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Abstract
Summary This study highlights an unmet need in osteoporosis management, suggesting that beyond bone mineral density 
and fracture history, gender, fracture type, and age should be considered for fracture risk assessment. Following fragility 
fracture, men, patients with a spine or hip fracture, and those aged ≥ 65 have a higher disease burden.
Introduction The objective of this study was to characterize osteoporosis-related fracture incidence and identify predictors 
of subsequent fractures and mortality.
Methods This retrospective cohort study, conducted within Kaiser Permanente Southern California, included patients 
aged ≥ 50 years with qualifying fractures from 1/1/2007 to 12/31/2016, identified from diagnosis/procedure codes. Rates 
for fracture incidence, mortality, and resource utilization in the year post-fracture are reported. Associations between index 
fracture types and demographic/clinical characteristics, and mortality, subsequent fracture, and rehospitalization outcomes 
were estimated.
Results Of 63,755 eligible patients, 66.7% were ≥ 65 years and 69.1% female. Index fractures included nonhip/nonspine 
(64.4%), hip (25.3%), and spine (10.3%). Age-adjusted subsequent fracture rate/100 person-years was higher for those with 
an index spine (14.5) versus hip fracture (6.3). Hospitalization rate/100 person-years was highest for patients ≥ 65 (31.8) and 
for spine fractures (43.5). Men (vs women) had higher age-adjusted rates of hospitalization (19.4; 17.7), emergency room 
visits (73.8; 66.3), and use of rehabilitation services (31.7; 27.2). The 30-day age-adjusted mortality rate/100 person-years 
was 46.7, 32.4, and 15.5 for spine, hip, and nonspine/nonhip fractures. The 1-year age-adjusted mortality rate/100 person-
years was 14.7 for spine and 15.6 for hip fractures. In multivariable analyses, spine and hip fractures (vs nonhip/nonspine 
fractures) were significant predictors of 1-year mortality, all-cause and osteoporosis-related hospitalization, and nursing 
home use (all P-values < 0.0001).
Conclusion Morbidity is high in the year following a fragility fracture and men, patients with a spine or hip fracture, and 
those aged ≥ 65 have a greater disease burden.

Keywords Fracture risk · Mortality · Osteoporosis · Subsequent fracture

Introduction

Osteoporosis and associated fractures are an important 
public health burden. The subsequent effects of fractures 
for patients may include increased mortality and morbidity, 

functional decline, and loss of independence [1, 2], and 
the economic burden is significant regardless of the type 
of healthcare plan [3, 4]. Compared to patients without a 
fracture, those incurring a fracture have a higher total cost 
burden ($47,163 vs $16,034) in the year after index frac-
ture. Furthermore, there is an incremental cost in the year 
following index fracture for patients incurring a second 
fracture compared to those who do not have a subsequent 
fracture ($78,137 vs $16,807). As the US population ages, 
the number of Americans at risk for fractures is projected 
to increase by 32% from 2010 to 2030 [5]. Many patients 
remain underdiagnosed and undertreated [3, 4], possibly due 
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to the presence of other symptomatic comorbidities consid-
ered to require more urgent management. These other con-
ditions (i.e., cardiovascular and respiratory disease in par-
ticular), however, may contribute to increased fracture risk 
and worse outcomes if the fracture patient is not adequately 
managed. Prior studies have focused on fracture-specific 
resource utilization and costs [5, 6]; however, other effects 
of all osteoporosis-related fractures, not just hip fractures, 
in the post-fracture period are less clear. Previous epidemio-
logical studies have shown that about half of fractures occur 
in patients with bone mineral density (BMD) ≤−2.5 [7–10]. 
The evaluation of variations in outcomes for patients with 
different risk profiles and comorbidities in addition to BMD 
is therefore important. The objective of this study was to 
characterize osteoporosis-related fracture incidence, evalu-
ate outcomes including subsequent fractures and mortality, 
and identify predictors of outcomes.

Methods

A retrospective cohort study was conducted within Kaiser 
Permanente Southern California, an integrated healthcare 
organization serving approximately 4.7 million members 
throughout Southern California. Eligible patients were 
women and men aged ≥ 50 years who sustained an osteopo-
rosis-related fracture (excluding fingers, toes, face, and skull 
fractures) between January 1, 2007, and December 31, 2016 
(identification period). Patients were required to have had a 
minimum of 2 years of continuous health plan enrollment 
prior to the index fracture (pre-index) to allow for deter-
mination of fracture history and other pre-existing medical 
conditions associated with increased fracture risk. Since 
patients also have pharmacy benefits as part of their health 
plan coverage, the gathering of information related to pre-
scription medication use is facilitated and comprehensive. 
Patients with a diagnosis of Paget disease or malignancy (not 
including nonmelanoma skin cancer) during the pre-index 
period were excluded.

