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Abstract

Background: The diagnosis of type 1 diabetes (T1D) in youth is often associated with diabetic
ketoacidosis (DKA). We aimed to evaluate if the presence of DKA at diagnosis of T1D is
associated with less favorable hemoglobin A;; (HbAZ1c) trajectories over time.

Methods: The SEARCH for Diabetes in Youth study of 1396 youth aged <20 years with newly
diagnosed T1D were followed for up to 13 [median 8 (IQR 6-9)] years post-diagnosis. Of these,
397 (28%) had DKA (bicarbonate level<15 mmol/l and/or pH<7.25 (venous) or <7.30 (arterial or
capillary) or mention of DKA in medical records) at diabetes onset. Longitudinal HbA1lc levels
were measured at each follow-up visit (average number of HbAlc measures 3.4). A linear
piecewise mixed effects model was used to analyze the effect of DKA status at diagnosis of T1D
on long-term glycemic control, adjusting for age at diagnosis, diabetes duration at baseline, sex,
race/ethnicity, household income, health insurance status, time-varying insulin regimen and
glucose self-monitoring, study site, and baseline fasting C-peptide level.
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Results: At baseline, HbAlc levels were significantly higher in youth with T1D diagnosed in
DKA versus those who were not (9.9%+1.5% vs. 8.5%+1.4%, respectively). After the first year
with diabetes, there was a significant difference in the rate of change in HbAlc levels by DKA
status: HbAlc was 0.16% higher each year in youth with DKA compared to those without
(interaction p-value<.0001), after adjusting for aforementioned covariates.

Conclusion/interpretation: DKA at T1D diagnosis is associated with worsening glycemic
control over time, independent of demographic, socioeconomic and treatment-related factors and
baseline fasting C-peptide.

Keywords
Diabetic ketoacidosis; glycemic control; type 1 diabetes

Introduction

Diabetic ketoacidosis (DKA) is often the presenting and life threatening acute complication
of newly diagnosed type 1 diabetes in youth-2, The SEARCH for Diabetes in Youth
(SEARCH) study previously reported that one in three U.S. youth with type 1 diabetes is
diagnosed with DKA, and this proportion has not declined throughout the first decade of the
215t centuryl. Moreover, individuals diagnosed at a younger age, of Hispanic or non-
Hispanic black race/ethnicity, from families with lower household income, and lack of
private health insurance are more likely to experience DKA at onset of diabetes?.

The presence of DKA at onset of type 1 diabetes is associated with devastating immediate
consequences such as increased mortality risk, but also longer hospitalizations, higher
insulin requirements and a shorter remission period3-. Presentation in DKA is thought to
reflect more advanced pancreatic -cell destruction during the pre-clinical evolution of the
disease®. Importantly, youth participating in longitudinal studies that screen for genetic risk
markers and islet autoantibodies, such as The Environmental Determinants of Diabetes in
the Young (TEDDY) and Diabetes Autoimmunity Study in the Young (DAISY), have lower
prevalence of DKA compared to youth in the general population diagnosed with type 1
diabetes’*8. It is believed that such youth screened for pre-clinical markers of type 1 diabetes
are diagnosed at an earlier stage of disease, likely with higher residual insulin secretion®.
While greater residual insulin secretion is associated with more favorable short-term clinical
outcomes in individuals with type 1 diabetes?-12, our knowledge of whether presence of
DKA at diagnosis of type 1 diabetes influences long-term glycemic control in youth with
type 1 diabetes is limited.

Poor long-term glycemic control is a strong predictor of life-long chronic complications
including proliferative retinopathyl3, diabetic kidney disease4, and cardiovascular
disease’®16, and adequate glycemic control is difficult to achieve, despite therapeutic
advances!’. A recent study in Colorado found a detrimental effect of DKA at diagnosis of
type 1 diabetes in children on overall hemoglobin A1 (HbALc) levels, an effect that was
sustained for the following 15 years and was independent of socio-demographic factors'8. In
addition to replicating this finding, we tested the hypothesis that presence of DKA at
diagnosis of type 1 diabetes in youth results not only in increased overall HbAlc levels, but
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also in a worse HbAlc trajectory (or rate of change) over time. Furthermore, we also
assessed whether the effect of DKA on long-term HbALc trajectory was related to lower
residual insulin secretion at onset of diabetes.

