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Abstract
Background: Transition from pediatric to adult care is a vulnerable time for youth with chronic diseases. In youth
with rheumatic disease, studies show high rates of loss to follow up and increased disease activity. However,
mortality data are lacking. In this study, we assessed whether transitional age is a risk factor for inpatient mortality.
Methods: We analyzed the 2012–2014 National Inpatient Sample database, a representative sample of discharges
in the United States. Individuals with rheumatic diseases were identified by International Statistical Classification of
Disease – 9 (ICD-9) codes at time of discharge. Youth were categorized into three age groups: pre-transitional (11–
17), transitional (18–24) and post transitional (25–31). We fitted univariable and multivariable logistic regression
models to assess whether transitional age was a risk factor for inpatient mortality.
Results: There were 30,269 hospital discharges which met our inclusion criteria of diagnosis and age. There were
195 inpatient deaths (0.7%). The most common causes of death were infection (39.5%), pulmonary disease (13.8%),
and cardiac disease (11.2%). The Odds ratio for inpatient mortality of a transitional-aged individual was 1.18
compared to controls (p = 0.3). Black race (OR = 1.4), male sex (OR = 1.75), and a diagnosis of systemic sclerosis
(OR = 4.81) or vasculitis (OR = 2.85) were the greatest risk factors of inpatient mortality.
Conclusion: Transitional age was not a risk factor for inpatient mortality in this study. We did identify other risk
factors other than age. Further studies are required to assess if there is an increased risk of mortality in outpatients
of the transitional age group.
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Background
Each year in the United States, approximately 500,000
adolescents with chronic health problems turn 18 and
become young adults [1]. Young adulthood can be a vulnerable time, especially for individuals with chronic
medical conditions [2]. The period of transfer from
pediatric to adult care has been associated with many
adverse health outcomes including graft failure among
kidney transplant recipients [3, 4], increased risk of
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hospitalization, [5] worse glycemic control in patients
with diabetes [6] and loss of viral suppression in patients
with HIV [7]. Some studies have even raised concern for
increased mortality during and shortly after the transfer
period in liver transplant recipients [8] and youth with
HIV [9].
For these reasons there has been increased attention
given to transition, the comprehensive processes of “purposeful, planned movement of adolescents and young
adults with physical and medical conditions from childcentered to adult oriented health systems [10].” Transition is much more than just the transfer from a pediatric
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provider to an adult provider. Rather it encompasses all
aspects of the patient’s health as he/she takes more responsibility for his/her own condition [11]. Pediatric
healthcare is frequently paternalistic and family oriented
with little responsibility assigned to the patient while
adult healthcare values patient autonomy and responsibility. Additionally, the emergence of adulthood ushers
in additional stressors such as changes in insurance status, education, housing, and employment. Many organizations including the American Academy of Pediatrics,
American College of Physicians, and American Academy
of Family Physicians have written guidelines to improve
the process of transition [1, 12] and many “transition
programs” have been developed to improve adolescent
and young adult health have been developed with differing results [2, 13, 14].
A majority of youth with pediatric onset rheumatic
conditions have persistently active disease into adulthood [15–19]. The need therefore exists to prepare these
youth for adult healthcare systems and transfer them in
a way that minimizes adverse effects on health and wellbeing [20]. For this reason, the European League against
Rheumatism (EULAR) released rheumatology specific
guidelines for the transitioning of youth. Many pediatric
rheumatology clinics have developed rheumatology specific transition programs [21–25].
However, the data on adverse outcomes related to suboptimal transition are not as robust in rheumatology as
they are in other fields. Studies on clinical outcomes are
limited to small retrospective series [26] or use loss to
follow up as a surrogate for poor transition [27]. To
date, there are no studies assessing whether there is an
increase in mortality during the transition period in
youth with rheumatic disease. In this study, we used data
from the National Inpatient Sample (NIS), a representative database of inpatient hospitalizations in the United
States [28], to determine whether transition aged youth
with rheumatic disease have increased inpatient mortality compared to similar patients who were not of transition age.

