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Abstract
Aims/hypothesis Type 1 diabetes is one of the most common chronic diseases of childhood. It is hypothesised that the 
metabolic and psychosocial consequences of type 1 diabetes may affect educational outcomes; however, existing literature 
presents conflicting results. This study aimed to assess whether educational outcomes differ for young people with and 
without type 1 diabetes in Aotearoa/New Zealand (NZ).
Methods This was a nationwide 9 year birth cohort study of all people born in NZ from 1993 to 2001 using linked administra-
tive data held within the Integrated Data Infrastructure, a national research database containing linked health and non-health 
data. Educational outcomes of high school attainment, high school attendance and university enrolment were measured 
from age 13 years until 20 years. Generalised linear regression models with log link and Gaussian distributions were used 
to compare educational outcomes between those with and those without type 1 diabetes, adjusting for sociodemographic 
and maternal characteristics.
Results Of the 442,320 children in the birth cohort, type 1 diabetes was identified in 2058 (0.47%) (mean [SD] age of type 1 
diabetes diagnosis 7.7 [3.4] years). Educational outcomes were significantly lower for children with type 1 diabetes than for 
those without type 1 diabetes, including for any high school qualification (RR 0.97 [95% CI 0.95, 0.99]), university entrance-
level high school attainment (RR 0.88 [95% CI 0.84, 0.92]), regular high school attendance (RR 0.91 [95% CI 0.85, 0.97]) 
and university enrolment (RR 0.93 [95% CI 0.88, 0.98]), even after adjusting for sociodemographic and maternal factors. 
In addition, educational outcomes were substantially lower for those with post type 1 diabetes diagnosis hospitalisations for 
diabetic ketoacidosis and hypoglycaemia.
Conclusions/interpretation In this whole NZ birth cohort study, type 1 diabetes was associated with lower educational out-
comes spanning secondary school and into university enrolment. Ongoing efforts to support students with type 1 diabetes 
are needed, particularly for those with a greater risk profile.
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Abbreviations
DKA  Diabetic ketoacidosis
IDI  Integrated Data Infrastructure
MoE  Ministry of Education
NCEA  National Certificate of Educational 

Achievement
NZ  Aotearoa/New Zealand
Stats NZ  Statistics New Zealand
VDR  Virtual Diabetes Register

Introduction

Type 1 diabetes is caused by autoimmune destruction of 
the insulin-producing cells of the pancreas and is one of the 
most common chronic diseases of childhood [1]. It is esti-
mated that over 96,000 children (aged <15 years) worldwide 
develop type 1 diabetes annually [2], with a worldwide prev-
alence of 9.5 per 10,000 people [3]. For those living with 
diabetes there are substantial consequences. High glucose 
levels over a lifetime increase an individual’s risk of diabetes 
complications [4] and there is evidence that both low and Extended author information available on the last page of the article
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high glucose levels can affect brain function [5–7]. In addi-
tion, there are substantial psychological burdens related to 
type 1 diabetes and its management [8].

Given the numerous and substantial impacts of type 1 
diabetes on psychological and cognitive function, it has 
been hypothesised that type 1 diabetes may have negative 
consequences for educational outcomes [9, 10]. However, 
while type 1 diabetes has been associated with school absen-
teeism [11–13], existing literature pertaining to academic 
performance presents conflicting findings. Several studies 
have found associations between type 1 diabetes and poorer 
academic performance [14–17] while others have found 
no significant relationship [9, 10, 13, 18–21]. On the other 
hand, a number of studies have examined student attain-
ment in relation to adverse diabetes outcomes, including 
diabetic ketoacidosis (DKA) and hypoglycaemia, as well as 
measures of unhealthy glucose levels, and identified asso-
ciations with lower academic performance [9, 11, 13, 18]. 
It has been posited that sample size, selection bias such as 
excluding unenrolled students from the study population, 
outcome measurement and availability of modern treatment 
technologies may be drivers of null results [9, 16, 17].

In Aotearoa/New Zealand (NZ), the Integrated Data 
Infrastructure (IDI), a national research database containing 
linked health and non-health data, provides an opportunity 
to assess educational outcomes for young people with type 1 
diabetes using contemporary population-level data [22, 23]. 
This includes the ability to assess educational outcomes of 
a multiyear national birth cohort, at several points in their 

education pathway, including at the points of high-stakes 
school leaver assessments and university enrolment. This is 
of particular importance in relation to Māori (the indigenous 
population of NZ) and Pacific peoples (migrants and their 
descendants from countries throughout the Pacific region), 
who are deemed ‘priority learners’ by the NZ Ministry of 
Education (MoE) [24, 25], but who experience substantial 
inequities in both education and health [26–28]. IDI data 
contain large enough samples to enable specific analysis of 
Māori and Pacific priority populations. Therefore, the objec-
tives of the proposed study were to examine:

• high school attainment, high school attendance and uni-
versity enrolment (henceforth educational outcomes) 
among young people with and without type 1 diabetes;

• educational outcomes specifically among Māori and 
Pacific populations with and without type 1 diabetes; and

• educational outcomes for a subset of children with poten-
tially more disruptive diabetes outcomes (defined as early-
onset diabetes prior to 6 years of age, or post type 1 diabetes 
diagnosis hospitalisation for either DKA or hypoglycaemia).

Methods

Study design

This was a national 9 year birth cohort study using data from 
NZ’s IDI. Databases in the IDI are joined using established 
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record linkage methodologies [29]. Individual data linkage 
is achieved through a combination of direct unique identifier 
linking where possible, and probabilistic linking using date 
of birth, name and sex. The cohort included all those born 
in NZ between 1993 and 2001 inclusive, identified using 
Department of Internal Affairs birth registration data. The 
cohort was restricted to those alive at 20 years of age to per-
mit outcome measurement for the whole population. Those 
who spent more than 4 years overseas prior to their 13th 
birthday (typical high school start age and the identification 
period for type 1 diabetes), or more than 2 years overseas 
during their high school years, were excluded to improve 
type 1 diabetes and outcome measurement, as information 
on diabetes diagnoses or qualifications completed overseas 
may be unavailable. The study received ethical approval 
from the University of Otago Human Research Ethics 
Committee (reference: HD22/046). No further informed 
consent by participants was required. Reporting of analy-
ses conformed to Reporting of studies Conducted using 
Observational Routinely-collected health Data (RECORD) 
guidelines [30].

Exposure: type 1 diabetes

The type 1 diabetes population was identified using the Te 
Whatu Ora – Health New Zealand Virtual Diabetes Reg-
ister (VDR) [31]. The VDR is a list of individuals who 
are suspected of having diabetes and draws on nationwide 
data from inpatient events (ICD-10-AM diagnosis codes; 
https:// www. ihacpa. gov. au/ health- care/ class ifica tion/ icd- 
10- amach iacs), outpatient services (e.g. diabetes man-
agement services), laboratory tests (e.g.  HbA1c tests) and 
pharmaceutical dispensing (e.g. prescriptions for insulin) 
[32]. The VDR has a sensitivity of 87%, specificity of 97%, 
positive predictive value of 82% and negative predictive 
value of 98% [33]. Individuals were identified with type 
1 diabetes if they were first recorded in the VDR before 
13 years of age. The VDR does not differentiate type 1 
diabetes from type 2 diabetes; however, the vast major-
ity of diabetes cases with onset prior to 13 years of age 
are type 1 diabetes [34]. To improve the sensitivity of the 
type 1 diabetes classification, hospitalisation data were 
used to exclude children with a type 2 diabetes diagnosis 
code recorded prior to their 13th birthday. A subgroup with 
early-onset type 1 diabetes (before 6 years of age) was also 
identified. Lastly, a proxy for more unhealthy glucose lev-
els was constructed among those with type 1 diabetes using 
hospitalisation data. This indicator was set to 1 if a partici-
pant was hospitalised with an ICD-10-AM diagnosis code 
for type 1 diabetes with ketoacidosis (DKA) (E10.1) or 
type 1 diabetes with hypoglycaemia (E10.64) prior to the 
participant’s 13th birthday but at least 30 days after their 
initial type 1 diabetes diagnosis, and set to 0 otherwise.

