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Abstract

Summary We studied factors affecting osteoporotic hip fracture mortality in Hawai‘i, a region with unique geography and
racial composition. Men, older adults, higher ASA score, lower BMI, and NHPI race were associated with higher mortality.
This is the first study demonstrating increased mortality risk after hip fracture in NHPI patients.

Purpose To estimate mortality rates and identify specific risk factors associated with 1-year mortality after osteoporotic
hip fracture in Hawai‘i.

Methods A retrospective review of adults (> 50 years) hospitalized with an osteoporotic hip fracture at a large multicenter
healthcare system in Hawai‘i from 2011 to 2019. The Kaplan—Meier curves and log-rank tests examined survival probability
by sex, age group, race/ethnicity, primary insurance, body mass index (BMI), and American Society of Anesthesiologists
(ASA) physical status classification. After accounting for potential confounders, adjusted hazard ratios (aHR) and 95%
confidence intervals (CI) were obtained from Cox proportional hazards regression models.

Results We identified 1755 cases of osteoporotic hip fracture. The cumulative mortality rate 1 year after fracture was 14.4%.
Older age (aHR 3.50; 95% CI 2.13-5.76 for >90 vs 50-69), higher ASA score (aHR 5.21; 95% CI 3.09-8.77 for ASA 4-5
vs 1-2), and Native Hawaiian/Pacific Islander (NHPI) race (aHR 1.84; 95% CI 1.10-3.07 vs. White) were independently
associated with higher mortality risk. Female sex (aHR 0.64; 95% CI 0.49-0.84 vs male sex) and higher BMI (aHR 0.35;
95% C1 0.18-0.68 for obese vs underweight) were associated with lower mortality risk.

Conclusion In our study, men, older adults, higher ASA score, lower BMI, and NHPI race were associated with significantly
higher mortality risk after osteoporotic hip fracture. NHPIs are an especially vulnerable group and comprise a significant
portion of Hawai‘i’s population. Further research is needed to address the causes of higher mortality and interventions to
reduce hip fractures and associated mortality.
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Introduction
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Osteoporotic hip fractures represent a serious health concern
in older adults and are associated with significant morbid-
ity and mortality. Osteoporosis is a skeletal disorder char-
acterized by decreased bone mineral density and strength,
which is associated with an increased risk for hip fracture,
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especially in older post-menopausal women [1, 2]. Overall
mortality within 1 year after hip fracture has been estimated
to be as high as 33%, with several studies reporting mortal-
ity rates greater than 20% [3-7]. In addition, mortality rates
have been found to increase over time, with one long-term
study finding that 1-year mortality increased by 2% each
year over 17 years [3]. As elderly populations continue to
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grow in many countries worldwide, it is estimated that the
number of hip fractures could increase to 4.5 million by the
year 2050, more than three times the 1.26 million estimated
in 1990 [8].

Specific patient groups have been found to have higher
rates of mortality following hip fracture. Men have higher
excess mortality and risk of death after hip fracture despite
women sustaining more hip fractures overall [9-11]. In addi-
tion, differences in mortality, survival, and function after
hip fracture have also been reported by race and ethnicity
[12—-14]. Hawai‘i is home to an ethnically diverse popula-
tion, especially compared to the contiguous USA. According
to 2020 census data, 37.2% of individuals living in Hawai‘i
identified as Asian, 10.8% identified as Native Hawaiian and
other Pacific Islander, and 25.3% identified as two or more
races [15]. Hawai‘i’s elderly population has also been stead-
ily increasing with each decade. It is now estimated that
individuals 65 and older will make up 23.7% of the state’s
population by 2040 [16].

Studies investigating mortality after osteoporotic hip frac-
ture in Hawai‘i are limited. Additional long-term studies in
Hawai‘i are needed to better understand the current state of
hip fracture mortality, identify populations at high risk for
mortality after hip fracture, and facilitate targeted interven-
tions in those high-risk populations. The diversity of the
population in Hawai ‘i presents a unique opportunity to study
hip fracture mortality in understudied populations, such as
NHPI. Therefore, this study aimed to determine mortality
rates and identify specific risk factors associated with 1-year
mortality after osteoporotic hip fracture in Hawai‘i.

