National Institutes of Health

Turning Discovery Into Health

Journal title:
Manuscript title:

Submitter:
NIHMSID:

Manuscript Files

NIHMS PDF Receipt

Early human development
Maternal glycemic control in diabetic pregnancies and neurodevelopmental outcomes in

preschool aged children. A prospective cohort study

Author support, Elsevier

1520547

Type

Label

File Name

Upload Date

Manuscript

EHD_4731.pdf

2019-02-01 23:34:24

This PDF receipt will be used only as the basis for generating PubMed Central (PMC) documents and will not appear on
PMC. The PMC-ready documents will be made available for review after conversion. Any necessary corrections can be
made at that time. No materials will be released to PMC without the Reviewer's approval.




Accepted Manuscript

Maternal glycemic control in diabetic pregnancies and neurodevelopmental
outcomes in preschool aged children. A prospective cohort study

Rebecca J. Griffith, Jane E. Harding, Christopher J.D. McKinlay, Trecia
A. Wouldes, Deborah Harris, Jane M. Alsweiler

PIl: S0378-3782(18)30263-9

DOI: doi:10.1016/j.earlhumdev.2019.01.010
Reference: EHD 4731

Published in: Early Human Devel opment

Received date: 11 May 2018
Revised date: 3 January 2019
Accepted date: 14 January 2019

Cite this article as: Griffith RJ, Harding JE, McKinlay CJD, Wouldes TA, Harris D, Al-
sweiler JM, Maternal glycemic control in diabetic pregnancies and neurodevelopmental
outcomes in preschool aged children. A prospective cohort study, Early Human Develop-
ment, doi:10.1016/j.earlhumdev.2019.01.010

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final citable form. Please note that during the production
process errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2019 Published by Elsevier Ltd.


http://dx.doi.org/10.1016/j.earlhumdev.2019.01.010
http://dx.doi.org/10.1016/j.earlhumdev.2019.01.010

Maternal glycemic control in diabetic pregnancies and neurodevelopmental
outcomes in preschool aged children. A prospective cohort study.

Rebecca J. Griffith MBChB *, Jane E. Harding DPhil 2, Christopher J.D. McKinlay
PhD 2, Trecia A. Wouldes PhD *, Deborah Harris PhD ?*, Jane M. Alsweiler PhD **?
for the CHYLD Study Team.

'Department of Paediatrics, University of Auckland, Auckland, New Zealand
%Liggins Institute, University of Auckland, Auckland, New Zealand

3Department of Psychological Medicine, University of Auckland, Auckland, New
Zealand

“Newborn Intensive Care Unit Waikato District Health Board, Hamilton, New Zealand

Conflicts of interest

Declarations of interest: none

Author contributions. RG, JA had full access to all of the data in the study. RG, DH,
JA, JH and TW were involved with the acquisition of data. RG, JA, JH, and CM were
involved in the analysis, interpretation and statistical analysis of data.

RG, JA and JH drafted the manuscript and designed the tables. All authors critically
revised the manuscript for important intellectual content and approved the final
manuscript. JA is the guarantor of this work and takes responsibility for the contents

of this article and the integrity of the data and the accuracy of the data analysis.

The results of this study were presented at the Perinatal Society of Australia and

New Zealand Annual Congress, Canberra, 2" -5 April 2017.



Corresponding author: Jane Alsweiler

Department of Paediatrics: Child and Youth Health, University of Auckland, Private
Bag 92019, Auckland 1142, New Zealand

Phone: +649 373 7599

Fax: +649 373 7486

Email: j.alsweiler@auckland.ac.nz



Introduction.

There are conflicting reports regarding the relationship between maternal glycemic
control during diabetic pregnancy and neurodevelopmental outcomes of the
offspring. Some studies found no association between maternal glycemic control and
their children’s intellect. [1-3] Others found an adverse association between poor
maternal glycemic control and intellect,[4,5] developmental quotient,[6] hand-eye
coordination,[7] motor test scores,[7,8] school grades [9] and cognitive scores in
adult males.[10] However, participants in most of these studies were born in the
1960s through to 1990s and management of diabetes in pregnancy has evolved
since that time.[11-15] Furthermore, many studies did not adjust for confounding
factors such as obesity, parental education or socioeconomic status,[1,2,6—8,16] or
were not large enough to compare outcomes between children of mothers with

different types of diabetes.

