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ABSTRACT

Objectives To enhance the understanding of non-
communicable disease (NCD) multimorbidity in children
who are inpatients by delineating the characteristics of
and identifying patterns among paediatric inpatients with
multimorbidity in China.

Design Cross-sectional study.

Setting Paediatric wards (n=17) in Pudong New Area,
Shanghai, China.

Participants A total of 193432 paediatric inpatients

in the electronic health record systems of 17 hospitals
from 2011 to 2016 participated in the study, and 91 004
children with NCDs were extracted and classified based
on International Classification of Diseases, 10th version
codes.

Main outcome measures Number of the NCDs and
multimorbidity patterns of the paediatric inpatients.
Results In total, 47.05% (95% Cl 46.83 to 47.27) of the
paediatric inpatients had one or more chronic diseases,
and 16.30% (95% Cl 16.14 to 16.46) had multimorbidity.
Congenital anomalies accounted for 19.43% (95% Cl
19.25 t0 19.61) of the principal diagnoses among the
paediatric inpatients. Five common multimorbidity patterns
were identified: a neurological-respiratory cluster, a
neurological-respiratory-ear cluster, a cardiovascular-
circulatory cluster, a genitourinary cluster (boy group) and
a musculoskeletal-connective cluster (10-18 years age
group).

Conclusions Multimorbidity in paediatric inpatients
suggests that decisions about reasonable allocation of
paediatric inpatient resources should be fully considered.
Multimorbidity patterns in paediatric inpatients revealed
that prevention, including innovative treatments targeting
children, should be further studied.

INTRODUCTION

Multimorbidity refers to the simultaneous
existence of multiple chronic diseases or
statuses in a single individual.! Multimorbidity
is thought to have a drastic and persistent
influence not only on individuals but also on
healthcare systems.2 On an individual level,
people with multimorbidity often suffer from

.2 Wenya Yu,? Chen Chen,® Hua Jin,*®
2,8

Strengths and limitations of this study

» This study is one of the few studies that focused on
the multimorbidity patterns, particularly in hospital-
ised children of different age groups and sex.

» A relatively more accurate analysis of the multi-
morbidity patterns based on our subjects could be
attributed to the inclusion of all chronic conditions
registered in electronic health record.

» The diagnosis data can avoid recall bias, which is
inevitable in self-reported data derived from survey-
based studies.

» The data of the inpatients in this study were limited
to serious cases because they were inpatients, and
additional data of outpatients should be included in
further analyses.

» The data of paediatric inpatients in this study might
help to reveal the situation of multimorbidity situ-
ation existing in children and youth, because the
multimorbidity conditions of children and youth are
usually more common in inpatients than outpatients.

adverse drug events,” poor functional status,”
negative occupational consequences,” poor
health-related quality of life,’ prolonged or
frequent hospitalisations® and even increased
risks of disability and mortality.” * From a
macroscopic point of view, the complications
of medical treatment processes will decrease
the efficiency of the healthcare system.
Furthermore, because of the long-lasting and
repetitive characteristics of multimorbidity,
repeat hospitalisation and high health service
utilisation’ by individuals will consume scarce
medical and health resources and enhance
the economic burden of the medical system.'’

Nearly half of the previous studies on multi-
morbidity have focused on elderly popula-
tions."" Evidence in many parts of the world
has indicated that an extensive and probably
increasing proportion of the adult popula-
tion has multiple chronic health conditions.'
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The prevalence of multimorbidity has been estimated
to be approximately 50% among people aged younger
than 65 years, 62% among those aged between 65 and
74 years, and 81.5% among those aged older 85 years,
increasing gradually with age.* Although multimorbidity
has been regarded as one of the essential health concerns
of the middle-aged and older population, studies have
found that a considerable number of young populations
also face the threat of multimorbidity.” Worse, early-
onset multimorbidity has the potential to complicate
and even worsen health conditions, because it lengthens
and compounds the time spent with a poor health status
with age.'” Ferro et al”® focused on multimorbidity in a
population with mental health conditions and analysed
how multimorbidity in childhood and youth influences
interactions with the healthcare system based on a sample
of 250 children. Dunbar et als"* study assessed variations
across complex chronic diseases and the likelihood of
readmission with increasing age in adolescents and young
adults. However, few quantitative studies have focused on
the overall multimorbidity status of children.'” The appli-
cability of multimorbidity patterns in paediatric research
and clinical practice requires further knowledge of the
proportion, chronic diseases involved, their relationship
with different paediatric age groups, and the existence of
potential gender differences.