Methods
Research setting and design

This was a retrospective chart review of patients admitted
for hip fractures at three medical centers within the Hawai‘i
Pacific Health healthcare system from 2011 to 2019. Hawai‘i
Pacific Health is a not-for-profit healthcare network of hos-
pitals, clinics, physicians, and other healthcare provid-
ers that covers the state of Hawai‘i. It is one of Hawai‘i’s
largest healthcare providers [17]. This study was reviewed
by the Hawai‘i Pacific Health Research Institute (HPHRI)
and determined to be exempt from Institutional Review
Board review and patient consent (HPHRI Study Number:
2020-059).

Study participants
This study included patients aged 50 years or older hos-

pitalized with a primary diagnosis of hip fracture from
January 1, 2011, to December 31, 2019. Hip fracture cases
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were identified by searching for patients with a primary
discharge diagnosis ICD-9 code (corresponding ICD-10
code) of 820.0 (S72019A, S72023A, S72026A, S72033A,
S72036A, S72043A, S72046A, S7T2099A), 820.2 (S72109A,
S721143A, S7T2146A, S7223XA, and S7226XA), and 820.8
(S72009A). Osteoporotic hip fractures were defined as those
resulting from a fall from standing height or less. Cases
with a diagnostic ICD-9 code of 733.14 were not included
because this code is frequently associated with femur frac-
tures related to malignancy. More than one fracture per per-
son was only allowed if the subsequent fracture occurred
more than 180 days from the previous one. More recent
admissions likely represented readmissions from medical
or surgical complications (363 cases excluded). Open frac-
tures with ICD-9 codes of 820.1, 820.3, 820.9 (5 cases), sub-
trochanteric, pathological, and non-specific fractures were
also excluded, resulting in 2208 total cases. Non-specific
fractures included acetabular fractures or pelvic fractures.

Variables for analysis

Data collected included the age of the patient at the time of
admission, sex, weight, height, race/ethnicity (White, Chi-
nese, Filipino, Japanese, NHPI, and others), primary insur-
ance (private, Medicare, Medicaid, and others), admission
year, treatment facility (A, B, and C), fracture type (femoral
neck and intertrochanteric), osteoporosis treatment before
admission (yes and no), ASA score, and surgical procedure
during the hospitalization (yes and no). Treatment facili-
ties A, B, and C are all medical centers within the Hawai’i
Pacific Health healthcare system. Treatment facility A is
located in the state capital of Honolulu on the island of
O’ahu. Treatment facility B is located in central O’ahu.
Treatment facility C is located on the island of Kaua’i.

Ages at admission were classified into three groups
(50-69 years, 70-89 years, >90 years). Using BMI calcu-
lated from weight and height, patients were categorized into
four BMI groups (underweight (< 18.5), healthy (18.5-24.9),
overweight (25-29.9), and obese (>30)). Osteoporosis treat-
ment before admission included treatment with bisphospho-
nates (ibandronate, zoledronic acid, risedronate, and alen-
dronate), denosumab, calcitonin, raloxifene, teriparatide,
abaloparatide, or romosozumab.

Anesthesiologists use the ASA physical status classifi-
cation to assess patients' general health before surgery and
anesthesia. The score uses a scale from 1 to 6 to assess a
patient’s overall physical status with six classes ((1) the
patient is a completely healthy fit patient, (2) the patient
has mild systemic disease, (3) the patient has severe sys-
temic disease that is not incapacitating, (4) the patient has
incapacitating disease that is a constant threat to life, (5)
a moribund patient who is not expected to live 24 h with
or without surgery, (6) identifies deceased organ donors)
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[18]. This study categorized patients into three groups (ASA
score: 1-2, 3, and 4-5). The ASA score is a standardized
way for anesthesiologists to communicate a patient's general
status to other healthcare providers [19]. While not primar-
ily used to predict surgical mortality risks, it may represent
the global physiological impact of pre-existing diseases on
the patient and is predictive of mortality and postoperative
complications in hip fracture patients [20, 21]. A patient’s
1-year mortality status was defined by discharge disposition
and their later electronic medical records. The admission
date was defined as the index date for each hip fracture case.

