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Abstract

Our study sought to estimate the association between race, gender, comorbidity and
body mass index (BMI) on the incidence of hospital-acquired pressure ulcer (PU) from
a population-based retrospective cohort comprising 242 745 unique patient hospital
discharges in two fiscal years from July 2009 to June 2010 from 15 general and tertiary
care hospitals. Cases were patients with a single inpatient encounter that led to an
incident PU. Controls were patients without a PU at any encounter during the two
fiscal years with the earliest admission retained for analysis. Logistic regression models
quantified the association of potential risk factors for PU incidence. Spline functions
captured the non-linear effects of age and comorbidity. Overall 2-68% of patients
experienced an incident PU during their inpatient stay. Unadjusted analyses revealed
statistically significant associations by age, gender, race, comorbidity, BMI, admitted
for a surgical procedure, source of admission and fiscal year, but differences by gender
and race did not persist in adjusted analyses. Interactions between age, comorbidity
and BMI contributed significantly to the likelihood of PU incidence. Patients who were
older, with multiple comorbidities and admitted for a surgical diagnosis-related groups
(DRG) were at greater risk of experiencing a PU during their stay.

Sustained force on areas of the body causes PUs. They

Pressure ulcers (PU) are one of the leading hospital-acquired
conditions (HAC) that have a severe impact on health care qual-
ity, patient satisfaction and cost of hospital care. In 2006, the
estimate of the annual cost of adult hospital stays with a diagno-
sis of PUs was $11 billion (1). Treating hospital-acquired PUs
extends the hospital length of stay considerably and increases
the psychological and physical pain and suffering of the
patient (1-4).

The elderly are particularly vulnerable (5,6). Many studies of
incidence or prevalence occur in nursing homes, skilled nursing
facilities, rehabilitation and long-term care settings (6—10). In
acute care settings, a few studies reveal that incidence is lower
in 400-499 bed facilities and higher in 100—199 bed facilities
(5). In addition to bed size, increased staffing levels and training
contribute to reductions in incidence rates and individual patient
risk (11-13).

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd

occur where minimal tissue covers bony prominences
like the sacrum and heels (14). Individual skin type and
bed linen-changing protocols can jointly affect patient
risk of PUs, owing to incontinence, friction and shear
(15-17). Barker et al. (18) demonstrated that the consistent

Key Messages

e our study has several advantages including a large patient
database of uniquely identified patients over 2 years and
across 15 hospitals in the USA, thus avoiding inappro-
priate interpretation of findings from data on hospital
discharges that might include multiple admissions of the
same patient

e risk factors such as age and comorbidity have non-linear
relationship with PU incidence
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e multiple imputation applied to account for missing BMI
is the patient sample

e lower BMI and higher comorbidity rates are associated
with elevated risk of a PU

o the distribution of model-based predicted probabilities of
an incident PU indicates a dominance of high comorbid-
ity at the highest quartile of the distribution

use of a well-integrated risk assessment protocol reduced the
risk of PUs in hospital settings, and Frankel, Sperry, and Kaplan
documented an increased risk of PU development in patients
undergoing surgery associated with age and comorbidities (19).
Multiple studies have examined PU development during surg-
eries of 3 or more hours duration (7,20).

Age, incontinence and body mass index (BMI) are
well-established risk factors, with older age and BMI of
<19kg/m? particularly important risk factors for PU devel-
opment (21-23). Male sex and poor nutritional status have
also been identified as risk factors, but the evidence is lim-
ited (16,21,24,25). The incidence is very high among those
who have had a prior PU (9,21,22,26,27). Incidence is lower
among the overweight (BMI 25—-<30kg/m?) and obese (BMI
>30kg/m?) persons (23,28). Although higher incidence is
seen with increasing age and comorbidity, the dependence is
curvilinear and might level off or even decline towards the tails
of the age/comorbidity distributions.

The Braden scale assesses a patient’s risk of developing a PU
by examining criteria related to activity, mobility, skin moisture,
nutritional status, friction and shear, and their ability to sense
pain and discomfort related to pressure on parts of their body
(29,30). Braden scores could not be used because at the time of
this study scores had not been uniformly incorporated with the
patient clinical data.

The Charlson Comorbidity Index (CCI) is a summary mea-
sure of several comorbid conditions associated with risk of
mortality (31), and has been demonstrated to be a useful predic-
tor of major morbidity following paraesophageal hernia repair
and organ transplant (32,33). The use of the CCI to determine
mortality outcomes in patients with PUs has shown a mod-
erately elevated risk of mortality when comorbidities include
vascular disease, such as congestive heart failure; diabetes;
and metastatic cancer (34). The relationship is complicated by
the interplay between comorbidities, demographic factors and
BMLI. Further, hospital operational factors can increase the risk.

