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Abstract

Readmissions are a key quality measure for health care decision making and 
understanding variables associated with readmissions has become a crucial 
research area. This study identified patient-level factors that might be associ-
ated with pediatric readmissions using a database that included inpatient data 
from 2008 to 2017 from Hawai‘i. Four major diagnostic categories with the 
most pediatric readmissions in the state were identified: respiratory, digestive, 
mental, and nervous system diseases and disorders. The associations between 
readmission and patient-level variables, such as age, sex, race/ethnicity, 
insurance status, and Charlson Comorbidity Index (CCI), were determined 
for each diagnosis and for overall readmissions. CCI and insurance were the 
strongest predictors when all diagnoses were combined. However, for some 
diagnoses, there was weak or no association between CCI, insurance, and 
readmission. This suggests that diagnosis-specific analysis of predictors of 
readmission may be more useful than looking at predictors of readmission 
for all diagnoses combined. While this study focused on patient variables, 
future studies should also incorporate how hospital variables may also be 
related to diagnosis.
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Introduction

Around 6.5% of hospitalized children have experienced a 
hospital readmission.1 Re-hospitalized children often require 
a disproportionate amount of medical services and resources, 
resulting in higher medical costs and multiple hospitalizations.2,3 

Increased number of hospital visits can also negatively affect 
children’s lives by increasing school absences,4 development of 
posttraumatic stress response,5 and family conflict.6 In addition, 
multiple hospital visits across different hospitals can lead to a 
disconnect of patient health information, thereby increasing 
the risk of medical errors.7 

While the overall readmission rate for pediatric patients is low, 
readmission rates vary by diagnosis. One multi-hospital study 
found that the most common reasons for pediatric admission 

were mood disorders, asthma, pneumonia, bronchitis, and epi-
lepsy.8 Type of diagnosis was strongly related to readmission 
risk. For example, 21.1% of children with neoplasm-related 
conditions such as leukemia or brain cancer, experienced an 
unplanned readmission within 30 days, compared to 9% of 
those with a mental disorder diagnosis and 6% of those with a 
respiratory-related diagnosis.1 

Patient level variables also relate to readmission. Underserved 
populations, such as minorities and those with lower social 
economic status, have a higher risk of readmission even when 
controlling for diagnosis.1,3,9–15 Studies have found that adult 
Native Hawaiian patients have higher rates of readmissions 
when compared with White patients.16–18 However, there has 
been limited research looking at these variables among pedi-
atric patients and their relationship to readmission in Hawai‘i. 
Some variables related to readmission are not tied to the patient, 
but to the environment instead. Variables such as day of visit, 
weather patterns, family composition, and peer relationships 
may correlate to readmissions for some diagnoses.19–23 

Even with many variables identified, prediction of patient 
readmission has not been very successful.24 It is even more 
challenging for pediatric readmissions as they have not been 
as well studied as readmissions for adults.1 To fill this gap, this 
study focused on (1) identifying major diagnostic categories 
prevalent in the pediatric in-patient population in Hawai‘i and 
(2) exploring patient-level variables related to readmissions 
within each of those major diagnostic categories. 

Methods

Sample  

This was an observational retrospective study using statewide 
in-patient pediatric data for nearly all hospitals in Hawai‘i for 
the years 2008 to 2017.25 The University of Hawai‘i Institutional 
Review Board deemed this study exempt from review. The 
dataset had detailed discharge information including unique 
patient identification (ID) numbers that allowed the tracking 
of patients within and across hospitals, Major Diagnostic Cat-
egories (MDCs) for each visit, and a potentially preventable 
readmission (PPR) chain indicator. A readmission chain was 
determined as a sequence of PPRs that were “clinically related 
to the initial admission,” based on the 3M software, version 
20 (3M Health Systems Information, Maplewood, MN). A 
readmission was considered potentially preventable if it could 
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have possibly been prevented with better quality of care at 
hospitalization, better discharge planning or follow-up, or better 
coordination between out and in-patient health care providers.26 
As a readmission chain is tied to its initial admission, readmis-
sions might have different diagnoses from the initial admission 
diagnosis but initial admission MDC was used for classification 
of readmission. MDCs were classified using ICD-9 and ICD-10 
codes depending on the year.