The socioeconomic status of a child’s family is a well-known influence on their
development [17] and there is increasing evidence that maternal obesity has an
adverse effect on their children’s neurodevelopment.[18—27] Obesity is associated
with increased risk of diabetes in pregnancy [28] and with poorer socioeconomic
status [29,30]. The variation in findings from previous studies could thus be due to

confounding.

Reports of the effect of intrapartum glycemic control on risk of neonatal
hypoglycemia also yield conflicting results. In cohorts with a high percentage of
diabetic women maintaining blood glucose concentrations within target ranges of 3-6

mmol/L or 4-7 mmol/L during labor,[31,32] no association was found between



maternal intrapartum and neonatal blood glucose concentrations. However, other
studies found higher maternal blood glucose concentrations during labor were
associated with an increased likelihood of neonatal hypoglycemia,[33-37] Since
neonatal hypoglycemia can itself lead to adverse neurodevelopmental outcomes, it is
possible that an interaction between maternal glycemic control and neonatal

hypoglycemia determines later outcomes.

We sought to determine the relationship between maternal glycemic control during
pregnancy and labor in diabetic pregnancy and offspring neurodevelopmental
outcomes, accounting for a range of potential confounders and also any interaction

with neonatal hypoglycemia.

Materials and Methods

Sample

Eligible children were born to mothers with either pre-existing or gestational diabetes
who were part of a prospective cohort study, the CHYLD Study, which recruited
infants at risk of neonatal hypoglycemia (maternal diabetes, late preterm birth
between 32 and 36 weeks’ gestation, birthweight less than 10™ centile or less than
2500g (small) or birthweight greater than 90™ centile, or greater than 4500g (large))
between 2006 and 2010 at Waikato Hospital, Hamilton, New Zealand.[38,39]
Children born = 35 weeks’ gestation were eligible for assessment at 2 years’
corrected age, and all children were eligible for assessment at 4.5 years’ corrected

age.

Measures



Gestational diabetes was diagnosed by a fasting blood glucose concentration of 25.5
mmol/L or 1-hour blood glucose concentration of >11 mmol/L after 50 g
carbohydrate load. Measures of maternal glycemic control were collected from
electronic and paper records, including diabetes type; the last available HbAlc
concentration during the second and third trimesters; blood glucose concentration 1
hour after 50 g polycose load administered between 20 and 32 weeks’ gestation to
screen for gestational diabetes; and blood glucose concentrations in the 6 hours
prior to the birth. Infant blood glucose concentrations were measured by the glucose
oxidase method on heel-prick capillary blood samples at one hour of age, then
before feeds two to four hourly for at least 12 hours. In infants receiving intravenous
dextrose, blood glucose concentrations were measured 4 hourly for 12 hours, and

then as clinically indicated.

Assessment at 2 and 4.5 years

At each age, children underwent a comprehensive neurocognitive, motor and vision
assessment as previously reported [38,39], including caregiver completed
questionnaires about the child’s health, home environment and everyday executive
function (BRIEF-P parent rating form ). Assessors were blinded to the reason for risk
of hypoglycaemia and neonatal history and were trained to ensure reliability on all

assessments.

Neurosensory impairment at 4.5 years was defined as any of: visual impairment
(visual acuity 20.5 log MAR in the better eye); deafness requiring hearing aid;
cerebral palsy; Wechsler Preschool and Primary Scale of Intelligence 3™ edition[40]

(WPPSI-II) score < 85; Beery Visual-Motor Integration 6™ edition[41] (Beery VMI)



score more than 1 SD below the test mean; Movement Assessment Battery for
Children-2" Edition[42] (MABC-2) total Score <15th centile; Motion coherence
threshold[43] or Executive function composite score worse than 1.5 SD from the
cohort mean. Neurosensory impairment at 2 years was defined as any of: blindness
(visual acuity 21.4 log MAR in the better eye); deafness requiring hearing aids;
cerebral palsy; Bayley Scale of Infant Development 3" Edition[44] cognitive,

language or motor score more than 1 SD below the test mean.