An algorithm was used to identify nontraumatic osteo-
porotic-related fractures [11]. The algorithm identifies frac-
ture events using ICD diagnosis codes, procedure codes, and 
physician HCPCS codes in combination with visit types. 
Qualifying fractures were those identified during an inpa-
tient stay or during an ambulatory visit accompanied by a 
repair procedure code. Fractures were categorized as spine 
only, pelvis only, shoulder (clavicle, humerus) only, radius/
ulna only, hip only, other femur only, tibia/fibula only, ankle 
only, and multiple fracture sites (Online Resource Table 1). 
The earliest qualifying fracture observed during the study 
period was the index fracture, and the date of that first 
occurrence was the index date. Once an incident fracture 
was identified, the episode for that fracture continued until 

a gap of > 90 days between fracture-related encounters was 
observed. A qualifying fracture that occurred at the same 
anatomic site after 90 days was considered a new fracture. 
Fractures that occurred at a different anatomic site anytime 
following the index fracture were considered new fractures.

Clinical outcomes of interest included subsequent frac-
ture within the year after index fracture; mortality following 
index fracture; 30-day and 1-year post-index fracture mor-
tality; time to death; and time to subsequent fracture. The 
follow-up period was until the earliest of outcome of inter-
est, death, disenrollment from KPSC, the end of the 1-year 
follow-up period, or the end of the study period (through 
December 31, 2017). Osteoporosis-related and all-cause 
healthcare resource utilization were assessed including hos-
pitalizations, ambulatory care encounters including office 
visits, emergency department visits, telephone encounters, 
and use of nursing home, home healthcare services, and 
rehabilitation services. Primary reason for hospitalization 
and utilization were considered osteoporosis-related if 
there was a diagnosis of osteoporosis (ICD-9 733.0x; ICD-
10 M81.0), fracture, or aftercare of fracture (ICD-9 V54.
xx; ICD-10 Z47.89) associated with the healthcare encoun-
ter. High utilization was defined as the top 20% of users 
of healthcare services (including inpatient and outpatient 
encounters and associated procedures and services). Rates 
of hospitalization, ambulatory care encounters (outpatient, 
urgent care, emergency department, telephone), and mortal-
ity were age-adjusted by the US 2010 census and reported 
as events per 100 person-years.

For all descriptive analyses, the mean and standard devia-
tion are provided for continuous variables; the frequency and 
percentage are provided for categorical variables. Crude and 
age-adjusted subsequent fracture rates are provided as events 
per 100 person-years including rates for subgroups of age, 
gender, and index fracture sites. Cumulative incidence plots 
were used to estimate time-to-event for subsequent fracture, 
mortality, and rehospitalization outcomes by anatomic site 
of fractures. Multivariable Cox proportional hazards models 
were used to estimate associations between index fracture 
types and demographic/clinical characteristics, and the mor-
tality, subsequent fracture, and rehospitalization outcomes. 
Stepwise logistic regression models were used to identify 
significant predictors of health outcomes (with significance 
entry and exit set at 0.25 and 0.15, respectively).

Results

A total of 63,755 patients met the study eligibility criteria 
(Table 1). The majority of patients (66.7%) were ≥ 65 years 
of age, White (65.9%), and female (69.1%). Index frac-
tures included nonhip/nonspine (n = 41,080; 64.4%), hip 
(n = 16,103; 25.3%), and spine (n = 6,572; 10.3%). Of 
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patients with a BMD T-score data available (n = 13,282), 
50.3% (n = 6,684) had a T-score ≤  − 2.5, considered to be 
in the osteoporotic range. In the 2-year period prior to their 
index fracture, 23.1% of patients were previously diagnosed 
and treated for osteoporosis while 44.7% of patients did not 
have osteoporosis diagnosis or treatment. The mean (SD) 
gap between the most recent BMD assessment and index 
fracture was 326.1 (225.2) days. Of those treated for osteo-
porosis with medication in the 2 years prior to their index 
fracture, 85% were on alendronate. One-third of all patients 
had a history of falls and 19.2% were hospitalized for any 
reason in the year prior to index fracture. Approximately 
one-third had a Charlson Comorbidity Index (CCI) score > 3 
and the most prevalent comorbidities were cardiovascular 
disease (70.1%), musculoskeletal pain (59.3%), osteoar-
thritis (26.5%), diabetes (23.8%), and renal disease (23%). 

