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ABSTRACT

Aims: People with recently-diagnosed type 1 diabetes mellitus (T1D) may undergo a tran-
sient period of glycaemic control with less exogenous insulin. Identification of predictors
of this ‘remission’ could inform a better understanding of glycaemic control.
Methods: Participants in the ADDRESS-2 study were included who had 1 or 2 assessments of
remission status (coincident insulin dose and HbAlc measurement, with remission defined
by <0.4 units insulin/kg-body-weight/day with HbAlc < 53 mmol/mol). Demographic and
clinical presentation characteristics were compared according to remission status and pre-
dictors of remission were explored by logistic regression analysis.
Results: 1470 first and 469 second assessments of remission status were recorded within
12 months of diagnosis of T1D. Step increases in the probability of remission were identi-
fied at age-at-diagnosis 20 years and 3 months after diagnosis (both p <0.001). Among
those aged < 20 years, remission was associated with male gender (p = 0.02), no ketoacido-
sis (p = 0.02) and fewer than 2 symptoms at presentation (p = 0.004). None of these charac-
teristics predicted remission in those aged >20years. In the subgroup with two
assessments, transition to remission was independently associated with first remission
assessment in months 1-2 post-diagnosis (p=0.01), with age-at-diagnosis > 20 years
(p=0.01) and, in those aged < 20 years, with an early HbAlc of <57 mmol/mol. Adiposity,
ethnicity, autoantibody status and other autoimmune disease were unrelated to remission.
Conclusions: For those diagnosed before 20 years of age, males, ketoacidosis-free, with
fewer symptoms and low early HbAlc were more likely to experience remission, but remis-
sion was most likely in anyone aged > 20 at diagnosis.
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1. Introduction

Classically, people with type 1 diabetes mellitus (T1D) present
with several weeks of osmotic symptoms (polyuria and poly-
dipsia), fatigue and weight loss that, in the absence of treat-
ment, progress rapidly towards diabetic ketoacidosis (DKA)
[1]. This presentation is seen most frequently in children
but symptoms and signs can be variable [2]. In adults, T1D
may present even with appreciable residual insulin secreting
capacity [3,4]. After diagnosis and initiation of insulin treat-
ment, there may be a period of temporary restoration of B-
cell function that can last from months to years [5,6]. Less
exogenous insulin is required to maintain glycaemic control
and temporary insulin independence may be possible. This
period of remission has been termed ‘partial remission’ or
the ‘honeymoon phase’ [7] and may be accompanied by a rise
in proinsulin and C-peptide levels, peaking at 6 months after
diagnosis then declining [8]. Estimates of the proportion of
people undergoing remission vary by as much as 18 [9] to 72
[10] percent. Although remission is well documented, the
majority of studies (although not all [8,11-13]) have involved
children and adolescents and, with some exceptions
[10,14,15], have been in Caucasian populations [8,9,11,12].
There are inconsistencies in reported predictors of remission
[7] but these may include absence of DKA and a low HbAlc at
diagnosis [5,16], less severe symptoms [10,16,17] and greater
age at diagnosis [10,18]. Male gender, history of infection prior
to presentation, higher body mass index (BMI), increased
plasma C-peptide concentration, shorter symptom duration
prior to diagnosis and lower serum bicarbonate levels at diag-
nosis have also been linked to remission [5,8,9,12,16,19].

The ADDRESS-2 study recruits throughout England and
Wales children and adults of multiple ethnicities within
6 months of diagnosis of T1D and records individual and pre-
sentation characteristics, including islet autoantibody status
based on three autoantibody assessments. ADDRESS-2 there-
fore provides an opportunity to evaluate, at the clinic popula-
tion level in a national-level sample, independent predictors
of remission in recently-diagnosed T1D in both children and
adults.

2. Methods

2.1. Study design

ADDRESS-2 is an on-going, prospective, multi-centre, obser-
vational study established in 2011, currently with over 5000
children and adult participants with clinically diagnosed inci-
dent T1D recruited. The study protocol [20] and initial findings
[2] have been published. Briefly, people with incident T1D are
identified via the UK National Institute for Health Research
Clinical Research Network and are recruited into the study
if they have agreed to have their details and data placed on
a database for statistical analysis and to be contacted about
potential participation in other T1D-specific studies. People
with incident T1D are recruited, across 134 research sites in
England and Wales, all within 6 months of their T1D diagno-
sis. ADDRESS-2 has ethical approval from the Research Ethics
Service (South Central — Berkshire NHS Research Ethics Com-

mittee: reference 10/H0505/85) and is conducted in accor-
dance with the Helsinki agreement. Participants provide
written consent to participate or, for children under the age
of 16 who did not consent for themselves, consent is given
by an appropriate person with parental responsibility and
the child gives assent. Additionally, where acceptable, partic-
ipants consent to providing blood samples. Adults who are
not competent to give consent are excluded. As a founda-
tional intention of ADDRESS-2 was to provide for recruitment
to other T1D-specific studies, children under age 5 years are
also excluded. Throughout the duration of the study, partici-
pant confidentiality is maintained and the International Con-
ference on Harmonisation (ICH) Guideline for Good Clinical
Practice is adhered to.

