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Special Section: Adherence and Diabetes

Type 1 diabetes (T1D) is a challenging chronic illness char-
acterized by a complex treatment regimen. Therefore, for 
even the most motivated adolescents, adherence to the diabe-
tes regimen (eg, glucose monitoring, insulin dose adjustment 
and delivery) can be problematic in the context of various 
developmental demands.1,2 Risk factors for suboptimal 
adherence and associated diabetes-related complications are 
vast and include peer influences, psychological factors (eg, 
depressed mood), demographic factors (eg, lower socioeco-
nomic status), and family factors (eg, high family conflict).1,3 
Given that suboptimal adherence to medical regimens can 
result in negative short- and long-term outcomes, it is para-
mount that efficacious interventions are adapted to improve 
adherence in adolescents with T1D.

Since the beginning of the 21st century, there has been 
growing emphasis on the use of technology to address 

adherence difficulties in a variety of chronic health conditions. 
For example, automated alerts and telemonitoring programs 
have been increasingly utilized by health care professionals to 
improve adherence.4 More specifically, treatment developers 
and researchers have expanded examination of text-messaging 
interventions for diabetes care in youth with T1D.5-7 Below, 
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Abstract
Background: There is growing evidence for the feasibility of text-based interventions for pediatric patients with type 1 
diabetes (T1D). However, less is known regarding whether the use of personalized text messages with high-risk youth and 
their caregivers is associated with improvements in youth health. This study examines the use of diabetes-specific texts and 
associated health outcomes for participants of the Novel Interventions in Children’s Healthcare (NICH) program.

Methods: Text messages sent to youth with T1D and their caregivers during NICH intervention were coded regarding 
diabetes relevance and adherence-related content. Health outcome data (eg, HbA1c values, hospital admissions) prior to and 
following NICH program enrollment were collected.

Results: Fewer than half (43%) of texts sent to patients and their caregivers were identified as being related to diabetes, and 
over 95% of diabetes-related texts were identified as adherence-related. Participants in the NICH program demonstrated 
a significant decrease in HbA1c values, t(23) = 2.78, p ≤ .05, and DKA-related hospital visits, t(24) = 2.78, p ≤ .01, during 
program involvement. Although no relationships were identified between patient-recipient text characteristics and health 
outcomes, the frequency and type of text messaging with caregivers was significantly associated with changes in health 
outcomes.

Conclusions: This study represents the most extensive evaluation of diabetes-related SMS use and health outcomes 
for NICH participants to date. Findings demonstrate improvements in patient health during NICH program involvement. 
Implications include that sending frequent, personalized, and adherence-reinforcing texts to patients’ caregivers may result in 
improved patient health, decreased utilization, and, potentially, associated reductions in health care costs.
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we review existing interventions with text message compo-
nents and describe an innovative intervention specifically 
aimed to improve adherence in difficult-to-treat youth with 
T1D through the use of text-messaging and other behavioral 
supports.

Existing Interventions

Several studies have evaluated the use of text messaging or 
Short Message Service (SMS) as a part of diabetes man-
agement interventions for pediatric patients with T1D,8 
targeting blood glucose monitoring,9-12 use of insulin,9,13 
diabetes education,9,11,13 physical activity,9,11,14 and barri-
ers to adherence.15 Text messaging programs present with 
varying structures, which include text messages created by 
the research team sent at predetermined times,9,12-14 text 
messages based on personal T1D-related goals sent at pre-
determined times,11,15 and text messages containing  
feedback from the medical team in response to participant-
generated texts.10,13 One recent study16 combined daily 
predetermined informational messages with weekly inter-
active messages related to managing the diabetes regimen. 
In addition, a number of text messaging programs have 
been combined with other interventions, including changes 
to insulin regimen,11 photo diaries,13 web-based interven-
tions,12,15 and pedometers;14 however, no such programs 
have been combined with in-person behavioral health 
support.

