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Purpose: Comorbidities of a principal diagnosis have varying impacts on disease and require different management depending on the 
onset timing. This study investigated the usefulness of present-on-admission (POA), specifically focusing on decubitus ulcers, 
delirium, and hypokalemia, as an indicator of healthcare quality.
Patients and Methods: We analyzed patient discharge data for 14 years from 2006 to 2019 using Korean National Hospital 
Discharge In-Depth Injury Survey (KNHDIS).
Results: Out of 3,231,731 discharged patients, 19,871 had secondary diagnosis codes for decubitus ulcers (n=10,390, 52.3%), 
delirium (n=6103, 30.7%), or hypokalemia (n=3378, 17.0%). Analysis of patients with secondary diagnoses of decubitus ulcers, 
delirium, or hypokalemia revealed notable differences in demographics, including gender distribution, mean age, admission route, 
insurance type, surgical intervention rates, mortality rates, and length of stay (LOS). Among patients with one of the top 20 principal 
diagnoses, those with secondary diagnoses of decubitus ulcers, delirium, or hypokalemia exhibited higher odds of surgery, increased 
mortality risks, and longer LOS compared to those without these secondary diagnoses.
Conclusion: All three of these diseases commonly occur postoperatively or during treatment and thus should be designated as 
potentially preventable complications that require special attention, and should also be considered as quality-of-care indicators.
Keywords: healthcare quality evaluation indicators, present on admission, POA, decubitus ulcers, delirium, hypokalemia

Introduction
Comorbidities affect the treatment and outcomes of an illness.1–3 Comorbidities can be divided into underlying diseases 
that existed before the onset of the principal diagnosis and before complications that occur during treatment at the 
hospital.

Comorbidities of the principal diagnosis may have varying effects on the disease and require different management 
depending on the onset timing. Cardiovascular comorbidities of the coronavirus disease 2019 (COVID-19), which has 
emerged as an important issue, manifest and are treated differently depending on whether they were an underlying 
disease before the COVID-19 infection or whether they were a complication of COVID-19.4,5 In particular, complica-
tions that occur during the process of treating the principal diagnosis are subject to healthcare quality evaluation and 
cause analysis. Thus, present-on-admission (POA) indicators and Patient Safety Indicators (PSI) have been implemented 
to manage the onset timing of comorbidities and patient safety.

PSI were developed by the Agency for Healthcare Research and Quality (AHRQ); they are used to identify and 
manage diseases that are likely to occur during the process of treating patients at a healthcare facility and threaten patient 
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safety.6 There are 20 AHRQ PSI,7 and the indicators are continually reviewed by the Organisation for Economic Co- 
operation and Development (OECD).8,9 The POA indicator is a system for distinguishing between a new diagnosis that 
was made during a hospital stay (POA) and one that was present before admission (POA Y flag) when healthcare 
facilities bill for reimbursement. The US Centers for Medicare & Medicaid Services (CMS) requires all Medicare and 
Medicaid claims to include the POA indicator in the principal and secondary diagnoses since 2007. From 2008, the CMS 
makes reimbursement decisions for diseases defined as a hospital-acquired condition (HAC) based on the POA indicator 
on the patient’s discharge data and declines reimbursement of 10 types of HAC based on the POA indicator.10,11

Studies that examined the effects of implementing the POA indicator in Medicare and Medicaid reimbursement 
denials for HACs and pressure ulcers12,13 showed that reimbursement was reduced, further highlighting the importance 
of preventing and managing HACs.

In 2012, the diagnosis-related group (DRG) reimbursement model was implemented in South Korea. Healthcare 
facilities are now required to specify the POA indicator in the DRG and new DRG reimbursement claims.14 The new 
DRG reimbursement system, which is an expansion of the previous seven systems, currently runs as a pilot program.15 In 
addition, the Health Insurance Review and Assessment Service (HIRA) provides subsidies for participating healthcare 
facilities to facilitate the establishment of the new DRG system and periodically performs qualitative evaluations of 
medical records, diagnostic coding, and POA data.16

POA data in Korea contribute to the thoroughness of medical record documentation and the enhanced accuracy of 
diagnostic coding.17 However, data utility remains low due to poor accuracy resulting from the short time elapsed since 
implementation and relevant staff and healthcare professionals’ inadequate awareness and training.10,14,16,18–20

In other countries, studies examining the conditions that markedly impact severity or treatment process and outcomes, 
such as hemorrhage, thrombosis, anemia, and coronary artery disease, have utilized the POA indicator to analyze the 
cause of HACs and promote quality of care.21–25 For instance, in the United States, POA data flagged in Medicare and 
Medicaid claims are utilized to monitor the quality of care provided to low-income individuals and older adults.26,27

POA data—along with PSI—may be an important source of information for detecting HACs, and it serves as a useful 
indicator to identify and ameliorate the risk factors and causes of complications. Hence, it is strongly associated with the 
quality of diagnostic coding28–31 and ultimately is a crucial means to promote the quality of healthcare.

