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Abstract
Summary  This study examines the difference in length of stay and total hospital charge by income quartile in hip fracture 
patients. The length of stay increased in lower income groups, while total charge demonstrated a U-shaped relationship, with 
the highest charges in the highest and lowest income quartiles.
Introduction  Socioeconomic factors have an impact on outcomes in hip fracture patients. This study aims to determine if 
there is a difference in hospital length of stay (LOS) and total hospital charge between income quartiles in hospitalized hip 
fracture patients.
Methods  National Inpatient Sample (NIS) data from 2016 to 2018 was used to determine differences in LOS, total charge, 
and other demographic/clinical outcomes by income quartile in patients hospitalized for hip fracture. Multivariate regressions 
were performed for both LOS and total hospital charge to determine variable impact and significance.
Results  There were 860,045 hip fracture patients were included this study. With 222,625 in the lowest income quartile, 
234,215 in the second, 215,270 in the third, and 190,395 in the highest income quartile. LOS decreased with increase in 
income quartile. Total charge was highest in the highest quartile, while it was lowest in the middle two-quartiles. Comorbidi-
ties with the largest magnitude of effect on both LOS and total charge were lung disease, kidney disease, and heart disease. 
Time to surgery post-admission also had a large effect on both outcomes of interest.
Conclusion  The results demonstrate that income quartile has an effect on both hospital LOS and total charge. This may be 
the result of differences in demographics and other clinical variables between quartiles and increased comorbidities in lower 
income levels. The overall summation of these socioeconomic, demographic, and medical factors affecting patients in lower 
income levels may result in worse outcomes following hip fracture.

Keywords  Length of stay · Hospital charges · Outcomes · Hip fracture · NIS database

Introduction

Fractures of the hip are one of the most common orthope-
dic conditions requiring hospitalization and are a significant 
public health concern. This is especially true in the ageing 
and elderly population, which experiences significant mor-
bidity and mortality due to this injury [1, 2]. Between 2000 

and 2009, the lowest hip fracture rate in white women, the 
demographic group with the highest incidence of hip frac-
ture, was still as high as 975.2 per 100,000 women [3]. It is 
projected that by the year 2050, the worldwide number of 
hip fractures will reach 4.5–6.26 million, from 1.26 to 1.66 
million in 1990 [4, 5]. While reports of age-standardized 
incidence differ between different areas of the world, the 
prevalence is increasing steadily worldwide due to the age-
ing population [2]. Hip fractures contribute significantly to 
healthcare costs, and it is projected that by the year 2040, 
they will contribute $9.8 billion to US healthcare spending 
[1]. Thus, it is essential to identify and properly manage the 
economic aspects of caring for those hip fracture patients.

Healthcare inequality has become a major topic of dis-
cussion in recent years in the USA as more light has been 
shed on issues that were traditionally not discussed or 
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investigated. Social factors including socioeconomic status, 
race, education level, marital status, payer type, area of resi-
dence, smoking status, and alcohol use have been studied 
and may have a significant impact on incidence and treat-
ment outcomes in hip fracture patients [6–11]. The impact 
of these social determinants could be a contributing cause to 
increased healthcare spending. One indicator of this inequal-
ity of healthcare could be differences in hospital length of 
stay (LOS) and total hospital charge following hip fracture, 
as this is the most common fracture requiring inpatient treat-
ment [12, 13].

