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ABSTRACT 

BACKGROUND:  This study compared outcomes and costs 
for new-onset Type 1 diabetes mellitus (T1DM) patients 
educated at the outpatient versus inpatient settings. 

METHODS/DESIGN:  Retrospective study examining 
the following variables: 1) hemoglobin A1c (HbA1c), 2)  
severe hypoglycemia, 3) admissions for diabetic ketoaci-
dosis (DKA) or ER visits, and 4) healthcare cost.

RESULTS:  152 patients with new-onset T1DM from Sep-
tember 2007-August 2009. There were no differences be-
tween outpatient group (OG) and inpatient group (IG) in 
mean HbA1c levels at 1, 2 and 3 years post-diagnosis (OG 
8%, 8.5%, 9.3%; IG 8.3%, 8.9%, 9%, p=0.51). Episodes 
of severe hypoglycemia, DKA, and ER visits were not 
different between the two groups. Mean total hospital 
costs for OG and pure OG were significantly less than IG  
(OG: $2886 vs. IG: $4925, p<0.001), (pure OG: $1044 vs. 
IG: $4925, p<0.0001).

CONCLUSION:  Our study demonstrates that outpatient- 
based pediatric diabetes education lowers healthcare cost 
without compromising medical outcomes. 

KEYWORDS:  diabetes education, inpatient, outpatient, 
HbA1c 

INTRODUCTION

Type 1 diabetes mellitus (T1DM) is the third most prevalent 
severe chronic disease of childhood in the United States.1 
Children with new-onset T1DM are traditionally hospital-
ized at diagnosis for patient education.5,6 The advantages 
of hospitalization include constant supervision with meal 
preparation, insulin administration and blood glucose moni-
toring.5,6 However, hospitalization may be traumatic for the 
child,7 costly to the healthcare system, and may trigger neg-
ative parental outcomes including increased work absentee-
ism, feeling of constantly being monitored and inability to 
care for other children.6

An alternative to hospitalization is outpatient education. 
Outpatient education enhances a family’s adjustment to 
diabetes and improves skills in self-management.10 It has 
gained popularity due to its potential to reduce healthcare 
costs and psychosocial stress to the family.6 

Several studies have examined the differences between 
inpatient and outpatient management of T1DM.5-7, 8-10, 12 
Chase et al. noted that long-term glycemic control, as mea-
sured by HbA1c values, was not different in the two groups 
(p>0.05).6 Siminerio et al. did not find statistically signifi-
cant differences in rates of hospital readmissions or emer-
gency room visits for severe hypoglycemia or ketoacidosis, 
sharing of responsibilities or family functioning.5 A recent 
study by Tonyushkina et al. did not show any significant dif-
ference in HbA1c at 1 year and 2 years post-diagnosis (p=0.85 
and p=0.69, respectively).2

Three studies compared cost-effectiveness of inpatient and 
outpatient care.3,8,12 Spaulding and Spaulding showed that 
the cost per patient of initiating insulin treatment in hospi-
tal was nine times the cost in a day-care program.8 Dough-
erty et al. found that increased costs of health care services 
with home care were largely offset by parental cost savings.12 
A study by Jasinski et al. showed that total charges per child 
for hospital care were 4.7 times higher among children in 
the inpatient group than in the outpatient group (p<0.001).3

In a review article comparing inpatient and outpatient 
management, there were no significant differences in psycho-
social/behavioral variables or rates of acute diabetes compli-
cations within two years between groups.9 However, there are 
insufficient data to conclude that outpatient diabetes educa-
tion is as good as, or better than, inpatient diabetes education.9

At Rhode Island Hospital/Hasbro Children’s Hospital (RIH/
HCH), an outpatient diabetes program was added for new-on-
set T1DM patients who are clinically stable, i.e. not in DKA 
(venous pH<7.3, serum HCO3<15 mg/L, glucose>250 mg/dL). 
Prior to September 2007, all children with new-onset T1DM 
were admitted for 3-5 days at Hasbro Children’s Hospital at 
time of diagnosis. Families were educated on the following: 
1) basic pathophysiology of DM, 2) types and action of insu-
lin, 3) insulin administration, 4) self-monitoring of blood 
glucose, 5) carbohydrate counting, 6) hypoglycemia manage-
ment and 7) sick-day management. They met with the cer-
tified diabetes educators and dietitian. After discharge, the 
diabetes team called the family for blood glucose review and 
insulin dose adjustments daily or every other day until their 
initial follow-up appointment four weeks after diagnosis.

