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BACKGROUND: Prior studies examining the impact of the
“July effect” on in-hospital mortality rates have generated
variable results. In 2008, the Centers for Medicare & Medic-
aid Services published a series of high-cost, high-volume,
nonreimbursable hospital-acquired complications (HACs).
These events were believed to be preventable and indicate
deficiencies in healthcare delivery.

OBJECTIVE: The present study aims to investigate the
impact of July admissions on patient safety in a national
sample using the HACs as a metric.

DESIGN/SETTING/PATIENTS: Discharge data were col-
lected from all admissions recorded in the Nationwide Inpa-
tient Sample database from 2008 to 2011. HAC incidence
was evaluated as a function of admission month, adjusting
for demographic and hospital factors in multivariable
analysis.

MEASURES: The outcome measures were HAC occurrence,
prolonged length of stay (LOS), and higher inpatient costs.

RESULTS: A total of 143,019,381 inpatient admissions
were recorded, with an overall HAC occurrence of 4.7%.
July admissions accounted for 7.6% of the total number of
inpatient admissions. July admissions experienced a 6%
increase in likelihood of HAC occurrence (odds ratio 5 1.06,
95% confidence interval: 1.06–1.07, P< 0.001) when com-
pared to those admitted during all other months. Patients
with HAC occurrence had almost 2 times increased likeli-
hood of prolonged LOS (P< 0.001) and higher inpatient
costs (P< 0.001).

CONCLUSIONS: July admissions are associated with
increased likelihood of HAC occurrence. This trend may
represent breakdowns in organization structure distinct
from traditional quality measures, requiring novel transition
protocols dedicated to improving HACs. Journal of Hospital
Medicine 2015;10:432–438. VC 2015 Society of Hospital
Medicine

The simultaneous arrival of new residents, medical
students, and faculty in July each year results in a
complex transition period for hospitals. Medical cen-
ters strive to deliver high-quality and efficient care
while undergoing these cyclical changes, with over
100,000 interns/residents in the United States taking
part in this changeover.1 This period is hypothesized
to hold an increased risk of adverse outcomes referred
to as the “July Effect.”1–5 Although studies have
reported associated increases in mortality risk,
decreases in efficiency, and an increase in “undesirable
events” during this time, occurrences are still
debated.1,3–5

In 2008, the Centers for Medicare & Medicaid
Services (CMS) published and instituted a nationwide

series of “never events.” These events, narrowed to a
list of hospital-acquired complications (HACs), are
characterized as iatrogenic adverse outcomes and
deemed preventable and egregious. Medicare has sub-
sequently withheld reimbursement for additional cost
of treatment related to the events.6–8 HACs include
complications such as air embolism, retained foreign
body, blood incompatibility, pressure ulcer, catheter-
associated urinary tract infection (UTI), vascular
catheter-associated infection, manifestations of poor
glycemic control, falls/trauma, deep venous thrombo-
sis or pulmonary embolism after total knee and hip
replacements, surgical site infections after coronary
artery bypass graft, and surgical site infections after
certain orthopedic or bariatric surgeries. Prior studies
have utilized HACs as a metric for quality of health-
care delivery in subspecialties such as cerebrovascular
surgery, bowel surgery, and urology.6,9,10

Though the July effect has been assessed across
multiple specialties and hospitals, no prior studies
have evaluated this phenomenon on a national level
and incorporated all hospital admission diagnoses.
Through this study, we aim to provide insight into
this relatively new quality metric when evaluating
admissions made during the early months of the
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academic year. This study’s primary aim is to evaluate
the frequency of HAC occurrence across hospital dis-
charges on a national level as a function of admission
month after the initiation of the nonreimbursable
nature of the CMS never events in 2008. Furthermore,
the secondary aims of this study examine the impact
of the July effect on inpatient length of stay (LOS)
and charges. We hypothesized that July admission is
associated with an increases in HAC occurrence, LOS,
and inpatient charges.

