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Abstract

Aim: To estimate the incidence of diabetic ketoacidosis (DKA) among pregnant
women, describe its clinical features, management and outcomes and identify the
risk factors for the condition.

Methods: A national population-based case-control study was conducted in
the UK using the UK Obstetric Surveillance System between April 2019 and
September 2020 including all pregnant women with DKA irrespective of the level
of blood glucose. The incidence rate of DKA in pregnancy was estimated. A case-
control analysis limited to women with type 1 diabetes was performed comparing
characteristics of women with DKA (cases) to those of women whose pregnancies
were not complicated by DKA (controls).

Results: In all, 82 women were identified with DKA in pregnancy; 6.3 per
100,000 maternities (95% CI: 5.0-7.9). No maternal deaths occurred, but perina-
tal mortality was 12/73 (16%) with 11 stillbirths and one neonatal death. DKA
episodes mostly occurred in women with type 1 diabetes (85%) and in the 3
trimester of pregnancy (71%). Episodes were mainly precipitated by infection
(21%), vomiting (21%), steroid therapy (13%) and medication errors (10%). Fifteen
percent of women had more than one episode of DKA during their pregnancy.
Risk factors associated with DKA among women with type 1 diabetes identified
through the case-control analysis were the woman and/or partner not being in a
paid employment and having at least one microvascular complication of diabetes
before pregnancy.

Conclusion: DKA in pregnancy was associated with high perinatal mortality
and was linked with factors related to socio-economic deprivation, mental health

problems and long-term difficulties with glycaemic control.
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1 | INTRODUCTION

Diabetic ketoacidosis (DKA) is characterised by hypergly-
caemia, hyperketonaemia and metabolic acidosis. It is the
result of insulin deficiency and is a medical emergency
that carries risks of morbidity and mortality in the preg-
nant and non-pregnant population. Single-centre studies
in the 1990s reported the incidence of DKA in pregnancy
to be between 0.2 and 3%.' More recent data from the
National Pregnancy in Diabetes Audit (NPID) in 2016 sug-
gested that 2.7% of pregnancies among women with type 1
diabetes were complicated by DKA in the UK, but it is in-
creasingly recognised that DKA may occur in other types
of diabetes. The true incidence of DKA in pregnancy is
unknown and particularly needs to be investigated since
the prevalence of diabetes (types 1 and 2) in the reproduc-
tive population is increasing.*”’

DKA in pregnancy remains a poorly understood con-
dition as data regarding risk factors, clinical features and
outcomes of DKA in pregnancy are scarce and are lim-
ited to case series,s’9 retrospective studies® and review ar-
ticles."”"* One of the peculiarities of DKA in pregnancy
is that it can occur at near normal levels of blood glucose
(euglycaemic DKA).**'” The management of DKA in
pregnancy is not specifically addressed in national guide-
lines and it is unclear how guidance on the management
of DKA in the non-pregnant population should apply to
pregnant women.'® Regarding outcomes, DKA carries
risks for both the pregnant woman and the fetus.'®!! Fetal
and neonatal morbidity can be the direct consequence
of the extremely poor tolerance of the fetus to acidosis,
which can lead in the most severe cases to intrauterine
death or preterm delivery for maternal compromise. DKA
may be a rare complication, but because of its serious con-
sequences for pregnant women and their babies, accurate
information about DKA in pregnancy is needed from ade-
quately powered studies to inform women and healthcare
professionals.

The aims of this study were to estimate the incidence
of DKA in pregnancy in the UK, describe its clinical fea-
tures, management and outcomes and to identify the risk
factors for this condition.

2 | METHODS

21 | Design

A population-based matched case-control study was
designed using the UK Obstetric Surveillance System
(UKOSS), a research platform that collects national
population-based information on specific severe preg-
nancy complications. All 194 maternity units in the UK

What is already known?

« DKA in pregnancy is rare and carries a risk
of morbidity and mortality for the pregnant
woman and the fetus

What this study has found?