In September 2007, we established the Pediatric Diabetes 
Outpatient Center of Rhode Island Hospital (PDOC), a mul-
tidisciplinary team consisting of diabetes educators, a pedi-
atric endocrinologist, dietitian and social worker. Within 24 
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hours of diagnosis, families come to the PDOC for three days 
with each session lasting four hours/day. Similar to families 
educated inpatient, the diabetes team calls the families daily 
until follow-up four weeks after initial diabetes education.

In both inpatient and outpatient settings, families are given 
the Understanding Diabetes Handbook by Barbara Davis 
Center for Childhood Diabetes and the Calorie King book. A 
pediatric endocrinologist and pediatric endocrinology fellow 
are available 24 hours a day for diabetes-related concerns or 
emergencies (hyperglycemia, ketonuria and hypoglycemia). 
The starting insulin dose is 0.5-1 units/kg/day divided in 2-4 
daily injections depending on age and type of insulin regi-
men. At RIH/HCH, patients at both the outpatient and inpa-
tient centers have the same nurse-educators for the entire 
diabetes education period. Only the dietitian was different 
between the two groups. Both inpatient and outpatient dieti-
tians, however, follow the same American Diabetes Associa-
tion (ADA) guidelines for diabetes education. 

The purpose of this study was to compare the effects of 
inpatient and outpatient initial diabetes education at RIH/
HCH in clinically stable patients with new-onset T1DM. 
We hypothesized that there would be no significant differ-
ences in HbA1c in the first 3 years after diagnosis, frequency 
of severe hypoglycemia, admissions for DKA or ER visits but 
that outpatient education would cost significantly less. 

METHODS

A retrospective chart review compared the outcomes of 
patients diagnosed with new onset T1DM prior to and after 
establishment of the PDOC in terms of: 1) HbA1c in the first 
3 years after diagnosis, 2) frequency of severe hypoglycemia, 
3) admissions for DKA or ER visits, and 4) diabetes education  
healthcare cost.

Patients with new-onset T1DM diagnosed from Septem-
ber 2007-August 2009 were identified by review of hospital 
medical records and the Pediatric Diabetes Database of the 
Division of Pediatric Endocrinology at RIH. Inclusion crite-
ria for the study were: age > 3 years and mild DM at presen-
tation (venous pH>7.3, with trace or negative urine ketones). 
Exclusion criteria included: children < 3 years of age, pro-
found developmental delay, DKA, hyperglycemia with mod-
erate or large ketonuria, illness requiring hospitalization and 
significant psychosocial issues that would interfere with 
outpatient education (lack of transportation, severe anxi-
ety disorder or mental health issues in the patient, parent 
or guardian). Patients were divided into those who received 
all of their education in the outpatient center (pure OG) and 
those who were admitted for 1 day to clear urine ketones 
and received most of their education in the PDOC (OG).

These patients were matched by age, sex and metabolic 
status to new onset T1DM patients who were admitted 
as inpatients from September 2004 until August 2007 (IG,  
historical control). 

Primary clinical outcome was assessed by quarterly 

measurements of glycosylated HbA1c. In inpatient setting, 
HbA1c was measured using the Tosoh Automated Glyco-
hemoglobin Analyzer HLC-723G8 which uses non-porous 
ion-exchange high performance liquid chromatography 
(Tosoh Bioscience, Inc., South San Francisco, CA, USA). 
HbA1c values were measured quarterly in the outpa-
tient setting using Siemens/ Bayer DCA 2000+ Analyzer 
(WS-DCA2000+, Bayer, Inc., Tarrytown, NY, USA). A mean 
HbA1c value was calculated for each subject per year of 
follow-up.

