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Abstract

Purpose:

We investigated the incidence rates of a subsequent hip fracture (HF) and other subsequent fractures than HF after first incident HF, comparing
patients with and without diabetes.

Methods:



Using Danish medical databases, we identified 92,600 incident HF patients in the period 2004-2018. Diabetes exposure was examined overall,
by type of diabetes (T2D and T1D), and by presence of diabetes complications. We estimated cumulative incidence of subsequent HFs and frac-
tures other than HF within two years of the incident HF. Using Cox regression, adjusted hazard ratios (aHRs) with 95% confidence interval (CI)
were calculated.

Results:

Among incident HF patients, 11,469 (12%) had diabetes, of whom 10,253 (89%) had T2D and 1,216 (11%) had T1D. The 2-year incidence rates
for a new subsequent HF were 4.8% (95% CI: 4.6-4.9) for patients without diabetes (reference group), 4.1% (95% CI: 3.8-4.6) for T2D, and
4.3% (95% ClI: 3.3-5.6) for T1D. Corresponding aHRs were 1.01 (95% CI 0.90-1.14) for T2D and 1.17 (95% CI 0.87-1.58) for T1D. There was
effect modification by sex, as women with T1D had an aHR of 1.52 (95% CI: 1.09-2.11) for subsequent HF, and by specific diabetes complica-
tions (for example, patients with T2D and prior hypoglycemia had an aHR of 1.75 (95% CI: 1.24-2.42) for subsequent HF, while patients with
T1D and neuropathy had an aHR of 1.73 (1.09-2.75), when compared with patients without diabetes).

For fractures other than HF, the 2-year incidence rates were 7.3% (95% ClI: 7.2-7.5) for patients without diabetes, 6.6% (95% CI: 6.1-7.1) for
T2D, and 8.5% (95% CI: 7.0-10.1) for T1D, with corresponding aHRs of 1.01 (95% CI 0.92-1.11) for T2D and 1.43 (95% CI: 1.16-1.78) for
T1D. T2D was only a risk factor for other subsequent fractures among HF patients of high age (age 86-89 years: aHR 1.22 (95% CI 0.99-1.55),
age 90+ years: aHR 1.37 (95% CI 1.08-1.74)), whereas T1D was robustly associated with increased risk of fractures other than HF in all sub-

groups.



Conclusion: Among HF patients, we found no strong overall association of T2D or T1D with increased risk of subsequent HF, but diabetes pa-
tients with prior hypoglycemic events or neuropathy were at increased risk. In contrast, patients with T1D had a clearly increased risk of subse-

quent fractures other than HF.
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1. Introduction

Osteoporosis is the most common metabolic skeletal disease worldwide, affecting 200 million persons and is thus a global public health concern
(1). A hip fracture (HF) is the most serious complication of osteoporosis with over 10 million fractures per year globally, estimated to double by
the year of 2050 (1-3) and is associated with high mortality (4). HF patients are at increased risk of sustaining subsequent fracture, including
both subsequent HF and fractures other than HF such as vertebral fractures and fractures of upper limb, ribs and lower limb (5). The risk of death
is further increased after a subsequent fracture (6). Risk factors for subsequent fractures after incident HF are rather similar to risk factors for a
first incident HF, including high age, female gender, and comorbidity (7-9).

Diabetes is a complex and costly metabolic disease that has now reached pandemic proportions; the estimated global diabetes prevalence in 2019
was 9.3% rising to 10.2% (578 million) by 2030 (10, 11). Diabetes affects all organs with macro- and microvascular disease, including progres-

sion of skeletal fragility (12). Moreover, diabetes may accelerate potential risk factors for falls that may lead to fracture, e.g., through poor vision



(retinopathy), lower extremity poor balance (obesity, neuropathy), dizziness (cerebro-/cardiovascular disease), or use of hypoglycemic drugs and
other medications (13-15). Patients with diabetes have a 50% increased risk of incident fracture, compared to patients without diabetes (16), and
fracture risk is higher for patients with type 1 diabetes (T1D) than type 2 diabetes (T2D) (17). Previous studies on the impact of diabetes on the
risk of subsequent fractures in incident HF patients are sparse (8, 9).

In this study, we aim to investigate the cumulative incidence rates of subsequent HF and fractures other than HF in incident HF patients with
diabetes. In addition, we investigate if specific characteristics of diabetes patients are association with increased risk of subsequent HF and frac-
tures other than HF in patients with incident HF. We hypothesized that diabetes type, severity, and diabetes-related characteristics, in particular
use of insulin therapy (T1D) and previous hypoglycemic episodes, might impact the risk of subsequent fractures in this elderly and frail popula-

tion with incident HF.

2. Material and methods

2.1 Setting and data sources

This nationwide cohort study was conducted using five Danish population-based health registries. The Danish healthcare system is tax-supported
for all Danish residents, and registrations in the health registries are mandatory for all public hospital treatment (18). Since 1968 all Danish resi-
dents are assigned a unique 10-digit identifier at birth or upon immigration which is registered in the Civil Registration System (CRS). The iden-

tifier is used in all registries allowing unambiguous and individual-level linkage of data across multiple registries (19).



The Danish Multidisciplinary Hip Fracture Registry (DMHFR) contains data on all incident HF patients aged 65 or older undergoing surgery for
HF since 2004 (20). Registration has been mandatory since 2006 and includes data on fracture and surgery type, residence, body mass index
(BMI), and assessment of several in-hospital quality indicators.

The Danish National Patient Registry (DNPR) contains discharge dates and diagnoses from all hospital contacts since 1977, i.e., both inpatient
admission, hospital outpatient clinics, and emergency room contacts, which were all included in this study (21). From 1993 all primary and sec-
ondary diagnoses were registered using the International Classification of Diseases, 10" revision (ICD-10) codes.

The Danish National Prescription Registry contains information on all redeemed prescriptions, including those among nursing home residents, at
pharmaceuticals stores since 1995 based on the Anatomical Therapeutic Chemical (ATC) classification system, and dispensing dates (22). Drugs
used during hospital admissions or supplied directly from the hospitals are not captured in the register.

The Population Education Register contains information on the highest completed education for each individual from 1974 by the length of edu-
cation until 2007, whereas after registration is based on educations identifier and length (23).

The CRS contains information on death, immigration, and emigration status since 1968 (19).

2.2 Study population
The study population consisted of all patients aged 65 and over who had a first surgery for incident HF in Denmark from 2004-2018, identified

through the DMHFR.



