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Background: Diabetic ketoacidosis (DKA) during pregnancy poses significant risks
to both the mother and fetus, with an increased risk of fetal demise. Although more
prevalent in women with Type | diabetes (T1D); those with Type 2 diabetes (T2D) and
gestational diabetes mellitus (GDM) can also develop DKA. A lack of information
about DKA during pregnancy exists worldwide, including in South Africa.

Objective: This study examined the characteristics and outcomes associated
with DKA during pregnancy.

Methods: The study took place between 1 April 2020 and 1 October 2022.
Pregnant women with DKA, admitted to Tygerberg Hospital's Obstetric Critical
Care Unit (OCCU) were included. Maternal characteristics, precipitants of DKA,
adverse events during treatment, and maternal-fetal outcomes were examined.

Results: There were 54 episodes of DKA among 47 women. Most DKA's were
mild and occurred in the third trimester. Pregestational diabetes dominated (31/
47: 60%), with 47% having T1D and 94% requiring insulin. Seven women (7/47,
15%; T2D:6, T1D:1) had two episodes of DKA during the same pregnancy. Most
women (32/47; 68%) were either overweight or obese. Yet, despite the T2D
phenotype, biomarkers indicated that auto-immune diabetes was prevalent
among women without any prior history of T1D (6/21; 29%). Twelve women
(26%) developed gestational hypertension during pregnancy, and 17 (36%) pre-
eclampsia. Precipitating causes of DKA included infection (14/54; 26%), insulin
disruption (14/54; 26%) and betamethasone administration (10/54; 19%). More
than half of the episodes of DKA involved hypokalemia (35/54, 65%) that was
associated with fetal death (P=0.042) and hypoglycemia (28/54, 52%). Preterm
birth (<37 weeks’ gestation) occurred in 85% of women. No maternal deaths were
recorded. A high fetal mortality rate (13/47; 28%) that included 11 spontaneous
intrauterine deaths and two medical terminations, was observed.
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Conclusion: Women with DKA have a high risk of fetal mortality as well as
undiagnosed auto-immune diabetes. There is a strong link between maternal
hypokalemia and fetal loss, suggesting an opportunity to address management
gaps in pregnant women with DKA.
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Introduction

The prevalence of Type 2 diabetes mellitus (T2D) has been
rising more rapidly in developing countries, and its age of onset is
decreasing (1). Women of reproductive age are thereby also affected
(1-3). Any form of diabetes can overlap with pregnancy, but
gestational diabetes mellitus (GDM) occurs exclusively during
pregnancy (4-6). Although diabetic ketoacidosis (DKA) is
traditionally believed to be a complication of Type 1 diabetes
mellitus (T1D), it is increasingly being reported in people with
T2D and GDM (7, 8). DKA in pregnancy is associated with
maternofetal morbidity and a high fetal mortality rate (9-11).

Numerous physiological adaptations during pregnancy
predispose to DKA, resulting in a higher rate of DKA compared
to non-pregnancy (8). The placenta secretes several diabetogenic
hormones that are responsible for increased maternal insulin
resistance (IR). This leads to increased gluconeogenesis,
glycogenolysis, and lipolysis. Lower fasting glucose levels further
promote lipolysis and ketogenesis. Lipolysis generates free fatty
acids, increases acidic metabolites, and yields ketones as an
alternative energy source. The physiological adaptation of
accelerated starvation contributes to ketosis. Aside from these
changes, the maternal capacity for buffering acid decreases due to
an increase in alveolar ventilation and a decline in bicarbonate levels
(8, 12, 13).

The combination of hyperglycemia, ketonemia and a high anion
gap metabolic acidosis suggests the presence of DKA (7).
Hyperglycemia during DKA in pregnancy may be less
pronounced and thus result in late diagnoses. This is due to lower
fasting glucose levels, increased glomerular filtration, and trans-
placental glucose transport.

