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Aims. Diabetic retinopathy (DR) is the primary microvascular complication associated with diabetes. Evidence on DR prevalence
among children in New Zealand is scarce. We examined DR rates and associated risk factors in youth with type 1 diabetes (T1D)
aged <16 years receiving care from a regional diabetes service in January 2006–December 2020. Materials and Methods. DR
diagnosis followed the International Society for Pediatric and Adolescent Diabetes guidelines. The study included 646 participants;
mean age (ÆSD) at T1D diagnosis was 7.4Æ 3.6 years, 47% were female, and 69% identified as NZ Europeans. Results. The initial
DR screening occurred at a mean age of 12.6Æ 2.4 years and 5.2Æ 2.2 years after T1D diagnosis. At the first DR screen, 23.5% of
participants (152/646) were diagnosed with DR: 69.1% (105/152) with minimal, 30.3% (46/152) with mild, and one moderate case
(0.7%). Older age at diagnosis (p¼ 0:029) and longer diabetes duration (p¼ 0:015) were predictors of DR at first screen. Patients
with at least one positive DR screen had a higher average HbA1c at their first screen (+2.6mmol/mol; p¼ 0:042). Overall, 55.6%
(359/646) of patients had a positive DR screen, whose worst grade was mostly either minimal (58.2%) or mild (40.7%) DR, with
only three moderate cases (0.8%) and one severe (0.3%). Children diagnosed with T1D before age 10 were 72%more likely to have
DR than older children (p<0:0001), and DR risk was 32% and 41% higher among Pacific children than NZ European (p¼ 0:008)
and Māori (p¼ 0:014) children. Lastly, the only predictor of DR at discharge from paediatric services was HbA1c at the first screen
(p<0:0001). Conclusions. In this regional cohort of children with T1D, there was a high rate of low-grade DR overall and at first
retinal screen, with an increasing rate until transfer to adult services. Our findings underscore the importance of ongoing DR
screening, reducing glycaemic levels, and supporting vulnerable high-risk groups.

1. Introduction

Diabetes mellitus (DM) is associated with a range of debilitat-
ing complications. Diabetic retinopathy (DR) is the most com-
mon microvascular complication of DM globally [1]. In the

developed world, DR is the leading cause of new-onset blind-
ness among the working-age population [2].

Sight-threatening DR typically develops many years after
the initial diagnosis of diabetes [3]. A robust body of evidence
indicates that poor glycaemic control is a modifiable risk
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factor for the incidence and progression of DR [4, 5]. Land-
mark studies, including the Diabetes Control and Compli-
cations Trial (DCCT) and its follow-up (the Epidemiology
of Diabetes Interventions and Complications—EDIC), have
shown that tight glycaemic control in both youth and adult-
hood limits the development of sight-threatening DR [6, 7, 8].
Unfortunately, achieving good glycaemic control remains
challenging for clinicians and young patients [9].

Although the evidence supporting tight glycaemic control
in reducing diabetes complications is well-established, other
important research areas remain underexplored. For example,
evidence is less convincing regarding the right approach to
DR screening protocols, and estimates of actual DR preva-
lence in children and young people vary markedly across
studies [3, 4, 5, 10, 11, 12]. Changes in clinical management
of diabetes can explain some of the variation in prevalence
estimates. DR prevalence estimates from the 1980s (often over
40%, with mean patient ages under 18 years) likely reflect
poorer glycaemic control in those study populations [10].
However, a review of the literature after 2010 revealed preva-
lence estimates ranging from 2.3% (mean age of 14.5 years)
to 11.8% (mean age of 11.9) and up to 19.5% (median age of
14 years), with average HbA1c at screening in these popula-
tions of 67, 74, and 73mmol/mol, respectively [4, 11].

Evidence on DR prevalence in children in New Zealand
is limited. Previous studies have highlighted poor glycaemic
control and low attendance at diabetes clinics and retinal
screening appointments among children [12, 13]. Nonetheless,
a recent study suggested rates of DR are decreasing, surpris-
ingly, without marked concomitant improvements in glycae-
mic control [14].

This study aimed to examine the epidemiology of DR,
including rates, risk factors, and progression among youth
with type 1 diabetes (T1D) attending clinics at a regional dia-
betes center in Auckland, New Zealand.

2. Materials and Methods

2.1. Ethics. Ethics approval was provided by the Auckland Dis-
trict Health Board Research Review Committee (A+ 6898).
Written or verbal informed consent from patients was not
required, as this study constituted an audit of routine clinical
practice involving deidentified data.

2.2. Study Population. Clinical data were drawn retrospectively
from the local diabetes database, which documents all children
aged <15 years with T1D in the Auckland region, our single
regional tertiary diabetes center. This paediatric service pro-
vides specialist care for our regional population of approxi-
mately 1.7 million as part of free universal healthcare. The
diagnosis of T1D was made on clinical and biochemical
features:

(1) elevated blood glucose at presentation (random
measurement >11.1mmol/L and/or fasting sample
>7.1mmol/L),

(2) classic symptoms of diabetes, and
(3) meeting at least one of the following criteria:

(a) Diabetic ketoacidosis.
(b) Presence of T1D-associated antibodies.
(c) Ongoing requirements for insulin therapy.

Additional inclusion criteria for this study are as follows:

(i) T1D diagnosis before 1 January 2015.
(ii) Having attended at least one diabetes clinic at Star-

ship Children’s hospital between 1 January 2006 and
31 December 2020.

(iii) Aged <16 years at the diabetes clinic.
(iv) At least one DR screen between 1 January 2006 and

31 December 2020.
(v) Aged< 17.0 years at DR screen.

2.3. Retinopathy Screening and Grading. Retinopathy screening
data for the included children were extracted from a review of
patient notes and integrated with the most recent preceding dia-
betes clinic visit. DR screening was performed using fundus pho-
tography according to the New Zealand Ministry of Health
guidelines [15]. Retinopathy was examined at age 10, or from 5
years after the diabetes diagnosis, whichever occurred first, based
on International Society for Pediatric and Adolescent Diabetes
(ISPAD) Clinical Practice Consensus Guidelines [16]. Overall
grades (none, minimal, mild, moderate, severe, or proliferative)
were assigned by trained personnel, including experienced
optometrists and specialist diabetes nurses with specific training
on DR screening, at either Starship Children’s Hospital or the
Greenlane Clinical Centre. Any children with moderate or severe
retinopathy grades had their images additionally rechecked by
an ophthalmologist, with any amendment designated as the
most appropriate grade and used in the database.

2.4. Other Demographic and Clinical Data. Information extracted
from the database included the participant’s age at T1D diag-
nosis, biological sex, and caregiver-reported ethnicity. The
latter was stratified using a hierarchical classification system,
with patients assigned to one of four categories in the follow-
ing prioritized order: Māori, Pacific, Other, or NZ European
[17]. Socioeconomic deprivation was assessed with the New
Zealand Index ofMultiple Deprivation 2018 (IMD18), a com-
prehensive area-based measure derived from 6,181 nationally
ranked data zones, each with an average population of 761
[18, 19]. The IMD18 is derived from scores across seven dif-
ferent domains of deprivation: income, employment, crime,
housing, health, education, and geographical access [18, 19].

Clinical data included glycated hemoglobin (HbA1c) and
anthropometry at the immediate clinic visit preceding a given
retinopathy screening. Weight, height, and body mass index
(BMI) were transformed into standard deviation scores (SDS)
adjusted for age and sex according to WHO standards [20].