In some studies, African American patients present with
higher risk; but this finding is also inconsistent (35,36). Fogerty
et al. (6) using the 2003 Nationwide Inpatient Sample (NIS)
of nearly 8 million discharges reported that risk factors for
PU included age, gender (being male) and African Ameri-
can origin. NIS is the largest all-payer inpatient health care
database built from all discharges from a random selection
of community-based hospitals in the USA. The NIS con-
tains primary and secondary diagnoses and procedures, admis-
sion/discharge status, patient demographic characteristics and
hospital characteristics. However, NIS cannot link individual
patients with their multiple encounters nor does it contain BMI.
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The epidemiology of PUs currently lacks evidence of the
interplay between hospital organisation characteristics and indi-
vidual factors in the occurrence of PUs. The studies presented in
the literature have used a few very large hospitals or units within
a given facility (8—10, 22, 37). These studies focus on individ-
ual characteristics of patients within the facilities and cannot
assess the hospital operational differences.

The goals of our study were to examine the joint effects
of demographic variables, with the primary focus of age,
race, gender, comorbidity and BMI on the incidence of PUs
within a large hospital system. We conducted a retrospective
population-based cohort study in adult patients in 15 general
and tertiary care hospitals in Maryland, Michigan, Idaho, Indi-
ana and Iowa owned, managed and operated by Trinity Health.
These long-established facilities were in continuous opera-
tion during the two fiscal years of our study, July 2009—June
2011, and had a common electronic health record platform for
patient clinical data. Our study was approved by the Institu-
tional Review Board at Michigan State University.

Materials and methods

Databases

At the time of this analysis, Trinity Health was the tenth largest
health care system and the third largest Catholic health care sys-
tem in the USA. In 2012, Trinity Health managed 12 and owned
35 hospitals or systems across 10 states. These 47 facilities were
organised into 20 ministry organisations (MOs). In 2002, Infor-
mation Technology Services (ITS), a unit of Trinity Health,
began a multiyear investment to deploy Cerner© (Kansas City,
MO) as an electronic health record across all MOs, beginning
with the smaller MOs. By 2011, 19 MOs used the Cerner©
platform for all inpatient and ambulatory health care delivery.
Eighteen of these MOs used Cerner© consistently for two prior
fiscal years. In parallel with the Cerner© deployment, Trin-
ity Health complemented an existing financial data warehouse
with clinical data into a Unified Data Warehouse (UDW). The
UDW follows the flow of a patient encounter through admis-
sion, care delivery, discharge, billing and reimbursement. The
financial and health information management data within UDW
are complemented with clinical data from the Cerner© Enter-
prise Data Warehouse (EDW). Using these data, Trinity Health
and Michigan State University (MSU) jointly initiated an effort
to leverage the UDW in the analysis of PUs, falls and deep vein
thrombosis (DVT) as defects in care. Herein, we present the
analysis of PUs.

Patients

A flowchart describing the patient inclusion process is pre-
sented in Figure 1. From a comprehensive database of 429 493
hospital encounters with discharge dates between 1 July 2009
and 30 June 2011 from 18 Trinity Health hospitals, 3 hospi-
tals that switched to emergent care or were sold during the
study period were excluded. Each hospital was assigned with
an anonymising identification number. From these encounters,
we removed discharges of (i) patients less than 15years of
age, almost all of which were newborn discharges (MSDRG

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Number of patient discharges from
18 hospitals: 429,493

4,697 discharges excluded from 3
emergent care hospitals

J

A

P
424,796 patient discharges after
exclusion of discharges from 3
emergent care hospitals

-
8,211 discharges excluded for
Race category either unknown,

declined, or missing

A 4

A

416,585 patient discharges after
exclusion of Race categories either
unknown, declined, or missing

58,267 discharges excluded for
length of stay less than one day
and age less than 15 years

358,318 patient discharges available
after exclusion for length of stay of
less than one day and age less than 15

v

'

22,601 discharges of any PU
patient; 8,899 discharges with

patients

335,717 discharges of non-PUJ

v

7,548 unique patients with
discharges with PUs

Figure 1 Flowchart of patient inclusion in study v

¥

from 429493 hospital encounters to 18 hospitals
with discharges between 1 July 2009 and 30 June
2011. PU, pressure ulcer.

Cases: 6,505 unique
patients with one incident PU

Controls: 236,280 unique patients
without PUs, and first discharge

code from 789 through 795), (ii) less than 24 hours stay
which were primarily outpatient encounters for treatments
such as dialysis, alcohol and substance abuse rehabilitation,
outpatient surgery, and others. Patients other than African
Americans, White or other origins were excluded. This cate-
gorisation dropped records where race specification was miss-
ing, unknown or where the patient did not self-identify his or
her race. Other reported races were of small numbers of Asians,
Hispanics, Native Americans, Alaskan Americans, Multiracial
groups, and patients who classified themselves as ‘other race’.
The resultant file covers 358 318 hospital encounters.

Definition of PU cases and non-PU controls

ITS used a combination of ICD-9CM codes (International
Classification of Diseases, 9th Edition, Clinical modification)
and nursing notes from the patients’ medical chart to designate
whether or not a hospital episode was associated with an
incident PU. Incident PUs are defined as those that were absent
on admission but occurred during the acute care encounter.
There were 8899 hospital encounters during which the patient
acquired a PU.

