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The prevalence of 
microvascular complications 

in Waikato children and 
youth with type 1 diabetes 

has reduced since 2003 
Sukhbir K Sandhu, Vickie M Corbett, Lynne Chepulis, John Goldsmith, 

Priya Joseph, Sonya K Fraser, Joanna M McClintock, Ryan G Paul

It is well known that good glycaemic 
control in type 1 diabetes (T1D) prevents, 
delays and slows the progression of mi-

crovascular complications such as diabetic 
retinopathy and nephropathy.1 Conversely, 
poor glycaemic control in T1D, as refl ected 
by high mean haemoglobin A1c (HbA1C), 
is associated with a greater risk of these 
complications and death from any cause.2 
Accordingly, international guidelines recom-
mend a target HbA1c of less than 53mmol/
mol (7%) for children and youth with T1D.3,4 
To further prevent microvascular and mac-
rovascular complications in T1D, Interna-
tional Society for Pediatric and Adolescent 
Diabetes (ISPAD) guidelines recommend 
pharmacological treatment of hypertension 

and low-density lipoprotein concentrations 
(LDLc) >3.4mmol/L.3 However, despite these 
recommendations, most young people with 
T1D, particularly youth, ethnic minorities 
and those more socioeconomically deprived, 
do not meet these glycaemic targets.3,5,6 

Recent technological advances such as 
insulin pump therapy (continuous subcu-
taneous insulin infusion; CSII), fl exible 
insulin regimens, longer-acting insulin 
analogues and fl ash and continuous glucose 
monitoring (FGM and CGM), have been asso-
ciated with improved glycaemic control7,8 
and reduced prevalence of microvascular 
complications in patients with T1D,9,10 but 
not in all populations.11 Consequently, the 
temporal changes in glycaemic control and 

ABSTRACT
AIMS: To determine whether glycaemic control and the prevalence of microvascular complications in 
Waikato children/youth with type 1 diabetes (T1D) has changed since 2003.

METHODS: A retrospective review was performed of clinical records of children and youth with T1D who 
were under the care of the Waikato Paediatric and Young Adult Diabetes Services between March 2016 and 
March 2017. Comparisons were made to published data from the same service in 2003. 

RESULTS: Despite a more than two-fold increase in insulin-pump therapy since 2003, glycaemic control 
was not significantly improved in either children or youth. However, since 2003 there has been a significant 
reduction in the prevalence of diabetic retinopathy (24.6% vs 6.0%; P=0.003) and nephropathy (6.0% vs 
25.4%; P=0.002), while symptomatic diabetic neuropathy remains rare. This reduction occurred despite a 
significant increase in obesity and hypertension, and no significant di� erence in the rates of dyslipidaemia 
or smoking.

CONCLUSIONS: There has been a marked reduction in microvascular complications in Waikato youth and 
young adults with type 1 diabetes, but the reasons for the reduction are not clear given there has been no 
significant improvements in glycaemic control.
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the prevalence of microvascular complica-
tions in young people with T1D outside of 
Europe and the US are not clear, particularly 
in New Zealand.

Youth with T1D in the Waikato are cared 
for by two diabetes services, the Waikato 
Paediatric Diabetes Service (patients <15 
years of age) and the Youth and Young Adult 
Diabetes Service (patients 15–24 years of 
age). Compared with similarly aged unse-
lected cohorts worldwide, children and 
youth with T1D in the Waikato region in 
2003 were shown to have comparable 
glycaemic control and burden of microvas-
cular disease with a mean HbAc of 77mmol/
mol (9.2%), and prevalence of diabetic 
retinopathy and nephropathy of 26.4% and 
25.4%, respectively.12 

Given the recent technological advances 
in managing T1D and the lack of data on 
temporal changes in outcomes in youth with 
T1D, the aim of this study was to determine 
whether glycaemic control and rates of 
microvascular disease have improved in 
children and youth with T1D in the Waikato 
region since 2003. 

