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Abstract

Aims

Pre-existing diabetes is associated with an increased risk of stillbitbvibstudies have excluded the effect of
congenital anomalies. This study used data from a long-standing population-based survey oWitlomes
existing diabetes to investigate the risks of fetal and infant death and qubatifpntribution of glycaemic

control.

Methods

All normally-formed singleton offspring occurring in women with pre-existirapdies (n=1206 with type 1
diabetes and n=342 with type 2 diabetes) in the North of England during 1996-2008 wereddé&otifi the
Northern Diabetes in Pregnancy Survey. Relative risks (RRs) of fetal death (>20 weeks' gestation) and infant
death were estimated by comparison with population data from the Northern Perinatiditilartdl Mortality
Survey. Predictors of fetal and infant death in women with pre-existing diabetesexamined by logistic

regression.

Results

The prevalence of fetal death in women with diabetes was over four timesr dheat among those without
[RR=4.56 (95% confidence interval, Cl: 3.42, 6.07) p<0.0001], while for infant deathsitne@arly doubled

[RR=1.86 (95% CI: 1.00, 3.46) p=0.046]. There was no difference in the prevalence defatalp=0.51) or

infant death (p=0.70) between women with type 1 diabetes and women with tipbe®es There was no

evidence that the RR of fetal and infant death had changed over time (p=0.95).

Increasing peri-conception Hhdabove 49mmaol/mol (6.6%) [adjusted odds ratio, aOR=1.02 (95% CI: 1.0), 1.04
p=0.01], pre-pregnancy retinopathy [aOR=2.05 (95% CI: 1.04, 4.05) p=0.04] and laclpoé¢gmency folic acid
consumption [aOR=2.5@5% CI: 1.12, 5.65) p=0.03] were all independently associated with increased odds of

fetal and infant death.

Conclusions



Pre-existing diabetes is associated with a substantially increased risk of fetdaahdeath in normally-formed

offspring, the effect of which is largely moderated by glycaemic control.

Keywords

Diabetes mellitus, Hb#, pregnancy, miscarriage, stillbirth, neonatal death



Abbreviations

aOR

Cl

IQR
HbA:c
LOWESS
NorCAS
NorDIP
PMMS
OR

RR

Adjusted odds ratio

Confidence interval

Interquartile range

Glycated haemoglobin

Locally-weighted scatterplot smoothing
Northern Congenital Abnormality Survey
Northern Diabetes in Pregnancy Survey
Perinatal Morbidity and Mortality Survey
Odds ratio

Relative risk



I ntroduction

Diabetes is one of the most common pre-existing maternal conditions complicating pregffaating 0.5-2%
of pregnancies, the prevalence is rising as a consequence of the obesity egridieimiceases in maternal age.
This has considerable implications, since pre-existing diabetes (both type p@Rgl iy associated with a range

of pregnancy complications, including increased risks of macrosomia, congenital anomaly|ivarg dg

caesarean sectipn[1-3]. It has long been observed that pre-existing diabeteassalsgded with an increased

risk of stillbirthE], although there is heterogeneity in the estimated releti (RRﬁ].

Pre-pregnancy care, particularly focussing on optimising glycaemic control, inrsdristie outcomes in women
with pre-existing diabet 6]. With intensive support, some women with diatsteghieve similar outcomes
to those witho], an unmet goal of the St Vincent declargptjon[8]. uhertain, however, whether such
improvements can be achieved in routine clinical care. Observational studies frtastth@ years have not

shown any reduction in the RR of fetal dd ath[?-lS], despite guidelines advising wottmg@meagxisting diabetes

to achieve good glycaemic control before pregn ﬁ@]

Thereis a paucity of data on the risks of fetal and infant death independent of congenitaly, and the
contribution of glucose control and other clinical and socio-demographadaate poorly describetvVe used

unique data from several long-standing population-based registers in the North of Eaglavektigate the
association between pre-existing diabetes and the risks of fetal and infarindeatmally-formed offspring, and

to quantify the contribution of glycaemic control.



M ethods

The Northern Diabetesin Pregnancy Survey (NorDIP)

The North of England (UK) is a geographically distinct area with a populaf three million and approximately
32,000 births per year (s&applementary Figure 1). The NorDIP records details of all pregnancies occurring
in women resident in the region and diagnosed with (type 1 or type 2) diabeted aixleaenths before
conception. Pregnancies in women with gestational diabetes (i.e. hyperglctiesnidiagnosed during
pregnancy) are not included. Clinicians working within the region's nine uniézttaltd supply information on

a range of clinical and sociodemographic variables, including maternal glycatedghat@m concentratio

(HbA1¢) pre-conception, in the first trimester, and in the third trimester. For fudétails see Glinianaia eﬁ[l].