A PU diagnosis is recorded with the ICD-9CM codes
between 707.x and 707.xy where the digits x and y are used for
additional description of the chronicity and anatomical location

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd

of the PU. Each discharge record in our database contained inter
alia up to 30 diagnosis codes. We found a 96-6% correlation
between the ITS supplied incident PU flag and the presence of
discharge diagnosis codes of 707.xy. The ITS supplied incident
PU flag was generated from nursing notes and other clinical
(EDW) data. The discharge diagnosis codes are generated from
billing data (UDW). Given that EDW is a more comprehensive
source of clinical data and has high correlation with discharge
diagnosis, our analyses relied on the ITS supplied flag solely
for case definition. Retaining only unique patients resulted in
6505 patients with an incident PU.

Unique patients without an incident PU were the pool of
potential controls. These patients were obtained from the ana-
Iytic file of 358 318 hospital encounters from which patients
who ever had a PU were excluded. For patients with multiple
encounters, the record with the earliest discharge date as
the index encounter was chosen. The analytic file contained
236280 controls. The resultant analytic file was comprised of
approximately 242 785 unique patients (6505 cases and 236 280
controls) divided over the two fiscal periods, 51-4% in FY2010
and 48-6% in FY2011.

Comorbidity Index
The CCI for each patient was calculated from the ICD-9CM
diagnosis codes (31,38). The CCI is a weighted sum of the
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presence of the following diseases and medical conditions:
myocardial infarction, congestive heart failure, peripheral vas-
cular disease, cerebrovascular disease, dementia, chronic pul-
monary disease, connective tissue disease, peptic ulcer disease,
liver disease (mild, moderate or severe), diabetes (with or with-
out end organ damage), paraplegia/hemiplegia, renal disease,
malignancy (any tumour, metastatic tumour), and AIDS/HIV.
The CCI was initially categorised into the following five sub-
groups: 0, 1, 2, 3, 4 and >5, and subsequently, a flexible spline
function of the continuous CCI was constructed to model its
effect on the incidence of PU.

In general, a spline function (39,40) of a continuous variable
x is a smooth function composed of polynomial pieces con-
nected at interior points, called knots on the domain of x. The
spline for CCI had knots at 1 and 5, and three linear segments,
<1, between 1 and 5, and >5.

Medical versus surgical diagnosis-related groups

We used the CMS (Centers for Medicare & Medicaid Services)
categorisation of diagnosis-related groups (DRG) as an indica-
tor for receipt of medical or surgical procedure during a hospital
encounter (41).

Admission type

Admission is recorded by hospital registration clerks and indi-
cates where a patient was immediately prior to being admitted.
Several categories of admission source were condensed into the
following types: Home, Emergency, Transfer, or Other. Trans-
fers were largely comprised of patients from other hospitals,
skilled nursing facilities, and other health care facilities. An
admission from home was designated for any non-health care
facility as the point of origin. ‘Other’ type captured primarily
admissions from a clinic or physician’s office.

Statistical analysis

Statistical analyses were conducted using SAS software, ver-
sion 9-3 (SAS Institute Inc, Cary, NC). Characteristics of
patients were summarised as frequencies and proportions for
categorical variables and by means, standard deviations and
percentiles for continuous variables. Comparisons between PU
cases and non-PU controls were assessed using y2 tests for
categorical variables and using 7-tests for continuous variables.
Statistical significance was declared for a P-value <0-05.

Analysis of incidence of PUs

Associations of potential risk factors with PU incidence were
assessed from a series of logistic regression models. Initially
each risk factor was assessed individually in univariable mod-
els. Multiple logistic regression was used to obtain the inde-
pendent effects of a risk factor adjusted for the presence of
all other confounding effects. Graphical displays and resid-
ual statistics were used to discern an appropriate functional
form of the continuous risk factors age and CCI. The mod-
els also evaluated all two-way interactions for statistical sig-
nificance. Stepwise selection process was used to retain all
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main effects irrespective of their significance but only signif-
icant two-way interactions (P-value <0-05). The final model
was subjected to rigorous evaluation for detecting potential out-
liers and influential observations, and was assessed for overall
goodness-of-fit and predictive power. A model’s predictive abil-
ity was assessed using the c-statistic, and goodness-of-fit using
the Hosmer—Lemeshow y? test (42).

Constructed effects for age and CCI

Spline functions were examined to evaluate the curvilinear
effect of age on PU incidence on the log odds (logit) scale.
Although several functions were equally compelling, a linear
spline was selected for age with four interior knots positioned
at the quintiles (age: 32, 50, 64, 77 years), whereas for CCI, two
knots at 1 and 5 were adequate.

Body mass index

BMI defined as weight in kilograms divided by the squared
height in metres was extracted from the medical chart. It was
recorded as a whole number. Unfortunately in 12-8% of the
cohort, BMI was missing. Two strategies were adopted to
address this issue to maintain the full sample size: (i) BMI
was categorised into four subgroups: <19, 19-<25, 25-<30
and >30, and an additional missing group was used; (ii) a
multiple imputation scheme was used to estimate the miss-
ing BMI values. The imputation scheme relied on demo-
graphic variables and the 17 comorbidity components of the
CCI. A regression-based method [using PROC MI in SAS
software (43)] generated 5 separate data sets. The imputa-
tions maintained the original range of known BMI values
(10-40kg/m?).

Hierarchical analyses

Because our study cohort was assembled within each of the
15 hospitals, a limited hierarchical analysis in which patients
within a hospital were deemed to share characteristics of the
hospitals was carried out (44). A random intercept for each hos-
pital served to cluster patients. Generalised linear mixed effects
models with fixed effects for gender, race, age, CCI, BMI, sur-
gical DRG, admission type and fiscal year were estimated using
PROC GLIMMIX in SAS software (43).