The regional ethics committee approved the neonatal (NTY/08/03/025) and follow-up
(NTY/10/03/021) studies. Written informed consent was obtained from a parent or

guardian at study entry and at follow-up.

Statistical Analysis

Analysis was performed using JMP software version 12.1 (SAS Institute, Cary, NC).
The primary outcome was neurosensory impairment at 4.5 years, or if this was not
available, neurosensory impairment at 2 years of age. The secondary outcomes

were the components of the primary outcome.

HbAlc results were categorized into quartiles: Q1 <36.6 mmol/mol (5.5 %); Q2 36.6
mmol/mol (5.5 %) — 39.9 mmol/mol (5.8%); Q3 40 mmol/mol (5.8 %) — 46.5
mmol/mol (6.4 %); Q4 > 46.5 mmol/mol (6.4 %). Polycose results were categorized
into quartiles: Q1 <8.2mmol/L; Q2 8.2 — 8.9 mmol/L; Q3 9.0 -10.0 mmol/L; Q4 >10.0
mmol/L. Maternal blood glucose concentrations in the 6 hours preceding birth were

categorized as remaining in the recommended range of 4-7 mmol/L or out of range.



Maternal BMI at booking was categorized into healthy (<25 kg/m?), overweight (25-
30 kg/m?) or obese (>30 kg/m?). Socioeconomic status was categorized using the
New Zealand Deprivation Index (NZDPI)[45] and analysed using quintiles. Neonatal
hypoglycemia was defined as a blood glucose concentration <2.6 mmol/L (47
mg/dL); severe hypoglycemia as <2 mmol/L (36 mg/dL). Children were categorized
as having experienced no neonatal hypoglycemia, a single episode, or severe or

recurrent episodes.[38]

Maternal and neonatal characteristics were compared between diabetes types using
ANOVA or Chi-square test, with Tukey-Kramer post hoc adjustment for multiple
comparisons. Logistic regression was used to assess univariate associations
between measures of maternal glycemic control and risk of neurosensory
impairment. Multivariate models were then constructed to identify potential
confounders (NZDPI and maternal BMI) and mediators (gestation and birthweight z
score). Thus, Model 1 adjusted for NZDPI. Model 2 adjusted for NZDPI, gestation
and birthweight z score. Model 3 adjusted for NZDPI, and maternal body mass index
(BMI) at booking. Model 4 adjusted for NZDPI, maternal BMI at booking, gestation

and birthweight z score.
Exploratory analyses were performed on the fully adjusted multivariate model (Model
4) to examine any interaction effect between sex or neonatal hypoglycemia and the

relationship between maternal glycemic control and neurodevelopmental outcomes.

Results



Primary outcome data were available for 196/229 (86%) eligible children (196/231,
85% of recruited children) (Figure). The majority of children (155/196, 79%) were
born to mothers with gestational diabetes. As expected, diabetes management
varied by diabetes type (Table 1). Mothers with type 1 diabetes had the lowest BMI
at booking, followed by those with gestational and then type 2 diabetes. Babies of
mothers with gestational diabetes were born half a week later, on average, than
those born to mothers with type 1 or type 2 diabetes. Mothers with type 1 diabetes
were most likely to have a baby who developed hypoglycemia, followed by those

with type 2 and then gestational diabetes.

Neurosensory impairment was present in 81/196 children (41%) (Table 2). Only one
child was deaf and none were blind at follow-up. The risk of neurosensory
impairment did not differ by type of diabetes (gestational 64/155 [41%)], type 1 7/20

[35%)], type 2 10/21 [48%)], p=0.71).

The risk of neurosensory impairment was not related to maternal HbAlc or polycose
results in univariate or multivariate models (Tables 3, 4). There was wide variation in
the timing and frequency of monitoring of intrapartum blood glucose concentrations.
Although 17 mothers had an intrapartum blood glucose concentration below 4
mmol/L and 26 mothers had an intrapartum blood glucose concentration above 7
mmol/L, there was no association between poorer intrapartum glycemic control and
the risk of neurosensory impairment in children in univariate or multivariate models

(Table 4).