In the 90-day period prior to their index fractures, the use 
of medications associated with increased fall risk included 
opioids (32.1%), beta blockers (21.7%), selective serotonin 
reuptake inhibitors (SSRIs) (15.2%), and benzodiazepines/
barbiturate/muscle relaxants (15.3%).

Subsequent fractures were more likely among patients 
who were older at the time of index fracture (45.6% for 
50–64 years vs 75.6% for 85 + years). This finding held for 
women, but, among men, the 50–64 age group had a higher 
rate of a second fracture (6.3/100 person-years) compared 
to the 65–74 (5.7/100 person-years) and 75–84 (6.2/100 per-
son-years) age groups. Women 50–64 had the lowest rate of 
nonhip/nonspine fracture rates (2.9/100 person-years) com-
pared to women in other age categories (3.9 for 65–74; 5.9 
for 75–84; 8.2 for 85 +). Age-adjusted subsequent fracture 
rate at any anatomic site was highest following an index 

Table 1  Baseline patient 
characteristics overall and by 
fracture site

a Data are presented only for the subset of patients who incurred a fracture and had BMD T-score available 
13,282 (20.8%)
BMD, bone mineral density; BMI, body mass index; SD, standard deviation

Index fractures

Characteristic Any fracture Hip fracture Spine fracture Nonhip, 
nonspine 
fracture

Total patients, n (%) 63,755 (100) 16,103 (100) 6572 (100) 41,080 (100)
Age at index, mean (SD) 72.1 (12.3) 79.9 (10.3) 74.1 (12.0) 68.7 (11.6)
Age at index fracture, n (%)

  50–64 21,220 (33.3) 1671 (10.4) 1706 (26) 17,843 (43.4)
  65–74 15,178 (23.8) 2918 (18.1) 1491 (22.7) 10,769 (26.2)
  75–84 15,826 (24.8) 5771 (35.8) 1998 (30.4) 8057 (19.6)
  85 + 11,531 (18.1) 5743 (35.7) 1377 (21) 4411 (10.7)

Sex, n (%)
  Female 44,068 (69.1) 10,815 (67.2) 3748 (57) 29,505 (71.8)
  Male 19,687 (30.9) 5288 (32.8) 2824 (43) 11,575 (28.2)

Race/ethnicity, n (%)
  White 42,042 (65.9) 11,669 (72.5) 4562 (69.4) 25,811 (62.8)
  Black 4139 (6.5) 1033 (6.4) 387 (5.9) 2719 (6.6)
  Hispanic 13,040 (20.5) 2429 (15.1) 1066 (16.2) 9545 (23.2)
  Asian/Pacific Islander 3611 (5.7) 755 (4.7) 441 (6.7) 2415 (5.9)
  Other/missing 923 (1.5) 217 (1.3) 116 (1.8) 590 (1.4)

BMI, n (%)
  Missing 2315 (3.6) 615 (3.8) 307 (4.7) 1393 (3.4)
  Underweight/normal, < 25.0 25,894 (40.6) 9531 (59.2) 2721 (41.4) 13,642 (33.2)
  Overweight, 25.0–29.9 19,334 (30.3) 4078 (25.3) 2122 (32.3) 13,134 (32)
  Obese, ≥ 30.0 16,212 (25.4) 1879 (11.7) 1422 (21.6) 12,911 (31.4)

BMD, n (%)a

  Normal, T-score ≥  − 1.0 1,056 (1.7) 96 (0.6) 119 (1.8) 841 (2)
  Osteopenia, T-score − 1.0 to − 2.5 5542 (8.7) 884 (5.5) 646 (9.8) 4012 (9.8)
  Osteoporosis, T-score ≤  − 2.5 6684 (10.5) 2228 (13.8) 795 (12.1) 3661 (8.9)

Mean (SD) gap in days of latest prior 
BMD assessment and the index 
fracture

326.1 (225.2) 358.0 (215.4) 314.8 (221.2) 316.1 (228.4)
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spine versus index hip fracture (14.5 vs 6.3/100 person-
years) (Table 2). Those with an index hip fracture had the 
highest rate of a second fracture of the hip (1.9/100 person-
years) and those with an index spine fracture had the highest 
rate of subsequent spine fractures (2.8/100 person-years). 
Age-adjusted subsequent fracture incidence rates were 
higher for men versus women overall (6.2 vs 4.3/100 person-
years), for spine fractures (16.3 vs 12.7/100 person-years), 
and for nonhip/nonspine (4.8 vs 3.6/100 person-years) frac-
tures (Table 2).