« The incidence of DKA in pregnancy was 6.3 per
100,000 maternities

« Half of the DKA episodes were euglycaemic

« No maternal deaths occurred, but perinatal
mortality and rates of preterm births were high

« 15% of women with DKA episodes had more
than one episode in their pregnancy

What are the implications of the study?

« Particular attention should be paid to women
at high risk of DKA; guidelines are needed on
appropriate management following episodes
of DKA, given the high risk of recurrent DKA,
preterm birth and later stillbirth.

participate in UKOSS and each has designated UKOSS cli-
nician reporters who are sent monthly notification emails
containing a list of conditions under surveillance and are
asked to report the number of women with these condi-
tions or to confirm zero cases; the UKOSS administration
is set within the National Perinatal Epidemiology Unit at
the University of Oxford.

For the purposes of this study, data on women affected
with DKA while pregnant (cases) and on pregnant women
with diabetes who did not have DKA (controls) were col-
lected between April 2019 and September 2020. The cases
and controls were defined as follows:

2.2 | Cases

Any pregnant woman, with any type of diabetes, who
was managed for DKA, irrespective of the level of blood
glucose.

2.3 | Controls

Controls were identified from the pregnant population
with diabetes giving birth in all hospitals in the UK.
Maternity units were requested to send information on
the next woman with diabetes giving birth in their unit at
two time points during the study. At the first time point
(November 2019), units were requested to provide details
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of the next woman giving birth with any type of diabetes.
Because the number of cases of DKA in women with type
2 and gestational diabetes was very small, the case—control
analysis was focused on women with type 1 diabetes. At a
second time point (November 2020), units were requested
to provide details of the next woman giving birth with type
1 diabetes in order that sufficient controls were identified
to ensure at least one control per case, matched for type 1
diabetes.

2.4 | Data collection and consent
Information about each patient was collected by the local
UKOSS reporting team after the episode of DKA mean-
ing that the clinical management of the woman was not
influenced by the data collection in any way. Women's de-
mographic details, previous obstetric and medical history,
information on the ongoing pregnancy, birth and infant
outcomes were collected. Birth outcomes included the
mode of birth and the indication for a caesarean section,
if applicable. Indications for caesarean sections were clas-
sified as (a) ‘maternal compromise’ when the caesarean
was performed for a severe maternal condition that could
be related to DKA or another complication in pregnancy;
(b) “fetal compromise’ where caesareans were performed
for a non-reassuring fetal status necessitating immediate
delivery and (c) ‘other’ when the caesarean had been per-
formed for any other indication. Neonates were defined
as Small or Large for Gestational Age when their birth-
weight was below the 10™ or above the 90" centile accord-
ing to the Intergrowth birthweight references which are
adjusted for gestational age of birth and sex.' For cases of
DKA, the causes or precipitating factor, clinical features,
management and outcomes for the mother and baby were
collected. Anonymised information was entered on data
collection forms and securely transferred from hospitals
to the central UKOSS database hosted on secure servers
at the University of Oxford. Individual consent was not
required for collection of anonymous data.

2.5 | Sample size

One of the aims of the study was to estimate the incidence
of DKA during pregnancy. Assuming 700,000 women give
birth annually in the UK and that approximately 2.5% of
women have pre-pregnancy diabetes, with an incidence
of DKA of between 0.5% and 3%, the estimated range of
the number of cases of DKA in pregnancy was 87-525 per
annum. The National Diabetes in Pregnancy audit, which
collects data on pregnant women, set the incidence much
lower at 0.41%.%° Using this figure, the number of cases
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of DKA during pregnancy was estimated to be between
28 and 87 cases per annum. It was felt, based upon clini-
cal experience, that this lower range was a more realistic
estimate and that a period of data collection of 18 months
would yield a sufficient number of cases of DKA for mean-
ingful analysis.