Information is recorded according to standardised case
report forms by a research nurse at or shortly after recruit-
ment into the study (‘baseline’) and, for those providing
follow-up information, at 4-8 months following baseline.
Additional diabetes-related information, including biochemi-
cal data and confirmation of treatment details, is collected by
interview and from secondary care records. Data collected
include age, gender, ethnicity, body weight, height, parental
or sibling family history of diabetes, HbAlc concentration,
and diabetes treatment information (insulin type, dose, regi-
men). Presentation characteristics recorded at diagnosis
include ketoacidosis (blood glucose level >11.1 mmol/L, a
moderate degree of ketonaemia, serum Dbicarbon-
ate < 15mEq/l, arterial pH<7.3, and an increased anion
gap), osmotic symptoms (polyuria and/or polydipsia), weight
loss, fatigue, and duration of symptoms prior to diagnosis
(median (IQR), weeks). Positive autoantibody status is
assigned on the basis of positivity for any one of GAD, IA2
or ZnT8 autoantibodies. Validation checks are carried out on
all ADDRESS-2 data. Data queries are raised on any incom-
plete, missing, inconsistent or inappropriately outlying data
entries for all variables on the database.

The present analysis includes people with clinically diag-
nosed incident T1D recruited to ADDRESS-2 from 1st Septem-
ber 2011 to 30th April 2016. Participant visits were included in
the analysis if participants had information recorded for total
daily insulin dose, with body weight and HbA1lc concentration
recorded within a week of the insulin dose record. First and
second records with this information were included, if
recorded within 12 months of diagnosis. Time from diagnosis
for each remission record was calculated as the difference
between the date of diagnosis and the date of the insulin dose
record. Only those treated by multiple dose injection (MDI)
therapy (97% of participants) were included in the analysis
since validated recording of daily insulin dosing by continu-
ous subcutaneous insulin infusion (CSII) was less consistent
than for MDI therapy in the ADDRESS-2 data record.

2.2.  Definition of partial remission

Many different definitions of partial remission have been
used in previous studies. The majority have sought to com-
bine cut-offs for daily insulin dose and HbAlc that identify
those with both a relatively low insulin requirement and rel-
ative normoglycaemia. Daily insulin dose cut-offs of <0.3 [8],
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<0.4 [11] and <0.5 [10] U/kg/day in association with HbAlc cut
offs of <6.0 [10], <7.0 [11] and <8.0 [17] percent have been used.
More recently, an insulin dose-adjusted HbAlc index has
been introduced with a cut off corresponding to a stimulated
C-peptide of >300 pmol/L [6] and variants of this, based on
glycaemic variability, have been proposed [21]. However the
relationship between insulin dose, HbAlc and residual beta
cell function as measured by stimulated C-peptide appears
to vary with age [22] and age-specific cut-offs have yet to be
established for general use. Moreover, more rigorous evalua-
tions are needed of the relationship between C-peptide levels
and beta cell function in T1D, with consideration given to cut-
offs that reflect the degree of loss of beta cell function. For the
present analysis, we have used, as a working index of partial
remission, the mid-points in the ranges used in previous
studies; i.e an insulin dose of <0.4 units/kg body weight/day
and HbAlc < 53 mmol/mol (i.e. <7.0%).

2.3.  Data analysis

For the present analysis, those aged 5-16 years were cate-
gorised as ‘children’ and >17 years old as ‘adults’. Ninety per-
cent of participants were White, 4 percent Asian, 2 percent
Black, 3 percent mixed and 1 percent other. Accordingly, eth-
nicity was defined as White European or non-White Euro-
pean. Body mass index (BMI) was calculated as body weight
(kg) per height in meters squared (kg/m?). WHO-specified
BMI z-scores were used as a measure of adiposity in children
[23]. Children were classified as ‘overweight or obese’ if they
had a BMI z-score of 1 or more [24], and adults if they had a
BMI of 25 kg/m? or more. Statistical analysis was carried out
using Stata SE 13 (Stata, College Station, TX). A two-sided sig-
nificance level of p < 0.05 was used throughout as a guide to
interpretation. The following series of analyses was under-
taken, with first and second records variously included or
excluded as appropriate:

Age at diagnosis and probability of remission: the probabilities
of participants in successive age categories experiencing
remission were compared by proportions test. Because pre-
liminary analyses had established that participants with
two remission assessments were more likely to be detected
as experiencing remission and more likely to be younger sec-
ond remission assessments were excluded from this analysis
to avoid bias.