However, a study that investigated the accuracy of POA data collected since 2012 in Korea based on PSI reported that 
the data has low reliability and accuracy and thus cannot be used as an indicator of healthcare quality. The study also 
suggested that diagnoses flagged with an N POA indicator, as opposed to the admitting diagnosis, should be monitored.16

Thus, this study aims to investigate whether decubitus ulcers, delirium, and hypokalemia—three conditions ranked in 
the top 20 diagnoses flagged with an N POA indicator in the new DRG claims data10 are useful as indicators of 
healthcare quality. In particular, POA codes for decubitus ulcers and delirium have been reported to have significant 
benefits in patient treatment and statistics data.32,33 Further, because the ICD-10 codes for these conditions do not 
indicate whether the condition was hospital-acquired or is a complication of treatment (T code), the POA flag is 
particularly useful in distinguishing this. Hence, if they are useful indicators of healthcare quality, our findings will 
provide evidence supporting their use as target diseases for POA management.

Materials and Methods
This study analyzed patient discharge data for a 14-year period from 2006–2019 using the Korean National Hospital 
Discharge In-Depth Injury Survey (KNHDIS). The KNHDIS aims to produce statistics based on the scale and 
epidemiological characteristics of injuries in Korea and to provide basic data for the development of healthcare policies 
to promote public health. To achieve this goal, the survey recruits all patients who have been discharged from a 100-bed 
or larger hospital nationwide each year as its study population and uses a two-step stratified cluster sampling to select 
about 9% of patients who were discharged from approximately 200 sampled hospitals. The survey is composed of 20 
general items, such as disease and treatment information, and 10 in-depth injury items, including intentionality of injury, 
mechanism, place of occurrence, and activity, based on medical records. In this study, we focused on only the general 
items.
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After examining the characteristics of all discharge patients within a 14-year period, those with a secondary diagnosis 
code (ICD) of L89 (decubitus ulcer), F058 or F059 (delirium), or E876 (hypokalemia) were identified and classified. 
Discharge patients who had more than one of the three secondary codes were excluded from the analysis. The three 
secondary code groups were compared for patient’s sex (men, women), age (<65, ≥65), route of admission (emergency 
department, outpatient department, others), type of insurance (National Health Insurance, medicaid, others), hospital bed 
size (100–299, 300–499, 500–999, ≥1000), treatment outcomes (alive, death), surgery (no, yes), and length of stay (LOS) 
using chi-square tests and one-way ANOVA.

The frequency of principal diagnoses of the three secondary diagnosis code groups (decubitus ulcers, delirium, 
hypokalemia) was examined based on the third digit of the ICD-10 code. Subsequently, the 20 most frequent principal 
diagnoses were identified. For patients with one of the top 20 principal diagnoses, the associations between their 
secondary diagnosis (decubitus ulcers, delirium, hypokalemia) and surgery, death, and LOS were analyzed using logistic 
regression and linear regression. The results were adjusted for sex, age, route of admission, type of insurance and hospital 
bed size. An adjusted odds ratio (aOR) with a 95% confidence interval (CI) was presented for the logistic regression, and 
an unstandardized coefficient and standardized coefficient were presented for the linear regression.

Statistical analyses were performed using the SAS version 9.4 software, and p<0.05 was deemed statistically 
significant.

Results
Sociodemographic Characteristics of the Study Population
From 2006 to 2019, 49.3% of all discharge patients were male, and 50.7% were female. The mean age was 46.2 years old (SD 
25.2). Of all the discharged patients, 1.8% died and 29.8% had surgery. The mean LOS was 8.5 days (SD 24.0) (Table 1).

Sociodemographic Characteristics of Patients with a Secondary Diagnosis of 
Decubitus Ulcers, Delirium, or Hypokalemia
Of 19,871 discharge patients, 10,390 (52.3%) patients had a secondary diagnosis of decubitus ulcers, 6103 (30.7%) had 
delirium, and 3378 (17.0%) had hypokalemia (Table 1).

Regarding gender, there was a higher percentage of males in the decubitus ulcer group (male 54.6%, female 45.4%) 
and the delirium group (male 56.1%, female 43.9%), but there was a higher percentage of females in the hypokalemia 
group (female 63.8%, male 36.2%) (p<0.0001).