Hospital length of stay is a key performance indicator for 
hospitals and may impact both patient outcomes and health-
care spending [14, 15]. Increased LOS brings increased costs 
both for patients and hospitals. Increasing charges to patients 
would intuitively be a positive for hospitals as businesses. 
However, reimbursement to hospitals by insurance is rarely 
equal to what is being charged for treating patients [16]. 
Thus, it benefits both the country as a whole as well as indi-
vidual hospitals to reduce LOS and costs for patients with 
hip fractures. Increased LOS can also be associated with 
increased mortality in hospitalized patients [14]. Reduc-
ing unnecessarily long hospitalizations could lead to both 
decreased spending and decreased patient mortality. While 
there are studies examining LOS and influencing factors fol-
lowing hip fracture [17, 18], to our knowledge, there are no 
studies examining differences in LOS of hip fracture patients 
by income level. Income level is one of the key contribu-
tors of a person’s socioeconomic status and impacts many 
other social factors including insurance payer and area/type 
of residence, among others. This study aims to determine 
if there is a difference in LOS and total hospital charge by 
income level for patients hospitalized with hip fractures and 
seeks to examine differences in LOS and cost between dif-
ferent surgical interventions, payer status, and comorbidities 
in hip fracture patients.

Materials and methods

The discharge data from the National Inpatient Sample 
(NIS), Healthcare Cost and Utilization Project (HCUP), 
Agency for Healthcare Research and Quality from 2016 to 
2018 was utilized for this study. The NIS is the largest pub-
licly available all-payer inpatient healthcare database. It is 
designed to produce US regional and national estimates of 
inpatient utilization, access, charges, quality, and outcomes. 
It uses inpatient and discharge data from hospitals in 47 
states and the District of Colombia representing 20% of US 
hospitals weighted to be representative of 97% of the US 
population. Data includes patient demographics, hospital 
demographics, hospital LOS, diagnoses, procedures, comor-
bidities, complications, mortality, and discharge destination 

[19]. At the time of this study, data from 2018 were the most 
up to date available for analysis. We used data from 2016 to 
2018 based on the ability to use ICD-10 codes. The study 
was determined as non-human subject research project by 
the institutional review board.

Participants

The primary outcomes of interest were LOS and total charge 
for patients hospitalized with traumatic hip fracture, strati-
fied by income quartiles. We included data from patients 
aged 18 and older hospitalized with hip fracture, diagnosed 
based on the ICD-10 codes S72.0, S72.1, and S72.2 and sub-
groups identifying traumatic fractures of the proximal end of 
the femur, and who underwent total hip arthroplasty (THA), 
hemiarthroplasty, or internal fixation. The full list of ICD-10 
codes included can be seen in Supplemental Table 1. Only 
initial encounters for traumatic hip fracture and patients 
treated surgically were included. Patient encounters due to 
post-surgery complications including periprosthetic fracture, 
malunion, or nonunion, as well as non-traumatic fracture, 
were excluded. Patients treated non-operatively or via exter-
nal fixation were excluded as well.

Baseline demographic and clinical information, hospi-
tal demographics, comorbidities, treatment, and discharge 
disposition data were collected and compared by income 
quartiles. Comorbidities included were heart disease, hyper-
lipidemia, hypertension, diabetes mellitus, lung disease, 
liver disease, kidney disease, peripheral vascular disease, 
cerebrovascular disease, cancer, dementia, and obesity (body 
mass index equal or greater than 30). Data for comorbid con-
ditions was extracted via ICD-10 codes, a full list of which 
can be seen in Supplemental Table 1.

Outcomes

The primary outcomes of interest in this study were hos-
pital LOS and total hospital charge. Data for both of these 
outcomes was extracted for each patient meeting inclusion 
criteria from the NIS database.

Identifying income

Income quartile is available for all inpatient stays recorded 
in the NIS. Income quartile was characterized based on the 
median income of the patient’s ZIP code, with quartile one 
being the lowest income and quartile four being the high-
est. The median income by ZIP code present in the NIS 
is derived from ZIP code-demographic data obtained from 
Claritas™ using five-digit ZIP codes.
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Statistical analysis