Methods
A retrospective review of clinical records 

was carried out for all children (0–15 years; 
n=111) and youth (16–24 years; n=144) with 
T1D under the care of the Waikato Paedi-
atric Diabetes and Youth and Young Adult 
Diabetes Services from 1 March 2016 to 28 
February 2017 (the ‘2017’ cohort). This data 
was compared to published data from 2003 
(n=251), which reports on patients with T1D 
born after 1 Jan 1978 who had attended the 
Waikato Diabetes Unit.12 This earlier dataset 
was available as published data only, and 
the authors of the current study had no 
access to the raw data.

The diagnosis of T1D in all patients 
in both the 2003 and 2017 cohorts was 
based on diagnostic hyperglycaemia with 
positive anti-GAD or anti-IA2 antibodies 
and/or ketonuria, ketoacidosis or severe 
insulin defi ciency at presentation. Vari-
ables including demographic data, duration 
of diabetes, insulin regimen (CSII versus 
multiple dose injections (MDI)), smoking 
status, HbA1c, co-diagnosis of coeliac disease, 
body mass index (BMI) and blood pressure 
(BP) at their fi rst clinic appointment in 

the study period were recorded. Socioeco-
nomic status was determined using the New 
Zealand deprivation score,13 and urban-rural 
profi ling was performed using the New 
Zealand Department of Statistics database.14 
HbA1c results from patients in the 2017 
cohort who had been diagnosed with T1D 
within the last six months were excluded 
from analysis (n=19), except for comparison 
of patient characteristics between the 2003 
and 2017 cohorts (Table 1). HbA1c targets 
were as per ISPAD3 and American Diabetes 
Association (ADA) guidelines15 at the time 
of the study, with <58mmol/mol (<7.5%) for 
patients ≤17 years of age, and <53mmol/mol 
(<7.0%) for patients ≥18 years of age. HbA1c 
was measured in the laboratory in 2003 and 
in the laboratory or point of care device 
in 2017, all of which were aligned to DCCT 
methodology. All diagnoses of coeliac disease 
were confi rmed by duodenal biopsy. For 
children, overweight and obese were defi ned 
as BMI >85th centile and BMI >95th centile, 
respectively, using the National Center for 
Chronic Disease Prevention growth charts.16 
For youth, overweight and obese were 
defi ned as BMI >25kg/m2 and BMI >30 kg/
m2

, respectively. All blood pressures were 
measured manually and hypertension was 
defi ned as a systolic BP >130mmHg and/
or diastolic BP >80mmHg in youth, and a 
systolic BP >120mmHg and/or diastolic BP 
>70mmHg in children. LDLc were typically 
obtained from non-fasting laboratory results 
within the study period and as per ADA 
guidelines, dyslipidaemia was defi ned as 
an LDLc ≥2.6mmol/L in patients ≥10 years 
of age.15 Patients were deemed to smoke if 
they had any chronic tobacco intake during 
the study period, though the smoking status 
was not available for 12 patients. During the 
study all children attended at least one clinic 
appointment, while 28 youth (19%) did not 
attend any clinic appointments. The data 
for patients who did not attend a clinic was 
obtained from primary care records, and 
from our diabetes retinal photoscreening 
database. Body weight measurements 
were not available for three patients, and 
a further three patients had had no coeliac 
serology performed. 

For assessment of microvascular compli-
cations, analyses were restricted to patients 
that had had T1D for >10 years. As else-
where in New Zealand, Waikato patients 
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with T1D have a routine urinary albu-
min:creatinine ratio (UACR) performed 
annually and retinal photoscreening at 
least every two years. Persistent microal-
buminuria was defi ned as a UACR >2.5mg/
mmol in males and >3.5mg/mmol in females 
on at least two out of three consecutive 
collections. All patients with an elevated 
UACR typically had a repeat UACR repeated 
within three months. Albuminuria was 
defi ned as a UACR >30mg/mmol. Ophthal-
mologists report retinal photoscreening 
as no retinopathy, non-proliferative reti-
nopathy or proliferative retinopathy. Only 
one patient had no recent retinal photo-
screening, and this patient and one other 
patient did not have a recent UACR. The 
methods and frequency of complication 
screening did not differ between the 2003 
and 2017 cohorts. All hospital admissions 
for each patient within the study period 
were also recorded. Diabetic ketoacidosis 
(DKA) was defi ned as a metabolic acidosis 
with ketonaemia. Non-DKA diabetes-re-
lated admissions included non-acidotic 
ketonaemia, hyperglycaemia, hypogly-
caemia and sepsis. Ethical approval was 
sought, but not required, as this was clas-
sifi ed as an audit.

