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In young people with type 1 diabetes, hyperglycemia increases during adolescence and is still on an
upward trajectory as young people move to adult services. Data from a self-selecting group in the
U.S. has documented this widely recognized pattern (1), and their later report showed that, despite
the increased use of technology, glycemia in people aged 15 to 18 years had deteriorated further (2).
It is commonly assumed that poor communication and changes in continuity and support during the
transfer from paediatric to adult services at the age of 16 to 18 years are important reasons (3) for
more severe hyperglycemia at this stage of life. However, the influence of growth-related hormonal
change on inulin requirements is also recognized (4) as a key factor in age-related changes.
Irrespective of the causes, the long-term consequences of even 6.5 years of similar hyperglycemia in
people with type 1 diabetes are evident from follow-up of the Diabetes Control and Complications
Trial cohort (5).

In order to better understand this phenomenon in young people with type 1 diabetes, and thereby
highlight possible areas for intervention, we combined data from childhood to early adulthood
recorded in annual national paediatric and adult diabetes audits for England and Wales, with the
analytical aim of exploring the age-related trajectory of changes in HbAlc measurement (as a proxy
for clinic attendance and engagement with health services), HbAlc levels (as a measure of overall
glucose control) and hospitalization for diabetic ketoacidosis (DKA, as a measure of failed glucose
control).

RESEARCH DESIGN AND METHODS

The National Diabetes Audit (NDA) for England and Wales collates data on people of all ages with a
diagnosis of diabetes from primary care records and adult specialist diabetes services and extracts
data covering a 15-month period from 1 January in the first year to 31 March in the subsequent year
(6). The NDA collated data from more than 97% of general practices (over 7,100 general practices) in
each of the audit periods used in this analysis (7,8) and a total of 202 specialist adult diabetes



services. The National Paediatric Diabetes Audit (NPDA) collates data on children and young people
receiving care from pediatric diabetes services in England and Wales for a 12-month time period
covering 1 April in the first year to 31 March in the subsequent year directly from data submitted by
the unit providing care (9). There is 100% participation from specialist pediatric diabetes centers.
Both the NDA and the NPDA collate data on all measurements recorded in the health care record
during the relevant time period. In England and Wales, young people start moving from pediatric to
adult services usually around the age of 16 to 18 years old. Many pediatric centers will hold specific
clinics for this cohort, which may be joined by staff from the adult team, but the frequency, timing,
and content of this process is not universal. Data on hospital admissions were taken from Hospital
Episode Statistics (10), which detail hospital activity in all National Health Service (NHS) Trusts in
England. Hospital admission data for Wales were not available for this analysis.

Sequential cohorts of people with type 1 diabetes aged 5 to 30 years old and included in the
2017/2018, 2018/ 2019, and 2019/2020 data collections for the NDA and NPDA were identified. Age
was calculated in years at 1 April of each audit period. These sequential cohorts for the two audits
were combined using the NHS number as a unique patient identifier to create a pooled cohort.
People were identified as having type 1 diabetes if they had a diagnosis code of type 1 diabetes
recorded in their NDA or NPDA data and treatment records consistent with the use of an insulin
pump, basal-bolus insulin, or fixed-mix insulin.

For each year of age, the latest valid HbAlc measurement recorded in either the NDA or the NPDA
was identified. Hospital admissions to English NHS hospitals in England between 1 April 2017 and 31
March 2020 for DKA (ICD-10 codes E10.1, E11.1, E12.1, E13.1, and E14.1) were identified from
Hospital Episode Statistics. Hospital admissions for DKA that occurred in the same year of diagnosis
were excluded to ensure the admissions did not reflect clinical presentation at diagnosis.

The median and interquartile ranges (IQRs) for HbAlc measurements were calculated for all the
measurements across the entire cohort taken at each single year of age. The statistical significance of
differences in median HbA1lc between male and female individuals and across different ages were
calculated using Kruskal-Wallis tests. The skewness and kurtosis of the distribution of HbAlc by age
and sex were calculated. The proportion of people who had one or more hospital admissions for DKA
by single year of age was calculated. The statistical difference in the prevalence of hospitalization for
DKA was tested using x2 tests. Logistic regression models stratified by sex were created for HbAlc of
7.5% (58 mmol/mol) or less and HbA1c of 10% (86 mmol/mol) or greater. Age, self-reported ethnicity
as recorded in the electronic health record, social deprivation quintile based on the Indices of
Multiple Deprivation (11,12), and duration of diabetes were included as explanatory variables. Odds
ratios associated with each year of age were converted to relative risks to aid interpretation (13).

In order to comply with the NDA information governance, all counts of people are rounded to the
nearest five, and all percentages reported are based on rounded figures.

RESULTS

A total of 93,125 individuals were included in the pooled cohort. Of these, 11,650 (12.5%)
contributed 1 year of data, 12,025 (12.9%) contributed 2 years of data, and 69,450 (74.6%) provided
data from all 3 years. The characteristics of those included in the cohort are shown in Table 1. The
proportion of records without an HbAlc measurement in the year from April to March varied by age;
it was consistently low up to age 16 years (5%), then rose quickly, peaking at the age of 21 years for
men (22.3%) and 19 to 20 years for women (17.3%) before falling gradually to 17.9% for men and



13.1% for women at the age of 30 years (males significantly higher than females, P < 0.005)
(Supplementary Table 1).