2.3 Exposure: Diabetes

We used a combination of ICD-10 codes from the DNPR and ATC codes from the Danish National Prescription Registry to identify patients
with diabetes. Diabetes was present if a patient had a hospital contact with a primary or secondary diagnosis of diabetes (ICD-10: E10-E14)
within 10 years before HF admission or had redeemed at least one prescription of any glucose-lowering drug (ATC: A10A, A10BA, A10BB,
Al10BG, A10B, A10BH, A10BJ, A10BK) within one year before HF admission.

T2D vs T1D is often misclassified when relying on ICD-10 codes in the DNPR, and exact age of onset of diabetes (e.g. <30 or 40 years) is a
difficult criterion to assess historically in our population with a median age of more than 80 years. Therefore, we defined T1D as insulin mono-
therapy in the year before HF admission and no use of any other glucose-lowering drugs than insulin at least 10 years before HF admission. The
remaining patients were assigned as having T2D. The duration of diabetes was defined based on the date of first prescription of any glucose-
lowering medications or date of first ICD-10 diagnosis of diabetes before HF admission.

The presence of microvascular disease (including neuropathy, eye complications, nephropathy, angiopathy, and diabetic arthropathy) and
macrovascular disease (including angina pectoris, acute coronary syndrome, ischemic heart disease, intracerebral hemorrhage, atherosclerotic
cerebral- and peripheral vascular disease, claudicatio intermittens, and atherosclerosis), was identified from each patient’s complete hospital con-
tact history in the DNPR with a 10-year lookback period (13). The history of a recent hypoglycemic event was identified through ICD-10 codes

from the DNPR with a one-year lookback period.



2.4 Outcome: Subsequent fractures

The outcome of subsequent fractures after incident HF was identified through the DNPR. Outcomes included fractures at any site, excluding
fractures of skull, face, and digits (Supplementary 1) in line with previous studies (24-26). For the outcome of subsequent HF, ICD-codes for HF
were combined with a new surgical procedure code for HF (internal fixation, hemiarthroplasty, or total hip replacement), to avoid counting pos-
sible hospital contacts related to the incident HF. We analyzed separately the two outcomes of subsequent HF and subsequent fractures other

than HF after incident HF (other subsequent fracture). The length of the follow-up was 24 months.

2.5 Covariates

We ascertained data on a range of covariates related to diabetes and HF. A modified version of the Charlson comorbidity index (CCI) excluding
the index condition of diabetes and diabetic complications was used as a measure for patient comorbidity (27). Patients were categorized into
comorbidity score levels of 0, 1, 2, and 3+ based on the CClI-score, where 0 corresponded to no previous hospital-diagnosed comorbidities in-
cluded in the CCI. All CCI diagnoses were identified from primary or secondary ICD-10 codes registered at discharge from any public hospital
contact in Denmark, including both hospital inpatient and hospital outpatient contacts, in the DNPR within 10 years before HF.

Data on individual-level BMI was obtained through the DMHFR. Patients were categorized into one of the following groups: underweight (<19

kg/m?), normal (20-25 kg/m?), overweight (26-29 kg/m?), and obese (30+ kg/m?). From the DMHFR we also included data on HF type, pre-
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fracture mobility and mobility at discharge, and residence of stay (nursing home or living with another adult/alone in own house/other institution
or missing) before HF.

Fall-related medications were defined as dispensing of diuretics (loop and thiazide), alfa-receptor blockers, nitrates, beta-blockers, calcium-
channel blockers, antidepressants, benzodiazepines, antipsychotics, opioids, or anticholinergics in the year before HF (28).

Bone mineral density-lowering medications were defined as dispensing of glucocorticoids, thyroid hormone, aromatase inhibitors, gonadotropin-
releasing hormones, medroxyprogesterone acetate, anti-androgens, selective serotonin reuptake inhibitors, antiepileptics, heparin, vitamin-K-
antagonists, loop-diuretics, calcineurin inhibitors, antiretroviral therapy, and proton-pump-inhibitors in the 10 years before HF. The same meth-
od was used to define bone-protective medications (bisphosphonates, denosumab, and raloxifene).

Highest achieved education was categorized as low (elementary school or less), medium (higher than elementary, but less than university de-
gree), and high (university degree).

All ICD- and ATC-codes, as well as surgery procedure codes (Nordic NOMESCO Classification of surgical Procedures (NCSP)) used to identi-

fy HF patients, diabetes, outcome, and covariates are listed in the supplementary table 1.
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2.6 Statistical analysis

Patient characteristics were presented as numbers and percentages for patients without diabetes, for those with any diabetes, and for those with
T2D and T1D separately. The follow-up period started at the date of HF surgery and ended at the first subsequent fracture, death, emigration, or
end of the 2-year follow-up, whichever came first. The absolute risk of subsequent fractures was computed using cumulative incidence function
with death as a competing risk. We estimated 95% confidence intervals (CIs) using log-normal approximation. Adjusted Hazard Ratios (aHRS)
with 95% CI were computed using a cause-specific Cox regression model, comparing patients with diabetes, T2D and T1D, respectively, with
those without diabetes as a reference group, while adjusting for age, sex, and BMI as potential confounders (29). Each risk factor was analysed
in the separate Cox regression model censoring patients at the time of death. Confounders were decided a priory and discussed for each risk fac-
tor.

We further performed analyses stratifying on patient characteristics including subgroups of age, gender, CCI score, BMI, pre-fracture mobility,
fall-related medication, bone mineral density-lowering medications, bone protective medications, residence of stay, and education. In these anal-
yses we compared the impact of any diabetes, T2D and T1D, respectively, on the risk of subsequent fractures to that of no diabetes as reference
group in each subgroup (Supplementary 1).

Finally, we conducted sub-exposure category analyses, further classifying diabetes, T2D and T1D according to the presence or absence of mi-
crovascular disease, macrovascular disease, duration of diabetes, and hypoglycemic events using no diabetes as reference group (Supplementary

2).
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Cox proportional hazards models were inspected with Schoenfeld residuals and found reasonable to use regarding the assumption of proportion-
ality.

All statistical analyses were done using R software.