Methods
The NIS is a representative sample of 20% of hospital
discharges in the United States. The data are collected
from “all non-Federal, short-term, general, and other
specialty hospitals” with some exclusions including correctional facilities" [29] and is estimated to be a representative sample of 95% of hospitals. The data set was
redesigned in 2012 by the Agency for Healthcare Quality
and Research (ARHQ). One significant change made
was the state where hospitalization occurred was removed. This made census division (a grouping of several
states) the smallest geographic unit by which discharges
could be analyzed [30].
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We combined the 2012, 2013, and 2014 NIS into a
single data set as these three years used the same methodology. Inclusion criteria for this study were patients
with rheumatic disease, as identified by ICD9 code, and
age 11–31 years at discharge. We excluded records with
incomplete or erroneous ICD9 codes and records in
which it was not evident whether the patient was alive
or dead at the time of discharge.
The following ICD9 codes were used to identify patients with rheumatic diseases: systemic lupus erythematosus (710.0), systemic sclerosis (710.1), Sjogren’s
syndrome (710.2), dermatomyositis (710.3), polymyositis
(710.4), eosinophilia myalgia syndrome (710.5) mixed
connective tissue disease (710.8), undifferentiated connective tissue disease (710.9), rheumatoid arthritis
(714.0–714.2), juvenile idiopathic arthritis (714.3), ankylosing spondylitis (720.0), seronegative inflammatory
spondyloarthropathies (720.2–720.9), psoriatic arthritis
(696.0), other inflammatory arthritis (714.8–714.9), periodic fever syndrome (277.31), Henoch-Schonlein purpura (287.0), polyarteritis nodosa (446.0), Kawasaki
disease (446.1), hypersensitivity angiitis (446.2), ANCA
associated vasculitis (446.3–446.4), giant cell arteritis
(446.5), Takayasu’s arteritis (446.7). The patient was considered to have a rheumatic disease if one of these diagnoses appeared in the first 30 diagnoses listed at time of
discharge.
Due to NIS requirements, data cells with fewer than
10 outcomes were combined to protect subject identity.
The following combinations were created: inflammatory
arthritis (rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing spondylitis, inflammatory spondyloarthropathy, and other inflammatory arthritis); other
connective tissue disease (dermatomyositis, polymyositis,
eosinophilic myalgia syndrome, mixed connective tissue
disease, and undifferentiated connective tissue disease);
vasculitis (Henoch Schonlein purpura, ANCA associated
vasculitis, polyarteritis nodosa, Kawasaki Disease, hypersensitivity angiitis, giant cell arteritis, and Takaysu’s arteritis). If a record contained a diagnosis in more than
one of these categories, it was counted separately in each
category where it had a fitting diagnosis.
The first listed ICD-9 code for patients who died during hospitalization was considered to be the cause of
death. Once again due to NIS requirements regarding
cell size, the causes of death were combined into the following categories: infectious diseases (e.g. sepsis, cellulitis, tubercular disease, and medical device infection),
cardiac diseases (e.g. pericardial disease, myocardial infarction, arrhythmias, and heart failure), neurologic disease (e.g. seizures, coma, cerebral hemorrhage and
cerebral thrombosis), trauma or poisoning (e.g. skull or
vertebral fractures, drug overdose, and traumatic vessel
injuries), pulmonary disease (e.g. non-infectious
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pneumonia, respiratory failure, and pulmonary emboli),
and miscellaneous conditions (e.g. unspecified
hemorrhage, intestinal problems, malignancy or other
unrelated comorbidities.) Although all patients had an
autoimmune disease as part of the entry criteria, the
autoimmune disease was considered to be the primary
cause of death if it was listed as the first discharge
diagnosis.
Individual records were categorized by age at discharge
as being pre-transitional (defined as ages 11–17 years),
transitional aged (18–24) or post-transitional (25–31).
Texas does not report age at discharge to the NIS, but
instead reports mid-points of age ranges; the age ranges
are different for patients with sensitive conditions and
non-sensitive conditions. Sensitive conditions are defined by the State of Texas as HIV, alcohol abuse, and
drug abuse. We used the age reported as actual age; the
age reported was compatible with our ranges for patients
with non-sensitive conditions [31].
Statistical analyses

