present studies, the incidence of T1D related-fracture
in Asian populations may be similar to those in Western

populations, despite the fact that the incidence of T1D in
Asia is lower."?

Severe hypoglycemia and fractures in TIDM

Only a few epidemiological studies have investigated
the relationship between hypoglycemia and fracture
risk in patients with T1D, and the results of these have
varied.!® 14 16-18 30 1 Denmark, a case-control study of
124655 participants who had experienced fracture and
373962 controls showed that a prior episode of hypogly-
cemia significantly increased the risk of hip fracture (HR
1.55), although this study did not distinguish the type of
diabetes present in its analysis of the relationship with
hypoglycemia.'® Most recently, a nested case-control study
that used the Danish National Patient Registry showed
that hypoglycemia significantly increased fracture risk
(OR 1.58) in patients with T1D.'” However, no significant
relationship was found between hypoglycemia and frac-
ture risk in a prospective study of 121 patients with T1D
that was conducted in Australia,18 the Health Improve-
ment Network (THIN) database of 5368 people with
T1D" orarecent cross-sectional study of 600 patients with
TID that was conducted in three institutions in Italy."
The present study is one of the few studies that has shown
a significant association between hypoglycemia and frac-
ture risk in a relatively small sample. This may be because
we were able to obtain detailed clinical information and
carefully define severe hypoglycemia, having conducted
the study in single clinic, and therefore we could assess
the relationship more precisely than could the investiga-
tors in the previous multicenter studies.

Severe hypoglycemia and fractures in T2DM

With respect to T2D, a retrospective study of 361210
Medicare-covered patients with T2D aged =65 years in
the USA showed that hypoglycemia is independently
associated with a higher risk of fall-related fracture (OR

BMJ Open Diab Res Care 2021;9:2002099. doi:10.1136/bmjdrc-2020-002099
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Table 3 Adjusted ORs and 95% Cls for any fracture or fall-related fracture, according to the number of diabetic microvascular complications in patients with type 1

diabetes

Fall-related fracture

Any fracture

Number of diabetic complications
Number of patients with fracture

19
82

14
101

15
205
7.3

22
82

19
101

23
205

Number of total patients

23.2

13.9

26.8

18.8

11.2

Percentage of patients with fracture (%)

OR (95% Cl)

3.82 (1.84 to 8.07)

2.04 (0.93 to 4.43)
2.46 (1.09 to 5.54)
1.36 (0.54 to 3.35)
1.36 (0.54 to 3.35)

1.0 (ref.)
1.0 (ref.)

2.90 (1.51 to 5.60)

1.83 (0.94 to 3.56)
2.43 (1.20 to 4.92)
1.37 (0.61 to 3.03)
1.35 (0.60 to 3.00)

1.0 (ref.)
1.0 (ref.)
1.0 (ref.)

Multivariate adjusted+severe hypoglycemia 1.0 (ref.)

Unadjusted

5.40 (2.31 to 12.95)
2.31 (0.85 to 6.31)
2.28 (0.84 to 6.26)

4.74 (2.19 to 10.48)
2.19 (0.87 to 5.56)
2.17 (0.86 to 5.54)

Age-adjusted and sex-adjusted

(ref.)
1.0 (ref.)

1.0

Multivariate adjusted

o

Multivariate adjustments include age, sex, BMI, diabetes duration, current smoking habit, current drinking habit, exercise habit, family history of hip fracture, weight loss, and hemoglobin A,

BMI, body mass index.

1.70).% Another retrospective study that used the Taiwan
National Health Insurance Research Database demon-
strated that a history of severe hypoglycemia significantly
increased the risk of hip fracture (HR 1.71).* Further-
more, a study of 41163 patients with T2D showed that
documented hypoglycemic events are a significant risk
factor for fracture of any type (HR 1.20) and fragility
fracture (HR 1.24).** Most recently, multiple episodes of
severe hypoglycemia have been reported to increase the
risk of any type of fracture (HR 1.84) based on a study
of 4706 Japanese patients with T2D.” The magnitude
of relative risk of fracture associated with hypoglycemia
seems to be similar in T1D and T2D, based on previous
studies, which suggests that the mechanisms of severe
hypoglycemia-related fracture may be similar in patients
with either of these types of diabetes.