The time-weighted (TW) HbA1c over 1 year was calcu-
lated for each participant with two or more HbA1c measure-
ments within 365 days prior to a target screening visit:

TWHbA1c¼ AUC
Datet − date0

; ð1Þ
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whereAUC is the area under the curve, anddate0 anddatet are the
dates when the first HbA1c and last HbA1c measurements were
made, respectively, with the difference expressed in days [21].

2.5. Statistical Analyses. The demographic and clinical char-
acteristics of included and excluded patients were compared
with one-wayANOVA for continuous variables and Fisher’s
exact tests for categorical variables. Continuous data are reported
as meanÆ standard deviation (SD), median (quartile 1, quartile
3), or the range, and categorical variables as frequency (n) and
percentage (%). Appropriate pairwise comparisons between two
rates were carried out using two-sample Poisson rate tests.

The associations between clinical and demographic param-
eters with the likelihood of retinopathy at the participant’s first
screen were examined using generalized linear regression mod-
els using a modified Poisson procedure, and expressed as the
adjusted relative risk (aRR) and the respective 95% confidence
interval (CI) [22]. Models adjusted for ethnicity (NZ European/
Māori/Pacific/Other), sex (male/female), age group at T1D
diagnosis (<10 years/≥10 years), socioeconomic deprivation
(IMD18), HbA1c at the screen, and the duration between
T1D diagnosis and the DR screen.

The samemultivariablemodels were run to evaluate the risk
of retinopathy at any point during the study period and specifi-
cally at discharge from the paediatric services. However, for the
analysis at discharge, we only included data from participants
who had undergone at least two screenings for retinopathy.

In these models, age at T1D diagnosis was stratified into a
binary variable to minimize the multicollinearity issue due to its
strong correlation with the duration from diagnosis to screen (r
=−0.73; p <0:0001). Similarly, HbA1c and TW-HbA1c were
not included in the samemodel (r= 0.88; p <0:0001), and each
multivariable model was run separately with either variable,
with HbA1c invariably selected for inclusion based on model
fit, assessed using the generalized estimating equations (GEE)
fit criteria, specifically the quasi-likelihood under the inde-
pendence model criterion (QIC) [23].

The longitudinal progression of DR was visually repre-
sented, as the marked variability in the number of DR screens
per patient limited the robustness of statistical analyses. Data
frompatients who underwent at least twoDR screens during the
audit period were categorized into 1-year brackets starting from
the initial screening. For patients with multiple screens within a
given 1-year period, only the last screen was considered.

Statistical analyses were conducted using SAS v9.4 (SAS
Institute, Cary, NC, USA), including the calculations of AUC
and the TW-HbA1c. All tests were two-sided with signifi-
cance set at p<0:05. The progression of DR rates and severity
over time were derived using algorithms and illustrated in
Microsoft Excel for Office 365 v2404 (Microsoft Corporation,
Redmond, WA, USA). Other graphs were created in GraphPad
Prism v8.4.3 (GraphPad Software Inc., San Diego, CA, USA).

3. Results

3.1. Study Population. There were 1,144 paediatric patients
with diabetes in the Auckland City Hospital “Starbase”
with recorded clinic visits during the 15-year study period
(2006–2020). Our study included 646 youth with T1D who

underwent at least one DR screen, after excluding 235 patients
with other forms of diabetes, 29 without clinic visits at age<16
years, and 234 without any recorded DR screen (Figure S1).

The demographic characteristics of included and excluded
patients are shown in Table S1. Included participants were
diagnosed, on average, 2 years earlier and were 1.4 years
younger at their first clinic visit recorded during the audit
period (Table S1). Additionally, included participants had a
lower representation of Māori and Pacific ethnicities, who
were more likely to be excluded due to missing DR screening
than patients from other reported ethnicities (66/176 (37%)
vs. 197/730 (27%); p¼ 0:038).

3.2. First Retinopathy Screening. At the first DR screen, the
mean age was 12.6 years, with the youngest recorded screen-
ing at 5.9 years (Table S2). On average, the first DR screen
occurred 5.2 years after T1D diagnosis; half of our patients
were screened after 3.5–6.2 years, but the timing varied
widely from 11 months to 13.7 years (Table S2). Nearly three
of four patients (72%) underwent two or more DR screens,
but screening frequency was markedly variable, with one
patient screened 10 times during the audit period (Table S2).

3.3. Retinopathy Rates and Risk Factors.At their first recorded
screen, 24% of patients (152/646) were diagnosed with DR
(Table 1). Of these, 69% (105/152) had minimal and 30%
(46/152) mild DR, with only one case (0.7%) of moderate
severity (Table 1).

Patients who were diagnosed with DR at the first screen
were, on average, 6 months older (p¼ 0:025), experienced
greater levels of socioeconomic deprivation (p¼ 0:006), and
had TW-HbA1c 3.5mmol/mol higher than those without it
(95% CI: 0.9, 6.1mmol/mol; p¼ 0:008) (Table 1). Multivari-
able analysis revealed that older age at T1D diagnosis (p¼
0:029) and a longer duration since T1D diagnosis (p¼ 0:015)
were predictors of DR at the first screen. Patients aged ≥10
years at T1D diagnosis had a DR risk 57% higher than youn-
ger counterparts (aRR= 1.57; 95% CI: 1.05, 2.37). After T1D
diagnosis, every additional year of diabetes duration increased
the DR risk at the first screen by approximately 10% (aRR=
1.10; 95% CI: 1.02, 1.19).

Over the 15-year study period, DRwas diagnosed in 55.6%
of patients (359/646), with the cumulative rates depicted in
Figure S2. The median age for the initial DR diagnosis was
13.8 years (Table 1). While 75% of the children diagnosed with
DR were 12 years or older, diagnoses were made in children as
young as 5.9 years (Table 1). Nearly half (42%) of those with a
positive DR screen received their diagnosis at their first DR
screen (152/359) (Table 2).

The interval from T1D diagnosis to the first screening
was only marginally shorter for those diagnosed with DR (≈5
months; p¼ 0:022) (Table 3). DR rates were similar in males
and females (Table 3). However, those with DR had been
diagnosed with T1D 1.7 years earlier (p<0:0001) and were
1.3 years younger (p<0:0001) with slightly higher average
HbA1c levels (+2.6mmol/mol (95% CI: 0.1, 5.0mmol/mol);
p¼ 0:042) at the time of their first screen (Table 3). Notably,
Pacific participants were disproportionately represented
among those with DR, with rates threefold higher than their
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counterparts (12% vs. 4%; Table 3), likely reflecting poorer gly-
caemic control compared to other ethnicities (mean TW-HbA1c
at first screen 82.8Æ 17.8 vs 67.9Æ 13.1mmol/mol; p<0:0001).

In the multivariable analysis, age at T1D diagnosis and
Pacific ethnicity were the only predictors of having DR at
least once. Children diagnosed with T1D before age 10 were
72% more likely to develop DR than older children (aRR=
1.72 (95% CI: 1.37, 2.15); p<0:0001). Pacific patients had a
32% higher DR risk compared to NZ Europeans (aRR= 1.32
(95% CI: 1.08, 1.63); p¼ 0:008) and 41% higher than Māori
(aRR= 1.41 (95% CI: 1.07, 1.85); p¼ 0:014).

3.4. Retinopathy Severity. At the first diagnosis, most patients
had DR graded as either minimal (70%; 252/359) or mild (29%;
105/359), with only two moderate cases (0.6%) and none severe
(Table 2). When considering the participant’s worst DR grade

recorded, the classifications remained predominantly minimal
(58%) ormild (41%), with only threemoderate cases (0.8%) and
one severe (0.3%) (Table 2). The demographic and clinical char-
acteristics of the four patients with moderate or severe DR did
not reveal any consistent markers (Table S3).

