J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes

ORIGINAL ARTICLE

Association of hip fractures with
cardiometabolic-renal risk factors in Southern
Chinese patients with type 2 diabetes — the
Hong Kong Diabetes Register

Elaine Yun-Ning Cheung12 , Alice Pik-Shan Kongus*, Eric Siu-Him Lau', Elaine Yee-Kwan Chow'%*(),
Andrea On-Yan Luk'**(), Ronald Ching-Wan Ma'>*(@), Tsz Ping Lam?, Wayne Yuk-Wai Lee* Jack Chun-Yiu Cheng4,

Peter R Ebeling®, Juliana Chung-Ngor Chan

123

'Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Hong Kong, Hong Kong Institute of Diabetes and Obesity, The Chinese University of Hong
Kong, Hong Kong, >Li Ka Shing Institute of Health Sciences, The Chinese University of Hong Kong, Hong Kong, “SH Ho Scoliosis Research Laboratory, Department of Orthopaedics
and Traumatology, Joint Scoliosis Research Center of the Chinese University of Hong Kong and Nanjing University, The Chinese University of Hong Kong, Prince of Wales Hospital,
Shatin, China, and 5Depar‘tr“ﬂen‘[ of Medicine and School of Clinical Sciences at Monash Health, Monash University, Melbourne, Victoria, Australia

Keywords

Cardiometabolic-renal risk factors, Hip

fractures, Type 2 diabetes

*Correspondence
Alice Pik-Shan Kong
Tel. +852-3505-1558
Fax: +852-2637-3852
E-mail address:
alicekong@cuhkedu.hk

Peter R Ebeling

Tel. +61-3-8572-2570

Fax: +61-3-9594-6495
E-mail address:
peter.ebeling@monash.edu

J Diabetes Investig 2021; 12: 1739-
1748

doi: 10.1111/jdi.13529

INTRODUCTION

ABSTRACT

Introduction: Diabetes and bone health are closely related. We examined the incidence
and risk factors of hip fractures in Chinese patients with type 2 diabetes (T2D).

Materials and Methods: In this prospective cohort, we consecutively enrolled 22,325
adults with T2D above the age of 40 years in the Hong Kong Diabetes Register between
1994 and 2015 with crude hip fracture incidence rate censored in 2017.

Results: At baseline, the mean age of this cohort was 609 + 10.5 years (mean duration
of diabetes 6 years, 524% male). During a mean + standard deviation (SD) follow-up per-
iod of 87 £ 5.2 years with 193,553 person-years, 603 patients were hospitalized due to
hip fractures with an incidence (95% confidence interval, Cl) of 315.1 (2904-341.3) per
100,000 person-years. On multivariable analysis with competing death risk adjusted, the
independent hazard ratios (95% Cl) for hip fractures in T2D were 201 (1.61-2.51) for
female sex, 1.08 (1.07-1.09) for age, 093 (0.90-0.95) for body mass index, 1.52 (1.25-1.85)
for albuminuria and 1.12 (1.02-1.23) for low density lipoprotein-cholesterol. In men, the
30-day, 1-year and 5-year post-hip fracture mortality rate (95% Cl) were 58 (24-9.1) %,
292 (22.3-355) % and 65.9 (57.3-72.8) % respectively. The corresponding rates in women
were 34 (16-5.1) %, 186 (14.7-224) %, and 46.8 (409-52.1) %.

Conclusions: Southern Chinese patients with T2D have a high risk of hip fracture asso-
ciated with suboptimal cardiometabolic-renal risk factors and a high post-fracture mortality
rate. The effects of improving modifiable risk factors on bone health warrants further
evaluation.

management with diabetic osteodystrophy viewed as one of the

Globally and locally, the prevalence of type 2 diabetes (T2D)
and osteoporosis are increasing. Osteoporosis and T2D are
common age-related diseases, incurring a heavy burden on
health care systems. People with type 1 diabetes (T1D) and
T2D have increased risk of osteoporotic fractures'™. Evalua-
tion of fracture risk is now recommended as part of diabetes
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diabetes complications®. While patients with T1D are reported
to have low bone mass contributing to increased risk of frac-
tures’, the association between T2D and bone mineral density
(BMD) is more controversial with most studies reporting
increased BMD in Caucasian patients with T2D', even after
adjustment for body size”.