Each covariate of interest (age grouping, sex, income
quartile of zip code, race, and disease) were entered into
univariable logistic regression models to estimate odds
of death while in the hospital. The complex sampling
techniques of the NIS were addressed in analysis. Discharges with missing data fields were excluded from the
specific analyses in which those data fields were needed.
Discharges with missing mortality data (n = 3) were excluded completely from analyses. No imputation was
performed. Three sequential multivariable logistic regression models were then created to estimate the odds
of death based on demographic information, hospitalspecific information, and specific rheumatic disease.
All were then entered into a multiple logistic regression model. Transitional age status was given special status and forced into the multivariable model without
regards to its significance. The multivariable logistic regression model was then improved by reverse selection.
The covariate with the highest p-value by Wald statistic
was removed and then the model was tested against the
previous model by the likelihood ratio test. The covariate was removed from the model if the p-value by likelihood ratio test was > 0.05. The covariate with the
highest remaining p-value was then tested in a similar
fashion. On removal of each covariate, analysis for confounding was done by assessing the effect on remaining
covariates.
After removal of all covariates which were not significant by the likelihood ratio test, the remaining covariates
were then tested for interaction with other covariates individually with p = 0.01 being used as the cutoff for
interaction terms remaining in the model. Test of goodness of fit was then performed using the Hosmer-
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Lemeshow tests and discriminate function using the area
under the receiver operating curve tests. All statistical
tests were done using STATA 14.0 (StataCorp LLC, College Station, Texas).
This study was approved by the Institutional Review
Board of Nationwide Children’s Hospital (IRB18–01277)
and was carried out in accordance with a Data Use
Agreement from the Agency for Healthcare Research
and Quality (ARHQ). All data were de-identified on receipt from AHRQ and no attempt was made to reidentify individuals.

Results
There were 21,488,293 individual hospital discharges in
the combined NIS data sets from 2012 to 2014. Of those
3,163,380 (14.7%) were between the ages of 11 and 31.
Of the remaining observations, 30,269 (0.96% of all admissions in the age group) were found to have a rheumatic disease by ICD9 coding as described. The patients
tended to be overwhelmingly female, and towards the
older end of the allowed age range. The demographic information of the patients with rheumatic diseases can be
found in Table 1. More than one rheumatic diagnosis
was noted in 2879 (9.5%) records with the highest number being patients who were coded as having both
rheumatoid arthritis and systemic lupus erythematosus
(n = 1124, 3.7%).
Table 1 Demographic information of the discharges which met
the inclusion criteria from 2012 to 2014 NIS
Unweighted n

Weighted % (95% CI)

Female

24,726

81.7 (81.2–82.2)

Male

5540

18.3 (17.8–18.8)

11–17

3557

9.6 (8.8–10.4)

18–24

9743

26.3 (25.8–26.9)

25–31

16,966

64.1 (63.2–65.0)

White

12,320

40.7 (39.8–41.6)

Black

8986

29.7 (28.8–30.6)

Hispanic

4993

16.5 (15.7–17.3)

Other

2272

7.5 (7.1–7.9)

Missing/Unknown

1695

5.6 (5.0–6.3)

Top 25%

5429

18.2 (17.5–19.1)

50–75%

6713

22.6 (22.0–23.2)

25–50%

7555

25.4 (24.8–26.1)

Sex

Age

Race

Economic Status

Bottom 25%

10,006

33.7 (32.8–34.6)

Private insurance

10,968

29.6 (29.0–30.3)
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Table 2 Primary diagnoses for individuals who died/Presumed
cause of death from the 2012–2014 NIS
Primary Diagnosis

n

Percentage

Infection

77

39.5

Pulmonary Disease

27

13.8

Cardiac Disease

22

11.2

Primary Autoimmune Disease

21

10.8

Trauma/Overdose

15

7.7

Neurologic or Cerebrovascular Disease

13

6.7

Miscellaneous

21

10.2

One hundred and ninety-five hospitalizations (0.7%)
ended in patient death while 30,074 ended in the patient
being alive. Patient status at time of discharge was not
available for 3 individuals who were excluded from further analysis. The most common primary diagnoses (and
likely causes of death) of individuals who died were infection (n = 77, 39.5%), pulmonary disease (n = 27,
13.8%), and cardiac disease (n-22, 11.2%). Furthermore
21 patients (10.8%) had their autoimmune disease listed
as primary discharge diagnosis. Primary diagnoses of individuals who died during hospitalization can be found
in Table 2.
Of the qualifying rheumatic diagnoses, those with systemic sclerosis and vasculitis diagnoses died at much
higher rates compared with other rheumatic diagnoses.
Rheumatic diagnoses and associated death rates can be
found in Table 3. Other significant risk factors for inpatient mortality in the univariable models were male
sex and black race. Having private insurance and having
an elective admission were protective.
In the demographic-only multivariable model (Fig. 1),
sex was the only significant risk factor for death. The
demographic only model had an area under the ROC
curve of 0.61 and a Hosmer-Lemeshow χ2 statistic of p0.87. The disease specific model (Fig. 2)0 had an area
under the ROC curve of 0.62 with a Hosmer-Lemeshow
χ2 statistic of p-0.97.
The final model included female sex, race, whether the
admission was elective, and whether there was an

