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Abstract

Objective—Pediatric patients in Colorado with new onset type 1 diabetes (T1D) presenting with
diabetic ketoacidosis (DKA) increased from 29.9% to 46.2% from 1998 to 2012. The purpose of
this study was to compare differences between patients with newly diagnosed T1D who presented
in DKA with those who did not across three domains: sociodemographic factors, access to medical
care, and medical provider factors, aiming to identify potential targets for intervention.

Methods—Sixty-one patients <17 years of age with T1D duration <6 months completed the
questionnaire. Groups were compared using Fisher’s exact test or the Kruskal-Wallis test.

Results—Parents of 28% of patients researched their child’s symptoms on the Internet prior to
diagnosis. At the first healthcare visit for symptoms of T1D, 23% were not diagnosed. There were
no significant differences between groups (DKA vs. non-DKA) in demographics, first healthcare
setting for T1D symptoms, provider type at first visit or at diagnosis, insurance status, or specific
barriers to care. DKA patients had a longer interval between previous well visit to diagnosis
(median 172 vs 263 days, p=0.01). Non-DKA patients were more likely to have blood glucose
measured at (p=0.02), and had fewer symptoms prior to (p=0.01) the first visit for diabetes
symptoms. Parents of non-DKA patients were more likely to be familiar with symptoms of
diabetes (p<0.001) and to suspect diabetes (p=0.01).
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Conclusions—Targets for campaigns to prevent DKA include increasing provider glucose and
ketone testing, increasing public knowledge about diabetes, and understanding how socio-
demographic factors may delay T1D diagnosis.
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Introduction

Methods

Diabetic ketoacidosis (DKA) is a life threatening complication of type 1 diabetes mellitus
(T1D) and the leading cause of death in children and young adults with T1D [1, 2]. In the
US between 2002-2010, approximately 30% of youth newly diagnosed with T1D presented
with DKA [3]. Our center has reported that the proportion of patients in Colorado with new
onset T1D who present with DKA has increased from 29.9% in 1998 to 35.0% in 2007 and
to 46.2% in 2012. The reasons for this trend are unclear, but high cost of co-pay for
healthcare visits has been suggested as a contributor [1]. In addition to increased risk for
death, the metabolic derangements of DKA, including severe dehydration, cerebral edema,
and electrolyte disturbances, can lead to long term morbidity, including cognitive deficits [2,
4, 5, 6]. Moreover, DKA is associated with high healthcare utilization and cost, being
responsible for more than 500,000 hospital days for pediatric and adult patients at an
estimated annual direct medical expense and indirect cost of 2.4 billion USD [7, 8].

Because early symptoms of diabetes are present before the onset of DKA, DKA at the onset
of T1D signifies delayed diagnosis [1, 9]. DKA at diagnosis of T1D is more common in
younger children (< 3 years of age) [2], ethnic minority groups, and in children whose
families do not have ready access to medical care for social or economic reasons [9].

Therefore, the purpose of this pilot study was to compare the differences between the
patients with newly diagnosed T1D who presented in DKA with those who did not across
three domains: sociodemographic factors, access to medical care, and medical provider
factors. We aimed to identify potential targets for further investigation which could be
leveraged to decrease the rate of DKA at the onset of diabetes in pediatric patients.

This study was approved by the Colorado Multiple Institutional Review Board. All patients
13-17 years of age and all parents of patients 0-12 years of age gave informed consent.
Patients 7-12 years of age also gave assent. The survey tool was distributed at the Barbara
Davis Center in Aurora, Colorado, on an electronic tablet. Data were collected and managed
using the Research Electronic Data Capture (REDCap) hosted at the University of Colorado,
Denver [10].

All patients attending the pediatric diabetes clinic between June 8 and July 17, 2015 were
screened for eligibility. Those <17 years of age with diagnosis of T1D in the last 6 months
were approached for enrollment during their outpatient diabetes visits. Over the course of
the study, 119 patients who met criteria for the study were seen at the diabetes center. Sixty
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four subjects were approached for recruitment based on research study staff availability, all
of whom consented to participate. Sixty one completed the survey, and three were not able
to be contacted by telephone after the visit to complete the survey. Patients who completed
the survey and those who were not approached or did not complete the survey were similar
in age, gender, race/ethnicity, and insurance status (data not shown).

The questionnaire was conducted in person or by phone within 30 days of enrollment. Each
survey was conducted by one of the authors (BF and LB) to ensure proper interpretation of
the questions. The questionnaire was a one-time survey which took approximately fifteen
minutes. Patients 10-17 years of age collaborated with their parents or guardians on a single
questionnaire. Parents or guardians took the survey for youth < 10 years old. The survey
covered three domains: 1. medical provider details (e.g. who was patient’s primary care
provider (PCP), questions about each visit with a healthcare provider prior to diagnosis), 2.
access to medical care (e.g. no insurance, high copay/deductible, not having a PCP, hard to
get an appointment with a PCP), 3. sociodemographic factors. The survey allowed multiple
selections as well as a free text field for reported barriers to care. Medical records were used
to collect demographics, payer information, date of diabetes diagnosis, and information
about the presence of diabetic ketoacidosis. Study staff called private payers to obtain out-
of-pocket cost information for each patient.