This study aimed to understand non-communicable
disease (NCD) multimorbidity in children who are inpa-
tients by delineating their characteristics and identifying
patterns in paediatric inpatients living with multimor-
bidity in China. Specifically, the multimorbidity patterns
in paediatric inpatients based on electronic health
records (EHRs) by age and gender groups were identi-
fied in this study. We believe that understanding the coex-
istence patterns of chronic diseases among paediatric
inpatients will help elucidate implications for the better
prevention and treatment of multimorbidity as well as
guide the suitable allocation of health resources among
this population.

METHODS

Study population

A cross-sectional analysis was performed in Shanghai,
China, a metropolitan city with a population of approx-
imately 24.20million, through the end of 2016."° We
extracted the data of paediatric inpatients with NCDs
from the EHR systems of 17 hospitals from 2011 to 2016
in Pudong New Area, Shanghai, the largest district in
Shanghai, comprising both urban and suburban areas.!”
By the end of 2016, the area comprised approximately
5.50million people (22.73% of the total population of
Shanghai) (Shanghai Statistics Bureau 2018)." The regis-
tered population aged 17 years and younger was approx-
imately 0.38 million in Pudong New Area at the end of
2016, accounting for 12.9% of all the age groups. The
number of hospitals in the district is 25. We included all

17 hospitals with paediatric wards, and all the hospitals
included were public hospitals.

Data collection

The retrospective data (2011-2016) of hospitalisations
on 193432 inpatients aged 0-18 years were extracted
from the EHR systems of all (17) hospitals with paediatric
wards in the Pudong district of Shanghai. Not all the chil-
dren who were admitted to the hospital had at least an
overnight stay. Among all the paediatric inpatients, 1874
(0.97%) paediatric inpatients did not stay overnight. For
repeat visits in this database, only information related to
the first admission was collected. The data of 91004 chil-
dren with NCDs were extracted and classified into various
groups according to their principal diagnosis based on
International Classification of Diseases, 10th version
(ICD-10) codes. The final dataset comprised the basic
demographic information (sex and age), presence and
patterns of chronic diseases (disease systems, disease cate-
gories, and multimorbidity status).

Variables

Disease categories and various diseases were coded and
classified in accordance with the ICD-10. The EHR of the
inpatients contains basic information of the inpatients,
up to 11 disease diagnoses, and other information related
to hospitalisation. All the diagnoses and disorders were
identified by clinicians. The main disorder was deter-
mined according to the professional judgement of the
doctor and adhered to the following principles: (1) the
aetiological diagnosis includes the clinical manifestation
of the disease; (2) if the purpose of hospitalisation was
for surgical treatment, the disease consistent with surgical
treatment is selected as the principal diagnosis; (3) if the
patient is admitted to the hospital with a suspected diag-
nosis but is still undiagnosed at the time of discharge,
the diagnosis of the disease with a high degree of clin-
ical suspicion and greatest tendency is selected as the
main diagnosis; (4) if a patient is admitted to the hospital
because of an abnormal symptom, sign or examination
result, and the diagnosis is unclear at discharge, the prin-
cipal diagnosis should be the result of the symptom, sign
or abnormal examination result; (5) if the disease mani-
fests clinically as different degrees of harm during the
occurrence and development of the disease, and hospital-
isation is to diagnose and treat certain clinical manifesta-
tions, then the clinical manifestations are selected as the
principal diagnosis; (6) when the hospitalisation is for the
treatment of a complication of a disease, the complication
is treated as the principal diagnosis. Chronic conditions
were identified using the Healthcare Cost and Utilization
Project Chronic Condition Indicator (HCUP-CCI) tool."?
The HCUP-CCI tool is a listing of all ICD-10-Clinical
Modification codes classified as ‘chronic’ or ‘non-
chronic’ with chronic conditions defined as conditions
lasting 12 months or longer resulting in functional or
social limitations and/or the need for ongoing medical
care. Chronic diseases were first recognised according
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to ICD-10, and then multimorbidity patterns were deter-
mined based on the data of the paediatric inpatients and
expertise of physicians. Patterns in this study equalled
combinations, meaning that all the diseases appeared
in each paediatric inpatient during this hospitalisation.
We analysed the multimorbidity patterns and how they
were distributed according to social demographics (sex
and age) and clinical variables (multimorbidity status and
number of chronic diseases). The inpatients were divided
into three groups according to growth stage: 0—4 years
age group (infant to toddler age), 5-9 years age group
(preschool age and early school age), 10-18 years age

group (adolescence)®.*!