operating room procedure as well as the diagnoses of
scleroderma or vasculitis were significant predictors of
death. (Fig. 3) This model had no evidence of lack of fit
by Hosmer-Lemeshow goodness of fit test (p = 0.75).
The area under the receiver operating curve was 0.67.

Discussion
This study is, to our knowledge, the largest assessment
of mortality in transitional aged youth of any disease.
Previous studies on the outcomes of transitional aged
youth with rheumatic diseases have either focused on
loss to follow up as a surrogate for clinical outcomes
[24, 27] or have been small single site studies [26]. We
have shown for the first time that being a youth of transitional age was not associated with increased inpatient
mortality in youth with rheumatic diseases, though similar findings were found in a Japanese cohort of patients
with type 1 diabetes [32]. This study represents the first
time that the National Inpatient Sample has been used
to assess transition and it is the largest study of transition outcomes in a rheumatic disease population.
Although our primary hypothesis of increased mortality in transition aged youth was not significant, we did
identify several at-risk groups who may benefit from increased research as well as increased support during the
transition process. Black race and male sex were associated with increased odds of inpatient mortality in youth
with rheumatic disease. The cause of increased mortality
in these groups is not clear given the relatively small
number of deaths in any one group. However, a recent
report from the Centers for Disease Control and Prevention found increased mortality among Blacks compared
to other racial groups for all age ranges under 65 though
this gap had narrowed recently [33] and a study by Yen
et al. showed that decreases in lupus mortality over the
last 46 years were slower in Blacks individuals compared
to White individuals [34]. Among adolescents with cancer, an increase in mortality rates among African Americans was found to be mainly associated with insurance
status and socioeconomic status [35] which also seemed
to be at play in our study though it was not significant
and not included in the final model. While the odds of

Table 3 Disease specific information and death rates
With Disease

Died

Unweighted n

Weighted % (95% CI)

Unweighted n

Weighted n (SE)

Weighted % (95% CI)

Lupus

17,032

56.3 (55.5–57.0)

102

170.0 (16.9)

0.6 (0.5–0.7)

Scleroderma

604

2.0 (1.8–2.2)

15

25.0 (6.9)

2.5 (1.5–4.2)

Other connective tissue diseases

2476

8.2 (7.8–8.5)

14

23.3 (6.2)

0.6 (0.3–1.0)

Inflammatory arthritis

9464

33.2 (32.6–33.9)

44

75.0 (11.16)

0.4 (0.3–0.6)

Periodic fever syndrome

82

0.3 (0.2–0.3)

0

0

Vasculitis

2502

8.3 (7.9–8.7)

41

68.3

1.6 (1.2–2.3)
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Fig. 1 Odds ratios for death in the demographic-only multivariable model. White race and highest income quartile are the referent classifications
for race and income quartiles respectively. The dashed line represents an odds ratio of 1.0

inpatient mortality in Black race individuals improved
when controlling for insurance status and income quartile of ZIP code, increased odds of death did still persist.
This suggests that additional non-economic factors are
also contributing to the increased odds of death. African

American individuals with lupus were found to have
more comorbidities than white individuals with lupus in
a recent retrospective cohort, especially hypertension
[36] We believe that transition programs focusing on
both economic factors and control of comorbidities may