Time from diagnosis and probability of remission: the probabil-
ities of participants in successive months following diagnosis
experiencing remission were compared by proportions test.
For those with two records of remission status, both records
of remission status were included in this analysis, if the two
records were not made in the same month-from-diagnosis
category. If they were, only the first record was included.

Individual and presentation characteristics associated with
remission: For this comparison, only first remission assess-
ments were included. categorical data were summarized as
percentages with categories compared by chi-square test.
Median and interquartile ranges were used to summarize
continuous variables with groups compared by Mann-
Whitney U test.

Independent discriminators of remission status: Independent
discriminators of those in and not in remission were explored

using mixed effects logistic regression analyses with inclu-
sion of both first and second remission assessments and with
participant identification number serving as grouping
variable.

Discriminators of transition to remission: in the subgroup of
those with two assessments of remission status, those transi-
tioning from not in remission to in remission were compared
by chi-square test or Mann Whitney test with those remain-
ing not in remission. Multiple logistic regression analysis
was used to identify independent predictors of transition to
remission.

3. Results

At the time of data closure for this analysis, the ADDRESS-2
study had recruited, within 6 months of diagnosis, 3312 peo-
ple with type 1 diabetes. Of these, 1470 had at least one
assessment of remission status (1121 children, 349 adults)
and 469 had a second assessment (435 children, 34 adults),
both assessments having been made within 12 months of
diagnosis.

3.1.  Age at diagnosis and probability of remission

To investigate variation with age at diagnosis in the probabil-
ity of experiencing remission during the 12 months following
diagnosis, 15 percentile age categories were distinguished, the
almost equal numbers of participants in each category
(n=97-99) ensuring equal weighting for between-category
comparisons (Fig. 1). Up to 19.8 years of age, the probability
of experiencing remission remained relatively constant at
between 9 and 18 percent. However, between ages 19.9 and
27.2 remission prevalence was 27 percent and, between 27.3
and 34.4years, 29 percent, falling to 20 percent thereafter.
The only significant difference in remission prevalence
between adjacent age categories was between the 16.1-19.8
and 19.9-26.9 years of age categories (p=0.03). Setting the
cut-off at 17 years, according to the conventional distinction
between child and adult, weakened the difference in remis-
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Fig. 1 - Probability of remission at first record 0-12 months
after diagnosis of T1D in 15 percentile ranges of age at
diagnosis. Proportions test significance between
significantly different probabilities is shown.
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sion prevalence between younger and older age ranges (as
would be expected, given that the probability of remission
for those aged 17-19 years at diagnosis was 14%, whereas
between 20 and 22 years it was 34%).

3.2.  Time from diagnosis and probability of remission

The discontinuity in remission prevalence at an age-at-
diagnosis of around 20 years suggested markedly different
remission behaviour between those aged <20years
(‘younger’) and those aged >20 years (‘older’). The prevalence
of remission in successive months from diagnosis was, there-
fore, investigated in younger and older age groups separately.
In younger participants, remission prevalences were 3 and 1
percent in months 1 and 2, respectively, rising to between
10 and 20 percent in months 3-12. In older participants,
prevalences were 0 and 10 percent in months 1 and 2, respec-

100.0
90.0
80.0
70.0
60.0

50.0
40.0 — <0.001—
30.0
20.0 — <0.001 —
?

10.0
0.0 °+

% in remission (95% Cls)

months from diagnosis: n younger (<20y) / n older (>20y)

Fig. 2 - Prevalence of partial remission in younger (age

<20 years: open circles) and older (>20 years: closed circles)
in 2-month periods after diagnosis. Numbers of
observations contributing to each estimate are shown on
the x-axis for younger/older groups. Proportions test
significances between significantly different probabilities
are shown.

tively, rising to between 20 and 44 percent in months 3-12. By
considering 2-monthly categories of time from diagnosis,
variation between categories was reduced and a significant
rise in prevalence of remission (p <0.001) in both younger
and older participants was apparent after months 1 and 2
(Fig. 2).

3.3.  Individual and presentation characteristics associated
with remission

Compared with those not in remission (n=1250) at first
assessment (Table 1), those in remission (n = 220) were older
(median 13.5 (95%CI 9.9,24.5) vs 12.2(9.3,15.8), p < 0.001), less
likely to be a child (63 vs 79 percent, p < 0.001), more likely
to be male (46 vs 37 percent, p =0.01) and tended to be less
likely to present with symptoms of diabetes (ketoacidosis:
35 vs 41 percent, p = 0.09; osmotic symptoms: 94 vs 97 per-
cent, p = 0.01; fatigue: 76 vs 81 percent, p = 0.07).