There were a total of 230 021 in-patient visits for patients 
under the age of 18 years. Excluded were newborn related 
visits (171 273 records), transfers (8506 records), visits with 
Department of Defense insurance (26 046 records), visits that 
included a non-Hawai‘i resident (4 237 records), and those who 
were marked as deceased during the first visit (832 records). 
Patients with Department of Defense insurance were excluded 
due to incomplete patient demographics. Additionally, if the 
initial visit in a readmission chain was excluded according to 
criteria above, the complete chain of visits was also removed 
(226 records). The final dataset contained 41 918 visits among 
29 694 unique patients (Figure 1).

Patient-level Variables

Patient-level variables available were age, sex, race/ethnicity, 
patient geographic location, type of insurance, and Charlson 
Comorbidity Index (CCI).27 After exploring the distribution of 
race/ethnicity, the race/ethnicity variable was categorized into 
5 groups - White, Filipino, Native Hawaiian/Pacific Islander 
(NHPI), Asian but not Filipino, and other/unknown. Race/

Figure 1. Pediatric Readmission Study Inclusion Flowchart, Hawai‘i 2008-2017

ethnicity was self-reported and patients chose the race/ethnic-
ity they most closely identified with. Type of insurance was 
categorized as public (Medicare or Medicaid) versus all other 
payment types, which included mostly private insurance but 
also some self-pay and miscellaneous. Among the 4 MDCs in 
the “all other payment types” category, 94% had private insur-
ance. Patient residence was classified as O‘ahu island versus 
all other Hawaiian islands. CCI was categorized as 0 vs ≥ 1 to 
compare people with comorbidities to people with no additional 
conditions.

Statistical Analysis 

First, the number of patients with a readmission by MDCs was 
determined. The top 4 MDCs with the most unique patient 
readmissions were identified for further investigation of the 
association between patient-level variables and readmission. 
If patients had multiple admissions for an MDC, 1 visit (initial 
visit if admission was part of a readmission chain) was randomly 
selected when assigning demographic variables to the patient. 
A multivariable logistic regression model was developed us-
ing R Statistics, 4.0.2 (R Core Team, Vienna, Austria) with the 
patient-level variables for all MDCs combined and for each of 
the 4 top MDCs. Odds ratios (ORs) and their 95% confidence 
intervals (CIs) were used to estimate the strength of the associa-
tion between a patient-level variable and readmission. The area 
under the receiver operating characteristic curve (AUC) was 
calculated to evaluate the accuracy of the models. Statistical 
significance was set at P < .05. 
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Results

Pediatric inpatient data, including readmissions, were summa-
rized for MDCs (Table 1). The 4 diagnosis categories with the 
largest number of patients who had a readmission, each with 
at least 100 patients readmitted, were: diseases and disorders 
of the respiratory system (279 readmissions, percent who had 
a readmission = 4.1%), digestive system (171 readmissions, 
4.4%), mental diseases and disorders (153 readmissions, 9.1%), 
and nervous system (118 readmissions, 4.5%).

A multivariable logistic model was created for all pediatric 
patients, regardless of diagnosis (Table 2). When looking at 
pediatric patients overall, the average age was 7.3 years and 
51% were male. For race/ethnicity, 45% of pediatric patients 
were NHPI, 16% were Filipino and 15% were White. Fifty-
eight percent were on public insurance and 14% had at least 
1 comorbidity on initial admission. Sex, race/ethnicity, loca-
tion, insurance, and CCI were all significant predictors of 
readmission. Male pediatric patients were more likely to have 
a readmission (odds ratio [OR] = 1.18, 95% confidence interval 
[CI] = 1.04 – 1.33). Patients who were NHPI (OR = 0.79, 95% 
CI =  0.66-0.94), Filipino (OR = 0.75, 95% CI = 0.61-0.94), or had 
other/missing as their race/ethnicity (OR = 0.77, 95% CI = 0.61-
0.97) were all less likely to be readmitted. The strongest predic-
tors of readmission however were residence (OR = 1.49, 95% 
CI = 1.29 - 1.71), insurance (OR = 1.34, 95% CI = 1.18 - 1.53), and 
CCI (OR = 1.86, 95% CI = 1.61 - 2.14) with patients on O‘ahu, 
those with public health insurance, and those with 1 or more 
comorbidities more likely to have a readmission. However, 
while many predictors were statistically significant, the AUC 

Table 1. Number of Patients and Readmission Rate by Major Diagnostic Category
Major Diagnostic Category # Patients # Readmissions % Readmissions Rank of Readmission %