Study sample

This study includes data on all singleton pregnancies occurring in women wikigtiag diabetes delivered at
or after 20 completed weeks' of gestation between 01 January 1996 and 31 December 2688ci€seg
complicated by major congenital anomalies, which have previously been shown to be assadtidiethpre-
existing diabetes and the risk of fetal and infant -ﬁ:ﬂ were identified from the Northern Congenital
Abnormality Survey (NorCAS) and excluded. The NorCAS is a long-standing popdtetsed register of
congenital anomaly that collects data on all cases of congenital anomaly ocituaiindeliveries in the North
of England, irrespective of maternal diabetes status (for further detailBell et ﬂ]). The total number of

singleton live births and fetal and infant deaths were obtained from the UkeQOfi National Statistics

www.statistics.gov.ukand the Northern Perinatal Morbidity and Mortality Survey (PME)[ZZ] resyyti

The number of normally-formed offspring was determined by subtracting the number of NorCASti@ugstra

Definitions

Late miscarriages are the spontaneous loss of a fetus at 20-23 completedbfvgegtation. Stillbirths are
deliveries of a fetus showing no signs of life at 24 or more completed wégjestation. Late stillbirths are
stillbirths at 28 of more completed weeks of gestation. Antepartilbirtitis are stillbirths where the fetus died
before the onset of labour. Intrapartum stillbirths are stillbirths evttex fetus after the onset of labour. Fetal

deaths comprise late miscarriages and stillbirths. Neonatal deaths arefd#éatiisg live birth, within the first


http://www.statistics.gov.uk/

28 days of life. Postneonatal deaths are deaths, following live birth, ofsemh aged 28 days or more, but less

than one year. Infant deaths comprise neonatal deaths and postneonatal deaths.

Analysis

Prevalence rates were estimated per 1000 births and late miscarriageal, éatéetmes, and per 1000 live births,

for infant outcomes. 95% confidence intervals (Cls) for prevalences weratesl using the Clopper-Pearson
(Exact) method. RRs were calculated by comparing the prevalences among women-iiktipig diabetes to

the prevalence among the remaining population. To examine whether the RR f@antkttafant death had
changed over time, a cross-product interaction between diabetes status and year of geliegajuated within

a Poisson regression model. RRs for fetal death at specific gestational agegimatedcessing the 'fetuses-

risk' approac]. In each period, the proportion of cases from the total nundregoing pregnancies (i.e.
containing fetusestrisk of fetal death was compared. The number of on-going pregnancies at each gestational

age was estimated from a reference UK populn[24].

Odds ratios (ORs) and 95% Cls for all variables with hypothesised infeiencietal and/or infant death were
analysed in relation to fetal death, late stillbirth, infant death, &tdlinfant death combined, and late stillbirth
and infant death combined within a series of logit-linked generalised esgneguations. Between-mother
variation was modelled asrandome-intercept to account for the non-independence of repeat pregnancies in the
same woman. Peri-conception Hh#vas defined as the closest measurement within three months prior td the las
menstrual period (available for 48.8% of pregnancies) or mean first teinmsasurement (<14 weeks' gestation)
(available for 86.0% of pregnancies) for women with no pre-conception measurementneeption HbA.

was chosen as a reasonable surrogate of pre-conceptiqg BbArst trimester HbA was highly correlated with
pre-conception HbA (Spearmas correlation coefficient=0.76). Third-trimester HhAvas examined only in
relation to deliverieat>28 weeks' gestation. Adjusted ORs were estimated using a backwards stepwisghapproa
all variables were entered into the model and non-significant ones wereegkitenatively, by decreasing p-
value, until only those with p<0.1 remained. Cross-product interaction terms werm @qiore whether the
effect of each variable with a significant independent association aiskhef fetal and infant death varied by
diabetes type. The relationships between peri-conception and third trimesterwithAthe risks of fetal and

infant death were explored by locally-weighted scatterplot smoothing (L@lﬁ. LOWESS produces
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smoothed estimates of the association between two variables without requpiigsi specificationSince J-
shaped associations were observed between both variables and the risk of fetal death, all modelsaatf tatal de
fetal and infant death combined were modelled by piecewise linear regression with knots at tHeQOMESS
values [49mmol/mol (6.6%for peri-conception HbA and 43mmol/mol (6.1%) for third trimester HRA
LOWESS was also used to estimate the absolute risks of fetal death, stillbirstillsteh, and infant death for
selected categories of peri-conception and third trimesterHbAaveraging the modelled risk for all values
within that category (with Cls being estimated by bootstrapping from 10,000 subsanhogit-linked
generalised estimating equations were used to estimate the absolute risktibtbiatie for selected categories of
peri-conception and third trimester HhAimultaneously by evaluating the model at the category-specific means
(with Cls being estimated using the delta me [26]). Due to instabilihe dtOWESS tails, only categories
within the 8" and 9%' centile of case values are reported. Participants with missing degtaem@uded from
individual analyses by casewise deletion. Analyses were performed using Stata athdoft TX, USA).