Characteristics of hip fracture patients were described by 
income quartile, including total number, gender, age, race, 
hospital type at which they were treated, payer, discharge 
disposition, treatment received, time to first procedure after 
admission, mortality, and presence of comorbidities. Chi-
square and ANOVA were used to evaluate differences in 
characteristics by income quartile for categorical and con-
tinuous variables, respectively. The association between 
income quartile and outcomes (LOS and total hospital 
charges) was evaluated using linear regression, using sur-
vey procedures to account for the NIS sampling scheme. The 
level of significance was set at 0.05, and all analyses were 
performed using SAS v. 9.4.Because the dataset obtained 
from the NIS is weighted, stepwise regression was unable to 
be performed. A univariate analysis of all variable for their 
effect on both outcomes of interest was first performed. All 
significant and clinically relevant variables were then input-
ted into the multivariate analysis. The model with the high-
est r2 value was then identified and used for final analysis.

Results

Full NIS data from 2016 to 2018 was first obtained. This 
was then filtered using ICD-10 CM codes S72.0, S72.1, and 
S72.2 and subgroups identifying initial encounters for trau-
matic fractures of the proximal end of the femur in order to 
avoid encounters due to post-surgery complications includ-
ing periprosthetic fracture, malunion, or nonunion, as well 
as non-traumatic fracture. Once this was obtained, the results 
were then further filtered to patients treated operatively via 
THA, hemiarthroplasty, or internal fixation. The full list of 
codes used to identify our analytical sample can be seen in 
Supplemental Table 1.

Table 1 contains baseline patient demographic and clini-
cal data for the study cohort by income quartile. In total 
there were 860,045 hip fracture patients included with 
222,625 in the lowest income quartile; 234,215 in quartile 
two; 215,270 in quartile three; and 190,395 in the highest 
income quartile. The cohort contained 582,555 females in 
total (67.7%). The average age was 79.95 (SE 0.06) in quar-
tile one, 77.54 (SE 0.06) in quartile two, 77.98 (SE 0.06) 
in quartile three, and 79.02 (SE 0.06) in quartile four. In 
general, there was a significant difference in most of the 
variables by income quartile. Further specific baseline data 
can be seen in Table 1.

Length of stay between the four quartiles significantly 
declined with highest LOS in quartile one 5.85  days 
(SE 0.02) to the least in quartile four at 5.43 days (SE 
0.02) (p < 0.0001). Total hospital charges increased from 
$79,183 (SE $342) in quartile one to $80,797 (SE $345) in 

quartile four, with quartiles two and three having charges 
of $74,758 (SE $299) and $76,200 (SE $318), respec-
tively (p < 0.0001) (Fig. 1a and b). In-hospital mortality 
was highest in the lower income groups, 1.62% of quartile 
one compared to quartile four at 1.39%, and there was a 
declining trend within the quartiles (p = 0.01).

The LOS was lowest in patients who underwent THA 
at 5.10 days (SE 0.03) and was the highest for hemiar-
throplasty at 5.66 days (SE 0.01) while total charge was 
highest for THA at $89,227 (SE $583) followed by hemi-
arthroplasty at $78,781 (SE $242) and internal fixation at 
$74,142 (SE $223) (Fig. 2a and b).

The multivariate regression analysis showed that 
income quartile had a significant negative correlation 
indicating increased LOS with decreasing income quar-
tile (p = 0.0003) (Table 2). Among other significant vari-
ables that had a statistically significant impact on the LOS, 
time to surgery post-admission, significantly increased 
LOS (p < 0.0001). Patients with underlying comorbidi-
ties including lung disease, kidney disease, dementia, and 
heart disease had significantly increased LOS. However, 
other clinically relevant comorbidities including diabetes 
mellitus, peripheral vascular disease, hypertension, hyper-
lipidemia, alcohol abuse, and tobacco use did not increase 
LOS (Table 2).