Data analysis

Basic descriptive statistics were used to depict the personal
characteristics of the paediatric inpatients (including sex,
age and principal diagnosis for hospitalisation), and the
denominator of the proportions in this part was all the
193432 paediatric inpatients. All the paediatric inpa-
tients were included irrespective of whether they were
diagnosed with multiple chronic diseases. The rankings
of the NCD groups and disorders in different sex and
age groups were sequenced according to their relative
proportions, and the denominator was the patients whose
principal diagnosis was NCD. Additionally, 95% CIs for
proportions were calculated using the normal approxi-
mation to binomial distributions. All the data were anal-
ysed using SPSS V.21.0.

Patient and public involvement

No patients or public were involved in the design,
outcome measures, recruitment to or conduct of this
study. Given the nature of removing all individual infor-
mation, there is no requirement to disseminate the infor-
mation to patients.

RESULTS

Personal characteristics of paediatric inpatients with NCDs

In total, 193 432 paediatric inpatients with chronic diseases
were identified between 2011 and 2016 (table 1). Most of
the patients were boys (62.73%), and most were 0—4 years
old (58.93%). Additionally, 31522 (16.30%; 95% CI 16.14
to 16.46) met the criteria of multimorbidity. Most of the
inpatients with multimorbidity had two chronic diseases
(n=19360; 61.42%). Among all the registered population
under 18 years in the Pudong district of Shanghai (2016),
the proportion of the paediatric inpatients with multi-
morbidity within 6years (2011-2016) was 8.29% (95% CI
8.20 to 8.37).

Ranking of the NCD Disease Groups according to sex and age

Regarding the principal diagnoses, 91004 (47.05%,
95% CI 46.83 to 47.27) paediatric inpatients had an
NCD as their main disorder. The NCDs were classified
according to the relevant disease patterns, and the clas-
sified NCD Disease Groups (NCD Disease systems) were
ranked according to the proportions by sex (table 2).
Remarkably, congenital anomalies, deformations and
chromosomal abnormalities ranked first in both boys
(39.20%) and girls (45.26%) and accounted for 19.43%
(37 585/193 432, 95% CI 19.25% to 19.61%) of the main
diagnosis of paediatric inpatients who had an NCD as
their main disorder. Diseases of the genitourinary system
ranked far higher in boys (11.20%, third rank) than in
girls (4.08%, eighth rank). Moreover, the rank of diseases
of the digestive system (boys, 5.66%, sixth rank; girls,
4.58%, seventh rank) in boys was slightly higher than that
in girls. Compared with those in boys, the proportions
of diseases of the circulatory (boys, 5.43%, seventh rank;
girls, 6.09%, fifth rank) and musculoskeletal systems
and connective tissue (boys, 4.12%, eighth rank; girls,
4.84%, sixth rank) were higher in girls. For both sexes,
congenital anomalies, deformations and chromosomal
abnormalities (boys, 39.20%, first rank; girls, 45.26%, first

Table 1 Demographic characteristics of paediatric inpatients in 2011-2016 (n=193432)
Multimorbidity (n, (%, Non-multimorbidity (n, (%, All (n, (%, 95% CI))
Variable Classification 95% CI) (n=31522) 95% ClI)) (n=161910) n=(193 432)
Gender Boy 19793 (62.79, 62.26 to 63.32) 101545 (62.72, 62.48 to 62.96) 121338 (62.73, 62.51 to
62.95)
Girl 11729 (37.21, 36.68 to 37.74) 60365 (37.28, 37.04 to 37.52) 72094 (37.27, 37.05 to 37.49)
Age (year) 0-4 20836 (66.10, 65.58 to 66.62) 93160 (57.54, 57.30 to 57.78) 113996 (58.93, 58.71 to
59.15)
5-9 6717 (21.31,20.86 t0 21.76) 39403 (24.34, 24.13 t0 24.55) 46120 (23.84, 23.65 to 24.03)
10-18 3969 (12.59, 12.22 t0 12.96) 29347 (18.13, 17.94 10 18.32) 33316 (17.22, 17.05 to 17.39)
Number_ 0 0 (0.00) 86891 (53.67, 53.43 t0 53.91) 86891 (44.92, 44.70 to 45.14)
gfs‘;*;rsc’:: 1 0 (0.00) 75019 (46.33, 46.09 to 46.57) 75019 (38.78, 38.56 to 39.00)
2 19360 (61.42, 60.88 to 61.96) 0 (0.00) 19360 (10.01, 9.88 to 10.14)
3 7533 (23.90, 23.43 t0 24.37) 0 (0.00) 7533 (3.89, 3.80 to 3.98)
>4 4629 (14.68, 14.29 to 15.07) 0 (0.00) 4629 (2.39, 2.32 to 2.46)
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rank) and diseases of the nervous system (boys, 13.03%,
second rank; girls, 11.10%, second rank) accounted for
more than half of the main diagnosis of paediatric inpa-
tients who had an NCD as their main disorder. Further-
more, diseases of the respiratory system ranked in the top
five most frequent NCDs in paediatric inpatients (boys,
10.06%, fourth rank; girls, 9.25%, third rank). Notably,
neoplasms ranked fourth in girls (8.20%) and fifth in
boys (6.64%).