P<0.05 was considered statistically significant.

Ethics approval and resear ch governance

Newcastle Research Ethics Committee originally granted approval for the Norf8P3. Data are now obtained

and held with informed consent.

Role of the funding source
The funders had no role in study design, data collection and analysis, decision to publishation of the
manuscript. The views expressed in this manuscript are entirely those of the authorgaetnuedessarily those

of the funders.



Results

Figure 1 shows the derivation of the study sample. Overall, 397,392 singleton live birtlhétlsiland late
miscarriages uncomplicated by major congenital anomalies were identified due study period, including
1,548 in women with pre-existing diabetes, a prevalence of 3.9 (95% CI: 3.7, 4.1) per liy@d@deDescriptive
statistics for pregnancies affected by pre-existing diabetes are sh@®upphlementary Tables 1 and2. 53%
involved male fetuses, 41% were primiparous, and 94% of women were white. The matiamal age was 30
years (interquartile range, IQR=25-34) and the median body mass index was22{0QR24-32). 24% of
women were recorded as smoking during pregnancy and 32% as taking folicegaidgmmancy. 78% had type 1
diabetes and 22% type 2. The median peri-conception and third trimeste¢ Vthdes were 62mmol/mol
(IQR=51-76) and 50mmol/mol (IQR=43-58) respectively. The median gestational dglevaty was 37 weeks

(IQR=36-38) and 38% were delivered preterm (<37 weeks).

Maternal pre-existing diabetes and therisks of fetal and infant death

46 fetal deaths (including five late miscarriages, 38 antepartum stillbirthth@edintrapartum stillbirths) and
ten infant deaths (including six heonatal deaths and four post-neonatal deaths) wees dbhseomen with pre-
existing diabetes. The prevalence of fetal death in women with pre-existingediaset 29.7 (95% CI: 21.8
39.4) per 1,000 deliveries, over four times greater than among those without. JRR8% CI: 3.42, 6.07)
p<0.0001] Table 1). The prevalence of fetal death was not significantly different betweemen with type 1
diabetes [28.2 (19,89.2) per 1,000 deliveries] and women with type 2 diabetes [35.1, @@% per 1,000
deliveries] (p=0.51). Significantly increased risks were observed for both anteparthimisi[RR=6.10, (4.44
8.38) p<0.0001) and intrapartum stillbirths [RR=3.97 (1.27, 12.41) p=0.042). The estimafed &preterm
fetal loss RR=4.95 (3.59, 6.82)40.0001] was almost identictd that for a term stillbirthRR=5.05 (2.629.71)
p<0.0001], although the RR for a late miscarriage was significantly snlalRe=1.61 (0.67, 3.86) p=0.25] &ble
2). The prevalence of infant death in women with pre-existing diabetes was 6 72(2)2per 1,000 live births,
almost two times greater than among those without [RR=1.86, @.4%) p=0.046] Table 1). The prevalence of
infant death was not significantly different between women with type 1 émpe (3.5, 14.5) per 1,000 live

births] and women with type 2 diabetes [3.0 (0.8, 16.8) per 1,000 deliveries] (p=0.70).



Although the prevalence of fetal and infant death declined from 11.4 (10.8, 12.0) gedéli©@ries in 1996-
1999 to 9.3 (8.8, 9.9) per 1,000 deliveries in 2005-2008 (p<0.0001), there was no change in taciRRas

with diabetes [in 1996-199®R=4.5 (2.8, 7.0), in 2005-200&R=4.3 (2.8, 6.4)] (p=0.95).

HbA1c and the odds of fetal and infant death

Increasing peri-conception Ha&or values above 49mmol/mol (6.6%) [adjus@l, aOR per mmol/meil.02
(95% CI: 1.00, 1.04p=0.01], pre-pregnancy retinopathy [aOR=2.05 (1.04, 4.05) p=0.04] and lack of pre-
pregnancy folic acid consumption [aOR=2.6212, 5.65) p=0.03] were all independently associated with
increased odds of fetal and infant de&@hpjplementary Table 3). Maternal smoking during pregnancy was also
crudely associated with the risk of fetal and infant death [OR=1.91 (1.08, 3.36) p+QiOBj association was
not apparent after adjustment for peri-conception Htahd folic acid consumption [aOR=1.54 (0.80, 2.94)
p=0.19]. There was no evidence that the effet{seri-conception HbA, pre-pregnancy retinopathy, or lack of
pre-pregnancy folic acid consumption on the risk of fetal and infant death wieremtifin women with type 2
diabetes compared with women with type 1 diabetes (p=0.85, p=0.24, and p=0.74 respeativielgy. |
pregnancy, increasing third-trimester Hpfor values above 43mmol/mol [aOR=1.1603, 1.09) p<0.001] and
lack of pre-pregnancy folic acid consumption [aOR=31003, 8.79) p=0.04] were the only variables that were

significantly associated with the odds of a late stillbirth or infant d&afpp{ementary Table 3).