METHODS
Data Source

An observational study was conducted using data
extracted from the Nationwide Inpatient Sample (NIS)
years 2008 to 2011. NIS is an annually compiled
database maintained by the Agency for Healthcare
Research and Quality and contains information on
more than 8 million hospital admissions each year
from more than 40 states and 1000 hospitals.11 The
database represents 20% of all US hospital discharges
and contains a weighting system that allows for calcu-
lation of population estimates.11

Patient Sample

All patients who were admitted to a hospital from
2008 to 2011 were included in this study. NIS does
not contain unique patient identifiers; thus, each dis-
charge was treated as an independent event, even if it
may have represented a repeat hospitalization by the
same patient. Each hospitalization contained patient
and hospital factors that were included as covariates
for analysis. Patient factors such as race (white, black,
Hispanic, Asian/Pacific Islander, Native American,
other), payer information (Medicare, Medicaid, pri-
vate insurance, no charge, self-pay, other), and gender
(male, female) were included as categorical variables.
Other patient covariates of interest included age
(recoded from a continuous to a categorical variable
with the following groupings: <18, 19 to 30, 31 to
40, 41 to 50, 50 to 65, 66 to 80, and >80 years) and
number of comorbidities (none, 1, 2 or more). The
comorbidities variable was drawn from the NIS data-
base and was derived directly from the Elixhauser
comorbidity index that is often cited in other studies
as a risk-adjustment measure.12 Hospital factors, such
as bed size (small [<200], medium [201–400], large
[>400 beds]), teaching status (teaching, nonteaching),
hospital region (Northeast, Midwest, South, West),
and location (rural, urban) were included in the analy-
sis as categorical variables. Variables with missing val-
ues were encoded as a missing category for all
exposure variables.

Outcomes

The primary outcome of interest was the probability
of HAC occurrence. The frequency of HAC occur-
rence in July was compared to that of other months.

HACs were defined using the International Classifica-
tion of Diseases, Ninth Edition, Clinical Modification
(ICD-9-CM) codes and verified through CMS litera-
ture and data.13 Demographics of the patient and hos-
pital variables, as well as the frequency of HACs were
tabulated. Secondary outcomes included the likelihood
of incurring higher inpatient charges and experiencing
a prolonged LOS, defined as at or above the 90th per-
centile for both variables.

Statistical Analyses

Demographics were calculated using survey-adjusted
univariate frequency and means analysis. Multivari-
able logistic regressions were modeled using survey-
adjusted generalized estimating equations to assess the
outcomes described above. Each model was adjusted
for hospital (bed size, teaching status, hospital region,
hospital location) and patient (race, payer informa-
tion, gender, age, number of comorbidities) factors.
The models assessing the prolonged LOS and higher
inpatient charges outcomes were adjusted with the
same patient and hospital factors, with the addition of
HAC occurrence as a covariate. The main exposure of
interest in this study was admission in the month of
July. Admission month is included as a multilevel
variable and recoded into a dichotomous variable.

Aside from hospital and patient covariates, multi-
variate analyses were also adjusted according to sever-
ity of admission. Admission severity was defined using
three variables: All-Patient Refined Disease-Related
Group (APR-DRG), admission type, and admission
source. 3M’s APR-DRG algorithm (3M Health Infor-
mation Systems, Wallingford, CT) is a system of risk
adjustment methods developed by 3M and based
upon the existing DRG structure and used in a num-
ber of other NIS studies as a valid measure of admis-
sion severity.14–17 The algorithm divides patient
admissions into 500 categories of similar clinical and
resource utilization features. APR-DRGs in the NIS
are categorized into five classifications: no class speci-
fied, minor loss of function, moderate loss of function,
major loss of function, and extreme loss of function.
Additionally, admission type (emergency, urgent, elec-
tive, newborn, trauma center, other), and admission
source (emergency department, another hospital, other
health facility, court/law enforcement, routine) were
coded in the NIS. Together, these three variables were
utilized as covariates in all multivariable logistic
regression models to adjust for the severity of injuries
patients harbored prior to admission.