There was no significant interaction effect of sex (p>0.15) or neonatal hypoglycemia
(p>0.7) on the relationships between polycose, HbAlc, or Intrapartum glucose
concentration in/out of range and neurosensory impairment. Sensitivity analysis
excluding data from 17 children without 4.5-year outcomes did not alter the results

(Appendix).

The secondary outcomes also did not vary by maternal diabetes type, HbAlc or

polycose quartile, nor intrapartum blood glucose range (Tables 2, 3).

Discussion:

We sought to examine the relationship between maternal glycemic control in
pregnancy and labor, and neurosensory impairment in the children of diabetic
mothers. We found that maternal glycemic control in pregnancy and labor was not

associated with offspring neurodevelopment at preschool ages.

Our findings agree with some studies which found no association between IQ at
three years of age and maternal HbA1c,[2,3] but are contrary to others, which found
an association between HbA1c and offspring neurodevelopment between the ages
of five and sixteen years. [5,8,9] However, these studies included exclusively or a
large proportion of mothers with pre-existing diabetes.[5,8,9] Although pre-existing
diabetes alters the intrauterine environment throughout pregnancy [46], whereas
gestational diabetes, has its onset later pregnancy [47], we found no association
between the type of maternal diabetes and the risk of neurosensory impairment in
their children. Most mothers in our study had gestational diabetes rather than pre-

existing type 1 or type 2 diabetes, so these results largely reflect the effect of



glycemic control in mothers with gestational diabetes on their offspring, and we had
limited power to detect small differences in outcomes between offspring of mothers

with different types of diabetes.

As with our study, a large population based study adjusted for confounders including
socioeconomic status, and although an association between maternal diabetes and
offspring cognitive outcome was demonstrated, after comparing within sibships, this

relationship was lost. [48]

One reason that our findings differ from previous studies might be that management
of diabetes, and particularly gestational diabetes, has altered since earlier studies of
participants born in the 1960s through to the 1990s [2-5,7-9,16,17]. For example,
there are new insulin formulations and metformin is now used in gestational
diabetes.[11-13] The definitions of abnormal glucose tolerance in pregnancy and
recommended targets for glucose management [14,15] have also all changed since

that time.

We used HbAlc as one indicator of maternal glycemic control. Although HbAlc is
easily retrieved from medical records, it will not necessarily reflect stability or
variability of maternal glucose concentrations.[49,50] Polycose results give an
indication of postprandial glucose concentration, but only at one point in time.
Previous studies have found no association between post prandial or 2 hour post
carbohydrate load blood glucose concentrations and adult cognitive
outcomes.[10,17] Nevertheless, there is evidence from animal studies that

intermittent maternal hyperglycemia results in a greater increase in fetal insulin



secretion than constant stable hyperglycemia.[51] Thus, additional parameters of
maternal glycemic profile such as a series of fasting and postprandial blood glucose
concentrations would give a more accurate reflection of variability in blood glucose
concentration which might have a greater influence on fetal metabolism and

neurodevelopment, and should be examined in future studies.

We found no relationship between intrapartum blood glucose concentration and risk
of neurosensory impairment. However, intrapartum blood glucose monitoring was
intermittent and highly variable in timing and frequency as no clinical guideline was in
use at the time. We chose 6 hours prior to birth as the timeframe in which maternal
blood glucose concentration was most likely to influence neonatal glycemic profile,
and not simply reflect longer term maternal glycemic stability. NICE guidelines
recommend hourly blood glucose monitoring during labor in mothers with all types of
diabetes.[52] Hourly measurements would provide a profile for analysis of any
relationship between time in recommended range and risk of neonatal hypoglycemia,
and its relationship to neurodevelopmental outcomes. However, it might be expected
that mothers with poorer glycemic control and a wider range of blood glucose
concentrations during pregnancy might also have poorer control during labor [53],
meaning intrapartum blood glucose concentrations might simply reflect overall

maternal glycemic control.

One limitation of our study was that we did not have a control group to compare their
outcomes with those of children born to non-diabetic mothers, but our aim was to
explore the associations between indicators of maternal glycemic control and

offspring neurodevelopment. Another limitation was that HbAlc and polycose data



were missing for 40 and 50 mothers respectively, and this missing data may have
reduced the likelihood of detecting relationships between these measures of
glycemia and outcomes. Nevertheless, this is the largest prospective, follow up
study of children of diabetic mothers of which we are aware, and includes children
born between December 2008 and November 2010, so is a useful representation of

relatively recent practice.