When fetal and infant death were examined indivigyahcreasing peri-conception HhAfor values above
49mmol/mol (6.6%) was the only variable that was significantly agtativith either fetal death [OR=1.02 (1,.01
1.04) p=0.01] or infant death [OR=1.030Q..1.06) p=0.01]. The association between peri-conception f#m

the odds of fetal death foll@d a J-shaped patterfrigur e 2), although the inverse association for values below

49mmol/mol (6.6%) was not statistically significant [OR=0.95 (0.86, 1.05) p=0.31].

The estimated absolute risks of fetal death, stillbirth, late stillbirth, ifatit death (overall and by peri-

conception and third trimester HAare reported iff able 3.
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Discussion

Principal findings

This large population-based study describes the association between pre-existites diademeasures of
glycaemic control and the risks of fetal and infant death in normally-formekktgingffspring. The prevalence
of fetal death (3%) was over four times greater among women with pre-existing diabe¢ethevpilevalence of

infant death (0.7%) was nearly doubled. There was no evidence that the RR afideitafiant death associated
with pre-existing diabetes had reduced over time, nor that the RR of stillbirth varied dtjogestge, although

theRR was smaller for late miscarriages.

Among women with pre-existing diabetes, increasing peri-conceptionHftwh values above 45mmol/mol),
history of retinopathy and lack of pre-pregnancy folic acid consumption wexresakiated with increased odds

of fetal and infant death. Peri-conception Hbas also associated with increased odds of fetal and infant death
individually, with each 1mmol/mol increase [above 49mmol/mol (6.6%)] cdnfea 2% and 3% relative
increase respectively. The association between;HAd the odds of fetal death appeared to follow a J-shaped

pattern.

There was no difference in the risk of fetal and/or infant death among vweitheiype 1 diabetes compared with
those with type 2, nor was there any evidence that the associations with fdbéacid consumption, or history

of retinopathy were different between types.

Strengths and limitations

This study, describing one of the largest obstetric cohorts of women with pre-existingslialeeefits from the
North of England's long history of collaboration between maternity and neseatates, which created and
maintains several complementary population-based registers. Detailed informasiaollected prospectively
on a range of clinical and socio-demographic variables, including multiple measfutésAs.. All late
miscarriages, stillbirths and infant deaths in the region, regardless diewtibey occurred in women with
diabetes, were obtained from an established register of fetal and infant pnartadimising the risk of bias from
disparities in ascertainment. By excluding all cases with major congenital andensdyd from an independent

and long-standing population-based register (which should again be robust to dspaatcertainment); this
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study is novel in describing the associations in normally-formed offspiihg results are likely to be

generalizable to any predominately white population with similar standardg-cbpeeption and perinatal care.

Several limitations result from low statistical power. Only six neowiaihs, four post-neonatal deaths and three
intrapartum stillbirths were identified, preventing these events from beirtlgsadawith precision. For most
analyses, fetal and infant deaths were combined, despite likely differeraxmmlngie]. Due to instability at
the tails of our LOWESS models, we only report absolute risks for the middieo®@%ues of HbA.. The
primarymultivariate analyses had adequate power (=0.8) to detect a 'medium effect' Cohen’s d<0.5, equivalent

to an OR of >2.47) for any variable with a baseline exposure probability of 14%-65%. Weal@iatsmns, or

associations in exposures outside this range, may therefore have been missed.

Our LOWESS models, unlike our regression models, made no account for the non-indepaidepeat
pregnancies occurring within the same woman, introducing a potential sourcar dFer each regression mogdel
however, the addition of the between-mother intercept did not significaniyove the model and only

engendered negligible changes in the other coefficients, suggesting any biag ts lieetrivial.

Pre-conception HbA was missing for half the cohort, reflecting low attendance for precdocegrre. We
therefore used a composite measure of peri-conceptioncldbA proxy for pre-conception HhAAlthough first
trimester values correlate highly with pre-conception, this may have intebdacdom error. HbA itself is an
imperfect measure of glycaemic control as it provides no informationyoaeghic excursions or hypoglycaemic
episode], which may be important in the aetiopathology of fetal and/or infanath{@ﬁﬂluﬁus glucose
monitoring provides a more complete record of day to day glycaemic control but is notlyaigetein the UK.

No information was recorded on pharmacological treatments, so we could not explgueghibile contribution.

Since the PMMS does not collect information on miscarriages before 20 weeks, we were not able tolexamine t
RR of earlier fetal losses, the risks of which may also be raised in women withegiaBmally, although the
PMMS records cause of death, over half of all deaths were attributed simply to 'maternal’'diz@wknting us

from exploring whether diabetes was associated with any particular cause.