Statistical analyses
Data are presented as mean ± standard 

error of the mean (SEM). Statistical analyses 
were performed using two-tailed Student 
t-tests or Mann-Whitney U tests for para-
metric and non-parametric continuous 
variables, respectively, and Pearson’s 
Chi-square tests for binary variables. Spear-
man’s correlations were used to determine 
if there was a relationship between HbA1c 
and either length of disease or socioeco-
nomic status. Comparisons were also made 
between the 2017 cohort and the 2003 
Waikato cohort.12 These comparisons are 
limited to the published data only, because 
the raw data from 2003 is not available. 
However, differences between means (eg, 
HbA1c values) for the two data sets were 
calculated using GraphPad Software that 
required only mean, SEM and n values 
(Graph Pad, San Diego, US). Signifi cance was 
defi ned as a P value <0.05. 

Results
Description and glycaemic control 
of the study cohorts

Demographic and clinical characteristics 
from both the 2017 (n=255) and 2003 (n=237) 
cohorts are displayed in Table 1. Patients in 
the 2003 cohort were slightly older, with a 
slightly longer duration of diabetes (Table 
1). Patients in the 2017 cohort were more 
likely to be male (58% vs 46%; χ2=7.59; 
P=0.006) and have coeliac disease (9.4% vs 
2.4%; χ2=11.84; P<0.001) than those in 2003. 
Patients in the 2017 cohort were also more 
likely to be overweight or obese, but this 
was due to increased obesity of females 
only (48.6% vs 28.9%; χ2=21.59; P<0.0001; 
Table 1). No patients in either cohort were 
pregnant. There was a similar increase in 
the use of CSII between 2003 and 2017 in 
both children (16.3%; χ2=10.45; P=0.001) and 
youth (13.2% χ2=8.42; P=0.004). The mean 
HbA1c was lower in children only, but this 
did not reach statistical signifi cance (Table 
1). Only 14% of patients ≤17 years of age 
and 10.3% of patients ≥18 years of age in the 
2017 cohort met the recommended age-spe-
cifi c targets of an HbA1c <58mmol/mol and 
<53mmol/mol, respectively. 

Glycaemic control in the 2017 
cohort

There were no differences in the mean 
HbA1c in the 2017 cohort between genders 
(P=0.44), between those that live in urban 
areas and those that live rurally (P=0.10) 
or between those that have or don’t have 
coeliac disease (P=0.95; Figure 1). In contrast, 
those on CSII had a lower HbA1c than those 
on multiple daily injections of insulin (MDI; 
P=0.01). Youth and Māori had a higher 
HbA1c than children and non-Māori (both 
P=<0.001), respectively. Mean HbA1c was 
positively correlated with worsening socio-
economic deprivation (rs=0.263, P<0.001), 
and positively correlated with duration of 
diabetes (Figure 2; rs=0.182; P=0.006).

Microvascular complications and 
hospital admissions

The analysis of microvascular compli-
cations in the 2003 cohort were restricted 
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Table 1: Patient characteristics of the 200312 and 2017 study cohorts.