Existing programs which utilize texting as an interven-
tion component and their associated evaluations demon-
strate several notable limitations. For example, programs 
which utilize “personalized” messages (ie, not automated) 
do not typically include text content, intervention purpose, 
and message timing in their descriptions and program eval-
uations, while relying on a seemingly predetermined list of 
text selections. Although predetermined lists may result in 
increased efficiency and consistency amongst providers, 
this component also limits provider flexibility to adapt 
texts to best fit the individual and context. In addition, 
despite the importance of caregiver behaviors in T1D man-
agement, our literature review identified only one previous 
text program that delivered messages designed specifically 
for caregivers.9 While text messaging interventions appear 
to be both feasible and preferable for youth,8 few studies 
have demonstrated that these interventions are associated 
with improvements in glycemic control from baseline to 
follow-up.10,11,16 Furthermore, the average baseline HbA1c 
levels reported for these programs (ie, range of 8.3% to 
10.0%) suggest sample populations which, although not 
well-controlled, do not represent those patients at greatest 
risk. Taken together, it remains unclear whether interven-
tions with text messaging components are associated with 
improved glycemic control, especially in youth with poorly 
controlled diabetes.

Novel Interventions in Children’s 
Healthcare (NICH)

Novel Interventions in Children’s Healthcare (NICH) was 
developed for youth repeatedly hospitalized for diabetic 
ketoacidosis (DKA). NICH services involve intensive home- 
and community-based treatment for patients and their fami-
lies intended to reduce barriers to disease management. 
Because NICH is grounded in the ecological systems theory 
of human development, interventions are delivered across 
the multiple systems in which youth are embedded and in the 
settings in which health behaviors are developed and main-
tained (see Harris et al17 for a more thorough description of 
the NICH intervention and theoretical bases). Thus, text 
messaging is used in combination with in-person interven-
tions whenever possible to increase contact with patients and 
families, provide immediate reinforcement for diabetes man-
agement, assist with on-the-fly problem solving, build rap-
port, provide skills coaching, and ultimately improve 
adherence to the diabetes regimen. Text messages are all per-
sonalized (ie, no text messages are automated or written in 
advance), patients have access to providers 24 hours per day, 
seven days per week, and all outgoing texts are sent at times 
tailored to the patient’s needs (ie, 58.7% of text messages 
were sent outside of business hours). Previous research18 has 
suggested that NICH providers, hereafter referred to as 
“interventionists,” text NICH patients and their caregivers 
more than once per day, that patients and their caregivers 
have a high rate of response, and that text content is consis-
tent with program efforts to use texting to provide more 
opportunities for encouragement and support (68.4% of out-
going texts) and behavioral intervention (76.4% of outgoing 
texts). Although relatively small pilot evaluations of the 
NICH program have demonstrated associated improvements 
in diabetes management (eg, decreased HbA1c, reduced fre-
quency of DKA), the association between text messaging 
interventions and treatment outcomes within this model have 
yet to be explored.

The Current Study

The purpose of the current study is to expand on previous 
evaluations of the NICH program by coding diabetes-related 
relevance of SMS, increasing the sample size of health-
related outcome evaluation, and examining the association 
between text messaging interventions and treatment out-
comes in youth with T1D and their caregivers. Specifically, 
we investigated (1) how NICH interventionists utilize person-
alized texts related to diabetes, (2) whether NICH program 
involvement was associated with changes in health (ie, glyce-
mic control) and health care utilization (eg, ED visits, hospi-
tal admissions), and (3) whether changes in health-related 
outcomes were associated with text type and recipient. This 
study represents the most expansive evaluation to date of 
NICH program outcomes and is unique in its examination of 
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the relationship between program outcomes and use of per-
sonalized text messaging characteristics. To our knowledge, 
this study also represents the first examination of the associa-
tion between the SMS component of an intervention and 
intervention outcomes for high-risk youth with poorly con-
trolled diabetes.