Meta-analyses have confirmed the high incidence of fragility
fracture due to minimal (e.g. fall from a standing height or
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lower) or no identifiable trauma in patients with T2D°. How-
ever, epidemiological data regarding fragility fractures among
patients with T2D in Asia are scarce. In Asia, the number of
hip fractures has been projected to increase by 2.28-fold from
1,124,060 in 2018 to 2,563,488 in 2050°. The number of hip
fractures in Hong Kong, a cosmopolitan city in Southern China
with 7.5 million people, has been projected to increase by 3-
fold from 9,590 to 27,468 during the same period of time®.
Caucasian patients with T2D usually have high BMD which
might protect them from osteoporotic fractures. It is unknown
whether the low body mass index (BMI) in Asian patients with
T2D might be associated with increased risk of fracture. Given
the potential impacts of abnormal metabolic milieu on cell
metabolism, we hypothesize that the increased hip fracture risk
in Chinese patients with T2D may be associated with modifi-
able cardiometabolic-renal risk factors.

In this study, we aimed to examine the incidence and risk
factors for hip fracture among Hong Kong Chinese patients
with T2D enrolled in a hospital-based diabetes register. Hip
fracture was chosen because this is the most serious conse-
quence of osteoporosis associated with substantial health, finan-
cial and societal burden. Moreover, since all patients with hip
fractures required hospital admission for either operation or
conservative treatment, the capture of hip fracture incidence
using hospitalization admission data is reliable.

MATERIAL AND METHODS

The healthcare system in Hong Kong is heavily subsidized and
the majority of patients with hip fractures, as well as chronic
diseases including T2D, received care from public-funded
healthcare facilities governed by the Hospital Authority (HA).
HA provides > 90% of outpatient and inpatient care in Hong
Kong. Since 2000, HA has established a territory-wide Clinical
Management System (CMS) to record all health data including
diagnoses and hospitalizations.

The Hong Kong Diabetes Register (HKDR) has been estab-
lished since 1994 as a research-driven quality improvement
program at the Prince of Wales Hospital (PWH) which serves
a population of > 1.3 million. The details of HKDR have been
published”. In brief, since 1994, all patients attending the PWH
medical clinics were referred to the Diabetes and Endocrine
Centre to undergo structured evaluation by trained nurses using
case report forms to document sociodemographic data, lifestyle
and self-management, history of comorbidities, current medica-
tions as well as anthropometric measurements, eye and feet
examination®. Blood and urine samples were collected after at
least 8 hours of fasting. All patients had unique identifiers
which were linked to the HA Clinical Data Analysis and
Reporting System (HA-CDARS) as part of the HA data system
to capture hospitalization data for evaluation of outcomes
including death.

Macrovascular disease was defined by a history of ischemic
heart disease, cerebrovascular disease or peripheral vascular dis-
ease (lower extremity amputation, revascularization or ankle-
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brachial index < 0.9). Diabetic retinopathy was detected by fun-
dus photos which were read by endocrinologists or trained
internists. Severe diabetic retinopathy was defined as pre-prolif-
erative or proliferative retinopathy, or prior use of laser therapy.
Sensory neuropathy was defined by the presence of two of
three criteria: (i) abnormal sensation in the lower extremities,
(ii) reduced sensation to monofilament, or (iii) reduced
vibration sense to graduated tuning fork testing. Chronic kidney
disease (CKD) was defined as estimated glomerular filtration
rate (eGFR) <60 ml/min/1.73m? derived from the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation’.
End stage kidney disease was defined as eGFR < 15 ml/min/
1.73m*”. Microalbuminuria was defined as urinary albumin-
creatinine ratio (ACR) of 2.5-30 mg/mmol in men or 3.0—
30 mg/mmol in women, and macroalbuminuria as urinary
ACR > 30 mg/mmol’. Severe hypoglycemia was defined as
hypoglycemia events requiring hospitalizations or assistance by
a third person, based both on self-report and hospital record.
All participants gave written informed consent for analysis and
reporting of the anonymized data. The study was approved by
the Joint Chinese University of Hong Kong-New Territories
East Cluster Clinical Research Ethics Committee. The Institu-
tional Review Board number of this study was CREC Ref. No.
2017.460.