Educational outcomes

The New Zealand education system The NZ education sys-
tem has three levels: early childhood (birth to school entry), 
primary and secondary (5–19 years), and further educa-
tion (higher and vocational). The focus of this study was 
on primary and secondary education. In NZ, state schools, 
which are owned and funded by the government, provide 
free education for children who are NZ citizens or perma-
nent residents between the ages of 5 and 19 years. Schooling 
is compulsory between the ages of 6 and 16 years. In most 
schools, children can commence their schooling on the day 
they turn 5, without having to wait for the start of a new 
school year. Typically, students remain in school until they 
reach approximately 18 years. The school education system 
in NZ comprises 13 year levels. Primary education spans 
from Years 1–8, and secondary education encompasses 
Years 9–13.

Educational attainment Educational attainment informa-
tion was extracted from the MoE student leavers table. The 
formal measure of a young person’s achievement at high 
school in NZ is the National Certificate of Educational 
Achievement (NCEA). Young people usually study for the 
NCEA in the final 3 years of high school, when they are 
aged approximately 16–18 years (Levels 1, 2 and 3). The 
NCEA is a standards-based system consisting of internally 
(school-based) and externally assessed standards across dif-
ferent school subjects. Students have the flexibility to choose 
from a wide range of subjects, with English, mathematics 
and science typically studied, alongside a variety of other 
options from the eight learning areas of the New Zealand 
Curriculum. The NCEA is recognised by employers and 
used by universities and vocational education institutions 
for selection purposes. In each subject, students’ skills and 
knowledge are assessed based on specific standards. Stu-
dents earn credits based on their success meeting the stand-
ards; to achieve each NCEA level, 80 credits are required. 
Specific credits at Level 3 also provide a University Entrance 
qualification, which enables entry into degree-level tertiary 
learning. Binary variables reflecting any NCEA attainment 
(NCEA Level 1, 2 or 3 vs no NCEA attainment) and NCEA 
Level 3 attainment (vs no NCEA Level 3 attainment) were 
constructed.

Attendance Data on school attendance were drawn from 
the MoE attendance table. Attendance data were available 
from 2015 to 2019 and only for term 2 (the NZ school year 
is divided into four terms of approximately 10 weeks each). 
A binary measure of ‘regular attendance’ among enrolled 
students was created in accordance with MoE definitions 
[35]. A student was considered to have regular attendance if 
they attended more than 90% of term 2 half-days. A half-day 

https://www.ihacpa.gov.au/health-care/classification/icd-10-amachiacs
https://www.ihacpa.gov.au/health-care/classification/icd-10-amachiacs
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of attendance is defined as being present for a minimum of 
2 h in the morning or the afternoon. Absences were catego-
rised into justified and unjustified in accordance with MoE 
reporting requirements, and by absence subtype (electronic 
supplementary material [ESM] Table 1).

University enrolment Data on university enrolment were 
extracted from the MoE course enrolment table. A binary 
indicator reflecting any university-level enrolment was 
constructed and set to 1 if an individual was enrolled in a 
university-level qualification prior to their 20th birthday and 
to 0 if no university enrolment was identified. This included 
enrolment in qualifications at Levels 7–10 from the New 
Zealand Qualifications and Credentials Framework [36].

Maternal characteristics

The highest maternal education level was determined 
using the 2013 and 2018 NZ censuses and MoE data and 
categorised into four groups: no qualification, secondary 
school qualification, post-secondary school qualification 
(not including university-level qualifications, e.g. trade 
diplomas and certificates) and university-level qualifica-
tion (e.g. bachelor’s degree, master’s degree and doctor 
of philosophy degree). The highest level of educational 
attainment recorded across these datasets was assigned 
to each individual. A binary variable indicating mother’s 
birthplace (NZ or elsewhere) and maternal age, measured 
at the child’s birth and categorised as <20, 20–29, 30–39, 
40–49 and ≥50 years, were determined using birth regis-
tration data. The number of siblings was determined using 
birth registration data, counting the number of additional 
births registered to each mother. Paternal characteristics 
were not employed as covariates in this analysis because 
of relatively low linkage rates between children and fathers 
in the IDI [37].

Sociodemographic characteristics

Using information captured in the IDI personal details 
table, sex (male/female), age (in years) and ethnicity were 
determined. For the current study, we were constrained to 
utilising data on sex collected using conventional statisti-
cal practices for the study period, categorised as male or 
female. Statistics New Zealand (Stats NZ) introduced an 
updated statistical standard in 2021, encompassing a more 
comprehensive understanding of sex and gender identity to 
tackle concerns such as inclusivity for intersex and transgen-
der communities. Ethnicity was categorised using the NZ 
Standard Classification as Asian; European and other ethnic 
groups (see Table 1 for a definition of ‘other ethnic groups’); 
Māori; Middle Eastern, Latin American or African; and 
Pacific peoples [38]. Ethnicity was measured using the total 

concept approach, meaning that individuals could identify 
with more than one ethnicity. Area level socioeconomic 
deprivation level was measured using the New Zealand 
Deprivation Index (NZDep) 2018 [39], linked to residence 
data from the IDI address notification table. The most 
recent registered address change prior to an individual’s 
13th birthday was used to determine place of residence. If 
an address change was not registered prior to 13 years of 
age, the most recent address change within 1 year after their 
13th birthday was used. Residence data were also used to 
determine the urban/rural profile of individuals, a binary 
indicator using Stats NZ definitions reflecting urban popu-
lations of ≥1000 people and rural populations of <1000 
people [40].

Statistical analysis

Observed rates of educational outcomes among the birth 
cohort were described by sociodemographic subgroup 
and by type 1 diabetes status overall and for Māori and 
Pacific peoples. Conventionally employed logistic regres-
sion models produce ORs that are biased and inflated esti-
mates of RRs when outcomes of interest are not rare [41]. 
Therefore, unadjusted and adjusted RRs were generated 
by type 1 diabetes status for educational outcomes using 
complete-case generalised linear regression with a log link 
and Gaussian distribution. A Gaussian distribution was 
employed to resolve convergence issues, common when 
using a log link and binomial distribution [42, 43]. Vari-
ables in the adjusted models included birth year, sex, eth-
nicity, deprivation level, urban/rural profile of residence, 
mother’s birthplace, maternal education level, maternal 
age and number of siblings in the family. A two-tailed 
α=0.05 defined significance. This analysis was replicated 
separately for Māori and for Pacific peoples. In addition, 
separate analyses were conducted at the population level 
to examine educational outcomes for those (1) with early-
onset type 1 diabetes; (2) hospitalised for DKA or hypo-
glycaemia; and (3) not hospitalised for DKA or hypogly-
caemia or identified with early-onset type 1 diabetes, each 
compared with those without type 1 diabetes.