Comparison with other studies
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Flenady et al conducted an abridged meta-analysis, including just four studiels, estimated that RR of
stillbirth was around three times higher in women with diabetes than ahwsegwithout [OR=2.90 (2.05, 4.09)]
This is smaller than our estimates for both fetal death [OR=4.56, @@2)] and stillbirth [OR=5.87 (4.32
7.97)]5]. The largest study to examine the RR of fetal disatfhondestrin et al's analyses of data from the US
natality and mortality surveys during 1995-1@7[9]. Describing 271,691 pregnaocipbaated by diabetes and
excluding births with recorded congenital anomalies, they reported an RR for fetal death of 2.0 BIezﬁ)[
than half our estimate. This may be because Mondestrin et al did not distinguislerbgtre-existing and
gestational diabetes or may reflect ascertainment deficiencies inherent imbusingertificate data[9]. Recent
data from Ontario describing deliveries from 2005-2006 showed an even smaller RiRbicth of 1.53 (0.88
2.63) for pre-existing diabetes, although they also found an implausible e&ftect for gestational diakest
[RR=0.33 (0.12, 0.71]. In a large cohort from Australia including 433,379 deliveries 1888-2002,
Mohsin et al reported a similarly small RR of 1.87 (1.01, )[11], althdugas not indicated how diabetes

was defined or ascertained.

There is more agreement between studies from Northern Europe, which yy@palit RRs of four to five times
for stillbirth and two to four times for neonatal/infant death. In a large study of womemypit 1 diabetes from
Sweden during 1991-2003, Persson et al rep@fslof 4.04 (3.02, 5.40) and 3.08 (2.02, 4.70) for late stillbirth
and neonatal death respecti [12], while Jensen et al's study from Denmark 1R881G999, reported
corresponding RRs of 4.72 (3.18, 7.01) and 3.40 (13..9)]7]. Eidem et al's study from Norway during 1985-
2004 reported smaller, though not statistically inconsistent, ORs of 3.6 (2.5, 5.3).%nd.1, 3.2)

respectivel]. Four studies from the UK reported strikingly simiésults, possibly reflecting the increased

homogeneity of cafe[15-18]. The four RR estimates for stillbirth rabgédeen 4.39 (22, 8.64) and 4.7 (3.7,

6.0)[15-1§], while the two estimates of neonatal death were 2.44(1)4and 2.6 (1.7, 3. 9)[“5, L7].

Eidem et al and dos Santos Silva et al examined whether the RR oftlstddsociated with diabetes varied by
gestational age, both reporting that the effect was confined to term de[m, ddjtrast, we found the
RR of stillbirth was uniformly raised for all gestational ages. This discreparmeiso different methodological

approaches. Eidem et al and dos Santos Silva et al used the traditional method ofncpktillbiith rate per

deliveries in that perig d[1|4, | 5], an approach that is highly susceptible to comfgibydiifferences in gestational
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age distribution. The rate of induced preterm birth is considerably higher among wimdiabetes than among
those Withou] This shift in the denominator produces an artifactuallyesnséillbirth rate during preterm
(and a larger one during term). By offsetting against the total populatitetusies at risk of fetal deatt a

particular gestational age, rather than simply the sample of deliverikat ayestational age, our findings are

robust to this probleEB].

Few studies have described the continuous association betweenatAhe risk of fetal and/or infant death.
Using LOWESS, Nielsen et al demonstrated an approximately linear association betereasing first-
trimester HbA: above 53mmol/mol and the risk of 'adverse outcome', although this included congenitaleanomal
and elective termination3|. In women with type 1 diabete¥ensen et al found that the RR of perinatal mortality
increased steadily from 2.8 (1.3, 6.1) to 7.3 (2%8) as peri-conception Hhdincreased from <52mmol/mol to
>90mmol/mol respectivel]. Neither Nielsen et al nor Jensen et al spdigitxamined whether low values

of HbA;c were potentially harmfﬁE 1], although Nielsen et al's LOWESS curve showed evidemesarhe

J-shape observed in our stlm[%].

The association between retinopathy, or any microvascular complication, arsk tbifetal or infant death in
women with diabetes has not been well described. Contrasting with the currentJstugign et al found no
significant difference (p=0.58) in the rate of 'serious adverse out@peniglatal death and/or congenital anomaly)
between women with and without retinop[13], although the proportion diagnodedetiitopathy was
considerably smaller than in our cohort.diprevious studyn women with diabetes in the North of England,

nephropathy, but not retinopathy, was associated with an increased risk of congenital aﬂ)malies[Z].

To our knowledge, this is the first study to explore the association between pnarmedplic acid and the risk
of fetal and infant death in women with diabetes. However, in a mixed populatiarEingland, during 2009-

2011, Gardosi et al also identified a lower risk of stillbirth among women whtaked antenatal folic a.