Data for these analyses derive from the SEARCH for Diabetes in Youth prospective cohort
study. A detailed description of SEARCH study methods has been published previously°.
The SEARCH study has been conducting population-based ascertainment of youth and
young adults with newly diagnosed diabetes when <20 years of age, starting in 2002 and
ongoing. SEARCH recruited participants from four geographically defined populations in
the U.S. (Ohio, Colorado, South Carolina and Washington) and also Indian Health Service
beneficiaries from selected American Indian populations, and from enrollees in a managed
healthcare plan (Kaiser Permanente) in Southern Californial®. Participants with newly
diagnosed diabetes in 2002-2006 and 2008 were invited to participate in a baseline research
visit, which occurred, on average, 9.3 months [SD, 6.4 months] after diagnosis, several
follow-up visits centered around 12, 24 and 60 months after the initial baseline visit, and a
final visit between 2011 and 2015 (mean of 7.9 years [SD, 1.9 years] from diagnosis?. The
study was reviewed and approved by local Institutional Review Board(s) that had
jurisdiction over the local study population and all participants provided written informed
consent and/or assent.

Type of diabetes

Diabetes type was defined using an etiological classification?! based on one or more positive
diabetes autoantibodies and estimated insulin sensitivity score which were validated against
hyperinsulinemic-euglycemic clamps at baseline. Type 1 diabetes was defined as at least one
positive antibody, regardless of insulin sensitivity, or no positive antibodies and an insulin
sensitivity score >8.1520.

Study participants

The eligible study population for this report consisted of all SEARCH participants who were
diagnosed in 2002-2006 and 2008, had a baseline visit and a diagnosis of type 1 diabetes as
described above, and at least two follow-up HbAlc levels (n=2206). DKA status was
missing among 810 of those participants, resulting in a final sample size 1396 youth. The
sample was followed for up to 13 [median 8 (IQR 6-9)] years post-diagnosis, with an
average number of 3.4 HbAlc measurements (on average 2.9 after the first year post-
diabetes onset). The number of HbAlc measures over time did not differ by DKA status
(DKA 3.3+1.0 vs. no DKA 3.4+1.1, p=0.26). There were no significant differences in age,
sex, race/ethnicity, household income, health insurance status, insulin regimens, or glucose
meter use between participants excluded from the analysis due to missing data and those
who were not (data not shown).
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Data collection

At each research visit fasting blood samples were obtained and medications, including short-
acting insulin, were withheld the morning of the visit. Physical measurements were
conducted and questionnaires were administered by trained research personnel. For race and
ethnicity, US census methods?2 were used that provide a series of fixed race and ethnicity
categories, as well as an “other” option for the self-reported race/ethnicity. These were
further categorized into non-Hispanic white and groups comprised of those of minority race/
ethnicity, including Hispanic (regardless of race),non-Hispanic black, and non-Hispanic and
of another race (“other”). Parental education level, household income, health insurance
status, insulin regimen and blood glucose self-monitoring use were self-reported. Health
insurance status was categorized as private, Medicare/Medicaid, self-pay and other; we did
not combine the ‘other” and ‘self-pay’ categories as we felt they represent two distinct
groups (individuals who have insurance (just not private or Medicaid/Medicare) and
individuals who do not have insurance at all).

Laboratory measures

At the baseline visit, specimens were analyzed for autoantibodies to glutamate
decarboxylase (GADA) and insulinoma-associated-2 autoantibodies (IA-2A) at the central
laboratory® (Northwest Lipid Metabolism and Diabetes Research, Seattle, WA). Zinc
transported eight autoantibodies (ZnT8A) were analyzed at the Eisenbarth laboratory
(University of Colorado, Aurora, CO)23. Levels of fasting C-peptide (FCP) were determined
by a two-site immunoenzymetric assay (Tosoh 1800; Tosoh Bioscience) with a sensitivity of
0.05 ng/mlI?4. HbA1c levels were measured at baseline and at each subsequent study visit by
a dedicated ion-exchange high-performance liquid chromatography instrument (Tosoh
Bioscience, San Francisco, CA)17. DKA at onset of diabetes was considered to be present if,
in the context of hyperglycemia, any of the following were present: a blood bicarbonate level
<15 mmol/L, and/or a pH < 7.25 (venous) or <7.30 (arterial or capillary), and/or a DKA
diagnosis mentioned in the medical records?.