A sensitivity analysis was conducted to evaluate the effect 
of missing educational attainment and attendance data. In 
accordance with Skipper et al [9], individuals with missing 
attainment data were assigned the lowest attainment level, 
no qualification, and enrolled students with missing attend-
ance data were categorised as not having regular attendance. 
A further sensitivity analysis was conducted excluding stu-
dents who had ever been enrolled in a specialist school to 
account for potentially high rates of co-occurring neurode-
velopmental conditions (e.g. intellectual disability) among 
the type 1 diabetes group, which in turn may impact educa-
tional outcomes.
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Results

The 9 year birth cohort contained 519,870 individuals, of 
whom 77,550 were excluded, yielding a final sample of 
442,320 (Fig. 1). Type 1 diabetes was identified in 2058 
(0.47%) young people (mean [SD] age of type 1 diabetes 
diagnosis 7.7 [3.4] years). Among Māori (N=136,122), 558 
(0.41%) were identified with type 1 diabetes (mean [SD] 
age of type 1 diabetes diagnosis 9.0 [3.3] years) and among 
Pacific peoples (N=55,287), 270 (0.49%) were identified 
with type 1 diabetes (mean [SD] age of type 1 diabetes diag-
nosis 7.4 [3.3] years).

The sociodemographic and maternal characteristics 
were broadly similar between the group with type 1 diabe-
tes and the group without type 1 diabetes (Table 1). One in 
five (n=408) of the type 1 diabetes group had had a post-
diagnosis hospitalisation for either DKA or hypoglycaemia 
before age 13 years. Approximately one-third (n=705) were 
diagnosed with type 1 diabetes before age 6 years. The char-
acteristics of those with early-onset type 1 diabetes, those 
hospitalised with DKA/hypoglycaemia and those with nei-
ther DKA/hypoglycaemia nor early-onset diabetes, and of 
Māori and Pacific peoples are presented in ESM Tables 2–4.

Compared with those without type 1 diabetes, children 
with type 1 diabetes had similar observed rates of any NCEA 
attainment (82.7% among those with type 1 diabetes vs 82.0% 
among those without type 1 diabetes) and of university enrol-
ment (39.5% vs 39.9%), but lower observed rates of NCEA 
Level 3 attainment (43.0% vs 46.3%) and regular attendance 
(43.1% vs 47.4%) (Table 2). Lower regular attendance among 
those with type 1 diabetes was mostly driven by higher levels 
of justified absences, which includes medical absence (ESM 
Table 5). Among the type 1 diabetes population, those hos-
pitalised with DKA/hypoglycaemia had substantially lower 
educational outcomes, including lower observed rates of 
any NCEA attainment (77.2%), NCEA Level 3 attainment 
(36.0%), regular attendance (33.3%) and university enrolment 

Table 1  Sociodemographic, maternal, and health-related characteris-
tics of the final sample (N=442,320) by type 1 diabetes status

Characteristic With T1D
(n=2058)

Without T1D
(n=440,262)

Sex
 Female 996 (48.4) 214,635 (48.8)
 Male 1062 (51.6) 225,627 (51.2)
Ethnicitya

 Asian 105 (5.1) 25,782 (5.9)
  EOb 1644 (79.9) 339,279 (77.1)
 MELAA 21 (1.0) 4626 (1.1)
 Māori 558 (27.1) 135,564 (30.8)
 Pacific 270 (13.1) 55,017 (12.5)
Deprivation quintile
 1 (least deprived) 429 (20.8) 83,112 (18.9)
 2 393 (19.1) 77,697 (17.6)
 3 354 (17.2) 77,631 (17.6)
 4 384 (18.7) 81,027 (18.4)
 5 (most deprived) 456 (22.2) 104,910 (23.8)
 Missing 42 (2.0) 15,885 (3.6)
Residence
 Urban 1755 (85.3) 364,872 (82.9)
 Rural 261 (12.7) 59,961 (13.6)
 Missing 42 (2.0) 15,429 (3.5)
Mother born in New Zealand
 Yes 1599 (77.7) 341,175 (77.5)
 No 459 (22.3) 99,087 (22.5)
Mother's highest qualification
 None 207 (10.1) 44,676 (10.1)
 High school 747 (36.3) 151,755 (34.5)
 Tertiary certificate or diploma 480 (23.3) 99,477 (22.6)
 Bachelor’s degree or higher 405 (19.7) 93,306 (21.2)
 Missing 219 (10.6) 51,048 (11.6)
Maternal age (years)
 <20 138 (6.7) 30,819 (7.0)
 20–29 975 (47.4) 211,929 (48.1)
 30–39 891 (43.3) 186,600 (42.4)
 40–49 51 (2.5) 10,002 (2.3)
 50+ S 78 (0.0)
 Missing S 834 (0.2)
Number of siblings
 0 243 (11.8) 49,146 (11.2)
 1 723 (35.1) 143,838 (32.7)
 2 579 (28.1) 118,548 (26.9)
 3 297 (14.4) 63,918 (14.5)
 4 108 (5.2) 30,633 (7.0)
 5+ 111 (5.4) 34,176 (7.8)
Clinical
  DKAc 276 (13.4)
  Hypoglycaemiad 258 (12.5)
 Either DKA or hypoglycaemia 408 (19.8)
 T1D before 6 years of age 705 (34.3)

Table 1  (continued)
Data are presented as n (%)
Subtotals may not sum to totals because of rounding as per Stats NZ 
confidentiality requirements
a Percentages do not sum to 100% because individuals could self-iden-
tify with multiple ethnic groups
b European and other ethnic groups (includes Indigenous American, 
Mauritian, New Zealander, Seychellois, other South African, and 
other ethnicity)
c Any hospitalisation for post-diagnosis type 1 diabetes with ketoaci-
dosis (≥30 days post type 1 diabetes diagnosis) and prior to 13 years 
of age
d Any hospitalisation for post-diagnosis hypoglycaemia (≥30 days 
post type 1 diabetes diagnosis) and prior to 13 years of age
MELAA, Middle Eastern, Latin American or African; S, n<6; T1d, 
type 1 diabetes
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(32.3%). The educational outcomes for children with early-
onset type 1 diabetes and for those without either a hospitali-
sation for DKA/hypoglycaemia or early-onset type 1 diabetes 
were generally similar to outcomes in the overall group with 
type 1 diabetes. Observed educational outcomes for Māori 
with type 1 diabetes (vs Māori without type 1 diabetes) and 
for Pacific peoples with type 1 diabetes (vs Pacific peoples 
without type 1 diabetes) were generally similar.