2.6 | Statistical analysis

The incidence rate of DKA in pregnancy (number of DKA
cases in pregnant women/number of women giving birth
over the same time period across the UK) and its 95% con-
fidence interval (CI) were estimated. Denominator data
were obtained from routine statistics published by the
Office for National Statistics (For England and Wales),
National Records Scotland and the Northern Ireland
Statistics and Research Agency and the national Diabetes
in Pregnancy Audit. A sensitivity analysis was carried out
estimating the incidence using the definition of DKA ap-
plied to the non-pregnant population: women with an
arterial pH <7.30 and/or a bicarbonate level <15 mmol/l
and capillary ketonaemia of >3 mmol/l or ketonuria of
>2 pluses on dipstick testing. The incidence of ‘eugly-
caemic DKA’, defined as a venous blood glucose level
<14mmol/L, was also estimated.

Clinical features of the women with DKA and the in-
dividual DKA episodes (timing, causes, clinical features,
management and outcomes) were documented.

A matched case-control analysis was performed com-
paring demographic characteristics, delivery, maternal
and neonatal outcomes of women with type 1 diabetes
who had DKA (cases) to those of women whose pregnan-
cies were not complicated by DKA (controls).

We also conducted an exploratory multivariable anal-
ysis using logistic regression to identify factors associated
with DKA in women with type 1 diabetes. We adopted
the perspective of a physician aiming to identify pregnant
women at risk of DKA and therefore limited this analy-
sis to pre-pregnancy and pregnancy variables selected by
Directed Acyclic Graphs. Analyses were performed using
STATAv13 (StataCorp).

3 | RESULTS

Between February 2019 and November 2020 (22 months
recruiting period), 83 women were notified with DKA
in pregnancy in the UK, one of which was a duplicate
report. Cases were reported from 65 units (49 units
reporting one case, 15 units reporting two cases, one
unit reporting 3 cases and 129 units confirming zero
cases). Cases were predominantly in women with type
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1 diabetes with much smaller numbers in women with
type 2 and gestational diabetes. The estimated incidence
of DKA in pregnancy was therefore 6.3 per 100,000 ma-
ternities (95% CI: 5.0-7.9). Forty-seven of these women
(57%) met the definition of DKA that applies to the
non-pregnant population and the incidence of DKA in
pregnancy using this definition was 3.6 per 100,000 ma-
ternities (95% CI: 2.7-4.8). The incidence of euglycaemic
DKA was 3.0 per 100,000 maternities (95% CI: 2.1-4.1).
When considering only women with type 1 and type
2 diabetes, the incidences of DKA are estimated to be
16.6 (95% CI: 13.0-20.9) per 1000 women with type 1
diabetes giving birth and 1.1 (95% CI: 0.4-2.5) per 1000
women with type 2 diabetes giving birth.

No maternal deaths were reported and 11 stillbirths oc-
curred in the cohort of women with DKA; seven occurred
at the time of DKA and four occurred later in pregnancy
(in women who did not have further episodes of DKA).
Three of the later stillbirths occurred at 35- to 37-weeks
gestation in women who had their DKA in their 2™ tri-
mester. The fourth stillbirth occurred at 25 weeks in a
woman whose DKA episode was in the first trimester. One
preterm neonate died due to complications of prematurity
after an emergency delivery in the early third trimester for
fetal compromise during the DKA episode. Overall, peri-
natal mortality was 12/73 (16%).

3.1 | Maternal features

Most DKA episodes occurred in women with type 1 diabe-
tes (70/82; 85%), but episodes in women with type 2 dia-
betes (5/82; 6%) and gestational diabetes (7/82; 9%) were
also reported (Table 1).

In three women, the DKA episode was the initial pre-
sentation of type 1 diabetes. One woman with type 1 dia-
betes had a 1% trimester miscarriage at the time of DKA
and two women with type 1 diabetes elected to have termi-
nations for personal reasons. Ten percent (7/67) of women
with DKA and type 1 diabetes were aged over 35 years,
whereas 40% (2/5) and 71% (5/7) of women with type 2
and gestational diabetes, respectively, were over 35.