The mean age was 70.1 years (±16.1) in the decubitus ulcer group, 73.8 years (±13.3) in the delirium group, and 64.4 
years (±21.0) in the hypokalemia group. In all three groups, there were more older adults aged 65 years and over than 
those under 65 years, but the percentage of individuals under 65 years was higher in the hypokalaemia group compared 
to the other groups (p<0.0001).

In contrast to the general population, there were more patients admitted through the emergency department than 
through outpatient services in all three groups (p<0.0001), and national health insurance was the more common type of 
health insurance over medical aid (p<0.0001).

Regarding treatment outcomes, more people survived than those who died, but the percentage of deaths was higher in 
the decubitus ulcer group compared to the other two groups (p<0.0001).

The rate of surgery was the highest in the delirium group (p<0.0001), and LOS was the highest in the decubitus ulcer 
group (45.5±92.1 days), followed by the delirium group (27.9±36.9 days) and the hypokalemia group (18.7±28.4 days) 
(p<0.0001).

Distribution of Principal Diagnosis and Associations in the Decubitus Ulcer Group
The most frequently occurring principal diagnoses in the group of patients with a secondary diagnosis of decubitus ulcer 
was J18 (pneumonia, organism unspecified) (n=922, 8.87%), followed by J69 (pneumonitis due to solids and liquids) 
(n=437, 4.21%), I63 (cerebral infarction) (n=378, 3.64%), N39 (other disorders of the urinary system) (n=332, 3.20%), 
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and A41 (other sepsis) (n=305, 2.94%). Approximately 47.93% of the patients in this group had one of the top 20 
principal diagnoses (Table 2).

Regarding the association between a secondary diagnosis of decubitus ulcers and surgery among patients with one of 
the top 20 principal diagnoses, those who had a secondary diagnosis of decubitus ulcers had 1.566 to 7.876 times higher 
odds of surgery than those without a secondary diagnosis of decubitus ulcers (p<0.0001).

Regarding mortality risk, patients with one of the top 20 principal diagnoses (excluding G82 and I61) and a secondary 
diagnosis of decubitus ulcers had 1.523 to 39.085 times higher mortality risk than those without a secondary diagnosis of 
decubitus ulcers (p<0.0001).

Regarding LOS, patients with one of the top 20 principal diagnoses and a secondary diagnosis of decubitus ulcers had 
significantly longer LOS than those without a secondary diagnosis of decubitus ulcers (p<0.0001).

Table 1 Sociodemographic Characteristics of the Total Study Population and Patients with a Secondary Diagnosis of Decubitus Ulcers, 
Delirium, or Hypokalemia

Total Patients 
(n=3,231,731)

Decubitus Ulcer 
(n=10,390)

Delirium 
(n=6,103)

Hypokalaemia 
(n=3378)

p-value

n % n % n % n %

Sex <0.0001

Men 1,591,998 49.3 5,678 54.6 3,424 56.1 1,223 36.2

Women 1,639,733 50.7 4,712 45.4 2,679 43.9 2,155 63.8

Age group (unit: years) <0.0001

<65 2,331,094 72.1 2,979 28.7 1,281 21.0 1,329 39.3
≥65 900,637 27.9 7,411 71.3 4,822 79.0 2,049 60.7

Mean±SD 46.2±25.2 70.1±16.1 72.8±13.3 64.4±21.0 <0.0001

Admission route <0.0001
Emergency department 1,009,831 31.2 7,293 70.2 3,805 62.3 2,043 60.5

Outpatient department 2,155,419 66.7 3,057 29.4 2,284 37.4 1,303 38.6

Others 66,481 2.1 40 0.1 14 0.2 32 0.9

Insurance type <0.0001

National Health Insurance 2,827,308 87.5 8,126 78.2 5,095 83.5 2,779 82.3
Medicaid 228,477 7.1 1,777 17.1 719 11.8 540 16.0

Others 175,946 5.4 487 2.2 289 4.7 59 1.7

Number of hospital beds <0.0001

100–299 711,084 22.0 2,647 25.5 885 14.5 1,126 33.3

300–499 371,031 11.5 848 8.2 823 13.5 541 16.0
500–999 1,543,619 47.8 5,539 53.3 3,062 50.2 1,412 41.8

≥1000 605,997 18.8 1,356 13.1 1,333 21.8 299 8.9

Treatment outcome <0.0001

Alive 3,175,116 98.2 7,941 76.4 5,496 90.1 3,109 92.0

Death 56,615 1.8 2,449 23.6 607 9.9 269 8.0

Surgery <0.0001

No 2,267,872 70.2 8,070 77.7 4,191 68.7 2,999 88.8
Yes 963,859 29.8 2,320 22.3 1,912 31.3 379 11.2