The race/ethnicity variable was created from catego-
ries consistently available across all hospitals in Hawai‘i,
as per Hawai‘i Health Information Corporation. Hawai‘i
Health Information Corporation data are used nationally
by the Agency for Healthcare Research and Quality in the
Healthcare Cost and Utilization Project [22]. Race and eth-
nicity data were provided by patient self-report at intake and
included one primary race. Multiethnic individuals were rep-
resented by self-reports of their primary race [23-26]. Spe-
cific Asian/Asian American race categories were used due
to the large Asian/Asian American population in Hawai‘i in
contrast with the combined category used by the US Census
[26].

Statistical analysis

Patient characteristics by 1-year mortality status were
described with frequencies and percentages for categorical
variables and mean and standard deviations for continuous
variables. Differences in patient characteristics between
mortality status groups were examined by bivariate analy-
sis with Pearson’s chi-squared test or Fisher’s exact test for
categorical variables and #-test for continuous variables.
The probability of surviving over 1 year from admission
was examined with the Kaplan—Meier estimate and visu-
alized in the Kaplan—Meier survival curve. The log-rank
test was used to examine differences in survival probabil-
ity by age group, sex, race/ethnicity, primary insurance,
BMI group, ASA score, fracture type, and if the patient
received surgical intervention. Cox proportional hazard
regression models were constructed to examine the asso-
ciation between ASA scores and 1-year mortality. The first
model included the ASA score (unadjusted model). The
second model included variables with a p-value less than
0.10 in the bivariate analysis (adjusted model 1). The final
model included variables with a p-value less than 0.05 in
the second model (adjusted model 2). An unadjusted haz-
ard ratio (uHR) and adjusted hazard ratios (aHRs) and their
95% confidence intervals (CIs) were obtained from model
results. The proportional hazards assumption for the final
model fit was tested using the Schoenfeld residuals against

the transformed time. A p-value <0.05 was considered sta-
tistically significant. All analyses were performed using R
version 4.2.2 [27].

Results
Characteristics of the study population

There were 2208 total hospitalizations for osteoporotic hip
fracture from 2011 to 2019. Within that population, 453
patients were missing ASA scores or BMI values. Those
patients were excluded from the study, resulting in 1755
remaining cases for statistical analysis. Table 1 shows the
baseline characteristics of patients with osteoporotic hip
fractures (n=1755). The overall mean age at admission was
80.7 years, and more than half of patients were within the
70-89 age group (58.6%). A total of 81.8% of osteoporotic
hip fracture patients were 70 years or older. Many patients
were female (71.7%), 36.2% of patients were White, and
63.8% were non-White. Those of non-White race primar-
ily consisted of Japanese (36.2%), Filipino (10.1%), Chi-
nese (4.7%), and NHPI (5.6%). Most patients had public
insurance as their primary payer (Medicare: 65.2%; Med-
icaid: 23.8%). Before admission for hip fracture, only 6.6%
of patients received osteoporosis treatment. Most patients
(54.1%) had a healthy BMI (18.5—-24.9), while 28.5% were
considered overweight or obese and 17.4% were considered
underweight. Patients with an ASA score of 3 or greater
comprised 76.1% of the study population. The majority of
fractures were femoral neck fractures (55.4%).

Cumulative mortality and factors affecting 1-year
mortality after hip fracture admission

The cumulative mortality rate 1 year after admission for
osteoporotic hip fracture was 14.4%. Table 1 summarizes
patient characteristics concerning 1-year mortality. Within
the group of those who expired before one year, there was a
higher proportion of 90+ -year-old patients (p <0.001), males
(p=0.027), non-White individuals (p =0.004), those with
Medicaid (p <0.001), underweight individuals (p <0.001),
and those with an ASA score of 3, 4, or 5 (p <0.001) com-
pared to the group of those who survived after one year from
admission. Figure 1 shows the Kaplan—Meier survival curves
and log-rank test results for the 1-year survival rates after
hip fracture admission, comparing patients by age group,
sex, race/ethnicity, primary insurance, BMI group, and ASA
score. Survival rates appear lower amongst older age groups
(x*=178.6, df=2, p<0.001), men (x>=5.1,df=1, p=0.02),
NHPI and Chinese race (X2 =17.2,df=5, p=0.004), patients
who had Medicare and Medicaid insurance (X2 =19.5, df =3,
p<0.001), patients with underweight BMI (X2 =409, df=3,
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Table 1 Baseline patient