Fracture ascertainment
Admission data for fractures were ascertained from the HA-
CDARS using International Coding of Diseases (ICD) 9 codes:
820 for hip fracture, 813 for wrist fracture, 805 for spinal frac-
ture and 812 for proximal humerus fracture. Fractures at hip,
wrist, spine and proximal humerus are termed collectively as
major osteoporotic fractures (MOF). Repeated admissions of
the same patient were excluded from the analysis. Time to first
hip fracture after study entry was calculated according to the
first date of the X-ray during the admission. All hip fractures
were fragility fractures (ie. fractures resulting from minor inju-
ries like fall from standing height or less) ascertained by X-ray.
For comparison, we used a territory-wide report on the inci-
dence of hip fracture in Hong Kong’. These data were obtained
through HA-CDARS. Patients aged 50 years and above with a
principal diagnosis coded as ICD10 S72.0-72.2 from all hospital
admissions in 20002004 in Hong Kong were reported. We
also compared the mortality rate in our cohort with another
territory-wide report on mortality rate of Hong Kong adults
aged > 65 years who underwent surgery for hip fracture
between January 2000 to December 2011'°. These data were
also retrieved from HA-CDARS"™.

Statistical analysis
The first hip fracture to occur after recruitment was considered
the end point for analysis.

Person-years were calculated from the date of enrolment to
the HKDR until the date of hip fracture, death or end of study;
whichever was earlier. Age- (grouped into 5-year age groups)
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and sex-specific incidence rates for hip fractures were calcu-
lated. Data were presented as mean * standard deviation (SD)
or percentages, medians (IQR, interquartile range) and inci-
dence (95% confidence interval, CI). Differences in the mean
values or proportions between the hip fracture group and the
no-hip fracture group (no-MOF group plus those with fractures
at spine, humerus or distal radius) for the whole cohort, were
tested using Student t test or ” test or Fisher’s exact test, as
appropriate.

After excluding patients with prior history of MOF
(n = 308), we performed Cox proportional hazards regression
on those without prior history of MOF (n = 22,107) to identify
risk factors for hip fracture outcome (Group B in Figure 1).
Since the competing risk of death would influence the occur-
rence of hip fracture, we applied the competing-risk regression
model. We entered covariates based on prior knowledge'**¢
and those with significantly different values in the univariate
analysis. We performed sequential adjustment with Cox regres-
sion using 6 models (model 1: age, sex, duration of diabetes
and HbA ;s model 2: model 1 + BMI; model 3: model 2 + his-
tory of severe hypoglycemia; model 4: model 3 + systolic blood
pressure (BP), low density lipoprotein-cholesterol (LDL-C), high
density lipoprotein-cholesterol (HDL-C), smoking (ex- or cur-
rent); model 5: model 4 + presence of CKD, microvascular
complications including sensory neuropathy, severe retinopathy,
albuminuria; model 6: model 5 + presence of macrovascular
complications and insulin usage. HbA;. was modelled as a con-
tinuous valuable. We performed these sequential models using
2 methods: (i) incident hip fracture group (group B in Fig-
ure 1) versus no-hip group (group E + F in Figure 1) and (ii)
incident hip fracture group (group B) versus no-MOF group
(group F). Estimates of risk association were expressed as haz-
ard ratio (HR) and 95% CIL.

So, this is a case control study in a well-defined cohort. This
cohort consisted of patients enrolled in the HKDR between
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14th July 1994 and 31% May 2015. We performed two separate
Cox regression analyses. The cases were those patients who
developed incident hip fractures on follow up. In the first anal-
ysis, the controls were those without incident hip fracture (no-
hip fracture group, group E + F in Figure 1). In the second
analysis, the controls were those without incident MOF (no-
MOF group, group F in figure 1).