Implications and Conclusions
In England, the National Institute for Health and Clinical Excellence (NIE&mmends that women with pre-

existing diabetes aim for a pre-conception HpbBelow 43mmol/mol (6.19]. The American Diabetes
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Association (ADA) suggest 53mmol/mol (720]. Our results strongly stipip@@ttainment and maintenance
of good glycaemic control before and throughout pregnancy. If the average peri-conceptigrh&tbAeen
53mmol/mol (the ADA target), rather than 62mmol/mol, then our estimates $ulyggesevalence of fetal and
infant death would have been 38% lower. However, we found evidence of a J-shaped assoeidrnHied .

and the risk of fetal death. Although implausible that euglycaemic levels of:ldi@harmful, it is possible that
hypoglycaemic episodes, which are more common in women with diabetes and quﬁw@my b]. At

the least, our results show that for fetal deaths, as for congenital anﬂalies[Z], thare tpipe no substantive
benefit of achieving peri-conception levels below the ADA target. At theragxtreme, NICE discourages
pregnancy when the pre-conception Hbi& above 86mmaol/mol (109]. In demonstrating a clear continuum

in risk above 53mmol/mol, our results provide no evidence for this specific threshold.

Even in women with optimal peri-conception Hifwith values of 49mmol/mol (6.6%)], we estimated the risk
of fetal death to be over twice as high as among women without diabetes [16Z58)6;s 6.5 (6.3, 6.8) per
1,000 deliveries]. This may reflect the limitations of HbAs a marker of glycaemic control, or it may suggest

that other risk factors are operating in women with diabetes.

The rate of fetal and infant death was over two times higher among women who did not talegpaacy folic
acid supplements. Women with pre-existing diabetes are advised to take highStogeey) of folic acid
specifically 'to reduce the risk of having a baby with a neural tube cC[[lQ}esuIts suggest there may be
additional benefits for normally-formed offspring, although folic acid use alay simply indicate better

preparation for pregnancy.

History of retinopathy was associated with a doubling in the risk of fetalrdadt ideath. It is possible that
retinopathy indicates a prolonged history of poor glycaemic control that &laquately described by HaAor
it may signify wider microvascular deficiencies that might impair placafeaklopment. These women may

warrant additional support when planning their pregnancy.

Over twenty years after the St Vincent declaration, we found that the excesdetskafid infant death in women

with diabetes has remained stubbornly persistent. In the North of Englanthdedsalf of women with pre-
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existing diabetes attend pre-conception care, with the proportion declining © ﬁ To achieve any
reduction in theRR of stillbirth and infant death in women with pre-existing diabetes, the lmtdaiptake of

pre-conception care and adequate preparation for pregnancy must be urgently understood and addressed.
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Tables

Table 1 Relative risk of a fetal or infant death (in normally-fornsdgleton offspring) associated with maternal pre-
existing diabetes in the North of England during 1996-2008.

Without pre-existing diabetes With pre-existing diabetes
Outcome Cases  Prevalence (95% CI), p Cases  Prevalence (95% CI), p Relative risk p-value
(N=395,844/ 1,000 deliveries/ live ~ (N=1548/ 1,000 deliverie¥/ live (95% CI)
393,262) births! 1502) births'

Fetal or infant death 3988 10.1 (9.810.4) 56 36.2 (27.446.7) 3.59 (2.774.65) p<0.0001
Fetal death 2582 6.5 (6.36.8) 46 29.7 (21.839.4) 4.56 (3.426.07) p<0.0001

Late miscarriade 796 2.0(1.92.2) 5 3.2(1.07.5) 1.61 (0.673.86) p=0.25"
Stillbirtre 1786 4.5(4.34.7) 41 26.5 (19.135.8) 5.87 (4.327.97) p<0.0001
Antepartum stillbirth 1593 4.0 (3.84.2) 38 24.5 (17.433.5) 6.10 (4.448.38) p<0.0001
Intrapartum stillbirth 193 0.5 (0.40.6) 3 1.9 (0.45.7) 3.97 (1.2712.41)  p=0.042"
Infant death 1406 3.6 (3.43.8) 10 6.7 (3.212.2) 1.86 (1.003.46) P=0.046

Neonatal death 904 2.3(2.12.5) 6 4.0(1.58.7) 1.74 (0.783.87) p=0.17"

Post-neonatal death 502 1.3(1.21.4) 4 2.7 (0.76.8) 2.09 (0.785.57) p=0.13"

aTotal singleton live births, stillbirths and late miscarriagé&stal singleton live birthsThe prevalence of fetal or infant
death, and fetal death and all subsidiary outcomes of fetal death are preseh@@peeliveriesThe prevalence of infant
death and all subsidiary outcomes are presented per 1,000 live Shiatiesmiscarriages and stillbirtHSpontaneous loss

of a fetus at 20-23 completed weeks of gestatidaliveries of a fetus showing no signs of life at 24 or more completed
weeks of gestatiod'Stillbirths where the fetus died before the onset of lab8titlbirths where the fetus died after the
onset of labourNeonatal deaths and post-neonatal de&bsath, following live birth, within the first 28 days of life.
'Death, following live birth, of an infant aged 28 days or more, but less than on&Risher's exact test.