Characteristics Overall n=1755 Alive at | yearn=1503  Dead at 1 yearn=252 P-value®
characteristics by 1-year (85.6%) (14.4%)
mortality status (n=1755)

Age at admission (years), mean (SD) 80.7+10.9 79.9+10.9 85.6+10.0 <0.001
Age group, n (%)
50-69 y 320 (18.2) 299 (19.9) 21(8.3) <0.001
70-89 y 1028 (58.6) 907 (60.3) 121 (48.0)
>90y 407 (23.2) 297 (19.8) 110 (43.7)

Sex, n (%)
Male 497 (28.3) 411 (27.3) 86 (34.1) 0.027
Female 1258 (71.7) 1092 (72.7) 166 (65.9)

Race/ethnicity, n (%)
White 635 (36.2) 564 (37.5) 71 (28.2) 0.004
Chinese 82 (4.7) 66 (4.4) 16 (6.3)
Filipino 177 (10.1) 146 (9.7) 31(12.3)
Japanese 635 (36.2) 530 (35.3) 105 (41.7)
NHPI 99 (5.6) 80 (5.3) 19 (7.5)
Other 127 (7.2) 117 (7.8) 10 (4.0)

Primary insurance, n (%)
Private 148 (8.4) 138 (9.2) 10 (4.0) <0.001
Medicare 1145 (65.2) 983 (65.4) 162 (64.3)
Medicaid 417 (23.8) 338 (22.5) 79 (31.3)
Other 45 (2.6) 44 (2.9) 1(0.4)

Treatment prior to admission, n (%)
No 1639 (93.4) 1400 (93.1) 239 (94.8) 0.32
Yes 116 (6.6) 103 (6.9) 13(5.2)

BMI Group, n (%)
Underweight (< 18.5) 305 (17.4) 230 (15.3) 75 (29.8) <0.001
Healthy (18.5-24.9) 949 (54.1) 816 (54.3) 133 (52.8)
Overweight (25-29.9) 371 (21.1) 337 (22.4) 34 (13.5)
Obese (30) 130 (7.4) 120 (8.0) 10 (4.0)

ASA Score, mean (SD)
1-2 420 (23.9) 401 (26.7) 19 (7.5) <0.001
3 1116 (63.6) 945 (62.9) 171 (67.9)
4-5 219 (12.5) 157 (10.4) 62 (24.6)

Fracture Type, n (%)
Femoral neck 972 (55.4) 845 (56.2) 127 (50.4) 0.085
Intertrochanteric 783 (44.6) 658 (43.8) 125 (49.6)

Surgical procedure, n (%)
No 451 (25.7) 384 (25.5) 67 (26.6) 0.73
Yes 1304 (74.3) 1119 (74.5) 185 (73.4)

Admission year, n (%)
2011 76 (4.3) 64 (4.3) 12 (4.8) 0.17
2012 175 (10.0) 154 (10.2) 21(8.3)
2013 200 (11.4) 163 (10.8) 37 (14.7)
2014 227 (12.9) 191 (12.7) 36 (14.3)
2015 201 (11.5) 183 (12.2) 18 (7.1)
2016 247 (14.1) 207 (13.8) 40 (15.9)
2017 233 (13.3) 204 (13.6) 29 (11.5)
2018 259 (14.8) 224 (14.9) 35(13.9)
2019 137 (7.8) 113 (7.5) 24 (9.5)

Treatment facility, n (%)
Facility A 761 (43.4) 660 (43.9) 101 (40.1) 0.46
Facility B 588 (33.5) 496 (33.0) 92 (36.5)
Facility C 406 (23.1) 347 (23.1) 59 (23.4)

NHPI, Native Hawaiian/Pacific Islander; ASA, American Society of Anesthesiologists

4A p-value was obtained from chi-squared test for categorical variables and #-test for continuous variables.
Bold fonts indicate statistical significance
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Fig. 1 Kaplan—Meier curves in 1755 inpatients up to 1 year follow-
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Anesthesiologists. P-values were obtained from log-rank tests
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Fig.1 (continued)

p<0.001), and higher ASA score groups (X2 =71.5, df =2,
p <0.001), compared to their respective corresponding
groups.