All inpatient and outpatient records for pediatric patients 
with diabetes mellitus seen by the Division of Pediatric 
Endocrinology at Rhode Island Hospital between Septem-
ber 2004 and December 2010 were reviewed. For inpatient 
data/ER visits, records having the ICD (International Clas-
sification of Diseases) code 250.xx (Diabetes Mellitus) were 
included. Admissions not related primarily to diabetes mel-
litus were excluded (surgical procedures, non-DM related 
hospitalizations, cystic fibrosis). 

To obtain an estimate of the cost-effectiveness of the Out-
patient Diabetes Education Center, total hospital charges for 
the initial admission (excluding physician fees) were aver-
aged for patients in the IG and compared to the average of 
visit charges for the outpatient group. 

Statistical Analysis
Student t-test analyses were used to test between-group dif-
ferences. Wilcoxon-signed rank test and univariate analy-
ses were used to compare hospital charges. Analyses were  
performed with STATA software, version 11.1.

RESULTS

Study participants
There were 152 patients with new-onset T1DM identified 
between September 2007 and August 2009. Thirty-three 
patients met our inclusion criteria for outpatient education 
(OG) and 119 patients were excluded (Figure 1). Ten patients 

Figure 1. Sample size and analysis population
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of the 33 had all of their education in the PDOC. Twen-
ty-three patients had 1 day of inpatient stay to clear keton-
uria but had most of their education in the PDOC. This OG 
group (n=33) was matched to 33 patients from the IG cohort, 
who received all of their education in the hospital.

Clinical and metabolic characteristics at diagnosis
The baseline clinical characteristics of the two groups 
showed no significant differences in age, sex, weight, height 
and BMI (Table 1). There were no significant differences in 
pH, bicarbonate, glucose and sodium levels between OG and 
IG (Table 2). 

Metabolic outcome
There were no differences in average glycemic control (mean 
yearly HbA1c) 3 years post-diagnosis between OG and IG 
(Figure 2). Mean HbA1c were 8.03% (OG) vs. 8.3% (IG), 
8.5% (OG) vs. 8.9% (IG), and 9.3% (OG) vs. 9.0% (IG) at 1, 2, 
3 years, respectively.

Acute DM complications
Over the three-year period, only 1 (3%) out of 33 patients 
from OG had an episode of severe hypoglycemia presenting 
as a seizure and 1 (3%) out of 33 patients from IG was re- 
admitted for DKA. 

Hospital charges
Mean total hospital cost for OG was significantly less than 
IG (OG: $2886 vs. IG: $4925, p<0.001); this difference was 
more pronounced when pure OG was compared to IG (pure 
OG: $1044 vs. IG: $4925, p<0.0001).

DISCUSSION

This retrospective study shows that outpatient management 
of new onset T1DM is a safe and cost-effective alternative 
to inpatient management. We found that outpatient and 
inpatient management resulted in the same rates of meta-
bolic outcomes and DM complications for up to three years 
post-diagnosis. Additionally, the mean hospital cost for pure 
outpatient management was $3,881 less than the mean hos-
pital cost for inpatient management. 

A study by Jasinski et al. at Baystate Children’s Hospital 
reported no difference in HbA1c between inpatient and out-
patient groups one year from onset.3 They also found total 
costs at one year to be significantly less in the outpatient 
group than in the inpatient group. Our study expands upon 
their results by showing that rates of DKA and hypogly-
cemia are also not significantly different between the two 
groups. We also found that these rates remain similar up to 
three years post-diagnosis, showing that inpatient and out-
patient management do not have significant differences in 
long-term metabolic outcomes. 