When comparing participants by their worst grades,
those with minimal and mild DR had similar sex and eth-
nicity distributions, yet patients with mild DR experienced
higher levels of socioeconomic deprivation (p¼ 0:018; Table S4).
Children with mild DR were diagnosed with T1D≈ 10
months earlier (p¼ 0:023) but underwent their first DR
screening≈ 14 months later (p¼ 0:0001) (Table S4). Chil-
dren with mild DR had an average HbA1c 5.2mmol/mol
higher at their screening visit (95% CI: 1.8, 8.6mmol/mol;
p¼ 0:003) and a TW-HbA1c 4.9mmol/mol higher over
the previous year (95% CI: 1.8, 8.0mmol/mol; p¼ 0:002),

TABLE 1: Demographic and clinical characteristics of children and adolescents with type 1 diabetes mellitus (T1D) in the Auckland region at
their first recorded diabetic retinopathy (DR) screen in the study period.

Characteristic Parameter Levels No retinopathy Retinopathy p-Value

n — — 494 (76.5%) 152 (23.5%) —

Demography

Sex
Female 228 (46%) 74 (49%) 0.64
Male 266 (54%) 78 (51%)

Ethnicity

NZ European 350 (71%) 96 (63%) 0.15
Māori 44 (9%) 15 (10%) —

Pacific 35 (7%) 19 (13%) —

Other 65 (13%) 22 (14%) —

IMD18∗ — 4 (2, 7) 5 (3, 8) 0.006

Clinical

Height SDS — 0.51Æ 0.99 0.44Æ 1.04 0.46
Weight SDS — 0.74Æ 0.89 0.78Æ 0.87 0.15

BMI SDS (kg/m2) — 0.64Æ 0.81 0.73Æ 0.80 0.26

Age at T1D Dx (years)
— 7.4Æ 3.5 7.6Æ 3.6 0.44
— 7.1 (4.6, 10.4) 7.6 (4.9, 10.4) —

— 0.8–14.5 0.7–14.2 —

Age at DR screen (years)
— 12.5Æ 2.5 13.0Æ 2.4 0.025
— 12.9 (10.8, 14.5) 13.5 (11.5, 14.9) —

— 6.5–16.4 5.9–16.2 —

Time from T1D Dx (years)
— 5.1Æ 2.1 5.4Æ 2.5 0.22
— 5.1 (3.5, 6.1) 5.2 (3.4, 6.3) —

— 0.9–12.3 1.5–13.7 —

DR screens (n)

1 129 (26%) 51 (34%) 0.059
2 134 (27%) 41 (27%) —

3 75 (15%) 30 (20%) —

4 70 (14%) 15 (10%) —

5 43 (9%) 5 (3%) —

≥6 43 (9%) 10 (7%) —

HbA1c at screen (mmol/mol) — 69.0Æ 16.1 71.8Æ 15.0 0.053

Time-weighted HbA1c (mmol/mol) — 68.4Æ 14.2 71.9Æ 13.9 0.008

Continuous data are the meanÆ standard deviation, the median (quartile 1, quartile 3), or the range; categorical data are reported as n (%). BMI, body mass
index; Dx, diagnosis; HbA1c, glycated hemoglobin; IMD18, 2018 New Zealand Index of Multiple Deprivation; NZ, New Zealand; SDS, standard deviation
score; and T1D, type 1 diabetes mellitus. ∗The IMD18 is an area-based measure of socioeconomic deprivation where higher scores represent higher deprivation
levels; data were available for all but two and one patients with and without retinopathy at their first screen, respectively. p-Values were derived from one-way
ANOVA, nonparametric Kruskal–Wallis test, or Fisher’s exact tests; statistically significant p-values (at p<0:05) are highlighted in bold.
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indicating an association between glycaemic control and
DR severity (Table S4).

3.5. Retinopathy Progression. Figure 1 illustrates DR rates among
the 466 youths with two or more recorded screenings during
the study, according to the time elapsed from their first
screening. The proportion of patients without DR appeared
to decrease over time from 78% at the first screening to
approximately 50% three or more years later. Conversely,
there appears to have been a corresponding increase in the
proportion of patients with minimal DR, which rose from
15% at the first screening to 30%–40% 3 or more years later
(Figure 1(b)). However, the number of patients screened
beyond 5 years from the initial screening was relatively small
for reliable inferences about long-term DR progression in this
cohort (Figure 1(a)).

Among the same patients, 42% (196/466) were diagnosed
with DR at their final paediatric service screening. HbA1c
level at the first screening was the sole predictor of DR at
transition, with the risk increasing by approximately 10% for
every 5mmol/mol rise in HbA1c (aRR= 1.10 (95% 1.06, 1.14);
p<0:0001). Among patients diagnosed with DR at any time
who also underwent multiple screenings (n= 359; Table 2),
36.7% (n= 113) showed no DR signs at their final paediatric
screening.

3.6. Retinopathy Screening Guidelines. Our analysis of the
current DR screening guidelines for paediatric patients with
T1D, which recommend starting screenings at either age 10
or 5 years after T1Ddiagnosis (whichever occurs first) [15, 16]

revealed nuanced findings. Excluding the small outlier group
of very young children (<7 years) with a high diagnosis rate
(3/7; 43%), we observed a relatively gradual increase in DR
rates from age 10 without a clear threshold for escalation
(Figure 2(a)). For example, the rate was 23% at age 9 years
(9/40), which was comparable to 22% at age 12 (17/80) and
26% at age 15 (28/109) (Figure 2(a)). When considering all
screenings (n= 1,777), we observed a gradual increase in DR
rates starting from ages 7 to 8 (Figure 2(b)), although repeated
screenings of individuals previously diagnosed could have
skewed the data.

The assessment of diabetes duration showed no marked
increase in DR rates at the 5-year mark (Figure 2(c)). Instead,
a 2-year postdiagnosis period emerged as a potential risk
threshold, with a 30% positive screening rate (25/83) com-
pared to 25% (43/169) for those first screened at 5 years
(Figure 2(c)). In addition, there was a consistent increase
in detection rates over time across all screenings, yet this
trend did not substantiate the 5-year mark as a pivotal
threshold for increased DR risk (Figure 2(d)).

The evaluation of DR rates against the guidelines’ key
criteria indicated no distinct thresholds for children diag-
nosed with T1D before age 10 (Figures 3(a) and 3(b)). While
there were increased rates at 2–3 years and at ≥9 years after
T1D diagnosis, these were periods with fewer screenings
(Figure 3(a)). Conversely, for children diagnosed at ≥10
years, there was a marked rise in DR rates at the 2-year
mark (32%; 23/73), a stark contrast to the 13% rate (4/30)
before 2 years (Figure 3(c)). This pattern persisted across all

TABLE 2: Timing and grading of diabetic retinopathy (DR) among children and adolescents with type 1 diabetes in Auckland.