DKA was defined by pH <7.3 or serum HCO3~ <15. The questionnaire asked whether the
patient initially presented with DKA, and that information was compared to the medical
record. Laboratory records were incomplete for only one patient, but because he was
diagnosed with DKA at the outside hospital and managed for several hours with intravenous
insulin, he was included in the DKA group. We did not collect information about blood or
urine ketone levels because many of the patients began receiving treatment outside our
hospital system and ketone levels were not consistently reported. A healthcare provider
(HCP) encounter was defined as any visit to a PCP, urgent care, emergency room (ER), or
other healthcare setting in which the subject was seen by a pediatrician, family medicine
physician, physician assistant, nurse practitioner, or other medical provider. If the HCP did
not diagnose diabetes but sent the child directly to the ER where diabetes was diagnosed, it
was considered a continuation of a single encounter.

For 8 participants, the date recorded on the survey for the most recent well or sick child visit
to the PCP was after the date of diagnosis, and therefore was set to missing.

The distribution of all variables was assessed prior to analysis. Descriptive statistics reported
are N (%) for categorical variables, and median (25™, 75! percentiles) for continuous
variables because the distributions of all continuous variables were skewed. Groups were
compared using Fisher’s exact test or the Kruskal-Wallis test.

Forty four percent of the 61 subjects experienced DKA upon the initial presentation of T1D.
There were no significant differences between the groups (DKA vs. non-DKA) in
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demographic variables: race, gender, age, highest attained parental education level, family
income, and insurance status (Table 1).

The DKA group had a longer time between the most recent well-child check and diagnosis
(Table 2), but groups did not differ across the other medical access variables. The median
time from the last well-child check to first seeking care for diabetes associated symptoms
was 172 days in the non-DKA group compared to 263 days in the DKA group (p=0.01).
Potential barriers to medical access for sick visit care explored in the questionnaire included
lack of PCP, lack of time, lack of insurance, having a high deductible or copay, difficulty
getting an appointment with a physician, lack of transportation, work-related interference, as
well as an “Other” option which allowed a free text response. There were no statistical
differences between the groups in regard to reported barriers to care. Difficulty obtaining a
healthcare appointment, unable to take off work, and not having time to seek healthcare
were the most common barriers to care reported by participants (Figure 1).

Participants without DKA were more likely to have blood glucose measured at the first visit
for symptoms of diabetes (91% vs 67%, p=0.02), but also had fewer symptoms prior to the
first visit (8 vs 10, p=0.02, Table 3). There were no differences between groups across the
other variables reported in Table 3. While there was no difference between the DKA and
non-DKA groups, 23% of patients were not diagnosed on the first healthcare encounter. Of
those not diagnosed at the first encounter, the median number of encounters was 3 in each

group.

Parents of children without DKA were more likely to be familiar with the symptoms of
diabetes and to be suspicious that the child had diabetes (Table 4). Nearly 80% of families in
the non-DKA group reported being familiar with the symptoms of diabetes prior to
diagnosis, compared to 33% in the DKA group (p<0.001). Furthermore, 65% of parents in
the non-DKA group reported having a suspicion of diabetes prior to diagnosis, compared to
30% in the DKA group (p= 0.01). Both groups reported using the internet to look up their
child’s symptoms (non-DKA, DKA; 27%, 30%, p= 1.00). Additionally, of the non-DKA
subjects who reported having a high suspicion of diabetes, 32% reported checking blood
glucose on their own, using their own glucometer or from friend or family member. In
contrast, only 4% of the DKA participants who reported suspicion of diabetes used a
glucometer to check a blood glucose (p=0.008). There were no significant differences in the
role of the provider, the setting of the first visit, or the setting of the diagnosis (Table 5).

Discussion

Diagnosing a child with diabetes is a two-step process. The family must first identify
symptoms and seek healthcare, and then the provider must make the correct diagnosis. A
majority of the time between the onset of symptoms and diagnosis of T1D is spent in this
appraisal period, and therefore may play a critical role in delayed diagnosis [11, 12]. Not
previously reported in the pathway to diagnosis of T1D was our finding that 28% of families
reported searching the child’s symptoms on the Internet, with similar fractions in each
group. Despite the children having fewer symptoms and by definition being less ill, parents
in the non-DKA group were more likely to have a high suspicion and prior knowledge of
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diabetes at initial presentation. Campaigns to increase public awareness of the symptoms of
T1D have shown success in lowering the incidence of DKA [13]. Public education and
increased access to glucose and ketone testing equipment in doctors’ offices have been
successful at decreasing the proportion of children presenting in DKA [13, 14]. Therefore an
Internet and social media presence of information on health conditions such as T1D could be
important tools to increasing public awareness and improving outcomes.