In addition to our primary analyses, we conducted
a series of secondary analyses. We conducted survey-
adjusted multivariable logistic regression analysis with
the primary predictor of interest being individual
months, with July as a reference group and the out-
come of HAC occurrence. We further analyzed our
primary exposure of July versus non-July admissions
and stratified it by the presence of an operating room
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procedure as a surrogate measure of surgical versus
nonsurgical admissions. We also analyzed LOS and
total charges as continuous outcomes to elucidate the
precise impact of HACs and July admission. Finally,
to address the issue of missing values, we conducted a
four-step multiple imputation for complex data with
categorical variables using the methods outlined by
Berglund et al. 18 In doing so, we created five imputed
datasets using a Markov Chain Monte Carol method,
producing monotone missing data patterns for a four-
step procedure. We imputed the missing data using
the monotone logistic facet of the multiple imputation
model. We then used survey-adjusted logistic regres-
sion to estimate odds ratios (ORs) for each of the
imputed datasets. Finally, we combined the results
from the five logistic regression models by fully incor-
porating the variance adjustment from both logistic
regressions and multiple imputations (PROC MIANA-
LYZE).18 These analyses were similarly adjusted for
with the same patient, hospital, and severity demo-
graphics adjusted for in the original model.

Statistical significance was achieved with a P value
<0.05. All descriptive and logistic regression analyses
were performed using SAS 9.4 (SAS Institute, Cary,
NC).

RESULTS
Overview Demographics

There were 143,019,381 inpatient admissions between
2008 and 2011 in the NIS. Overall, 4.7% (6,738,949)
of all US hospital inpatient admissions had incurred at
least 1 HAC (Table 1). Approximately 7.6% of inpa-
tient admissions occurred in July, whereas 83.5%
occurred in the months of August to June (8.9% of

TABLE 1. Population Demographics, 2008 to 2011*

July Admission,

n 5 12,003,545

Non-July Admission,

n 5 131,015,837

N % N %

Patient demographic factors
HAC occurrence
HAC during admission 594,000 4.9% 6,145,000 4.7%
No HAC during admission 11,410,000 95.1% 124,871,000 95.3%

Race
White 6,783,000 56.5% 74,222,000 56.7%
Black 1,468,000 12.2% 15,993,000 12.2%
Hispanic 1,231,000 10.3% 13,186,000 10.1%
API 288,000 2.4% 3,142,000 2.4%
Native American 77,000 0.6% 867,000 0.7%
Other 360,000 3.0% 3,931,000 3.0%
Missing 1,798,000 15.0% 19,675,000 15.0%

Payer information
Medicare 4,401,000 36.7% 49,209,000 37.6%
Medicaid 2,418,000 20.1% 25,977,000 19.8%
Private insurance 4,084,000 34.0% 44,106,000 33.7%
Self-pay 636,000 5.3% 6,693,000 5.1%
No charge 43,000 0.4% 445,000 0.3%
Other 393,000 3.3% 4,261,000 3.3%
Missing 28,000 0.2% 323,000 0.2%

Comorbidities
No comorbidities 3,957,000 33.0% 42,249,000 32.2%
1 2,104,000 17.5% 23,209,000 17.7%
2 or more 5,943,000 49.5% 65,557,000 50.0%

Age category
�18 years 1,965,000 16.4% 21,702,000 16.6%
19–30 years 1,482,000 12.3% 15,385,000 11.7%
30–40 years 1,156,000 9.6% 12,091,000 9.2%
40–50 years 1,196,000 10.0% 12,737,000 9.7%
50–65 years 2,323,000 19.4% 25,458,000 19.4%
65–80 years 2,345,000 19.5% 26,218,000 20.0%
>80 years 1,536,000 12.8% 17,424,000 13.3%

Gender
Female 6,994,000 58.3% 76,146,000 58.1%
Male 4,984,000 41.5% 54,571,000 41.7%
Missing 26,000 0.2% 300,000 0.2%

Hospital demographic factors
Hospital region
Northeast 2,561,000 21.3% 27,650,000 21.1%
Midwest 3,007,000 25.1% 32,799,000 25.0%
South 3,878,000 32.3% 42,696,000 32.6%
West 2,557,000 21.3% 27,872,000 21.3%

Hospital location
Rural 1,507,000 12.6% 16,760,000 12.8%
Urban 10,348,000 86.2% 112,639,000 86.0%
Missing 149,000 1.2% 1,617,000 1.2%

Hospital teaching status
Nonteaching 6,129,000 51.1% 67,447,000 51.5%
Teaching 5,726,000 47.7% 61,952,000 47.3%
Missing 149,000 1.2% 1,617,000 1.2%

Hospital bed size
Small 1,496,000 12.5% 16,479,000 12.6%
Medium 2,905,000 24.2% 31,800,000 24.3%
Large 7,453,000 62.1% 81,120,000 61.9%
Missing 149,000 1.2% 1,617,000 1.2%