Method

Procedure and Eligibility

The current study utilizes a retrospective evaluation of text 
messages sent by NICH interventionists to youth with diabe-
tes and their caregivers. Youth were referred to NICH by pro-
viders at a children’s hospital at a major academic medical 
center on the West Coast of the United States. Eligible youth 
were identified by medical staff as having experienced poor 
glycemic control, more than one potentially avoidable hospi-
talization (ie, hospital admission, emergency department 
visit), presence of psychosocial vulnerability (eg, youth men-
tal health diagnosis, family financial insecurity, involvement 
of child protective services), and poor response to standard 
medical interventions. Youth and families included in this 
particular study had already received NICH services, and ret-
rospective chart reviews of interventionist text records and 
patient medical records were conducted to collect text data.

Only patients and caregivers who had received at least six 
months of NICH services and two months of associated text 
records were included. In families with more than one identi-
fied caregiver, only texts sent to the interventionist’s primary 
contact person were included. If the patient or caregiver did 
not have access to a phone, the NICH program provided one. 
At the time of this study, 67 patients with diabetes had been 
approved for NICH services. Sixty-four families consented 
to treatment (95.5% engagement rate), and 26 of these fami-
lies had at least two months of text records. Of these 26 
patient-caregiver dyads, one patient was excluded due to 
caregiver discomfort with child phone access, one family 
was excluded due to withdrawal from program, and four 
caregivers were excluded due to lack of involvement in treat-
ment. Overall, data for 25 youth (11 males and 14 females) 
and 22 primary caregivers (15 mothers, four fathers, one sis-
ter, one grandmother, and one girlfriend) were collected. 
Patient mean age at onset of treatment was 15.8 years (SD = 
1.7). Twenty-three of the participating patients had been 
diagnosed with type 1 diabetes, and two patients had been 
diagnosed with type 2 diabetes and insulin dependence. All 
research procedures were approved by the university 
Institutional Review Board.

NICH Program Description

The interventions used in NICH, in addition to a case exam-
ple, have been described in detail previously.17,19 At the time 
of this study, NICH services were being provided by eight 

interventionists with caseloads of approximately 8 to 10 
patients and families each. Supervision was provided by doc-
toral-level providers, and NICH interventionists received 2 
hours of weekly interdisciplinary group supervision (eg, psy-
chologists, pediatricians, nurses, public health professionals, 
social workers) as well as weekly individual supervision and 
phone support as needed.

Data Collection

Text data were collected retrospectively by research volun-
teers who logged the date, time, and content of two continu-
ous months of interventionists’ text records. Although only 
outgoing text messages were coded and included in analyses, 
incoming texts were considered to determine context of out-
going texts. Research volunteers were trained to code the 
content (eg, adherence, appointment) and intended interven-
tion (ie, reminding, reinforcing, coaching) of each text. 
Patient age and sex as well as caregiver sex and caregiving 
status were recorded.

Four trained research volunteers uninvolved in data anal-
ysis and treatment conducted retrospective chart reviews of 
patients’ electronic health records (EHR). Volunteers col-
lected HbA1c values, hospital admissions, emergency 
department (ED) visits, number of days spent in the hospital, 
and number of DKA episodes for the 12-month period prior 
to NICH enrollment and the 12-month period following 
enrollment. Unlike previous characterizations of this sam-
ple,18 admissions and ED visits were treated as distinct out-
comes, and ED visits which resulted in an immediate 
admission were collapsed into a single admission. Interrater 
reliability estimates between the staff conducting reviews 
were excellent (k = 1.0).20

Text Coding

During phase one of text coding, a list of potential diabetes-
related categories was created by a focus group of interven-
tionists, researchers, and supervisors. Categories that 
appeared overly similar were combined, and those judged 
likely to be poorly represented were removed. Coders were 
trained to categorize whether each text was related to diabe-
tes, appointment attendance, adherence to the medical regi-
men, or none of these categories. Adherence-related texts 
were then coded as intended to remind, reinforce, and/or 
coach the recipient (see Figure 1).

Then, in phase two, to ensure coder reliability, approxi-
mately 2800 outgoing texts from interventionists to a combi-
nation of 30 youth and caregivers were coded. This resulted 
in high interrater reliability (k = 0.94).