A review by Clar et al. identified other studies compar-
ing metabolic outcomes between inpatient and outpatient 
groups of new-onset T1DM patients, although there are few 
published studies on this topic.9 Chase et al. reported no sig-
nificant differences in HbA1c or diabetes-related hospital-
izations between the outpatient and inpatient groups after 
six years of follow-up.6 They did not include a cost analysis 
of the two groups. Siminerio et al. found no differences in 
metabolic outcomes, hospital readmissions, or overall fam-
ily functioning between the two groups, but only after a five-
week follow-up period.5 They recommended that a future 
study should compare long-term metabolic outcomes of the 
two groups. Our study showed that these same results can 
persist up to three years while also reducing healthcare costs. 

Our results may not be applicable to all healthcare cen-
ters. Outpatient education may not be feasible in centers 
with insufficient outpatient diabetes staffing. Some patients 
may require inpatient education if they live too far from the 
hospital to travel there often. Additionally, due to the nature 
of a retrospective study, some data may be inadvertently 
biased or missing from the results. Any care that patients 
may have received outside of Rhode Island Hospital, such 

Outpatient Inpatient p-value

# of cases 33 33

Age in years (+SD) 10.6 + 2.8 10.4 + 2.9 0.163

Sex (M/F) 14/19 15/18 0.062

Weight (kg) 41.6 + 6.8 52.9 + 8.9 0.16

Height (cm) 149.05 + 2.8 152.8 + 16 0.51

BMI (kg/m2) 18.8 + 3.7 22.7 + 1.1 0.08

Table 1. Baseline clinical characteristics of sample population

Outpatient Inpatient p-value

pH 7.4 + 0.05 7.39 + 0.03 0.49

Bicarbonate (meq/L) 23.5 + 4.9 23.7 + 3.3 0.89

Glucose (mg/dl) 458 + 142 454 + 149 0.93

Sodium (meq/L) 134 + 3.4 133 + 3.2 0.16

Table 2. Baseline metabolic characteristics of sample population.

Figure 2. Comparison of HbA1c of Outpatient group and Inpatient group
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as ER visits for hypoglycemia or DKA, was not included 
in the study. Some of the blood sugar measurements may 
have been missing or subjectively identified at some point 
over the three-year period. A follow-up study to confirm our 
results should use a prospective design. 

CONCLUSION 

Outpatient medical management and education appears 
to be a safe and effective alternative to hospitalization of 
newly diagnosed children with mild T1DM and no compli-
cating features. As healthcare systems find more cost-effec-
tive ways of delivering care, this will justify the need for 
third-party payers to increase reimbursement for outpatient  
diabetes education. 

References
1. National Diabetes Data Group, National Institutes of Health. 

(1995). Diabetes in America 2nd Edition. Bethesda, MD.
2. Tonyushkina KN, Visintainer PF, Jasinski CF, Wadzinski TL, 

Allen HF. Site of initial diabetes education does not affect met-
abolic outcomes in children with T1DM. Pediatr Diabetes. 
2014;15(2): 135-141.

3. Jasinski CF, Rodriguez-Monguio R, Tonyushkina K, Allen H. 
Healthcare cost of type 1 diabetes mellitus in new-onset chil-
dren in a hospital compared to an outpatient setting. BMC Pedi-
atr. 2013;13(1): 55. 

4. The Diabetes Control and Complications Trial Research Group. 
The effect of intensive treatment of diabetes on the develop-
ment and progression of long-term complications in insulin-de-
pendent diabetes mellitus. N Engl J Med. 1993;329(14): 977-986.

5. Siminerio LM, Charron-Prochownik D, Banion C, Shreiner 
B. Comparing outpatient and inpatient diabetes education for 
newly diagnosed pediatric patients. Diabetes Educ. 1999;25(6):  
895-906.

6. Chase HP, Crews KR, Garg S, Crews MJ, Cruickshanks KJ, Klin-
gensmith G, Gay E, Hamman RF. Outpatient management vs. 
in-hospital management of children with new onset diabetes. 
Clin Pediatr (Phila). 1992;31(8): 450-456.