Admission severity factors
Admission source
Emergency department 1,078,000 9.0% 12,425,000 9.5%
Another hospital 110,000 0.9% 1,219,000 0.9%
Other health facility 61,000 0.5% 664,000 0.5%
Court/law enforcement 3,000 0.0% 35,000 0.0%
Routine 1,545,000 12.9% 16,529,000 12.6%

TABLE 1. Continued

July Admission,

n 5 12,003,545

Non-July Admission,

n 5 131,015,837

N % N %

Missing 9,205,000 76.7% 100,144,000 76.4%
Admission type

Emergency 4,842,000 40.3% 53,386,000 40.7%
Urgent 1,985,000 16.5% 21,747,000 16.6%
Elective 2,570,000 21.4% 28,276,000 21.6%
Newborn 1,130,000 9.4% 11,625,000 8.9%
Trauma 57,000 0.5% 508,000 0.4%
Other 4,000 0.0% 45,000 0.0%
Missing 1,417,000 11.8% 15,430,000 11.8%

All-Patient Refined DRG, severity
No class specified 10,000 0.1% 132,000 0.1%
Minor loss of function 4,289,000 35.7% 46,092,000 35.2%
Moderate loss of function 4,313,000 35.9% 47,150,000 36.0%
Major loss of function 2,630,000 21.9% 28,939,000 22.1%
Extreme loss of function 762,000 6.3% 8,704,000 6.6%

NOTE: Abbreviations: API, Asian/Pacific Islander; DRG, Diagnosis-Related Group; HAC, hospital-acquired
complication.

*Numbers are rounded to the 1,000th place.
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data is missing). July admits had a higher overall fre-
quency of HAC occurrence compared to non-July
admissions (4.9% vs 4.7%). There were marginal dif-
ferences between hospital and patient factors associ-
ated with admissions in July compared to those in
other months. The majority of patients in both July
and non-July admissions were between 66 and 80
years old (Table 1).

The most commonly occurring HACs were falls
(5,863,778), pressure ulcers (731,103), vascular
catheter-associated infections (364,204), and catheter
UTIs (290,207). HAC frequency showed a marked
increase from 2008 to 2011.

HAC Occurrence

Multivariate logistic regression demonstrated that the
likelihood of having one or more HACs was 6%
higher in July admits compared to non-July admits,
adjusting for patient and hospital covariates
(OR 5 1.06, 95% confidence interval [CI]: 1.06–1.07,
P< 0.0001). However, admission during July was not
the most significant predictor of an HAC occurrence
(Table 2). Institutional factors, such as teaching hospi-
tals (OR 5 1.22, 95% CI: 1.16–1.28, P< 0.001 vs
nonteaching hospitals) and large (OR 5 1.11, 95% CI:
1.06–1.17, P 5 0.0002 vs small bed-size facilities) and
medium-sized facilities (OR 5 1.06, 95% CI: 1.00–
1.13, P 5 0.0461 vs small bed-size facilities) were the
most powerful predictors of HAC occurrence during
an inpatient hospitalization (Table 2). Additionally, in
a separate subanalysis with the month of admission as
the primary exposure of interest, we noted that each
month except for August demonstrated statistically
significant decreased odds of HAC occurrence when
compared to July (see Supporting Table 1 in the
online version of this article). As the adjusted HAC
likelihood was not statistically different between
August and July, an additional analysis was run with
the primary exposure being July and August admis-
sion versus all other months of admission. These
resulted in a finding of 7% increased likelihood of
HAC occurrence among July and August admissions
compared to all others (OR 5 1.07, 95% CI: 1.06–
1.07, P< 0.0001; see Supporting Table 2 in the online
version of this article). Similarly, a multiple imputa-
tion model adjusting for missing values produced a
very similar July effect estimate to the nonimputed
model (OR 5 1.06, 95% CI: 1.03–1.09, P< 0.01).

We utilized similar models adjusting for the same
patient, hospital, and severity factors in teaching hospital
population. Patients discharged from teaching hospitals
were 7% more likely to incur an HAC during admission
in July compared to those admitted in the other months
(OR5 1.07, 95% CI: 1.06–1.08, P< 0.01).