Mechanisms linking severe hypoglycemia and fractures

The underlying mechanisms of severe hypoglycemia-
associated fracture risk are not fully understood. It has
been shown that severe hypoglycemia increases the
incidences of cognitive dysfunction,36 cardiovascular
events,37 and falls,38 which result in a higher incidence of
fracture.” However, only 4 of 92 fractures were assessed
as being clearly hypoglycemia-related in the present
study. Similarly, a cross-sectional study of 756 adults with
T1D in the USA showed that only 3% of 322 patients that
experienced non-osteoporotic fracture had symptoms of
hypoglycemia at the time of fracture. These results might
imply that few patients experienced falls or fractures
due to ongoing severe hypoglycemia.”’ Given that the
present study was of relatively young patients who have
lower risks of cognitive dysfunction or cardiovascular
events, and few patients experienced fracture because
of ongoing severe hypoglycemia, an indirect mechanism
other than hypoglycemia-related falls is implicated. One
of the potential links between hypoglycemia and higher
risk of fracture might be hormones that are secreted in
response to hypoglycemia, such as cortisol*” or epineph-
rine.” Both of these hormones have been reported to
induce bone fragility and increase fracture risk.*

The possible involvement of impaired awareness
of hypoglycemia is another important consideration
regarding the impact of hypoglycemia. Because impaired
awareness of hypoglycemia is often overlooked, the
number of episodes of hypoglycemia tends to be under-
estimated.” It may at least explain the failure of some
previous studies to show an association between hypogly-
cemia and fracture risk. Because severe hypoglycemia is
strongly associated with impaired awareness of hypogly-
cemia,” we were able to assess the relationship between
hypoglycemia and fracture risk more accurately in the
present study than in these previous studies. Indeed, 40%
of the participants with a history of any type of fracture
after the diagnosis of T1D reported that they had expe-
rienced impaired awareness of hypoglycemia (data not
shown).
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Table 4 Adjusted ORs and 95% Cls of risk factors for any fracture and fall-related fracture in patients with type 1 diabetes

Variables

Multivariate-adjusted OR (95% Cl)

Any fracture

Fall-related fracture

Current smoking habit (yes vs no)

Family history of hip fracture (yes vs no)
Duration of diabetes (per 10 years increase)
Severe hypoglycemia (yes vs no)

Sex (male vs female)

BMI (per 1 kg/m? increase)

Exercise habit (yes vs no)

Body weight change (per 10% decrease)
HbA,, (per 1% increase)

Age (per 10 years increase)

Current alcohol habit (yes vs no)

2.88 (1.28 to 6.42)
2.50 (0.51 to 9.74)
2.42 (1.75 to 3.43)
2.10 (1.11 to 4.06)
1.51 (0.78 t0 2.92)
1.04 (0.95 to 1.14)
1.03 (0.56 to 1.94)
0.88 (0.66 to 1.11)
0.85 (0.59 to 1.20)
0.79 (0.62 to 1.01)
0.78 (0.32 to 1.81)

2.21 (0.86 to 5.41)

4.81(0.94 to 19.72)
2.63 (1.85 to 3.85)
1.93 (0.94 to 4.04)
0.98 (0.46 to 2.07)
0.98 (0.88 to 1.08)
0.85 (0.43 to 1.72)
0.76 (0.50 to 1.02)
1.08 (0.71 to 1.62)
0.80 (0.60 to 1.05)
1.64 (0.64 to 4.01)

Multivariate adjustments include all variables above.
BMI, body mass index; HbA, , hemoglobin A, .