RESULTS

Figure 1 summarizes the cohort included for different analyses.
We included consecutive patients enrolled in the HKDR
between 14th July 1994 and 31st May 2015 with censor date
on 30th June 2017 after excluding participants with non-Chi-
nese ethnicity, type 1 diabetes and age less than 40 years old
(n = 22,325, 52.4% men, mean age 60.9 £ 10.5 years). At base-
line, the mean age of this cohort was 60.9 + 10.5 years. During
a mean follow-up of 8.7 + 5.2 years, 189 men and 414 women
(total 603) had an admission diagnosis of hip fracture. The
crude hip fracture incidence rate was 315.1 (290.4-341.3) per
100,000 person years. The majority of hip fractures occurred in
older adults aged > 65 years (n = 545, 90.4%) with a crude
incidence of 766.1 (696.1-841.2) per 100,000 person years. The
corresponding figure in patients aged < 65-years was 121.9
(103.9-142.1) per 100,000 person years. Table 1 summarized
the difference between the patients with incident hip fractures
and those without (including those had wrist, spine or humeral
fractures).

At baseline, in the entire cohort (n = 22,325), patients who
sustained incident hip fractures (n = 603, group A + B) were
more likely to be women, older, non-smoker, with longer dura-
tion of diabetes, lower BMI and waist circumference (in men)
than the no-hip fracture group (n = 21,722, group
C + D+E + F) (Table 1). They were more likely to have sub-
optimal control of cardiometabolic risk factors (HbA,, fasting
plasma glucose, total cholesterol, LDL-C, systolic BP),

Hong Kong Diabetes Register (1994 - 2015) (n=25,075)

excluding non-Chinese, age <40 years, type 1 diabetes

v

and other type of diabetes (n=2, 750)

| Type 2 diabetes (included in the analysis(n=22,325) |

|
|

History of prior major osteoporotic fracture (MOF) (n=308) |

l

No hospitalization

v

Hospitalization Hospitalization

due to any MOF due to other MOF due to hip fracture
(Group Q) (Group D) (Group A)
(n=280) (n=13) (n=15)

Figure 1 | Study flow including definitions of study cohorts and outcomes

v
| No prior MOF (n=22,017) |

| ; |

Hospitalization Hospitalization No hospitalization

due to hip fracture due to other MOF due to any MOF
(Group B) (Group E) (Group F)
(n=588) (n=399) (n=21,030)
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Table 1 | Comparison of baseline characteristics and outcome (all-cause mortality) between people with type 2 diabetes (T2D) who had
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hospitalization due to incident hip fractures (group A + group B in Figure 1) and those without incident hip fractures (group C + D+ E + F in