3. Results

3.1 Patient characteristics

We identified 92,600 patients who underwent surgery for incident HF. Of these, 11,469 (12.3%) had diabetes, including 10,253 (89%) patients
with T2D and 1,216 (11%) patients with T1D. Patient characteristics are presented in Table 1. Among HF patients without diabetes 72% were
female, whereas both T2D patients (65%) and T1D patients (57.6%) had a lower proportion of women. Both T2D and T1D patients were young-
er (mean: 81 and 78 years, respectively) compared to patients without diabetes (mean: 83 years). The highest proportion of overweight or obesity
was observed among T2D patients (39.1%) compared to patients without diabetes (23.1%) and T1D patients (24.9%). Presurgical comorbidities
were higher among diabetes patients, where around 24% among T2D- and T1D patients had a CCI of >3 compared to only 15% among patients
without diabetes. Higher prevalence of fall related medications (without diabetes: 76.8%, T2D: 87.3%, T1D: 85.7%) and bone mineral lowering
medications (without diabetes: 78.8%, T2D: 87.1%, T1D: 85.7%) were observed among patients with diabetes. In contrast, the proportions with
bone protective medications were lower among patients with diabetes (without diabetes: 17.3%, T2D: 11.7%, T1D: 14.7. Both T2D and T1D

patients had increased proportions of macrovascular diseases, including cardiac disease (without diabetes: 18.2%, T2D: 29.7%, T1D: 31.0%),
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cerebrovascular disease (without diabetes: 17.5%, T2D: 26.5%, T1D: 31.4%), and peripheral vascular disease (without diabetes: 5.9%, T2D:
16.6%, T1D: 31.2%) compared to those without diabetes. The patient proportions having microvascular disease was highest among T2D
(48.7%) and, in particular T1D (72.9%) compared to patients without diabetes (27.4%).

Previous hypoglycemic events were substantially more frequent in T1D patients (34.5%) than in T2D patients (7.1%), and rarely present among
patients without diabetes (0.1%) as expected. Among T2D patients with HF, 23.4% were insulin users, of which half were on insulin monothera-

py (11.1%), and 73.6% used other glucose-lowering drugs.

Table 1: Baseline characteristics of the incident hip fracture patients by diabetes history.

None Diabetes T2D" T1D? Overall
Total 81,131 11,469 10,253 1,216 92,600
Men 22,680 (28.0%) 4,107 (35.8%) 3,591 (35.0%) 516 (42.4%) 26,787 (28.9%)
Women 58,451 (72.0%) 7,362 (64.2%) 6,662 (65.0%) 700 (57.6%) 65,813 (71.1%)
Age, mean (SD% 82.8 (8.03) 80.9 (7.65) 81.3 (7.60) 78.1 (7.52) 82.6 (8.01)
Age group
65-74 15,400 (19.0%) 2,791 (24.3%) 2,328 (22.7%) 463 (38.1%) 18,191 (19.6%)
75-80 16,087 (19.8%) 2,801 (24.4%) 2,498 (24.4%) 303 (24.9%) 18,888 (20.4%)
81-85 18,673 (23.0%) 2,657 (23.2%) 2,415 (23.6%) 242 (19.9%) 21,330 (23.0%)
86-89 14,918 (18.4%) 1,797 (15.7%) 1,662 (16.2%) 135 (11.1%) 16,715 (18.1%)
90+ 16,053 (19.8%) 1,423 (12.4%) 1,350 (13.2%) 73 (6.0%) 17,476 (18.9%)
Body mass index categories
Underweight 12,344 (15.2%) 840 (7.3%) 711 (6.9%) 129 (10.6%) 13,184 (14.2%)
Normal 31,670 (39.0%) 3,679 (32.1%) 3,224 (31.4%) 455 (37.4%) 35,349 (38.2%)
Overweight 14,973 (18.5%) 3,018 (26.3%) 2,743 (26.8%) 275 (22.6%) 17,991 (19.4%)
Obese 3,769 (4.6%) 1,360 (11.9%) 1,261 (12.3%) 99 (8.1%) 5,129 (5.5%)
Missing 18,375 (22.6%) 2,572 (22.4%) 2,314 (22.6%) 258 (21.2%) 20,947 (22.6%)
Charlson Comorbidity Index (CCI)
CClo 35,927 (44.3%) 3,617 (31.5%) 3,237 (31.6%) 380 (31.3%) 39,544 (42.7%)
ccli 19,650 (24.2%) 2,804 (24.4%) 2,524 (24.6%) 280 (23.0%) 22,454 (24.2%)
cCl2 13,419 (16.5%) 2,281 (19.9%) 2,017 (19.7%) 264 (21.7%) 15,700 (17.0%)
CClI 3 or over 12,135 (15.0%) 2,767 (24.1%) 2,475 (24.1%) 292 (24.0%) 14,902 (16.1%)
Diabetes-related characteristics
Diabetes = 5 years 0 (0%) 8,005 (69.8%) 6,909 (67.4%) 1,096 (90.1%) 8,005 (8.6%)
Insulin users 0 (0%) 3,611 (31.5%) 2,395 (23.4%) 1,216 (100%) 3,611 (3.9%)
Insulin monotherapy 0 (0%) 2,351 (20.5%) 1,135 (11.1%) 1,216 (100%) 2,351 (2.5%)
Hypoglycemic events 75 (0.1%) 1,150 (10.0%) 731 (7.1%) 419 (34.5%) 1,225 (1.3%)
Microvascular disease
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Microvascular, any
Neuropathy

Eye complications
Nephropathy
Angiopathy (Diabetic)

22,233 (27.4%)
3,070 (3.8%)
18,298 (22.6%)
2,345 (2.9%)
0 (0%)

5,879 (51.3%)
1,587 (13.8%)
4,193 (36.6%)
1,482 (12.9%)
780 (6.8%)

4,992 (48.7%)
1,243 (12.1%)
3,478 (33.9%)
1,219 (11.9%)
669 (6.5%)

887 (72.9%)
344 (28.3%)
715 (58.8%)
263 (21.6%)
111 (9.1%)

28,112 (30.4%)
4,657 (5.0%)
22,491 (24.3%)
3,827 (4.1%)
780 (0.8%)

Macrovascular disease

Cardiac disease
Cerebrovascular disease
Peripheral vascular disease

14,742 (18.2%)
14,219 (17.5%)
4,778 (5.9%)

3,427 (29.9%)
3,104 (27.1%)
2,077 (18.1%)

3,050 (29.7%)
2,722 (26.5%)
1,698 (16.6%)

377 (31.0%)
382 (31.4%)
379 (31.2%)

18,169 (19.6%)
17,323 (18.7%)
6,855 (7.4%)

Medications

Fall related medications
BMD“—Iowering medications
Bone protective medications

62,303 (76.8%)
63,957 (78.8%)
14,048 (17.3%)

9,988 (87.1%)
9,985 (87.1%)
1,378 (12.0%)

8,946 (87.3%)
8,929 (87.1%)
1,199 (11.7%)

1,042 (85.7%)
1,056 (86.8%)
179 (14.7%)

72,291 (78.1%)
73,942 (79.9%)
15,426 (16.7%)

Osteoporosis diagnosis

9,642 (11.9%)

1,070 (9.3%)

934 (9.1%)

136 (11.2%)

10,712 (11.6%)

Pre-fracture mobility

CAS’ 25
CAS <5
Missing

32,218 (39.7%)
4,080 (5.0%)
44,833 (55.3%)

5,023 (43.8%)
733 (6.4%)
5,713 (49.8%)