2003 (n=237)12 2017 (n=255) P

Mean age (years) 16.7±0.41 15.6±0.4 0.05

Mean duration of diabetes (years) 7.2±0.41 6.1±0.3 0.027

Male (%) 46 58 0.006

Māori (%) 8.4 14.1 0.038

Coeliac disease (%) 2.4 9.4 < 0.001

Thyroid disease (%) 1.6 2.0 0.830

Overweight or obese (%)
Male (%)
Female (%)

29.1
29.3
28.9

38.4
32.2
48.6

0.024
0.478
<0.001

Mean HbA1c (mmol/mol; %)
- All
- <16 years
- 16–24 years

78±4 (9.3)1

79±15 (9.4)1

78±7 (9.3)1

75±2 (9.0)
71±3 (8.6)
79±4 (9.3)

0.494
0.589
0.900

CSII use (%)
- All
- <16 years
 - 16–24 years

9.3
7.1
10.9

23.9
23.4
24.1

<0.001
<0.001
 0.004

% of patients currently smoking 7.6 (18) 10.6 (27) 0.25

% of patients with lipids measured (n)
% LDLc ≥2.6mmol/L (n)
% LDLc ≥3.4mmol/L (n)
% Statin use (n)

75 (166)
54 (89)
-
0.5 (1)

73 (152)
54 (82)
19 (29)
0 (1)

0.61
1.00
-
-

% of children with BP measured (n)
% with SBP ≥120mmHg (n)
% with DBP ≥70mmHg (n)
ACEi/ARB use (%)

89 (88)
2.2 (2)
3.4 (3)
0

72 (80)
18 (14)
14 (11)
1.8 (2)

<0.001
<0.001
<0.001

% of youth with BP measured (n)
% with SBP ≥130mmHg (n)
% with DBP ≥80mmHg (n)
 ACEi/ARB use (%)

98 (135)
8.1 (11)
7.4 (10)
7.4 (10)

85 (123)
18 (22)
18 (22)
2.1 (3)

<0.001
0.01
0.005
0.005

SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; ACEi = Ace Inhibitor; ARB = Angiotensin II receptor 
blockers.
Continuous variables are presented as mean ± SEM. 
1 S.E.M was calculated from the original 2003 publication12 using SD = (confidence interval / 3.92) * )
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Figure 1: Differences (mean ± SEM) in HbA1c (mmol/mol) levels between demographic groups (n=236). 
HbA1c values for patients diagnosed less than six months ago (n=19) were excluded. Asterisks denote 
signifi cant differences between groups (**P=0.01; ***P<0.001).

Figure 2: Relationship between mean HbA1c and duration of disease (years since diagnosis) (n=236). 
HbA1c values for patients diagnosed less than six months ago were excluded from this analysis.
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to those with a duration of diabetes of ≥10 
years (n=67),12 so the same restrictions were 
applied to the 2017 cohort for comparison 
(n=67). The prevalence of both diabetic 
retinopathy and nephropathy was signifi -
cantly lower in the 2017 cohort than in the 
2003 cohort, including no patients with 
vision-threatening retinopathy or overt 
proteinuria (Table 2). Symptomatic diabetic 
neuropathy remains rare. The decrease 
in microvascular complications occurred 
despite no signifi cant change in the rates 
of smoking or dyslipidaemia, and at least a 
two-fold increase in systolic and/or diastolic 
hypertension in both children and youth 
(Table 1). Only 11 youth and no children had 
either a systolic blood pressure ≥140mmHg 
or diastolic blood pressure ≥90mmHg. 
However, at least 15% of children and youth 
in the 2017 cohort had no documented 
assessment of blood pressure at their clinic 
appointments, which is an increase from 
2003. Approximately one quarter of patients 
≥10 years of age did not have their lipid 
studies performed in either cohort (Table 1). 
In those patients who were assessed, despite 
over half having dyslipidaemia and approx-
imately one-quarter having systolic and/or 
diastolic hypertension, the use of lipid-low-
ering therapy and ACE inhibitors (ACEi) 
or angiotensin II receptor blockers (ARBs) 
remains low. Two of the four patients with 
persistent microalbuminuria were treated 
with ACEi/ARBs. No patients were on alter-
native antihypertensive treatment to ACEi/
ARBs. Only one of the 29 patients in the 2017 
cohort with a known LDLc ≥3.4mmol/L were 
treated with statin therapy.