21



Table 2 Absolute and relative risks of a fetal death (in normally-formed singleton offsprsmpiated with maternal pre-
existing diabetes, by gestational age.

Risk during given gestational age (95% ClI)

) - On-goin

Gestational age Fetal deaths  Total deliveries preggan c%es Absolute risk (per 1,000 deliveries)  Relative risk Ccl):argpgtr?grxith

Preexisting diabetes: ~ With  Without With Without With Without With Without

Preterm (20-36 weeks 37 1913 585 34618 1548 395844 23.9(16.932.8) 4.8(4.65.1)  4.95(3.596.82) 0.98 (0.472.04)
20-23 weeks 5 796 6 796 1548 395844 3.2(1.07.5) 20(1.92.2) 1.61(0.673.86) 0.32(0.110.95)
24-27 weeks 10 413 15 4828 1542 395048 6.5(3.111.9) 1.0(0.91.2) 6.20 (3.3211.59) 1.23(0.503.05)
28-36 weeks 22 704 564 28994 1527 390220 14.4(9.121.7) 1.8(1.71.9) 7.99 (5.2412.17) 1.58(0.723.46)

Term (37-41 weeks) 9 669 963 361226 963 361226 9.3 (4.317.7) 1.9 (1.72.0) 5.05(2.629.71) 1 (reference)

Total 46 2582 1548 395844 1548 395844 29.7 (21.839.4) 6.5 (6.36.8) 4.56 (3.426.07)

Bonellie et aJ[24] provides no estimate of the number of deliveries occurring during 20428 Weis was approximated
to be equal to the total number of fetal deaths during the same period.
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Table 3 Absolute risk of a fetal or infant death (in normally-formed singletéspahg) in women with pre-existing diabetes, overall and by Hdpéri-conception and in the third

trimester.
Outcome Risk, per 1,000 (95% CI)
By peri-conception HbA (mmol/mol DCCT % in brackets)
40-49 50— 59 60— 69 70-79 80-89 90-99 <43° <53¢ >86° 49
(5.8-6.9 (6.7-7.5) (7.6—8.5) (8.6—9.4) (9.5-10.3) (10.4-11.2) (<6.1) (<7) (>10) (6.6)
Fetal death 29.7 19.6 19.3 28.4 36.5 415 44.8 31.9 22.7 46.7 16.6
(21.8 39.4) (9.6,33.6) (11.9 29.0) (18.2 40.6) (24.2 50.8) (27.0 58.3) (26.4 67.3) (7.2,64.8) (9.5,39.4) (22.479.41) (8.6,26.8)
Stillbirth 26.8° 18.7 17.5 24.7 30.9 35.4 39.2 30.9 21.7 42.7 15.5
(19.1,35.9) (8.6,31.6) (10.3 26.6) (14.9 36.0) (19.3 44.2) (21.8 51.1) (21.6 60.9) (8.0,64.7) (9.3 38.1) (19.0 74.2) (7.8,25.1)
Late stillbirth 20.% 13.0 12.4 175 23.4 28.7 33.9 21.8 15.2 38.9 10.7
(13.8 28.7) (4.9,24.8) (6.5,20.3) (9.9,27.2) (14.1,34.9) (16.7,42.9) (17.5 53.6) (3.0,49.3) (0.5,29.0) (16.0 68.9) (4.7,19.0)
i 35— 44 10.3 7.1 6.4 8.1 10.3 12.3 14.6 8.4 8.4 19.2 5.6
E (5.4-6.2)| (4.3,18.9) (2.1-12.0) (1.4-11.4) (2.1-14.1) (2.6-18.1) (2.3-22.3) (1.3-27.9) (2.2-14.5) (3.0,13.9) (2.2,36.2) (0.9, 10.4)
3 - 4554 13.4 9.3 8.3 10.5 13.3 15.9 18.8 11.0 11.0 24.8 7.3
E b (6.3-7.1)| (7.0,21.0) (2.6, 15.9) (2.4, 14.3) (3.8,17.2) (5.0, 21.7) (5.1, 26.7) (4.2,33.3) (2.2,19.9) (3.7,18.4) (4.2, 45.3) (1.5,13.2)
- X
£ 3 55— 64 225 16.1 14.5 18.3 23.3 27.8 32.7 19.1 19.2 45,5 12.8
£ 2 (7.2-8.0)| (13.2,33.4) (4.8, 27.5) (4.9, 24.1) (8.5, 28.2) (12.4,34.2) (14.4, 41.2) (14.1, 51.4) (3.8, 34.5) (7.3,31.1) (15.4, 75.6) (3.0, 22.6)
28 65-74 39.8 29.1 26.2 33.1 42.0 49.9 58.6 34.4 345 76.6 23.2
eh (8.1-8.9)| (21.6,62.2) (5.2, 53.0) (6.4, 46.1) (13.0, 53.2) (21.2, 62.8) (27.1, 72.8) (29.5, 87.7) (3.1, 65.6) (9.5, 59.5) (27.9, 125.3) (3.1,43.3)
= a 75-84 72.9 54.1 49.2 61.9 78.3 92.8 108.4 63.3 63.8 139.7 43.6
£ (9.09.8) | (26.4,123.4) | (<0.1,110.2) (1.6, 96.7) (10.8,113.0)  (23.1,133.6) (33.7,151.9) (41.4,175.4) (<0.1,133.1) (3.9,123.7) (36.1,243.3) (<0.1,90.2)
@ 43 8.9 6.3 5.6 7.1 9.0 10.7 12.7 75 75 16.8 5.0
(6.1) (4.2,15.4) (1.2,11.3) (1.0, 10.3) (1.5,12.7) (1.8, 16.2) (1.5, 20.0) (0.5, 24.8) (0.9, 14.1) (1.7, 13.3) (0.2, 33.3) (0.6,9.3)
6.7 4.3 6.6 8.8 10.7 13.3
Infant death (3.2-12.2) No case$ (1.0,9.2) (2.2,12.5) (3.3 16.0) (4.2,20.4) (4.4,26.0) No case$ No case$ 17.6 (4.039.1) No case$