Regarding mortality, 3.6% and 12.8% of patients died 
within the 30-day and 1-year post-index fracture periods, 
respectively. While the proportion of patients who died 
within the 30-day period was comparable for spine versus 
hip fractures (6.4% vs 6.4%), 1-year mortality was somewhat 
higher for hip versus spine (23.9% vs 20.6%). The 30-day 
age-adjusted mortality rate was 46.7/100 person-years for 
spine, 32.4/100 person-years for hip, and 15.5/100 person-
years for nonspine/nonhip fractures. The 1-year age-adjusted 
mortality rate was 14.7/100 person-years for spine and 
15.6/100 person-years for hip fractures. Although the same 
trend was observed in gender-specific stratified analyses, the 
mortality rate was greater for men compared to women in 
all age groups.

The osteoporosis-related hospitalization rate in the 
1-year post-index fracture period was higher for patients 
aged ≥ 65 vs < 65 (31.8 vs 11.3/100 person-years). Patients 
with spine fractures had the highest (unadjusted) osteo-
porosis-related hospitalization rate in the 1-year post-
index period (43.5/100 person-years) versus hip (39.5) 
and nonhip/nonspine fractures (16.7). Of all patients with 
any fracture, 13,988 (22%) used nursing home, home 
healthcare, or rehabilitation services. The age-adjusted 
rates per 100 person-years for these services in the year 
following the index fracture were highest for patients who 
incurred a hip fracture (65.6) versus those with spine 
(44.6) and nonhip/nonspine fractures (19.1). Age-adjusted 
osteoporosis-related hospitalization, emergency room, 

and rehabilitation service use per 100 person-years were 
higher for men (19.4, 73.8, and 31.7, respectively) versus 
women (17.7, 66.3, and 27.2), while outpatient services, 
telephone encounters, and urgent care use were higher for 
women (1630.8, 192.9, and 41.4, respectively) compared 
to men (1550.5, 181.3, and 36.6).

In the time-to-event analyses, after adjusting for impor-
tant confounders associated with increased risk of falls, 
fractures, or mortality compared to patients with nonhip/
nonspine fractures, those with a spine fracture were sig-
nificantly more likely to have a subsequent hip fracture 
(HR [95% CI]: 1.26 [1.02, 1.55]; P = 0.032) or a subse-
quent fracture of any kind (2.11 [1.92, 2.31]; P < 0.0001); 
however, these findings should be interpreted with caution 
since the proportional hazard assumptions for subsequent 
fracture outcomes were not met for the model (Fig. 1). 
Compared to patients with nonhip/nonspine fractures, 
those with spine or hip fractures were significantly more 
likely to have an osteoporosis-related hospitalization, an 
all-cause hospitalization, nursing home use, and death 
within 1 year (P < 0.0001 for all comparisons) (Table 3 
and Fig.  2). The following were associated with high 
use of healthcare resources: being overweight or obese; 
having a prior diagnosis or treatment for osteoporosis; 
CCI > 3; mobility impairment; and use of oral corticos-
teroids, benzodiazepine/barbiturates/muscle relaxants, and 
proton-pump inhibitors (P < 0.0001 for all). Furthermore, 
compared to Whites, Hispanics were significantly more 
likely to use urgent care (OR [95% CI]: 1.21 [1.15–1.27]; 
P < 0.0001), and Blacks were significantly more likely to 
use emergency rooms (OR [95% CI]: 1.36 [1.27–1.46]; 
P < 0.0001).