The ranks of the most frequent diseases across different
age groups (0-4, 5-9, 10-18 years) are displayed in
table 3. Congenital anomalies, deformations and chro-
mosomal abnormalities were the most frequent NCDs in
all age groups in this study (0—4, 51.75%, first rank; 5-9,
27.35%, first rank; 10-18, 21.70%, first rank) (p<0.001),
while the proportions decreased with age. The ranks of
diseases of the respiratory system (0—4, 11.09%, second
rank; 5-9, 8.16%, fourth rank; 10-18, 7.12%, eighth
rank) (p<0.001) and diseases of the nervous system (0—4,
9.21%, third rank; 5-9, 23.10%, second rank; 10-18,
8.22%, sixth rank) (p<0.001) were relatively higher in
the 0—4 and 5-9 years age groups than in the 10-18 years
age group. Notably, across all age groups, neoplasms were
in the top five NCDs (0—4 years, 5.80%, fourth rank; 5-9
years, 8.08%, fifth rank; 10-18 years, 11.24%, third rank)
(p<0.001). In addition to neoplasms, diseases of the geni-
tourinary system (0-4 years, 5.50%, fifth rank; 5-9 years,
11.79%, third rank; 10-18 years, 16.70%, second rank)
(p<0.001) were also in the top five most frequent NCDs,
with the proportions increasing with age. Diseases of the
circulatory system were more common in the 10-18 years
(8.93%, fourth rank) age group than in the 0-4 years
(4.83%, seventh rank) and 5-9 years (5.64%, sixth rank)
age groups (p<0.001).

Comparison of the multimorbidity patterns among the
different sex and age groups
In addition to those without multimorbidity or without
NCDs, the most frequently occurring pattern was the coex-
istence of the two NCDs in both boys (10.29%) and girls
(9.53%) (figure 1). The number of paediatric inpatients
with two NCDs was greater than number of those with
more than two NCDs (figure 1). Notably, the percentage
of patients with multimorbidity in the 0—4 years age group
(18.28%) was greater than that in the 5-9 years (14.56%)
and 10-18 years age groups (11.91%). Additionally,
among those with the same number of NCDs (n=2, 3, 4,
=b), the percentages in the 0—4 and 5-9 years age group
were higher than those in the 10-18 years age group.
Tables 4 and 5 demonstrate the patterns of multimor-
bidity among the different sex and age groups. Multimor-
bidity comprising sleep apnoea and chronic rhinitis was
the second most frequent multimorbidity pattern in both
boys and girls in the two-disorders group (1057, 8.19%:;
504, 8.77%), we called this the neurological-respiratory
cluster. The combination of sleep apnoea and allergic
rhinitis was the third most frequent (796, 6.17%; 376,
6.54%). The cardiovascular-circulatory multimorbidity

pattern was common in both the boy and girl groups.
Ventricular septal defects (VSDs) and atrial septal defects
(ASDs) were the most frequently co-occurring morbid-
ities in girls (598, 10.41%). Notably, the genitourinary
cluster, comprising several disorders, was present in boys
but not in girls (table 4). Congenital malformations of
the penis together with redundant prepuce, phimosis
or paraphimosis were the most frequently co-occur-
ring morbidities in boys (1546, 11.98%). The patterns
(neurological-respiratory-ear cluster) of sleep apnoea,
chronic rhinitis and other chronic non-suppurative otitis
media (295, 6.38%, first rank; 148, 4.93%, second rank);
sleep apnoea, allergic rhinitis and other chronic non-
suppurative otitis media (221, 4.78%, second rank; 106,
3.53%, third rank); and VSD, ASD and other secondary
pulmonary hypertension (218, 4.71%, third rank; 179,
5.96%, first rank) were the top three multimorbidity
patterns in both boys and girls. The cardiovascular-
circulatory cluster, comprising congenital malforma-
tions, deformations and chromosomal abnormalities,
combined with circulatory system disorders or congen-
ital malformations, deformations and chromosomal
abnormalities alone, were the most frequent multimor-
bidity patterns involving four NCDs in both sexes. In
addition to the cardiovascular-circulatory cluster, the
neurological-respiratory-ear cluster was also apparent in
the four NCD compositions.