In addition to the inherent higher background risk for DKA in
pregnancy, commonly used drugs such as glucocorticoids and pro-
adrenergics have also been linked to DKA (12, 14, 15). Infections, the
lack of access to health care, and delayed diagnoses pose as risk
factors for DKA in developing countries (16-18). The interaction of
these factors may contribute to maternofetal adversity and add to the
healthcare burden associated with DKA in pregnancy. Published data
on the adversity and impact of DKA in pregnancy is limited despite
its relatively common occurrence. The aim of this study was to
describe DKA events in pregnant women admitted to the inpatient
obstetric facility at Tygerberg Hospital, and to examine the associated
clinical risk factors and pregnancy outcomes.
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Methods
Study population

A descriptive study based on retrospective data collection was
conducted in the OCCU at Tygerberg Hospital. Tygerberg is a
tertiary public health care hospital in Cape Town, South Africa,
affiliated to the University of Stellenbosch. All pregnant women
admitted with confirmed DKA to the OCCU for the study period
April 2020 to October 2022 were eligible for study entry. The
criteria for DKA diagnosis were a pH < 7.30; bicarbonate level < 18
mEq/L and blood glucose >10mmol/l (19, 20). Women with
euglycemic DKA were also included (see clarification in DKA
characteristics section below). Pregnant women with DKA are
managed in accordance with standard institutional protocols.

Data collection

Patient clinical information and data were retrieved from the
Tygerberg Electronic Content Management System (ECM) and
biochemical results obtained via the National Health Laboratory
System (NHLS) electronic platform. Strict confidentiality was
maintained as the ECM and NHLS databases, as well as personal
computers used for data collection, are password protected thereby
restricting access to data. Patient data, including the medical and
antenatal history, socio-demographic characteristics, clinical
findings, and laboratory parameters during the acute presentation
and at delivery were entered onto a spreadsheet using Excel version
2019 Microsoft Office Professional Plus (Microsoft Corp, Redmond,
WA, USA). A unique number was linked to each patient’s data set
to de-identify the patient.

Maternal demographics, anthropometry,
and clinical outcome measures

Demographic data pertaining to maternal age (years), parity,
gestational age (weeks) and anthropometric measurements [weight
(kg) and height (m)] at the first antenatal visit for the corresponding
pregnancy were recorded. Body mass index (BMI) (kg/m?) values
were calculated and divided into weight categories according to the
World Health Organisation’s (WHO) classification (21).
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Information regarding social stressors and the use of illicit
substances was collected and recorded.

The presence of either known pregestational diabetes prior to
the index pregnancy or hyperglycemia first diagnosed during
pregnancy was sought and noted. The duration of the condition,
the historic type assigned (T1D or T2D) and antenatal diabetes
medication was documented in those with known diabetes. The
total daily dose (IU) of prescribed and required insulin pre-DKA
admission and after discharge were calculated and compared.

Data on blood pressure (BP), the use of antihypertensive
medication, evidence of pre-eclampsia with loss of blood pressure
control with or without development or worsening of proteinuria in
pregnancy were retrieved and documented. Study participants were
classified with either chronic hypertension, new onset gestational
hypertension or suspected or confirmed new onset or superimposed
pre-eclampsia. Gestational hypertension was defined as a systolic
blood pressure (SBP) =140 mm Hg and/or a diastolic blood
pressure (DBP) 290 mm Hg on two occasions, four hours apart,
after 20 weeks of gestation, in a woman with previously normal BP
(22). A new diagnosis of preeclampsia was made in the presence of
new onset hypertension after 20 weeks’ gestation in combination
with newly developed proteinuria (=300 mg per 24-hour urine
collection) and/or significant end-organ dysfunction. A SBP =140
mmHg or a DBP > 90mm Hg on two occasions, four hours apart, in
a previously normotensive individual, or a single confirmed SBP
2160 mmHg or DBP > 110mm Hg served as BP criteria for new
onset pre-eclampsia. In the absence of proteinuria, preeclampsia
was also considered in the presence of hypertension criteria as
mentioned along with concurrent thrombocytopenia and evidence
of functional impairment of end-organs in accordance with the
diagnostic criteria proposed by the (the International Society for the
study of Hypertension in Pregnancy) (22). The term superimposed
preeclampsia was used for women with known chronic
hypertension presenting with loss of BP control or resistant
hypertension (especially acutely), worsening proteinuria, and/or
end-organ dysfunction after 20 weeks of gestation.

Characteristics of diabetic
ketoacidosis events

The characteristics of all DKA events were documented and
described for the whole study cohort and stratified based on the
severity of the DKA episode. The severity of DKA was stratified on
pH (mild: pH 7.25-7.30; moderate: pH 7.0-7.24; severe: pH <7.0) A
diagnosis of euglycemic DKA was made when glucose levels were
<11.1 mmol/l, urine ketones were present, and other causes of
metabolic acidosis excluded (23-25). When pregnant women
present with DKA, it is expected of the attending clinician to test
for antibodies to glutamic acid decarboxylase (anti-GAD
antibodies) to identify or exclude auto-immune-mediated diabetes
if the diagnosis is not already known.