Reminding.  Texts that suggested that the interventionist was 
reminding, requesting, or prompting the patient or parent to 
adhere or provide evidence of adherence in the immediate 
future were coded as “reminding” texts. Examples include 
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the following statements: “Send your numbers!,” “BGL 
time,” an emoji of a camera, video camera, or a check mark, 
“Have you taken your insulin?,” and a picture or suggestion 
of a reward (eg, skateboard, boots, videogame, manicure) 
with suspected intention of prompting a patient to adhere.

Reinforcing.  If a text suggested that the interventionist was 
providing encouragement or reinforcement related to 
adherence, coders were asked to code these texts as “rein-
forcing” texts. Examples include texts which state “Great 
job,” “you go girl!!!,” or “Nice!” or include a picture or 
suggestion of a reward (eg, skateboard, new boots, video-
game, manicure) in response to a picture or text demon-
strating proof of adherence.

Coaching.  Coders were directed to categorize texts as “coach-
ing” in situations in which the interventionist was problem-
solving with and/or coaching a patient through how to adhere 
to their medical regimen. Coaching texts were in response to an 
issue raised in an incoming text (eg, “I don’t feel good,” “Pass-
ing ketones!,” “my BGL is 550”). Instances in which an inter-
ventionist was identified as preparing the patient in advance for 
how to manage diabetes were also coded as “coaching.”

Results

Descriptive Outcome Information

HbA1c.  The last available HbA1c prior to NICH onset 
ranged from 8.30 to 14.00 (mean = 12.28, SD = 1.80) and the 
last HbA1c 1 year subsequent to NICH onset ranged from 
8.50 to 13.60 (mean = 11.10, SD = 1.54). A paired samples 
t-test revealed a significant difference between HbA1c prior 

to NICH initiation and 1 year post-NICH initiation, t(23) = 
2.78, p ≤ .05 (see Figure 2 and Table 1).

Hospital Visits.  Patients had a total of 47 ED visits during the 
year prior to NICH onset, ranging from 0 to 8 (mean = 1.88, 
SD = 2.05) and a total of 39 ED visits during the year subse-
quent to NICH onset, ranging from 0 to 10 (mean = 1.56, SD 
= 2.16). Of ED visits prior to NICH onset, 29 (61.7%) were 
due to a DKA episode (range = 0 to 4; mean = 1.88, SD = 
2.05) and, of ED visits during the year subsequent to NICH 
onset, 14 (35.9%) were due to a DKA episode (range = 0 to 
3; mean = 0.56, SD = 1.00). Paired samples t-tests revealed 
no significant difference between the number of ED visits 
during the year prior to NICH onset and the year subsequent 
to NICH onset, t(24) = 0.58, p = .566, but revealed a signifi-
cant decrease from the number of DKA episodes during the 
year prior to NICH onset to the year subsequent to NICH 
onset, t(24) = 2.78, p ≤ .01 (see Figure 3 and Table 1).

In addition, patients had a total of 30 hospital admissions 
during the year prior to NICH onset, ranging from 0 to 4 
(mean = 1.20, SD = 1.16) and a total of 19 hospital admis-
sions during the year subsequent to NICH onset, ranging 
from 0 to 6 (mean = 0.76, SD = 1.48). Of recorded hospital 
admissions, patients spent a total of 48 days in the hospital 
during the year prior to NICH onset, ranging from 0 to 6 

Total Texts  Sent by 
Interven�onists

N = 6,278

M (SD)= 133.57 (133.42)

Diabetes Related

n (%) = 2,703 (43.06)

M (SD) = 57.51 (66.31)

Appointment Texts

n (%) = 58 (1.62)

M (SD) = 1.23 (3.28)

Adherence Texts 

n (%) = 2,601 (72.76)

M (SD) = 55.34 (63.36)

Reinforcing Texts

n (%) = 1,247 (47.94)

M (SD) = 26.53 (34.59)

Reminding Texts

n (%) = 966 (37.14)

M (SD) = 20.55 (31.71)

Coaching Texts

n (%) = 497 (19.11)

M (SD) = 10.57 (14.91)

Not Diabetes Related

n (%) = 3, 575 (56.94)

M (SD) = 76.06 (75.71) 