In the different age groups, the multimorbidity pattern
(musculoskeletal-connective cluster) of two NCDs,
systemic lupus erythematosus (SLE) and SLE with organ
or system involvement, was more frequentin patients aged
10-18 years who had two NCDs (82, 2.73%, second) and
three NCDs (10, 1.49%, second) than in patients aged 0-4
and 5-9 years. In terms of the multimorbidity pattern of
three NCDs, VSD, ASD and other secondary pulmonary
hypertension were the most frequently occurring condi-
tions in the 0-4 years age group (386, 6.89%). Among
those with three NCDs in the neurological-respiratory-ear
cluster, sleep apnoea, chronic rhinitis and other chronic
non-suppurative otitis media showed a high incidence in
the 0—4 years (237, 4.23%, second) and 5-9 years (202,
14.97%, first) age groups but a relatively low incidence
in the 10-18 years age group (8, 1.19%, fourth). Among
those with three NCDs in the neurological-respiratory
cluster, the incidence of sleep apnoea, chronic rhinitis
and chronic tonsillitis (124, 9.19%, third; 10, 1.49%,
third) and sleep apnoea, chronic tonsillitis and allergic
rhinitis (116, 8.60%, fourth; 19, 2.84%, first) were higher
in the 5-9 and 10-18 years age groups than in the 0—4
years age group. The cardiovascular-circulatory cluster
comprising Tetralogy of Fallot, atrial septal defects
and patent ductus arteriosus (PDA) was the fifth most
frequent NCD cluster in the 0-4 years age group, but it
was not in the top five clusters in the 5-9 and 10-18 years
age groups with three NCDs. Furthermore, the combina-
tion of epilepsy, other reduction deformities of the brain
and primary adrenocortical insufficiency, with or without
thrombocytopenia, were apparent in the 10-18 years age
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Figure 1

10.10%

Numbers of chronic diseases among gender groups and age groups. Grey represents the paediatric inpatients with

no NCDs. Orange represents the paediatric inpatients with one NCD. Yellow represents the paediatric inpatients with two NCDs.
Green represents the paediatric inpatients with three NCDs. Blue represents the paediatric inpatients with four NCDs. Purple
represents the paediatric inpatients with more than five NCDs. NCD, non-communicable disease.

group. The cardiovascular-circulatory cluster comprised
most of the patterns of the four NCDs (table 5).

DISCUSSION

Multimorbidity is present in children and youth as well as
adults and constitutes a challenge for individuals, families
and the healthcare system. In our study, 16.30% of paedi-
atric inpatients aged 0-18 years had multimorbidity. This
finding differed from that reported in previous studies
in which the prevalence of multimorbidity among chil-
dren was lower than 10%. For example, in Karen’s study,
regardless of the socioeconomic status, the prevalence
of multimorbidity in people younger than 18 years was
lower than 4.0% among all registered patients from 314
medical practices caring for about one-third of the Scot-
tish population.” Additionally, findings from a large New
Zealand child cohort reported multimorbidity in 9.7% of
the cohort children.” The disparities might be attributed
to diverse data sources because the subjects in this study
were paediatric inpatients whose conditions were compar-
atively more serious than paediatric outpatients.

In our study, congenital anomalies, deformations
and chromosomal abnormalities accounted for the
highest proportion (19.43%) of NCDs; in the 0-4 years
age group, congenital anomalies accounted for most
(14.79%) NCDs. However, in one study in the USA,
congenital anomalies were present in approximately 3%
of all live births in the USA,** and they were present in
199 per 10000 children in Addis Ababa and the Amhara
region of Ethiopia.”” Globally, 6% (8.1 million) of
newborn children have congenital anomalies of genetic
or partial genetic origins.”® This difference may be due
to our data being extracted from the EHRs of paediatric
inpatients whose conditions were often worse than those

of outpatients; moreover, we included a broader age spec-
trum than previous studies on newborns.”> Among all the
diseases classified as congenital anomalies, deformations
and chromosomal abnormalities, cardiovascular abnor-
malities were perceived to appear more frequently than
other abnormalities in this study. This finding agrees with
the findings of Dolk et al, who discerned that congen-
ital heart defects (CHDs) were the most common non-
chromosomal conditions, at 6.5 per 1000 births, among
1.5million annual births in 22 countries in a common
protocol and data quality review.””* Musculoskeletal
anomalies were shown to be the most common (more
than half) congenital anomalies in a 4-year prospective
study.” Preventive measures for congenital anomalies
in children should be adopted according to the type or
cluster of anomalies; these measures may depend on
further investigation of risk factors for the corresponding
anomalies.