‘Table 1—Characteristics of people with type 1 diabetes included in the cohort

n %
Sex
Male 42,335 455
Female 50,790 545
Ethnicity
Asian 5,005 54
Black 3115 33
Mixed 1,990 21
Other 1,790 19
White 76,555 822
Unknown/not stated 4,670 5.0
Age at diagnosis
=2 years 1,730 19
2 to <5 years 9,780 105
5 to <10 years 22,550 242
10 to <15 years 27,875 29.9
15 to <20 years 15,020 16.1
=20 years 15,715 169
Unknown 450 05

Across the whole of the pooled cohort, median recorded HbA1lc rose steadily from the age of 9 years
in male individuals (median 7.6% [60 mmol/mol] IQR 7.1-8.4%, 54—68 mmol/mol) and female
individuals (median 7.7% [61 mmol/mol] IQR 7.1- 8.4%, 54—68 mmol/mol), peaking at 19 years of
age (men: 8.7% [72 mmol/mol], IQR 7.5-10.3%, 59—89 mmol/mol; women: 8.9% [74 mmol/mol] IQR
7.8-10.6%, 62—92 mmol/mol). By the age of 30 years, median HbA1lc had fallen to 8.4% (68
mmol/mol [IQR 7.4-9.7%, 57— 83 mmol/mol]) for men and 8.2% (66 mmol/mol [IQR 7.3-9.7%, 56—
82 mmol/mol]) for women. From the age 16 to 22 years, median HbAlc was consistently higher for
women than for men (P < 0.005) (Fig. 1 and Supplementary Table 1). Between ages 5 and 30 years,
those aged 20 years had the smallest proportion with a recorded HbA1c of 7.5% (58 mmol/mol) or
lower. The greatest proportions with a very high HbAlc (more than 10.0% [86 mmol/mol]) were
among men aged 17 years (31.4%) and women aged 18 years (35.8%) (Supplementary Table 1).
These age-related patterns persisted after adjustment for ethnicity, social deprivation, and duration
of diabetes (see Supplementary Figs. 1 and 2).

The shapes of the distributions of HbAlc levels by age and sex are in some ways similar but actually
differ significantly (Fig. 2A and B). The distributions for female indivudals are all slightly shifted to the
right (higher HbAlc). By age, the most left-shifted (low HbAlc) patterns are for age 15 years, the
most right shifted (high HbA1c) are for age 19 years, and, at age 25 years, there is a leftward shift
without fully regaining the high peak of low HbAlc or losing the shoulder of high HbAlc.

A total of 87,970 individuals in the cohort (94.4%) were registered with a general practice and/or a
diabetes specialist service in England and were analyzed for hospital admissions. Fig. 1 shows the
annual prevalence of one or more hospital admissions for DKA rose from 1.4% for girls and 2.0% for
boys aged 6 years old, peaking at 18 years old for women (12.7%) and 19 years old for men (7.9%).
Thereafter, the proportion of people having one or more hospital admissions for DKA per year fell
and, by age 30 years, was 4.3% for men and 5.4% for women. Each year, from the age of 9 years, the
proportion of female individuals with one or more hospitalizations for DKA was higher than in male
individuals (P < 0.005)
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Figure 1—Median HbA;. and percentage of people with one or more hospital admissions for
DKA by age and sex.
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Figure 2—A: Distribution of HbA,_in males aged 15 years, 19 years, and 25 years. Kurtosis at 15 years, —1.16; at 19 years, —1.43; at 25 years,
—1.41. Skewness at 15 years, 0.58; at 19 years, 0.12; at 25 years, 0.18. B: Distribution of HbA,_ in women aged 15 years, 19 years, and 25 years.
Kurtosis at 15 years, —1.01; at 19 years, —1.10; at 25 years, —1.37. Skewness at 15 years, 0.64; at 19 years, 0.36, at 25 years, 0.31.

CONCLUSIONS

This analysis of over 93,000 individuals with type 1 diabetes in England and Wales highlights the
changes in measurement of HbA1lc, hyperglycemia, and risk of hospitalization for DKA throughout
childhood, adolescence, and early adulthood. Almost all children have annual records of HbA1lc, but,
during the ages of transfer to adult services (16 to 20 years old), the proportion drops abruptly to



about 80%. Median HbAlc and the prevalence of hospitalization for DKA start to rise earlier but peak
over the same ages. Median HbAlc increases progressively from the age of 9 to 19 years, before
decreasing, though not reattaining childhood levels, up to the age of 30 years, meaning that the
phenomenon starts before and continues after the period of transitioning from pediatric to adult
services. This follows the pattern found in the SWEET project, which compiled data on 66,418
individuals with type 1 diabetes from 22 centers across 19 countries and found that, in 2016 to 2018,
adjusted HbA1c rose steadily from the age of 6 to 18 years (14). The scale of the rise in HbAlc from
age 9 to 18 years in this analysis (12 mmol/mol for male individuals, 13 mmol/mol for female
individuals) is similar to the 11 mmol/mol increase in HbA1lc reported over the same age period in a
combined cohort of individuals living in Germany or Austria and the U.S. (15). The prevalence of
hospitalization for DKA in our study follows a trajectory similar to HbAlc levels but peaks slightly
earlier at 18 years old. Hyperglycemia and the prevalence of DKA are significantly higher in females
than males at most ages.