Length of stay (unit: days) <0.0001

Mean±SD 8.5±24.0 45.5±92.1 27.9±36.9 18.7±28.4
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Table 2 Top 20 Principal Diagnoses in the Group with a Secondary Diagnosis of Decubitus Ulcer and the Association Between a Decubitus Ulcer and Treatment Outcomes

Principal Diagnosis Patients with 
a Secondary 
Diagnosis of 
Decubitus 

Ulcer

Surgery Death Length of Stay

Unstandardized 
Coefficient

Standardized 
Coefficient

n % aOR 95% CI p-value aOR 95% CI p-value B S.E β p-value

J18 Pneumonia, organism unspecified 922 8.87 5.594 4.123 7.589 <0.0001 3.963 3.414 4.602 <0.0001 26.95472 0.62227 0.13502 <0.0001

J69 Pneumonitis due to solids and liquids 437 4.21 3.348 2.191 5.117 <0.0001 1.523 1.214 1.912 0.0003 17.71298 1.84033 0.12884 <0.0001
I63 Cerebral infarction 378 3.64 7.059 5.307 9.388 <0.0001 4.482 3.377 5.948 <0.0001 40.96609 1.7337 0.11444 <0.0001

N39 Other disorders of the urinary system 332 3.20 0.54 0.288 1.012 0.0545 3.333 2.283 4.865 <0.0001 17.32978 0.71905 0.15705 <0.0001

A41 Other sepsis 305 2.94 3.178 2.146 4.707 <0.0001 1.735 1.347 2.234 <0.0001 17.63381 1.16073 0.15741 <0.0001
S72 Fracture of femur 278 2.68 1.001 0.729 1.374 0.9971 5.139 3.184 8.295 <0.0001 21.65767 2.01269 0.07605 <0.0001

S06 Intracranial injury 234 2.25 4.728 3.554 6.29 <0.0001 3.047 2.161 4.295 <0.0001 90.82768 3.33327 0.12849 <0.0001

N18 Chronic kidney disease 223 2.15 1.649 1.211 2.246 0.0015 5.944 4.301 8.216 <0.0001 36.99725 1.8736 0.13507 <0.0001
C34 Malignant neoplasm of bronchus and 

lung

211 2.03 1.339 0.826 2.17 0.2358 5.349 3.981 7.188 <0.0001 22.27548 1.20492 0.09857 <0.0001

G82 Paraplegia and tetraplegia 204 1.96 1.566 1.039 2.361 0.0322 1.428 0.306 6.65 0.6502 18.64549 5.36427 0.06854 0.0005
J15 Bacterial pneumonia, not elsewhere 

classified

198 1.91 2.097 0.864 5.085 0.1015 3.219 2.321 4.467 <0.0001 32.85413 1.21834 0.18377 <0.0001

Z51 Other medical care 185 1.78 4.06 1.641 10.048 0.0024 39.085 25.991 58.777 <0.0001 21.83836 0.52051 0.08307 <0.0001
I61 Intracerebral hemorrhage 164 1.58 2.704 1.971 3.709 <0.0001 0.938 0.608 1.446 0.7705 46.47425 4.74912 0.10071 <0.0001

N17 Acute renal failure 154 1.48 2.418 1.366 4.282 0.0024 2.315 1.543 3.473 <0.0001 11.77536 1.19347 0.12364 <0.0001

E11 Type 2 diabetes mellitus 151 1.45 2.534 1.7 3.777 <0.0001 12.794 7.477 21.893 <0.0001 34.76872 1.58344 0.12871 <0.0001
I50 Heart failure 144 1.39 6.819 3.665 12.69 <0.0001 7.397 5.2 10.521 <0.0001 19.77242 1.19405 0.13767 <0.0001

C22 Malignant neoplasm of liver and 

intrahepatic bile ducts

138 1.33 1.429 0.776 2.632 0.2521 9.968 6.822 14.564 <0.0001 18.86133 1.14753 0.08959 <0.0001

C16 Malignant neoplasm of stomach 117 1.13 0.624 0.369 1.056 0.079 8.725 5.804 13.118 <0.0001 20.19373 1.1685 0.09103 <0.0001

N10 Acute tubulointerstitial nephritis 104 1.00 7.067 3.32 15.042 <0.0001 5.113 2.25 11.619 <0.0001 10.72468 0.75878 0.0793 <0.0001