Five multimorbidity patterns were discerned in this study.
The first (neurological-respiratory cluster) incorporates
neurological and respiratory disorders. The main diseases
included sleep apnoea, sleep disorders, chronic rhinitis,
allergic rhinitis and adenoidal hypertrophy. All the condi-
tions listed above were found in this pattern. A previous
review noted that one of the dominating comorbidities asso-
ciated with allergic rhinitis was sleep disturbance, which was
consistent with the pattern we proposed.” A retrospective
crosssectional study among 146 children aged 2-12 years
showed that chronic rhinitis was present in 43% of chil-
dren with obstructive sleep apnoea (OSA), indicating that
rhinitis is an important comorbidity in children with OSA.”
Adenoidal hypertrophy together with disturbances in nasal
respiration and tonsillar hypertrophy is a risk factor for OSA
in primary school children.”® ** A more complicated pattern

Chen N, et al. BMJ Open 2021;11:€042679. doi:10.1136/bmjopen-2020-042679

7



Open access

panuniuon
uoisuauadAy Areuownd
elpaw S0 aAneinddns Aepuooss Jsyjo+10950p
-UoU 21U0JYD Joy10+SIuIy. [erdes [euye+1094op

€5'c 90l Lt6+G oibis|le+esoude des|s V'GOHY0Ere’Z¥O LY 8le 8+l [e}des JenoLuBA ¢’ /2l 1eD0’ k2D €dOL
elpaw siijo aAleinddns Blpaw sniio aAieinddns
-Uou 21U0JYD Jayjo+SIjuiyJ -UOU O1UOJYD JBY10+SIIUIYI

€6 8vl Lt6+S oluoJyo-+esoude des|S 7'GOHO'LEreLVD 8LFv  Led ,t6+S olfis|[e+esoude des|s 7'GOHY 0Ere’LVD 2dOL

uoisusuadAy Areuowind

Arepuooss Jsyjo+10950p elpaw siio aAeinddns
[erdes [elye+10050p -UOU D1UOJYD JBY10+SIIUIYJ

96°'S 6L} 8tvl [e}des Je|noLiUdA ¢'/2l leD0 ked 8¢9 G6¢ /+t6+S ojuoiyo-+esoude des|S 7'G9HO' LEre’ LD LdOL
(Loog=u) s1opiosip 2a1yL (929=u) s1apJosip aaiyL
109)0p |ejdes [euje+ueay 109)9p |ejdes

LL'¢ 9SGt 71 0 uonewloyew [eyusbuo) L'1cD6'7¢0 99°¢  0g€€ 14 [eLye+io|[e4 jo ABojenal L'12DE LeD SdOL
10940p [eydes 109)9p [e1das [eL1e+10940p

YOy ¢cec 14 [elye+io|e4 jo ABofesal L'120E’ LeDd  L¥'S 901 vl [exdes Iejnouua 1’12000 7dOL
shiuyJ siiulyJ

¥S'9  9/€ 6+S olbis|le+esoude des|g vOereLyD L9  96. 6+G olbis|le+esoude des|s 7'0ere’.y9 €401
shuyJ siiuiys

/.8  ¥0S 6+G oluolyo+esoude des|g oLere’ Ly 618 LSO} 6+G oluoiyo+esoude des|g 0'kere Ly ¢doLl
sisowiydesed ‘sisownyd
‘oondaud juepunpali+siuad
109)9p [e1das [euie+109ep JO uonew.Io)ew

I7'0L 869 14 [e3des JendLuBA L'1200'LeD 86°kE 97St S+l [eHuaBuo9 Jayi0 X'/¥N9'GSO +dOL
(9pLG=u) s1apiosip omL (6062 1=U) siopIoSip omL

9e'c 929 S Asds|id3 6'0VD 9L'€ LEGH S esoude dea)s €/¥9D GdOoL

.0€ VI8 4" sSnsousye snjonp jusied 062D 92'¢ 28S}h 4t 10948p [E}dBS [ELIY L'1c0 ¥dOL
sisowiydeled ‘sisowiyd

V.G veSh 6 Buyisy 6'SYr 627 2802 €l ‘9ondaud juepunpay X'JyN €40l

719 6291 4t 109j0p [E1dS [BLIY L'leD /S99 /8l€ 14 109J0p |e1dSs JB|NOLIIUSA 0't2D ¢dOol