Figure 2 displays the adjusted RRs for type 1 diabetes 
status (and associated 95% CIs) and educational outcomes 
(see ESM Tables 6–11 for more details). After adjustment 
for sociodemographic and maternal factors, those with 
type 1 diabetes had lower educational outcomes across 
each of the four domains than those without type 1 diabe-
tes (any NCEA attainment: RR 0.97 [95% CI 0.95, 0.99]; 
NCEA Level 3 attainment: RR 0.88 [95% CI 0.84, 0.92]; 
regular high school attendance: RR 0.91 [95% CI 0.85, 
0.97]; and university enrolment: RR 0.93 [95% CI 0.88, 
0.98]) (ESM Table 6). Early-onset type 1 diabetes was 
associated with even lower NCEA Level 3 attainment (RR 
0.86 [95% CI 0.79, 0.93]), regular high school attendance 
(RR 0.88 [95% CI 0.80, 0.98]) and university enrolment 
(RR 0.87 [95% CI, 0.78, 0.99]), and similar rates of any 
NCEA attainment (RR 0.97 [95% CI 0.95, 1.00]) (ESM 
Table 7). Those with a previous post-diagnosis hospitali-
sation for DKA/hypoglycaemia had substantively lower 
educational outcomes across all domains (any NCEA 
attainment: RR 0.91 [95% CI 0.87, 0.96]; NCEA Level 
3 attainment: RR 0.78 [95% CI 0.69, 0.88]; regular high 
school attendance: RR 0.66 [95% CI 0.53, 0.82]; and 

university enrolment: RR 0.84 [95% CI, 0.72–0.98]) (ESM 
Table 8). Young people with type 1 diabetes without either 
early onset or a hospitalisation for DKA/hypoglycaemia 
had significantly lower rates of NCEA Level 3 attainment 
(RR 0.91 [95% CI 0.86, 0.96]), but no other significant 
associations were found (ESM Table 9). Māori with type 
1 diabetes were significantly less likely to achieve NCEA 
Level 3 than Māori without type 1 diabetes (RR 0.83 [95% 
CI 0.72, 0.95]), but there were no significant associations 
with respect to the other outcomes (ESM Table 10). Pacific 
peoples were significantly less likely to achieve any NCEA 
qualification than Pacific peoples without type 1 diabetes 
(RR 0.94 [95% CI 0.88, 0.99]), but no other statistically 
significant associations were found (ESM Table 11).

Sensitivity analyses that accounted for missing educa-
tional outcomes data (ESM Table 12) and that excluded 
students ever enrolled in a specialist school (ESM 
Table 13) showed no material difference in findings.

Discussion

In this nationwide NZ birth cohort study, type 1 diabetes 
was associated with significantly lower educational out-
comes of high school attainment, high school attendance 
and university enrolment. Educational outcomes were par-
ticularly affected among those with type 1 diabetes who, 
post diagnosis, underwent a hospitalisation for DKA or 
hypoglycaemia. Among Māori, those with type 1 diabe-
tes experienced significantly lower rates of NCEA Level 

Fig. 1  Participant flow chart. 
T1D, type 1 diabetes; T2D, type 
2 diabetes

Born in New Zealand (1 Jan 1993–31 Dec 2001)

(n=519,870)

Alive on their 20th birthday (n=513,507)

In New Zealand for the majority of their 

schooling (n=442,353)

Died prior to their 20th birthday (n=6363)

Spent more than 4 years overseas prior to their 

13th birthday (n=50,448)

Spent more than 2 years overseas during high 

school (n=20,706)

Final sample (n=442,320)

T2D prior to their 13th birthday (n=33)

With T1D

(n=2058)

Without T1D

(n=440,262)
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3 attainment, whereas, among Pacific peoples, those with 
type 1 diabetes had significantly lower rates of any NCEA 
qualification. In the context of conflicting findings in exist-
ing literature, the present study further elucidates the rela-
tionship between type 1 diabetes and educational outcomes 
using contemporary data at the population level and explor-
ing outcomes at multiple points in the education system.

The finding that type 1 diabetes is associated with lower 
educational attainment is consistent with several nationwide 
studies [14–17] but is in contrast to others [9, 13]. Differences 
in findings might be due to selection bias. For example, unlike 
a number of studies with null findings, the present study, and 
that of Lindkvist et al [17], did not exclude unenrolled students 
or those in specialist schools [9, 13, 17, 21]. This suggests 
that such exclusions may mask the impact of type 1 diabe-
tes. Further variability in findings may also be attributable 
to differences in outcome measurement. In NZ, the NCEA 
is internally and externally assessed across the year. It is pos-
sible that students with type 1 diabetes who experience higher 

levels of school absence may find achieving internally assessed 
qualifications (which are often completed over time) particu-
larly difficult. Given that other studies have typically explored 
outcomes derived from one-off assessments, this may help to 
explain the negative effect of type 1 diabetes observed in the 
present study [9, 21, 44]. Cross-country variation in the level 
and quality of both health support and education support for 
young people with type 1 diabetes, including variability in the 
time periods covered and advances in diabetes treatment, may 
also have influenced the results.

Our results indicating that type 1 diabetes is associ-
ated with school absenteeism align with previous research 
[10–13]. They are also consistent with the lower subsequent 
educational outcomes observed among the type 1 diabetes 
group, as school attendance is strongly associated with aca-
demic attainment [45]. Similarly, the negative association 
between type 1 diabetes and university enrolment, as found 
by Lindkvist et al [17], is also consistent with what one 
would expect, given lower school attainment levels among 
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Fig. 2  Adjusted RRs (95% CIs) for the association between edu-
cational outcomes and T1D status: (a) any NCEA attainment; (b) 
NCEA Level 3 attainment; (c) regular high school attendance; (d) 
university enrolment. T1D, children with type 1 diabetes vs chil-
dren without type 1 diabetes; early-onset T1D, children first diag-
nosed with type 1 diabetes before age 6 years vs children without 
type 1 diabetes; T1D w/ DKA/H, children with type 1 diabetes 
and at least one hospitalisation for either DKA or hypoglycae-
mia before their 13th birthday but at least 30 days after their T1D 
diagnosis vs children without type 1 diabetes; T1D w/o DKA/H 

& EO, children with type 1 diabetes and without a hospitalisation 
for either DKA or hypoglycaemia before their 13th birthday but at 
least 30 days after their type 1 diabetes diagnosis and children who 
were not diagnosed with type 1 diabetes before their 6th birthday 
vs children without type 1 diabetes (EO, European and other ethnic 
groups [includes Indigenous American, Mauritian, New Zealander, 
Seychellois, other South African, and other ethnicity]); T1D Māori, 
Māori children with type 1 diabetes vs Māori children without type 
1 diabetes; T1D Pacific, Pacific peoples’ children with type 1 dia-
betes vs Pacific peoples’ children without type 1 diabetes
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the type 1 diabetes group. These findings are concerning 
given the strong association between university qualifi-
cations and later income in NZ [46], and the known link 
between poor educational outcomes and deleterious conse-
quences in later life such as increased risk of unemployment 
and crime [47].

The finding that post-diagnosis hospitalisation for DKA 
or hypoglycaemia was a significant predictor of lower edu-
cational outcomes among those with type 1 diabetes is in 
line with a number of existing studies [9, 11, 17]. Children 
hospitalised for DKA or hypoglycaemia will generally have 
less healthy glucose levels, will require more diabetes treat-
ment and will experience a greater psychosocial burden. 
They may also be from households with fewer resources 
available, which impacts both health and educational out-
comes. Diabetes and glucose variability substantially impact 
the childhood brain [48–50]. Compounding this effect are 
the known psychosocial disruptions of childhood diabetes 
[51–53]. Taken in the context of the now multiple diabetes 
registry studies highlighting that the majority of children are 
still not meeting recommended glucose targets [54–56], this 
study provides a further call to arms for ongoing efforts to 
continue to improve glucose levels using all proven methods 
available. Such efforts include improved access and equity 
to continuous glucose monitoring [57], automated insulin 
delivery [58] and diabetes psychosocial support, education 
and nutrition.

As a collective, Māori and Pacific children already expe-
rience inequitable educational outcomes compared with 
non-Māori/non-Pacific children [27, 59]. The findings of 
this study suggest that, for several educational outcomes, 
Māori and Pacific peoples with type 1 diabetes are achiev-
ing at similar levels to their peers without type 1 diabetes. 
However, for other outcomes, they indicate that the addi-
tional complexity of type 1 diabetes creates multiple disad-
vantages, widening existing disparities further. This high-
lights the need for diabetes-related support for students who 
already face inequitable access to the determinants of health, 
including the provision of culturally competent and appro-
priate health and education services [60].

