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Abstract

Background and aims The provision of medical care to young adults with type 1 diabetes mellitus is challenging. The aim of this
study was to determine the rates of microvascular complications and their progression among patients with type 1 diabetes
mellitus attending a specialist young adult diabetes service in Ireland.

Methods A retrospective review of 62 (male 56.5%) patients with type 1 diabetes mellitus attending the young adult diabetes
service at our institution was undertaken. Data was recorded across two time points, clinic registration and at 5 years following
initial contact.

Results The mean =+ SD age at first attendance was 17.4 £2.0 years. Mean £ SD duration of diabetes was 6.3 +3.9 years with
most patients treated using multiple daily insulin injections (75.8%). diabetic retinopathy rate at first attendance was 17.7% and
after 5 years was 37.1% (p =0.003). The majority of cases were background retinopathy. The prevalence of diabetic kidney
disease was 6.4% and this remained unchanged at follow-up. Mean + SD HbA . improved from 76.1 =22.4 mmol/mol (9.1 +
4.2%) to 69.1 £14.9 mmol/mol (8.5+3.5%), p=0.044. Duration of diabetes was the only clinical variable associated with
retinopathy risk at 5 years on multiple regression analysis (p = 0.037).

Conclusions Diabetic retinopathy is prevalent in young adults with type 1 diabetes attending specialist secondary care diabetes

services. Duration of diabetes was the strongest determinant of retinopathy risk.
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Background and aims

The incidence rates of type 1 diabetes mellitus peak in early
childhood and adolescence [1, 2]. Although overall incidence
rates in European populations have increased, this is not
reflected across all reporting countries [3, 4]. It is well
recognised that the management of diabetes care during the
transition from paediatric to adult care is challenging and re-
mains so during the period of emerging adulthood [5]. During
this developmental stage, young individuals with diabetes are
particularly vulnerable [6]. Individuals with type 1 diabetes
mellitus under the age of 40 years are at increased risk of
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mortality when compared to their non-diabetic counterparts
[7]. Most concerning is the observation that acute diabetes-
related complications have been identified as a leading con-
tributor to mortality [7]. Consequently, much of the clinical
focus in caring for this cohort is targeted towards a reduction
in the rates of acute diabetes-related complications specifically
diabetic ketoacidosis and hypoglycaemia. However, as pa-
tients with type 1 diabetes mellitus grow older, the mortality
rate from acute complications declines and the impact of
chronic microvascular and macrovascular complications be-
comes apparent [7, 8], thus prompting consideration of how
we approach these risks in a young adult population. Rates of
diabetes-related micro vascular complications during this pe-
riod are poorly described, so too is the impact of dedicated
interventions to manage these patients during emerging adult-
hood. The primary objective of this study was to determine the
prevalence of microvascular complications and progression
within a cohort of young adults with type 1 diabetes mellitus
attending a specialist young adult diabetes clinical service.
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Methods Table 1 Baseline characteristics (n = 62)

. . D - Sex (% male) 62 (56.5)
The young a.tdult.dlabetes service is a Tnglnd1sc1pl1nary clinic Age at diagnosis (years) 1145
t}zlatl specialises in th'e cafre of tw:i). d1§t1nct patlent. EO(};-OES’ Age at first attendance (years) 17442
ado es;f?nts tra(rllsmonlngd ri)mdpae 1atr1(; s§rgli:1§sbw1t blz; € Duration of diabetes (years) 63439
t}els me 1t;1zsan you;E adu t§ 1agn(?(sie V\l/lt ia et.es € (?rfl Appointments attended 101429
the age of 25 years. The service provides clinical reviews wit Percentage Attendance Rate 2624 14.5

a consultant diabetologist supported by a multidisciplinary
team that includes diabetes nurse specialists, dieticians and
podiatry. The service also provides a nurse managed telephone
service for registered patients to avail of between scheduled
clinic visits. All patients had a diagnosis of type 1 diabetes
mellitus (history of ketosis and/or autoantibody positivity and/
or biochemical evidence of insulin deficiency) and were reg-
istered to the young adult diabetes service at our institution.
For the purposes of this study, participants were required to
have attended the service for a minimum of 5 years. Clinical,
anthropometric and biochemical information was collected
retrospectively from hospital charts and institutional electron-
ic medical records across two time points, the date of registra-
tion to the clinic (February 2000 to December 2010) and a
follow-up appointment 5 years after clinic registration.
Individuals whose care was transferred to other institutions
or failed to attend the clinic for a minimum of 5 years were
excluded. Ethical approval was obtained from the Mater
Misericordiae University Hospital research ethics committee.
Statistical analysis was undertaken using IBM® SPSS®
Statistics (Version 20). Data is presented as mean = SD unless
otherwise specified. A paired ¢ test was used for parametric
data. Multiple logistic regression analysis was undertaken in
correlative analyses. The statistical significance threshold was
set at a p value of <0.05.