¢S, S661 145 108J0p |e1des JejnoLjusA 01D 999 0€ce 6 euyisy 6'S¥l 1dOL
(6£592=U) 19pI0SIp BUQ (61G81=u) 19pI0SIp BUQ

% u  walsAs suonipuod AypigiowniniA 0L-aol % u walsAs  suonipuod Aypigiowniniy 01-aol >uey

aseasiqg aseasiqg

(r602L=U) ojewad

(see Lel=u) aje

(gev £61.=u) sdno.b Jepusb sy} Buowe susened Ayupigiownni\ ¥ ajgeL

Chen N, et al. BMJ Open 2021;11:€042679. doi:10.1136/bmjopen-2020-042679



Open access

panunuon

8LL 142

9’ St

[4°l" 8l

[40k4 ve

che VA

€e'¢ 0.

0S¢ SOl

8tvl

,+6+S

143

8+vl

8+l

14

8tvl

uoisusuadAy Areuownd
Aepuooss Jayjo+anjea
pidsnouy Jo suolewolew
[enuabu0D Jayjo+108)0p
[erdss [euye+10940p

[erdas Jejnolus

SI}1||ISUO} DlUOIYD+EIPSW
S1}30 aAireanddns-uou
2]U0JYD JBYIO+SIHUIYI
olbug|le+eaoude des|g

+109)0p [e1des [ele+108)ep
[eidas Jejnouuan+Aiapue
Areuownd Jo eisany

uoisuspadAy Areuowind
Arewnd+snsousyue
sn1onp juaied+10919p
[eidas |euie+10910p
[e1das Jenoujusp

uoisuapadAy Areuownd
AIepuooas Jsyjo+snsolape
sn1onp juaied+109j9p
[eidas |elie+109j0p

[e1das JenoLjusp

(281 1=u) siapioSIp Ino4
snsovoue

snjonp jusied+}oejep
[eydes [eliye+109jep
leydes Jenoujusp

uolsuauadAy

Areuowind Arewd+iosjep
[erdes [euye+10850p

[erdas JejnoLiusp

¢'/cl8'¢cD 1} 1cD0" 12D

0°GEry"GOHY 0Ere Lo

0°'GcO} 1200 }eDS SeO

0°£¢l0°S¢O 1" 1e00" e

¢’/2l0’GeD} 1eD0’LedD

0°S¢0 11200 1ed

0°/2I}’ 1200’ 2D

€8°¢

gL'e

LEL

vl

6tG

8tvl

Sh||Isuo} dluoJyd+siiulyd
oluoiyo+esoude des|S

uolsuauadAy

Areuowind Arewd+iossep
[erdes [euye+10940p

[erdes JejnoLiusp

0°Gero’Lere’Zvo Sdol

0°/2I}H12D0’eDd ¥dOL

% u

widlsAs
aseasiqg

suonipuod Aypigowniy

01-aal

%

u

widlsAs
aseasiq

suonipuod Aypigiownny

01-adl uey

(¥602L=u) ajewa4

(gec LgL=u) alei\

panuinuo) ¥ 9|qer

Chen N, et al. BMJ Open 2021;11:€042679. doi:10.1136/bmjopen-2020-042679



Table 4 Continued

72094)

Female (n

=121338)

Male (n

Disease

Multimorbidity conditions system

Disease

Multimorbidity conditions system

%

n

% ICD-10

n

ICD-10

Rank

1, neoplasms; 2, diseases of blood and blood-forming organs, and immunity disorders; 3, endocrine, nutritional and metabolic diseases; 4, mental and behavioural disorders; 5, diseases of

the nervous system; 6, diseases of the eye and adnexa; 7, diseases of the ear and mastoid process; 8, diseases of the circulatory system; 9, diseases of the respiratory system; 10, diseases
of the digestive system; 11, diseases of the skin and subcutaneous tissue; 12, diseases of the musculoskeletal system; 13, diseases of the genitourinary system; 14, congenital anomalies,

deformations and chromosomal abnormalities.

Dark blue represents the top five disorders within one-disorder group among male paediatric inpatients. Light blue represents the top five disorders within one-disorder group among female

paediatric inpatients. Dark green represents the top five multimorbidity patterns within two-disorders group among male paediatric inpatients. Light green represents the top five multimorbidity

patterns within two-disorders group among female paediatric inpatients. Dark yellow represents the top five multimorbidity patterns within three-disorders group among male paediatric

inpatients. Light yellow represents the top five multimorbidity patterns within three-disorders group among female paediatric inpatients. Dark orange represents the top five multimorbidity
patterns within four-disorders group among male paediatric inpatients. Light orange represents the top five multimorbidity patterns within four-disorders group among female paediatric

inpatients.