Receiver operating characteristic analysis of models

The subject-specific predicted probability of PU incidence z
from the logistic model was used to calculate the model’s
discriminative power as measured by the c-statistic (45). For
a pair of patients, one with an incident PU (case) and the other
without PU (control), the c-statistic is the probability that the
model estimates a higher probability of PU incidence in the
case than in the control. The c-statistic is equivalent to the area
under the receiver operating characteristic (ROC) curve. For a
cut-off a, sensitivity is the proportion among cases where 7 > a,
and specificity is the proportion among controls where 7 <a.
The ROC maps the points (sensitivity, 1 —specificity) as the

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 1 Characteristics of pressure ulcer cases and non-pressure ulcer controls*

Incidence of hospital-acquired pressure ulcers

Combined period July

Period July 2009-June 2010: No. (%) July 2010-June 2011: No. (%) 2009-June 2011: No. (%)
PU cases Non-PU controls PU cases Non-PU controls PU cases Non-PU controls
Characteristic (n=3087) (n=121582) (n=3418) (114 698) (n=6505) (236 280)
Gender
Female 1665 (563-9) 77174 (63-5) 1821 (563-3) 71652 (62-5) 3486 (53-6) 148826 (63-0)
Male 1422 (46-1) 44408 (36-5) 1597 (46-7) 43046 (37-5) 3019 (46-4) 87454 (37-0)
Race
Black 413 (13-4) 17403 (14-3) 443 (13-0) 14901 (13-0) 856 (13-2) 32304 (13-7)
White 2543 (82-4) 95587 (78-6) 2881 (84-3) 92 258 (80-4) 5424 (83-4) 187845 (79-5)
Other 131 (4-2) 8592 (7-1) 94 (2-8) 7539 (6-6) 225 (3-5) 16131 (6-8)
Age (years)
15-25 15 (<0-5) 10523 (8-7) 17 (0-5) 9993 (8-7) 32 (0-b) 20516 (8-7)
25-35 32 (1-0) 17921 (14-7) 32 (0-9) 17922 (15-6) 64 (<1-0) 35843 (15-2)
35-45 89 (2.9) 12756 (10-5) 81 (2-4) 12486 (10-9) 170 (2-6) 25242 (10-7)
45-55 251 (8:1) 15214 (12-5) 271 (7-9) 14534 (12-7) 522 (8-0) 29748 (12-6)
55-65 441 (14-3) 17869 (14-7) 527 (15-4) 17585 (15-3) 968 (14-9) 35454 (15-0)
65-75 567 (18-4) 17824 (14-7) 681 (19-9) 16835(14-7) 1248 (19-2) 34659 (14-7)
75-85 907 (29-4) 18410 (15-1) 977 (28-6) 15659 (13-7) 1884 (29-0) 34069 (14-4)
>85 785 (25-4) 11065 (9-1) 832 (24-3) 9684 (8-4) 1617 (24-9) 20749 (8-8)
Comorbidity
0 277 (9-0) 59837 (49-2) 324 (9:5) 59003 (51-4) 601 (9:4) 118840 (50-3)
1 431 (14-0) 24834 (20-4) 486 (14-2) 23490 (20-5) 917 (14-1) 48324 (20-5)
2 533 (17-3) 15360 (12-6) 599 (17-5) 13849 (12-1) 1132 (17-4) 29209 (12-4)
3 534 (17-3) 8844 (7-3) 554 (16-2) 7581 (6-6) 1088 (16-7) 16425 (7-0)
4 435 (14-1) 5269 (4-3) 478 (14-0) 4427 (3-9) 913 (14-0) 9696 (4-1)
>5 877 (28-4) 7438 (6-1) 977 (28-6) 6348 (5-5) 1854 (28-5) 13786 (5-8)

PU, pressure ulcer; CCl, Charlson Comorbidity Index.

*Denominators for percentages are the total number of patients within each characteristic. Percentages might not sum to 100 due to rounding.

cut-point a varies between 0 and 1. A c-statistic above 0-75 is
considered excellent. Submodels with fewer covariates may be
compared with respect to their c-statistics (46).

Results

The overall incidence of PUs was 2-68% [95% confidence inter-
val (CI): 2-62—2-74%]. Incidence was also approximately con-
stant over the two fiscal year periods, that is, 2:48% (95% CI:
2:39-2-56%) in FY2009 and 2-89% (95% CI: 2-80—2-99%).
Table 1 describes characteristics of patients in the two fiscal
periods. Owing to large sample size, there were statistical dif-
ferences in patient characteristics between the two periods, but
qualitatively these differences were inconsequential. No signif-
icant differences in patient characteristics were found in the two
reporting periods within PU cases and within non-PU controls.
Beginning in January 2010, the Trinity UCO implemented a PU
screening standard for all inpatient admissions. We attribute the
slightly higher incidence in 2010 to increased PU awareness and
surveillance across the organisation. Analyses were conducted
with both fiscal years combined.