We found a high rate of neurosensory impairment (41%) in the children born to
mothers with diabetes in pregnancy, but no association with measures of maternal
glycemic control. The research measures were intentionally broad (including motion
coherence and executive function) to detect a wide range of possible effects of
glycaemic control. The interaction of glucose with amino acid and lipid metabolic
pathways might influence fetal neurodevelopment. Given no association with
glycemic control, but a high risk of neurosensory impairment in this group, it is
important that future studies examine any relationship between offspring
neurodevelopmental outcomes and indicators of broader metabolic processes in
mothers with diabetes. These might include not only blood glucose concentrations,
but also amino acid, triglyceride, fatty acid and cholesterol measurements.
Management of diabetic mothers to improve infant outcomes might then be directed
towards better control of interrelated metabolic processes. Randomized controlled
trials comparing tighter control of indicators of these metabolic processes with usual
management should be carried out to determine the effect on neurodevelopmental
outcomes of the children. Longitudinal studies are also required to determine if any

early adverse neurodevelopmental outcomes persist with advancing age.



Conclusions

Children born to mothers with diabetes during pregnancy have a high rate of
neurosensory impairment at preschool ages, but this is not associated with

measures of maternal glycemic control during pregnancy or the intrapartum period.
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Appendix.

Primary and secondary childhood outcomes for 17 children at age 2 years

Outcome Number (%)
Neurosensory impairment 10 (59)
Bayley cognitive <85 5 (29)
Bayley Language <85 7 (42)
Bayley motor <85 4 (24)
Executive function performance poor 2 (13)2
BRIEF P Executive function poor 6 (35)
Motion coherence threshold poor 1 (8)°

Number (%) per column
®Data missing for 2

PData missing for 4

No children were blind nor deaf, nor had cerebral palsy.

Poor EF task performance score: > 1.5 SD below cohort mean

Poor BRIEF P executive function: global executive composite t score >65

Poor motion coherence threshold: >1.5 SD above cohort mean (higher threshold

indicates worse performance)



Figure: Participant flow to four-and-a-half-year follow-up

Table 1 Characteristics of mothers with different types of diabetes in pregnancy and

their babies.

Characteristic Total Gestation Typel Type 2 P
al diabetes diabetes value
diabetes
Mothers 192 153 20 19
Maternal age, years 31.1(6.1) 31.1(6.3) 29.3(5.6) 33.2(4.9) 0.14
Booking BMI, 31.2(7.8) 315(7.9) 25.3(40) 347(5.9) <0.01!
Gestational weight 10.8(7.1) 11.1(7.1) 9.2(7.5) 9.6 (5.9) 0.48
gain, kgp
Parity. 1 (0-9) 1 (0-9) 1 (0-4) 1 (0-4) 0.75
Diabetes <0.017
management
Diet/lifestyle only 58 (30) 58 (38) 0 (0) 0 (0)
Metformin 24 (13) 22 (14) 0 (0) 2 (11)
Insulin 110 (57) 73 (48) 20 (100) 17 (89)
HbAlc in 2" or 3 <0.01°
trimester mmol/mol 42.4 (10.4) 40.7 (8.6) 52.4(17.0) 48.0(10.6)
and %q 6.0% (1.0) 5.9% (0.8) 7.0% (1.6) 6.5% (1.0)

Polycose 1 hour




result, mmol/L and 9.3 (2.4) N/A N/A

mg/dLe 188 (42)

NZDPI quintiles; 0.70
1 25(12.8)  18(11.6) 3(15.0) 4(19.1)

2 27 (13.8)  23(14.8) 2(10.0) 2 (9.5)

3 45(23.0) 34(21.9) 5(25.0) 6 (28.6)

4 44 (22.5)  32(20.7) 6(30.0) 6 (28.6)

5 55(28.1) 48 (31.0) 4(20.0) 3(14.3)