J44 Other chronic obstructive pulmonary 
disease

101 0.97 7.876 3.34 18.572 <0.0001 7.653 4.873 12.018 <0.0001 29.65206 1.86323 0.12758 <0.0001

Notes: *All analyses were adjusted for gender, age, route of admission, payer type, and hospital size. 
Abbreviations: aOR, adjusted odds ratio; CI, Confidential Interval.
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Distribution of Principal Diagnosis and Associations in the Delirium Group
The most frequently occurring principal diagnoses in the group of patients with a secondary diagnosis of delirium was 
S72 (fracture of femur) (n=425, 6.96%), followed by J18 (pneumonia, organism unspecified) (n=282, 4.62%), C34 
(malignant neoplasm of bronchus and lung) (n=220, 3.60%), S06 (intracranial injury) (n=212, 3.47%), and I63 (cerebral 
infarction) (n=175, 2.87%). Approximately 44.78% of the patients in this group had one of the top 20 principal diagnoses 
(Table 3).

Regarding the association between a secondary diagnosis of delirium and surgery among patients with one of the top 
20 principal diagnoses, those with a secondary diagnosis of delirium had 1.633 to 3.679 times higher odds of surgery than 
those without a secondary diagnosis of delirium (p<0.0001).

Regarding mortality risk, patients with a principal diagnosis of C34, Z51, C22, or C16 and a secondary diagnosis of 
delirium had 2.935 to 16.991 times higher mortality risk than those without a secondary diagnosis of delirium. However, 
patients with a principal diagnosis of S06 or I61 had a lower mortality risk when they had a secondary diagnosis of 
delirium (p<0.0001).

Regarding LOS, patients with one of the top 20 principal diagnoses (excluding J69) and a secondary diagnosis of 
delirium had a significantly longer LOS than those without a secondary diagnosis of delirium (p<0.0001).

Distribution of Principal Diagnosis and Associations in the Hypokalemia Group
The most frequently occurring principal diagnoses in the group of patients with a secondary diagnosis of hypokalemia 
was J18 (n=244, 7.22%), followed by E87 (n=167, 4.94%), A09 (n=154, 4.56%), K70 (n=88, 2.61%), N39 (n=88, 
2.61%), and N10 (n=84, 2.49%). Approximately 44.94% of the patients in this group had one of the top 20 principal 
diagnoses (Table 4).

Regarding the association between a secondary diagnosis of hypokalemia and surgery, patients with a principal 
diagnosis of Z51 and S06 with a secondary diagnosis of hypokalemia had 7.116 times higher odds and 2.168 times higher 
odds of surgery, respectively, compared to those without a secondary diagnosis of hypokalemia. However, patients with 
a principal diagnosis of N39 or N18 had lower odds of surgery when they had a secondary diagnosis of hypokalemia 
(p<0.0001).

Regarding mortality risk, patients with a principal diagnosis of J18, A09, N39, Z51, S06, K56 or D34 and a secondary 
diagnosis of hypokalemia had 2.204–9.574 times higher mortality risk than those without a secondary diagnosis of 
hypokalemia (p<0.0001).

Among patients with a principal diagnosis of J18, A09, N39, N10, I63, E11, J15, J44, Z51, K56 and D34, those with 
a secondary diagnosis of hypokalemia had a significantly longer LOS than those without a secondary diagnosis of 
hypokalemia (p<0.0001).

Discussion
In this study, we chose delirium (F058, F059), decubitus ulcer (L89), and hypokalemia (E876) as diseases of interest, as 
they are three of the most common conditions with an N POA indicator in the new DRG, according to a previous study.10 

We used the KNHDIS data for a 14-year period between 2006 and 2019 to identify the top 20 principal diagnoses with 
a secondary diagnosis code for one of the three conditions and compared death, surgery, and LOS according to the 
presence of these secondary diagnosis codes to explore the usefulness of these conditions as the targets of POA 
management. Comorbidities impact the severity and treatment outcomes of the principal diagnosis1 and the treatment 
process and required resources vary depending on the timing of their onset.34 Thus, diseases that influence treatment 
outcomes but are not present on admission must be managed as healthcare quality indicators.

