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Development and Evaluation of Electronic Health Record Data-Driven Predictive Models for
Pressure Ulcers
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Purpose: The purpose of this study was to develop predictive models for pressure ulcer incidence using electronic health record (EHR) data
and to compare their predictive validity performance indicators with that of the Braden Scale used in the study hospital. Methods: A retro-
spective case-control study was conducted in a tertiary teaching hospital in Korea. Data of 202 pressure ulcer patients and 14,705 non-pres-
sure ulcer patients admitted between January 2015 and May 2016 were extracted from the EHRs. Three predictive models for pressure ulcer
incidence were developed using logistic regression, Cox proportional hazards regression, and decision tree modeling. The predictive validity
performance indicators of the three models were compared with those of the Braden Scale, Results: The logistic regression model was most
efficient with a high area under the receiver operating characteristics curve (AUC) estimate of 0,97, followed by the decision tree model
(AUC 0.95), Cox proportional hazards regression model (AUC 0.95), and the Braden Scale (AUC 0.82). Decreased mobility was the most signif-
icant factor in the logistic regression and Cox proportional hazards models, and the endotracheal tube was the most important factor in the
decision tree model, Conclusion: Predictive validity performance indicators of the Braden Scale were lower than those of the logistic regres-
sion, Cox proportional hazards regression, and decision tree models, The models developed in this study can be used to develop a clinical de-
cision support system that automatically assesses risk for pressure ulcers to aid nurses,
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Table 1. General Characteristics and Braden Scale Scores of Study Subjects and Characteristics of Pressure Ulcers (N=14,907)
PU (n=202) No PU (n=14,705)
Characteristic tory (p)
n (%) or MSD n (%) or MSD

Age (yr) 17.03 (.001)
18~49 42 (20.8) 3(26.6)
50~59 48 (23.8) 3,536 (24.1)
60~69 37 (18.3) 3,573 (24.3)
>70 75 (37.1) 3,683 (25.0)

61.71+£15.81 58.04£15.18

Sex 2.30(.129)
Male 119 (58.9) 7,875 (53.6)

Female 83 (41.1) 6,830 (46.4)

LOS in hospital (days) 37.08+31.99 8.29%£10.71 12.79 (<.001)

Route of admission 26.28 (<.001)
Emergency room 97 (48.0) 4,583(31.2)

Outpatient clinic 105 (52.0) 10,122 (68.8)

Braden scale scores 16.3143.82 20.70+2.18 -16.30 (<.001)
Sensory perception 3.31£0.81 3.88+0.40 -10.13 (<.001)
Moisture 3.29£0.70 3.85+0.39 -11.26 (<.001)
Activity 2.17£1.23 3.54+0.77 -15.84 (<.001)
Mobility 2.78+0.87 3.64+0.57 -14.05 (€.001)
Nutrition 2.53+0.64 2.90+0.54 -8.19 (<.001)
Friction and shear 2.23+0.66 2.89+0.33 -13.99 (<.001)

Time to pressure ulcer occurrence (days)
0~3 70 (34.7)
4~15 70 (34.7)
>16 62 (30.6)

15.21£18.64

Place where pressure ulcer developed
Operating room 73 (36.1)

Ward or ICU 129 (63.9)

Body site of pressure ulcer®

Back of head 5(2.1)
Cheek 11 (4.6)
Chest 28 (11.6)
Vertebra 16 (6.6)
Coceyx 91 (37.7)
Hip 38(15.8)
Thigh 15 (6.2)
Lower leg 12 (5.0)
Ankle 14 (5.8)

Heel 11 (4.6)

ICU=intensive care unit; LOS=length of stay; M=mean; PU=pressure ulcer; SD=standard deviation.

"A total of 241 pressure ulcers developed in 202 cases.
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Table 2. Logistic Regression Model: Factors Associated with Pressure Ulcers (N=14,907)
Features B SE 0 OR 95% Cl
Need for assistance with hygiene 1.51 0.27 <.001 455 2.69 7.66
Decreased consciousness 1.68 0.25 <.001 534 3.25 8.78
Foley catheter 0.65 0.28 .020 1.93 1.1 3.36
Cardiac stimulant 0.64 0.30 .030 1.90 1.05 3.36
Oxygen therapy 1.04 0.30 <.001 2.84 1.60 511
Low serum albumin 1.65 0.26 <.001 5.20 3.12 8.76
Sensory perception impairment 1.51 0.31 <.001 451 2.46 8.18
Impaired skin integrity 1.13 0.26 <.001 3.09 1.85 5.09
Decreased mobility 4.60 0.84 <.001 99.83 23.82 726.46
Surgery 0.89 0.25 <.001 2.43 1.50 3.95
Nutrition consultation 0.59 0.30 .047 1.80 1.00 3.20

Cl=confidence interval; OR=o0dds ratio; SE=standard error.

Table 3. Cox Proportional Hazards Regression Model: Factors Associated with Pressure Ulcers (N=14,907)
Features B SE D HR 95% Cl
Need for assistance with hygiene 0.77 0.25 .002 2.16 1.32 3.54
Decreased consciousness 1.36 0.24 <.001 3.90 242 6.28
Foley catheter 0.97 0.27 <.001 2.63 1.55 445
Gastrointestinal tube -0.59 0.23 011 0.56 0.36 0.87
Oxygen therapy 0.80 0.28 .004 2.22 1.28 3.84
Mechanical ventilation 0.89 0.24 <.001 242 1.51 3.89
Low serum albumin 0.71 0.20 <.001 2.03 1.37 3.02
Sensory perception impairment 1.08 0.22 <.001 294 1.91 452
Impaired skin integrity 0.77 0.18 <.001 2.16 1.51 3.08
Decreased mobility 437 1.01 <.001 79.22 10.92 574.76
Nutrition consultation -0.98 0.24 <.001 0.38 0.24 0.60

Cl=confidence interval;, HR=hazard ratio; SE=standard error.
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Figure 1. Decision tree model.

https://doi.org/10.4040/jkan.2019.49.5.575

www. jkan.or. kr



582

Table 4, Comparison of Predictive Validity Performance Indicators
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