4,528 (44.2%)
662 (6.5%)
5,063 (49.4%)

495 (40.7%)
71 (5.8%)
650 (53.5%)

37,241 (40.2%)
4,813 (5.2%)
50,546 (54.6%)

Mobility at discharge

CAS =5
CAS <5
Missing

17,154 (21.1%)
20,392 (25.1%)
43,585 (53.7%)

2,342 (20.4%)
3,552 (31.0%)
5,575 (48.6%)

2,085 (20.3%)
3,223 (31.4%)
4,945 (48.2%)

257 (21.1%)
329 (27.1%)
630 (51.8%)

19,496 (21.1%)
23,944 (25.9%)
49,160 (53.1%)

Nursing home before HF®

No
Yes
Missing

31,962 (39.4%)
10,285 (12.7%)
38,884 (47.9%)

5,035 (43.9%)
1,643 (14.3%)
4,791 (41.8%)

4,510 (44.0%)
1,495 (14.6%)
4,248 (41.4%)

525 (43.2%)
148 (12.2%)
543 (44.7%)

36,997 (40.0%)
11,928 (12.9%)
43,675 (47.2%)

Education

Low
Medium
High
Missing

37,149 (45.8%)
19,248 (23.7%)
7,185 (8.9%)
17,549 (21.6%)

6,087 (53.1%)
2,902 (25.3%)
831 (7.2%)
1,649 (14.4%)

5,502 (53.7%)
2,517 (24.5%)
697 (6.8%)
1,537 (15.0%)

585 (48.1%)
385 (31.7%)
134 (11.0%)
112 (9.2%)

43,236 (46.7%)
22,150 (23.9%)
8,016 (8.7%)
19,198 (20.7%)

HF type

Femoral neck
Pertrochanteric
Subtrochanteric

42,977 (53.0%)
32,427 (40.0%)
5,727 (7.1%)

6,143 (53.6%)
4,484 (39.1%)
842 (7.3%)

5,529 (53.9%)
3,986 (38.9%)
738 (7.2%)

614 (50.5%)
498 (41.0%)
104 (8.6%)

49,120 (53.0%)
36,911 (39.9%)
6,569 (7.1%)

HF operation year

2004-2008
2009-2013
2014-2018

28,375 (35.0%)
22,276 (27.5%)
30,480 (37.6%)

3,300 (28.8%)
3,172 (27.7%)
4,997 (43.6%)

2,914 (28.4%)
2,814 (27.4%)
4,525 (44.1%)

386 (31.7%)
358 (29.4%)
472 (38.8%)

31,675 (34.2%)
25,448 (27.5%)
35,477 (38.3%)

T2D- Type 2 diabetes; ’T1D- Type 1 diabetes; *SD- Standard Deviation; “BMD- Bone mineral density °CAS- Cumulative Ambulation Score, °HF- Hip fracture.
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Table 2: 2-year cumulative incidences rate and hazard ratio (HR) with 95% confidence intervals (CIs) for subsequent hip fracture and other sub-
sequent fractures than hip fracture.

Subsequent hip fracture

Cum. Incidence Crude HR Adjusted HR
Exposure Atrisk  Events (95% CI) (95% CI) (95% CI)
None 81,131 3,694 4.8 (4.6-4.9) Ref Ref
Diabetes 11,469 451 4.2 (3.8-4.5) 0.90 (0.82-0.99) 1.03 (0.92-1.15)
T2D! 10,253 400 4.1 (3.8-4.6) 0.90 (0.81-0.99) 1.01 (0.90-1.14)
T1D? 1,216 51 4.3 (3.3-5.6) 0.92 (0.70-1.21) 1.17 (0.87-1.58)
Other subsequent fracture

None 81,131 5,697 7.3 (7.2-7.5) Ref Ref
Diabetes 11,469 740 6.8 (6.3-7.3) 0.96 (0.89-1.04) 1.06 (0.97-1.16)
T2D! 10,253 640 6.6 (6.1-7.1) 0.93 (0.86-1.01) 1.01 (0.92-1.11)
T1D* 1,216 100 8.5 (7.0-10.1) 1.19 (0.97-1.45) 1.43 (1.16-1.78)

Adijusted for age, sex, and body mass index; "T2D- Type 2 diabetes; “T1D- Type 1 diabetes;

3.2 Subsequent HF

The 2-year cumulative incidence rates for subsequent HF were 4.8% (95% CI: 4.6-4.9) for patients without diabetes, 4.1% (95% CI: 3.8-4.6) for
T2D and 4.3% (95% CI: 3.3-5.6) for T1D. After confounder adjustment, aHRs were 1.01 (95% CI: 0.90-1.14) for T2D and 1.17 (95% CI: 0.87-
1.58) for T1D.

The analyses stratified on different HF patient characteristics revealed that there was no major association of T2D with subsequent HF in any
subgroup examined compared to patients without diabetes. Among T1D patients, female T1D patients had a notably higher risk of subsequent

HF (aHR 1.52 (95% CI: 1.09-2.11) compared to females without diabetes (Figure 1).
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The sub-exposure analyses by different diabetes-related characteristics showed that HF patients with T2D and history of hypoglycemia had a
markedly increased aHR of 1.75 (95% CI: 1.24-2.47) for subsequent HF compared to HF patients without diabetes. T1D patients with a history

of neuropathy had an aHR of 1.73 (95% CI: 1.09-2.75) of subsequent HF compared to patients without diabetes (Figure 2).
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Figure 1: 2-year adjusted hazard ratios (aHRs) for subsequent hip fracture in patients with incident hip fracture and any diabetes, type 2 diabe-
tes, and type 1 diabetes, respectively, as compared with patients without diabetes (reference group) *. Impact of diabetes was examined within
different hip fracture patient subgroups.
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Subsequent hip fracture

Diabetes T2D T1D

Groups : aHR (95% Cl) : aHR (95% Cl) : aHR (95% ClI)

Total - 1.03 (0.92 o 1.15) o 1.01 (0.90 to 1.14) ———— 1.17 (0.87 to 1.58)
Gender . . .