The sociodemographic characteristics of patients who had additional diagnoses of decubitus ulcers, delirium, and 
hypokalemia were examined, and all three groups had a high proportion of patients aged 65 or older. This is attributable 
to the fact that these conditions are caused by chronic diseases prevalent among older adults,35 and delirium is a common 
postoperative complication in older patients.36,37 Therefore, intensive care with varying management timing is needed for 
older adults depending on their POA indicator. Furthermore, the rate of death was higher among patients with decubitus 

https://doi.org/10.2147/RMHP.S423555                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2023:16 2314

Lee et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 3 Top 20 Principal Diagnoses in the Group with a Secondary Diagnosis of Delirium and the Association Between Delirium and Treatment Outcomes

Principal Diagnosis Patients with 
a Secondary 
Diagnosis of 

Delirium

Surgery Death Length of Stay

Unstandardized 
Coefficient

Standardized 
Coefficient

n % aOR 95% CI p-value aOR 95% CI p-value B S.E β p-value

S72 Fracture of femur 425 6.96 2.532 1.709 3.75 <0.0001 1.242 0.607 2.542 0.5521 5.38672 1.64384 0.02329 0.0011

J18 Pneumonia, organism unspecified 282 4.62 3.357 1.897 5.943 <0.0001 1.046 0.74 1.48 0.7983 10.87917 1.12452 0.03024 <0.0001

C34 Malignant neoplasm of bronchus and 
lung

220 3.60 1.268 0.853 1.885 0.2403 2.935 2.154 3.999 <0.0001 13.01348 1.18271 0.0588 <0.0001

S06 Intracranial injury 212 3.47 1.633 1.224 2.177 0.0008 0.152 0.048 0.478 0.0013 19.35935 3.5338 0.02607 <0.0001

I63 Cerebral infarction 175 2.87 1.691 0.858 3.331 0.1289 0.421 0.134 1.323 0.1384 15.81764 2.55562 0.03014 <0.0001
Z51 Other medical care 169 2.77 1.746 0.428 7.124 0.4372 16.991 10.923 26.428 <0.0001 18.33819 0.54528 0.06668 <0.0001

N18 Chronic kidney disease 117 1.92 0.956 0.607 1.507 0.8472 1.529 0.784 2.984 0.2129 14.41843 2.59558 0.03823 <0.0001

S32 Fracture of lumbar spine and pelvis 117 1.92 0.923 0.628 1.357 0.6845 – – – – 5.58335 2.74503 0.0148 0.042
I50 Heart failure 110 1.80 3.679 1.585 8.537 0.0024 1.723 0.956 3.107 0.0704 9.27723 1.37375 0.05653 <0.0001

C22 Malignant neoplasm of liver and 

intrahepatic bile ducts

95 1.56 1.891 1.048 3.41 0.0343 3.504 2.201 5.58 <0.0001 16.29373 1.38335 0.06426 <0.0001

E11 Type 2 diabetes mellitus 90 1.47 1.918 1.146 3.209 0.0132 1.655 0.399 6.867 0.4874 11.38363 2.06351 0.03257 <0.0001

I21 Acute myocardial infarction 85 1.39 3.029 1.495 6.139 0.0021 1.1 0.546 2.218 0.7893 9.92895 1.09369 0.06755 <0.0001

I61 Intracerebral hemorrhage 84 1.38 0.955 0.581 1.569 0.8552 0.217 0.068 0.689 0.0096 16.2014 6.63859 0.02524 0.0147
J69 Pneumonitis due to solids and liquids 83 1.36 2.165 0.854 5.491 0.1039 1.014 0.581 1.769 0.9612 4.47208 4.10576 0.01467 0.2761

N39 Other disorders of the urinary 

system

83 1.36 0.655 0.242 1.775 0.4052 0.611 0.148 2.518 0.4955 6.73382 1.43706 0.03069 <0.0001

C16 Malignant neoplasm of stomach 82 1.34 1.398 0.868 2.254 0.1685 5.097 3.016 8.614 <0.0001 14.66467 1.39627 0.05537 <0.0001

C18 Malignant neoplasm of colon 80 1.31 1.198 0.76 1.889 0.4353 3.138 1.783 5.522 <0.0001 15.45785 1.57285 0.07269 <0.0001
J44 Other chronic obstructive pulmonary 

disease

77 1.26 2.93 0.706 12.172 0.1389 1.848 0.837 4.079 0.1287 6.74958 2.1486 0.02538 0.0017

M48 Other spondylopathies 75 1.23 2.374 1.394 4.042 0.0015 6.743 0.884 51.432 0.0656 12.20007 1.76166 0.0457 <0.0001
M17 Gonarthrosis [arthrosis of the knee] 72 1.18 1.464 0.644 3.331 0.3628 – – – – 8.12258 1.59686 0.03758 <0.0001

Notes: *All analyses were adjusted for gender, age, route of admission, payer type, and hospital size. 
Abbreviations: aOR, adjusted odds ratio; CI, Confidential Interval.
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Table 4 Top 20 Principal Diagnoses in the Group with a Secondary Diagnosis of Hypokalemia and the Association Between Hypokalemia and Treatment Outcomes