Twenty patients (7.8%) in the 2017 cohort 
were admitted with DKA during the study 
period. A further 27 patients (10.6%) had 
a diabetes-related admission other than 
DKA in the study period. This equated to 1.2 
inpatient days per patient year, compared 
with 1.6 inpatient days per patient year in 
2003. Youth were more likely than children 
to have a diabetes-related admission (23.6% 
versus 13.5%; P=0.04), primarily due to a 
greater proportion being admitted with DKA 
(12.5% versus 1.8%; P=0.002). Approximately 
35% of patients admitted with DKA were 
readmitted at least once more with DKA 
within the study period. 

Discussion
Despite the availability of longer acting 

insulin analogues, an almost three-fold 
increase in CSII use and their ability to 
improve glycaemic control,17 it is disap-
pointing that the mean HbA1c in Waikato 
youth with T1D has not changed over the 
past 14 years. Furthermore, less than one 
in six children and youth in the 2017 cohort 
were meeting their recommended glycaemic 
targets. Although we and others have 
shown that this stage of life continues to be 
the most diffi  cult to obtain tight glycaemic 
control,18,19 results appear more promising 
in other centres. Indeed, the mean HbA1c 
is lower (between 65 to 68mmol/mol) with 
at least two-fold greater rates of achieving 
the same glycaemic targets in similarly 
aged cohorts in other Australasian20 and 
in European centres.21,22 However, the 
median HbA1c of 74mmol/mol in our 

Table 2: Prevalence of microvascular complications in patients with T1D for more than 10 years.

2003
(n=67)

2017
(n=67)

P

Diabetic retinopathy (%)
Proliferative (%)
Non-proliferative (%)

24.6
8.2
16.4

6.0
0
6.0

0.003

Diabetic nephropathy (%)
Proteinuria (%)
Microalbuminuria (%)

25.4
7.5
17.9

6.0
0
6.0

0.002

Symptomatic diabetic neuropathy (%) 3.0 3.0 1.00

Current smokers (%) 13.4 11.9 0.80

LDLc ≥ 2.6 mmol/L 61.2 53.7 0.48

LDLc = Low Density Lipoprotein cholesterol.
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youth is comparable to other international 
centres.9,18,19 Moreover, despite a marked 
increase in both CSII and CGM use in youth 
in the T1D exchange in the US, glycaemic 
control has deteriorated in this population 
over the past decade.19 

As seen both nationally and worldwide, 
patients from more socially deprived popu-
lations and ethnic minorities (Māori) in 
our study had a higher HbA1c than their 
peers.6,23,24 But in contrast to these interna-
tional studies, it is not clear why patients 
living in rural areas in our 2017 cohort 
did not have poorer glycaemic control 
than their urban counterparts. It is also 
not clear, why in contrast to other cohorts, 
that gender had no effect on glycaemic 
control in our study.9,18,19 Nevertheless, 
with the lack of change and persistence of 
poor glycaemic control in Waikato youth, 
it is surprising that there was a marked 
decrease in the prevalence of diabetic 
retinopathy and neuropathy in those with 
T1D for more than 10 years. The reasons 
for this decrease, particularly the absence 
of both proliferative retinopathy and overt 
proteinuria, are not known, given there 
was an increase in obesity and mild hyper-
tension, and no decrease in other vascular 
risk factors such as smoking and dyslipi-
daemia. Furthermore, it is also not clear 
why the prevalence of diabetic retinopathy 
and nephropathy in Waikato youth appears 
to be lower than in European and American 
youth with T1D.5,9,25,26 Potential explanations 
for the lower complication burden in the 
2017 cohort include the small sample size, 
and the limitation that assessment between 
only two time points may not detect any 
signifi cant improvements in glycaemic 
control associated with the benefi ts of 
‘metabolic memory’.1 However, it would be 
useful if future studies evaluated the cause 
of some of these observations. Nevertheless, 
others have also shown a marked decline 
in the incidence of diabetic retinopathy 
and nephropathy without signifi cant 
temporal improvements in HbA1c levels.27,28 
Therefore, other factors that were not 
investigated in this study, such as glycaemic 
variability and time within normoglycaemia 
are likely important.29,30 The latter is diffi  cult 
to know because CGM and FGM are not 
funded in New Zealand, FGM only became 
available in late 2017, and patients can 

purchase directly from the vendor without 
notifying their diabetes team. However, we 
estimate that CGM or FGM was used by less 
than 10% of patients in the 2017 cohort and 
no patients in the 2003 cohort when their 
parameters were measured.