Diabetic kidney disease was defined as the presence of
albuminuria and/or a fall in glomerular filtration rate <
60 mL/min/1.73m>. Urinary albumin creatinine ratios (ACR)
were measured on two occasions 3 months apart to confirm
the presence of microalbuminuria, > 3.5 mg/mmol in females
and >2.5 mg/mmol in males [9]. Retinal photography was
used to assess the presence of diabetic retinopathy. The sever-
ity was graded in accordance with NSC-UK retinopathy clas-
sification according to the following scale R1 =background
retinopathy, R2 = pre-profliferative retinopathy and R3 = pro-
liferative retinopathy [10].

Results

Baseline characteristics (Table 1)

Sixty-two patients (56.5% male) met the eligibility criteria for
inclusion in the study. This included individuals diagnosed

with type 1 diabetes mellitus in childhood or adolescence that
had transitioned from paediatric diabetes services to adult
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Data presented as mean = SD

diabetes care and those diagnosed for the first time in early
adulthood (1725 years of age). Mean + SD age at diagnosis
was 11.5+4.5 years with mean duration of diabetes of 6.3 +
3.9 years. The mean + SD age of first attendance to the service
was 17.4+ 2 years. The mean = SD rate of clinic attendances
within this cohort was 86.2 + 14.5% of scheduled appoint-
ments during the 5-year period of follow-up equating to a
mean number of 10.1 £2.9 appointments.

Anthropometric and biochemical characteristics
(Table 2)

Over the 5-year attendance to the service, a significant in-
crease in mean = SD body mass index (BMI) was observed
within the study group, 23.2+4.2 Kg/m® at baseline com-
pared to 25.7+4.0 Kg/m? at follow-up (p =< 0.0001). Mean
+ SD BMI significantly increased across both sexes with
males increasing from 23.0£4.0 to 26.3£4.0 kg/m” (p=<
0.0001) and females 23.6 £4.5 kg/m* compared to 25.0 +
3.9 kg/m? (p=0.02) at follow-up. Systolic blood pressure
was significantly higher at follow-up (119.7+10.4 vs 112.6
+11.5 mmHg at clinic registration, p =0.001), so too was
diastolic blood pressure. There were no significant changes
in lipid profile observed within this cohort. Improvements in
glycaemic control were recorded with a decline in mean = SD

Table 2 Anthropometric and biochemical parameters

Baseline n 5 years n P value
BMI (kg/m?) 232+42 57 257+£40 58 <0.0001
Male 23.0+40 32 263+40 33 <0.0001
Female 23.6+45 25 250+£39 25 0.02

112.6 £ 11.5 60 119.7 £10.4 62 <0.001
66.5+85 60 709+93 62 0.005
43+1.0 59 45+09 56 ns

Systolic BP (mmHg)
Diastolic BP (mmHg)

Total cholesterol
(mmol/L)
LDL (mmol/L) 25+0.7 58 2.6 £0.8 56 ns

Triglyceride (mmol/L) 1.1 0.8 59 1.0£0.8 56 ns

HDL (mmol/L) 14+05 58 15+03 56 ns
HbAI, (mmol/mol)  76.1 £22.4 62 69.1+149 62 0.044
HbAL, (%) 91+42 62 85435 62

Data presented as mean = SD
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HbA ¢ from 76.1 £22.4 mmol/mol (9.1 +4.2%) to 69.1
14.9 mmol/mol (8.5 +3.5%), p =0.044.

Medical therapy (Table 3)

At first attendance, the majority (75.8%) of patients were
utilising multiple daily injections (MDI) of insulin while
17.7% were prescribed continuous subcutaneous insulin infu-
sion (CSII) therapy. Three individuals (4.8%) were using
premixed insulin preparations and a single patient was pre-
scribed metformin but was subsequently commenced on insu-
lin therapy as the clinical diagnosis was revised to type 1
diabetes mellitus. Overall rates of MDI usage did not change
within this group. However, more patients were using CSII at
follow-up (22.6%). None of the cohort were prescribed anti-
hypertensive agents at the time of first contact with the service.
After 5 years, the rates of anti-hypertensive usage had in-
creased to 12.8%; all agents prescribed were angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin receptor
blockers (ARBs). One patient (1.6%) was taking lipid-
lowering therapy at the time of registration to the young adult
diabetes service and at follow-up 9.6% of the cohort were
prescribed lipid-lowering therapy. Lipid-lowering therapies
were predominantly Statin agents. Finally, the rate of hormon-
al contraception usage was 18.5% among females at the out-
set, which increased to 33.3% during the period of follow-up.