Respiratory System 6732 279 4.1 7
Digestive System 3905 171 4.4 6
Mental Diseases & Disorders 1691 153 9.0 1
Nervous System 2620 118 4.5 5
Musculoskeletal System & Connective Tissue 2748 84 3.1 11
Endocrine, Nutritional & Metabolic 1379 65 4.7 4
Ear, Nose, Mouth & Throat 2079 54 2.6 12
Infectious & Parasitic Diseases 1449 49 3.4 10
Kidney & Urinary Tract 1208 44 3.6 8
Circulatory System 694 42 6.1 3
Skin, Subcutaneous Tissue & Breast 2556 42 1.6 14
Blood, Blood Forming Organs, Immunology 887 31 3.5 9
Hepatobiliary System & Pancreas 308 26 8.4 2
Injuries, Poisonings & Toxic Effects of Drugs 817 16 2.0 13

Note: Initial visit was used to assign patient to major diagnosis categories (MDCs). Patients can be duplicated in the above chart if they had initial visits for multiple diagnoses. 
Rank of readmission shows the diagnoses category that had the highest percent of readmission (1) to lowest (14) excluding MDCs with 10 or less readmissions. Pregnancy 
related MDCs and MDCs with 0 patients were not included.

of the multivariable logistic regression model was only 0.593 
and an acceptable AUC should be 0.7 or more.

The top 4 MDCs with the most pediatric readmissions were 
then evaluated to determine how variables might differ in their 
association with readmission from each other and from the 
overall model. The multivariable logistic regression model for 
predicting readmissions from respiratory system diseases and 
disorders had an AUC of 0.636 (Table 3). Insurance type, CCI, 
and patient’s residence were significant predictors of readmis-
sion. Patients on public insurance were about twice as likely to 
have a readmission as those not on public insurance (OR = 1.94, 
95% CI = 1.44 - 2.63). Those having at least 1 comorbidity had 
1.95 times higher odds of readmission as those without any 
comorbidities (OR = 1.95, 95% CI = 1.50 - 2.53). Those living 
on O‘ahu had 1.61 times higher odds of readmission as those 
living on the other islands (OR = 1.61, 95% CI = 1.21 - 2.15). 

The AUC of the model for predicting readmissions for digestive 
diseases and disorders was 0.573. The only significant predictor 
for readmission for this MDC was CCI, with those having at 
least 1 comorbidity 1.79 times higher odds as likely to have a 
readmission (OR = 1.79, 95% CI = 1.23 - 2.62). 

The model for predicting readmissions for patients diagnosed 
with mental diseases and disorders had an AUC of 0.591. The 
strongest predictor of readmission for this model was insurance 
type with those having public insurance more likely to have a 
readmission (OR = 1.46, 95% CI = 1.03 - 2.06). NHPI patients 
were less likely to have a readmission compared to white pa-
tients (OR = 0.58, 95% CI = 0.37 - 0.89). 
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 Table 2. Association between Patient Characteristics and Readmission for All Causes

  Variable No Readmission, 
n = 28 555 (96.2%)

Readmission, 
n = 1139 (3.8%)

Odds Ratio 
(95% CI)

Age (years), Mean ± SD 7.26 ± 6.5 7.29 ± 6.5 1.00 (0.99 – 1.01)
Sex
Female 14 014 (96.5%) 509 (3.5%) Ref
Male 14 541 (95.8%) 630 (4.2%) 1.18 (1.04 – 1.33)**
Race/Ethnicity
White 4292 (95.9%) 184 (4.1%) Ref
NHPI 12 946 (96.2%) 509 (3.8%) 0.79 (0.66 – 0.94)**
Filipino 4462 (96.5%) 162 (3.5%) 0.75 (0.61 – 0.94)*
Other Asian 3256 (95.5%) 154 (4.5%) 1.01 (0.81 – 1.27)
Other/Missing 3599 (96.5%) 130 (3.5%) 0.77 (0.61 – 0.97)*
Patient’s Residence
Rural (Other Islands) 9527 (97.0%) 291 (3.0%) Ref
Urban (O‘ahu) 19 028 (95.7%) 848 (4.3%) 1.49 (1.29 – 1.71)***
Insurance
Other 12 165 (96.6%) 425 (3.4%) Ref
Public (Medicaid/Medicare) 16 390 (95.8%) 714 (4.2%) 1.34 (1.18 – 1.53)***
Charlson Comorbidity Index
0 24 547 (96.6%) 872 (3.4%) Ref
≥1 4008 (93.8%) 267 (6.2%) 1.86 (1.61 – 2.14)***

CI = Confidence Interval. SD = Standard Deviation. Ref = Reference. NHPI = Native Hawaiian and Pacific Islander. *P<.05, **P<.01; ***P<.001. 
Multivariable logistic regression was conducted with the variables in the table. The AUC of the model was .593 (95% CI = 0.576 – 0.610).