Women with DKA and type 1 diabetes also had lower
body mass index (BMI) at booking with a median (range)
BMI of 27 (22-30) kg/m?, whereas the women with type 2
or GDM had median BMI of 36 (32-40) kg/m” and 34 (31-
37) kg/m?, respectively. All five women with DKA and type
2 diabetes were treated with oral glucose-lowering therapy
and two were also treated with insulin prior to pregnancy.
Concerning the women with DKA and gestational diabe-
tes, six out of seven had BMIs between 30 and 30.9 kg/ m?,
two women had a previous history of gestational diabetes
and one had a history of shoulder dystocia.

3.2 | Clinical features of the
DKA episodes

DKA mainly occurred in the third trimester of pregnancy
(55/78; 71%) and was most frequently precipitated by in-
fection (17/82; 21%) and vomiting (17/82; 21%). Steroid
therapy in the context of possible preterm birth (11/82;
13%) and medication errors (8/82; 10%) were also fre-
quently reported as causes of DKA. Half of the women
(39/76; 51%) had euglycaemic DKA. Twenty-five percent
of women with DKA (20/81) were admitted to an intensive
care unit at the time of the episode. No cases of cerebral
oedema or aspiration pneumonia were reported. In all, 12
women (15%) had more than one episode of DKA during
their pregnancy, and 10 of these women had type 1 dia-
betes. Two of these women had more than two episodes.
Regarding neonatal outcome, 63% of neonates (38/60)
were large for gestational age (LGA) and 60% (37/62) were
admitted to intensive care.

3.3 | Case-Control analysis

Out of the population of women with DKA (N = 82) three-
quarters had type 1 diabetes. Of the control population
(N = 280), only 25% had type 1 diabetes. The small num-
bers of cases of DKA in women with type 2 and gestational
diabetes precluded meaningful case—control comparisons
in these groups. Therefore, the case—control analysis
was confined to women with type 1 diabetes. Data from
70 women with DKA in type 1 diabetes (cases) and 69
women with type 1 diabetes whose pregnancies were not
complicated by DKA (controls) were compared (Table 2).
Pregnant women with type 1 diabetes who developed DKA
and their partners were more likely to be without paid em-
ployment at the time of their first antenatal visit (26/70
cases (37%) versus 8/69 controls (12%); OR 4.51 (95% CI:
1.86-10.89)) and were more likely to have a mental health
condition (12/70 cases [17%] versus 3/69 controls [5%];
OR 4.55 [95% CI: 1.22-16.9]). Having at least one micro-
vascular complication of diabetes before pregnancy was
also associated with DKA (31/70 cases [44%] versus 14/69
controls [14%]; OR 3.12 [95% CI: 1.47-6.63]). Women with
DKA who had a caesarean birth were more likely to un-
dergo a caesarean section for maternal compromise (12/37
cases [32%] versus 4/44 controls [9%]; OR 5.75 [95% CI:
1.52-21.73]) and were at greater risk of receiving a gen-
eral anaesthetic (13/40 cases [32%] versus 4/48 controls
[9%]; OR 5.30 [95% CI: 1.56-17.91]). Women with DKA
had a higher stillbirth rate (10/62 cases [16%] versus 1/68
controls [1.6%]; OR 12.88 [95% CI: 1.60-103.90]). Among
live born infants, the rate of preterm birth (43/52 infants
of cases [83%] versus 23/67 infants of controls [34%]; OR
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TABLE 1 DKA circumstances, biological features management and outcomes at the time of DKA and according to the type of diabetes.
Values are numbers (percentage) unless stated otherwise

Gestational age at diagnosis of DKA (weeks)

First trimester (<13)

Second trimester (13-27)