Higher Inpatient Charges and Prolonged LOS

The presence of one or more HACs was a significant
predictor for higher inpatient charges (Table 3;

TABLE 2. July Admission on Hospital-Acquired
Complication Occurrence Multivariable Analysis

OR 95% CI P Value

Patient demographic factors
Admission time

July admit 1.06 1.06–1.07 <0.0001
Non-July admit Reference

Race
White Reference
Black 0.78 0.75–0.80 <0.0001
Hispanic 0.81 0.76–0.85 <0.0001
API 0.75 0.71–0.80 <0.0001
Native American 0.92 0.83–1.02 0.1256
Other 0.91 0.84–0.98 <0.0001

Payer information
Medicare 1.00 0.97–1.02 0.7151
Medicaid 0.87 0.83–0.90 <0.0001
Private insurance Reference
Self–pay 1.27 1.20–1.33 <0.0001
No charge 1.07 0.92–1.23 0.3871
Other 1.93 1.82–2.05 <0.0001

Comorbidities
No comorbidities Reference
1 0.84 0.82–0.86 <0.0001
2 or more 0.70 0.68–0.72 <0.0001

Age category
�18 years 0.35 0.33–0.37 <0.0001
19–30 years 0.33 0.32–0.35 <0.0001
30–40 years 0.32 0.31–0.33 <0.0001
40–50 years 0.36 0.35–0.37 <0.0001
50–65 years 0.37 0.36–0.38 <0.0001
65–80 years 0.45 0.45–0.46 <0.0001
>80 years Reference

Gender
Female 0.92 0.90–0.93 <0.0001
Male Reference

Hospital demographic factors
Hospital region

Northeast Reference
Midwest 1.06 1.00–1.13 0.2563
South 1.11 1.06–1.22 0.0005
West 1.08 0.97–1.20 0.1431

Hospital location
Rural Reference
Urban 1.01 0.96–1.06 0.7144

Hospital teaching status
Nonteaching Reference
Teaching 1.22 1.16–1.28 <0.0001

Hospital bed size
Small Reference
Medium 1.06 1.00–1.13 0.0461
Large 1.11 1.06–1.17 0.0002

Admission severity factors
Admission source

Emergency department 1.63 1.48–1.80 <0.0001
Another hospital 1.96 1.76–2.17 <0.0001
Other health facility 1.62 1.30–2.03 <0.0001
Court/law enforcement 1.37 1.01–1.85 0.0438
Routine Reference

Admission type
Emergency 2.15 2.03–2.28 <0.0001
Urgent 1.28 1.20–1.35 <0.0001
Elective Reference
Newborn 0.69 0.63–0.76 <0.0001
Trauma >1000 <0.001–>1000 0.9962
Other 0.91 0.53–1.55 0.7183
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OR 5 1.81, 95% CI: 1.74-1.87, P< 0.0001), when
adjusting for July admission, patient and hospital fac-
tors, and admission severity. HAC occurrence was
also a significant predictor of prolonged LOS (Table
3; OR 5 1.45, 95% CI: 1.42-1.48, P<0.0001). Mean
inpatient charges and LOS in this sample were
$33,662.00 and 4.6 days. Patients with at least 1
HAC had a mean inpatient charge of $61,457.00,
whereas those with no HAC had a mean charge of
$32,377.00. Furthermore, LOS was prolonged in
patients with HACs versus those who did not have
HACs during hospitalization (7.14 days vs 4.49 days).
Our regression analyses indicated that HAC patients
had 1.48 (P<0.0001) more days of LOS and
$18,258.00 (P< 0.0001) more in total charges.

DISCUSSION
This study analyzes the relationship between admis-
sion month and the incidence of HACs in a national
sample. This study is also among the first to examine
preventable complications as a measure of inefficien-
cies and inexperience of new staff during staff turn-
over in the month of July. In our retrospective cohort
study of more than 100 million admissions across 4

years, we found a 4.9% prevalence of HACs among
July admits compared to 4.7% in the non-July admis-
sion population. In multivariate analysis, July admis-
sions were associated with a 6% increased likelihood
of HACs. Such data are concordant with other studies
that demonstrate a positive July effect on mortality
and efficiency.3,19 Evaluation of a surgical cohort
revealed an 18% increase in risk-adjusted surgical
morbidity and a 41% increase in risk-adjusted surgical
mortality during July and August, using the American
College of Surgeons’ National Surgical Quality
Improvement Program.20 Though several studies have
noted worsened outcomes during the month of July,
results have been mixed. Several studies in subspeci-
alty populations or local databases suggest no clear
increase in mortality or complication rate.3–5,21–25

This current study is the first to examine these rela-
tionships using HACs as a surrogate measure indica-
tive of quality of care and safety of new staff in the
month of July.