Fig. 2 Odds ratios for inpatient mortality based on Disease Model The dashed line represents an odds ratio of 1.0
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Fig. 3 Odds ratios for inpatient mortality based on the combined multivariable logistic regression model The dashed line represents an odds
ratio of 1.0

help reduce the racial gap in youth of transition age.
Further study into the specific features of transition aged
youth including cause of death for each age and racial
group is required.
This work also documented presumed causes of death
of hospitalized adolescents and young adults with rheumatic diseases. Although use of a first discharge diagnosis as
a presumptive cause of death may be problematic, we assume that the primary diagnosis would be a key contributor to cause of death. Our finding that 39% of youth who
died had infectious diseases as their primary diagnosis
demonstrates once again that infection is a major complication of the rheumatic diseases. The rate of infection we
found was higher than reported by Butt et al. in a Danish
cohort with systemic sclerosis [37] and by Aggarwal et al.
in an Indian cohort of youth with lupus [38] but similar to
the Chinese lupus cohort of all ages by Mu et al. [39]
We also found that patients with vasculitis and scleroderma were at higher risk of dying in the hospital relative to patients with other rheumatic diseases (of which
lupus was the most frequent comparator diagnosis).
While this can be explained by the increased severity of
these diseases, they are understudied in the transition literature [40, 41]. Our findings of increased mortality suggest that perhaps vasculitis and systemic sclerosis should
receive special attention during the transition process as
well as more research.
Despite the use of a large database, our study had several limitations. We used transition-aged youth as a

surrogate for youth who are actually transferring from
pediatric to adult care. While the use of the NIS database made it impossible to assess transition directly, the
use of age as a surrogate risks bias due to the “ecologic
fallacy” in which youth noted to be of transitional age
may not have indeed being those who were transferring
care [42]. Additionally there is the risk of misclassification of age. As noted previously, Texas does not report
the true age of patients with “sensitive” conditions.
Those with a history of HIV, alcohol abuse, or drug
abuse aged 1–17 are reported as being age 8 and would
not have been in our data set. Those aged 18–44 are
reported as being 31 and therefore some who were of
transitional age may have been misclassified as being
“post-transition [31].” There is also a possibility of misclassification of patients due to incorrect ICD-9 coding.
Several studies and reviews have noted poor identification of patients with rheumatic diseases such as SLE [43,
44], rheumatoid arthritis [45], dermatomyositis [46], and
ANCA associated vasculitis [47]. Unfortunately techniques to improve the specificity of case detection used
in other administrative databases such as use of an ICD
code at two separate events, the incorporation of specific
laboratory values (e.g. ANA, rheumatoid factor,) the incorporation of immunomodulatory medications, or having a code noted by a rheumatologist were not possible
due to the setup of the NIS data set.
Finally, the data were collected only from inpatients. A
plausible explanation of our non-significant primary
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outcome would be that young adults of transitional age
are more likely to die prior to being admitted to the hospital, either in the emergency department setting or at
home without seeking out medical services. A future
study that includes data from both inpatient and outpatient services or with a prospective cohort would be
necessary to understand non-inpatient deaths among
transitional aged youth. The JIA and SLE registries being
created by the Childhood Arthritis and Rheumatology
Research Alliance (CARRA) may provide an opportunity
to better answer these questions.

Conclusion
Our use of the NIS data set has provided the first assessment of the effects of transition age on mortality. Although the effects of transition age were not statistically
significant, we did identify risk factors for death in a
young patient population including male sex, non-white
race, and diagnoses of vasculitis or scleroderma. These
factors can serve as triggers for more intensive medical
or socioeconomic interventions to improve outcomes
and save lives. More research is needed into clinical outcomes (including death) in transition aged youth who
are not admitted to the hospital.
Abbreviations
AHRQ: United States Agency for Healthcare Research and Quality; ANA: Anti
Nuclear Antibody; ANCA: Anti Neutrophil Cytoplasmic Antibody;
EULAR: European League Against Rheumatism; HIV: Human
Immunodeficiency Virus; ICD: International Statistical Classification of Disease;
NIS: National Inpatient Sample; OR: Odd’s Ratio
Consent for publications
The data used were within the frameworks for the US Agency for Healthcare
Research and Quality Data Use Agreement.
Authors’ contributions
PJ: Designed the study, performed data and statistical analysis, and drafted
the final manuscript. KK: performed data and statistical analysis, critically
edited the manuscript, and approved the final manuscript. RC: performed
data and statistical analysis, critically edited the manuscript, and approved
the final manuscript. SA: Designed study, critically edited the manuscript, and
approved the final manuscript. AH: Designed the study, performed data and
statistical analysis, and drafted the final manuscript. The author(s) read and
approved the final manuscript.
Funding
This research was funded by a grant from the Columbus Medical Research
Foundation.
Availability of data and materials
The National Inpatient Sample 2012–2014 data sets are available for
purchase from the US Agency for Healthcare Research and Quality at https://
www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Nationwide
Children’s Hospital.
Competing interests
All authors declare that they have no competing intersts.