Men . 0.81(0.64 to 1.01) e 0.84 (0.66 to 1.06) -e—— 0.61(0.32t0 1.18)

Women —e— 1.13(0.99 to 1.29) e 1.09 (0.95 1o 1.25) | ——e— 1.52(1.09102.11)
Age group 1 1 '

65-74 '—o—o—- 1.14 (0.90 to 1.45) ..._._. 1.21(0.93 to 1.56) —o-o—- 0.88 (0.50 to 1.56)

75-80 —— 1.04 (0.82 10 1.32) —.— 0.94 (0.72 t0 1.21) L& 1.92(1.17103.17)

81-85 e 0.98(0.79t0 1.23) o 097 (0.77101.23) +——le—— = 1.08(0.58 o 2.03)

86-89 — 1.08 (0.83 to 1.39) —e—— 1.08 (0.83 10 1.41) =——————= 1.01(0.42102.44)

90+ —er— 093(067t01.28) +—8r— 093(06710129) =-——e——— = 0.91(0.23t0 3.66)
Bodymass Index 3 3 3

Underweight .—i—.—. 1.19 {0.88 to 1.60) .—i—.—. 1.19 (0.86 to 1.65) .—i—o—- 1.20 (0.59 to 2.41)

Normal —— 0.98 {0.83 to 1.16) —o— 0.95 (0.80 to 1.14) ——e———  119(0.7910179)

Overweight b—f.—! 1.07 (0.87 to 1.30) b—f.—! 1.08 (0.88 to 1.32) -—0{—- 0.94 (0.48 10 1.81)

Obese —e 0.93 (06410135 et — 0.86 (0.58 to 1.29) — e 177(0.72104.35)
Charlson comorbidity score : : |

0 - 0.98 (0.81 to 1.19) —a— 097 (0.79t01.18) +———e————— 109 (06510 1.86)

1 '_‘._' 0.96 (0.77 to 1.21) '_.'_' 1.02 (0.80 to 1.29) '—'._' 0.54 (0.22 to 1.30)

2 —— 1.06 (0.82 to 1.37) —— 0.95 (0.72 to 1.26) ———e—= 1.73(1.03102.92)

23 —e—i 1.09 (0.86 to 1.38) ——i 1.06 (0.82 to 1.37) — e 1.27(0.69102.31)
Fall related medications , , ,

No — 1.13 (0.85 to 1.50) —— 1.10(0.81101.50) +——— 8 — = 120(0.61102.72)

Yes o 1.00 (0.88 to 1.12) e 0.98 (0.86 to 1.12) ——— 1.12 (0.81 t0 1.55)
BMD-lowering medications 1 1 1

No —.—— 0.86(062101.19) + @+ 0.88(063101.24) =w——— 1 051(0.20101.90)

Yes u._‘ 1.04 (0.93 10 1.17) F._q 1.02 (0.90 to 1.16) ._‘_._. 1.23 (0.90 to 1.67)
Boneprotective medications ' ' '

No . 1.03 (0.91 to 1.16) i 1.02 (0.90 to 1.16) —le—— 1.09 (0.78 to 1.53)

Yes —r— 1.08 (0.81 o 1.43) —— 1.00 (0.74 to 1.37) —————&— 1.50(0.85 10 2.98)
Cumulated ambulation score 1 1 1

=5 —— 097 (07610 1.24) @+ 0.90 (0.69 to 1.18) e 151(08710262)

<5 —.— 0.99 (0.8110 1.21) —.— 098(0.79t01.20)  +——t#——  1.08(0.610 1.91)
Nursing home ' ' '

No —— 1.00 {0.84 to 1.18) e 0.98 (0.82 to 1.17) —t————  1.15(0.74101.79)

Yes —e— 089(065t0120) et 089(06510122) =@+ & 087(0.32102.34)
Education level : . :

Low i 1.06 (0.91 to 1.23) ——i 1.05 (0.89 to 1.23) ——e———  1.21(0.80101.83)

Medium .—.:—‘ 0.93 (0.73 to 1.18) '_"._' 0.92 (0.71 10 1.19) '—'.—' 0.97 (0.54 0 1.77)

High H—e———  1.30(0.90101.89) ——e———  121(080101.83) e+ 1.74(0.82103.69)

0.5 1.0 15 20 0.5 1.0 5 20 0.5 1.0 15 20

T1D- Type 1 diabetes; T2D- Type 2 diabetes; aHR- Adjusted hazard ratio; Cl- Confidence interval; CCI- Charlson Comorbidity Index. HR adjusted for age, sex, and body
mass index.
*Example: Women with HF and T2D compared to women with HF without diabetes.
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Figure 2: 2-year adjusted hazard ratios (aHRs) for subsequent hip fracture in patients with incident hip fracture associated with diabetes, further
categorizing diabetes exposure by treatment, duration, and complications compared with patient without diabetes*.

Subsequent hip fracture

Diabetes exposure Diabetes aHR (95% CI) T2D aHR (95% CI) 1 aHR (95% CI)
Insulin user 0 i i

No i 1.02 (0.89 to 1.16) —— 1.02 (0.89 to 1.16) .

Yes e 1.07 (0.88 to 1.29) e 1.00 (0.78 to 1.28) e 1.17 (0.87 to 1.58)
Insulin monotherapy . H H

No e 1.00 (0.88 10 1.13) re 1.00 (0.8 10 1.13)

Yes i 1.16 (0.93 to 1.45) —— 1.13 (0.81 to 1.58) R — 1.17 (0.87 to 1.58)
Diabetes duration ' | .

<5 years e— 1.10 (0.91 to 1.32) e 1.13(0.94 10 1.35) ———————————— 0.27 (0.04 to 1.94)

= 5 years 4 1.00 (0.88 to 1.15) o 0.96 (0.83 to 1.11) . 1.27 (0.94 to 1.71)
Neuropathy B . \

No m 0.98 (0.87 to 1.11) m 0.98 (0.86 to 1.11) -—H 0.97 (0.66 1o 1.41)

Yes r—e—— 137 (1.07t0 1.76) —— 1.27 (0.95 to 1.70) L 1.73(1.09t0 2.75)
Eye complications ! ! !

No e 1.01 (0.88 to 1.16) . 1.01(0.8810 1.17) +——@—i 0.94 (0.57 to 1.67)

Yes e 1.08 (0.91 to 1.28) —— 1.02 (0.84 to 1.24) e 1.34(0.93t0192)
Nephrapathy : : i

No o 1.03 (0.92 to 1.16) —a— 1.01 (0.89 to 1.14) —— 1.27 (0.93 to 1.75)

Yes e 1.03 (0.75 t0 1.42) boe 109(0.7710155) +—e——————  0.78(035101.74)
Angiopathy U { l

No o 1.03 (0.92 to 1.15) o 1.00 (0.89 to 1.13) I 1.23 (0.91 to 1.66)

Yes —le—— 1.10 (0.73 to 1.66) — e ——— 119(0.77101.83) *————— = 0.60(0.15t0 2.41)
Hypoglycemic events \ | H

No o 0.99(0.88t0 1.12) e 0.97 (0.85 to 1.09) —e———  1.29(0.911t0 1.83)

Yes —e——— 1.42(1.06t0 1.91) | e 175(1.2410247) +———— 0.96 (0.56 to 1.66)
Cardiovascular disease E E E