Male gender was significantly associated with increased 
LOS when compared to female gender (p < 0.0001). When 
compared to white race, LOS was significantly higher for 
all other races, with the highest being seen in black race 
(p < 0.0001). Patients receiving treatment in rural hospitals 
and urban non-teaching hospitals had longer LOS compared 
to urban teaching hospitals (p < 0.0001). When compared 
to Medicare, all other payer types had an increased LOS, 
with the highest LOS in Medicaid patients (p < 0.0001). 
Patients who underwent THA (p < 0.0001) and hemiarthro-
plasty (p = 0.0086) had shorter LOS compared to patients 
who underwent internal fixation. Compared to routine dis-
charge, other transfer (which includes transfer to skilled 
nursing facility, intermediate care facility, inpatient rehabili-
tation facility, or hospice facility), transfer to other hospital, 
and discharge to home healthcare all significantly increased 
LOS (p < 0.0001). Full data analysis on LOS can be seen 
in Table 2.

Income quartile was positively correlated with hospital 
charge (p < 0.0001) indicating that higher quartile patients 
had higher charges than lower quartile patients. Increasing 
time to procedure after admission significantly increased 
total charge (p < 0.0001). Most of the comorbidities had a 
positive association with total charge. Interestingly, diabetes 
mellitus, peripheral vascular disease, hyperlipidemia, hyper-
tension, tobacco use, and alcohol abuse did not increase total 
charge. Further analysis on variable effects on total charge 
can be seen in Table 3.
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Male gender was observed to significantly increase total 
charge (p < 0.0001). When compared to white race, all races 
except Native American race (p = 0.2111) had significantly 
increased charges (p < 0.0001) with Hispanic race having 
the highest total charge. Compared to urban teaching hos-
pitals, subjects treated in rural hospitals had a significantly 
lower total charges (p < 0.0001). Compared to Medicare, 
payment using Medicaid, private insurance, or self-pay had 
significantly higher total charges (p < 0.0001). Compared to 
internal fixation, both THA and hemiarthroplasty signifi-
cantly increased total charge with THA having a larger effect 
(p < 0.0001). Lastly, when compared to routine discharge, 
transfer to other hospital, other transfer, and home healthcare 
led to increases in total charges (p < 0.0001).

Discussion

LOS is significantly increased in the lowest income quar-
tile compared to the highest, and income quartile was dem-
onstrated to be an independent contributor to LOS when 
controlling for all other variables. Contrarily, total charge 
did not increase proportionate to income quartile; rather, 
the charges were highest in the highest income group and 
lowest in the middle two quartiles. Additionally, income 

quartile was an independent contributor to total charge. 
Time to surgery after hospital admission differed signifi-
cantly between quartiles and had a significant impact on 
both LOS and total charge. The data also showed that the 
prevalence of comorbidities in patients surgically treated 
for hip fracture is higher in the lowest income quartile 
and that the majority of the comorbidities contribute sig-
nificantly to both LOS and cost. Gender, race, hospital 
location and teaching status, payer type, treatment, and 
discharge disposition all have varying degrees of impact 
on LOS and total charge.

Hospital LOS decreased from an average of 5.85 days in 
the highest quartile to 5.43 days in the lowest quartile. That 
difference of around 0.42 days is statistically significant. 
That difference might seem minute and perhaps not very 
clinically relevant. However, any reduction in LOS decreases 
the total cost to the healthcare system and allows proper 
utilization of hospital and human resources that are freed 
up by discharging a hip fracture patient earlier. In the set-
ting of the COVID-19 pandemic, it has never been clearer 
how important proper utilization of hospital resources is. 
Additionally, decreasing LOS decreases the chances for 
contracting nosocomial infections such as hospital acquired 
pneumonia or urinary tract infection, thereby reducing the 
potential cost from those complications, as well as freeing 
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up a bed and healthcare providers to care for another patient 
in need [20, 21].