Statistical analysis

Baseline characteristics were compared between youth who presented in DKA and those
who were not using #tests for continuous variables and X2 test for categorical variables.
Tests of normality were conducted with the Kolmogorov-Smirnov and Shapiro-Wilks tests.
Variables that were positively skewed were natural log-transformed for analyses or
nonparametric analogs were used. Pearson correlation coefficients were used to examine the
correlation and covariance matrices for the repeated measures of HbAlc levels over time.

The relationship between DKA status at diabetes diagnosis and HbA1c levels over time
(diabetes duration) was modeled using a piecewise linear mixed effects model with a knot at
1 year of diabetes duration. A knot was placed at year 1 because in many patients, the
clinical course of type 1 diabetes during the first year is characterized by residual
endogenous insulin secretion (the remission phase)#25:26 and thus does not accurately
represent the trajectory of long-term glycemic control. Random intercepts and slopes
accounted for potential correlation of repeated measures on the same individual. Fixed
effects included time (diabetes duration), DKA status at baseline, as well as an interaction
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term between DKA status and diabetes duration. The interaction term was included in order
to explore whether differences in the slope of HbAlc levels changed over time as a function
of DKA status. Models were adjusted for age at diagnosis, diabetes duration at baseline, sex,
race/ethnicity, household income, health insurance status, time-varying insulin regimen and
glucose self-monitoring, study site, and baseline fasting C-peptide level. Two separate
models were developed, with and without adjusting for baseline fasting C-peptide, in order
to assess the impact of baseline fasting C-peptide on the association of DKA status at
diagnosis and long-term glycemic control; all other covariates listed previously remained in
the model. All models were assessed for effect modification by race/ethnicity and age and
the estimates were reported for a 1 unit change (equivalent to a 1% change) in HbAlc.

Model assumptions, such as a normally distributed outcome measure, were checked.
Transformed residuals, using Cholesky decomposition technique, were examined to assess
the adequacy of the fitted model and to look for any indication of outliers. Since the mixed
model analyses assume data are missing at random, the missing data pattern was checked
and the assumption was verified by plotting the means over time stratified by time of the last
measure completed. For all analyses a p-value of <0.05 was considered statistically
significant. The statistical analyses were performed using SAS software, version 9.3 (SAS
Institute Inc., Cary, NC, USA).

At the time of type 1 diabetes diagnosis, 28% (397/1396) of youth presented in DKA. The
characteristics of the study population at the baseline visit stratified by DKA status are
shown in Table 1. There were no significant differences in sex distribution or age at
diagnosis between the two groups, although, by design, duration of diabetes at the baseline
research visit was slightly longer in youth diagnosed in DKA. Youth who presented in DKA
were more likely to be of minority race/ethnicity, to be uninsured or have government
subsidized health insurance, and to have lower household income compared to youth without
DKA at diagnosis. Baseline fasting C-peptide levels were lower (0.4 ng/dL vs 0.5 ng/mL),
and baseline HbA1c levels higher (9.9% vs. 8.5%) in youth with DKA at diagnosis versus
those without DKA.

Table 2 shows the results of the multivariate piecewise linear mixed effects model examining
the effects of DKA at diagnosis of diabetes and other risk factors on HbAlc levels over time.
In Model 1, the significant interaction term between DKA status and diabetes duration after
the first year indicates a difference in the rate of change in glycemic control: for each
additional year with diabetes, youth diagnosed in DKA had 0.18 unit higher HbA1c levels
than those without DKA (p<.0001). These associations were independent of age at
diagnosis, sex, race/ethnicity, household income, health insurance status, time varying
insulin regimens and glucose self-monitoring activities, study site, and diabetes duration at
baseline (Model 1). When baseline fasting C-peptide was also added (Model 2) the
difference in HbAlc levels per year between the two groups (DKA at onset versus not) does
not change substantially (0.16 units higher HbAlc levels per year in youth with DKA
compared to those without DKA and this remains statistically significant; p<.0001).
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In the fully adjusted model, we also examined the other factors associated with overall
HbA1c levels over time, independent of DKA status (Table 2, Model 2). In this model,
HbA1c levels over the entire range of diabetes duration were overall 0.35 units higher
among Hispanics and 0.78 units higher among non-Hispanic blacks, compared to non-
Hispanic white youth. HbAlc levels were 0.35 units lower in youth from households with
incomes higher than $75,000 compared to households with less than $25,000; and 0.32 units
higher in youth with government subsidized health insurance compared to those with private
insurance. We also found a marginally significant association of 0.12 unit higher overall
HbA1c levels in females compared to males. When examining factors related to clinical
diabetes management, we found that overall HbAlc levels were higher with decreasing
frequency of glucose testing at baseline and remained throughout the entire follow-up period
in both youth diagnosed in DKA and those who were not (0.94 units higher for less than
once a day and 0.49 units higher for 1-3 times a day compared to 4+ times a day,
respectively). HbAlc levels were 0.15 units lower in youth who used a pump as compared to
those who used injectable insulin. Finally, overall HbAlc levels were 0.18 units lower for
every 1 ng/mL increase in baseline fasting C-peptide, after controlling for DKA status at
diagnosis.