Principal Diagnosis Patients with 
a Secondary 
Diagnosis of 
Hypokalemia

Surgery Death Length of Stay

Unstandardized 
Coefficient

Standardized 
Coefficient

n % aOR 95% CI p-value aOR 95% CI p-value B S.E β p-value

J18 Pneumonia, organism unspecified 244 7.22 1.562 0.495 4.93 0.4466 2.204 1.575 3.085 <0.0001 6.61718 1.20842 0.01711 <0.0001
E87 Other disorders of fluid, electrolyte and 

acid-base balance

167 4.94 – – – 0.686 0.249 1.886 0.4649 0.14916 0.67881 0.00294 0.8261

A09 Other gastroenteritis and colitis of 
infectious and unspecified origin

154 4.56 – – – – 9.574 4.225 21.694 <0.0001 3.4139 0.35108 0.0342 <0.0001

K70 Alcoholic liver disease 88 2.61 1.074 0.261 4.427 0.9213 0.445 0.109 1.824 0.2607 2.63229 1.53196 0.01327 0.0858

N39 Other disorders of the urinary system 88 2.61 0.053 0.007 0.413 0.005 2.683 1.31 5.495 0.007 7.20742 1.39799 0.03382 <0.0001
N10 Acute tubulointerstitial nephritis 84 2.49 – – – – 1.627 0.22 12.034 0.6336 2.99166 0.84368 0.01989 0.0004

I63 Cerebral infarction 68 2.01 0.547 0.075 4.003 0.5522 1.298 0.467 3.604 0.6168 17.02028 4.09627 0.02024 <0.0001

I50 Heart failure 65 1.92 – – – – 1.304 0.555 3.063 0.5423 3.06112 1.78695 0.01436 0.0867
E11 Type 2 diabetes mellitus 64 1.89 1.125 0.499 2.534 0.7764 – – – – 6.41927 2.4471 0.01549 0.0087

N18 Chronic kidney disease 62 1.84 0.335 0.142 0.79 0.0124 1.429 0.506 4.031 0.5002 2.00145 3.55761 0.00387 0.5737

J15 Bacterial pneumonia, not elsewhere 
classified

55 1.63 3.541 0.826 15.185 0.0888 1.487 0.701 3.154 0.3005 22.22664 2.31439 0.06576 <0.0001

J69 Pneumonitis due to solids and liquids 53 1.57 1.157 0.268 4.99 0.8448 0.872 0.428 1.777 0.7062 3.26159 5.13469 0.00857 0.5253
J44 Other chronic obstructive pulmonary 

disease

48 1.42 – – – – 1.565 0.478 5.128 0.4591 9.5155 2.7192 0.02827 0.0005

Z51 Other medical care 44 1.30 7.116 1.682 30.106 0.0077 3.945 1.171 13.287 0.0267 10.42862 1.06963 0.01935 <0.0001
S06 Intracranial injury 43 1.27 2.168 1.113 4.222 0.0229 3.59 1.607 8.024 0.0018 12.30023 7.80953 0.00748 0.1153

E05 Thyrotoxicosis [hyperthyroidism] 42 1.24 – – – – – – – – −1.71396 1.06734 −0.03967 0.1085

N17 Acute renal failure 42 1.24 0.565 0.077 4.15 0.5746 1.237 0.47 3.254 0.6669 −1.96415 2.27661 −0.01087 0.3883
S72 Fracture of femur 41 1.21 2.26 0.862 5.922 0.0973 – – – – 8.25079 5.22108 0.0112 0.1141

K56 Paralytic ileus and intestinal obstruction 

without hernia

34 1.01 0.529 0.125 2.234 0.386 5.138 1.49 17.716 0.0096 11.14545 1.77749 0.05369 <0.0001

D34 Benign neoplasm of the thyroid gland 32 0.95 0.465 0.062 3.481 0.4562 2.417 1.121 5.214 0.0244 11.441 3.09448 0.01977 0.0002

Notes: *All analyses were adjusted for gender, age, route of admission, payer type, and hospital size. 
Abbreviations: aOR, adjusted odds ratio; CI, Confidential Interval.
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ulcers than those with delirium or hypokalemia. Decubitus ulcers tend to occur more in socially and economically 
vulnerable patients38,39 and they prolong the duration of treatment and increase the risk for sepsis, thereby elevating 
overall risk.40,41 Thus, decubitus ulcers require thorough management from the time of admission (if present on 
admission), and, if not present on admission, intensive nursing care and intervention protocol should be followed with 
patient monitoring to prevent this complication during hospital stays.42,43