As previously stated, income quartile was demonstrated 
to be an independent contributor to LOS. Similar to our 
findings, previous research has found that more financially 

deprived patients stayed longer in the hospital when con-
trolling for other characteristics, as noted in two studies of 
59,067 and 218,907 hip fracture patients in England [22, 
23]. Contrarily, other studies of hip fracture patients in Not-
tingham and Denmark have found that income level does 

Table 2   Multivariate analysis 
of factors affecting hospital 
LOS in patients admitted for hip 
fracture in the USA from 2016 
to 2018

R2 = 0.2351

Parameter Estimate Lower CL Upper CL p value

Income quartile  − 0.0338123  − 0.0520724  − 0.0155522 0.0003
Age  − 0.0244092  − 0.0273682  − 0.0214501  < .0001
Male gender (Relative to Female) 0.3449496 0.3004535 0.3894458  < .0001
Race (relative to non-Hispanic White)
Non-Hispanic Black 0.7760883 0.6446756 0.9075010  < .0001
Hispanic 0.3676909 0.2662212 0.4691606  < .0001
Asian/Pacific Islander 0.1874194 0.0091960 0.3656429 0.0393
Native American 0.5286209 0.1677877 0.8894541 0.0041
Others 0.5354398 0.3727321 0.6981475  < .0001
Hospital type (relative to urban teaching)
Rural  − 0.4867898  − 0.5385295  − 0.4350502  < .0001
Urban non-teaching  − 0.3548064  − 0.3929594  − 0.3166533  < .0001
Payer (relative to Medicare)
Medicaid 1.6975248 1.5038933 1.8911562  < .0001
Private (including HMO) 0.5575911 0.4777067 0.6374754  < .0001
Self-pay 1.2887966 1.0304067 1.5471866  < .0001
No charge 1.1761948 0.4855325 1.8668571 0.0008
Others 0.7326667 0.5690949 0.8962385  < .0001
Treatment (relative to Internal fixation)
THA  − 0.4316309  − 0.4993724  − 0.3638894  < .0001
Hemiarthroplasty  − 0.0518672  − 0.0905698  − 0.0131646 0.0086
Time to procedure from admission 1.1451689 1.1073847 1.1829531  < .0001
Discharge disposition (relative to routine)
Transfer to other hospital 1.0878288 0.7350175 1.4406401  < .0001
Other transfers 1.0683765 0.9657489 1.1710042  < .0001
Home healthcare 0.4672939 0.3585180 0.5760698  < .0001
Against medical advice 0.3864527  − 0.0279033 0.8008087 0.0676
Unknown 2.6177450  − 0.6648302 5.9003201 0.1181
Comorbidities
Diabetes mellitus 0.0147745  − 0.0316435 0.0611924 0.5327
Heart disease 0.3749145 0.3330805 0.4167485  < .0001
Lung disease 1.1385519 1.0888682 1.1882357  < .0001
Kidney disease 0.7736794 0.7174082 0.8299505  < .0001
Liver disease 0.7885916 0.6339791 0.9432042  < .0001
Peripheral vascular disease  − 0.1671887  − 0.2473531  − 0.0870243  < .0001
Hyperlipidemia  − 0.2997099  − 0.3355533  − 0.2638665  < .0001
Hypertension 0.0319242 -0.0081930 0.0720414 0.1188
Cancer 0.4885585 0.3770717 0.6000454  < .0001
Dementia 0.3918989 0.3488988 0.4348991  < .0001
Cerebrovascular disease 0.5301047 0.4344116 0.6257978  < .0001
Alcohol abuse  − 0.1868915  − 0.3420123  − 0.0317707 0.0182
Tobacco use  − 0.1462290  − 0.3858038 0.0933458 0.2316
Obesity 0.2798295 0.1806582 0.3790008  < .0001
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not have a significant impact on LOS but is associated with 
other important outcomes including mortality and readmis-
sion risk [8, 10]. A relationship between income level and 
LOS has been observed in other populations of orthopedic 
patients as well. A study done using NIS data from 2009 to 

2011 that included 1,924,432 total knee arthroplasty patients 
also found that income quartile was an independent variable 
affecting LOS [24]. It is important to once again note that 
while LOS did significantly differ across quartiles, the dif-
ference between the lowest income quartile and the highest 