The predicted mean HbAlc levels over the study period by DKA status are presented in
Figure 1. For both groups, as expected, there was a large reduction in HbAlc levels the first
year post type 1 diabetes diagnosis followed by an increase in HbA1lc levels over time. After
the first year with diabetes, the mean difference in HbAlc levels between the two groups
increased over time, from 0.12 units at one year to 1.18 units at 9 years of follow-up.

Discussion

We found that DKA at diagnosis of type 1 diabetes is associated with overall worse
glycemic control (higher overall HbA1c levels), but also with a worsening glycemic
trajectory after the first year of disease. These associations were independent of
demographic (sex, race/ethnicity and age at diagnosis), socioeconomic (household income
and insurance status), treatment related factors (frequency of glucose monitoring and insulin
regimen), and residual insulin secretion around the time of diagnosis, all of which are
associated with both presence of DKA and long-term glycemic control. Our data provide
strong and novel evidence that DKA at onset of type 1 diabetes is not just an acute
complication but also a risk factor for long-term worsening glycemic control.

There are a number of cross-sectional studies examining differences in HbAlc levels
between youth with and without DKA at diabetes onset, but few prospective studies exist. A
recent study performed at the Barbara Davis Center for Diabetes in Colorado among 3364
youth (average age of 9 years at baseline) reported a sustained negative effect of DKA at
diagnosis of type 1 diabetes on HbA1c levels during 15 years of follow up!®. However, this
study did not assess whether DKA at onset was associated with a worse HbA1c trajectory
over time. Our findings substantially extend upon these observations by providing evidence
that the effect of DKA at type 1 diabetes diagnosis on long-term HbAlc /ncreases with
duration of diabetes. Additionally, in our study, this relationship was independent of clinical
management factors (diabetes treatment and glucose monitoring over time), suggesting that
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the effect of DKA at onset of diabetes on the trajectory of glycemic control is profound and
likely not easily rectified with more intensive clinical care. Finally, our study shows that this
association is not completely due to lower residual insulin secretion around the time of the
baseline study visit, an average of 9.3 months [SD 6.4 months] after diabetes diagnosis. This
is a novel and somewhat unexpected finding, which suggests that the effect of DKA at onset
on long-term glycemic control operates through mechanisms that are in addition to those
related to lower residual insulin secretion. This finding warrants further investigation.

Higher insulin requirements* and worse glycemic control?? during the following 1-2 years
have also been shown in children with DKA at presentation compared with those diagnosed
with milder symptoms. DanDiabKids, a Danish national diabetes registry for children, found
presence of DKA at diabetes onset in 18% of their type 1 diabetic youth; compared with
28% in our study. When examining long-term glycemic control they found 0.24 unit higher
HbA1c levels over the 2 year study period for children diagnosed in DKA compared to
controls?”. Again, our observations extend upon these findings with longer follow-up time
and ability to assess the trajectory of glycemic control over time. The DanDiabKids study
also showed that pump use was associated with improvement in glycemic control over time
reversing the effect of DKA at onset?”. In contrast, in our study, adjustment for changes in
insulin regimens over time did not influence the effect of DKA at onset on poor glycemic
control over time.

Our study identified other predictors of higher HbAlc levels over time, independent of DKA
status, including being of Hispanic or non-Hispanic black race/ethnicity, injectable insulin
regimens (compared to pump use), less frequent glucose monitoring, being on Medicaid/
Medicare insurance (compared to private health insurance) and lower fasting C-peptide
levels at baseline. These results highlight socio-demographic and clinical management
factors, other than DKA, that can be targeted to reduce poor long-term glycemic control and
are consistent with findings previously reported!8. All these factors have been shown to
affect psychosocial contributors of poor glycemic control in youth with type 1 diabetes -
likely exaggerating the detrimental effect28.