Parameter Levels n (%)

Diagnosed with DR — 359 (55.6%)

Age at first DR diagnosis (years)
— 13.3Æ 2.2
— 13.8 (12.0, 15.0)
— 5.9–16.7

DR diagnosed at first screen
Yes 152 (42.3%)
No 207 (57.8%)

DR grade at first screen†
Minimal 105 (69.0%)
Mild 46 (30.3%)

Moderate 1 (0.7%)

First DR grade overall
Minimal 252 (70.2%)
Mild 105 (29.2%)

Moderate 2 (0.6%)

Worst DR grade overall

Minimal 209 (58.2%)
Mild 146 (40.7%)

Moderate 3 (0.8%)
Severe 1 (0.3%)

DR screen result at the last clinic visit

No retinopathy 113 (36.7%)
Minimal 170 (47.4%)
Mild 72 (20.1%)

Moderate 3 (0.8%)
Severe 1 (0.3%)

Age data are the meanÆ standard deviation, the median (quartile 1, quartile 3), and the range; categorical data are reported as n (%). †The denominator is the
number of patients diagnosed with DR at their first screen (n= 152).
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screenings for this age group, with a noted spike in DR inci-
dence after 5 years, albeit based on fewer screenings (53%;
10/19) (Figure 3(d)).

3.7. Summary of Key Metrics. Overall, the data recorded in
this study paints a complex picture among our paediatric
patients with T1D in the Auckland region. Key DR metrics
(including risk factors) are therefore summarized in Table 4.

4. Discussion

The current study, conducted in New Zealand’s largest
regional center, showed a DR rate (of any severity) of
55.6% among all patients over 15 years. This is a substantial
figure that reflects the genuine risk of onset and progression
of microvascular complications of T1D, even in children and
adolescents. This rate also suggests that timely and appropri-
ate screening of DR is important in preventing one of the

most debilitating long-term sequelae of T1D. In contrast, the
rate at the first retinopathy assessment was 23.5%, compara-
tively higher than recent data and estimates from other coun-
tries and New Zealand centers [11, 12, 24, 25]. The reasons
behind this discrepancy are currently unclear. Further, given
the potential for background DR to regress, the DR rate
across the 15 years may be deceptively high. Nonetheless,
only two patients (0.6% of those with DR at the first screen)
exhibited DR greater in severity than mild at the first screen
(both moderate). Indeed, across all screening data, only four
patients were diagnosed with DR of moderate (n = 3) or
severe (n = 1) grades.

This study revealed generally poor glycaemic control
within our study population. The mean values for HbA1c
were 71.8Æ 15.0 and 69Æ 16.1mmol/mol in those with and
without retinopathy at the first screen, respectively. These
figures are markedly higher than clinically recommended

TABLE 3: Demographic and clinical characteristics of children and adolescents with type 1 diabetes in Auckland who were screened for
diabetic retinopathy, comparing those who were and were not diagnosed with retinopathy at least once during the study period (2006–2020).

Characteristic Parameter Levels No retinopathy Retinopathy p-Value

n — — 287 (44%) 359 (56%) —

Demography

Sex
Female 134 (47%) 168 (47%) >0.99
Male 153 (53%) 191 (53%) —

Ethnicity

NZ European 208 (73%) 238 (66%) 0.005
Māori 29 (10%) 29 (8%) —

Pacific 12 (4%) 43 (12%) —

Other 38 (13%) 49 (14%) —

IMD18∗ — 4 (2, 7) 4 (2, 7) 0.12
Height SDS† — 0.51Æ 0.98 0.48Æ 1.02 0.66
Weight SDS† — 0.81Æ 0.84 0.70Æ 0.92 0.15

BMI SDS (kg/m2)† — 0.69Æ 0.78 0.64Æ 0.72 0.37

Clinical

Age at T1D Dx (years)
— 8.4Æ 3.5 6.7Æ 3.4 <0.0001
— 9.0 (5.6, 11.4) 6.4 (3.8, 9.4) —

— 1.1–14.7 0.7–14.2 —

Age at screen (years)†
— 13.3Æ 2.2 12.0Æ 2.5 <0.0001
— 14.1 (11.9, 15.2) 12.3 (10.2, 14.0) —

— 7.2–16.4 5.9–16.2 —

Time from T1D Dx (years)
— 5.0Æ 2.2 5.4Æ 2.2 0.022
— 4.9 (3.2, 6.1) 5.2 (4.0, 6.3) —

— 1.0–12.3 0.9–13.7 —

Retinopathy screens (n)

1 129 (45%) 51 (14%) <0.0001
2 97 (34%) 78 (22%) —

3 28 (10%) 77 (21%) —

4 20 (7%) 65 (18%) —

5 9 (3%) 39 (11%) —

≥6 4 (1%) 49 (14%) —

HbA1c (mmol/mol)† — 68.2Æ 16.4 70.8Æ 15.4 0.042
Time-weighted HbA1c (mmol/mol)† — 68.3Æ 15.0 69.9Æ 13.4 0.13

Continuous data are the meanÆ standard deviation, the median (quartile 1, quartile 3), or the range; categorical data are reported as n (%). BMI, body mass
index; Dx, diagnosis; HbA1c, glycated hemoglobin; IMD18, 2018 New Zealand Index of Multiple Deprivation; NZ, New Zealand; SDS, standard deviation
score; and T1D, type 1 diabetes mellitus. ∗The NZ IMD is a measure of socioeconomic deprivation where higher scores represent higher deprivation levels; data
were available for all but two and one of patients who were and were not diagnosed with retinopathy at any time during the audit period, respectively.
†Parameters recorded at their first screen in the database that met the inclusion criteria for this study. p-Values were derived from one-way ANOVA,
nonparametric Kruskal–Wallis tests, or Fisher’s exact tests; statistically significant p-values (at p<0:05) are highlighted in bold.
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levels, such as the target HbA1c of <53mmol/mol recom-
mended for youths by the American Diabetes Association
[26]. Similar findings from aNewZealand study noted patients
aged <15 years had a median HbA1c of 70mmol/mol in
2019, and in 2017, those under 16 had a mean HbA1c of 71Æ
3mmol/mol [14, 27]. In a multicenter Australasian study, the

mean HbA1c in those aged 10–15 was 66mmol/mol in
2019 [28].

The link between poor glycaemic control andworsemicro-
vascular outcomes has been well-established since the 1990s
and is reaffirmed here. In patients with DR, HbA1c at
the preceding clinic visit was higher in those with worse
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FIGURE 1: Diabetic retinopathy (DR) rates and severity among children and adolescents with type 1 diabetes mellitus (T1D) in the Auckland
region, based on time elapsed since their initial DR screening during the audit period (2006–2020). Inclusion was limited to patients with ≥2
DR screenings (n= 466) to assess changes in DR severity over time. Each bar in (a, b) represents a 1-year bracket, with “0–1 year,” for
example, indicating a follow-up screening within 1 year from the first. For patients with multiple screenings within a given 1-year period, only
the last screening was considered: (a) shows the total screenings and distribution of DR severity at the last screening for each period; (b)
illustrates the proportions of these screenings by DR severity. Severity categories were defined based on ISPAD Clinical Practice Consensus
Guidelines.
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retinopathy. In those patients with more than one retinop-
athy screening, DR rates increased by approximately 9% for
each 5mmol/mol increase in HbA1c at the first screen.
Given our observed poor glycaemic control and its associa-
tion with DR risk, improving glycaemic control in children
and adolescents in New Zealand is important. Technologies
such as continuous glucose monitoring (CGM) and continu-
ous subcutaneous insulin infusion (CSII) markedly improve
glycaemic control and reduce microvascular complications in
youth [29, 30].