Our findings point to the need for policymakers, school 
leaders and teachers to be mindful of students’ needs and 
potential impacts of chronic illness on their access to cur-
riculum content, particularly in relation to high-stakes 
school leaver assessments. Proactive measures with ade-
quate resourcing to support student achievement and suc-
cess, including embedding and sustaining a whole-school 
approach to the promotion of student wellbeing, are required. 
Initiatives to improve educational outcomes for those with 
type 1 diabetes are underway in other countries, for example 
the Diabetes in Schools Program in Australia [61]. However, 
because they have only recently been implemented, their 
impact on educational and health outcomes is unknown.

Strengths and limitations

This study has a number of strengths. It included a large, 
contemporary, national sample allowing identification of a 
sizeable group of individuals with type 1 diabetes and ena-
bling analysis of subpopulations including Māori and Pacific 
peoples, those with early-onset type 1 diabetes and those 
with a previous hospitalisation for DKA or hypoglycaemia. 
The data enabled examination of aspects of the pathway 
through education from high school to university-level study, 
and adjustment for a range of socioeconomic and maternal 
measures known to associate with educational outcomes. 
The study design also accounted for early exit as a result of 
death or long-term overseas travel.

The study must also be viewed in light of several limita-
tions. The educational attainment outcomes are blunt and 
do not enable analysis of which areas of learning (e.g. 
numeracy and literacy) are most affected. Attendance data 
were available only for term 2 and may not be representa-
tive of the full school calendar year. While we included 
controls for a number of important covariates, other meas-
ures associated with educational outcomes such as con-
genital anomalies, birthweight, gestational age and Apgar 
score were unable to be accounted for. Moreover, while we 
excluded, in a sensitivity analysis, students who attended 
specialist schools, the available data did not allow us to 
exclude students with special educational needs within the 
mainstream setting. The impact of omitted variables on 
study findings is unknown. The VDR is not a formal reg-
istry of people with diabetes in NZ; instead, it identifies 
people who have diabetes by drawing on health service use 
from multiple datasets. While the VDR is validated and 
has strong predictive properties (e.g. high sensitivity and 
specificity), misclassification error may have impacted the 
study findings [33]. Moreover, the VDR does not readily 
distinguish between type 1 and type 2 diabetes. However, 
type 2 diabetes is relatively uncommon in young children 
(aged <13 years), and those with a type 2 diabetes diag-
nosis recorded in hospital data were excluded [34]. The 
data employed in this study do not include measures of 
 HbA1c, which would have been an additional important 
marker of glucose levels compared with hospitalisations 
with DKA or hypoglycaemia, which is a less nuanced 
measure. Lastly, the birth cohort were born mostly in the 
1990s and treatment has changed subsequently; however, 
because of the follow-up time required to observe educa-
tional outcomes, the present study was unable to account 
for newer developments in therapy.

Implications for future work

Given the inconsistency of the findings in the existing 
literature, research to better understand the drivers of 
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educational success among those with type 1 diabetes 
should be prioritised. Among other things, this might 
include improving the ability of school systems to accom-
modate chronic illnesses such as type 1 diabetes, and 
understanding their potential impacts on learning as well 
as the intersectionality of inequitable access to the social 
determinants of health and type 1 diabetes. Using tem-
poral data available in the IDI, and more nuanced educa-
tional data such as subject-specific attainment informa-
tion, may help to better elucidate the relationship between 
type 1 diabetes and educational outcomes. Moreover, 
further research might also explore other medium- and 
long-term impacts of type 1 diabetes, such as impacts 
on employment, income and other forms of continued 
education. Analysis of the influence of post-pubertal and 
teenage diagnoses of type 1 diabetes on educational out-
comes, because of the substantial psychosocial impacts, 
also warrants further investigation. Analysis by sex/gen-
der may also provide further insights into the relationship 
between educational success and type 1 diabetes.

Conclusion

In this whole NZ cohort study, negative associations between 
type 1 diabetes and educational outcomes, particularly in 
those with surrogate markers of glycaemic variability, high-
light a further aspect of the profound impact of diabetes 
on the developing brain and psychosocial development. 
Ongoing efforts are needed to ensure barrier-free access to 
education for young people with type 1 diabetes, including 
school-based supports to enable student achievement and 
success and equitable outcomes for indigenous populations.

Supplementary Information The online version contains peer-reviewed 
but unedited supplementary material available at https:// doi. org/ 10. 
1007/ s00125- 023- 06026-y.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions

Data availability The data that support the findings of this study are 
available from Statistics New Zealand, but restrictions apply to the 
availability of these data, which were used under licence for the current 
study and so are not publicly available. The data and code used in this 
study are, however, available from the authors on reasonable request 
and with the permission of Statistics New Zealand (see https:// www. 
stats. govt. nz/ integ rated- data/ apply- to- use- micro data- for- resea rch). 
The data can only be accessed by approved bone fide researchers, for 
projects that are in the public interest and within a secure accredited 
data laboratory.

Funding We would like to acknowledge funding from Cure Kids (ref. 
3616), the Health Research Council of New Zealand (ref. 21/1033) 
and A Better Start National Science Challenge, in turn funded by the 
New Zealand Ministry of Business, Innovation and Employment (ref. 
UOAX1901).

Author’s relationships and activities The authors declare that there are 
no relationships or activities that might bias, or be perceived to bias, 
their work.

Contribution statement NB and BJW conceived the idea for the paper 
and all authors contributed to the study design. NB acquired the data 
and undertook all analyses. All authors contributed to interpretation 
of data. NB, RD, MdB, RP, HV and BJW drafted the manuscript. All 
authors were involved in manuscript revisions and approval of the final 
revision. RP and MK-E, of Māori decent, and JK and OP, of Pacific 
decent, each contributed to study design, interpretation of data and 
manuscript revisions from indigenous perspectives. BJW is responsible 
for the integrity of the work as a whole.

Disclaimer These results are not official statistics. They have been 
created for research purposes from the Integrated Data Infrastructure 
(IDI), which is carefully managed by Statistics New Zealand. For more 
information about the IDI, please visit https:// www. stats. govt. nz/ integ 
rated- data/.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Daneman D (2006) Type 1 diabetes. Lancet 367(9513):847–858. 
https:// doi. org/ 10. 1016/ S0140- 6736(06) 68341-4

 2. International Diabetes Federation (2017) IDF diabetes atlas, 8th 
edn. International Diabetes Federation, Brussels, Belgium

 3. Mobasseri M, Shirmohammadi M, Amiri T, Vahed N, Fard HH, 
Ghojazadeh M (2020) Prevalence and incidence of type 1 diabetes 
in the world: a systematic review and meta-analysis. Health 
Promotion Perspectives 10(2):98. https:// doi. org/ 10. 34172/ hpp. 
2020. 18

 4. Diabetes Control Complications Trial Research Group (1993) 
The effect of intensive treatment of diabetes on the development 
and progression of long-term complications in insulin-dependent 
diabetes mellitus. N Engl J Med 329(14):977–986. https:// doi. org/ 
10. 1056/ NEJM1 99309 30329 1401

 5. Ferguson SC, Blane A, Wardlaw J et al (2005) Influence of an 
early-onset age of type 1 diabetes on cerebral structure and cogni-
tive function. Diabetes Care 28(6):1431–1437. https:// doi. org/ 10. 
2337/ diaca re. 28.6. 1431