Third trimester (28 and beyond)
Suspected aetiology of the DKA

Infection
Medication error

Steroid administration

Other medication or mechanism

First diagnosis of diabetes
Vomiting/hyperemesis

Not known

Venous blood glucose level at diagnosis

(mmol/L)
Median [Q25,Q75]
<10 mmol/L
10-<14 mmol/L
14-<20 mmol/L
>20 mmol/L
Base excess/HCO3™ (mmol/L)
Median [Q25,Q75]
<15
Blood ketones (mmol/L)
Median [Q25,Q75]
>3
pH/H+
Median [Q25,Q75]
<7.10
Sodium (mmol/L)
<134
Potassium (mmol/L)
<3.5
>4.5
MANAGEMENT
Highest level of care
Medical/obstetric ward
High dependency unit
Intensive care unit
Maternal outcomes

Hypoglycaemia

Further episodes of DKA

Type 1 diabetes
N=170
n=~66
8(12)
13 (20)
45 (68)
n="70
15 (21)
6(9)
8(11)
6(9)
34
16 (23)
16 (23)
n =064

14 [11,19]
14 (22)
15(23)

20 (31)
15(23)
n=48

11 [6,16]
34 (71)
n=>55
4.0[2.4,5.1]
36 (65)

n =48
7.31[7.23,7.37]
7 (15)
n==67

36 (54)
n=~65
4(6)

27 (42)

n==69
38 (55)
15 (22)
16 (23)

n=>54
6(11)

n =66
10 (15)

Type 2 diabetes
N=5
n=>5
0
1(20)
4(80)
n=>5
1(20)
2 (40)
0

0

0

0

2 (40)

n=>5

10[7,18]

2 (40)

1(20)

1(20)
1(20)

n=>5

18 [13,21]

2 (40)

n=>5
5.1[3.8,6.4]
5(100)
n=>5
7.22(7.14,7.33]
0

n=>5
3(60)
n=

0

1 (20)
n=>5
0

2 (40)
3(60)
n=4
0
n=>5
1(20)

Gestational diabetes
N=7
n=7
0
1(14)
6 (86)
n=17
1(14)
0
3(43)
0

0
1(14)
2(29)

n=7

716,11]
5(71)
2(29)

0

0

n==6

16 [13,17]
2(33)
n=>5
3.8[1.4,4.3]
3(60)
n=>5

7.33 [7.30, 7.37]

=N/
1(14)
5(71)
1(14)

n==6
1(17)
n==6

1(14)
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9.14 [95% CI: 3.80-21.99]) and the proportion of neonates
admitted to a neonatal unit (34/53 infants of cases [64%]
versus 31/67 infants of controls [46%]; OR 2.08 [95% CI:
0.99-4.35]) was higher among infants of cases.

On multivariable analysis the only factors inde-
pendently associated with DKA in women with type 1 di-
abetes were the woman and/or her partner not being in
paid employment, adjusted OR 3.64 (95% CI: 1.17-11.39),
and having any complication of diabetes, adjusted OR 2.69
(95% CI: 1.05-7.04) (Table 3).