Figure 1.  Outgoing Text Coding.
Note: M, mean; SD, standard deviation; n, number of texts sent by 
interventionists; %, percentage of category in row above. Means reflect 
the average number of texts received by each participant. 7
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Figure 2.  NICH Participant Lab Values.
Note: *p ≤ .05. NICH, Novel Interventions in Children’s Healthcare. Data 
include last value during the specified time period (ie, last available lab 
value carried forward).
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(mean = 1.92, SD = 2.02) and a total of 34 days in the hospi-
tal during the year subsequent to NICH onset, ranging from 
0 to 12 (mean = 1.36, SD = 2.90). Paired samples t-tests 
revealed no significant differences between the number of 
admissions during the year prior to NICH onset and the year 
subsequent to NICH onset, t(24) = 1.55, p = .134, or between 
the number of days admitted during the year prior to NICH 
onset and the year subsequent to NICH onset, t(24) = 1.33,  
p = .196 (see Figure 3 and Table 1). However, descriptive 
data reveals that 9 of 25 patients (36%) did not experience a 
hospital admission (ie, 0 days admitted) during the year prior 
to NICH, whereas 18 of 25 patients (72%) did not experience 
a hospital admission during the year subsequent to NICH 
onset.

Descriptive Text Information

Interventionists sent a total of 6278 text messages to patients 
and caregivers (referred to hereafter as “participants” when 

data are combined), ranging from 6 to 571 texts per partici-
pant (mean = 133.57, SD = 133.42; Figure 1) and received a 
total of 6633 text messages from patients and caregivers, 
ranging from 8 to 672 texts per participant (mean = 141.13, 
SD = 155.26). Bivariate correlations examined relations 
among frequencies of text messages sent to and from partici-
pants and revealed significant associations between the num-
ber of incoming and the number of outgoing text messages 
for patients (r = .97, p < .001) and caregivers (r = .84, p < 
.001), suggesting that incoming and outgoing text messages 
are significantly positively associated within each group. 
The frequency of texts sent by each participant was divided 
by the frequency of total texts both sent and received by each 
participant to calculate a proxy for participant responding 
(ie, the percentage of total texts that were sent by partici-
pants). Thus, 50% reflects balanced texting between the par-
ticipant and the interventionist (ie, the participant sent and 
received the same number of texts), percentages greater than 
50 reflect higher rates of participant texting as compared to 
interventionist texting, and percentages lower than 50 reflect 
lower rates of participant texting as compared to interven-
tionist texting. On average, participants sent 49.60%  
(SD = 8.41%) of total text messages sent and received. One-
way ANOVAs examined the effect of participant type (ie, 
patient vs caregiver) on rate of incoming texts, rate of outgo-
ing texts, and percentage of total texts sent by participants 
and did not yield significant main effects.

Text message frequencies by text type revealed that, of 
the 6278 text messages sent by interventionists, 43.0% were 
diabetes-related texts (n = 2703) and, of those diabetes-
related texts, 96.2% were adherence-related texts (n = 2601) 
and 2.14% were appointment-related texts (n = 58). 
Furthermore, of adherence-related text messages sent by 
interventionists, 47.9% were reinforcing texts (n = 1247), 
37.1% were reminding texts (n = 966), and 19.1% were 
coaching texts (n = 497). As such, reinforcement texts were 
the most commonly represented text content. Participants 
received an average of 25.38 (SD = 34.59) reinforcing texts, 
20.55 (SD = 31.71) reminding texts, and 10.57 (SD = 14.91) 
coaching texts. One-way ANOVAs examining the effect of 
participant type (ie, patient vs mother vs father vs other 

Table 1.  NICH Participant Health Outcomes.