Page 7 of 8

Author details
1
Intermountain Healthcare, St. George, USA. 2University of Hong Kong, Hong
Kong, China. 3Massachussetts General Hospital, Boston, USA. 4The Ohio State
University and Nationwide Children’s Hospital, Columbus, USA.
Received: 25 December 2019 Accepted: 2 March 2020

References
1. White PH, Cooley WC, Transitions Clinical Report Authoring G, American
Academy of Pediatrics, American Academy Of Family Physicians, American
College Of Physicians. Supporting the Health Care Transition From
Adolescence to Adulthood in the Medical Home. Pediatrics. 2018;142(5).
2. Prior M, McManus M, White P, Davidson L. Measuring the "triple aim" in
transition care: a systematic review. Pediatrics. 2014;134(6):e1648–61.
3. Samuel SM, Nettel-Aguirre A, Hemmelgarn BR, Tonelli MA, Soo A, Clark C,
Alexander RT, Foster BJ. Pediatric renal outcomes Canada G: graft failure
and adaptation period to adult healthcare centers in pediatric renal
transplant patients. Transplantation. 2011;91(12):1380–5.
4. Annunziato RA, Baisley MC, Arrato N, Barton C, Henderling F, Arnon R,
Kerkar N. Strangers headed to a strange land? A pilot study of using a
transition coordinator to improve transfer from pediatric to adult services. J
Pediatr. 2013;163(6):1628–33.
5. Nakhla M, Daneman D, To T, Paradis G, Guttmann A. Transition to adult care
for youths with diabetes mellitus: findings from a universal health care
system. Pediatrics. 2009;124(6):e1134–41.
6. Lotstein DS, Seid M, Klingensmith G, Case D, Lawrence JM, Pihoker C,
Dabelea D, Mayer-Davis EJ, Gilliam LK, Corathers S, et al. Transition from
pediatric to adult care for youth diagnosed with type 1 diabetes in
adolescence. Pediatrics. 2013;131(4):e1062–70.
7. Hussen SA, Chakraborty R, Knezevic A, Camacho-Gonzalez A, Huang E,
Stephenson R, Del Rio C. Transitioning young adults from paediatric to
adult care and the HIV care continuum in Atlanta, Georgia, USA: a
retrospective cohort study. J Int AIDS Soc. 2017;20(1):21848.
8. Mitchell T, Gooding H, Mews C, Adams L, MacQuillan G, Garas G,
Ravikumara M, Lopez A, Collins M, Jeffrey G. Transition to adult care for
pediatric liver transplant recipients: the Western Australian experience.
Pediatr Transplant. 2017;21(1).
9. Fish R, Judd A, Jungmann E, O'Leary C, Foster C, Network HIVYP. Mortality in
perinatally HIV-infected young people in England following transition to
adult care: an HIV young persons Network (HYPNet) audit. HIV Med. 2014;
15(4):239–44.
10. Blum RW, Garell D, Hodgman CH, Jorissen TW, Okinow NA, Orr DP, Slap GB.
Transition from child-centered to adult health-care systems for adolescents
with chronic conditions. A position paper of the Society for Adolescent
Medicine. J Adolesc Health. 1993;14(7):570–6.
11. McDonagh JE. Transition of care from paediatric to adult rheumatology.
Arch Dis Child. 2007;92(9):802–7.
12. American Academy of Pediatrics. American Academy of family physicians,
American College of Physicians-American Society of internal M: a consensus
statement on health care transitions for young adults with special health
care needs. Pediatrics. 2002;110(6 Pt 2):1304–6.
13. Stinson J, Kohut SA, Spiegel L, White M, Gill N, Colbourne G, Sigurdson S,
Duffy KW, Tucker L, Stringer E, et al. A systematic review of transition
readiness and transfer satisfaction measures for adolescents with chronic
illness. Int J Adolesc Med Health. 2014;26(2):159–74.
14. Gabriel P, McManus M, Rogers K, White P. Outcome evidence for structured
pediatric to adult health care transition interventions: a systematic review. J
Pediatr. 2017;188:263–9 e215.
15. Oen K. Long-term outcomes and predictors of outcomes for patients with
juvenile idiopathic arthritis. Best Pract Res Clin Rheumatol. 2002;16(3):347–
60.
16. Hersh A, von Scheven E, Yelin E. Adult outcomes of childhood-onset
rheumatic diseases. Nat Rev Rheumatol. 2011;7(5):290–5.
17. Hersh AO, von Scheven E, Yazdany J, Panopalis P, Trupin L, Julian L, Katz P,
Criswell LA, Yelin E. Differences in long-term disease activity and treatment
of adult patients with childhood- and adult-onset systemic lupus
erythematosus. Arthritis Rheum. 2009;61(1):13–20.
18. Baqai T, Ioannou Y. Comparison of juvenile and adult onset systemic lupus
erythematosus. Br J Hosp Med (Lond). 2012;73(10):558–63.