Table 3   Multivariate analysis of 
factors affecting total hospital 
charge in patients admitted for 
hip fracture in the USA from 
2016 to 2018

R2 = 0.1428

Parameter Estimate Lower CL Upper CL p value

Income quartile 734.176 427.590 1040.763  < .0001
Age  − 789.216  − 843.774  − 734.658  < .0001
Male gender (relative to female) 5497.610 4770.967 6224.254  < .0001
Race (relative to non-Hispanic White)
   Non-Hispanic Black 8585.047 6369.874 10,800.220  < .0001
   Hispanic 27,249.672 25,482.119 29,017.224  < .0001
   Asian/Pacific Islander 19,707.042 16,588.052 22,826.032  < .0001
   Native American  − 3886.628  − 8973.109 1199.854 0.1342
   Others 18,068.392 14,886.066 21,250.718  < .0001

Hospital type (relative to Urban teaching)
   Rural  − 22,962.096  − 23,657.348  − 22,266.843  < .0001
   Urban non-teaching 28.225  − 590.476 646.926 0.9288

Payer (relative to Medicare)
   Medicaid 16,066.887 13,122.847 19,010.928  < .0001
   Private (including HMO) 6080.776 4687.410 7474.142  < .0001
   Self-pay 10,391.994 6241.777 14,542.211  < .0001
   No charge 10,888.640  − 475.734 22,253.013 0.0604
   Others 6339.343 3274.674 9404.013  < .0001

Treatment (relative to internal fixation)
   THA 13,112.799 11,754.191 14,471.408  < .0001
   Hemiarthroplasty 4551.68 3917.600 5185.636  < .0001
   Time to procedure after admission 10,387.969 8667.779 12,108.160  < .0001
 Discharge disposition (relative to routine)
   Transfer to other hospital 19,769.583 13,863.912 25,675.254  < .0001
   Other transfer 16,030.845 14,414.475 17,647.216  < .0001
   Home healthcare 4780.185 3213.279 6347.091  < .0001
   Against Medical advice 18,920.802 11,508.289 26,333.315  < .0001
   Unknown 46,291.044  − 20,146.620 112,728.708 0.1721

Comorbidities
   Diabetes mellitus  − 1459.965  − 2235.945  − 683.985 0.0002
   Heart disease 4188.305 3433.418 4943.192  < .0001
   Lung disease 15,149.144 14,258.215 16,040.073  < .0001
   Kidney disease 9730.572 8769.190 10,691.955  < .0001
   Liver disease 6810.460 4215.930 9404.989  < .0001
   Peripheral vascular disease  − 1542.662  − 2794.878  − 290.447 0.0158
   Hyperlipidemia  − 4024.687  − 4607.579  − 3441.794  < .0001
   Hypertension  − 101.337  − 742.134 539.460 0.7566
   Cancer 3707.647 2113.767 5301.527  < .0001
   Dementia 1589.351 955.488 2223.213  < .0001
   Cerebrovascular disease 3116.060 1621.014 4611.105  < .0001
   Alcohol abuse 1281.596  − 1810.083 4373.275 0.4165
   Tobacco use  − 3852.610  − 7509.885  − 195.336 0.0390
   Obesity 4954.150 3194.214 6714.086  < .0001
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income quartile was less than 1 day. However, lower income 
groups not only stay longer, but they are also more likely to 
sustain a hip fracture in the first place, as was noted in our 
data and reported in several different populations [10, 25, 
26].