Approximately 63% of the cohort were female, almost 80%
were White and 39% were 65 years of age or older (Table 2).
Forty-nine percent had no presenting comorbidity, whereas
6-4% had six or more comorbidities. Because BMI was not
available for 12-8% of the cohort, the strategy of multiple impu-
tation was used to estimate the missing data. After imputa-
tion, the overall percentage of subjects in the four BMI groups

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd

(in kg/m?): <19, 19-<25, 25-<30, 30+ were 3-8%, 24-8%
33-7% and 37-7%, respectively. Subsequent analyses used the
imputed BML.

Correlates of PU incidence

There were significant differences in characteristics between
PU cases and non-PU controls. Overall, the mean age in cases
was 73-1years (SD=14-7years) compared to a mean age
of 55-1years (SD=21-5years) among controls (P <0-0001).
There was a difference of 20 years in the median ages (76 years
in cases versus 56 years in controls). The age range in the
two groups was approximately the same: 15—109 years in con-
trols and 17-107 years in cases. Each risk factor shown in
Table 2 was associated with PU incidence (P < 0-0001, y? tests)
with the comorbidity index exhibiting the strongest association.
Each of the 17 components of the CCI was associated with
incidence (Table 3). Generally, PU incidence increased with
increasing age and higher comorbidity. Being male was associ-
ated with a higher risk of incidence. Patients reporting African
American or other race were at lower risk of PU incidence com-
pared with those reporting White race. Patients with BMI (in
kg/m?) between 19 and <25 reported a higher risk of PU inci-
dence than those with BMI of <19 (OR =2-47; 95% CI: 2-27,
2-69), but a lower risk in the BMI 25 to <30 group (OR =0-58;
95% CI: 0-54, 0-62), and in the BMI >30 group (OR =0-45;
95% CI: 0-42, 0-49).

813



Incidence of hospital-acquired pressure ulcers

Table 2 Risk factors associated with pressure ulcer incidence

J. C. Gardliner et al.

Characteristic % of total No. of cases (%)* Odds ratio (95% Cl) C-statistic
Sex 0-547
Female 627 3486 (2:29) Reference
Male 37-3 3019 (3-34) 1-47 (1-40, 1-55)
Race 0-522
White 79-6 5424 (2-81) Reference
Black 13.7 856 (2-58) 0-92 (0-85, 0-99)
Other 67 225 (1-38) 0-48 (0-42, 0-55)
Age (years) 0-738
15-25 8-5 32 (0-16) 0-09 (0-06, 0-13)
25-35 14.8 64 (0-18) 0-10 (0-08, 0-13)
35-45 10-5 170 (0-67) 0-38 (0-32, 0-46)
45-55 125 522 (1-72) Reference
55-65 15-0 968 (2-66) 1.56 (1-40, 1-73)
65-75 14-8 1248 (3-48) 2-05 (1-85, 2-28)
75-85 14-8 1884 (5-24) 3-15 (2-86, 3-48)
>85 9.2 1617 (7-23) 4.44 (402, 4-91)
CCl 0-793
0 49.2 601 (0-50) 0-13 (0-12, 0-14)
1 20-3 917 (1-86) 0-49 (0-45, 0-54)
2 125 1132 (3-73) Reference
3 72 1088 (6-21) 1.71 (157, 1-86)
4 4.4 913 (8:61) 243 (2-22, 2-66)
>5 6-4 1854 (11-85) 3:47 (3-21, 3-75)
Body mass index (kg/m?) 0-624
Missing 12-8 605 (1-94) 0-48 (0-43, 0-52)
<19 3-3 796 (10-05) 2-69 (2-47, 2-93)
19-25 220 2128 (3-99) Reference
25-30 29.2 1603 (2-26) 0-56 (0-52, 0-59)
>30 32-8 1373 (1-73) 0-42 (0-40, 0-45)
Fiscal period 0-520
FY2009 51.4 3087 (2-48) Reference
FY2010 48-7 3481 (2-89) 117 (1-12, 1-23)
Surgical DRG 0-568
No 1376 (1-65) Reference
Yes 5129 (3-22) 1-99 (1-87 2-11)
Admission type 0-622
Home 615 2796 (1-87) Reference
Emergency 27-2 2516 (3-81) 2-07 (1-96, 2-19)
Transfer 6-8 1072 (6-48) 3-63 (3-37 3-90)
Other 4.5 121 (1-10) 0-58 (0-49, 0-70)

CCl, Charlson Comorbidity Index; CI, confidence interval.

*Denominators for percentages are the total number of patients with each characteristic.

Adjusted analyses

Initially, our multiple logistic regression model for PU inci-
dence considered all main effects: sex, race, age, CCI, BMI,
a surgical DRG, admission type and fiscal year. Our focus
was primarily on the first five patient characteristics. Sex was
not significant (P=0-427) and race exhibited significance
for the comparison of other race with White race. Patients
admitted for a surgical DRG were at higher risk of acquir-
ing a PU (OR=2-98, 95% CI: 2-80, 3-17). Selected odds
ratios and 95% confidence intervals are shown in Table 4.
Logistic regression analysis for PU incidence is based on
five imputed data sets which produce overall (within imputa-
tion) regression parameter estimates and their standard errors
(within — between imputations). Odds ratios and confidence
intervals, and P-values for Wald y? tests of significance were
computed from these estimates.