3.4. Independent discriminators of remission status

The difference in prevalence of remission between months 1-
2 after diagnosis and months 3-12 in both younger and older
participants suggested a further discreet difference in remis-
sion behaviour as well as the difference associated with age at
diagnosis. Accordingly, in regression analysis of predictors of
remission, as well as analysing younger and older partici-
pants separately, an additional categorical variable was
included that distinguished whether or not a remission
assessment had been made in the first 2 months after diagno-
sis. In mixed effects regression analysis in younger partici-
pants (Table 2), individual predictors of being less likely to
be in remission were female gender (p = 0.01), presenting with
ketoacidosis (p = 0.01), osmotic symptoms (p = 0.02) or weight
loss (p = 0.03) and having 2 or more of the presentation symp-
toms: osmotic symptoms, weight loss or fatigue (p = 0.004). In
multivariable analysis, with entry of individual predictors sig-
nificant at p < 0.05, females were less likely to be in remission
(Odds ratio 0.55 (95%CI 0.33,0.93), p = 0.02) as were those pre-

Table 1 - Comparison between participants not in partial remission at record 1 with those in remission at first record of

remission status 0-12 months post-diagnosis: median (IQR), % (n).

not in remission (n = 1250)

age, years 12.2 (9.3,15.8)
female 46 (571)
child 79 (983)

bmi z-score child (zbfal, n = 1041)
bmi adult (bmil, n = 328)

overweight or obese 32 (374)
white 90 (1122)
autoimmune disease 6 (68)
parent with DM 14 (168)
sibling with DM 6 (69)
ketoacidosis 41 (512)
osmotic symptoms 97 (1208)
weight loss 84 (1030)
fatigue 81 (997)
symptom duration, mean (SD) (weeks) 5.7 (9.5)
autoantibody positive % (n) (n = 670) 88 (489)

0.42(—0.26,1.24)
23.7 (21.0,26.9)

in remission (n = 220) o)

13.5 (9.9,24.5) <0.001
37 (81) 0.01
63 (138) <0.001
0.54(—0.15,1.21) 0.4
23.8 (21.4,26.5) 1.0

33 (69) 0.7

93 (205) 0.1

5 (10) 0.8

10 (21) 0.1

6 (12) 0.9

35 (77) 0.09
94 (207) 0.01
80 (174) 0.1

76 (166) 0.07
6.3 (10.4) 0.6

87 (101) 0.7
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Table 2 — AGE < 20 YEARS: univariable and multivariabe (including univariable predictors at p < 0.05) predictors of being in

remission relative to not in remission. All analyses included as a confounder whether or not a remission assessment had
been carried out during the 2 months after diagnosis when the probability of being in remission was low.

n Univariate Multivariable
OR (95%CI)P OR (95%CI)P
(n = 1566)

Female 1625 0.53 (0.32,0.87)%°* 0.55 (0.33,0.93)%°2
Overweight 1529 1.25 (0.74,2.10)°3

White 1625 1.43 (0.61,3.38)°*

Autoimmune disease 1600 1.01 (0.34,3.01)°°

Parent with DM 1604 0.80 (0.35,1.81)°°

Sibling with DM 1465 1.21 (0.39,3.76)°7

Ketoacidosis 1609 0.51 (0.30,0.85)° 0.53 (0.30,0.92)%-°2
Osmotic symptoms 1617 0.24 (0.07,0.84)%-°2

Weight loss 1600 0.51 (0.27,0.97)%%3

Fatigue 1593 0.58 (0.32,1.04)%°¢

2 or 3 symptoms 1576 0.27 (0.12,0.60)°-°°2 0.31 (0.14,0.69)%°%*
Symptom duration (weeks) 1559 1.01 (0.98,1.03)%°

Autoantibody positive 594 0.67 (0.20,2.21)°>

senting with ketoacidosis (0.53 (0.30,0.92), p=0.02) or 2 or
more of the symptoms (0.31 (0.14,0.69), p = 0.004). In older par-
ticipants none of these characteristics predicted remission
status.

3.5. Individual and presentation characteristics and
transition to remission

In a further analysis of the subgroup of participants with both
a first and second record of remission status, participants not
in remission at record 1 and record 2 (n = 349) were compared
with those not in remission at record 1 who transitioned to
remission at record 2 (n=57). Among participants in the
younger age category (<20 years), 13 percent transitioned to
remission, whereas among those in the older age category
(>20years), 32 percent transitioned (chi squared p =0.008).
The equivalent figures for children (age < 17 years) and adults

(age > 17 years) were 13 and 27 percent (p=0.03). Among
those not in remission at record 1 and record 2 and those
not in remission at record 1 who transitioned to remission
at record 2, there were only 25 participants in the older age
category. Comparisons between those not transitioning and
those transitioning were, therefore, restricted to the younger
age category (n = 381). Among the younger participants, those
transitioning to remission tended to have had their first
remission record in months 1-2 after diagnosis and to have
a shorter symptom duration, but no difference reached statis-
tical significance (Table 3). In multivariable logistic regression
analysis, including as predictors individual and presentation
characteristics that differed between those remaining not in
remission and those transitioning to remission at p<0.1
(namely first remission record in months 1-2 after diagnosis;
gender, non-White, parent with DM and symptom duration),
only first remission record in months 1-2 after diagnosis

Table 3 - Participants aged <20 years with 2 records who were not in partial remission at records 1 or 2 compared with those

ho transitioned from not in remission at record 1 to in remission at record 2.. First and second remission assessments were|
ithin made 12 months of diagnosis. Median (IQR) or % (n) are shown.