4 | DISCUSSION
The overall incidence of DKA in pregnancy estimated
from this study was 6.3 per 100,000 maternities, affecting
approximately 1 in every 60 women with type 1 diabetes
giving birth (1.6%) and 1 in every 900 women with type 2
diabetes giving birth (0.11%). DKA in pregnancy did not
lead to any maternal deaths but was associated with an
exceptionally high perinatal mortality. The stillbirth rate
in the population of women with DKA was 160 per 1000
births, compared to the stillbirth rate in the general pop-
ulation in 2018 in the UK of 3.51 per 1000 births*" and
the overall stillbirth rate from 2014 to 2018 in pregnant
women with type 1 or type 2 diabetes of 13.7 per 1000
births.”” DKA episodes mostly occurred in women with
type 1 diabetes and in the 3 trimester of pregnancy.
Episodes were mainly precipitated by infection, vomiting,
steroid therapy and medication errors. Half of the DKA
episodes were euglycaemic and 15% of women with DKA
episodes had more than one episode in their pregnancy.
The main strength of this study lies in its prospective
population-based design enabling confirmation of the
findings from previous, albeit underpowered, studies that
perinatal mortality among pregnant women with DKA is
high.**** A previous population-based study had identi-
fied high maternal blood glucose level and high maternal
BMI as risk factors for stillbirth in the population with di-
abetes,?* but did not investigate whether or not DKA was
a risk factor for stillbirth. Most stillbirths are likely to be
caused directly by the DKA episode as intra-uterine fetal
deaths were mainly diagnosed at the time of the episode.
Whether it is maternal acidosis, maternal dehydration
possibly leading to reduced uteroplacental perfusion, or
clinically significant electrolyte imbalance causing fetal
arrhythmia, or a combination of these that is responsible
for fetal death remains unclear.'” As some stillbirths oc-
curred later in relation to the DKA episode, it could also be
that DKA in some cases is simply a marker of suboptimal
diabetes management, which may cause fetal death by an-
other mechanism. Although first trimester glucose and/
or HbAlc data were not available in this study, the high

proportion of women with microvascular complications
and LGA babies is indicative of suboptimal glycaemic lev-
els both prior to and during pregnancy among those who
had DKA. It is reasonable to infer that high perinatal mor-
tality is due to both DKA and a need for better diabetes
management, but other intercurrent causes of fetal death
cannot be formally ruled out from these data. The size of
this national population-based study was limited by the
low incidence of the condition, but we believe it to be the
largest contemporary cohort of pregnant women with
DKA described. The proportion of missing data is below
10% for most variables and missing data are largely ex-
plained by the need for antenatal transfers in cases where
DKA episodes were diagnosed and initially managed in
one unit and the woman gave birth in another unit.

Although, as would be anticipated, the majority of ep-
isodes of DKA occurred in women with type 1 diabetes,
women with type 2 and gestational diabetes were also at
risk. The small numbers of women with type 2 diabetes
and gestational diabetes precluded a case—control analy-
sis. Note that first trimester glucose and/or HbAlc data
were not available for the individuals with gestational di-
abetes, so it is not possible to exclude undiagnosed type 2
diabetes in these women.

One in six women with DKA in pregnancy had a men-
tal health condition. Mental health conditions are a known
risk factor for DKA in the non-pregnant population® and
are also associated with poor pregnancy, delivery and neo-
natal outcomes.”®?’ Other factors associated with DKA in
pregnancy in the present study included smoking at any
point in pregnancy and women and/or partner not being
in paid work, suggesting that these women were from a
more socioeconomically deprived and vulnerable subset
of the population with diabetes, which is a known risk
factor for DKA in the general population.®® The associa-
tion between established microvascular complications of
diabetes and DKA in pregnancy suggests an association
not only with difficulties with glucose management but
also possibly long-standing diabetes. More than 10% of
the women with DKA experienced at least one further
episode during pregnancy, highlighting the need for en-
hanced diabetes and obstetric specialist support for this
vulnerable group.

Episodes of DKA occurred mainly in the third tri-
mester and the reported precipitants included infection,
vomiting, steroids and medication error, which is con-
sistent with previous studies."* The occurrence of DKA
in later pregnancy is likely a manifestation of increas-
ing insulin resistance. This increases the likelihood of
DKA in the context of another precipitant that results in
absolute or relative insulin deficiency. Infection is gen-
erally identified and treated promptly in most pregnan-
cies, but women with type 1 diabetes are at increased
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TABLE 2 Case-control comparison of maternal characteristics, delivery characteristics and neonatal outcomes in women with type 1
diabetes