Babies 196 155 20 21

Twins 9 (5) 4 (3) 0 (0) 5 (24) 0.02°
Female 98 (50) 79 (50) 10 (50) 12 (57) 0.78
Ethnicity 0.43
Maori 73(37.2) 54(34.8) 8(40.0) 11 (52.4)

Pacific 7 (3.6) 7 (4.5) 0 (0) 0 (0)

Asian 15 (7.7) 12 (7.7) 1 (5) 2 (9.5)

NZ European 101 (51.5) 82(52.9) 11(55.0) 8(33.1)

Gestation 38.3 38.3 37.4 37.6 <0.01*

(33.1-42.5) (33.1-42.5) (34.2-40.6) (35.2-40.0)

Birthweight z score 0.70 (1.44) 0.63 (1.34) 1.45(2.02) 0.55(1.39) 0.05°

Hypoglycemia 101 (52) 72 (46) 16 (80) 13 (62) 0.017

Severelrecurrent 48 (24) 29 (19) 13 (65) 6 (29) <0.01?

hypoglycemia

Other risk factors

for hypoglycemia




Preterm 37 (19) 21 (14) 6 (30) 10 (53)
Small 13 (7) 7 (5) 2 (10) 4 (21)
Large 59 (30) 44 (29) 10 (50) 5 (26)

<0.012
0.08

0.13

Data are mean (SD) or median, (range), or number (%) of column.

adata available 148 gestational, 18 type 1, 16 type 2 diabetic mothers.

p data available for 138 gestational, 14 type 1, 15 type 2 diabetic mothers.
¢ data available for 19 type 1 diabetic mothers.

4 data available for 147 gestational, 16 type 1, 16 type 2 diabetic mothers
e data available for 118 gestational diabetic mothers

t New Zealand Deprivation Index, 1=least deprived

! p 0.003 for the comparison gestational vs type 1 and p 0.001 type 2 vs type 1

2 chisquare

p 0.0001 for the comparison type 1 vs gestational and p 0.05 type 2 vs gestational

*p 0.035 for the comparison gestational vs type 1 and p 0.042 gestational vs type 2

>p 0.04 for the comparison type 1 vs gestational



Table 2 Primary and secondary childhood outcomes in children of mothers with

different types of diabetes

Outcome All types Gestational Typel Type 2 P
diabetes diabetes diabetes value

Neurosensory 81 (41) 64 (41) 7(35) 10 (48) 0.71

impairment [196] [155] [20] [21]

Low 1Q 26 (15) 19 (13) 2 (11) 5 (29) 0.24
[178] [142] [19] [17]

Low Visual 7 (4) 6 (4) 1 (5) 0 (0) 0.48

Motor [178] [142] [19] [17]

Integration

score

Low 50 (29) 40 (29) 5 (27) 5 (29) 0.99

Movement [172] [137] [18] [17]

ABC score

Cerebral 2 (1) 2 (1) 0 (0) 0 (0) 0.62

palsy [195] [154] [20] [21]

Executive 13 (7) 12 (8) 0 (0) 1 (5) 0.20

function [186] [146] [19] [21]

performance

poor

BRIEF P 40 (21) 3(22) 3 (15) 4 (19) 0.77

Executive [194] [153] [20] [21]

function poor




Motion 11 (6) 8 (5) 1(5) 2 (11) 0.71

coherence  [187] [148] [20] [19]

threshold

poor

Deaf 2 (1) 2 (1) 0 (0) 0 (0) 0.79
[196] [148] [19] [19]

Data are number (%) [number for whom data are available]

No children were blind. The two children with cerebral palsy were classified as level
1 on the Gross Motor Function Classification System.

Low IQ: > 1 SD below test mean

Low VMI score: > 1 SD below test mean

Low MABC score: <15 centile

Poor EF task performance score: > 1.5 SD below cohort mean

Poor BRIEF P executive function: global executive composite t score >65

Poor motion coherence threshold: >1.5 SD above cohort mean (higher threshold

indicates worse performance)



Table 3 Primary and secondary childhood outcomes according to HbAlc quartile,

polycose quartile, and prepartum blood glucose range.