Data on precipitants of the event, the timing in pregnancy
(gestational age), biochemical parameters, the occurrence of adverse
events, the required duration of stay in a critical care unit and
standard management pertaining to fluid administration and

Frontiers in Clinical Diabetes and Healthcare

10.3389/fcdhc.2023.1266017

insulin therapy was captured. The number of all maternal
hypoglycemic (glucose <4 mmol/l) and hypokalemic (potassium
<3.5 mmol/l) episodes were closely monitored and recorded in the
first 24 hours post-admission as part of standard practice. Data on
fluid and insulin requirements, the transition process from
intravenous to subcutaneous insulin and the time to the
resolution of each DKA episode (pH >7.30, bicarbonate level >18)
was captured.

Biochemistry was performed at the NHLS, a lab accredited by
the South African National Accreditation System (SANAS) at
Tygerberg Hospital. Electrolytes were measured using Roche
Cobas® 6000 (Roche Diagnostics, Germany). To identify auto-
immune diabetes cases, an ELISA kit manufactured by
EUROIMMUN Medizinische Labordiagnostika AG (Germany)
was used for anti-GAD testing (sensitivity: 96%, specificity: 98%)
(26). Islet Autoantibody Standardization Program used human
recombinant glutamic acid decarboxylase isoform GADG65 for
coating and preparing biotinylated GAD. The lower detection
limit of the Anti-GAD ELISA was 0.59 IU/ml. As per
EUROIMMUN recommendations, results were interpreted as
follows: 0-10 IU/ml: negative, and =10 IU/ml: positive (27).

Delivery information

Delivery information obtained included the timing between the
DKA event and delivery (days), the gestational age (weeks), the
mode of delivery, and the birth weight (g). The timing between the
DKA event and delivery was based on the most recent DKA episode
in women who have had more than one episode. Gestational age
was based on ultrasound * last menstrual period. Early ultrasound
was defined as less than 24 weeks of pregnancy, according to local
practice. This differs from international terminology that defines an
early ultrasound as a study conducted before 12-14 weeks of
pregnancy (28-30). Preterm delivery referred to a delivery before
37 weeks of gestation and macrosomia was defined as a birth weight
more than 4000 g (30). Fetal loss included spontaneous intrauterine
death (IUD), medical termination and non-viable early perinatal
death. The definition of stillbirth was based on WHO criteria (birth
at 220 weeks of gestation with no signs of life) (31).

Statistical analysis

GraphPad Prism (9.5.1) was used for data analysis. Descriptive
statistics were used for socio-demographic parameters and reported
as number (%). The distribution of data was assessed using the
Shapiro-Wilk and Kolmogorov-Smirnov normality tests. Normally
distributed data are reported as mean + standard deviation (SD)
and non-parametric data as median and interquartile range (IQR).
Continuous variables were compared using either the t test (for
normally distributed variables) or Mann-Whitney U test (non-
parametric data). Receiver Operator Curves (ROC) and Kaplan
Meier Survival curve analysis was performed to assess associations
between variables and outcomes. Fisher’s exact tests were used to
assess associations across demographic and clinical characteristics
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of women with DKA. The threshold level for significance was
accepted at p<0.05.

Informed consent was waived due to the retrospective nature of
data collection. The study complied with the World Medical
Association Declaration of Helsinki and was approved by the
Health Research Ethics Committee (HREC) of the Faculty of
Medicine & Health Sciences, Stellenbosch University (S21/11/255).

Results
Maternal characteristics

Forty-seven women, all with singleton pregnancies, had a total of
54 confirmed DKA episodes that were treated in the Obstetric Critical
Care Unit (OCCU) during the reporting period. The study
population consisted of a diverse population representative of the
demographics in the Western Cape Provence. An overview is
presented in Figure 1. Of these, 15 (34%) had suffered a fetal loss
in a prior pregnancy. More than one DKA episode was recorded in
seven women (7/47;15%). Maternal characteristics for all pregnancies
complicated by DKA and stratified based on birth outcome (live
births, fetal loss) are summarized in Table 1. The mean maternal age
in the total cohort was 27 years. At the time of the first prenatal visit,
the group’s median BMI was within the overweight WHO category
(28kg/m*, IQR 23-32). Sixty eight percent of mothers were either
overweight or obese and included 13 of the 22 mothers with T1D.