Hazard ratios of 1-year mortality

Table 2 summarizes the results of the Cox regression unad-
justed and adjusted model 1. The unadjusted model suggests
that the risk for 1-year mortality after hip fracture in those
with an ASA score of 4 or 5 was 7.29 times higher than
those with an ASA score of 1 or 2 [uHR (95% CI)=7.29
(4.36, 12.2)]. After adjusting for potential confounders
(adjusted model 1), their risk decreased; however, it was still
5.03 times higher [aHR (95% CI)=5.03 (2.98, 8.49)]. After
excluding the covariates with a p-value of 0.05 or greater
(adjusted model 2), the 1-year mortality risk among those
with an ASA score of 4 or 5 increased: it was 5.21 times
higher than that of those with an ASA score of 1 or 2 [aHR
(95% CI)=5.21 (3.09, 8.77)] (Fig. 2). Older age (70-89 vs.
50-69: aHR (95% CI)=1.62 (1.01, 2,62); >90 vs 50-69:
aHR (95% CI)=3.50 (2.13, 5.76)) and NHPI race (vs White:
aHR (95% CI)=1.84 (1.10, 3.07)) were also independently
associated with higher mortality risk. Female sex (vs male:
aHR (95% CI)=0.64 (0.49, 0.84)) and higher BMI (healthy
vs. underweight: aHR (95% CI)=0.55 (0.41, 0.74); over-
weight vs. underweight: aHR (95% CI)=0.40 (0.26, 0.61);
obese vs underweight: aHR (95% CI)=0.35 (0.18, 0.68))
were associated with lower mortality risk.

@ Springer

ASA Score
1.0
)
=081
=
m
a p = 0.0001
a
T 061
z
=
m
0.4 1-2 ~ 45
3
0 60 120 180 240 300 350
Time (days)
MNumber at risk
1-29 420 413 410 406 404 402 401
341116 1054 1017 5599 979 963 848
4-54 219 180 178 171 165 161 157
0 80 120 180 240 300 350
Time (days)
Discussion

Despite rapid population aging in Hawai‘i leading to an
excess burden on the healthcare system, few studies have
studied hip fractures in Hawai‘i [2, 28]. Hawai‘i is unique
and differs from the contiguous USA, particularly regard-
ing racial composition. Furthermore, to our knowledge, no
recent studies have investigated hip fractures in minority
groups such as NHPI. This long-term study from 2011 to
2019 identified independent risk factors associated with
1-year mortality after osteoporotic hip fracture in a large
sample population in Hawai‘i. This study showed higher
1-year mortality after hip fracture among NHPI patients and
provides valuable data on hip fracture mortality in Hawai‘i.
While 1-year mortality after hip fracture is variable ranging
from 14 to 58% [29], our study showed that 1-year mortality
after hip fracture in Hawai’i is on the relatively lower end
of the spectrum when compared to the contiguous USA and
other parts of the world. However, future studies are needed
to better understand the state of hip fractures in Hawai‘i and
to implement comprehensive and targeted interventions to
reduce mortality [30].