No —— 1.01 (0.89 to 1.16) —.— 1.00 (0.87 to 1.15) ————— 1.10 (0.77 to 1.57)

Yes —e— 1.08 (0.89 to 1.31) —— 1.04 (0.84 to 1.29) — e = 1.36(0.82102.26)
Cerebrovascular disease | i H

No — 1.04 (0.92 to 1.18) i 1.04 (0.91 to 1.19) —.— 1.03 (0.71 to 1.50)

Yes —a— 1.00 (0.81 to 1.24) —a— 0.93 (0.73 1o 1.17) —e—» 1.51(0.94 to 2.43)
Peripheral vascular disease E E E

No e 1.04 (0.92 to 1.17) e 1.01 (0.89 to 1.14) n—e——  1.34(0.961t0 1.86)

Yes —— 1.00 (0.77 to 1.30) ——— 1.05(0.79 10 1.40) ——a—1—s 0.78 (0.41 to 1.51)

0.5 1.0 1.5 20 0.5 1.0 1.5 20 05 1.0 1.5 20

T1D- Type 1 diabetes; T2D- Type 2 diabetes; aHR- Adjusted hazard ratio; Cl- Confidence interval. HR adjusted for age, sex, and body mass index. *Example: HF patients
with T2D and neuropathy compared to HF patients without diabetes.

3.3 Other subsequent fracture
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The 2-year cumulative incidence rates for fractures other than HF were 7.3% (95% ClI: 7.2-7.5) for patients without diabetes, 6.6% (95% CI: 6.1-
7.1) for T2D, and 8.5% (95% ClI: 7.0-10.1) for T1D. Compared to the HF patients without diabetes, aHR for other subsequent fractures was 1.06
(95% CI. 0.97-1.16) among diabetes patients with HF. The association depended on diabetes type, with aHR of 1.01 (95% CI: 0.92-1.11) for HF
patients with T2D and 1.43 (95% CI: 1.16-1.78) among HF patients with T1D (Table 2).

The analyses stratified on different HF patient characteristics among T2D patients revealed that older age modified the association of T2D with
other subsequent fractures (86-89 years: aHR 1.22 (95% CI: 0.99-1.51), 90+ years: aHR 1.38 (95% CI: 1.08-1.76)). T1D was robustly associated
with increased risk of other subsequent fractures in most subgroups examined, compared to patients without diabetes with the same characteris-
tics, however, the statistical precision of many aHRs was low due to limited sample size (Figure 3).

The sub-exposure analyses showed that patients with T1D in general had an increased risk of other subsequent fractures irrespective of severity

and complications of T1D, but again, the statistical precision of many aHRs was low (Figure 4).
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Figure 3: 2-year adjusted hazard ratios (aHRs) for other subsequent fracture than hip fracture in patients with incident hip fracture and any dia-
betes, type 2 diabetes, and type 1 diabetes, respectively, as compared with patients without diabetes as reference group*. Impact of diabetes was
examined within different hip fracture patient subgroups.
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Groups
Total
Gender
Men
Women
Age group
65-T4
75-80
81-85
86-89
90+
Bodymass Index
Underweight
MNormal
Overweight
Obese
Charlson comorbidity score
0
1
i
=3
Fall related medications
No
Yes
BMD-lowering medications
No
Yes
Boneprotective medications
Mo
Yes
Cumulated ambulation score
25
<5
Nursing home
No
Yes
Education level
Low
Medium
High

Diabetes

Other subsequent fracture

aHR (95% Cl)
1.06 (0.97 to 1.16)

1.16 (0.87 to 1.39)
1.03(0.83 10 1.14)

1.04 (0.87 to 1.24)
0.94 (0.78 to 1.14)
0.96 {0.80 to 1.15)
1.24 (1.01 to 1.52)
1.37 (1.08 10 1.74)

1.17 (0.91 to 1.50)
1.08 (0.95 to 1.23)
1.08 (0.92 to 1.26)
0.77 {0.58 t0 1.02)

0.98 (0.84 t0 1.14)
1.03 (0.87 to 1.23)
1.15 (0.95 to 1.40)
1.00 (0.82 to 1.22)

1.01(0.79 to 1.30)
1.01 (0.92 0 1.11)

1.03 (0.79 to 1.33)
1.01 (0982 to 1.11)

1.03 (0.93 to 1.14)
1.19 (0.98 to 1.44)

1.12 (0.95 to 1.34)
1.08 (0.83 to 1.26)

1.05 (0.83 t0 1.19)
1.23 (0.98 to 1.56)

0.99 (08810 1.12)
1.01(0.84 10 1.20)
1.29 (0.96 to 1.74)

aHR (95% CI)
1.01(0.92 to 1.11)

1.11 (0.91 to 1.35)
0.98 (0.88 o 1.10)

0.98 (0.80 to 1.19)
0.87 (0.71 to 1.07)
0.90 (0.74 1o 1.09)
1.22 (0.99 to 1.51)
1.38 (1.08 to 1.76)

1.11 (0.84 to 1.47)
1.04 (0.91 to 1.20)
1.03 (0.87 to 1.22)
0.72 (0.53 to 0.97)

0.94 (0.80 to0 1.12)
0.97 (0.80 to 1.17)
1.07 (0.86 10 1.31)
1.00 (0.81 to 1.23)

0.95(0.73 to 1.25)
0.97 (0.88 to 1.08)

0.85(0.72 to 1.26)
0.97 (0.88 to 1.08)

0.99 (0.89 ta 1.10)
1.13 (0.91 to 1.39)

1.09 (0.91 to 1.31)
1.01(0.8510 1.19)

0.99(0.87 to 1.14)
1.24 (0.97 to 1.57)

0.98 (0.86 to 1.11)
0.89 (0.73 to 1.09)
1.18 (0.84 to 1.65)

aHR (95% CI)
1.43 (1.16 to 1.78)

1.49(1.01 10 2.19)
1.40(1.08 1o 1.81)

1.34 (0.94 to 1.90)
1.59 (1.03 to 2.46)
1.50 (0.96 to 2.33)
1.48 (0.79 to 2.76)
1.08 (0.35 to 3.37)

1.41 (0.83 to 2.40)
1.34 (0.97 to 1.84)
1.61 (1.08 to 2.39)
1.39 (0.69 10 2.81)

1.24 (0.84 10 1.84)
1.57 (1.04 to 2.38)
182 (1.2110 2.74)
1.01(0.59 0 1.72)

1.41 (0.80 to 2.50)
1.31 (1.04 to 1.85)

1.59 (0.88 to 2.89)
1.29(1.02 to 1.62)

1.34 (1.0510 1.71)
1.57 (1.01 to 2.44)

1.38 (0.89 to 2.12)
1.81(1.25 10 2.60)

1.54 (1.15 to 2.05)
1.24 (0.62 to 2.51)

1.09 (0.78 to 1.53)
1.70 (1.20 to 2.40)
1.93 (1.08 to 3.43)

T1D- Type 1 diabetes; T2D- Type 2 diabetes; CCI- Charlson Comorbidity Index. HR adjusted for age, sex, and body mass index. *Example: *Example: Women with HF and
T2D compared to women with HF without diabetes.
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Figure 4: 2-year adjusted hazard ratios (aHRs) for other subsequent fracture than hip fracture in patients with incident hip fracture associated
with diabetes, further categorizing diabetes exposure by treatment, duration, and complications compared with patient without diabetes.