Several studies have demonstrated that the influence of poor glycemic control on risk for
diabetes-related chronic complications is evident early during the course of the disease and
persists for many years'®29, High HbA1c levels in the first five years of childhood onset of
type 1 diabetes predicts microalbuminuria3® and retinopathy later in life3!. The Diabetes
Control and Complications Trial (DCCT) demonstrated that mean HbAlc levels during the
trial were the strongest predictors of retinopathy progression, and that even what may seem
like minimal changes in HbAlc actually translate into large reductions in the risk for disease
development?®. Specifically, the DCCT study found a 73% risk reduction for progression of
retinopathy in the intensive therapy compared with the conventional therapy group, after
adjusting for retinopathy level on entry and pre-DCCT level of hyperglycemia32.
Furthermore, in DCCT, virtually all of the treatment effect on retinopathy progression was
explained by a reduction in HbAlc levels comparable to the difference in HbAlc levels by
DKA status observed in our study at 9 years duration.
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The current study has inherent limitations and strengths. We were unable to explore
psychological factors that may impact adherence to treatment especially during the transition
into adolescence; however, we controlled for frequency of glucose monitoring as proxy. In
addition, we were unable to explore general health awareness of study participants that may
influence both diagnosis of DKA at diabetes onset as well as the number of study visits an
individual may have participated in. For ~50% of participants only two time points were
used to assess long-term glycemic control, though this did not differ by DKA status This
study, however, has several important strengths. The study population was drawn from what
is, to our knowledge, the largest multi-ethnic population-based registry of pediatric diabetes
in the U.S., and has similar demographic and clinical characteristics to the overall population
from which it draws33. HbA1c levels were measured during research visits, with
standardized protocols, for up to 13 years after diagnosis, allowing for the determination of
the relationship between DKA at onset and long-term glycemic control.

In summary, we found that presence of DKA at type 1 diabetes diagnosis is associated with
worsening glucose control trajectories over time, independent of demographic,
socioeconomic and diabetes treatment-related factors, as well as independent of residual
insulin recreation around the time of diagnosis. To the extent that this association is further
confirmed as causal, efforts to prevent DKA are warranted, as they may translate into
improved glycemic control over time, which, in turn, may reduce the burden of diabetes-
associated morbidity and mortality.
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Duration (years) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8
Number of data points 43 1961 1502 1132 502 278 1032 727

Figure 1: Model-based HbA1c levels over time according to DK A status at diagnosiswith Type 1
Diabetes
Data from piecewise linear mixed effects model with knot at 1 year diabetes duration (time 0

= diagnosis of type 1 diabetes). Time, as measured by diabetes duration, was assessed as a
continuous variable and the shaded region corresponds to the 95% confidence interval. The
number of data points contributing to each 1-year time interval are displayed in the table
below the figure. Data are shown for up to 9 years post-diagnosis (the upper limit of the
interquartile range).

Model adjusted for: age at diagnosis, diabetes duration at baseline, sex, race/ethnicity,
household income, insurance status, time varying insulin regimen and glucose self-
monitoring, study site, and baseline fasting C-peptide. P-value <.0001 for the difference in
slopes after year 1 between youth diagnosed with diabetes in DKA compared to those who
were not. Predicted mean levels of HbAlc for youth presenting in DKA at diagnosis versus
those who did not are: Year 1: 7.90% vs. 7.78%; Year 5: 9.21% vs. 8.59%; Year 9: 10.07%
vs 8.89%, respectively. DKA = diabetic ketoacidosis; HbAlc = hemoglobin A;¢; T1D = type
1 diabetes.
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Table 1:

Characteristics of youth with type 1 diabetes at baseline SEARCH visit, according to DKA status at diagnosis

Variable Missing (nD=§9A7) T,?:%gKg/; p-value

Age at diagnosis (years) 0 (0%) 9.3+39 9.4+41 0.75

Sex (female) 0(0%)  198(50%) 471 (47%) 0.36

Race/Ethnicity 0 (0%) 0.005
Non-Hispanic white 287 (72%) 802 (80%)
Non-Hispanic black 46 (12%) 86 (9%)

Hispanic 50 (12%) 96 (10%)
Other 14 (4%) 15 (1%)