Studies have shown that CGM results in better glycaemic
control than standard blood glucose (finger-prick) monitor-
ing [31, 32]. However, others noted that the benefits of CGM
were less pronounced in children [33, 34], with several chal-
lenges in integrating CGM data into daily management.
Despite these challenges, there is increasing evidence that
CGM improves glycaemic control in children and adolescents
with T1D, reducing the risk of hypoglycaemia and diabetic
ketoacidosis [35, 36, 37, 38, 39]. There is also consistent evi-
dence that insulin pumps improve glycaemic control and
reduce total daily insulin dose in children and adolescents

with T1D [29, 40]. Thus, insulin pumps are associated with
lower risks of severe hypoglycaemia and diabetic ketoacidosis
[40, 41, 42]. However, to our knowledge, no studies have yet
assessed the impact of insulin pump therapy on the DR risk in
paediatric patients. Therefore, increasing access to these tech-
nologies will likely lead to marked patient benefits. Such tech-
nologies also provide more equitable health outcomes for
young people [14, 27, 28, 37].

New Zealand’s social security system offers free medical
care [43]. The public healthcare system aims to provide equi-
table access to all necessary medical services for children and
adolescents [43], irrespective of private insurance coverage.
Essential diabetes management services, including monitor-
ing and treatment, are freely available to this demographic,
with minimal direct costs of T1D for patients’ families [44].
Of note, no private health insurance in the country covers
any aspect of T1D care, including CGM, pump therapy, or
analog insulins. Therefore, income and insurance coverage in
New Zealand is unlikely to directly affect access to and qual-
ity of T1D care for children and adolescents [44], and con-
sequently, glycaemic control and the associated DR risk in
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FIGURE 2: Diabetic retinopathy (DR) rates among 646 children and adolescents with type 1 diabetes (T1D) in the Auckland region over 15
years (2006–2020). Panels show DR rates according to (a) age at first DR screen (n= 646); (b) age at any recorded DR screen (n= 1,777); (c)
time elapsed from T1D diagnosis (Dx) to first DR screen (n= 646); and (d) time elapsed from T1D Dx to all recorded DR screens (n= 1,777).

8 Pediatric Diabetes



<2 2 3 4 5 6 7 8 9 ≥10
0

5

10

15

20

25

30

35

40

45

50

Time from T1D Dx to the first DR screen (years)

Re
tin

op
at

hy
 ra

te
 (%

)

0/4

2/10
4/23

15/77

40/165

13/76

10/27
7/18

9/40
4/21

ðaÞ

<3 3 4 5 6 7 8 9 10 11 ≥12
0

10

20

30

40

50

60

70

Time from T1D Dx to DR screen (years)

Re
tin

op
at

hy
 ra

te
 (%

)

5/30
20/92

78/246
73/244

69/211

61/102

40/81

76/187
67/150

2/13

47/118

ðbÞ

<2 2 3 ≥4
0
5

10

15

20

25

30

35

40

45

50

Time from T1D Dx to the first DR screen (years)

Re
tin

op
at

hy
 ra

te
 (%

)

4/30

23/73

14/58

7/25

ðcÞ

<2 2 3 4 ≥5
0

10

20

30

40

50

60

70

Time from T1D Dx to DR screen (years)

Re
tin

op
at

hy
 ra

te
 (%

)

5/32

30/85

27/100 19/67

10/19

ðdÞ
FIGURE 3: Diabetic retinopathy (DR) rates among 646 children and adolescents with type 1 diabetes (T1D) in the Auckland region over 15 years
(2006–2020), according to age at diagnosis (Dx) and the time elapsed from T1D Dx to DR screen. Panels show DR rates according to age at
(a) first DR screen in children <10 years at T1D Dx (n= 460); (b) any recorded DR screen in children aged <10 years at T1D Dx (n= 1,474);
(c) first DR screen in children ≥10 years at T1D Dx (n= 186); and (d) any recorded DR screen in children ≥10 years at T1D Dx (n= 303).

TABLE 4: Summary of key diabetic retinopathy (DR) metrics and associated risk factors among children and adolescents with type 1 diabetes
(T1D) in the Auckland region.

Metric Levels Value/parameter

Overall DR rate during the 15-year study period — 55.6% (359/646)

DR rate at first screening — 23.5% (152/646)

Median age at initial DR diagnosis (years) — 13.8 (5.9–16.7)

Proportion of DR diagnosed at first screening — 42.3% (152/359)

Worst DR grade recorded

Minimal 58.2% (209/359)
Mild 40.7% (146/359)

Moderate 0.8% (3/359)
Severe 0.3% (1/359)

Key risk factors for DR∗

— Age at T1D diagnosis
— Duration of diabetes
— HbA1c levels
— Pacific ethnicity

DR rate at final paediatric screening∗ — 42.1% (196/466)

Sole predictor of DR at transition to adult care — HbA1c at first screening

Appropriate data are presented as percentages (n/N) or median (range). DR, diabetic retinopathy; HbA1c, glycated hemoglobin; T1D, type 1 diabetes mellitus.
∗Based on multivariable generalized linear regression models.
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this age group. Nonetheless, we observed disparities in health
outcomes, suggesting that factors beyond simple access to
care contribute to these inequities. In particular, Pacific eth-
nicity and higher levels of socioeconomic deprivation were
identified as factors associated with increased DR risk. Since
Pacific people are more likely to experience material hard-
ship, low incomes, and housing deprivation [45, 46], their
higher DR rate could be a consequence of socioeconomic
disparities and their adverse impact on glycaemic control.
However, the multivariable model, including a measure of
socioeconomic deprivation (IMD18), showed that Pacific
ethnicity was the stronger predictor. Moreover, while Pacific
patients experienced higher deprivation levels, these were no
different from Māori patients (Figure S3), whose DR rates
were lower. Therefore, besides greater socioeconomic depri-
vation, other associated factors may include perceptions of
institutional racism, a reluctance to engage with mainstream
medical services, and language barriers. As a result, the
observed disparities require a comprehensive investigation
into the underlying factors to improve service delivery and
achieve equitable outcomes, including reducing DR rates.

The relatively high DR rates at first screening (23.5%)
and overall (55.6%) suggest that the screening and clinical man-
agement of paediatric patients with T1D must be improved.
Current screening guidelines in New Zealand specify that
children newly diagnosed with T1D should be screened for
DR within 5 years or at age 10, whichever comes first [15].
This guideline is based on ISPADClinical Practice Consensus
Guidelines from 2014, which recommend commencement of
screening “at age 10 or at the onset of puberty if this is earlier,
after 2 to 5 years’ diabetes duration” [16]. The analysis per-
formed here provides some evidence supporting these thresh-
olds. However, our study did not identify a substantial increase
inDR rates at the 5-yearmark following diagnosis. Conversely,
there was weak evidence of an earlier threshold 2 years after
diagnosis. While it is likely that clinical factors might have
triggered early screening, our study provides some support
for an earlier time point for DR screening after T1D diagnosis.

Additionally, more than one-quarter of patients (234/880;
27%) were excluded from the analyses because they had no
recorded retinopathy screening. While some of these patients
may have undergone screening photographs in private clinics,
many were likely never screened. These patients were more
likely to beMāori or Pacific, complementing existing evidence
that inequitable barriers (such as access to transport, inade-
quate booking systems, and lack of engagement with patients
and their families) limit access to retinopathy screening for
Māori and Pacific [13, 47]. In addition, our paediatric diabetes
and retinal screening services in Auckland are not restricted
to a single central clinic. Rather, we have clinics at four differ-
ent sites in the region, so diabetes care is accessible within a
30-min drive of any patient with T1D living in Auckland.
Nevertheless, in light of the observed ethnic and socioeco-
nomic disparities in DR rates and other diabetes-related
comorbidities, some researchers have argued for a shared-
caremodel involving community-based optometrist screening
to improve access [13]. Further research is essential to more

accurately characterize screening barriers and mitigate inequi-
ties in access to DR screening.