Diabetic complications and fractures

In the present study, more patients experienced any
fracture or fall-related fracture if they had longer dura-
ton of diabetes, which is consistent with the results of
previous studies of patients with T1D.* A long dura-
tion of diabetes results in longer exposure to hypergly-
cemia, which causes bone fragility,'* and increases the
prevalence of diabetic microvascular and macrovascular
complications. Neuropathy has been reported to be
associated with fracture risk* via a higher risk of falls.*®
Diabetic retinopathy has also been shown to be associ-
ated with higher fracture risk,"” possibly because of an
increase in visual impairmentrelated fall risk."” Finally,
DKD has also been reported to be associated with higher
fracture risk,'? possibly because of renal osteodystrophy.*®
In the present study, neuropathy, diabetic retinopathy,
and DKD were significantly associated with higher risks of
fracture in the age- and sex-adjusted model, although the
significance disappeared after multivariate adjustment,
including for diabetes duration or glycemic control
(online supplemental tables 2—4). Further studies are
needed to elucidate whether each diabetic complica-
tion is an independent risk factor for fracture, or not,
because previous studies have not always adjusted for
the duration of diabetes or hypoglycemia, which are
strongly correlated with the incidence of diabetic compli-
cations. Because of the recent advances in the therapy
for diabetes and its complications, fewer patients now
develop diabetic complications. Therefore, large-scale
studies are needed to investigate the influence of specific
factors on the incidence of diabetic complications.

Strength and limitation

The main strength of the present study was that we
conducted the entire study in a single center in Asia,
where the incidence of T1D is lower than in Western coun-
tries, which enabled us to obtain detailed information,

including regarding severe hypoglycemia, diabetic
complications, and the sites of fractures using the same
criteria. However, this study had several limitations.
First, fractures were assessed using a self-reported ques-
tionnaire. When the accuracy of the self-administered
questionnaire was evaluated in 57 of the 64 patients
who responded that they experienced fracture through
re-interview by a trained practitioner, all of the patients
provided details about the situation connected with the
fracture. Second, the history of severe hypoglycemia was
also assessed using a self-reported questionnaire. Never-
theless, assuming that some of the participants would
have forgotten their history of severe hypoglycemia, the
likely impact of this misclassification would be to atten-
uate any association with fracture risk. Third, we did not
assess bone mineral density (BMD). However, BMD has
been reported to underestimate fracture risk in patients
with diabetes, and especially T1D.* Thus, predictors for
fracture other than BMD are needed to help prevent
bone fracture in these patients. Fourth, the present study
was of a smaller sample of patients with T1D to those of
previous studies,"” ** which led to few fragility fractures,
such as those of the femur/hip or spine, being recorded.
However, it is difficult to recruit large numbers of older
patients with T1D using clinic-based or hospital-based
registries. Furthermore, a meta-analysis of observational
studies has shown that a history of any type of fracture
almost doubles the future risk of hip or osteoporotic
fractures,50 which means that investigation of the risk
factors for any type of fracture may predominantly eluci-
date the risks for fragility fractures. Fifth, there were few
patients with severe kidney disease in the present study,
meaning that we could not fully investigate the influence
of DKD on fracture risk. Sixth, because all the partici-
pants in the study were Japanese and because the study
was conducted at a single center, it is unclear whether
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the conclusions can be generalized to other populations.
Finally, we cannot draw conclusions regarding cause-and-
effect relationships because of the cross-sectional design
of the study.

CONCLUSIONS

In conclusion, the present study has demonstrated that
severe hypoglycemia is significantly associated with a
higher risk of incident bone fracture in Japanese patients
with T1D, which is independent of the duration of
diabetes or the presence of diabetic complications. Thus,
to reduce fracture risk in patients with T1D, careful treat-
ment for the prevention of diabetic complications and of
severe hypoglycemia should be needed.
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