Figure 1)
hip fracture group (n = 603) No-hip fracture group* P value
(n=21,722)
Age (years) 700 £ 91 606 £ 105 <0.001
Female (%) 68.7% (414) 47% (10,204) <0.001
Duration of diabetes (years) 9 (4-14) 6 (2-11) <0.001
Smoking status 0002
Current Smoker 80% (48) 11.8% (2,565)
Ex-smoker 17.8% (107) 202% (4,387)
Non-smoker 74.2% (446) 67.9% (14,732)
Clinical measurements
Body mass index (kg/m?) 241 £ 37 256 £ 41 <0001
Waist circumference (cm)
Male 866 + 96 90.5 £ 101 <0.001
Female 846+ 97 854 £ 104 0074
Systolic blood pressure (mmHg) 1430 = 21.1 1360 = 194 <0001
Diastolic blood pressure (mmHg) 745+ 113 771 £ 108 <0001
Macro-vascular complications 24.0% (145) 19.7% (4,285) 001
Stroke 8.8% (53) 6.3% (1,369) 0017
Ischemic heart disease 88% (53) 114% (2,487) 0052
Peripheral arterial disease 10.8% (65) 47% (1,013) <0001
Micro-vascular complications
Sensory Neuropathy 26% (157) 12% (2,598) <0.001
Severe Retinopathy 34.8% (210) 266% (5,773) <0001
Albuminuria 61.2% (353) 40.7% (8,570) <0001
Microalbuminuria 37.1% (214) 27.3% (5,748) <0.001
Macroalbuminuria 24.1% (139) 134% (2,822) <0001
Chronic kidney disease (CKD) 396% (239) 19.7% (4,283) <0001
End stage kidney disease 2.2% (13) 1.5% (333) 0.292
Medications
Oral anti-diabetic agents 724% (436) 784% (17,013) 0001
Insulin 22.2% (134) 17.7% (3,838) 0.005
On any anti-hypertensives 63.8% (385) 59% (12,798) 0018
On any lipid-regulating drugs 234% (141) 39% (8457) <0.001
Severe hypoglycemia 6.0% (36) 3.8% (828) 0.009
Laboratory results
HbA . (%) 78+ 18 75+ 16 0.002
Fasting plasma glucose (mmol/l) 85+ 34 8128 0.001
Total cholesterol (mmol/l) 52112 49+ 1.1 <0001
HDL cholesterol (mmol/l) 14+ 04 13+ 04 0.001
LDL cholesterol (mmol/l) 31212 28+ 10 <0.001
Triglyceride (mmol/l) 14 (1.0-2.1) 14 (1.0-20) 0215
Estimated glomerular filtration rate (ml/min/1.73m?) 656 £ 223 79.1 £ 229 <0001
Urinary albumin: creatinine ratio (mg/mmol) 5.77 (1.39-2850) 1.82 (0.70-840) <0001
Outcome (after a mean follow-up of 87 + 52 years)
All-cause death 550% (331) 18.3% (3,979) <0001

Data were expressed as mean = standard deviation, median (interquartile range) or percentage (number), as appropriate. Chronic kidney disease
was defined as estimated glomerular filtration rate < 60ml/min/1.73m? End stage kidney disease was defined as estimated glomerular filtration
rate < 15 ml/min/1.73m% HbA,, Glycated haemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipopro-
tein cholesterol; Macroalbuminuria was defined as urine albumin-creatinine ratio > 25mg/mmol; Microalbuminuria was defined as urine albumin-
creatinine ratio > 2.5mg/mmol in men and > 3.5mg/mmol in women; Severe hypoglycemia was defined as hospitalization due to hypoglycemia
or requirement of assistance from third person; TG, triglyceride. *Patients with prior history of major osteoporotic fractures (MOF) were included in

this analysis.
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macrovascular complications (stroke and peripheral arterial dis-
ease) and microvascular complications (CKD, albuminuria, sen-
sory neuropathy and severe retinopathy) (Table 1). The hip
fracture group was less likely to be treated with oral anti-dia-
betic agents and lipid-regulating drugs than the no-hip fracture
group. In contrast, they were more likely to be treated with
insulin and had history of severe hypoglycemia than the no-hip
fracture group. They were also more likely to be on anti-hyper-
tensive drugs. In the hip fracture group, 55% of patients died
during the follow up period, compared with only 18.3% in the
no-hip fracture group (Table 1).

In these 22,325 subjects, 308 patients had a prior history of
MOF (Figure 1) and were excluded from the Cox regression
analysis. For the remaining 22,017 patients, 588 patients devel-
oped incident hip fractures (group B in Figure 1). Another 399
patients developed other MOF (group E in Figure 1) while
21,030 patients did not sustain any MOF (group F). We per-
formed two separate Cox regression analyses. In both analysis,
cases were patients who developed hip fractures (n = 588). In
the first analysis, patients without incident hip fracture (Group
E + F, no-hip fracture group, n = 21,429) were used as control
while in the second analysis, patients without incident MOF
(Group F, no-MOF group, n = 21,030) were used as control
subjects (Figure 1).