Women with type 1 diabetes without

DKA (controls)
Women with type 1 diabetes and DKA (cases) N =69
N=170 N =69
Maternal characteristics
Age, years 235 n=67 n=69
7(11) 15(22)
Caucasian ethnicity n=68 n=69
63(93) 63(91)
Woman and/or partner in paid n="70 n=:69
work at booking 44 (64) 61 (88)
BMI >30 kg/m? n=66 n=69
18 (28) 15(22)
Median time since diagnosis of n=06l n=>56
diabetes, years [Q25-Q75] 15 [9-20] 14 [8-21]
Any complication of diabetes® n="70 n=:69
31 (44) 14.(20)
Hypertension n=65 n=62
12(19) 11(18)
Hypothyroidism n =66 n=62
13 (20) 8 (13)
Mental health condition n="70 n=:69
12(17) 34
Pregnancy
Woman received pre-pregnancy n =45 n =40
counselling 11 (24) 24 (60)
Smoked at any point in pregnancy n=70 n=69
22 (31) 13 (19)
Nulliparas n =68 n =68
25 (37) 34 (50)
First booking after 12 weeks n=62 n =69
gestation 8(13) 8(12)
Multiple pregnancy n =69 n =69
0(0) 0(0)
Birth outcomes
Birth induced n=62 n =68
22 (36) 30 (44)
Woman laboured n=~6l n=~6l
26 (43) 30 (49)
Birth by caesarean section n=62 n =68
41 (66) 49(72)
Caesarean births
Caesarean indication n =37 n=44
Fetal compromise 13 (35) 17 (39)
Maternal compromise 12 (32) 4(9)

(Continues)
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TABLE 2 (Continued)

Women with type 1 diabetes and DKA (cases)

N=170
Other 12 (32)
Caesarean under general n =40
anaesthesia 13 (33)
Neonatal outcomes
Stillbirths n =62
10 (16)
Preterm birth <37 weeks gestation”  n = 52
43 (83)
Preterm birth <32 weeks gestationb n=>52
6(12)
Large for gestational age (LGA)>¢ n=>50
33 (66)
Small for gestational age (SGA)™ n=>50
1(2)
5 min Apgar <7 b n=>52
6 (11)
Infant admitted to ITU® n=>52
34(65)
Hypoglycaemia® n=>52
19 (37)
Respiratory distress syndromeb n=>52
20 (38)
Jaundice® n=>52
15 (29)
Infection® n=>52
12 (23)
Arterial pH <7,10° n=41
9(22)

Women with type 1 diabetes without
DKA (controls)

N =69

N =69

23(52)

n =48

4(8)

n==68
1(2)
n==67
23 (34)
n==67
2(3)
n==67
39(57)
n==67
0(0)
n==68
5(7)
n==67
31 (46)
n==68
13 (19)
n==68
16 (24)
n =68
17 (25)
n==68
25(37)
n=38
6 (16)

Values are numbers (percentage calculated using the population with available data for this variable) unless stated otherwise.

“retinopathy, nephropathy, neuropathy, gastroparesis or microvascular disease.

°% among live births.
% among children with cord pH at delivery.

dAccording to Intergrowth curves on weight at birth. Information on birthweight missing for 2 infants.

risk of infection?® and so special emphasis on ‘sick day
guidance’ is required, including blood ketone testing.
Pregnant women with diabetes are at increased risk of
delivering preterm®® and antenatal steroids are known
to benefit the baby if delivered prematurely. The high
proportion of iatrogenic cases of DKA caused by pre-
birth steroids is a concern and should be considered a
‘never event’. Pre-birth steroids should only be admin-
istered under cautious medical surveillance and inten-
sive glucose monitoring in women with diabetes. There

is a clear case for national and international guidance
on pre-birth steroids in women with diabetes. Finally, a
high number of DKA cases were attributed by clinicians
to hyperemesis or vomiting. This may have promoted
DKA by prompting inappropriate insulin omission/re-
duction and by causing dehydration, but alternatively it
may also have been a symptom of DKA rather than a
precipitant. Overall heightened awareness and support
for pregnant women on managing diabetes during any
intercurrent illness in pregnancy are required.