Table 3. Odds Ratios for Readmission by Patient Demographics by Major Diagnosis Category
Variable Respiratory System  Digestive System Mental Health Neurological

Age (years), Mean ± SD 1.01 (0.98 – 1.04) 1.00 (0.97 – 1.03) 0.96 (0.89 – 1.02) 0.99 (0.95 – 1.02)
Sex
Female Ref Ref Ref Ref
Male 1.17 (0.91 – 1.50) 1.10 (0.80 – 1.50) 1.08 (0.77 – 1.51) 1.09 (0.74 – 1.60)
Race/Ethnicity
White Ref Ref Ref Ref
NHPI 1.52 (0.93 – 2.48) 0.86 (0.54 – 1.37) 0.58 (0.37 - 0.89)* 0.90 (0.50 – 1.62)
Filipino 0.98 (0.55 – 1.75) 1.18 (0.71 – 1.96) 0.73 (0.44 – 1.22) 0.96 (0.48 – 1.94)
Other Asian 1.39 (0.75 – 2.60) 1.16 (0.67 – 2.00) 0.68 (0.40 – 1.16) 1.26 (0.65 – 2.46)
Other/Missing 1.26 (0.71 – 2.24) 0.89 (0.50 – 1.60) 0.91 (0.49 – 1.70) 0.98 (0.46 – 2.08)
Patient’s Residence
Rural (Other Islands) Ref Ref Ref Ref
Urban (O‘ahu) 1.61 (1.21 – 2.15)** 1.16 (0.83 – 1.62) 0.89 (0.61 – 1.31) 1.94 (1.18 – 3.19)**
Insurance
Other Ref Ref Ref Ref
Public (Medicaid/Medicare) 1.94 (1.44 – 2.63)*** 0.91 (0.66 – 1.26) 1.46 (1.03 – 2.06)* 1.10 (0.74 – 1.65)
Charlson Comorbidity Index
0 Ref Ref Ref Ref
≥1 1.95 (1.50 – 2.53)*** 1.79 (1.23 – 2.62)** 0.94 (0.58 – 1.51) 3.59 (2.40 – 5.38)***
Overall Model AUC 0.64 (0.60 – 0.67) 0.57 (0.53 – 0.62) 0.59 (0.54 – 0.64) 0.66 (0.61 – 0.72)

CI = Confidence Interval. SD = Standard Deviation. Ref = Reference. NHPI = Native Hawaiian and Pacific Islander. 
*P<.05, **P<.01; ***P<.001. 
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The model for predicting readmissions for patients with neuro-
logical diseases and disorders had an AUC of 0.664. CCI and 
patient’s residence were significant predictors of readmission. 
Those having at least one comorbidity had 3.59 greater odds of 
being readmitted than those with no comorbidity (OR = 3.59, 
95% CI = 2.40 - 5.38). Those living on O‘ahu had increased odds 
of readmission compared to those living on the other islands 
(OR = 1.94, 95% CI = 1.18 - 3.19).

Discussion

Four Major Diagnostic Groups were evaluated to determine 
which variables were related to readmission for those diagnoses. 
Similar to the national pediatric readmissions rate of 6.5%,1 
there were relatively low pediatric readmission rates overall 
in Hawai‘i (3.8%). The pediatric distribution in this study 
seems to have a higher proportion of NHPI patients and lower 
proportion of White patients compared with studies based on 
Hawai‘i adult inpatients.16 In contrast, the locations where pe-
diatric and adult patients came from (particularly O‘ahu versus 
other places) seem similar.16 The variables that related most to 
overall readmission rate were residence, insurance type, and 
CCI. While some variables tended to be relatively consistent 
across the diagnostic categories in their relationship to readmis-
sion, this was not the case for all diagnostic categories and the 
readmission rates for diagnoses also varied.

The current study showed that patients on public insurance 
had a higher risk of readmission for the respiratory and mental 
health diagnosis categories, which is consistent with many stud-
ies involving insurance as a variable.1,3,13,15,19,29 However, this 
relationship was not present in this study for the digestive or 
neurological diagnoses. Some studies that have looked specifi-
cally at certain neurological disorders30 and digestive disorders31 
for adult patients found that those on public insurance had higher 
readmissions. However pediatric studies focused on certain 
neurological disorders32 and digestive disorders33 found that 
insurance was not a significant predictor of readmission when 
controlling for other patient variables which is more aligned 
with the findings from this study. These highlight potential 
differences in predictors of readmission between pediatric and 
adult patients and by diagnosis. 