Table 2 shows the sequentially adjusted hazard ratios (HRs)
of risk factors with hip fracture after excluding patients with
prior MOF (n = 22,017) and using the no-MOF group (group
F) as controls. Apart from age and female sex, HbA;. and BMI
were shown up as independent risk factors for hip fracture in
model 2. After including other cardiometabolic risk factors,
notably LDL-C and albuminuria, the HR of HbA;. was ren-
dered not significant although that of BMI remained. In the
fully adjusted model, female sex (HR 2.01, 95% CI 1.61-2.51),
age (HR 1.08, 95% CI 1.07-1.09), BMI (HR 0.93, 95% CI 0.90—
0.95), albuminuria (HR 1.52, 95% CI 1.25-1.85), and LDL-C
(HR 1.12, 95% CI 1.02-1.23) were identified as independent
risk factors for hip fracture (Table 2). The analysis using no-
hip fracture group (Group E + F) as control showed similar
results (Table 3).

We compared the incidence of hip fracture in our T2D cohort
versus the territory-wide age-specific hip fracture incidence
between 2000 and 2004 including adults with and without dia-
betes’. In the latter report, there were 25,794 hip fractures in
Hong Kong Chinese subjects aged > 50 years between 2000 and
2004, Since follow up duration and 95% CI of the hip fracture
incidence were not available in the territory-wide report’, direct
comparison with our results was not performed. Visually, the
incidence of hip fracture in our T2D cohort tended to be higher
in the 50-79 years age group but lower in the over 85-year age
group than the general population (Figure Sla,b).

In our T2D cohort, the 30-day, 1-year and 5-year mortality
rates after hip fracture among men were 5.8 (2.4-9.1)%, 29.2
(22.3-35.5)% and 659 (57.3-72.8)% respectively. The corre-
sponding rates in women were 3.4 (1.6-5.1)%, 18.6 (14.7—
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22.4)% and 46.8 (40.9-52.1)% (Figure S2). Compared with local
data on post-operative mortality in patients with hip fracture',
the overall 30-day, 1-year and 5-year post-hip fracture mortality
rates in our T2D cohort appeared to be higher (Figure S2a—f).
However, these figures were not age standardized and direct
comparison between these two populations would not be
appropriate due to the lack of information of the characteristics
of the historical cohort of the general population'”.

DISCUSSION

In this prospective cohort of 22,325 Chinese patients with T2D,
1.4% had prior MOF at enrolment. During a mean follow up
of nearly 9 years, 2.7% had incident hip fracture. After exclud-
ing the patients with prior history of MOF (n = 22,017), old
age, female sex, low BMI, LDL-C and albuminuria were inde-
pendent risk factors for hip fracture. Compared with historical
cohorts including general population, the incidence of hip frac-
ture and post hip fracture mortality appeared to higher in
patients with T2D.

By 2050, more than half (51.1%) of the world’s hip fracture
occurring in women aged 65 years and above was projected to
take place in Asia''. The number of people with T2D is also
increasing in Asia. In Caucasians, the higher in-patient compli-
cations and mortality rates among patients with T2D who sus-
tained hip fracture, compared to those without diabetes is well
known. In a study conducted in Turkey, after an index hip
fracture, the one-year mortality rate for patients without dia-
betes was 13% compared with 32% in patients with T2D". In
our T2D cohort, around 30% of men and 20% of women have
died at 1 year after the fracture event. By year 5, nearly 50% of
these women and two-thirds of men have died. Other studies
have reported more frequent adverse events including pain,
post-operative complications (e.g. urinary tract infection, pres-
sure sore) and cardiovascular-renal complications in patients
with T2D than those without T2D after hip fracture™ although
these events were not captured in our analysis.

In four meta-analyses, diabetes increased the relative risk (RR)
for hip fracture by 1.08-2.00 compared to those without dia-
betes'*"”. Among these meta-analyses, only three studies exam-
ined the epidemiology of hip fractures in Asian populations. Two
of these studies did not differentiate between the types of diabetes
although it is likely that the majority of subjects had T2D. In one
meta-analysis of 21 studies involving 6,995,272 patients including
T1D and T2D and 82,293 hip fracture events, the RR of hip frac-
ture for T2D versus non-DM was 1.34%. In this meta-analysis,
there were two studies from Asia (Taiwan and Singapore). The
Taiwanese study consisted of 500,868 patients with diabetes
(without differentiating between T1D and T2D), with 6 years of
follow-up. They reported increased risk of hip fracture in patients
with diabetes for both sexes and all age-groups (=35 years)
except in men aged > 74 years and women aged > 84 years. In
the nationwide Singapore study, after multiple adjustments,
patients with diabetes had 2-fold higher fracture risks than those
without diabetes. Although the types of diabetes were not
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specified, most of the patients were likely to have T2D. Similar to
the Taiwanese study, in our analysis, there was also a tendency
for the incidence of hip fracture to be lower in our patients with
advanced age compared to the general population which might
be due to the higher death rate in elderly patients with diabetes'®.