Other study limitations include its retrospective and audit
nature, hence the wide variation in timing and frequency of the
retinal screens. Additionally, some patients’ actual first reti-
nopathy screens could have been excluded if they had taken
place before 2006 or if they had attended a private screening
clinic. Precise evaluation of DR progression in the long-term
(beyond 5 years since the first DR screening) was hindered by
the decreasing number of patients captured undergoing
screening at longer intervals, though this would be expected
since paediatric patients transition to adult diabetes services
at age 15. We also could not account for the use of CGM or
insulin pumps. In New Zealand, nationwide data from 2021
reported marked inequities in CGM access by ethnicity and
socioeconomic deprivation [37]. However, our audit period
ended in December 2020, and CGMonly became available for
paediatric patients with T1D in this country in March 2018
[48]. Thus, CGM access would likely have had a minimal
impact (if any) on our findings, as initial CGM uptake in
New Zealand was very limited. Regarding insulin pumps,
these have been publicly funded in New Zealand since 2012,
and their uptake progressively increased over the years cov-
ered by this study [49, 50]. Still, by 2016, only 25% of paedi-
atric patients nationwide were reportedly using them, with
both ethnic and socioeconomic disparities in uptake [49, 50].
Nonetheless, pump therapy might have been a factor underly-
ing lower DR rates in some patients, which could explain, at
least in part, some of our observed ethnic differences. Notably,
our findings corroborate previous New Zealand data showing
that ethnicity and socioeconomic status were independently
associated with poorer glycaemic control and increased risk of
diabetes-related comorbidities, highlighting the complexity of
health inequities consistently reported in Pacific and Māori
patients [51]. Furthermore, as mentioned earlier, Pacific and
Māori patients weremore likely to have been excluded due to a
lack of retinopathy screening, a possible source of selection
bias. Differences in glycaemic control were not statistically
significant between included and excluded patients. However,
given the evidence of poorer outcomes for Pacific and Māori
patients in other studies on DR in New Zealand, the rate of DR
may have been underestimated [13, 47]. Lastly, with the
increasing use of insulin pumps and particularly CGM, greater
access to such technologies would likely impact DR rates and
severity. Future studies should examine the complex interac-
tions between these factors to ascertain their impacts on DR
rates and identify mitigating measures to address existing eth-
nic and socioeconomic disparities in diabetes management
and outcomes.

5. Conclusions

The DR rate at first screening was notably high in the Auck-
land region, with over half of the patients experiencing DR at
least once, underscoring the need for improved long-term
glycaemic control to prevent microvascular complications.
Some evidence supported the current duration- and age-
based screening thresholds. While it was difficult to draw
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best-practice conclusions about the precise timing of DR
screening, conducting DR screenings for children yielded
clinically valuable information. Poor glycaemic control and
the duration of T1D were reconfirmed as key DR predictors.
Additionally, inequitable DR patterns were noted to adversely
affect Pacific patients; therefore, barriers to improve glycae-
mic control and screening access must be addressed. Further
research is essential to clarify the underlying factors leading to
inequities in diabetes care and health outcomes and to under-
stand why many children miss DR screenings.

Abbreviations

aRR: adjusted relative risk
AUC: Area under the curve
BMI: Body mass index
CGM: Continuous glucose monitoring
CI: Confidence interval
DR: Diabetic retinopathy
HbA1c: Glycated haemoglobin
IMD18: 2018 New Zealand Index of Multiple Deprivation
ISPAD: International Society for Pediatric and Adoles-

cent Diabetes
T1D: Type 1 diabetes
TW-HbAlc: Time-weighted glycated haemoglobin.

Data Availability

The dataset for this study, consisting of confidential and
sensitive clinical audit information, cannot be made publicly
available in compliance with New Zealand’s Health and Dis-
ability Ethics Committees’ Standard Operating Procedures
(version 3.0).

Disclosure

The results of this study were presented at the New Zealand
Society for the Study of Diabetes Annual ScientificMeeting 4−6
May 2023, Wellington, New Zealand. ChatGPT-4 (OpenAI,
San Francisco, CA, USA) and Claude 3 Opus (Anthropic, San
Francisco, CA, USA) were used for critical editorial revisions
and proofreading of several iterations of this manuscript.

Conflicts of Interest

The authors have no conflicts of interest to declare related to
this work.

Authors’ Contributions

Paul L. Hofman and Stuti L. Misra were responsible for fund-
ing acquisition. Craig Jefferies, Geoffrey Braatvedt, José G.B.
Derraik, James Shand, Paul L. Hofman, Stuti L. Misra, and
Thomas Winter contributed to the study design. José G.B.
Derraik, James Shand, and Thomas Winter were responsible
for data curation. José G.B. Derraik analyzed the data with
regular feedback from Craig Jefferies, Geoffrey Braatvedt,
James Shand, Paul L. Hofman, Stuti L. Misra, and Thomas
Winter. Thomas Winter and José G.B. Derraik drafted the

manuscript with critical input from Craig Jefferies, Geoffrey
Braatvedt, James Shand, Paul L. Hofman, and Stuti L. Misra.
All authors have approved the final submitted version of the
manuscript.

Acknowledgments

Craig Jefferies is the recipient of a New Zealand Health
Research Council (HRC) clinical practitioner research fellow-
ship 20/026. Stuti L. Misra is the recipient of a New Zealand
Health Research Council (HRC) Sir Charles Hercus research
health fellowship 22/028. We are grateful to Jo Entrican for
her invaluable assistance with the Microsoft Excel algorithms
and graphs reporting the progression of diabetic retinopathy
over time. This research was partially funded through a
grant awarded by the New Zealand Society for the Study
of Diabetes. Open access publishing facilitated by the Uni-
versity of Auckland, as part of the Wiley—The University
of Auckland agreement via the Council of Australian Uni-
versity Librarians.

Supplementary Materials

Figure S1: flowchart of patient inclusion. Figure S2: diabetic
retinopathy (DR) cases over 15 years. Figure S3: socioeco-
nomic deprivation and HbA1c by ethnicity. Table S1: char-
acteristics of included and excluded patients. Table S2: age at
diagnosis and DR screening details. Table S3: characteristics
of patients with moderate or severe DR. Table S4: character-
istics of patients with minimal or mild DR. (Supplementary
Materials)

References

[1] Z. L. Teo, Y.-C. Tham, M. Yu et al., “Global prevalence of
diabetic retinopathy and projection of burden through 2045:
systematic review andmeta-analysis,”Ophthalmology, vol. 128,
no. 11, pp. 1580–1591, 2021.

[2] J. L. Leasher, R. R. A. Bourne, S. R. Flaxman et al., “Global
estimates on the number of people blind or visually impaired
by diabetic retinopathy: a meta-analysis from 1990 to 2010,”
Diabetes Care, vol. 39, no. 9, pp. 1643–1649, 2016.

[3] T. Skrivarhaug, D. S. Fosmark, L. C. Stene et al., “Low
cumulative incidence of proliferative retinopathy in childhood-
onset type 1 diabetes: a 24-year follow-up study,” Diabetologia,
vol. 49, no. 10, pp. 2281–2290, 2006.

[4] S. Keel, C. Itsiopoulos, K. Koklanis, M. Vukicevic, F. Cameron,
and L. Brazionis, “Prevalence and risk factors for diabetic
retinopathy in a hospital-based population of Australian children
and adolescents with type 1 diabetes,” Journal of Pediatric
Endocrinology andMetabolism, vol. 29, no. 10, pp. 1135–1142,
2016.