814

Interaction effects

All two-way interactions for inclusion in the main effects mod-
els were evaluated, restricting to age, sex, race, CCI and BML
All effects were allowed to compete for inclusion, but only
effects and their interactions that were significant at P <0-05
were retained. Three significant interactions were found
between age, CCI and BMI. Both sex and race were no longer
significant. The final parsimonious model found age, CCI and
BMI and their two-way interactions, surgical DRG, admis-
sion type and fiscal year as significant. There was a marginal
improvement in the c-statistic from 0-856 to 0-860 in the main
effects model. The Hosmer—Lemeshow goodness-of-fit test
was not significant (8 df x> test, P=0-606). The effects of
age and CCI on the likelihood of PU incidence are shown in
Figures 2 and 3 for the four BMI groups at specified profiles.

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 3 Comorbidities associated with pressure ulcer incidence*

Incidence of hospital-acquired pressure ulcers

Comorbidity No. PU cases (%) Odds ratio 95% lower CL 95 % upper CL
Myocardial infarction 1032 (5-95) 2-54 2-38 2.72
Congestive heart failure 2540 (9-60) 5-69 5-40 5.99
Peripheral vascular disease 992 (8-45) 3.78 3:52 4.05
Cerebrovascular disease 904 (6-36) 2-70 2-52 2-91
Dementia 573 (9-08) 3-88 3:55 4.25
Chronic pulmonary disease 2273 (5-30) 2.58 2.45 2.72
Connective tissue disease 263 (5-04) 1.97 1.73 2-23
Peptic ulcer disease 195 (6-11) 2-41 2-08 279
Mild liver disease 416 (6-75) 2.74 2.47 3-04
Diabetes without complications 2097 (5-04) 2.37 2.25 2-50
Diabetes with complications 556 (8-92) 3-80 347 416
Paraplegia and hemiplegia 451 (12-59) 5.55 5-01 6-14
Renal disease 2227 (9-40) 5.21 4.94 5.49
Cancer 814 (5-61) 2.32 2-15 2-50
Moderate or severe liver disease 143 (10-32) 4.25 3:57 5.07
Metastatic carcinoma 414 (7-89) 3:26 2.94 361
AIDS 20 (5-13) 1.97 1.25 3-09

CL, confidence limit.

*Denominator for percentages is the number of patients with the comorbidity.

Table 4 Selected risk factors*associated with pressure ulcer incidence

Characteristic Group Odds ratio (95% Cl) P-value
Sex (ref Female) Male 1-02 (0-97 1-08) 0-427
Race (ref White) Black 1-03 (0-95, 1-12)
Other 0-84 (0-73, 0-97) 0-034
BMI, kg/m? (ref 19-25) <19 2:21(2-02, 2-41)
25-30 0-69 (0-65, 0-74) <0-0001
>30 0-62 (0-58, 0-67)
Surgical DRG (ref No) Yes 2-98 (2-80, 3-17) <0-0001
Admission type (ref Home) Emergency 1.78 (1-66, 1-91)
Other 0-49 (0-41, 0-60) <0-0001
Transfer 2-33(2-16, 2-52)
Fiscal year (ref FY2009) FY2010 1-63 (1-564, 1-74) <0-0001

Cl, confidence interval.

*Main effects model adjusted for age (P <0-0001) and comorbidity (P <0-0001) as linear splines.

The contour plot (Figure 4) depicts the joint effect of age and
CCI on the probability of PU incidence, displayed for the four
categories of BMI. Probability levels are marked on the display
and indicate a higher incidence of PU with a combination of
increasing age and comorbidity. The relationship is, however,
complex as the interaction model has 56 estimated parameters.
The effects of a surgical DRG, admission type and fiscal year
were also significant, and were quantitatively about the same as
those in the main effects model of Table 4.

Hierarchical model

Inclusion of a random effect for patients from the hospital
served to cluster patients within hospital. The effect was
significant. However, with respect to the fixed effects eval-
uated in this study, the estimated odds ratios (Table 5) were
substantively the same as those in Table 4. We used random
effects logistic regression analysis for PU incidence based on
five imputed data sets which produced overall (within imputa-
tion) regression parameter estimates and their standard errors

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd

(within—between imputations). Odds ratios and confidence
intervals were computed from these estimates.

Predicted PU incidence probabilities

From our model, the predicted PU incidence probability was
calculated for each patient. There is an one-to-one correspon-
dence between the predicted probability and the weighted sum
of covariates in the model. The weights are the estimated regres-
sion coefficients (log-odds ratios) and the weighted sum is
called the risk score. We formed four risk groups using the
quartiles of the risk scores. Figures 5 and 6 show the distri-
butions of BMI and CCI in the four risk groups of PU inci-
dence. In the lowest risk group, comorbidities are virtually
absent; in the highest risk group, nearly 61% have three or more
comorbidities.