Jensen et al. Pediatric Rheumatology

(2020) 18:27

19. Fisher C, Sen D. Juvenile idiopathic arthritis: in adolescence and beyond. Br
J Hosp Med (Lond). 2012;73(10):564–70.
20. McDonagh JE. Young people first, juvenile idiopathic arthritis second:
transitional care in rheumatology. Arthritis Rheum. 2008;59(8):1162–70.
21. Hilderson D, Westhovens R, Wouters C, Van der Elst K, Goossens E, Moons P.
Rationale, design and baseline data of a mixed methods study examining
the clinical impact of a brief transition programme for young people with
juvenile idiopathic arthritis: the DON'T RETARD project. BMJ Open. 2013;
3(12):e003591.
22. Hilderson D, Moons P, Van der Elst K, Luyckx K, Wouters C, Westhovens R.
The clinical impact of a brief transition programme for young people with
juvenile idiopathic arthritis: results of the DON'T RETARD project.
Rheumatology (Oxford). 2016;55(1):133–42.
23. Stringer E, Scott R, Mosher D, MacNeill I, Huber AM, Ramsey S, Lang B.
Evaluation of a rheumatology transition clinic. Pediatr Rheumatol Online J.
2015;13:22.
24. Jensen PT, Karnes J, Jones K, Lehman A, Rennebohm R, Higgins GC, Spencer
CH, Ardoin SP. Quantitative evaluation of a pediatric rheumatology
transition program. Pediatr Rheumatol Online J. 2015;13:17.
25. Tattersall RS. The MAGICC and practical approach to rheumatology
transition. Br J Hosp Med (Lond). 2012;73(10):552–7.
26. Hersh AO, Pang S, Curran ML, Milojevic DS, von Scheven E. The challenges
of transferring chronic illness patients to adult care: reflections from
pediatric and adult rheumatology at a US academic center. Pediatr
Rheumatol Online J. 2009;7:13.
27. Hazel E, Zhang X, Duffy CM, Campillo S. High rates of unsuccessful transfer
to adult care among young adults with juvenile idiopathic arthritis. Pediatr
Rheumatol Online J. 2010;8:2.
28. US Agency for Healthcare Research and Quality. Introduction to the
National Inpatient Sample (NIS) 2014 http://www.hcup-us.ahrq.gov/db/
nation/nis/NIS_Introduction_2014.jsp. Accessed 20 Jan 2019.
29. Houchens R, Ross, DN., Elizhauser, A., Jiang.: Nationwide Inpatient Sample
redesign final report. In.; 2014.
30. US Agency for Healthcare Quality and Research. Healthcare cost and
utilization project (HCUP) http://www.ahrq.gov/data/hcup/index.html
Accessed 20 Jan 2019.
31. US Agency for Healthcare Quality and Research. NIS descriptions of data
elements 2014 http://www.hcup-us.ahrq.gov/db/vars/age/nisnote.jsp.
Accessed 20 Jan 2019.
32. Onda Y, Nishimura R, Morimoto A, Sano H, Utsunomiya K, Tajima N.
Diabetes epidemiology research international mortality study G: age at
transition from pediatric to adult care has no relationship with mortality for
childhood-onset type 1 diabetes in Japan: diabetes epidemiology research
international (DERI) mortality study. PLoS One. 2016;11(3):e0150720.
33. Cunningham TJ, Croft JB, Liu Y, Lu H, Eke PI, Giles WH. Vital signs: racial
disparities in age-specific mortality among blacks or African Americans United States, 1999-2015. MMWR Morb Mortal Wkly Rep. 2017;66(17):444–56.
34. Yen EY, Shaheen M, Woo JMP, Mercer N, Li N, McCurdy DK, Karlamangla A,
Singh RR. 46-year trends in systemic lupus Erythematosus mortality in the
United States, 1968 to 2013: a Nationwide population-based study. Ann
Intern Med. 2017;167(11):777–85.
35. DeRouen MC, Parsons HM, Kent EE, Pollock BH, Keegan THM.
Sociodemographic disparities in survival for adolescents and young adults
with cancer differ by health insurance status. Cancer Causes Control. 2017;
28(8):841–51.
36. Barnado A, Carroll RJ, Casey C, Wheless L, Denny JC, Crofford LJ. Phenomewide association study identifies marked increased in burden of
comorbidities in African Americans with systemic lupus erythematosus.
Arthritis Res Ther. 2018;20(1):69.
37. Butt SA, Jeppesen JL, Fuchs C, Mogensen M, Engelhart M, Torp-Pedersen C,
Gislason GH, Jacobsen S, Andersson C. Trends in incidence, mortality, and
causes of death associated with systemic sclerosis in Denmark between
1995 and 2015: a nationwide cohort study. BMC Rheumatol. 2018;2:36.
38. Aggarwal A, Phatak S, Srivastava P, Lawrence A, Agarwal V, Misra R.
Outcomes in juvenile onset lupus: single center cohort from a developing
country. Lupus. 2018;27(11):1867–75.
39. Mu L, Hao Y, Fan Y, Huang H, Yang X, Xie A, Zhang X, Ji L, Geng Y, Zhang Z.
Mortality and prognostic factors in Chinese patients with systemic lupus
erythematosus. Lupus. 2018;27(10):1742–52.
40. Foster HE, Minden K, Clemente D, Leon L, McDonagh JE, Kamphuis S,
Berggren K, van Pelt P, Wouters C, Waite-Jones J, et al. EULAR/PReS