Other subsequent fracture

Diabetes exposure aHR (95% C1) T2D aHR (95% C1) 1D aHR (95% CI)
Insulin user H H H

No o 1.04 (0.94 to 1.16) o 1.04 (0.94 to 1.16) H

Yes e 1.11 (0.95 to 1.28) —e 0.92 (0.75 to 1.12) I —e—  143(1.16t0 1.78)
Insulin monotherapy . H .

No . 1.02 (0.92 to 1.13) o 1.02 (0.92 0 1.13)

Yes i 1.22 (1.03 to 1.45) —— 0.96 (0.72 to 1.28) ! —e——  143(1.1610 1.78)
Diabetes duration . ' '

<5 years —— 1.01 (0.87 to 1.18) —4— 1.00 (0.85 to 1.17) — e 1.45(0.72 to 2.90)

25 years - 1.08 (0.98 to 1.20) R o 1.02 (0.91 to 1.14) | —e— 1.43 (1.14 to 1.79)
Neuropathy \ h B

No -:ro—- 1.07 (0.98 to 1.18) n:h 1.03 (0.94 to 1.14) : —e——  1.46(1.14 to 1.87)

Yes —.— 0.99 (0.79 to 1.24) —— 0.88 (0.67 to 1.16) —=—e—= 1.37(0.9110208)
Eye complications l 0 :

No L 1.08 (0.97 to 1.20) o 1.04 (0.93 to 1.17) e 152(1.10t02.10)

Yes o 1.03 (0.90 to 1.19) —e— 0.96 (0.82 to 1.12) —e——  1.37(1.04t0 1.82)
Nephropathy \ H i

No i 1.07 (0.97 to 1.17) o 1.03 (0.94 to 1.14) ———i 1.34 (1.05 to 1.72)

Yes —:o—« 1.02 (0.79 to 1.33) -—o—iﬁ 0.82 (0.59 tc 1.13) : ———e&= 1.81(1.1810 2.78)
Angiopathy l 0 0

No i 1.06 (0.97 to 1.16) . 1.02 (0.93 to 1.12) e 1.41 (11310 1.77)

Yes —— 1.02(0.73 0 1.44)  —ab— 0.91 (0.61 to 1.35) — o= 1.70(0.85t0 3.39)
Hypoglycemic events i H H

No B 1.03 (0.94 to 1.13) o 1.00 (0.91 to 1.10) —e——  141(1.081t0 1.84)

Yes ——i 1.33 (1.04 to 1.69) ——— 1.22 (0.88 to 1.70) —e—= 147 (1.03102.10)
Cardiovascular disease E E E

No o 1.03 (0.93 to 1.14) R 0.98 (0.88 to 1.10) t—e—— 1.42(1.1010 1.83)

Yes —e— 1.14 (0.98 to 1.33) e 1.10 (0.93 to 1.30) ——e—— 1.46(0.99t0 2.17)
Cerebrovascular disease | N N

No . 1.05 (0.95 to 1.16) o 1.01 (0.91 to 1.13) \—e——  1.38(1.07 to 1.78)

Yes e— 1.08 (0.92 to 1.28) —— 1.01 (0.84 to 1.22) — e 157(1.07102.29)
Peripheral vascular disease i : H i

No -Jm 1.05 (0.95 to 1.15) * 1.01 (0.91 to 1.12) -—o—- 1.40 (1.08 to 1.81)

Yes R 1.14 (0.93 to 1.39) —— 1.04 (0.83 o 1.31) ——e—» 152(1.04102.22)

0.5 1.0 1.5 20 0.5 1.0 15 2.0 0.5 1.0 1.5 20

Figure 1: T1D- Type 1 diabetes; T2D- Type 2 diabetes. HR adjusted for age, sex, and body mass index. *Example: HF patients with T2D and neuropathy compared to HF
patients without diabetes.

4. Discussion
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Among incident HF patients, we found no strong overall association of T2D or T1D with increased risk of subsequent HF, but diabetes patients
with previous hypoglycemic events and those with a history of neuropathy were at clearly increased risk. In contrast, patients with T1D had a
clearly increased risk of subsequent fractures other than HF.

4.1 Comparison with other studies

The 2-year risk of subsequent HF has been reported to range between 5-11% in previous studies (26, 30-32) which is higher compared to our
rates of less than 5%. The discrepancy could be due to different methodical approaches used to identifying subsequent HFs. A subsequent HF in
most previous studies was defined based on the ICD-10 codes alone. Since a HF diagnosis is likely to be registered in the DNRP due to readmis-
sion for other reasons or reoperation shortly after incident HF surgery, use of ICD-codes alone will by capturing these registrations falsely in-
crease the risk of subsequent HF. To counteract this, we combined ICD-10 code for HF with a surgical procedure for first-time HF. Other Danish
register-based studies have counteracted this by excluding registration in the DNPR with same-site HF within the first 6 months of the incident
HF, arguing that these registrations are complications related to incident HF rather than subsequent new HF (24-26). It is worth mentioning, that
there is no published and validated method of identification of subsequent fractures, and each method is biased to some extent. A Danish study
by Ryqg et al. (30), based on 1977-2001 data found a higher incidence of subsequent HF than we did, despite including surgical procedure codes.
Several factors could explain the reduction in incidence of subsequent HF such as more focus on major risk factors and osteoporosis treatment,

change from internal fixation to total hip replacement as treatment for HF, and improvement in pre- and postoperative in-hospital quality of
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treatment (20, 33). For comparison, the incidence rate of HF in Denmark is reported as 316 per 100,000 persons in those aged 50 or above dur-

ing 2005-2018 (34).

The association between diabetes and the risk of subsequent fractures after an incident HF is not well established. Our results of no association
between diabetes in general and subsequent HF agrees with results of some earlier published studies (9, 35). However, a study by Shen et al (8)
found increased risk of subsequent hip fracture among patients with diabetes. Shen et al (8) study was based on HF patients age > 45, whereas
our and two other studies (9, 35) are based on HF patients > 65 years. In addition, demographic differences between an Asian population (8) and
a Caucasian population (9) could explain differences in the results. The study by Yamasashi et al (35) was only based on 714 HF patients and the

follow up was only 3-6 months, rather different from our study.