Additionally, patients with comorbidities had a higher risk of 
readmission in all MDCs studied except the mental diseases 
and disorders category. These findings are consistent with the 
current literature.34–37 Patients on O‘ahu had a higher risk of 
readmission than patients from other islands in Hawai‘i. Even 
though not all patients on O‘ahu would be considered to live in 
urban areas, they tend to have easier access to more advanced 
medical facilities; therefore, this island difference in readmission 
may possibly be an indicator of how rural and urban residence 
of patients may relate to PPRs. Others have also found that 
rural areas had lower readmission rates as well.38 However, 
there have also been studies suggesting that certain diagnoses 

showed higher readmissions at rural hospitals39 while others 
found no differences between rural and urban.40 More studies 
are needed to better understand urban/rural hospital differences. 

The rates of readmission for pediatric patients who are NHPI 
depended on diagnosis and the association tended to be weak. 
It is worth noting that this relationship tended to show NHPI 
patients having a lower risk of readmission which is in the op-
posite direction of what other studies on NHPI readmission have 
found.16–18 However, those were all done with the adult popula-
tion. More research should be conducted to evaluate whether 
and how readmission rates for NHPI may vary across age. 

Hospital readmissions have been of increasing interest to re-
searchers, policy makers, and health officials. The Affordable 
Care Act established a Hospital Readmissions Reduction Pro-
gram (HRRP) that would reduce payments made to hospitals if 
their readmission rates for certain diagnoses were above what 
would be expected but only for some groups of patients and 
for some diagnoses.41 This approach assumes that the hospital 
would be the main catalyst in reducing readmissions, while the 
literature demonstrates that various patient level variables are 
also related to readmission. Additionally, readmission is not 
always a negative outcome as it could be seen as a preventative 
measure for an even worse outcome like death. While readmis-
sion rate is an important outcome, the use of readmission rate as 
a quality of care indicator has been criticized for various reasons 
ranging from data issues regarding readmission statistics to the 
oversimplification of viewing the medical care providers as the 
primary reason for readmission.9,29,42,43 If hospitals were penal-
ized for having higher readmission rates without accounting for 
patient demographics, resources could be denied to institutions 
taking care of higher risk patients.44 

Other literature studying readmissions has indicated multiple 
variables that relate to readmission but overall, the prediction of 
readmission has been difficult with most AUCs below 0.70.24,45 
The AUC for the readmission models in the current study was 
usually around 0.60. With the difficulty in predicting readmis-
sions in this and other similar studies,24 more research incorporat-
ing additional variables, at both the patient and hospital levels, 
should be done in the future to increase our understanding of 
what relates to pediatric readmissions. 

The study has several limitations. Due to the relatively small 
sample size of the pediatric readmissions and limited data 
available on pediatric patients and hospitals in Hawai‘i, in-
corporating hospital levels variables into the model was not 
feasible with the current sample. Second, MDCs were used 
rather than more specific diagnosis groups which could have 
provided more details into readmissions relating to diagnosis. 
This can affect the estimated strengths of the associations of 
the variables as MDCs could encompass a broad number of 
diagnoses which may have different rates of readmission or 
different strengths of associations related to readmission. Third, 
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the data lack details about dates of admissions and discharges 
due to confidentiality. This study used readmission based on the 
3M PPR definition already built in the dataset. This could have 
led to some discrepancies with other investigations that were 
able to consider all readmissions based on detailed admission 
and discharge dates. Fourth, with the context of secondary data 
analysis, the quality and selection of variables of the current 
data could be limited. Additionally, readmission was the only 
outcome looked at. Length of stay or death could have been 
related to readmission as well and have shown additional in-
formation concerning pediatric readmissions. 

This study found that Hawai‘i pediatric patients with public 
insurance and those with more comorbidities had a higher rate 
of hospital readmission overall. Although the model fits were not 
very strong in either the overall model or within diagnoses, the 
different strengths of variables for different diagnosis categories 
suggest the usefulness of analyzing readmissions by diagnosis. 
Additionally, due to the increasing use of hospital readmission 
rates in health care decision making, more studies should be 
done to better understand how diagnosis, patient, and hospital 
level variables interact to predict pediatric readmission. 
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