Outcome measures

Year prior to NICH Year during NICH

t-test p value ESMean (SD) Mean (SD)

HbA1ca 12.28 (1.80) 11.10 (1.54) 2.78* .011 0.568
Number of admissionsb 1.20 (1.16) 0.76 (1.48) 1.55 .134 0.311
Number of days admittedb 1.92 (2.02) 1.36 (2.90) 1.33 .196 0.266
Number of ED visitsb 1.88 (2.05) 1.56 (2.16) 0.58 .566 0.116
Number of visits in DKAb 1.16 (1.11) 0.56 (1.00) 2.78** .010 0.555

*p ≤ .05. **p ≤ .01. NICH, Novel Interventions in Children’s Healthcare; SD, standard deviation; ED, emergency department; DKA, diabetic ketoacidosis.
aLast available HbA1c value during specified time frame.
bTotal number recorded during the specified time frame.
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**

Figure 3.  NICH Participant Hospital Utilization.
Note: **p ≤ .01. NICH, Novel Interventions in Children’s Healthcare; ED, 
emergency department; DKA, diabetic ketoacidosis. Error bars reflect 
standard error means.
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caregiver) on type of texts received by the participant did not 
reveal significant main effects.

Relations Among Type of Outgoing Texts and 
Participant Response Rates

Regression analysis examining main effects of text catego-
ries (ie, reinforcing, reminding, and coaching texts) was sig-
nificant among caregivers, accounting for 60.3% of the 
variability in proportion of caregiver texts. The main effect 
of reinforcing texts was significant (β = 0.77, t = 4.00, p < 
.01), whereas the main effects of reminding and coaching 
texts were null.

Regression analysis examining main effects of text cate-
gories was not significant among patients in accounting for 
the proportion of patient texts. Furthermore, main effects 
examined within this model were not significant.

Relationships Between Text and Outcome 
Variables

Bivariate correlations revealed that, among caregivers, the 
number of text messages received by the caregiver from the 
interventionist was significantly correlated with changes in 
number of hospital admissions for the patient from the year 
prior to NICH onset to the year subsequent to NICH onset (r 
= –.49, p < .05), such that sending more text messages to the 
caregiver was associated with a greater decrease in number of 
admissions during the first year of NICH for the respective 
patient. The bivariate correlation between frequency of text 
messages sent by the caregiver and change in hospital admis-
sions was null. In addition, bivariate correlations examining 
associations between incoming and outgoing caregiver text 
frequencies and other outcome variables (ie, number of days 
admitted, ED visits, DKA episodes) were null. Among care-
givers, further bivariate correlations revealed that changes in 
number of hospital admissions for the patient was signifi-
cantly and negatively associated with frequency of received 
diabetes-related texts (r = –.50, p < .05), reinforcement texts 
(r = -.45, p < .05), and coaching texts (r = –.55, p < .05), such 
that more texts in these categories were associated with a 
greater decrease in the number of hospital admissions during 
NICH. The frequencies of adherence-related, appointment-
related, and reminder texts were not significantly correlated 
with change in number of hospital admissions. In addition, 
bivariate correlations examining associations between text 
categories and other outcome variables (ie, number of days 
admitted, ED visits, DKA episodes) were null.

Among patients, bivariate correlations revealed that the 
frequency of text messages sent by the patient, frequency of 
text messages received by the patient, and changes in out-
come data (ie, number of admissions, days admitted, ED vis-
its, DKA episodes, HbA1c) were null. In addition, among 
patients there were no significant correlations between type 
of text and changes in outcome data.

Discussion

These findings represent the most extensive evaluation to 
date of NICH program outcomes and contribute to the 
broader understanding of how text message components may 
relate to changes in health outcomes. Results indicate that 
patients in the NICH program evidenced improved health 
during program involvement, as demonstrated by significant 
improvements in metabolic control. In addition, patients 
experienced fewer DKA episodes, on average, while involved 
in NICH. Furthermore, NICH participation was associated 
with a significant decrease in likelihood of patient hospital-
ization. Taken together, these findings are consistent with 
previous evaluations of the NICH program and suggest that 
NICH involvement is associated with improvements in 
patient health and reductions in acute medical complications 
(eg, DKA), both of which likely result in reduced health care 
costs for patients, hospitals, payors, and the general public.