Age at time of presentation, ethnic minority status, lower parental education, lower family
income, and lack of adequate health insurance are factors associated with increased risk of
DKA for patients newly diagnosed with T1D [1, 3, 15]. However, we did not find
demographic differences between the DKA and non-DKA groups, possibly due the small
size and predominantly Caucasian makeup of our sample.

While there were no differences in medical access factors between the groups, barriers were
common. One in 5 families reporting difficulty in getting a healthcare appointment for the
symptoms of diabetes and 1 in 6 reporting being unable to take time off from work represent
important access barriers which need to be addressed. Additionally, a longer interval from
the last well-child check to T1D diagnosis in the DKA group suggests that these patients
were receiving less frequent routine health maintenance examinations. Restricted access to
well-child care may also impact sick visit access and they should therefore be investigated in
concert.

Despite government mandate that all Americans carry health insurance, lack of coverage
remains a potential cause for delay in the diagnosis of T1D in US children, with 2
respondents in each group reported being uninsured and citing insurance status as a barrier
to healthcare at the time of diagnosis. In addition, one respondent in each group reported
“high copay” as a barrier. Lack of a clear definition for “high copay,” however, could have
contributed to underreporting and should be further studied, especially with more Americans
now covered on high deductible plans [16].

Notwithstanding the fact that subjects without DKA are by definition less ill upon
presentation, they reported fewer symptoms prior to their first visit with a healthcare
provider (Table 3), which may indicate that some patients do indeed experience a more rapid
evolution of illness, predisposing them to DKA [17].

Twenty percent of children presenting to primary care are not diagnosed at the first clinical
encounter, most commonly due to having received alternative diagnoses or awaiting fasting
blood tests [11, 12]. Eight to 12% of youth with new onset diabetes receive diagnoses other
than diabetes at the initial healthcare contact, resulting in a median delay of 5 days [18, 19].
While there was no difference between our groups, our data were consistent with previous
findings, with 23% of all participants’ diabetes initially missed by a healthcare provider.
There is clearly a need to improve diagnosis of T1D in pediatric patients.

Of children in the non-DKA group, half of the families who suspected diabetes before it was
suggested by a healthcare worker used a glucometer of a friend or family member to aid in
the diagnosis of diabetes (Table 2). Patients in the non-DKA group were also more likely to
have had a blood glucose checked at the first HCP visit. Increased pre-visit suspicion of
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diabetes by the parents likely increases the chance that the provider will evaluate for
diabetes. Alternatively, an unexpected finding of hyperglycemia, glucosuria, or ketonuria
could be the first piece of information which would trigger the provider to consider a
diagnosis of diabetes and thus prevent a delay in delivering appropriate care.

Other areas we explored were potential associations between type of provider seen, setting
of health care visits, and number of visits before diagnosis of T1D was made. Although
pediatricians would be expected to have had more training in T1D in childhood and
therefore more familiarity with the diagnosis of T1D in children than other types of
providers, we found no difference between the type of provider seen on the first visit and
whether the child ultimately presented with DKA (Table 5). Further study will help
demonstrate what support will help the spectrum of HCPs more easily make the diagnosis of
T1D.

Limitations to this study include the small size and demographic makeup, the retrospective
collection of data, and the single center design. These factors may limit the generalizability
of our findings. Additionally, it was difficult to verify accurate insurance deductible
information from automated insurer systems. As we conducted the survey, most families
confidently recounted many details surrounding their child’s diagnosis. Although recruiting
as much as six months after diagnosis enabled quick, efficient enrollment, it also could have
contributed to recall bias. Recruiting at follow up visits and not capturing all consecutive
patients with new onset T1D could contribute to selection bias, although forty four percent
of children in this study experiencing DKA is close to what has been recently reported in our
region [1].

Conclusion

With over 18,000 new cases of T1D per year in youth aged <20 years and the incidence of
T1D in the US increasing by 2.7% annually [20], improving timely diagnosis and reducing
the risk of DKA is critical. Our most striking finding was the difference in familiarity of the
diabetes symptoms between the two groups. Parents frequently use Internet sources as they
consider their child’s symptoms, and many report glucose testing outside of the healthcare
setting and prior to seeing a provider. Hence, campaigns to increase awareness and empower
the public with knowledge of diabetes represent potential areas for intervention to reduce the
incidence of DKA in children who are newly diagnosed with T1D. Because many patients
with new onset T1D are initially misdiagnosed, primary and urgent care providers should
specifically inquire about polyuria, polydipsia, and weight loss in the setting of vague
complaints and have a low threshold to check blood or urine sugar and ketones.
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Reported Barriers to Medical Care (Sick visits)
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Figure 1.

Data reported as (%) of each group that responded “Yes” to having the barriers to care listed.
There were no significant differences between the DKA and Non-DKA groups for reported
barriers to medical care. Free text responses included, “Didn’t want her to miss school,”
“Communication between pediatrician and endocrinologist was not great,” “Parents
divorced and parent who had the suspicion of diabetes did not have the patient the week they
were diagnosed,” and “Was living away from mother, in Texas with his father.”
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