The mechanisms underlying increased risk of fracture in
T2D remain unclear although there are some evidence suggest-
ing perturbation of bone turnover in T2D. These included
reduced circulating levels of CTx" and osteocalcin® which are
markers of bone remodeling, and increased levels of sclerostin
which inhibits osteoblastogenesis and bone formation®'. Bone
histomorphometry study on bone biopsies from patients with
T2D showed reduced bone formation and osteoblasts num-
ber”’. These changes can lead to increased cortical porosity®
and reduced bone strength as shown by finite element analysis
and micro-indentation®**, resulting in increased fracture risk.

Risk factors for hip fracture in general population such as
ageing, low BMI, female sex and prior fragility fractures also
apply to patients with T2D. Other T2D-specific factors include
long disease duration *°, poor glycemic control”* and pres-
ence of complications® while insulin is known to have anabolic
effect on bone, possibly via its cognate effect on IGF-1 path-
way’.

In our multivariable analysis, HbA;. was associated with
increased risk of hip fracture in model 2 but this was rendered
non-significant once other metabolic risk factors were adjusted.
This is likely that there exists a HbA;, threshold above which hip
fracture increases significantly. In Taiwan, researchers reported a
linear trend of HbA,. with fracture in 20,025 patients with T2D
aged > 65 years followed up for 7.4 years with a threshold of
9%, above which hip fracture risk increased”. Other researchers
had reported increased fracture-related hospitalizations in
patients with HbA . > 8%, In a recent report involving patients
with T2D in Hong Kong, those with HbA;. > 8% had 25%
higher risk of incident hip fractures than those with mean
HbA,. < 7%°. In this report, those with HbA, 7-7.9% were not
at increased risk of hip fracture. The mean HbA,. in the present
cohort did lie within this range. In the prospective Rotterdam
study, patients with T2D and HbA,. > 7.5% had 47% and 62%
higher risk of fracture than those without diabetes and patients
with HbA,. < 7.5%, respectively’®. The authors suggested that
poor control of T2D might thicken femoral cortices in a narrow
bone, leading to accumulation of microcracks with increased cor-
tical porosity and impaired bone repair®. In the ACCORD
(Action to Control Cardiovascular Risk in Diabetes) study,
patients who received intensive glycemic control (median HbA,,,
6.4%), had similar fracture rate as those with standard control
(median HbA,, 7.5%)™.

On the other hand, LDL-C remained an independent risk fac-
tor after multiple adjustments. The relationship between lipids
and fracture risk was less well studied although lipid particles can
be proinflammatory and may affect microcirculation®. In a twin-
study involving postmenopausal Australian women, the authors
reported an inverse relationship between LDL-C and BMD™,

http://wileyonlinelibrary.com/journal/jdi

Similarly, in Japan, researchers reported association between high
LDL-C and non-vertebral fragility fracture after multiple adjust-
ments among postmenopausal women™,

Albuminuria was an independent risk factor for hip fracture
in our study. Of note, albuminuria is a strong predictor for vas-
cular health and renal disease, closely related to disease dura-
tion®’. Other workers have reported increased risk of hip
fractures and MOF in patients with more than 7 years® or
10 years of disease duration, respectively”® while others have
reported increased cortical porosity in patients with diabetic
microvascular complications”.