Page 8 of 8

41.

42.

43.

44.

45.

46.

47.

standards and recommendations for the transitional care of young people
with juvenile-onset rheumatic diseases. Ann Rheum Dis. 2017;76(4):639–46.
Clemente D, Leon L, Foster H, Minden K, Carmona L. Systematic review and
critical appraisal of transitional care programmes in rheumatology. Semin
Arthritis Rheum. 2016;46(3):372–9.
Morgenstern H. Ecologic studies In: Rothman KJG, Sander; Lash, Timothy L.;,
ed. Modern epidemology. 3rd ed. Philadelphia Lippincott Williams and
Wilkins 2008:511–31.
Moores KG, Sathe NA: A systematic review of validated methods for
identifying systemic lupus erythematosus (SLE) using administrative or
claims data. Vaccine 2013, 31 Suppl 10:K62-.
Barnado A, Casey C, Carroll RJ, Wheless L, Denny JC, Crofford LJ. Developing
electronic health record algorithms that accurately identify patients with
systemic lupus Erythematosus. Arthritis Care Res (Hoboken). 2017;69(5):687–
93.
Chung CP, Rohan P, Krishnaswami S, McPheeters ML. A systematic review of
validated methods for identifying patients with rheumatoid arthritis using
administrative or claims data. Vaccine. 2013;31(Suppl 10):K41–61.
Kwa MC, Ardalan K, Laumann AE, Nardone B, West DP, Silverberg JI.
Validation of international classification of diseases codes for the
epidemiologic study of Dermatomyositis. Arthritis Care Res (Hoboken). 2017;
69(5):753–7.
Sreih AG, Annapureddy N, Springer J, Casey G, Byram K, Cruz A, Estephan M,
Frangiosa V, George MD, Liu M, et al. Development and validation of casefinding algorithms for the identification of patients with anti-neutrophil
cytoplasmic antibody-associated vasculitis in large healthcare administrative
databases. Pharmacoepidemiol Drug Saf. 2016;25(12):1368–74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