 6. McCrimmon RJ, Ryan CM, Frier BM (2012) Diabetes and cogni-
tive dysfunction. Lancet 379(9833):2291–2299. https:// doi. org/ 10. 
1016/ S0140- 6736(12) 60360-2

 7. Cameron FJ, Northam EA, Ryan CM (2019) The effect of type 1 
diabetes on the developing brain. Lancet Child Adolescent Health 
3(6):427–436. https:// doi. org/ 10. 1016/ S2352- 4642(19) 30055-0

https://doi.org/10.1007/s00125-023-06026-y
https://doi.org/10.1007/s00125-023-06026-y
https://www.stats.govt.nz/integrated-data/apply-to-use-microdata-for-research
https://www.stats.govt.nz/integrated-data/apply-to-use-microdata-for-research
https://www.stats.govt.nz/integrated-data/
https://www.stats.govt.nz/integrated-data/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(06)68341-4
https://doi.org/10.34172/hpp.2020.18
https://doi.org/10.34172/hpp.2020.18
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.2337/diacare.28.6.1431
https://doi.org/10.2337/diacare.28.6.1431
https://doi.org/10.1016/S0140-6736(12)60360-2
https://doi.org/10.1016/S0140-6736(12)60360-2
https://doi.org/10.1016/S2352-4642(19)30055-0


72 Diabetologia (2024) 67:62–73

1 3

 8. Tareen RS, Tareen K (2017) Psychosocial aspects of diabe-
tes management: dilemma of diabetes distress. Transl Pediatr 
6(4):383. https:// doi. org/ 10. 21037/ tp. 2017. 10. 04

 9. Skipper N, Gaulke A, Sildorf SM, Eriksen TM, Nielsen NF, Sven-
sson J (2019) Association of type 1 diabetes with standardized test 
scores of Danish schoolchildren. JAMA 321(5):484–492. https:// 
doi. org/ 10. 1001/ jama. 2018. 21819

 10. Cooper MN, McNamara KA, de Klerk NH, Davis EA, Jones 
TW (2016) School performance in children with type 1 diabe-
tes: a contemporary population-based study. Pediatric Diabetes 
17(2):101–111. https:// doi. org/ 10. 1111/ pedi. 12243

 11. Fleming M, Fitton CA, Steiner MF et al (2019) Educational and 
health outcomes of children treated for type 1 diabetes: Scotland-
wide record linkage study of 766,047 children. Diabetes Care 
42(9):1700–1707. https:// doi. org/ 10. 2337/ dc18- 2423

 12. Thingholm PR, Gaulke A, Eriksen TM, Svensson J, Skipper N 
(2020) Association of prodromal type 1 diabetes with school 
absenteeism of Danish schoolchildren: a population-based case-
control study of 1,338 newly diagnosed children. Diabetes Care 
43(11):2886–2888. https:// doi. org/ 10. 2337/ dc20- 0769

 13. French R, Kneale D, Warner JT et al (2022) Educational attain-
ment and childhood-onset type 1 diabetes. Diabetes Care 
45(12):2852–2861. https:// doi. org/ 10. 2337/ dc21- 0693

 14. Persson S, Dahlquist G, Gerdtham U-G, Carlsson KS (2013) 
Impact of childhood-onset type 1 diabetes on schooling: a popu-
lation-based register study. Diabetologia 56(6):1254–1262. https:// 
doi. org/ 10. 1007/ s00125- 013- 2870-8

 15. Dahlquist G, Källén B (2007) School performance in children with 
type 1 diabetes—a population-based register study. Diabetologia 
50(5):957–964. https:// doi. org/ 10. 1007/ s00125- 007- 0615-2

 16. Persson E, Persson S, Gerdtham U-G, Steen Carlsson K, Swedish 
Childhood Diabetes Study Group (2019) Effect of type 1 diabetes 
on school performance in a dynamic world: new analysis explor-
ing Swedish register data. Appl Econ 51(24):2606–2622. https:// 
doi. org/ 10. 1080/ 00036 846. 2018. 15583 47

 17. Lindkvist EB, Thorsen SU, Paulsrud C et al (2022) Association of 
type 1 diabetes and educational achievement in 16–20-year-olds: 
a Danish nationwide register study. Diabetic Med 39(2):e14673. 
https:// doi. org/ 10. 1111/ dme. 14673

 18. McCarthy AM, Lindgren S, Mengeling MA, Tsalikian E, Engvall 
JC (2002) Effects of diabetes on learning in children. Pediatrics 
109(1):e9–e9. https:// doi. org/ 10. 1542/ peds. 109.1. e9

 19. Patiño-Fernández AM, Delamater AM, Applegate EB et al (2010) 
Neurocognitive functioning in preschool-age children with type 1 
diabetes mellitus. Pediatric Diabetes 11(6):424–430. https:// doi. 
org/ 10. 1111/j. 1399- 5448. 2009. 00618.x

 20. Ly TT, Anderson M, McNamara KA, Davis EA, Jones TW 
(2011) Neurocognitive outcomes in young adults with early-
onset type 1 diabetes: a prospective follow-up study. Diabetes 
Care 34(10):2192–2197. https:// doi. org/ 10. 2337/ dc11- 0697

 21. Mitchell RJ, McMaugh A, Woodhead H et al (2022) The impact 
of type 1 diabetes mellitus in childhood on academic performance: 
a matched population-based cohort study. Pediatric Diabetes 
23(3):411–420. https:// doi. org/ 10. 1111/ pedi. 13317

 22. Milne BJ, Atkinson J, Blakely T et al (2019) Data resource pro-
file: the New Zealand Integrated Data Infrastructure (IDI). Int J 
Epidemiol 48(3):677–677e. https:// doi. org/ 10. 1093/ ije/ dyz014

 23. Statistics New Zealand (2017) Integrated Data Infrastructure. 
Available from https:// www. stats. govt. nz/ integ rated- data/ integ 
rated- data- infra struc ture/. Accessed 28 Mar 2023

 24. Education Review Office (2012) Evaluation at a glance: priority 
learners in New Zealand schools. Education Review Office, Wel-
lington, New Zealand

 25. Ministry of Pacific Peoples (2016) Contemporary Pacific status 
report: a snapshot of Pacific peoples in New Zealand. Ministry of 
Pacific Peoples, Wellington, New Zealand

 26. Waitangi Tribunal (2019) Hauora: report on stage one of the 
health services and outcomes kaupapa inquiry. Legislation Direct, 
Lower Hutt, New Zealand

 27. Theodore R, Taumoepeau M, Kokaua J et al (2018) Equity in New 
Zealand university graduate outcomes: Māori and Pacific gradu-
ates. High Educ Res Dev 37(1):206–221. https:// doi. org/ 10. 1080/ 
07294 360. 2017. 13441 98

 28. Statistics New Zealand and Ministry of Pacific Island Affairs (2011) 
Health and Pacific peoples in New Zealand. Statistics New Zealand 
and Ministry of Pacific Island Affairs, Wellington, New Zealand

 29. Statistics New Zealand (2014) Linking methodology used by Sta-
tistics New Zealand in the Integrated Data Infrastructure project. 
Statistics New Zealand, Wellington, New Zealand

 30. Benchimol EI, Smeeth L, Guttmann A et al (2015) The REport-
ing of studies Conducted using Observational Routinely-collected 
health Data (RECORD) statement. PLoS Med 12(10):e1001885. 
https:// doi. org/ 10. 1371/ journ al. pmed. 10018 85