No remission (n = 332) Transition to remission (n = 49) )
1st record in months 1-2 post-diagnosis 30 (101) 43 (21) 0.08
age (years) 10.9 (8.2,13.1) 10.4 (8.7, 13.1) 0.7
female 49 (162) 37 (18) 0.1
BMI z-score 0.42 (—0.27,1.24) 0.68 (—0.34,1.46) 0.2
Overweight 32 (101) 36 (17) 0.5
Non-white 11 (36) 4 (2) 0.1
Autoimmune disease 6 (18) 6 (3) 0.8
Parent with DM 9 (30) 17 (8) 0.1
Sibling with DM 6 (19) 5(2) 0.6
Ketoacidosis 43 (142) 35 (17) 0.2
Osmotic symptoms 97 (323) 98 (47) 0.8
Weight loss 85 (281) 78 (35) 0.2
Fatigue 78 (254) 77 (37) 0.8
Symptom duration (mean, SD: weeks) 5.2 (8.6) 3.4 (2.9) 0.07
Antibody positive (n = 148) 89 (99) 89 (17) 0.9
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was significant (OR 2.1 (95%CI 1.2, 3.9), p = 0.01). With inclu-
sion of the 25 participants in the older age category who
had either remained not in remission or transitioned to
remission, age >20 years also emerged as a significant predic-
tor of transition to remission (OR 3.4 (95%CI 1.3, 8.9), p = 0.01).

3.6.  Early HbAlc and transition to remission

Using the second remission assessments, a further analysis
was undertaken to test the possibility that a lower HbAlc
soon after diagnosis among those not in remission might
increase the probability of subsequent partial remission. For
those with a first record of HbAlc at least 1 month post-
diagnosis, prior to the second remission assessment and
not in remission (i.e. insulin dose >0.4 units/kg body weight/-
day or HbAlc > 53 mmol/mol or both), the HbAlc concentra-
tion was entered in logisitic regression analysis as a
predictor of remission at record 2. Among the 335 participants
aged <20years with a qualifying post-diagnosis record of
HbAlc (mean time from diagnosis 110days, range 42-
295 days) and a second remission assessment (mean time
from diagnosis 207 days, range 89-358 days), HbAlc was a sig-
nificant negative predictor of remission at the second remis-
sion assessment (OR 0.96 (95% CI 0.94, 0.99), p =0.008). In
the two lowest quintiles of HbAlc (32-56 mmol/mol), preva-
lence of subsequent remission was 18-19 percent but fell to
5-6 percent in the two upper quintiles (64-139 mmol/mol).
This analysis was not undertaken in those aged >20 years
because only 17 had a qualifying HbAlc measurement.

4, Discussion

Rather than continuous variation in the relationship between
age at diagnosis and remission, our cross-sectional analysis
by month from diagnosis up to 12 months demonstrated a
step increase in the prevalence of remission at 20 years. Like-
wise there was a discontinuous relationship between remis-
sion and time from diagnosis, with a step increase at
3 months. Among younger participants (age <20 years), being
male, not having DKA and having fewer of the classical symp-
toms of T1D at presentation were each independently associ-
ated with remission. Among older participants (age
>20 years) none of these characteristics were associated with
remission. Moreover, in those with two remission assess-
ments, transition to remission was associated only with being
aged 20years or more, with having a first assessment in
months 1-2 after diagnosis and having a relatively low post-
diagnosis early HbAlc level. In accord with other studies,
we found no evidence for influence on remission of adiposity
[11] or ethnicity [14] and we also found no associations with a
history of autoimmune disease, a parental or sibling history
of diabetes or duration of symptoms. Importantly, we also
assessed islet autoantibody status for an association with
partial remission but found none, which is consistent with
the majority [8,16,17] although not all [25,26] previous studies.