[5] M. Porter, R. Channa, J. Wagner, L. Prichett, T. Y. A. Liu, and
R. M. Wolf, “Prevalence of diabetic retinopathy in children
and adolescents at an urban tertiary eye care center,” Pediatric
Diabetes, vol. 21, no. 5, pp. 856–862, 2020.

[6] Diabetes Control Complications Trial Research Group, “Progres-
sion of retinopathy with intensive versus conventional treatment in
the Diabetes Control and Complications Trial,” Ophthalmol-
ogy, vol. 102, no. 4, pp. 647–661, 1995.

Pediatric Diabetes 11

https://downloads.hindawi.com/journals/pedi/2024/5893771.f1.docx
https://downloads.hindawi.com/journals/pedi/2024/5893771.f1.docx


[7] L. Zhang, G. Krzentowski, A. Albert, and P. J. Lefebvre, “Risk
of developing retinopathy in Diabetes Control and Complica-
tions Trial type 1 diabetic patients with good or poor
metabolic control,” Diabetes Care, vol. 24, no. 7, pp. 1275–
1279, 2001.

[8] Diabetes Control and Complications Trial (DCCT)/Epidemi-
ology of Diabetes Interventions and Complications (EDIC)
Research Group, J. M. Lachin, N. H. White et al., “Effect of
intensive diabetes therapy on the progression of diabetic
retinopathy in patients with type 1 diabetes: 18 years of follow-
up in the DCCT/EDIC,” Diabetes, vol. 64, no. 2, pp. 631–642,
2015.

[9] J. Lawton, N. Waugh, K. D. Barnard et al., “Challenges of
optimizing glycaemic control in children with type 1 diabetes:
a qualitative study of parents’ experiences and views,” Diabetic
Medicine, vol. 32, no. 8, pp. 1063–1070, 2015.

[10] W. Burger, G. Hövener, R. Düsterhus, R. Hartmann, and
B. Weber, “Prevalence and development of retinopathy in
children and adolescents with type I (insulin-dependent)
diabetes mellitus. A longitudinal study,” Diabetologia, vol. 29,
no. 1, pp. 17–22, 1986.

[11] N. Dhillon, A. Karthikeyan, A. Castle et al., “Natural history of
retinopathy in children and young people with type 1 diabetes,”
Eye, vol. 30, no. 7, pp. 987–991, 2016.

[12] A. Scott, S. Whitcombe, D. Bouchier, and P. Dunn, “Diabetes
in children and young adults in Waikato Province, New
Zealand: outcomes of care,” The New ZealandMedical Journal,
vol. 117, no. 1207, Article ID U1219, 2004.

[13] L. Y. Chang, A. C. Lee, and W. Sue, “Prevalence of diabetic
retinopathy at first presentation to the retinal screening service
in the greater Wellington region of New Zealand 2006–2015,
and implications for models of retinal screening,” The New
Zealand Medical Journal, vol. 130, no. 1450, pp. 78–88, 2017.

[14] S. K. Sandhu, V. M. Corbett, L. Chepulis et al., “The prevalence
of microvascular complications in Waikato children and youth
with type 1 diabetes has reduced since 2003,” The New Zealand
Medical Journal, vol. 133, no. 1510, pp. 35–44, 2020.

[15] Ministry ofHealth,Diabetic Retinal Screening,Grading,Monitoring
and Referral Guidance, Ministry of Health, Wellington, 2016.

[16] K. Donague, R. Wadwa, L. Dimeglio et al., “ISPAD Clinical
Practice Consensus Guidelines 2014. Microvascular and macro-
vascular complications in children and adolscents,” Pediatric
Diabetes, vol. 15, Suppl. 20, pp. 257–269, 2014.

[17] Health Information Standards Organisation, HISO 10001:2017—
Ethnicity Data Protocols, Ministry of Health, Wellington, 2017.

[18] D. J. Exeter, J. Zhao, S. Crengle, A. Lee,M. Browne, and I. Ergin,
“The New Zealand Indices of Multiple Deprivation (IMD): a
new suite of indicators for social and health research in
Aotearoa, New Zealand,” PLOS ONE, vol. 12, no. 8, Article ID
e0181260, 2017.

[19] D. Exeter, M. Browne, A. Chiang, S. Crengle, J. Zhao, and
A. C. Lee, The 2018 New Zealand Index of Multiple Deprivation
(IMD18)—Indicators for Social and Health Research in New
Zealand, Department of Epidemiology& Biostatistics, University
of Auckland, Auckland, New Zealand, 2019.

[20] M. de Onis, A. W. Onyango, E. Borghi, A. Siyam, C. Nishida,
and J. Siekmann, “Development of a WHO growth reference
for school-aged children and adolescents,” Bulletin of the
World Health Organization, vol. 85, no. 9, pp. 660–667, 2007.

[21] S. L. Misra, J. A. Slater, C. N. J. McGhee, M. Pradhan, and
G. D. Braatvedt, “Corneal confocal microscopy in type 1
diabetes mellitus: a six-year longitudinal study,” Translational
Vision Science & Technology, vol. 11, no. 1, pp. 17–17, 2022.

[22] G. Zou, “Amodified poisson regression approach to prospective
studies with binary data,” American Journal of Epidemiology,
vol. 159, no. 7, pp. 702–706, 2004.

[23] W. Pan, “Akaike’s information criterion in generalized estimating
equations,” Biometrics, vol. 57, no. 1, pp. 120–125, 2001.

[24] A. Hamid, H. M. Wharton, A. Mills, J. M. Gibson, M. Clarke,
and P. M. Dodson, “Diagnosis of retinopathy in children
younger than 12 years of age: implications for the diabetic eye
screening guidelines in the UK,” Eye, vol. 30, no. 7, pp. 949–
951, 2016.

[25] P. H. Scanlon, I. M. Stratton, M. O. Bachmann, C. Jones,
G. P. Leese, and the Four Nations Diabetic Retinopathy
Screening Study Group, “Risk of diabetic retinopathy at first
screen in children at 12 and 13 years of age,”Diabetic Medicine,
vol. 33, no. 12, pp. 1655–1658, 2016.

[26] N. A. ElSayed, G. Aleppo, V. R. Aroda et al., “12. Retinopathy,
neuropathy, and foot care: Standards of Care in Diabetes—2023,”
Diabetes Care, vol. 46, no. Supplement_1, pp. S203–S215, 2023.

[27] L. Chepulis, J. A. U. Tamatea, C. Wang, J. Goldsmith,
C. T. H. Mayo, and R. G. Paul, “Glycaemic control across the
lifespan in a cohort of New Zealand patients with type 1
diabetes mellitus,” Internal Medicine Journal, vol. 51, no. 5,
pp. 725–731, 2021.

[28] D. J. Holmes-Walker,M. B. Abraham,M. Chee, T. W. Jones, and
Australasian Diabetes Data Network Study Group, “Glycaemic
outcomes inAustralasian children and adults with type 1 diabetes:
failure tomeet targets across the age spectrum,” InternalMedicine
Journal, vol. 53, no. 1, pp. 61–67, 2023.

[29] S. R. Johnson, M. N. Cooper, T. W. Jones, and E. A. Davis,
“Long-term outcome of insulin pump therapy in children with
type 1 diabetes assessed in a large population-based case-
control study,” Diabetologia, vol. 56, no. 11, pp. 2392–2400,
2013.