Income quartile was observed to independently affect 
total hospital charge with more of a U-shaped relationship 
than that which was observed for LOS, in contrast to what 
was reported in the aforementioned study on hip fracture 
patients in England [22]. This seemingly paradoxical rela-
tionship between income quartile, LOS, and total charges 
may be in part due to the difference in treatment modalities 
received by each quartile. Quartile four, the highest earn-
ing quartile, had a significantly larger portion of its cohort 
undergo THA as hip fracture treatment, whereas the lower 
quartiles were more likely to undergo hemiarthroplasty com-
pared to quartile four, while there was no difference in inter-
nal fixation between the groups. Looking at the data for THA 
compared to the other two treatment modalities in this study, 
the cost was significantly higher, and the LOS was signifi-
cantly lower for all patients undergoing THA compared to 
all patients undergoing internal fixation or hemiarthroplasty. 
The increased cost of THA observed can be attributed to 
several factors, the most important one being higher implant 
costs compared to hemiarthroplasty and internal fixation 
[27]. Previous studies that have compared LOS in THA and 
hemiarthroplasty have found that LOS is similar between the 
two procedures, with some evidence leaning towards hemi-
arthroplasty having shorter LOS, potentially due to increased 
early ambulation in these patients [28]. Another important 
point about total hospital charge is that while quartile four 
had the highest charge, quartile one had the second highest 
charge. This is most likely driven by the increased LOS and 
prevalence of comorbidities in the lowest income quartile. 
This study demonstrates that the majority of comorbidities 
analyzed significantly increase cost, consistent with previous 
studies [22, 29, 30]. Another hypothesis for the increased 
charges seen with quartile one is that along with increased 
prevalence of comorbidities, patients in this quartile may 
also have more severe comorbid disease than in the other 
three quartiles, requiring more intensive treatment in the 
perioperative period. However, this is solely a hypothesis 
as we were unable to obtain any measure of disease sever-
ity from the data available in the NIS. These along with a 
majority of the variables analyzed having influence on both 
LOS and total charge significantly add to the complexity of 
this analysis.

Time to surgery was another variable examined in this 
study. In our analysis, we saw that time to procedure fol-
lowing admission significantly differed between lower and 
higher income quartiles. We also see that time to proce-
dure is significantly correlated with both LOS and total 
charge. While a previous study found that early surgery, 

defined as surgery on the day of or day after admission, 
had minimal impact on both LOS and total charge, other 
studies have shown that time to surgery has a significant 
impact on LOS in hip fracture patients [22, 31]. However, 
the exact timing of surgery after admission for optimal 
outcomes is still not clearly defined. Two recent studies 
have found that surgery within 24 h of admission results 
in improved outcomes, including decreased LOS and lower 
medical costs, in hip fracture patients [32, 33]. Other lit-
erature has looked at time to surgery following hip fracture 
and found that surgery within 48 h of admission is associ-
ated with decreased rates of complications and mortality 
[34, 35]. However, there does seem to be a point of dimin-
ishing returns with respect to globally improved outcomes 
with earlier surgery. The HIP ATTACK international rand-
omized controlled trial found that while surgery within 6 h 
did decrease time to hospital discharge from randomiza-
tion, it did not improve mortality or risk of major compli-
cations compared to standard care [36]. Further research 
is required in order to define the optimal time window for 
hip fracture surgery once a patient is admitted to the hos-
pital. The data from this study showed that lower income 
groups have increased time to surgery, and this is a likely 
important factor affecting LOS and total charge.

Male gender was associated with increased LOS and 
total charge in our analysis. This is consistent with the 
findings of other previously published literature on LOS 
following hip fracture [22, 37], though there is evidence 
that this may not be generalizable to all orthopedic patients 
[38]. While it appears there is a relationship between male 
gender and our variables of interest, it is worth mentioning 
that these fractures are much more common in women as a 
large proportion of hip fractures are related to osteoporo-
sis. In fact, it is estimated that approximately one-third of 
women that live to age 80 will sustain a hip fracture, while 
approximately 17% of men living to age 80 will sustain 
this injury. Hip fractures in men do appear to confer more 
mortality risk as approximately one-third of men with 
hip fracture die within 1 year of sustaining the fracture 
[2]. Males sustaining hip fractures tend to be younger and 
less healthy than their largely osteoporotic female coun-
terparts, contributing to the outcome differences between 
genders [39].