 31. Te Whatu Ora – Health New Zealand (2023) Virtual Diabetes 
Register and web tool. Available from https:// www. tewha tuora. 
govt. nz/ our- health- system/ data- and- stati stics/ virtu al- diabe tes- 
tool/. Accessed 28 March 2023

 32. Te Whatu Ora – Health New Zealand (2022) Virtual Diabetes 
Register: technical guide. Te Whatu Ora – Health New Zealand. 
Wellington, New Zealand

 33. Chan WC, Papaconstantinou D, Lee M et al (2018) Can adminis-
trative health utilisation data provide an accurate diabetes preva-
lence estimate for a geographical region? Diabetes Res Clin Pract 
139:59–71. https:// doi. org/ 10. 1016/j. diabr es. 2018. 02. 028

 34. Dabelea D, Mayer-Davis EJ, Saydah S et al (2014) Prevalence of 
type 1 and type 2 diabetes among children and adolescents from 
2001 to 2009. JAMA 311(17):1778–1786. https:// doi. org/ 10. 1001/ 
jama. 2014. 3201

 35. Ministry of Education (2020) Student attendance survey term 2, 
2019. Ministry of Education, Wellington, New Zealand

 36. New Zealand Qualifications Authority (2023) Te Taura Here Tohu 
Mātauranga o Aotearoa – About the New Zealand Qualifications 
and Credentials Framework (NZQCF). Available from https:// 
www2. nzqa. govt. nz/ quali ficat ions- and- stand ards/ about- new- zeala 
nd- quali ficat ions- crede ntials- frame work/. Accessed 28 Mar 2023

 37. Milne B, Li E, Sporle A (2020) Intergenerational analyses using 
the IDI: an update. Technical report. Statistics New Zealand, Wel-
lington, New Zealand

 38. Statistics NZ (2005) Statistical standard for ethnicity 2005. Sta-
tistics New Zealand, Wellington, New Zealand

 39. Atkinson J, Salmond C, Crampton P (2020) NZDep2018 Index 
of Deprivation, final research report, December 2020. University 
of Otago, Wellington, New Zealand

 40. Statistics New Zealand (2017) Statistical standard for geographic 
areas 2018. Available from https:// www. stats. govt. nz/ metho ds/ 
stati stical- stand ard- for- geogr aphic- areas- 2018. Accessed 28 Mar 
2023

 41. Webb P, Bain C, Page A (2017) Essential epidemiology: an intro-
duction for students and health professionals. Cambridge Univer-
sity Press, Cambridge, UK

 42. Cummings P (2009) Methods for estimating adjusted risk ratios. 
Stata J 9(2):175–196. https:// doi. org/ 10. 1177/ 15368 67X09 00900 
201

 43. Lumley T, Kronmal R, Ma S (2006) Relative risk regression in 
medical research: models, contrasts, estimators, and algorithms. 
UW Biostatistics Working Paper Series. Working Paper 293. 
Available from https:// biost ats. bepre ss. com/ uwbio stat/ paper 293/. 
Accessed 28 Mar 2023

https://doi.org/10.21037/tp.2017.10.04
https://doi.org/10.1001/jama.2018.21819
https://doi.org/10.1001/jama.2018.21819
https://doi.org/10.1111/pedi.12243
https://doi.org/10.2337/dc18-2423
https://doi.org/10.2337/dc20-0769
https://doi.org/10.2337/dc21-0693
https://doi.org/10.1007/s00125-013-2870-8
https://doi.org/10.1007/s00125-013-2870-8
https://doi.org/10.1007/s00125-007-0615-2
https://doi.org/10.1080/00036846.2018.1558347
https://doi.org/10.1080/00036846.2018.1558347
https://doi.org/10.1111/dme.14673
https://doi.org/10.1542/peds.109.1.e9
https://doi.org/10.1111/j.1399-5448.2009.00618.x
https://doi.org/10.1111/j.1399-5448.2009.00618.x
https://doi.org/10.2337/dc11-0697
https://doi.org/10.1111/pedi.13317
https://doi.org/10.1093/ije/dyz014
https://www.stats.govt.nz/integrated-data/integrated-data-infrastructure/
https://www.stats.govt.nz/integrated-data/integrated-data-infrastructure/
https://doi.org/10.1080/07294360.2017.1344198
https://doi.org/10.1080/07294360.2017.1344198
https://doi.org/10.1371/journal.pmed.1001885
https://www.tewhatuora.govt.nz/our-health-system/data-and-statistics/virtual-diabetes-tool/
https://www.tewhatuora.govt.nz/our-health-system/data-and-statistics/virtual-diabetes-tool/
https://www.tewhatuora.govt.nz/our-health-system/data-and-statistics/virtual-diabetes-tool/
https://doi.org/10.1016/j.diabres.2018.02.028
https://doi.org/10.1001/jama.2014.3201
https://doi.org/10.1001/jama.2014.3201
https://www2.nzqa.govt.nz/qualifications-and-standards/about-new-zealand-qualifications-credentials-framework/
https://www2.nzqa.govt.nz/qualifications-and-standards/about-new-zealand-qualifications-credentials-framework/
https://www2.nzqa.govt.nz/qualifications-and-standards/about-new-zealand-qualifications-credentials-framework/
https://www.stats.govt.nz/methods/statistical-standard-for-geographic-areas-2018
https://www.stats.govt.nz/methods/statistical-standard-for-geographic-areas-2018
https://doi.org/10.1177/1536867X0900900201
https://doi.org/10.1177/1536867X0900900201
https://biostats.bepress.com/uwbiostat/paper293/


73Diabetologia (2024) 67:62–73 

1 3

 44. Begum M, Chittleborough C, Pilkington R et al (2020) Educa-
tional outcomes among children with type 1 diabetes: whole-of-
population linked-data study. Pediatric Diabetes 21(7):1353–1361. 
https:// doi. org/ 10. 1111/ pedi. 13107

 45. Balfanz R, Byrnes V (2012) The importance of being in school: a 
report on absenteeism in the nation’s public schools. Educ Digest 
78(2):4

 46. Nair B, Smart W, Smyth R, Sector T (2007) How does investment 
in tertiary education improve outcomes for New Zealanders? Soc 
Policy J New Zealand 31:195

 47. Wald J (2003) Losen DJ (2003) Defining and redirecting a school-
to-prison pipeline. New Direct Youth Dev 99:9–15. https:// doi. 
org/ 10. 1002/ yd. 51

 48. Cameron FJ, Scratch SE, Nadebaum C et al (2014) Neurological 
consequences of diabetic ketoacidosis at initial presentation of 
type 1 diabetes in a prospective cohort study of children. Diabetes 
Care 37(6):1554–1562. https:// doi. org/ 10. 2337/ dc13- 1904

 49. Siller AF, Lugar H, Rutlin J et al (2017) Severity of clinical pres-
entation in youth with type 1 diabetes is associated with differ-
ences in brain structure. Pediatric Diabetes 18(8):686–695. https:// 
doi. org/ 10. 1111/ pedi. 12420

 50. Mauras N, Buckingham B, White NH et al (2021) Impact of type 
1 diabetes in the developing brain in children: a longitudinal study. 
Diabetes Care 44(4):983–992. https:// doi. org/ 10. 2337/ dc20- 2125

 51. Northam EA, Lin A, Finch S, Werther GA, Cameron FJ (2010) 
Psychosocial well-being and functional outcomes in youth 
with type 1 diabetes 12 years after disease onset. Diabetes Care 
33(7):1430–1437. https:// doi. org/ 10. 2337/ dc09- 2232