Table 2  Age-adjusted fracture incidence rate within 1 year post-index 
fracture

By US 2010 Census

Second fracture rate (incidence per 100 person-
years)

Second fracture of any kind Second frac-
ture by site

Index fracture Female Male Overall Hip Spine

Any fractures 4.3 6.2 4.9 8.6 0.54
Hip fracture 5.6 7.3 6.3 1.9 0.49
Spine fracture 12.7 16.3 14.5 1.4 2.8
Nonhip/nonspine 3.6 4.8 4.0 6.6 0.32
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Fig. 1  Cumulative incidence of fracture within 1 year, by index frac-
ture type
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Discussion

The current study evaluated osteoporotic fractures in a 
demographically diverse population within an integrated 
healthcare organization. Subsequent fracture incidence, 
mortality, and healthcare resource utilization following 
index fracture were assessed. Overall, the majority of 

index fractures were nonhip/nonspine fractures. Forty-
three percent of women in the 50–64 year old age group, 
a population of patients typically not considered for rou-
tine osteoporosis screening, experienced index fractures of 
this type. Similarly, men, a group that is often not consid-
ered for osteoporosis screening, appeared to have a higher 
burden of subsequent fracture and mortality compared 
to women across all age groups. The difference persisted 
after age adjustment and may be reflective of the lower 
recognition or treatment of osteoporosis after index frac-
ture in men compared to women.

At the time of the index fracture, consistent with previ-
ous findings, a substantial proportion (44.7%) of patients 
did not have an osteoporosis diagnosis or treatment [3, 4]. 
Mean gap in days from last DXA scan to fractures was less 
than 2 years, which is consistent with the HEDIS quality of 
care measures for management of osteoporosis. We did not 
evaluate the occurrence of other imaging tests (i.e., x-ray or 
CT scans) or the calculation of risk prediction scores by the 
physician which may have occurred. Of patients who had 
BMD T-scores available, only half had a score within the 
osteoporotic range (≤ − 2.5). Known predictors of fracture 
include age, previous fracture, family history, and steroid 
use [12] and it should also be noted that a high proportion 
of patients in the current study had comorbidities such as 
cardiovascular disease, musculoskeletal pain, osteoarthri-
tis, diabetes, and renal disease. Our findings provide further 

Table 3  Time-to-event analysis, proportional hazard regression on subsequent fracture, 1-year mortality, hospitalization, and nursing home use 
outcomes

a  “Index fracture being nonhip nonspine fracture” is the reference exposure group
b Pre-stepwise selection (significance entry = 0.25; significance exit = 0.15). Risk factor adjustment includes age, sex, race/ethnicity, body mass 
index, osteoporosis diagnosis prior to fracture, osteoporosis treatment prior to fracture, number of inpatient hospitalizations prior to index frac-
ture, Charlson Comorbidity Index, diabetes, mobility impairment, Parkinson’s disease, muscle atrophy/weakness/sarcopenia, glucocorticoid use, 
benzodiazepine/barbiturate/muscle relaxant use, selective serotonin reuptake inhibitor use, proton-pump inhibitor use

Event Index  fracturea Univariate HR
(95% CI)

P-value Multivariable 
adjusted  HRb

(95% CI)

P-value

1 1-year mortality Hip fracture 3.7
(3.5, 3.9)

 <0.0001 1.7
(1.6, 1.8)

 <0.0001

Spine fracture 3.1
(2.9, 3.4)

 <0.0001 1.8
(1.7, 1.9)

 <0.0001

2 Osteoporosis-related hospitalization Hip fracture 2.3
(2.2, 2.4)

 <0.0001 1.2
(1.2, 1.3)

 <0.0001

Spine fracture 2.7
(2.6, 2.8)

 <0.0001 1.7
(1.6, 1.8)

 <0.0001

3 All-cause hospitalization Hip fracture 1.7
(1.6, 1.7)

 <0.0001 1.2
(1.2, 1.3)

 <0.0001

Spine fracture 2.7
(2.7, 2.8)

 <0.0001 2.0
(1.9, 2.0)

 <0.0001

4 Nursing home use Hip fracture 4.2
(3.8, 4.5)

 <0.0001 2.5
(2.3, 2.7)

 <0.0001

Spine fracture 2.1
(1.9, 2.4)

 <0.0001 1.5
(1.3, 1.7)

 <0.0001
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Fig. 2  Cumulative incidence of mortality within 1  year, by index 
fracture type
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evidence that these additional factors (beyond bone density) 
should be considered when assessing fracture risk.

A quarter of the patients were on treatment at the time 
of fracture, indicating that treatments reduce, but do not 
eliminate, the risk of subsequent fracture. Consistent with 
these findings, Imel et al. showed that, despite adherence 
(≥ 80% medication possession ratio), approximately one-
third of patients on antiresorptive therapies do not reach the 
treatment goals of fracture risk reduction or maintenance 
of BMD values [13]. Our findings suggest a need for bet-
ter adherence to risk-based management strategy as per 
evidence-based guidelines [14].