To our knowledge, this study is the first to investigate multiple general HF patient characteristics and detailed diabetes-related characteristics or
complications such as medicine, hypoglycemic events, neuropathy and retinopathy, as a proxy for increased fall risk leading to increased risk of
subsequent fractures after incident HF. Therefore, we can only compare our results with the results of several studies that have investigated the
risk of incident fractures in patients with diabetes (36-38). These studies (36-38) observed that patients with insulin-treated T2D have an in-
creased risk of both incident HF and fractures other than HF due to insulin-induced hypoglycemic events. This is partly in agreement with our

finding of history of hypoglycemic events being a risk factor for subsequent HF in T2D, but we did not find an association between the use of
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insulin and the risk of subsequent HF, neither as monotherapy nor in combination with other novel-glucose-lowering drugs. Further, hypoglyce-
mic events did not increase the risk of subsequent HFs in T1D, despite that these patients have a high prevalence of history of hypoglycemic
events and everyone using insulin, questioning the insulin-induced hypoglycemic events theory in T2D patients.

The proportion of patients with neuropathy was almost four-fold higher in those with diabetes compared to those without diabetes. Diabetic neu-
ropathies have been shown to increase the risk of incident fractures in patients with diabetes, which most likely is due to loss in proprioception
and increase risk of falling (39). Further, poorly regulated diabetes and neuropathy increases the likelihood of diabetic foot disease such as foot

ulcers, which further have shown to increase the risk of falls (40, 41).

Higher proportion of low education in T2D patients than in T1D or patients without diabetes could indirectly contribute to subsequent HFs.

Our finding of increased risk of other subsequent fractures in T1D, irrespective of diabetes-related characteristics, is in line with findings by
Wallander et al. who observed an increased risk of incident other fractures in T1D patients (36). Further, Miao et al. (42) observed an increased
risk of incident HF in T1D with neurological complications, while Hamilton et al (43) did not. Both studies are based on very few fracture out-
comes resulting in uncertainty of their results.

Fracture type distribution was rather similar in T2D and T1D which is accordance with previous findings from Denmark (44), although T1D

patients are younger. The ratio between femoral neck / trochanteric fractures is rather similar in Danish population irrespective of age (44).
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Even with diabetes being a risk factor for incident fracture and T1D being a risk factor for other subsequent fracture, the proportion of HF pa-
tients with diabetes receiving bone-protective osteoporosis medication was very low in our study (less than 15%) and similar to HF patients
without diabetes patients (17%). HF in elderly population is a diagnostic criteria for osteoporosis and according to Danish guidelines almost all
patients with a low-energy HF are candidates for bone-protective osteoporosis treatment, regardless the T-score (45). Despite guidelines, only

20% of patients receive osteoporosis treatment one year after HF surgery (34).

Our patients with diabetes (both T2D and T1D) had a high prevalence of micro- and macrovascular disease which is comparable to elderly dia-

betes patients in general (46, 47)

A high proportion of T2D used insulin, but this prescription pattern is similar to studies from the US (48). Newer novel-glucose lowering drugs
such as Sodium-Glucose cotransporter-2 inhibitors and Glucagon Like Peptide-1 Receptor Agonists are associated with a lower risk of hypogly-
cemic events (49). These drugs were rarely prescribed in our population, despite being on the market from 2009 and 2014. Updated analyses

including the patients sustaining HF after 2018 could elucidate time-trend changes in use of newer glucose lowering drugs.

4.2 Strength and weaknesses
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This study was based on Danish population-based health registries. Since access to health care in Denmark is tax-funded, and all patients admit-
ted for a HF are treated at a public hospital, the risk of selection bias is low. Due to linkage to CRS, the risk of loss to follow-up is minimal, and
only <0.1% were lost due to emigration.

The positive predictive value of diagnosis codes for HF in the DMHFR and the DNPR is above 90% (50). Positive predictive value of diabetes
based on ICD-10 codes has been reported to be 97% with a sensitivity of 65%, while positive predictive value of diabetes captured through ATC
codes is 95% with a sensitivity of 72% (51).

Most patients with T2D are treated by a general practitioner, and public hospitals only account for 20% of the treatment, mostly due to diabetic
complications (52). Including ATC codes from the National Prescription Registry, the patients treated at the general practitioners will also be
included. In addition, any misclassification of diabetes is not related to later registration of subsequent fractures. T1D is normally identified as
the first diabetes diagnosis code in a younger population (age < 30-40) or lifelong monotherapy with insulin (53). We were not able to apply this
method due to the age of our population, thus, T1D in our population might include some cases of long-term severe T2D, who switched to insu-
lin.

CClI diagnosis through DNPR have shown overall positive predictive value 98% in previous studies (54). However, we lacked diagnoses from
the general practitioner as well as data on the severity of some CCI diagnoses. Thus, we may have residual confounding to some extent.

Our study results could be bias by unmeasured confounding. We did not have information on physical activity, only a pre-fracture mobility and

mobility at discharge. It is possible that patients with less physical activity, in a wheelchair or bed most of the day have lower risk of getting a

-29.-



fracture. Patients with T2D could be more likely in this situation due to less activity than patients without diabetes (55). Further, we did not have
information on smoking, which is both associated with a higher risk of HF and diabetes with complications, and therefore a potential confounder
to be adjusted for (56, 57).

We had missing data on CAS and BMI. However, a previous study from our research group showed that BMI was missing at random. Regarding

CAS, missing is also at random since registration of CAS in the DMHFR was not mandatory from the DMHFR initiation.

4.3 Conclusion

In this real-world nationwide cohort of incident HF patients, we found no strong overall association between T2D or T1D with increased 2-year
risk of subsequent HF. However, diabetes patients with a history of hypoglycemia and those with a history of neuropathy were at increased risk.
In contrast, patients with T1D have a higher risk of other subsequent fractures irrespective of HF and diabetes-related characteristics.

This HF diabetes cohort had a high prevalence of insulin users and micro- and macrovascular diseases. More focus should be put toward osteo-
porosis treatment among diabetes patients in general to prevent both incident and subsequent fractures, and patients with T2D could potentially
benefit from newer glucose-lowering medications with a lower rate of hypoglycemic events.
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Highlights

e Among 92,600 patients with incident hip fracture 11,469 (12%) had diabetes.

No overall association of T2D or T1D with increased risk of subsequent hip fracture.

Diabetes with neuropathy had increased risk of subsequent hip fracture.

Patients with T1D had clearly increased risk of other fractures than hip fracture.

Diabetes with prior hypoglycemic events had increased risk of subsequent hip fracture.
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