Microvascular complications (Table 4)

The baseline prevalence of diabetic retinopathy (DR) within
the study group was 17.7% while maculopathy rates were
much lower at 1.6%. The majority of retinopathy was non-
proliferative, 10 (16.1%) patients had grade R1 disease and
one having grade R3 retinopathy. Rates of retinopathy in-
creased significantly within the group over the 5-year period
to 37.1%, p = 0.0026. There was a fourfold increase in the rate
maculopathy (6.5%) after 5 years of follow-up. Multiple lo-
gistic regression analysis was undertaken to determine clinical

Table 3 Medical therapy

Baseline 5 years

Yo(n) %(n) P value
MDI* 75.8 (47) 75.8 (47) ns
CSI® 17.7 (11) 22.6 (14) ns
Pre-mixed 4.8 (3) 1.6(1) ns
Other 1.6(1) 0(0 ns
Lipid lowering agents 1.6(1) 97(@®) ns
Antihypertensive agents 0 (0) 129 (8) 0.006
Hormonal contraception (females n=27) 18.5(5) 33.3(9) ns

* MDI multiple daily injections
® CS1I continuous subcutaneous insulin infusion

Table 4 Microvascular complications

Baseline 5 years

% (n) % (n) P value
Retinopathy 17.7 (11) 37.1 (23) 0.026
R1 16.1 (10) 35.5(22)
R2 0 (0) 0(0)
R3 1.6 (1) 1.6 (1)
Maculopathy 1.6 (1) 6.54) ns
DKD 6.5 (4) 6.5 (4) ns

variables that may be associated with the presence of retinop-
athy after 5 years’ clinical intervention. Duration of diabetes
was the strongest predictor of development of retinopathy at
5 years (p = 0.037) while no relationship was observed for age
at transition, sex, BMI, attendance rates, insulin therapy,
glycaemic control, blood pressure and lipid profile. None of
these variables were associated with retinopathy risk at base-
line. The overall prevalence of diabetic kidney disease (DKD)
was low within the study group. At the outset, four individuals
(6.5%) were recorded as having evidence of
microalbuminuria; overall rates remained unchanged at fol-
low-up. Of the individuals with DKD at 5 years, 50% had
microalbuminuria with the remaining half recorded as having
overt proteinuria. Despite the increased use of ACEi and
ARB’s at follow-up, only two of the patients with DKD at
follow-up were prescribed agents blocking the renin-
angiotensin-aldosterone pathway.

Discussion

The primary outcome of this study was to determine the rates
of microvascular complications among individuals with type
1 diabetes mellitus during the period of emerging adulthood
and to evaluate the impact of 5 years specialised clinical in-
tervention on the rates. Within our cohort, the background
prevalence of diabetic retinopathy was 17.7% at first presen-
tation to the Young Adult Diabetes Clinic. There is limited
published data specifically pertaining to microvascular com-
plications within this group and particularly progression over
time. Our findings are in agreement with a previous study of
demographically similar patients, where the prevalence of ret-
inopathy within a group of adults with a diabetes diagnosis
less than 7 years was 31.1%; the majority of disease was pre-
proliferative [11]. However, the rate of retinopathy we report
is in conflict with recently published rates within an Israeli
population of young adults specifically transitioning from
paediatric care with a comparable duration of diabetes [12].
The possible reasons for the increased retinopathy rates within
our cohort include glycaemic control which was lower within
the Israeli study; authors quoted a mean HbA ¢ of 67.2 mmol/
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mol (8.3%) compared to 76.1 mmol/mol (9.1%) within our
group. In addition, more of the patients in that study were
utilising CSII therapy (62%) and the study participants
transitioned between 2010 and 2014, which was later than
our patients, as such the group were more likely to have been
treated with insulin analogues and CSII during the early years
of their diagnosis. We may be observing the influence of dia-
betes treatment advances on microvascular outcomes.

Diabetes registries have been able to provide the statistical
power needed to explore the relationship between diabetic eye
disease and clinical parameters. A German registry collating
data on over 8500 patients with type 1 diabetes illustrated that
male sex, smoking, increasing HbA c and longer duration of
diabetes all correlated to retinopathy risk [13]. Another
European registry study addressed the same question but spe-
cifically reported on adolescents and young adults. The au-
thors showed that similar variables increased the odds ratio of
microvascular complications in this demographic with the ex-
ception of male sex [14]. Although informative from an epi-
demiological view point these studies do not report on specific
interventions for young adults with diabetes. Within our ded-
icated clinical service, we report a significant rise in retinop-
athy rates to 37.7% over 5 years. Although the rate of new
retinopathy in this cohort is of concern it is important to con-
sider these findings in the context of diabetic retinopathy se-
verity. All new cases were R1 grade retinopathy (background
retinopathy). In addition, we observed three new cases of
maculopathy within this group. We sought to explore the clin-
ical variables that may contribute to the increased rates of
retinopathy in our study group. Despite significant increases
in systolic and diastolic blood pressure and the sub-optimal
glycaemic control, the only variable associated with develop-
ing retinopathy over the 5-year period was the duration of
diabetes, a non-modifiable risk. Although we demonstrated a
relationship between duration of diabetes and retinopathy in
our study, the contribution of suboptimal glycaemic control
should not be disregarded. Had the cohort been larger, HbA |c
may have influenced retinopathy risk within this group, fur-
ther highlighting the need for larger scale prospective studies
in this population. We acknowledge the contribution to reti-
nopathy risk seen from smoking in both registry studies.
Although we were unable to accurately report smoking status
within our study group, it represents another important mod-
ifiable factor in the development of DR.