HbAlc 1 2 3 4 P value
guartile
Neurosensory 10 (27)[37] 17 (39)[44] 13 (33)[39] 20 (54)[37] 0.10
impairment
1.70 (0.66- 1.35(0.50-  3.18 (1.20-
4.38),0.27 3.61),0.55 8.39), <0.02
Low IQ 2 (6) [35] 4(09)[43] 2(6)[33] 6 (19)[31] 0.27
1.69 (0.29- 1.06 (0.14-  3.96 (0.74-
9.83),0.58 8.03),0.95 21.3),0.11
Low Visual 2(6)[35] 1(2)[43] 0(0)[33] 1 (3) [30] 0.43
Motor
Integration
score
0.39 (0.03- Not 0.57 (0.05-
4.52), 0.45 calculable 6.60), 0.65
Low 7(21)[33] 14 (33)[42] 8(24)[33] 8(28)[29] 0.64
Movement
ABC score
1.93 (0.67- 1.23(0.39-  1.47 (0.46-
5.51),0.22 3.90),0.72  4.70), 0.52
Cerebral 00)[32] 1(2)[41] 0(0)[33] 0 (0) [31] 0.49

palsy




Not Not Not
calculable  calculable calculable
Executive 2 (6) [36] 3(7)[43] 0(0)[37] 1 (3) [34] 0.25
function
performance
poor
1.28 (0.20- Not 0.52 (0.04-
8.08), 0.80 calculable 5.96), 0.60
BRIEF P 6 (16) [37] 6(14)[43] 6(15)[39] 6(19)[31] 0.65
Executive
function poor
0.84 (0.25- 0.94 (0.27- 1.66 (0.52-
2.86),0.78 3.22),0.92 5.26),0.39
Motion 3(8)[37] 0(0)[43] 4(11)[37] 3(9)[34] 0.07
coherence
threshold
poor
Not 1.37(0.29- 1.10(0.21-
calculable 6.61),0.69 5.84),0.91
Deaf 0(0)[34] 0(0)[43] 0(0)[33] 1 (3) [31] 0.38
Not Not Not
calculable calculable calculable
Polycose 1 2 3 4
quartile
Neurosensory 10 (42)[24] 10 (36)[28] 10 (42)[24] 11 (44.0) 0.94




impairment [25]
0.78 (0.25- 1 (0.31- 1.1 (0.35-
2.39),0.66 3.15),1 3.41),0.89
Low IQ 3(14)[22] 3(11)[27] 3(13)[23] 4(18)[22] 0.92
0.79 (0.14- 0.95(0.17- 1.41 (0.28-
4.38),0.79 5.30),0.95 7.18), 0.68
Low Visual 1(5)[22] 2@ [27] 1(4)[23] 0 (0) [21] 0.50
Motor
Integration
score
1.68 (0.14- 0.95(0.06- Not
19.85), 0.68 16.27), 0.97 calculable
Low 5(24)[21] 7(28)[25] 6(26)[23] 6(30)[20] 0.97
Movement
ABC score
1.24 (0.38- 1.13(0.29- 1.37 (0.34-
4.71),0.74 4.44),0.86 5.49), 0.66
Cerebral 0 (0) [20] 0(0)[27] 0(0)[19] 0 (0) [21]
palsy
Not Not Not
calculable calculable calculable
Executive 1(5)[20] 5(20)[25] 2 (9) [23] 0 (0) [20] 0.07
function
performance

poor




2.38 (0.41- 0.91(0.12- Not

13.7),0.33 7.07),0.93 calculable
BRIEF P 3(14)[21] 4(15)[27] 2(10)[21] 4(19)[21] 0.85
Executive
function poor

0.79 (0.17- 0.69 (0.13-  1.85 (0.46-

3.59),0.76 3.43),0.64  7.40),0.39
Motion 0[21] 2(8)[25] 2(9)[22] 1 (5) [22] 0.37
coherence
threshold
poor

Not Not Not

calculable calculable calculable
Deaf 00)[21] 1@)[27] 0(0)[23] 0 (0) [22] 0.48

Not Not Not

calculable calculable calculable
Prepartum blood In range Out of range
glucose 4-7mmol/L
Neurosensory 38 (41) [92] 14 (36) [39] 0.56
impairment