Text coding results suggest that interventionists often sent 
texts that were designed to engage patients and reinforce 
their efforts to adhere to their medical regimen. These find-
ings also demonstrate that the majority of texts sent to 
patients and caregivers were unrelated to diabetes. This par-
ticular finding appears unique compared to other text-based 
interventions described in the literature but is consistent with 
NICH program emphases on building rapport and the impor-
tance of the human element in behavior change. In stark con-
trast with continued attempts to automate interventions,21 the 
NICH program’s text-messaging component remains truly 
personalized. This unique component, although more time 
consuming than automated delivery systems, may allow 
interventionists the needed flexibility to tailor text content to 
individual patient and family characteristics. As such, this 
central component of the NICH program may allow inter-
ventionists to more effectively engage and intervene with 
high-risk youth and their difficult-to-engage caregivers.

Interestingly, although there was no association between 
outgoing texts sent to patients and health outcomes, the fre-
quency of diabetes-related, reinforcing, and coaching texts 
sent to caregivers was significantly associated with decreases 
in hospital admissions. There are several potential explana-
tions for this finding. The frequency with which an interven-
tionist texts a caregiver may be a proxy for caregiver 
engagement, and anecdotal reports by interventionists indi-
cate that the more involved in treatment the caregiver is, the 
more likely program involvement will improve health. 
Indeed, caregiver involvement is often integral to positive 
youth outcomes, and numerous studies have documented 
both the mediating role of caregivers as well as the barriers 
to treatment progress ascribed to disengaged caregivers.22,23 
Alternatively, it is possible that interventionists are more 
likely to send texts frequently to those caregivers whose 
children are displaying improvements in health. Related to 
this, it’s possible that an unmeasured third variable (eg, 
caregiver stress) may drive both findings, such that high 
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caregiver stress may result in poor child health outcomes 
and insufficient time for caregiver texting. Another possible 
explanation is that more frequent texting of caregivers 
results in increased caregiver engagement in their children’s 
medical regimen, leading to decreased likelihood of an acute 
medical complication. Regardless of the explanation, in 
combination with the wealth of evidence demonstrating the 
importance of family and caregiver functioning in pediatric 
T1D outcomes,24-29 this finding suggests that texting care-
givers frequently and in a reinforcing manner should be a 
component considered for other text-based programs.

Regarding limitations, there was no control group with 
which to compare the health outcome and text data, limiting 
conclusions drawn regarding causality. In addition, the data 
presented here are retrospective, specific to the NICH pro-
gram, and were collected only for those NICH patients with 
available text data. As such, these findings may not general-
ize well to other clinical programs or patient populations. 
Furthermore, texting is one of many potentially impactful 
interventions delivered during the provision of NICH. Thus, 
we are unable to ascertain the unique role text message 
interventions may play in NICH outcomes. Also, the sample 
size was relatively small, so analyses were underpowered 
and less likely to detect some relationships. Indeed, the 
changes in health outcomes unanimously suggested mean-
ingful improvements during NICH, but not all were signifi-
cant based on p-values. Due to the underpowered analyses 
and the paucity of research in this area, we did not provide a 
correction for multiple comparisons. Future evaluations of 
NICH program technology use and health outcomes would 
benefit from inclusion of a control group as well as a larger 
sample size, data regarding health care costs and interven-
tionist time spent texting, and a more detailed examination 
of the temporal relationship between incoming texts, outgo-
ing texts, and patient health behaviors.

Conclusion

Despite these limitations, this study evidences several strengths 
and contributes to an increasingly growing body of the litera-
ture. These findings represent the largest evaluation of the 
NICH program to date and demonstrate associations between 
program involvement and improved health in patients with 
T1D, which are consistent with smaller-scale examinations of 
the NICH model for other populations.30 In addition, this is the 
first examination, to our knowledge, of how diabetes-specific 
text content sent to both patients and caregivers is related to 
patient health outcomes. Study results indicate that text inter-
ventions for pediatric patients with T1D may benefit from 
inclusion of caregivers, high frequency of communication, 
flexibility in how texts are tailored, and a greater emphasis on 
adherence reinforcement than reminders. Ultimately, these 
findings suggest that NICH and similar interventions can fea-
sibly include a personalized text component that may benefit 
patient health and, as a result, also reduce health care costs.
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