The sudden increase at ages 17 to 19 years in the proportion of people with no annual records of
HbA1c suggests that attendance at either a pediatric clinic, a general practitioner—led diabetes
service, or an adult hospitalbased clinic dramatically reduces at the time of changing service
provision from pediatric to adult. This is also a time when psychological and social pressures are
increasing. This study does not allow analyses that might precisely distinguish age effects from
service transfer effects, but the different time trajectories (gradual increase in hyperglycemia and
DKA throughout adolescence, sudden change in HbAlc measurement at the age of transfer) make it
likely that the changes are due to a combination of personal and organizational factors. Previous
allage analyses have shown that people for whom routine care processes have not been recorded are
at increased risk of future morbidity and mortality (16,17), so the evidence of fourfold higher rates of
irregular engagement in routine care is of notable concern in itself.

The steady rise and then fall in median HbAlc and DKA throughout childhood, adolescence, and
early adulthood straddles the period before and after transfer from pediatric to adult services,
implying that the change is not simply due to turbulence associated with changing health care
provider. Adolescence is a time of difficult psychological change for all young people, but even more
so for those with a chronic condition like diabetes. The relentless need for continual self-care is,
itself, burdensome. Both very high HbAlc levels and DKA are often related to insulin omission and/or
psychological stress. The additional challenge, both personal and clinical, is the compounding effect
of the surge in pubertal associated growth hormones. This demands physiologically matched
adjustments in insulin of a magnitude and rate of change equaled only in the middle trimester of
pregnancy. The age-related HbA1c profiles suggest the need to focus particularly on those with the
highest HbA1c levels if the surge and associated higher rates of DKA are to be attenuated. In the long
run, it is these metabolic risks that will be most detrimental to health (6).

Our data show greater adverse changes in young women, who are less likely to achieve the glycemic
target of 7.5% (58 mmol/mol) or less, are more likely to have an HbAlc of greater than 10% (86
mmol/mol), and, when aged 15 to 25 years, are approximately 50% more likely to have at least one
episode of DKA compared with men of the same age. One of the reasons behind this inequality may
be the higher prevalence of disordered eating among women (18). Psychological and societal
pressures including approaches to body image, peer pressure, and risk-taking behavior may also
exert themselves differently between men and women in this age group.

The strength of this analysis lies in the use of data from two national audits that collate data on
children and young people receiving care from specialist pediatric diabetes services and from
primary care records across the whole population of England and Wales. For the data collection



periods used in the analyses, population coverage of the NDA was over 97%, and the NPDA included
data from all pediatric services providing diabetes care. The novel use of sequential cohorts provides
the statistical power to identify changes in hyperglycemia and the prevalence of hospitalization for
DKA by age and sex, while using data from a relatively short time period.

However, there are several limitations. The use of data collated from routine health records means
the information on HbA1c is limited to those individuals who are engaging with the health services
and misses those who are potentially at greatest risk. Records of HbAlc measurement may be
incomplete because measurements made by specialist services, particularly point-of-care tests, may
not be submitted to the NDA or reliably communicated to the primary care provider. The age at
which the percentage of people without a valid HbAlc recorded conincides with the peak in
measured hyperglycemia. While it is not known for certain, it is likely that, on average, nonattenders
have high HbAlc. This means that the scale of the increase in HbAlc in the late teenage years and
early twenties may well be even greater than we report. At the time of analysis, hospital admission
data were only available for England, and therefore the data on the prevalence of hospitalization for
DKA does not include admissions to hospitals in Wales. However, people receiving care in Wales
account for approximately 5% of the cohort, and age-related patterns of hospitalization are unlikely
to differ substantially (8). In this analysis, we have allocated deprivation scores on the basis of the
individual’s home postcode at each age for which they contribute data to the analysis. It is possible
that the association between deprivation and health outcomes varies by age; in particular, the
geographical location of young adults as they move into independent accommodation may not
reflect their life experiences and health risk.

Our data suggest the need for novel approaches to the support of children and young adults with
type 1 diabetes. Rates of very high HbAlc >10% (>86 mmol/mol) peak for around a third of the
measured population at a time of life when another fifth have not had their HbAlc level recorded.
The overall aims should be to flatten the rise in HbAlc throughout the teenage years, which are
independent of duration of diabetes, ethnicity, and social deprivation, and to reduce the peak in
hospital admissions for DKA across the same ages. Further evidence on the type of interventions and
service structures that will address these issues is needed, but it is clear that improved, innovative,
and appropriately resourced age-appropriate service designs oriented to the delivery of optimal care
during this period of life are warranted.
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