Household Income 94 (7%) <.0001
<$25K 64 (18%) 121 (13%)
$25-49K 108 (30%) 185 (20%)
$50-74K 67 (18%) 212 (22%)
$75K+ 124 (34%) 421 (45%)

Health Insurance Status 10 (1%) 0.001
Private 291 (74%) 822 (82%)
Medicaid/Medicare 82 (21%) 148 (15%)

Self-pay 11 (3%) 9 (1%)
Other 7 (2%) 16 (2%)

Insulin Regimen 59 (4%) 0.17
Injectable Insulin 353 (93%) 867 (90%)

Pump 26 (7%) 91 (10%)

Frequency of Glucose Monitoring 59 (4%) 0.08
4 or more times a day 329 (86%) 845 (88%)

1-3 times a day 45 (12%) 108 (11%)
Less than once a day 6 (2%) 4 (1%)

Duration of diabetes at baseline (months) 0 (0%) 9.7+6.1 9.0+6.2 0.05

Fasting C-peptide (ng/mL)a 14 (1%) 0.4 (0.2-0.9) 0.5(0.2-1.0) 0.03

Baseline HbALc (%) 7(05%) 9.9+15 85+14 <0001

Number of HbAlc measures over time 3310 3411 0.26

Follow-up time (months of diabetes duration) 97.1+29.6 97.0+29.7 0.98

Data are presented as mean + SD and comparisons made using the unpaired Students t-test.
Categorical data are presented as number (%) and comparisons made using a chi-square test.
8Data are presented as median (IQR) comparisons made using the Wilcoxon rank-sum test.

DKA = diabetic ketoacidosis. HbAlc = hemoglobin A1¢
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Table 2:

Results of the piecewise linear mixed effects model examining effects of DKA at diagnosis of diabetes and
other risk factors on HbA1c levels over time

Variable Etimate (:LSE) pualue oot (ZSE) p-value
Age at Diagnosis (per 1 year) -0.01 (0.008) 0.24 -0.01 (0.008) 0.91
Sex (female vs male) 0.11 (0.06) 0.08 0.12 (0.06) 0.05
Race/Ethnicity

Non-Hispanic white Ref - Ref -

Non-Hispanic black 0.72 (0.12) <.0001 0.78 (0.12) <.0001

Hispanic 0.31 (0.12) 0.01 0.35 (0.12) 0.005

Other 0.20 (0.23) 0.38 0.19 (0.23) 0.40
Household Income

<$25K Ref - Ref -

$25-49K -0.04 (0.12) 0.74 -0.05 (0.12) 0.69

$50-74K -0.02 (0.14) 0.90 -0.05 (0.13) 0.70

$75K+ -0.32 (0.13) 0.02 -0.35(0.13) 0.01
Insurance Status

Private Ref - Ref -

Medicaid/Medicare 0.35 (0.12) 0.004 0.32 (0.12) 0.007

Self-pay 0.17 (0.28) 0.54 0.26 (0.29) 0.37

Other -0.07 (0.24) 0.79 -0.05 (0.24) 0.85
Insulin Regimen (time varying)

Injectable Insulin Ref - Ref -

Pump -0.16 (0.07) 0.01 -0.15 (0.07) 0.02
Frequency of Glucose Monitoring (time varying)

4 or more times a day Ref - Ref -

1-3 times a day 0.49 (0.06) <.0001 0.49 (0.06) <.0001

Less than once a day 0.93 (0.20) <.0001 0.94 (0.20) <.0001
Baseline Fasting C-Peptide (per ng/mL) - - -0.18 (0.05) <.0001
Rate of Change per Year in HbAlc <1 Year Diabetes Duration

DKA Status (yes vs no) -1.31(0.81) 0.11 -1.33(0.80) 0.09
Rate of Change per Year in HbAlc 1+ Years Diabetes Duration

DKA Status (yes vs no) 0.18 (0.01) <.0001 0.16 (0.02) <.0001

A linear mixed effects model examining the relationship between DKA status at baseline and change in HbAlc levels over the 9 year study. Models
were additionally adjusted for duration of diabetes at baseline visit and study site. Model 1 unadjusted for baseline fasting C-peptide. Model 2
adjusted for baseline fasting C-peptide level. DKA = diabetic ketoacidosis; HbAlc = hemoglobin A1c; SE = standard error; T1D = type 1 diabetes.
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