 52. Northam EA, Matthews L, Anderson P, Cameron F, Werther G 
(2005) Psychiatric morbidity and health outcome in type 1 diabe-
tes–perspectives from a prospective longitudinal study. Diabetic Med 
22(2):152–157. https:// doi. org/ 10. 1111/j. 1464- 5491. 2004. 01370.x

 53. Cameron FJ, Skinner T, De Beaufort C et al (2008) Are family 
factors universally related to metabolic outcomes in adolescents 
with type 1 diabetes? Diabetic Med 25(4):463–468. https:// doi. 
org/ 10. 1111/j. 1464- 5491. 2008. 02399.x

 54. James S, Perry L, Lowe J et al (2022) Suboptimal glycemic con-
trol in adolescents and young adults with type 1 diabetes from 
2011 to 2020 across Australia and New Zealand: data from the 

Australasian Diabetes Data Network registry. Pediatric Diabetes 
23(6):736–741. https:// doi. org/ 10. 1111/ pedi. 13364

 55. Gerhardsson P, Schwandt A, Witsch M et al (2021) The SWEET 
project 10-year benchmarking in 19 countries worldwide is 
associated with improved HbA1c and increased use of diabetes 
technology in youth with type 1 diabetes. Diabetes Technol Ther 
23(7):491–499. https:// doi. org/ 10. 1089/ dia. 2020. 0618

 56. Miller KM, Foster NC, Beck RW et al (2015) Current state of 
type 1 diabetes treatment in the US: updated data from the T1D 
Exchange clinic registry. Diabetes Care 38(6):971–978. https:// 
doi. org/ 10. 2337/ dc15- 0078

 57. Elbalshy M, Haszard J, Smith H et al (2022) Effect of divergent 
continuous glucose monitoring technologies on glycaemic control 
in type 1 diabetes mellitus: a systematic review and meta‐analysis 
of randomised controlled trials. Diabetic Med e14854. https:// doi. 
org/ 10. 1111/ dme. 14854

 58. Tauschmann M, Forlenza G, Hood K et al (2022) ISPAD clinical 
practice consensus guidelines 2022: diabetes technologies: glu-
cose monitoring. Pediatric Diabetes 23(8):1390–1405. https:// doi. 
org/ 10. 1111/ pedi. 13451

 59. Bishop R, Berryman M, Cavanagh T, Teddy L (2009) Te kotahi-
tanga: addressing educational disparities facing Māori students in 
New Zealand. Teach Teach Educ 25(5):734–742. https:// doi. org/ 
10. 1016/j. tate. 2009. 01. 009

 60. Ministry of Education (2022) The Statement of National Educa-
tion and Learning Priorities (NELP) and the Tertiary Education 
Strategy (TES). Available from https:// www. educa tion. govt. nz/ 
our- work/ overa ll- strat egies- and- polic ies/ the- state ment- of- natio 
nal- educa tion- and- learn ing- prior ities- nelp- and- the- terti ary- educa 
tion- strat egy- tes/. Accessed 30 Oct 2022

 61. National Diabetes Services Scheme (2021) Diabetes in schools. 
Available from https:// www. diabe tesin schoo ls. com. au/. Accessed 
28 Mar 2023

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Nicholas Bowden1,2  · Rachael Dixon3  · Vivienne Anderson4  · Martin de Bock5,6  · Alisa Boucsein1  · 
Maria Kewene‑Edwards4 · Sheree Gibb7  · Jesse Kokaua8  · Octavia Palmer1 · Ryan Paul9,10  · Barry Taylor1,2  · 
Hien Vu1  · Benjamin J. Wheeler1,11 

 * Benjamin J. Wheeler 
 ben.wheeler@otago.ac.nz

1 Department of Women’s and Children’s Health, Dunedin 
School of Medicine, University of Otago, Dunedin, 
New Zealand

2 A Better Start National Science Challenge, Auckland, 
New Zealand

3 Faculty of Health, University of Canterbury, Christchurch, 
New Zealand

4 College of Education, University of Otago, Dunedin, 
New Zealand

5 Department of Paediatrics, Te Whatu Ora/Health NZ, 
Christchurch, New Zealand

6 Department of Paediatrics, University of Otago, 
Christchurch, New Zealand

7 Department of Public Health, University of Otago, 
Wellington, New Zealand

8 Centre for Pacific Health, Va’a O Tautai, Health Sciences 
Division, University of Otago, Dunedin, New Zealand

9 Waikato Regional Diabetes Service, Hamilton, New Zealand
10 Te Hutaki Waiora School of Health, University of Waikato, 

Hamilton, New Zealand
11 Paediatric Endocrinology, Te Whatu Ora/Health NZ – 

Southern, Dunedin, New Zealand

https://doi.org/10.1111/pedi.13107
https://doi.org/10.1002/yd.51
https://doi.org/10.1002/yd.51
https://doi.org/10.2337/dc13-1904
https://doi.org/10.1111/pedi.12420
https://doi.org/10.1111/pedi.12420
https://doi.org/10.2337/dc20-2125
https://doi.org/10.2337/dc09-2232
https://doi.org/10.1111/j.1464-5491.2004.01370.x
https://doi.org/10.1111/j.1464-5491.2008.02399.x
https://doi.org/10.1111/j.1464-5491.2008.02399.x
https://doi.org/10.1111/pedi.13364
https://doi.org/10.1089/dia.2020.0618
https://doi.org/10.2337/dc15-0078
https://doi.org/10.2337/dc15-0078
https://doi.org/10.1111/dme.14854
https://doi.org/10.1111/dme.14854
https://doi.org/10.1111/pedi.13451
https://doi.org/10.1111/pedi.13451
https://doi.org/10.1016/j.tate.2009.01.009
https://doi.org/10.1016/j.tate.2009.01.009
https://www.education.govt.nz/our-work/overall-strategies-and-policies/the-statement-of-national-education-and-learning-priorities-nelp-and-the-tertiary-education-strategy-tes/
https://www.education.govt.nz/our-work/overall-strategies-and-policies/the-statement-of-national-education-and-learning-priorities-nelp-and-the-tertiary-education-strategy-tes/
https://www.education.govt.nz/our-work/overall-strategies-and-policies/the-statement-of-national-education-and-learning-priorities-nelp-and-the-tertiary-education-strategy-tes/
https://www.education.govt.nz/our-work/overall-strategies-and-policies/the-statement-of-national-education-and-learning-priorities-nelp-and-the-tertiary-education-strategy-tes/
https://www.diabetesinschools.com.au/
http://orcid.org/0000-0003-4589-9956
http://orcid.org/0000-0003-2468-7997
http://orcid.org/0000-0002-2055-8998
http://orcid.org/0000-0003-0454-6679
http://orcid.org/0000-0002-6266-8802
http://orcid.org/0000-0002-9708-8816
http://orcid.org/0000-0001-8740-1277
http://orcid.org/0000-0002-1579-3870
http://orcid.org/0000-0002-6450-8677
http://orcid.org/0009-0002-6250-6202
http://orcid.org/0000-0003-3348-5238

	Associations between type 1 diabetes and educational outcomes: an AotearoaNew Zealand nationwide birth cohort study using the Integrated Data Infrastructure
	Abstract
	Aimshypothesis 
	Methods 
	Results 
	Conclusionsinterpretation 

	Introduction
	Methods
	Study design
	Exposure: type 1 diabetes
	Educational outcomes
	Maternal characteristics
	Sociodemographic characteristics
	Statistical analysis

	Results
	Discussion
	Strengths and limitations
	Implications for future work
	Conclusion

	Anchor 20
	References