In younger participants, we found the prevalence of remis-
sion in months 3-12 after diagnosis to range between 10 and
20 percent, on average 15 percent, whereas among older par-
ticipants, the equivalent figures were 21-44 percent and 34

percent. One study with follow-up over the course of
36 months after diagnosis reported that 18 percent of partici-
pants experienced partial remission, with periods of remis-
sion lasting for a median of 6months [9]. Otherwise,
reported proportions experiencing remission have ranged
between 26 and 72 percent [5,8,10-12,16,17]. These studies
generally involved assessments of remission status at inter-
vals of 3 months with a median time of remission between
6 and 9 months. In contrast to these studies, which provided
an estimate of the proportion of participants experiencing
remission within the time period of follow-up, our cross-
sectional analysis provided estimates of the prevalence of
remission within monthly or 2-monthly periods based on
one or two assessments over the first year following diagno-
sis. Therefore, although our analysis could not distinguish
the overall proportion of participants experiencing remission,
it was able to illustrate the average time course of partial
remission, with remission unlikely in the first 2 months fol-
lowing diagnosis and relatively likely and constant thereafter
up to 12 months.

People presenting with T1D as adults have greater residual
beta cell function than those presenting as children [13,18]
and, in accord with this and with our observations, the major-
ity of studies of relationships between partial remission and
age at diagnosis have found partial remission to occur more
frequently in older individuals [10,12,26,27]. Interestingly,
the transition towards a greater probability of remission did
not coincide with the conventional dividing line of 17 years
between child and adult, but slightly later at 20 years.

Among younger participants, we found evidence for male
gender being associated with a higher probability of being in
partial remission. A number of previous studies have found
no significant association between partial remission and gen-
der [5,9-11,13,14,16,17]. By contrast, others have reported a
higher incidence of partial remission both in boys [25-27]
and men [8]. Also, despite finding no overall association
between occurrence of partial remission and gender, two
studies have noted an increased duration of remission in
males [5,11].

Also among younger participants, we distinguished
absence of DKA at presentation and a lower frequency of clas-
sical symptoms as positive factors in partial remission, which
could also suggest less severe beta cell destruction. Previous
studies have focused on ketoacidosis as a presentation symp-
tom and have generally reported an association between
absence of ketoacidosis at diagnosis and subsequent partial
remission [5,10,12,16,17,21,26] although there are exceptions
[14]. Importantly, the proportion of participants who pre-
sented at diagnosis with ketoacidosis (41 percent) was
roughly comparable with other European studies, in which
proportions have ranged between 14 and 48 percent
[12,14,16,26,28]. Adults may present with less disease severity
or metabolic decompensation than children [13,29]. Neverthe-
less, in the present analysis, absence of ketoacidosis and hav-
ing fewer presentation symptoms predicted remission in
younger not older participants. This observation raises the
possibility that diagnosis and initiation of insulin treatment
prior to development of DKA might increase the probability
of early remission in the young and it is noteworthy that in
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our data, among younger participants, an HbAlc below
57 mmol/mol, one month or more post-diagnosis in those
not in remission significantly predicted an increased proba-
bility of subsequent remission relative to those with higher
HbAlc.

Novel aspects of our analysis included the large number of
participants evaluated in the context of routine clinical prac-
tice at a national level. Treatment of T1D in the UK National
Health Service is according to rigorous national guidelines
so, although no analysis of variation according to recruiting
centre has been carried out for ADDRESS-2, we may expect
generally homogenous outcomes between the 134 centres
contributing information. Both children and adults with a
broad age range were included, enabling a discriminatory
analysis of variation in the prevalence of remission with
age. Our study also included, a small sample of non-White
European individuals. Moreover, a substantial number of
potential predictors of remission was considered, including
autoantibody status. Despite these strengths, in order to pro-
vide a basic overview of remission predictors in the ADDRESS-
2 cohort, our analyses were necessarily limited: for example,
the structure of data collection for ADDRESS-2 did not allow
for the intensive, sequential follow-up of participants that
would be needed to gain insight into duration of remission.
Nevertheless, as numbers of ADDRESS-2 recruits accumulate,
a range of further, more restricted and focused, analyses may
be anticipated. In particular, the lack of variation with ethnic-
ity we observed was based on very small numbers and will
need to be re-investigated as more observations become
available. Moreover, comparison between younger and older
participants of predictors of transition to remission will
require more follow-up evaluations of remission in adults.
Also the roles of different insulin regimens, different defini-
tions of partial remission, relationships with islet autoanti-
body types and titres and investigation of the use of plasma
C-peptide concentrations in the evaluation of remission sta-
tus may all be considered in future studies of remission in
the ADDRESS-2 cohort. It should also be noted that a broad
range of MDI dosing regimens, including use of short, inter-
mediate and long acting insulin, was encountered among
ADDRESS-2 participants, reflecting the variety of dosing regi-
mens employed in routine clinical practice. Further analyses
could compare remission according to different MDI dosing
regimens and CSII insulin dosing.