7. Boyd JR, Hunsberger M. Chronically ill children coping with 
repeated hospitalizations: their perceptions and suggested inter-
ventions. J Pediatr Nurs. 1998;13(6): 330-342.

8. Spaulding RH, Spaulding WB. The diabetic daycare unit. II. 
Comparisons of patients and costs of initiating insulin therapy 
in the unit and a hospital. CMAJ. 1976;114(9): 780-783.

9. Clar C, Waugh N, Thomas S. Routine hospital admission versus 
outpatient or home care in children at diagnosis of type 1 diabe-
tes mellitus. Cochrane Libr. 2007(2). 

10. Charron-Prochownik D, Maihle T, Siminerio L, Songer T. Out-
patient versus inpatient care of children newly diagnosed with 
IDDM. Diabetes Care. 1997;20(4): 657-660.

11. Walker JB. Field work of a diabetic clinic. Lancet. 1953;262(6783): 
445-447.

12. Dougherty GE, Soderstrom L, Schiffrin A. An economic eval-
uation of home care for children with newly diagnosed dia-
betes: results from a randomized controlled trial. Med Care. 
1998;36(4): 586-598. 

Authors
Mia M. Pingul, MD, Pediatric Endocrinologist, Pediatric Specialists 

of Virginia, Fairfax, VA.

Erin M. Mulvihill, Summer Research Intern, College of Human 
Ecology, Cornell University, Ithaca, NY.

Steven E. Reinert, Statistician, Information Services Department, 
Lifespan Corp., Providence, RI.

Geetha Gopalakrishnan, MD, Department of Internal Medicine, 
Chief, Division of Adult Endocrinology, Rhode Island Hospital, 
The Warren Alpert Medical School of Brown University, 
Providence, RI.

Wendy A. Plante, PhD, Psychologist, Department of Child and 
Adolescent Psychiatry, Hasbro Children’s Hospital and Rhode 
Island Hospital/The Warren Alpert Medical School of Brown 
University, Providence, RI.

Charlotte M. Boney, MD, Chair, Department of Pediatrics, 
Division of Pediatric Endocrinology, Baystate Children’s 
Hospital, Springfield, MA.

Shara R. Bialo, MD, Department of Pediatrics, Division of Pediatric 
Endocrinology at Rhode Island Hospital and Hasbro Children’s 
Hospital/The Warren Alpert Medical School of Brown 
University, Providence, RI. 

Jose Bernardo Quintos, MD, Department of Pediatrics, Division of 
Pediatric Endocrinology at Rhode Island Hospital and Hasbro 
Children’s Hospital/The Warren Alpert Medical School of 
Brown University, Providence, RI. 

Disclosures
None

Correspondence
JB Quintos, MD
Associate Professor of Pediatrics
Rhode Island Hospital/The Warren Alpert Medical School of 
Brown University
Division of Pediatric Endocrinology
593 Eddy Street, MPS-2
Providence, RI 02903
401-444-5504
Fax 401-444-2534
JBQuintos@brown.edu

W W W. R I M E D . O R G  |  A R C H I V E S  |  F E B R U A R Y  W E B P A G E 24F E B R U A R Y  2 0 1 7   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   

mailto:JBQuintos%40brown.edu?subject=
http://www.rimedicaalsociety.org
http://www.rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2017-02.asp

	EDITORS-Thank you
	COMMENTARY–Friedman
	COMMENTARY–Rakatansky
	WE ARE READ EVERYWHERE
	CONTENTS–Features
	CONTENTS–News, People/Places
	CONTENTS-Centennial
	CONTENTS–Contributions
	CASE-Patel
	CONTRIBUTION-Pingul
	CONTRIBUTION-Donovan
	CONTRIBUTION-Jiang
	CONTRIBUTION-Rogo
	CONTRIBUTION-Rayess
	HEALTH BY NUMBERS
	HEALTH-Vital Statistics
	RIMS NEWS
	NEWS
	CENTENNIAL
	CENTENNIAL–Heritage
	_GoBack
	_GoBack