ICD-10, International Classification of Diseases, 10th version.

(neurological-respiratory-ear cluster) was found within the
neurological-respiratory cluster with other chronic non-
suppurative otitis media. The chronic impacts of the inflam-
matory process affect other relevant systems or organs—for
example, the ears, lungs and others. In the development
of chronic otitis media, rhinitis may be linked through two
mechanisms: a decrease in the ciliary beat frequency or eusta-
chian tube dysfunction caused by allergic reactions in the
nasal mucosa.”* Considering that this cluster had the highest
frequency in children and adolescents, the comorbidities
associated with allergic rhinitis, such as OSA syndrome, otitis
media and aggravation of adenoidal hypertrophy,® should
be given special attention when developing relative clinical
care guidelines for young populations.

Another common pattern (cardiovascular-circulatory
cluster) comprised VSD, ASD, other secondary pulmonary
arterial hypertension, pulmonary atresia, PDA and primary
pulmonary arterial hypertension. In line with our pattern,
VSD and ASD were the most common CHDs reported in
other studies.” *® Additionally, diverse variations were found
in the corresponding frequencies of other CHDs.” As a
common complication of CHD, pulmonary arterial hyper-
tension associated with CHD (PAH-CHD) is the second
most common type of PAH in children, accounting for more
than 40% of cases, particularly in developing and undevel-
oped areas.™* Because of apparent disparities between the
management of paediatric PAH-CHD and adult PAH-CHD,*
guidelines for paediatric PAH-specific therapies extrapolated
from clinical experience and adult clinical trials"' ** are not
well suited for children.*’

Notably, the compositions of the patterns between the
different sexes in the paediatric inpatients were similar.
However, a specific pattern (genitourinary cluster) in boys
must be mentioned. Although not mentioned in other
studies, the composition of other congenital malformations
of the penis and redundant prepuce, phimosis or incarcer-
ated phimosis was present in a high proportion of boys in
this study; this result deserves additional attention in future
investigations.

Notable results arose when comparing the patterns of
multimorbidity across different age groups of paediatric
inpatients. One cluster (musculoskeletal-connective cluster),
which mainly comprised musculoskeletal and connective
tissue disorders, was notable in the 10-18 years age group.
Groups of symptoms depicted in this pattern have appeared
mainly under the labels of SLE and SLE with organ or system
involvement. As a chronic, multisystem autoimmune disease,
childhood-onset SLE begins before 18 years of age and can
harm any organ system; it has a broad scope of disease mani-
festations, which could result in remarkable morbidity and
even mortality.** For example, clinical features involving
glomerulonephritis and the central nervous system have been
implicated more often in children with SLE than in adults.*
A study on the comorbidity index in children with SLE also
indicated that it is not uncommon for the initial manifesta-
tions of comorbid lesions in organs and other systems to occur
in children and adolescents, potentially leading to contin-
uous morphological and functional disorders, morbidity and
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mortality in children. The underlying mechanism respon-
sible for developing the above comorbid conditions might be
associated with the disruption of lipid metabolism and blood
coagulation®® and deserves further confirmation in future
studies.

This study possesses several strengths that deserve to
be mentioned. The study was based on medical diagnosis
information extracted from EHRs, suggesting that the data
were accurate.’’ Furthermore, attributed to the data source
extracted from EHRs, the recall bias which is inevitable
in selfreported data derived from survey-based studies is
avoided in this study. As one of the few studies focused on
the multimorbidity patterns of hospitalised children with
different age groups and sex, the findings of our study could
increase the understanding of the multimorbidity in chil-
dren to some extent. However, several limitations must be
considered. First, the data of the inpatients were limited to
serious cases because they were inpatients; additional data of
outpatients should be included in further analyses. Second,
the data of paediatric inpatients might produce an over esti-
mate of the multimorbidity prevalence in children and youth
because most of the inpatients had serious health conditions.
Third, the sample was from Pudong New Area in Shanghai,
China, and the survey results may not represent other areas.
The study should be extended to include a larger sample of
paediatric hospitals in additional regions.

CONCLUSIONS

The  neurological-respiratory  cluster,  neurological-
respiratory-ear cluster and cardiovascular-circulatory cluster
were common in various sex and age groups among paedi-
atric inpatients in this study. A thorough understanding of
the multimorbidity patterns may facilitate the screening and
identification of specific conditions coexisting with chronic
diseases in the young population. Further studies are still
needed concerning prevention including innovative treat-
ments targeting children with common multimorbidity
patterns.
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