ROC analysis of models
We compared the c-statistic across four models: (i) the full

model contained age (spline), BMI, CCI (spline) and their
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Figure 2 Plot of probability of pressure ulcer (PU) incidence plotted
against age by BMI group based on the interaction model (see text). Vari-
ables in the model are set at their mean [for Charlson Comorbidity Index
(CCI), mean: 1-27] and at reference levels [surgical diagnosis-related
Groups (DRG), no; fiscal year, 2009, admit type, home]. Shaded regions
depict point-wise 95% confidence intervals for the probability of PU inci-
dence.
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Figure 3 Plot of probability of pressure ulcer (PU) incidence plotted
against the Charlson Comorbidity Index (CCI) by BMI group based on the
interaction model (see text). Variables in the model are set at their mean
(for age, mean: 5-61) and at reference levels [surgical diagnosis-related
Groups (DRG), no, fiscal year, 2009, admit type, home]. Shaded regions
depict point-wise 95% confidence intervals for the probability of PU
incidence.

two-way interactions, surgical DRG, admission type and fiscal
year, (ii) a submodel of (i) with only age, BMI, CCI and their
two-way interactions, (iii) a submodel of (ii) with only the main
effects of age, BMI and CCI, (iv) the hierarchical model with a
random effect for clustering patients by hospital, and all effects
in (). ROC curves are shown in Figure 7. Although significant
differences are seen in the three comparison of models (i),
(ii), (iii) with model (iv), the quantitative differences are small.
Nevertheless, model (iv) is the best.
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Table 5 Factors associated with pressure ulcer incidence, adjusted
hierarchical model*#

Characteristic Group Odds ratio (95% Cl)
BMI, kg/m? (ref 19-25) <19 3-07 (2-41, 3:91)
25-30 0-65 (0-53, 0-80)
>30 0-52 (0-42, 0-64)
Surgical DRG (ref No) Yes 2-92 (2-74, 3-11)
Admission type (ref Home) Emergency 1-73 (1-60, 1-86)
Other 0-53 (0-44, 0-64)
Transfer 2.43 (2:25, 2-64)
Fiscal year (ref FY2009) FY2010 160 (1-50, 1-71)

BMI, body mass index; Cl, confidence interval; DRG, diagnosis-related
groups.

*Adjusted for age (P<0-0001) and comorbidity (P<0-0001) as linear
splines.

+tModel contains one random intercept for clustering patients within
hospital and interactions terms for age with BMI, and comorbidity
with BMI.

tAge and comorbidity are fixed at mean values, 55-6years and 1-27,
respectively, in calculation of BMI odds ratios.

Discussion

Multiple studies have demonstrated the association between
demographic risk factors and development of hospital-acquired
PUs, particularly in the demographic categories of age, sex,
and comorbidity; findings related to BMI and race are incon-
sistent. Our study focused on race, age, sex, BMI, number of
comorbidities and the type of comorbidities present. Our anal-
ysis of PU incidence using electronic health records found that
patients with the highest risk are older, have five or more comor-
bidities, were transferred from another health care facility, and
discharged with a surgical DRG. Our evidence of admission
type and DRG offer the potential of new intervention modal-
ities. No difference in PU risk based on race and gender after
controlling for age, comorbidity and BMI was found.

Regular performance of a well-integrated risk assessment
for PU has been shown to reduce the risk of incident PU in
health care settings by providing an easy framework for iden-
tifying high-risk patients (47). Research has also demonstrated
that the most common risk assessments used have limited
success in allocation of resources for PU prevention, and
recommendations for further research on prediction models
have been recommended (20). Kim and Lang developed a
predictive model based on Braden Scale scores and personal
risk factors (48). At the initiation of our study in 2009, the 15
hospitals in our database had not completed the inclusion of the
Braden assessment in the Cerner© Enterprise Data Warehouse.
Therefore, we limited our study to patient variables that were
substantially complete, uniformly collected and entered, along
with other clinical data. As of late 2011, Trinity Health uniform
clinical care mandates that a Braden assessment be given to
each admitted patient.

Transfer from another health care facility carried higher risk
of PU development (OR =3-63) than admission for emergent
care or admission from home. Although why this relationship
exists could not be discerned from the data available, increased
risk of PU development that is related to the age and health

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Figure 4 Contour plot of probability of pressure ulcer (PU) incidence plotted against age and Charlson Comorbidity Index (CCI) by body mass index
(BMI) group based on the interaction model (see text). Variables in the model are set at reference levels [surgical Diagnosis-related Groups (DRG), no;

fiscal year, 2009; admit type, home].

condition of the patients transferred from other health care
facilities was suspected.

Age has a positive linear relationship with PU development.
As age increased, the odds of developing a PU increased. The
highest risk group was patients of age >85 years (OR =4-44);
however, significant risk increase started in the 65- to <75-year
group (OR =2-05) and was also elevated in the 75- to <85-year
group (OR =3-15). In our study, the relationship between age
and PU incidence was more effectively captured using a spline
function.

Surgeries with an operating time of 3 or more hours put
patients at a greater risk of PU development during surgery

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd

or the days after the surgery when the patient is dependent on
hospital staff for mobility (7,20). Our study demonstrates that
admission for surgery increases the risk of developing a PU
(OR =1-99). Frankel et al. (19) demonstrated the increased risk
of surgery patients with independent risk factors for age greater
than 60 years, and comorbidities such as diabetes, spinal cord
injury, vascular disease and renal disease. These factors had
a stronger association than the Apache II risk score and ICU
length of stay. In the surgical ICU, PUs developed in patients
with these risk factors in spite of the use of early nutritional
intervention and specialty beds.
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Figure 5 Body mass index (BMI) distribution by quartile split.
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Figure 6 Charlson Comorbidity Index (CCl) distribution by quartile split.