Decubitus ulcers are defined as local injuries caused by disrupted blood flow to the skin or subcutaneous tissue as 
a result of continuous pressure on bony prominences.44 In particular, the prevalence of decubitus ulcers is rising owing to 
the increasing older adult population and prevalence of chronic diseases, consequently increasing relevant treatment 
cost.45 Accordingly, the need for a differentiated management system for decubitus ulcers according to onset timing 
before and after hospitalization has been emphasized.46,47 In this study, the differences comparison in the distribution of 
principal diagnoses between groups with and without decubitus ulcers as a secondary diagnosis showed that the group 
with decubitus ulcers as a secondary diagnosis had a higher prevalence of chronic diseases such as cerebral infarction, 
brain injury, and chronic renal disease. They also had 1.566 to 7.876 times higher odds of surgery and 1.523 to 39.085 
times greater mortality risk compared to the group without decubitus ulcers. Additionally, LOS increased significantly in 
all of the patients with one of the top 20 principal diagnoses. This suggests that decubitus ulcers are a meaningful 
indicator of patient safety and healthcare quality and are a viable target disease for POA management.48–50

The most common principal diagnosis for patients with delirium as a secondary diagnosis was surgery due to femoral 
fracture (6.96%). This is similar to previous results, which show that delirium is more common in postoperative older 
adult patients and that femoral fracture is a common type of fracture among older adults.37,51,52 Prompt treatment is 
crucial to prevent or minimize the adverse consequences of postoperative delirium, which is a form of cerebral 
dysfunction that occurs postoperatively.53 Therefore, delirium is an important target disease for POA management and 
is a useful patient safety and healthcare quality indicator, especially for older adult surgical patients. Additionally, we 
compared the mortality rates between the groups with and without delirium as a secondary diagnosis among those with 
one of the top 20 principal diagnoses and observed that patients with lung cancer had a 2.935 to 16.991 times higher 
mortality risk and longer LOS when they had delirium as a secondary diagnosis. This supports previous findings that 
delirium is an indicator requiring management.54,55

Potassium is the most abundant electrolyte inside cells, and hypokalemia refers to a state in which the serum 
potassium level drops below normal. Potassium must be consumed through food, and since it is abundant in the 
gastrointestinal tract, hypokalemia can occur from malnutrition, osmotic diuresis, insulin excess, and gastrointestinal 
fluid loss caused by vomiting and diarrhea. It is often asymptomatic but can affect cardiac function, making its diagnosis 
and treatment important.56 Further, hypokalemia is common postoperatively, particularly as a common complication 
following total thyroidectomy.53 In this study, the top 20 principal diagnoses among patients with a secondary diagnosis 
of hypokalemia included gastrointestinal disorders and thyroid cancer. In this group, the odds of surgery, LOS, and 
mortality risk differed according to the presence of hypokalemia as a secondary diagnosis, with the hypokalemia group 
having 2.204 to 9.574 times higher mortality risk than those without hypokalemia. Given that hypokalemia impacts the 
severity of the patient’s condition and frequently occurs postoperatively, that is, during the treatment process, hypoka-
lemia should be managed as a target for POA management and as a healthcare quality indicator.57

The results of this study demonstrated that treatment outcomes, odds of surgery, and LOS differed according to the 
presence of decubitus ulcers, delirium, or hypokalemia as a secondary diagnosis flagged with an N POA indicator among 
patients with one of the top 20 principal diagnoses. The results highlighted that decubitus ulcers, delirium, and 
hypokalemia are significant target diseases for POA management. However, we could not monitor the accuracy of 
disease coding for discharged patients reported in the KNHDIS data owing to the extensive dataset spanning 16 years. 
Additionally, we could not comparatively analyze the diseases of interest according to the N POA indicator, that is, the 
timing of onset, owing to the limited availability of study data. Therefore, we investigated the usefulness of these 
diseases as targets of POA management and healthcare quality indicators by comparing the differences according to the 
presence of these diseases as a secondary diagnosis.
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Conclusion
Our findings showed that decubitus ulcers, delirium, and hypokalemia are common conditions that arise postoperatively 
or during hospital stays. As such, patients with one of the top 20 principal diagnoses have increased mortality risk, 
surgery risk, and LOS when one of these three conditions is a secondary diagnosis. As decubitus ulcers, delirium, and 
hypokalemia are linked to the severity of the principal diagnosis, these conditions should be designated as target diseases 
for POA management for monitoring. Ultimately, they will be useful as healthcare quality indicators. Our findings 
provide useful foundational data for selecting target diseases for POA monitoring and healthcare quality indicators.
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