Although multiple investigations studying July
admission use mortality as an outcome measure, eval-
uation of preventable hospital complications may
actually be more reflective of the impact of new staff
on care quality and safety.20,26–29 Mortality rates can
be significantly confounded by patient-specific factors,
such as disease severity and comorbidities, whereas
iatrogenic adverse events, such as HACs, are postu-
lated to be more reflective of errors in systems and
processes within the healthcare delivery institution.
For example, studies demonstrate that anesthetic pro-
cedures that do not result in mortality are often asso-
ciated with significant increases in complications such
as central and peripheral nerve injuries, inadequate
oxygenation, perioperative vomiting/aspiration, and
technical failures of tracheal tube placement.1 It is
therefore not surprising that studies show July admis-
sions are associated with longer LOS and duration of
procedure, in addition to increased hospital charges.3

We did attempt to adjust for the effect of disease
severity on HACs by incorporating 3M’s APR-DRG
system, admission source, and admission type into our
multivariate analyses. After adjusting for disease
severity in our multivariate analysis, July admission
maintained a statistically significant association with
increased HAC incidence.

In our secondary analyses, we noted that all months
except for August experienced significantly decreased
odds of HAC occurrence compared to July admissions
with similar magnitudes of likelihood found when
combining July and August admissions versus all
others (see Supporting Tables 1 and 2 in the online
version of this article). This “spillover” finding may
indicate the learning curve of inexperienced and new
hospital staff and also suggest that the July effect is
not limited only to the month of July. However,
because the magnitudes of the 2 models (Table 2; Sup-
porting Table 2 in the online version of this article)

TABLE 2. Continued

OR 95% CI P Value

All–Patient Refined DRG, severity
No class specified 0.73 0.62–0.85 <0.0001
Minor loss of function Reference
Moderate loss of function 1.14 1.12–1.16 <0.0001
Major loss of function 1.61 1.57–1.66 <0.0001
Extreme loss of function 4.65 4.50–4.80 <0.0001

NOTE: Abbreviations: API, Asian/Pacific Islander; CI, confidence interval; DRG, Diagnosis–Related Group;
OR, odds ratio.

TABLE 3. Higher Inpatient Costs and Prolonged
LOS Multivariable Analysis

OR 95% CI P Value

Higher inpatient costs
Admission time
July admit 1.00 0.99–1.01 0.9693
Non-July admit Reference

HAC occurrence
HAC occurrence 1.81 1.74–1.87 <0.0001
No HAC occurrence Reference

Prolonged LOS
Admission time
July admit 0.98 0.98–0.99 <0.0001
Non-July admit Reference

HAC occurrence
HAC occurrence 1.45 1.42–1.48 <0.0001
No HAC occurrence Reference

NOTE: Abbreviations: CI, confidence interval; HAC, hospital-acquired complication; LOS, length of stay;
OR, odds ratio.
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are so similar, we continue to refer to this phenomena
as the July effect, with the known implication that
there is a continuance beyond July and into August.

It is of interest to note that when the analysis was
subsetted to only teaching institutions, July admissions
in the teaching hospital cohort showed significant
increases in HAC likelihood compared to non-July
admissions. Although studies suggest that inexper-
ienced residents contribute to patient complications,
the increased rate of HACs in July admits may also be
multifactorial.30 It is likely that the need for new
healthcare staff to gain experience, familiarity, and
effective communication also influences the HAC rate.
The impact of nursing and ancillary staff involvement
in the prevention of HACs is crucial. Although the
July effect was primarily focused on physician ele-
ments, the nursing and ancillary staff elements are
more clearly noted when evaluating HACs as an out-
come. Pilot studies including multidisciplinary hospi-
tal, nursing, and physician teams, involving a
significant effort to streamline communication and
established protocols, have resulted in drastic
decreases in patient falls, the most common of the
HAC occurrences.31 The increased hires during this
time period (as new physicians and nurses complete
training in June) accompanied with the need to accli-
mate these groups to one another and to train them
on established protocols may result in risks for HACs
not previously noted when evaluating more standard
outcome measures.