The Diabetes Control and Complications Trial (DCCT)
identified the challenges in attempting to achieve intensive
glycaemic targets among adolescents. Throughout the course
of the DCCT, adolescents who progressed through emerging
adulthood in the intensive insulin therapy group had signifi-
cantly higher mean HbA,. compared to those entering the
study as adults [15]. During the Epidemiology of Diabetes
Interventions and Complications (EDIC) follow-up phase of
the study, those who entered the DCCT as adolescents had a
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faster rate of retinopathy progression compared to those enter-
ing the study as adults, this was attributable the differences in
HbA,, during the intervention trial. Guidance from the
American Diabetes Association on the management of ado-
lescents and young adults is reflective of the DCCT and EDIC
findings, recommending a target HbAc of 58 mmol/mol
(7.5%) across all paediatric age groups where safely possible,
targeting a HbAlc of less than 53 mmol/mol (7%) among
adults who are free of hypoglycaemia [16, 17]. Despite 5 years
of specialised intervention, glycaemic control within our co-
hort of young adults failed to meet these targets with a mean
HbA . of 69.1 mmol/mol (8.5%). This highlights the chal-
lenges experienced by many centers in optimising glycaemic
control within this group despite advancements in insulin and
its delivery systems [11].

Rates of diabetic kidney disease were low within this co-
hort of patients at 6.4% and comparable to reports in similar
cohorts [18, 19]. None of the study group experienced a de-
cline in renal function based on eGFR, although this is not
unexpected given that rates of overt nephropathy are low in
diabetes patients with a mean duration of diabetes similar to
our cohort [20]. A limitation of studying the cohort at two time
points is that new cases of microalbuminuria arising during
the follow-up period may not have been captured where
microalbuminuria may have been ameliorated by the initiation
of Renin Angiotensin Aldosterone system blockade therapy.
As we have demonstrated, 12.8% of this population was pre-
scribed either ACEi or ARBs over the 5-year follow-up, con-
ceivably masking a higher underlying prevalence of DKD.

Another feature of this cohort has been the rise in body
mass index (BMI) over the duration of follow-up. Large co-
hort studies of adolescents with type 1 diabetes report obesity
prevalence as high as 15% (WHO criteria), with 24% over-
weight [21]. The implications of weight gain in this cohort are
significant and result in insulin resistance, dyslipidemia and
hypertension, in addition to the observed deteriorations in
glycaemic control [21, 22]. At 5 years’ follow up, 46.6% of
our cohort were overweight and 12.1% obese. We speculate
that the increasing BMI may relate to higher insulin doses
perhaps as a consequence of improved compliance with pre-
scribed therapy. Alternatively, it may be due to over
insulinisation in individuals who fail to adequately monitor
blood glucose readings. The study design did not allow us to
capture data relating to insulin dosing over the 5-year period to
answer that question. There were, however, no significant
changes in the mode of insulin delivery across time points
with the majority of patients prescribed MDI therapy.
Interestingly, the increases observed in BMI were more
marked in males than females. The reason for this is not clear,
however, we acknowledge that the increased prevalence of
eating disorders particularly in females of this age group de-
serves consideration [23]. Insulin restriction has been shown
to be associated with eating disorders in adolescent females
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with type 1 diabetes mellitus [24]. We do not have the preva-
lence of eating disorders within our cohort.

Conclusions

This study reflects the Irish experience of a focused multidis-
ciplinary intervention in the management of young adults with
type 1 diabetes demonstrating a reduction in HbA; . over a 5-
year period coupled with significant increases in blood pres-
sure and BMI. Increased retinopathy rates were associated
with a longer duration of diabetes. There are many challenges
to undertaking research in this cohort and interpreting the
results of such studies should be approached with caution. In
reporting the outcomes of our study cohort, we have included
only those who attended the service. Non-attenders would be
an informative control group when considering the impact of
any clinical intervention in young adults with diabetes.
However, there are many practical implications to studying
non-attenders. Future strategies that will better inform our
practice should include prospective multicentre studies with
robust methodologies addressing novel approaches to im-
prove aspects of diabetes care during the period of emerging
adulthood. This study also highlights the importance of regu-
lar screening of microvascular complications to ensure early
detection and management.
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