NHPI patients are an especially vulnerable group in
Hawai‘i that has experienced significant health, economic,
and social disparities. Native Hawaiians have been found to
have higher mortality rates than the general population due
to conditions like heart disease and diabetes [31]. Our study
adds to the body of literature concerning disparities of care
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Tal?le 2 Unadjusteq and Characteristics Unadjusted HR? (95% CI) P-value® Adjusted HR?* P-value®
adjusted hazard ratios of 1-year (95% CI)
survival among inpatients with
hip fractures: Cox proportional ASA score
hazards regression analysis 1-2 Reference Reference
3 3.58(2.23,5.75) <0.001 2.63(1.63,4.27) <0.001
4-5 7.29 (4.36, 12.2) <0.001 5.03 (2.98, 8.49) <0.001
Age group
50-69 y Reference
70-89y 1.60 (0.98, 2.61) 0.058
>90y 3.36 (2.02,5.58) <0.001
Sex
Male Reference
Female 0.65 (0.49, 0.85) 0.002
Race/ethnicity
White Reference
Chinese 1.10 (0.63, 1.91) 0.70
Filipino 1.27 (0.83, 1.95) 0.30
Japanese 1.09 (0.79, 1.49) 0.60
NHPI 1.68 (1.00, 2.82) 0.048
Other 0.60 (0.31, 1.17) 0.14
Primary insurance
Private Reference
Medicare 1.11 (0.57, 2.16) 0.80
Medicaid 1.42 (0.72, 2.80) 0.30
Other 0.34 (0.04, 2.70) 0.30
BMI group
Underweight (< 18.5) Reference
Healthy (18.5-24.9) 0.55(0.41, 0.74) <0.001
Overweight (25-29.9) 0.41 (0.27, 0.62) <0.001
Obese (30) 0.34 (0.17, 0.67) 0.002
Fracture type
Femoral neck Reference
Intertrochanteric 1.17 (0.91, 1.50) 0.2

HR, hazard ratio; ASA, American Society of Anesthesiologists; NHPI, Native Hawaiian/Pacific Islander

“HR indicates the estimate of the ratio of hazard rate compared to the reference group. Adjusted HRs were
obtained from model 1, which included variables with p-values less than 0.10 in the bivariate analysis

(Table 1)

®Bold fonts indicate statistical significance

amongst NHPI patients by highlighting disparities in the
care of hip fractures, a finding that has not been previously
reported [32]. The poor clinical outcomes in NHPI patients
have been attributed to a disproportionate disease burden,
worsened by barriers to healthcare access and utilization in
NHPI patients [33]. Additional research on hip fractures in
the NHPI population is needed to determine whether there
are ethnic differences in bone strength measurements, the
incidence of osteoporosis, or risk factors for fracture in
NHPI patients [32]. Our study reinforces the need to pro-
mote healthcare equity in NHPI patients.

Consistent with prior studies, male sex and older age
were independent predictors of increased risk for mortal-
ity one year after hip fracture. Age is a non-modifiable
risk factor for hip fracture and likely makes recovery after

fracture more difficult, which is illustrated by the higher
mortality risk that was determined in this study [34].
The higher rates of mortality among males compared to
females have been previously reported [9, 28, 35, 36].
Further studies are needed to clarify this finding, with
some studies attributing increased mortality in men to
increased risk of infections (pneumonia, influenza, and
septicemia) post-hip fracture [37]. However, the increased
risk of mortality in men persists even after adjusting for
comorbid conditions [35], as seen in our study. Addition-
ally, differences in the quality of in-hospital care have not
been found to explain the higher mortality in men with
hip fractures [38].

Higher BMI values were associated with lower mor-
tality risk and may be a protective factor following hip

@ Springer
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Variable N Hazard ratio o]
ASA score 1-2 420 * Reference
3 1116 E —— 2.73(1.69, 4.41) <0.001
4-5 219 E ——l—— | 5.21(3.09, 8.77) <0.001
Age Group 50-69 y 320 + Reference
70-89y 1028 :‘—I—« 1.62 (1.01, 2.62) 0.046
290y 407 E —— 3.50 (2.13,5.76)  <0.001
Sex Male 497 + Reference
Female 1258 —l— E 0.64 (0.49, 0.84) 0.001
Race/Ethnicity White 635 + Reference
Chinese 82 '—:*.—| 1.12 (0.64, 1.94) 0.696
Filipino (I7eTs '—E—.—' 1.33 (0.87, 2.04) 0.190
Japanese 635 '—E-.—' 1.15(0.85, 1.58) 0.366
NHPI 99 E —a— 1.84 (1.10, 3.07) 0.019
Other 127 l—.—e—* 0.62 (0.32, 1.20) 0.158
BMI Group Underweight 305 i Reference
I
Healthy 949 —il— : 0.55 (0.41, 0.74) <0.001
|
Overweight 371 —— : 0.40 (0.26, 0.61) <0.001
1
Obese 130 | ————— : 0.35 (0.18, 0.68) 0.002
T T } T T
0.2 0.5 1 2 5