In conclusion, the weight of evidence from this analysis
supports a transition at around 20 years of age at diagnosis
and at 3 months after diagnosis after which partial remission
becomes more likely. Predictors of partial remission identified
in this analysis focus attention on females <20 years of age,
with ketoacidosis, more presentation symptoms at diagnosis
and an HbAlc of 57 mmol/mol or more at least one month
after diagnosis for future investigations into interventions
for sparing or restoring beta cell function in early TIDM.

Acknowledgements

ADDRESS-2 is co-funded from Diabetes UK (grant numbers
09/0003919 & 15/0005234) and the Juvenile Diabetes Research

Foundation (grant numbers 9-2010-407 & 3-SRA-2015-36-A-N),
supported by the NIHR Clinical Research Network and hosted
at Imperial College London. Study funders played no part in
study design; in the collection, analysis and interpretation
of data or in the writing of the report.

Declaration of Competing Interest

There are no competing interests.

Authorship statement

Analysis planning: VB, IFG, DGJ, NO.

Data collection: AK, HCW, DGJ.

Analysis: AH, VB, HCW, IFG, NO.

Manuscript development and writing: AH, VB, AK, HCW,
IFG, SM, DGJ, NO.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.diabres.2019.107789.

REFERENCES

[1] Merger SR, Leslie RD, Boehm BO. The broad clinical
phenotype of Type 1 diabetes at presentation. Diab Med
2013;30:170-8.

[2] Bravis V, Kaur A, Walkey HC, Godsland IF, Misra S, Bingley P,
et al. The relationship between islet autoantibody status and
the clinical characteristics of children and adults with
incident type 1 diabetes in the ADDRESS UK cohort. BMJ Open
2018;8:€020904. https://doi.org/10.1136/bmjopen-2017-
020904.

[3] Sosenko JM, Palmer JP, Greenbaum CJ, Mahon ], Cowie C,
Krischer JP, et al. Patterns of metabolic progression to type 1
diabetes in the Diabetes Prevention Trial-Type 1. Diab Care
2006;29:643-9.

[4] Naik RG, Brooks-Worrell B, Palmer JP. Latent autoimmune
diabetes in adults. ] Clin Endocrinol Metab 2009;94:4635-44.

[5] Bober E, Diindar B, Biiytikgebiz A. Partial remission phase and
metabolic control in type 1 diabetes mellitus in children and
adolescents. ] Pediatr Endocrinol Metab 2001;14:435-41.

[6] Mortensen HB, Hougaard P, Swift P, Hansen L, Holl RW, Hoey

H, et al. New definition for the partial remission period in

children and adolescents With Type 1 diabetes. Diab Care

2009;32:1384-90.

Sokotowska M, Chobot A, Jarosz-Chobot P. The honeymoon

phase - what we know today about the factors that can

modulate the remission period in type 1 diabetes. Pediatr

Endocrinol Diab Metab 2016;22:66-70.

Schoélin A, Nystrém L, Arnqgvist H, Bolinder J, Bjork E, Berne C,

et al. Proinsulin/C-peptide ratio, glucagon and remission in

new-onset Type 1 diabetes mellitus in young adults. Diabet

Med 2011;28:156-61.

[9] Agner T, Damm P, Binder C. Remission in IDDM: prospective
study of basal C-peptide and insulin dose in 268 consecutive
patients. Diab Care 1987;10:164-9.

[10] Abdul-Rasoul M, Habib H, Al-Khouly M. “The honeymoon

phase” in children with type 1 diabetes mellitus: frequency,
duration, and influential factors. Ped Diab 2006;7:101-7.

[7

8


https://doi.org/10.1016/j.diabres.2019.107789
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0005
https://doi.org/10.1136/bmjopen-2017-020904
https://doi.org/10.1136/bmjopen-2017-020904
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0020
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0020
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0050

DIABETES RESEARCH AND CLINICAL PRACTICE IS5 (2019) 107789

[11] Schélin A, Berne C, Schvarcz E, Karlsson FA, Bjork E. Factors
predicting clinical remission in adult patients with type 1
diabetes. ] Intern Med 1999;245:155-62.

[12] Scholin A, Térn C, Nystrom L, Berne C, Arnqvist H, Blohmé G,
et al. Normal weight promotes remission and low number of
islet antibodies prolong the duration of remission in Type 1
diabetes. Diab Med 2004;21:447-55.

[13] Karjalainen J, Salmela P, llonen J, Surcel HM, Knip M. A
comparison of childhood and adult type I diabetes mellitus.
N Engl ] Med 1989;320:881-6.

[14] Muhammad BJ, Swift PG, Raymond NT, Botha JL. Partial
remission phase of diabetes in children younger than age 10
years. Arch Dis Child 1999;80:367-9.

[15] Khanolkar AR, Amin R, Taylor-Robinson D, Viner RM, Warner
J, Gevers EF, et al. Ethnic differences in early glycemic control
in childhood-onset type 1 diabetes. BMJ Open Diab Res Care
2017;5:e000423.