[30] B. Zabeen,M. E. Craig, S. A. Virk et al., “Insulin pump therapy is
associated with lower rates of retinopathy and peripheral nerve
abnormality,” PLOS ONE, vol. 11, no. 4, Article ID e0153033,
2016.

[31] E. Dorando, T. Haak, and D. Pieper, “Continuous glucose
monitoring for glycemic control in children and adolescents
diagnosed with diabetes type 1: a systematic review and meta-
analysis,” Experimental and Clinical Endocrinology& Diabetes,
vol. 130, no. 1, pp. 61–72, 2022.

[32] L. M. Laffel, L. G. Kanapka, R. W. Beck et al., “Effect of
continuous glucose monitoring on glycemic control in adolescents
and young adults with type 1 diabetes: a randomized clinical
trial,” JAMA, vol. 323, no. 23, pp. 2388–2396, 2020.

[33] Juvenile Diabetes Research Foundation Continuous Glucose
Monitoring Study Group, “Effectiveness of continuous glucose
monitoring in a clinical care environment: evidence from the
Juvenile Diabetes Research Foundation continuous glucose
monitoring (JDRF-CGM) trial,”Diabetes Care, vol. 33, pp. 17–
22, 2010.

[34] N. Mauras, L. Fox, K. Englert, and R. W. Beck, “Continuous
glucose monitoring in type 1 diabetes,” Endocrine, vol. 43,
no. 1, pp. 41–50, 2013.

[35] S. R. Johnson, D. J. Holmes-Walker, M. Chee, A. Earnest, and
T. W. Jones, “Universal subsidized continuous glucose monitor-
ing funding for young people with type 1 diabetes: uptake and
outcomes over 2 years, a population-based study,” Diabetes Care,
vol. 45, no. 2, pp. 391–397, 2022.

[36] R. Cardona-Hernandez, A. Schwandt, H. Alkandari et al.,
“Glycemic outcome associated with insulin pump and glucose
sensor use in children and adolescents with type 1 diabetes.

12 Pediatric Diabetes



Data from the international pediatric registry SWEET,”
Diabetes Care, vol. 44, no. 5, pp. 1176–1184, 2021.

[37] M. J. Burnside, J. A. Williman, H. M. Davies et al., “Inequity
in access to continuous glucose monitoring and health
outcomes in paediatric diabetes, a case for national continuous
glucose monitoring funding: a cross-sectional population
study of children with type 1 diabetes in New Zealand,” The
Lancet Regional Health—Western Pacific, vol. 31, Article ID
100644, 2023.

[38] D. T. Golicki, D. Golicka, L. Groele, and E. Pankowska,
“Continuous glucose monitoring system in children with type
1 diabetes mellitus: a systematic review and meta-analysis,”
Diabetologia, vol. 51, no. 2, pp. 233–240, 2008.

[39] R. Schiaffini, P. Ciampalini, A. Fierabracci et al., “The
Continuous Glucose Monitoring System (CGMS) in type 1
diabetic children is the way to reduce hypoglycemic risk,”
Diabetes/Metabolism Research and Reviews, vol. 18, no. 4,
pp. 324–329, 2002.

[40] O. Kordonouri, R. Hartmann, and T. Danne, “Treatment of type 1
diabetes in children and adolescents usingmodern insulin pumps,”
Diabetes Research and Clinical Practice, vol. 93, Supp 1, pp. S118–
S124, 2011.

[41] N. Abdullah, C. Pesterfield, D. Elleri, and D. B. Dunger,
“Management of insulin pump therapy in children with type 1
diabetes,” Archives of Disease in Childhood—Education &
Practice Edition, vol. 99, no. 6, pp. 214–220, 2014.

[42] B. Karges, A. Schwandt, B. Heidtmann et al., “Association of
insulin pump therapy vs insulin injection therapy with severe
hypoglycemia, ketoacidosis, and glycemic control among
children, adolescents, and young adults with type 1 diabetes,”
JAMA, vol. 318, no. 14, pp. 1358–1366, 2017.

[43] F. Goodyear-Smith and T. Ashton, “New Zealand health
system: universalism struggles with persisting inequities,” The
Lancet, vol. 394, no. 10196, pp. 432–442, 2019.

[44] V. Chiavaroli, J. G. B. Derraik, M. Y. Jalaludin et al., “Partial
remission in type 1 diabetes and associated factors: analysis
based on the insulin dose-adjusted hemoglobin A1c in
children and adolescents from a regional diabetes center,
Auckland, New Zealand,” Pediatric Diabetes, vol. 20, no. 7,
pp. 892–900, 2019.

[45] K. Amore, H. Viggers, and C. P. Chapman, Severe Housing
Deprivation in Aotearoa New Zealand, 2018, Department of
Publich Health, University of Otago, Wellington, 2016.

[46] Ministry for Pacific Peoples, Pacific Aotearoa Status Report: A
Snapshot 2020, Ministry for Pacific Peoples, Wellington, 2021.

[47] J. Ramke, V. Jordan, A. L. Vincent, M. Harwood, R.Murphy, and
S. Ameratunga, “Diabetic eye disease and screening attendance
by ethnicity in New Zealand: a systematic review,” Clinical &
Experimental Ophthalmology, vol. 47, no. 7, pp. 937–947, 2019.

[48] Diabetes New Zealand, “News—children free from pain of
routine finger pricks, with revolutionary diabetes sensing
technology,” 2018, https://www.diabetes.org.nz/news-and-upda
te/2018/3/7/news-children-free-from-pain-of-routine-finger-
pricks-with-revolutionary-diabetes-sensing-technology.

[49] E. McKergow, L. Parkin, D. J. Barson, K. J. Sharples, and
B. J. Wheeler, “Demographic and regional disparities in
insulin pump utilization in a setting of universal funding: a
New Zealand nationwide study,” Acta Diabetologica, vol. 54,
no. 1, pp. 63–71, 2017.

[50] B. J. Wheeler, R. Braund, B. Galland et al., “District health
board of residence, ethnicity and socioeconomic status all
impact publicly funded insulin pump uptake in New Zealand

patients with type 1 diabetes,” The New Zealand Medical
Journal, vol. 132, no. 1491, pp. 78–89, 2019.

[51] P. J. Carter, W. S. Cutfield, P. L. Hofman et al., “Ethnicity and
social deprivation independently influence metabolic control
in children with type 1 diabetes,” Diabetologia, vol. 51, no. 10,
pp. 1835–1842, 2008.

Pediatric Diabetes 13

https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology
https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology
https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology
https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology
https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology
https://www.diabetes.org.nz/news-and-update/2018/3/7/news-children-free-from-pain-of-routine-finger-pricks-with-revolutionary-diabetes-sensing-technology

	Rates, Risk Factors, and Progression of Diabetic Retinopathy in Children with Type 1 Diabetes: A 15-Year Retrospective Study from a Regional Center in New Zealand
	1. Introduction
	2. Materials and Methods
	2.1. Ethics
	2.2. Study Population
	2.3. Retinopathy Screening and Grading
	2.4. Other Demographic and Clinical Data
	2.5. Statistical Analyses

	3. Results
	3.1. Study Population
	3.2. First Retinopathy Screening
	3.3. Retinopathy Rates and Risk Factors
	3.4. Retinopathy Severity
	3.5. Retinopathy Progression
	3.6. Retinopathy Screening Guidelines
	3.7. Summary of Key Metrics

	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors' Contributions
	Acknowledgments
	Supplementary Materials
	References