Fetal deaths, stillbirths, and late stillbirthhe deliveries of a fetus showing no signs of life at >20 weeks of gestation, >24 weeks of gestation, and >28 weeks of gestation
respectively. Infant deaths are deaths, following live birth, within tisé year of life. The absolute risks of fetal death, stillbirdke ktillbirth and infant death, overall and by
selected values of peri-conception and third trimesterklwere estimated by locally-weighted scatterplot smoothing (LOWESS) while sbtuttbrisks of late stillbirth for
selected values of peri-conception and third trimester;H&ifultaneously, were estimated from logit-linked generalised estimating equations.

#Defined as the closest measurement within three months prior to the lastualguestiod or mean first trimester measurement (<14 weeks' gestation) fenwdth no pre-
conception measuremePftlinor discrepancies from Table 1 are due to very slightly different denomsnataisle 1 presents the rates per all deliveries after 20 weeksyahese

are per deliveries after 24 weeks (stillbirths) and 28 weeks (ldbérid) specifically A pre-pregnancy HbA targetof <43mmol/mol is recommended by the National Institute
for Clinical Excellence: ‘Ifit is safely achievable, women with diabetes who are planning to bguemeant should aim to maintain their Hb#elow 6.1%. [19] “A pre-pregnancy
HbAc target of<53mmol/mol is recommended by the American Diabetes Associatio /C levels should be as close to normal as possible (<7%) in an individual patient before
conception is attempted’[20] €The National Institute for Clinical Excellence advises that women witte-@gegnancy HbAlc above 86mmol/mol should be advised to avoid
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pregnancy‘Women with diabetes whose HiAs above 10% should be strongly advised to avoid pregrifi@}yThe peri-conception and third-trimester HoAalues with the
lowest risks of fetal death or late stillbirth were estimated to bexd®tmol (6.6%) and 43mmaoal/mol (6.1%) respectively. LOWESS estimates for takss were obtained by
averaging each LOWESS curve within £1mmol/mol of the target Valuere were no cases of infant death among women with a peri-concepfasbelow 53mmol/mol, thus

the estimated risk for these categories are not reported.
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Figures

Figure 1. Derivation of the study sample.
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Figure 2. Peri-conception glycated haemoglobin (HbA 1) and risk of fetal or infant death in women with pre-existing

diabetes.
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Fetal deaths (red), stillbirths (blue), andlate tillbirths (green) are deliveries of a fetus showing no signs of life at >20
weeks of gestation, >24 weeks of gestation, and >28 weeks of gestation respectively. | nfant deaths (orange) are deaths,
following live birth, within the first year of life?A pre-pregnancy HbA target of <43mmol/mol is recommended by the
National Institute for Clinical Excellence: ‘If it is safely achievable, women with diabetes who are planning tarigeco
pregnant should aim to maintain their HbBelow 6.1%. ’ A pre-pregnancy Hb# target of <53mmol/mol is
recommended by the American Diabetes AssociatibhC levels should be as close to normal as possible (<7%) in an
individual patient before concepiias attempted’ ‘The National Institute for Clinical Excellence advises that women
with a pre-pregnary HbA 1¢ above 86mmol/mol should be advised to avoid pregnancy: ‘Women with diabetes whose HRA

is above 10% should be strongly advised to avoid pregﬁ@.
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