Medications such as thiazolidinediones, sodium-glucose co-
transporter-2 (SGLT2) inhibitors and insulin have been shown
to be associated with increased fracture risk. In this cohort, only
2.9% of patients were prescribed thiazolidinediones (n = 383).
The small sample size would not be expected to have signifi-
cant impact on the overall fracture risk. None of our patients
were put on SGLT2 inhibitors because this relatively new class
of medication was introduced to the study site at PWH after
2015. The association between insulin use and fracture risk was
examined and there was no significant association of insulin
treatment with hip fracture risk (Tables 2 and 3). Indeed, data
are conflicting regarding insulin use and fracture risk. Some
studies reported 87%” and 2.7 fold*® increased risk of hip frac-
ture amongst insulin users compared with non-insulin users. In
the Study of Osteoporotic Fractures cohort, the use of insulin
analog was associated with an increased risk of foot fracture
among postmenopausal women (RR = 2.54), but not with frac-
tures at other sites*. In men with T2D, for a given T-score,
insulin treatment was associated with increased risk of non-ver-
tebral fractures in a pool analysis of three observation studies™.
For hip fracture, the increased risk was independent of insulin
treatment. Similarly, women with T2D, whether treated with
insulin or not, had higher risk of non-vertebral fractures and
hip fractures than those without diabetes. In our cohort,
although patients with fracture were more likely to be treated
with insulin and had history of severe hypoglycaemia at base-
line, these associations were not significant after adjusting for
confounders on multivariable analysis. Unfortunately, we did
not have information regarding insulin treatment and hypogly-
caemia at the time of hip fracture.

Given the growing burden of diabetes and increased risk of
hip fracture and high post hip fracture mortality among
patients with T2D, our data suggest that poor metabolic control
as evidenced by high LDL-C and albuminuria might accentuate
these risks. The low BMI which might reflect poor health status
or low insulin reserve which can also contribute to the high
risk of fractures in T2D*. These risk factors can potentially
help to identify high-risk individuals for counselling on fall pre-
caution and balance training with BMD measurement and drug
treatment as appropriate.

Our study has several limitations. We did not have a com-
parison group without diabetes. We only used hospitalization
data to define fracture outcomes which might not capture some
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wrist, spinal and humeral fractures not requiring admissions.
We also did not have data on morphometric vertebral fractures.
Potential confounders such as fall risk, physical performance,
menopausal status, vitamin D level, exercise and dietary habits
were not collected. Physical performance and fall risk can both
affect hip fracture incidence. However, this study was carried
out in an ambulatory care setting with a mean age at baseline
of 60.9 years with exclusion of those patients with prior major
osteoporotic fracture in the final analysis, it would be reason-
able to believe that all patients included in the analysis should
be of low fall risk and with good physical performance. More-
over, because the average age of menopause in Hong Kong is
51 years, most of women in this study were post-menopausal.
We did not have data on metabolic bone diseases or drugs
which may affect bone metabolism such as steroid use. The
cardiometabolic risk factors were collected only at enrolment
but not when patients sustained hip fractures. Lack of data
regarding weight change of the study cohort is another limita-
tion needed to be addressed. Although rapid and significant
magnitude of weight loss is often associated with loss of bone
density, this was not commonly encountered in most of the
patients. There may also be referral bias because data was only
collected from a single major hospital. Nonetheless, the large
sample size, long duration of follow-up and comprehensive
evaluation of risk factors and complications have generated data
that filled our knowledge gaps. The independent risk associa-
tions of hip fracture with cardiometabolic-renal risk factors
raised the possibility whether optimizing care and reducing risk
of hypoglycaemia might reduce fracture risk although random-
ized clinical trials are needed to confirm these hypotheses.

In conclusion, Hong Kong Chinese patients with T2D had
high risk of hip fracture and post-fracture mortality rate. The
associations of both modifiable and non-modifiable risk factors
with hip fracture call for regular surveillance and optimal man-
agement to reduce the double burden of diabetes and bone
fracture.
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Figure S1 | Hip fracture incidence in women (la) and men (1b) with type 2 diabetes compared to general population. Reference
general population only involved people aged 50 years and above (reference 9).
Figure S2 | Mortality rates after hip fractures in people with type 2 diabetes and general population after hip fractures.
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