The CCI was originally developed and validated for hospi-
tal mortality prediction. However, it has been used extensively
as a summary measure of presenting comorbidity in relation to
other adverse outcomes. Our study also shows that the CCIhas a
strong association with PU development. Specific components
of the index that carried the highest risk were vascular diseases,
such as congestive heart failure, diabetes, renal disease, para-
plegia or hemiplegia, and severe liver disease. Each of these
conditions carried a risk of at least threefold for development of
a PU during hospitalisation. Although the odds of PU incidence
generally increased with higher CCI: for example, OR =347
for CCI >5 versus CCI =2, the relationship was not linear over
the whole range and a spline function of CCI was used to cap-
ture its effect on PU. As demonstrated by Kim and Lang (48),
comorbidities may function best as a predictor when used in
conjunction with a comprehensive assessment to determine the
risk of PU.

Our study shows that a combination of risk factors (age,
BMI, CCI) has a strong association with PU incidence. In our
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Figure 7 Receiver operating characteristic curves for four models for
pressure ulcer incidence.

ROC analysis, these variables and their interactions conferred
an impressive c-statistic of 0-838.

Patients admitted for surgery or transfer patients or patients
with many comorbidities would benefit from a comprehensive
risk assessment and close monitoring for PU development. It
may prove useful to flag these patients for comprehensive risk
assessment beyond Braden or closer observation despite Braden
Scale results.

Strengths

A principal strength of this study is the large inpatient popu-
lation from which our sample was drawn which included 15
individual hospitals from five states. Further, we were able to
identify patients with multiple hospital admissions during the
time period of the study. This permitted us to limit the repre-
sentation of each patient in our data to a single admission (the
first admission), thereby assuring that no individual could con-
tribute multiple PU incidents to the analysis. This eliminated
some opportunities for confounding which could account for
differences in results reported here, as compared with results
reported in other large scale studies. For example, Fogerty et al.
(6) reported African American race as a risk factor for PU, while
we did not observe an association between African American
race and risk of PU. We suspected that African Americans may
have been at greater risk of multiple admissions with PU. A
post hoc examination of the data on all patients who had at
least one incident PU over possibly multiple admissions showed
that incidence of PU on multiple hospital stays was higher
in African Americans (18:9%) than in Whites (13-0%), or in
‘Other’ race (12-1%). In addition to the 6505 patients stud-
ied here with a single PU incidence, there were 1043 patients
who had at least two PU incidences. This highlights the impor-
tance of avoiding inappropriate interpretation of findings that
are based on data not permitting the identification of multiple
admissions of the same patient. Our data will now permit the
future search of factors accounting for the observed differen-
tial rates of occurrence of PU and other target outcomes among
patient groups with multiple admissions.

© 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Limitations

The primary limitation of our study is similar to that faced when
traditional medical records are abstracted: there is a possibility
that PUs counted as incident were in reality present at the
time of admission. Omission of PUs present on admission
from the medical records could be the result of not recognising
the condition or simply not recording it present at admission.
Therein also lies the possibility that a control patient had
developed an incident PU that was not discerned during the
hospital stay. Retrospective cohort studies are limited by the
quality of data available, and determining whether electronic
health records improve data quality is an important avenue for
future research.

We also noted a slightly higher incidence of PU in FY2010
compared with that in FY2009. This may be an artefact of
ascertainment. FY2010 was the second year of full EHR
implementation in Trinity Health Systems, and it is possible
that reporting of PU had improved. The fiscal crisis might have
led to lower rates of health-seeking behaviours in FY2009, and
FY2010 might have shown an increase based on improvements
in the health-seeking behaviours. To investigate this difference
further, we would need to examine PU incidence data for fiscal
years prior to 2009 and after 2010.

This study was limited in terms of data available. As such,
we were unable to analyse the hospital-level data on PU
incidence. There was limited information on hospital size and
staffing ratios, but staff training and education requirements
were not available for analysis. We were able to discern differ-
ences between hospitals and PU development; three hospitals
demonstrated a protective effect against PU development, while
four hospitals had an increased risk of PU development, but
specific hospital-level characteristics that might inform these
differences were not studied. As noted previously, Braden scale
scores were not available at the time this research was con-
ducted, and a deeper examination of the relationship between
these risk factors and the Braden scale should be examined to
determine the usefulness of our model in our health system.

The utilisation of one hospital system may limit the general-
isability of our results. None of the major metropolitan regions
of the USA were represented in the sample. However, four
regions of the USA are represented: the East Coast, the Mid-
west, the Central Plains and the Northwest, which does provide
insight into a diverse range of population characteristics. The
sample size of this study gives it a greater advantage, and its
findings are consistent with those of other studies examining
PU incidence and risk. We have also contributed two possi-
ble categories for informing PU risk through comprehensive
assessment administration: a surgery DRG and transfer from
another health care facility. It is hoped that these results will
help to generate a staff and EHR-friendly model of PU pre-
diction that provides improved care for patients across health
care systems.
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