Separate studies have shown worsened outcomes for
July surgical admissions in large databases, with results
indicating longer operative times for July admissions,
inpatient mortality, intraoperative complications, and
postoperative morbidity in areas like cardiac or spinal
surgeries.20,22,26,32–34 Similarly, other studies noted that
medical admissions also demonstrated worse outcomes
for July admissions, resulting in increased fatal medica-
tion errors, preventable complications, and worse docu-
mentation errors.21,28,30,35,36 In the present study, July
admissions demonstrated an increased likelihood of
HACs when stratified by surgical and medical admis-
sions, as seen in the current literature.

Our study also indicates that surgical patients are
noted to have a 2% increase in HACs during July ver-
sus a 9% July increase in medical patients. To the
authors’ knowledge, this is one of the first studies to
stratify a patient population by surgical and medical
services to evaluate the effect of July admission on out-
comes. Possible explanations are that surgical candi-
dates are often medically optimized prior to elective
procedures, requiring a stringent protocol to be exe-
cuted prior to performing an operation on a patient.
Thus, the surgical patients are inherently prescreened
to be of better overall health to be deemed operable
compared to the traditional medicine patient. Rich
et al. (1993) performed a comparison analysis of multi-
ple services, noting that patients with internal medicine

diagnoses demonstrated the expected July effect with
declines in diagnostic and pharmaceutical changes
throughout the year as an indicator of improved expe-
rience leading to decreased utilization.36 However, in
that same study, the authors noted no discernible July
effect among surgical patients, possibly related to the
difference in resource utilization emphasized in the
medical versus surgical programs.36

The presence of one or more HACs was a signifi-
cant predictor for higher inpatient charges, when
adjusting for July admission and patient/hospital fac-
tors. HAC occurrence was also a significant predictor
of prolonged LOS. This is in concordance with multi-
ple prior studies noting the association of higher LOS
with HAC occurrence.37–42 This further supports the
elevated HAC-associated burden predicted by the
CMS when compiling specific HACs.38–42 Further
studies in the coming years may determine whether
CMS HAC regulation translates to decreased inpatient
admissions durations and cost reductions over time.

This study has several limitations largely associated
with the use of a standardized national database. Cod-
ing of HACs depends on consistent and accurate
reporting, with errors resulting in information bias.
Estimates regarding ICD-9-CM coding in the NIS
have been cited as approximately 80% accurate.43

Furthermore, missing variables, though noted in
results, and the heterogeneity of the study population,
may influence the data. Unfortunately, the nature of
the data collection throughout NIS practices is not
uniform within states, which may explain why a per-
centage of data is missing. Because of this data struc-
ture, NIS does not have documentation of the month
during which an HAC was noted for admissions span-
ning multiple months. In regard to the missing data,
we attempted to account for this using a multiple
imputation model that generated similar results to our
original model with “missing categories” coded into
it; with the only major difference being expectedly
larger standard errors.44 With yearly changes in CMS
coding, the addition and familiarity with new codes
may influence analysis over time. Of note, the HAC
denoting “pressure ulcer” did not exist before 2009.
We were also unable to use splines to incorporate a
time-series method, as the focus of our study was tar-
geted to looking at the higher incidences of HACs
associated with July admission and not a temporal
trend prior to and after July, and also the limitations
we had in number of time points required for a proper
time series analysis.45 Finally, HACs are only capable
of evaluating inpatient events and omit events occur-
ring after discharge.

CONCLUSIONS
These data reveal an increase in HAC frequency dur-
ing the month of July in a large national sample of
patients. Recognition of a noted statistical trend in
July may direct necessary attention to a time
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associated with increased occurrence of preventable
iatrogenic adverse events. The HACs represent poten-
tial breakdowns in organizational structure distinct
from traditional measures of safety, such as mortality
and specialty-specific morbidity. New guidelines dedi-
cated to improving HACs during this time may help
to decrease prevalence in both teaching and nonteach-
ing hospitals.

Disclosures: Nothing to report.
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