Looking at race, we found that compared to white race; 
black race, Hispanic race, and Asian/Pacific Islander race are 
all associated with increased LOS and total charge. This in 
large part is consistent with the published literature [24, 40]. 
Contrarily, one study found that white race was associated 
with increased LOS, but no significant effect on total charge 
[22]. One possible contributing factor is that the latter study 
was performed using a sample from England, whereas this 
study and the two cited studies with similar findings were 
using database samples from the USA.
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There were also interesting differences between the dif-
ferent hospital types examined. Our analysis suggests that 
being treated for hip fracture at urban teaching hospitals is 
associated with longer LOS compared to urban non-teach-
ing and rural hospitals. Previous literature has shown mixed 
relationships between hospital location and teaching status 
and LOS [24, 41, 42]. When examining total charge differ-
ences between hospital types, we found that rural hospitals 
were associated with decreased costs, while urban non-
teaching hospitals were non-significantly associated with 
increased costs compared to urban teaching hospitals. This is 
another variable that contributes to our unexpected relation-
ship between income quartile, LOS, and total charge, as a 
significantly higher proportion of the lowest income quartile 
was treated in rural hospitals when compared to the highest 
quartile, leading to increased costs in the highest earning 
quartile relative to the lowest earning quartile.

As expected with an injury primarily occurring in the 
elderly population, the vast majority of all patients had 
Medicare as their payer type. We found in our data that all 
other payer types are associated with increased LOS and 
total charge, with Medicaid increasing both variables to the 
greatest degree. Several studies in hip fracture patients as 
well as other orthopedic populations have found this associa-
tion as well [7, 24, 43]. This is an important association as 
the percentage of patients on Medicaid in the lowest income 
quartile is more than double the percentage of the highest 
quartile. With regard to discharge disposition, routine dis-
charge was associated with decreased LOS and costs when 
compared to discharge to skilled nursing facility, interme-
diate care facility, inpatient rehabilitation facility, or home 
healthcare, which is consistent with findings in hip fracture 
patients and other orthopedic populations as well [22, 24, 
44]. We see in the data from Table 1 that a higher propor-
tion of the lowest income quartile was discharged to home 
compared to the other three quartiles, especially the highest 
earning quartile. This likely has a significant effect on the 
LOS difference observed being relatively small at less than 
1 day between quartile four and quartile one, though the 
difference is still statistically significant.

One of the major strengths of this study is the large sam-
ple size and nationally representative data. There are also 
limitations to this study. Similar to other database studies, 
data from the NIS database was collected from ICD-10 
coding, and underreporting or inaccurate modifier coding 
may have occurred and may have introduced some degree 
of reporting error. National databases have also been shown 
to report significantly different prevalence of some comor-
bidities, such as obesity, which could potentially diminish 
the effect of these specific comorbidities on our variables of 
interest [45]. However, it is possible that these variables are 
uniformly underreported across all four income quartiles. 
The ideal way to characterize patient income levels would be 

to collect this information on an individual patient basis, but 
since individual patient incomes were not available, median 
income by zip code was used to generalize the income quar-
tiles. This may lead to some misrepresentation of patients’ 
income levels; however, with the large number of subjects 
included, this effect is likely minimal.

Conclusion

Income quartile was demonstrated to be an independent 
contributor to both LOS and total charge, suggesting that 
socioeconomic factors continue to have an effect within 
the US healthcare system. Differences also exist between 
income quartiles and race, hospital type at which they are 
treated, payer type, treatment received, discharge disposi-
tion, and presence of comorbidities; all of which have vary-
ing degrees of effects on LOS and total hospital charge. This 
study suggests that the summation of these effects leads to 
small but significant differences between income quartiles 
on in-hospital outcomes following hip fracture.. Future stud-
ies are required to identify steps that can be taken to help 
reduce and hopefully eventually eliminate these differences 
in outcomes.
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