Fig.2 Adjusted hazard ratios of 1 year survival among inpatients
with hip fractures: Cox proportional hazards regression model®
(n=1755). BMI, body mass index; NHPI, Native Hawaiian/Pacific
Islander; ASA, American Society of Anesthesiologists. P-values were

fracture. The “obesity paradox” is a finding where the
risk of outcome (e.g., mortality) is significantly reduced
for higher BMI, where increased risk is expected [39].
The “obesity paradox” has been noted in cancer and car-
diovascular disease, and there seems to be evidence that
it is seen in mortality post-hip fracture. Obesity may be
protective against frailty, which contributes to mortal-
ity post-fracture. Obese individuals may have a higher
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obtained from log-rank tests. *Hazard ratios were obtained from the
final model (model 2), including the variables with a p-value less than
0.05 in model 1 (Table 2). The chi-square test for the proportional
hazards assumption found no violation (p>0.05 for all variables)

reservoir of triglyceride that can provide vital calories
to help the body heal in the post-hip fracture state [40].
Other authors have suggested methodical and non-causal
explanations, including reverse causation [28, 41, 42].
Further research is needed to delineate the relationship
between BMI and one-year mortality post-fracture.

This study provides insight into the state of hip frac-
tures in Hawai‘i by identifying patients who are at high
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risk for mortality after hip fracture. Specific interventions
targeting these high-risk groups are critical. Osteoporo-
sis treatment, appropriate rehabilitation, and fall preven-
tion assessments are crucial interventions that should
be implemented following a hip fracture, as those with
a prior hip fracture are at an increased risk for future
fracture [34]. Implementing a fracture liaison service
is another intervention that has been shown to improve
appropriate osteoporosis evaluation and offer treatment
for patients after discharge [43]. The results of this study
highlight a gap in osteoporosis care in Hawai’i and may
be an initiative in implementing fracture liaison services
or fracture prevention programs in hospitals in Hawai’i.
Focusing on NHPI patients, efforts are needed to estab-
lish culturally sensitive healthcare systems, increase
NHPI representation in the healthcare workforce, allo-
cate sufficient financial resources via NHPI-administered
programs, and implement better screening and education
programs in predominantly NHPI communities [31].

Our study has several limitations to acknowledge. First,
because our study was retrospective, there may be errors
and inconsistencies within medical records. Due to the
study design, we were not able to determine the causes
of death of hip fracture patients. Death was identified
through medical records and not registry data. Therefore,
there may be cases of mortality after hip fracture that may
be missed, underestimating hip fracture mortality rates.

Furthermore, there may be inaccuracies in recording of
comorbidities at the time of hip fracture. We did not calcu-
late more specific comorbidity scores (Charlson Comorbid-
ity Index) and did not adjust for specific comorbidity scores
in our model. In our study, we used the ASA physical status
instead, which is a measure of a patient's general health at
the time of surgery. ASA was readily available from anes-
thesiologist notes within electronic medical records. ASA
and Charlson Comorbidity Index have shown similarly
strong stepwise association with 1-year mortality in hip
fractures [44], and ASA has been found to be correlated to
more objective comorbidity measures such as the Charlson
Comorbidity Index and Elixhauser comorbidity index [45,
46]. Second, our study was conducted within a single health-
care organization in Hawai‘i. Therefore, our findings may
not generalize to other regions or healthcare systems. Third,
while we adjusted for confounding in the determination of
factors that affect hip fracture mortality, there is a possibility
of unmeasured confounding factors leading to bias.

Conclusion

The purpose of this study was to estimate mortality rates and
identify specific risk factors associated with 1-year mortality
after osteoporotic hip fracture in Hawai‘i. Understanding

which populations are at the highest risk for mortality after
hip fracture is important because targeted interventions are
needed in those high-risk populations. Specific patient popu-
lations like men and older adults were found to be at higher
risk for mortality after hip fracture. In contrast, certain fac-
tors like higher BMI were found to be potentially protective.
In particular, NHPI patients were found to be at increased
risk for mortality after hip fracture. Our study highlights the
need for further efforts to achieve healthcare equity in hip
fracture care.
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