A further possibility for the reduction 
in complication burden is the addition of 
a clinical psychologist and dietitian who 
joined the endocrinologists and diabetes 
nurse specialists in the Waikato Paediatric 
and Youth and Young Adult teams from 
2006. It is widely recognised that both a 
psychologist and dietitian are key members 
of the multidisciplinary team in improving 
glycaemic control by addressing the high 
prevalence of psychosocial stressors and 
disordered eating in these age groups.4 

However, the defi nitive reasons for 
the temporal decrease in microvascular 
complications in this study are not known, 
as the raw data from the 2003 cohort was 
not available. In particular, the glycaemic 
control, gender, duration of diabetes, 
clinic attendances, ethnicity and blood 
pressures were not reported specifi cally 
for those in the 2003 cohort in which the 
analyses for microvascular complications 
were performed. Inferring this data from 
the total cohort data may result in bias, 
which is relevant given that the 2017 cohort 
were on the whole younger, had a shorter 
duration of diabetes and were more likely 
to be male, with the latter associated with 
increased microalbuminuria.31 But of note, 
in addition to no differences in smoking 
or dyslipidaemia, the 2017 cohort who 
had had T1D for more than 10 years were 
likely to be more obese, hypertensive and/
or Māori than their peers in 2003, all of 
which independently increase the risk of 
diabetic complications.24 Another limitation 
of this study are that for consistency, arbi-
trary rather than centile cut offs were used 
to defi ne hypertension, that may under-
estimate hypertension in children and 
overestimate hypertension in youth. 

The increase in obesity from 2003 in 
our study may just refl ect the increase 
in childhood obesity in the general New 
Zealand population;32 but children and 
youth with T1D are now more obese than 
their peers in other Australasian centres 
and internationally.20,33,34 It is not clear why 
this increase only occurred in females, or 
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whether any supraphysiological dosing 
of insulin or increased carbohydrate 
intake to avoid or treat hypoglycaemia 
is responsible. Nevertheless, prevention 
and management of excess weight gain is 
important because obesity appears to be an 
independent risk factor for diabetic micro-
vascular and macrovascular complications, 
and other comorbidities, including reduced 
quality of life.35

Although the rates of DKA in our cohort 
are similar to those seen internationally, it 
is concerning that one in every 13 of our 
youth with T1D are admitted with DKA each 
year, given the associated adverse neuro-
cognitive outcomes.36,37 It is also concerning 
that despite the increase in the prevalence 
in hypertension and dyslipidaemia in our 
study, the percentage of patients prescribed 
antihypertensive and lipid-lowering 
therapy has decreased. Moreover, only half 
of youth with persistent microalbuminuria 
were treated with ACEi/ARBs. Similarly 
low rates of ACEi/ARB use in this age group 
have been reported in other cohorts inter-
nationally, which is thought largely due 
to clinical inertia from committing youth 
to lifelong treatment.9,28 Although the low 

rates of screening and treatment of hyper-
tension and dyslipidaemia in our study 
are explained in part by non-attendance 
at clinic appointments, work is required 
to improve screening for these risk factors 
in primary and secondary care given that 
there is likely contact when the youth 
receives their prescription for insulin. 
Further work is also needed to reduce the 
clinical inertia in treating vascular risk 
factors in youth with T1D, particularly 
given that lipid-lowering therapy and ACEi/
ARBs are safe and effective treatments 
in adolescence and greatly reduce the 
microvascular and macrovascular disease 
burden in adulthood.38

In conclusion, despite a pleasing local 
decrease in the prevalence of microvascular 
complications, our study suggests that teams 
caring for youth with T1D need to continue 
to focus on identifying and addressing the 
barriers to improved glycaemic control 
and reduction of modifi able vascular risk 
factors. These interventions should also 
be focused on reducing the inequity in 
outcomes between Māori and non-Māori 
youth with T1D. 
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