0.80 (0.37-1.73),
0.56

Low 1Q 12 (13) [91] 5 (13) [39] 0.95

0.97 (0.32-2.96),

0.95




Low Visual Motor 3 (3) [92] 1(3) [38] 0.85

Integration score

0.80 (0.81-7.96),

0.85
Low Movement ABC 25 (28) [88] 10 (27) [37] 0.87
score
0.93 (0.39-2.21),
0.88
Cerebral palsy 2 (2) [89] 0 (0) [36] 0.36
Not calculable
Executive function 8 (9) [89] 0 (0) [38] <0.02

performance poor

Not calculable

BRIEF P Executive 14 (16) [89] 9 (23) [39] 0.33

function poor

1.61 (0.63-4.12),

0.32

Motion coherence 4 (5) [86] 1 (3) [39] 0.57

threshold poor

0.54 (0.06-4.99),

0.59

Deaf 1 (1) [92] 0 (0) [39] 0.40

Not calculable

Data are number (%) in quantile [number for which data available] and unadjusted

OR (95% ClI), p value, where quartile 1 or blood glucose in range is used as referent



No children were blind

Low IQ: > 1 SD below test mean

Low VMI score: > 1 SD below test mean

Low MABC score: <15 centile

Poor EF task performance score: > 1.5 SD below cohort mean

Poor BRIEF P executive function: gec t >65

Poor motion coherence threshold: > 1.5 SD above cohort mean (higher threshold

indicates worse performance)



Table 4 Relationship between HbAlc, polycose and prepartum blood glucose and

neurosensory impairment adjusted for confounders and mediators

HbAlc quartile 2 3 4 P
value

Model 1 1.65 1.08 2.36 0.27
(0.62, 4.53) (0.38, 3.05) (0.87, 6.64)

Model 2 1.76 1.14 2.32 0.36
(0.65, 4.96) (0.81, 3.37) (0.77, 7.34)

Model 3 1.42 0.86 1.60 0.57
(0.52, 3.97) (0.30, 2.52) (0.55, 4.74)

Model 4 1.49 0.82 1.32 0.62
(0.53, 4.30) (0.27, 2.50) (0.40, 4.47)

Polycose quartile 2 3 4

Model 1 0.65 0.85 0.89 0.91
(0.19, 2.15) (0.25, 2.86) (0.26, 2.98)

Model 2 0.69 0.95 0.95 0.93
(0.20, 2.34) (0.27, 3.34) (0.28, 3.22)

Model 3 0.71 0.98 0.86 0.95
(0.20, 2.52) (0.28, 3.43) (0.24, 3.03)

Model 4 0.77 0.97 0.85 0.97
(0.21, 2.76) (0.26, 3.51) (0.23, 3.06)

Prepartum blood

glucose 4-

7mmol/L

Out of range: in range




Model 1 0.80 (0.35, 1.80) 0.59

Model 2 0.76 (0.32, 1.73) 0.51
Model 3 0.78 (0.33, 1.78) 0.56
Model 4 0.74 (0.31, 1.70) 0.48

Data are odds ratio with 95% confidence interval

Referent is quartile 1 for HbAlc and polycose.

Modell adjusted for New Zealand Deprivation Index (NZDPI). Model 2 adjusted for
NZDPI, gestation, birthweight z score. Model 3 adjusted for NZDPI, maternal BMI
category at booking. Model 4 adjusted for NZDPI, maternal BMI category at booking,
gestation, birthweight z score.

Maternal HbAlc results available for 152 mothers of 157 children.

Polycose results available for 142 mothers of 144 children.

Prepartum blood glucose concentrations available for 130 mothers of 131 children.



Highlights

Neurosensory impairment is common in children born to diabetic mothers
Neurosensory impairment was not associated with maternal glycemic control

There was no interaction effect of sex or neonatal hypoglycaemia on this relationship



614 babies at risk of
neonatal hypoglycemia

231 infants of diabetic -

mothers 2 died

2 lost
4 withdrawn

1 lost 25 not eligible
3 withdrawn 160 assessed at 2 14 overseas
2 overseas years of age 24 declined
11 declined
143 engaged at 36 re-engaged at

4.5 years 4.5 years

17 primary outcome data from
2-year assessment

179 assessed at 4.5 years of age |

Primary outcome available for 196 children ‘

Figure 1