[16] Pecheur A, Barrea T, Vandooren V, Beauloye V, Robert A, Lysy
PA. Characteristics and determinants of partial remission in
children with type 1 diabetes using the insulin-dose-adjusted
A1C definition. ] Diab Res 2014;2014:851378.

[17] Bowden SA, Duck MM, Hoffman RP. Young children (<5yr)
and adolescents (>12yr) with type 1 diabetes mellitus have
low rate of partial remission: diabetic ketoacidosis is an
important risk factor. Pediatric Diab 2008;9:197-201.

[18] Madsbad S, Faber OK, Binder C, McNair P, Christiansen C,
Transbgl I. Prevalence of residual beta-cell function in
insulin-dependent diabetics in relation to age at
onset and duration of diabetes. Diabetes 1978;27(Suppl
1):262-4.

[19] Pyziak A, Zmyslowska A, Bobeff K, Malachowska B, Fendler
W, Wyka K, et al. Markers influencing the presence of partial
clinical remission in patients with newly diagnosed type 1
diabetes. ] Pediatr Endocrinol Metab 2017;30:1147-53.

[20] Walkey HC, Kaur A, Bravis V, Godsland IF, Misra S, Williams
AJK, et al. Rationale and protocol for the After Diabetes
Diagnosis REsearch Support System (ADDRESS): an incident
and high risk type 1 diabetes UK cohort study. BMJ Open

2017;7:€013956. https://doi.org/10.1136/bmjopen-2016-
013956.

[21] Nielens N, Pollé O, Robert A, Lysy PA. Integration of routine
parameters of glycemic variability in a simple screening
method for partial remission in children with type 1 diabetes.
] Diab Res 2014;2014. https://doi.org/10.1155/2014/851378.
2018;2018:€5936360.

[22] Hao W, Gitelman S, DiMeglio LA, Boulware D, Greenbaum
CJType 1 Diabetes TrialNet Study Group. Fall in C-peptide
during first 4 Years from diagnosis of type 1 Diabetes:
variable relation to age, HbAlc, and insulin dose. Diab Care
2016;39:1664-70.

[23] Must A, Anderson SE. Body mass index in children and
adolescents: considerations for population-based
applications. Int ] Obes (Lond) 2006;30:590-4.

[24] de Onis M, Lobstein T. Defining obesity risk status in the
general childhood population: which cut-offs should we use?
Int J Pediatr Obes 2010;5:458-60.

[25] Marino KR, Lundberg RL, Jasrotia A, Maranda LS, Thompson
M]J, Barton BA, et al. A predictive model for lack of partial
clinical remission in new-onset pediatric type 1 diabetes.
PLoS ONE 2017;12:e0176860.

[26] Nagl K, Hermann JM, Plamper M, Schréder C, Dost A,
Kordonouri O, et al. Factors contributing to partial remission
in type 1 diabetes: analysis based on the insulin dose-
adjusted HbA1c in 3657 children and adolescents from
Germany and Austria. Pediatr Diab 2017;18:428-34.

[27] Knip M, Puukka R, Kaar ML, Akerblom HK. Remission phase,
endogenous insulin secretion and metabolic control in
diabetic children. Acta Diabetol Lat. 1982;19:243-51.

[28] Lévy-Marchal C, Papoz L, de Beaufort C, Doutreix ], Froment
V, Voirin J, et al. Clinical and laboratory features of type 1
diabetic children at the time of diagnosis. Diabet Med
1992;9:279-84.

[29] Sabbah E, Savola K, Ebeling T, Kulmala P, Vdh&salo P, Ilonen J,
et al. Genetic, autoimmune, and clinical characteristics of
childhood- and adult-onset type 1 diabetes. Diab Care
2000;23:1326-32.



http://refhub.elsevier.com/S0168-8227(19)30448-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0095
https://doi.org/10.1136/bmjopen-2016-013956
https://doi.org/10.1136/bmjopen-2016-013956
https://doi.org/10.1155/2014/851378
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30448-6/h0145

	Individual and diabetes presentation characteristics associated with partial remission status in children and adults evaluated up to 12months following diagnosis of type 1 diabetes: An ADDRESS-2 (After Diagnosis Diabetes Research Support 
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Definition of partial remission
	2.3 Data analysis

	3 Results
	3.1 Age at diagnosis and probability of remission
	3.2 Time from diagnosis and probability of remission
	3.3 Individual and presentation characteristics associated with remission
	3.4 Independent discriminators of remission status
	3.5 Individual and presentation characteristics and transition to remission
	3.6 Early HbA1c and transition to remission

	4 Discussion
	ack15
	Acknowledgements
	Declaration of Competing Interest
	Authorship statement
	Appendix A Supplementary material
	References