DIGUISTO ET AL.

TABLE 3 Association between pre-pregnancy and pregnancy
characteristics and DKA in women with type 1 diabetes

Maternal age, years
(n=136)

<35 (n = 114)
>35 (n = 22)
Ethnicity (n = 137)
White (n = 126)
Other (n = 11)

Woman and/or
partner in paid
work at booking

(n=139)
Yes (n = 105)
No (n = 34)

BMI (n = 135) (kg/

m?)
<25 (n = 62)
25-30 (n = 40)
>30 (n = 33)

Median time since
diagnosis of
diabetes, years
(n=117)

<10 (38)
>10 (79)

Any complication
of diabetes®
(n =139)

No (n = 94)
Yes (n = 45)

Hypertension
(n=127)

No (n =104)
Yes (n = 23)

Hypothyroidism
(n=128)

No (n = 107)
Yes (n = 21)

Mental health
condition
(n=139)

No (n = 124)
Yes (n =15)

Crude OR (95% CI)

1
0.42 (0.16-1.11)

1
0.83 (0.24-2.87)

1
4.50 (1.86-10.89)

1
1.03 (0.46-2.28)
1.37 (0.58-3.19)

1
1.33(0.61-2.88)

1
3.12 (1.47-6.63)

1
1.05 (0.43-2.59)

1
1.65 (0.63-4.32)

1
4.55(1.22-16.9)

Adjusted OR
(95% CI1)
N =110

1
0.33(0.11-1.03)

1

3.64
(1.17-11.39)

1
0.96 (0.37-2.45)

1
2.69 (1.05-7.04)

1
1.69 (0.33-8.60)

(Continues)
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Adjusted OR
(95% CI)
N =110

TABLE 3 (Continued)

Crude OR (95% CI)

Woman received
pre-pregnancy
counselling
(n=85)
No (n = 50) 1
Yes (n = 35) 0.21 (0.08-0.54)
Smoked at any point
in pregnancy
(n=139)
No (n = 104) 1
Yes (n = 35) 1.97 (0.90-4.33)
Nulliparous
(n=136)
No (n = 77) 1 1
Yes (n = 59) 0.58 (0.29-1.15) 0.57 (0.24-1.34)
First booking
after 12 weeks
gestation
(n=131)
No (n = 115) 1 1
Yes (n = 16) 1.13 (0.40-3.21) 0.50 (0.12-2.10)

“retinopathy, nephropathy, neuropathy, gastroparesis or microvascular
disease.

Half of DKA episodes were either euglycaemic or asso-
ciated with only mildly raised blood glucose. Euglycaemia
is reported in only 3% of DKA episodes in the general pop-
ulation,” suggesting that DKA occurs more often at lower
glucose levels in pregnancy.'*'® Various mechanisms have
been proposed to explain this occurrence including hae-
modilution of glucose due to the expanded plasma volume
in pregnancy, increased expression of placental glucose
transporters and increased glomerular filtration of glu-
cose in pregnancy.”

Importantly, half of the women with DKA were man-
aged on general antenatal or medical wards rather than
in high-dependency facilities. Given the requirements for
monitoring (both maternal and fetal), the high prevalence
of metabolic disturbance and the substantial risks of still-
birth, the optimal place to manage pregnant women with
DKA needs to be carefully considered.

5 | CONCLUSION

DKA in pregnancy was associated with high perinatal
mortality and was linked with factors related to socio-
economic deprivation, mental illness and microvascular
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complications. Guidelines are needed on pre-pregnancy
care as well as the optimum management of DKA in preg-
nancy (including location of care) and on appropriate ob-
stetric/diabetes management following episodes of DKA,
given the high risk of recurrent DKA, preterm birth and
stillbirth.
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