The rate of subsequent fractures was highest following 
spine fractures and associations between index spine frac-
tures, mortality rate, and healthcare resource utilization 
were significant. While disease burden associated with hip 
fractures is well recognized, the burden associated with 
spine fractures is underappreciated. In a 5-year prospective 
cohort study for both men and women with hip fracture, 
survival time was significantly shorter than that of the gen-
eral population (P < 0.0001) [15]. Nonhip major fractures 
and vertebral fractures were also associated with signifi-
cantly shorter survival (P = 0.003 for women, P < 0.0001 
for men). According to a multinational observational study, 
which included patient perspectives, there is substantial loss 
of quality of life for patients with hip or vertebral fractures 
for at least 18 months following the occurrence of fracture, 
with reported mean (SD) difference between Health State 
Utility Values (HSUV) before and after hip, vertebral, and 
distal forearm fracture of 0.89 (0.40), 0.67 (0.45), and 0.48 
(0.34), respectively (P < 0.001 for all fracture types). Eight-
een months after fracture, mean HSUVs were lower than 
before the fracture in patients with hip fracture (0.66 vs 0.77 
P < 0.001) and vertebral fracture (0.70 vs 0.83 P < 0.001) 
[16].

The occurrence of any fracture at any site is a significant 
predictor of a second fracture within the first-year post-index 
fracture. These findings highlight the importance of second-
ary fracture prevention, especially in groups typically not 
considered at risk such as women aged 50–64, men, and 
those with normal or osteopenic bone density. Early identi-
fication and treatment of high-risk patients are important in 
secondary fracture prevention and reduction in the overall 
burden of disease, which aligns with the current National 
Osteoporosis Foundation strategy for reduction of osteo-
porotic disease burden [17].

The 30-day mortality rate observed in this study is con-
sistent with that reported in other studies, which have varied 
from 3.5 to 10% following a hip fracture [18, 19]. Previous 
studies have shown increased risk of mortality following 

hip fracture in patients with poor baseline functional level 
[20]; however, we did not have access to functional status 
in the current study and could not evaluate its impact on 
overall mortality rate post-fracture. In the current study, 
fewer than 10% of the study population had indicators of 
poor function or frailty associated with increased mortality 
(i.e., muscle atrophy/weakness, sarcopenia). The observed 
higher use of resources following hip fracture is consistent 
with other studies and likely associated with a higher cost 
of care, although the cost of care was not evaluated in the 
current study [21].

The study has several potential limitations, primarily 
those associated with the use of secondary data in obser-
vational research. First, we only had access to data that was 
previously collected. While the electronic health record did 
provide information on variables that are not typically avail-
able from claims databases, including race, BMI, and BMD 
T-score, it did not include other predictors of fracture risk, 
including lifestyle risk factors such as smoking and alcohol 
intake, or family history. Data on asymptomatic vertebral 
fractures were not available as only clinical vertebral frac-
tures that resulted in a healthcare encounter were available. 
Additionally, our research was limited to death occurring 
in-hospital and was more likely to have included more severe 
cases of osteoporosis with higher associated disease burden. 
Furthermore, disease burden from patient perspective, which 
could be substantial, was not available, so the overall disease 
burden may be underestimated. Finally, findings from the 
time-to-event analysis should be interpreted with caution 
since the proportional hazard assumptions for subsequent 
fracture outcomes were not met for the model.

This study has several strengths. Our study was broad in 
scope in consideration of all fracture sites and included a 
large number of demographically diverse patients with com-
plete data on all health encounters within a closed health 
system. We reduced information bias by ascertaining infor-
mation for all patients using the same methods, and extract-
ing from the electronic health record, minimizing any differ-
ential information acquisition for patients with and without 
the outcomes of interest. We further minimized selection 
bias as the study cohort included all members of qualifying 
age with relevant fractures from the overall KPSC member-
ship during the study period.

In summary, our findings provide new insights on the 
unmet medical need in osteoporosis management and 
suggest consideration of risk factors beyond BMD and 
history of fracture for subsequent fracture risk assess-
ment. Guidelines for earlier treatment of men to reduce 
subsequent fracture risk and mortality are warranted. 
Further evaluation of outcomes in patients with normal 
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BMD versus osteoporosis range would also be valuable. 
Payers and providers alike can use the data to develop 
risk prediction models for improved population health 
management.

Supplementary Information The online version contains supplemen-
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