10.3389/fcdhc.2023.1266017

Most women booked early in pregnancy, 21 attended for their first
antenatal visit before 14 weeks and only seven women (11%)
postponed antenatal care till after 24 weeks.

Type 1 diabetes was present in 47% and T2D in 19% of cases. In
the pregnancies complicated by DKA, a new diagnosis of
hyperglycemia first detected in pregnancy (HFDP) was made in
34% (16/47). A total of 11 of the newly diagnosed cases were
detected when the patient presented with DKA. Insulin therapy was
required for glycemic control in 29 of 31 women with pre-existing
diabetes, with a duration of 6.5 (IQR 3.0-13.5) years. Sixteen women
with pre-existing diabetes had an HbAlc in this pregnancy with a
median HbAlc of 10.4% (IQR 7.7-11.9). The poor control was
similar across severity subgroups.

Anti-GAD antibody results were available in 21 women not
defined as having T1D (14/16 women with HFDP and 7/9 with pre-
existing T2D). In six women with DKA, immune-mediated T1D
was diagnosed following a positive anti-GAD antibody test. Four of
these women presented with HFDP, while two were previously
diagnosed with T2D. Both cases with a prior diagnosis of T2D were
35 years of age, in the WHO overweight category (BMI 25.7kg/m*
and 25.8kg/m?) and were receiving insulin. They were known with
diabetes for three and nine years respectively.

All seven women who presented with multiple DKAs (7/47;
15%) had pre-existing diabetes mellitus (T1D:6 and T2D:1). Four
women admitted to the use of illicit substances during pregnancy,
whereas significant social stressors, such as food insecurity, was
experienced by nine women.

Diabetic Ketoacidosis in pregnancy
48 women assessed (55 DKA's)
1 excluded (incomplete information)

Participants

n=47
P isting Diabet Hyperglycemia
SIS IELYELED first detected in
n=31/47 66%
pregnancy
n=16/47 34%
Type 1 diabetes Type 2 diab Anti-Gad anti
n=22/47 47% n=9/47 19% tested in
Anti- Gad antibodies n=14/16

tested in n=7/9

Total
auto-
immune
diabetes
28/47; 60%

Anti-GAD positive
n=2

Anti-GAD positive
n=4

Newly diagnosed
Auto-immune diabetes
n=6/47 ; 13%

FIGURE 1
Diabetes type and DKA occurrence.
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DKA Episodes

n=54
Trimester when DKA
occurred
Trimester 1 Trimester 2 Trimester 3
< 12 weeks >12 to <28 weeks >28 weeks
n=5/54 9% n=17/54 32% n=32/54 59%

Mild
Spontan n=33/54,61% Severity
eous of DKA
intra-
uterine Moderate
deaths n=17/54 32%
n=11
(11/47;23
gt) Severe
n=4/54 7%
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TABLE 1 Maternal characteristics stratified by fetal outcome.

10.3389/fcdhc.2023.1266017

Live births All fetal losses* p-value
N=34 (72%) N=13 (28%)
Total number of DKA events 54 39 (72%) 15 (28%)
Pregnancies with multiple DKAs 7 (15%) 5 (15%) 2 (15%) NS
Age (yrs) 27 +5 28+5 26+ 5 NS
>35 yrs 5 (11%) 5 (15%) 0 SS
Gravidity (n) 2(1-3) 3(1-3) 2(1-3) NS
Primigravida’s 17 (56%) 11 (32%) 6 (46%) NS
Parity (n) 1(0-2) 1(0-2) 1(0-1) NS
Weight at booking visit (kg) 70 (61-82) 71 (63-82) 62 (55-81) NS
BMI** at booking visit (kg/mz) 28 (23-32) 28 (25-32) 26 (21-32) NS
Overweight and obese(BMI>24.9kg/m2) n(%) 32(68%) 24(71%) 6 (46%) SS
Gestation at booking visit (wks) 13 (8-19) 13 (8-19) 13 (8-19) SS
Pregestational hypertension n(%) 22 (47%) 17 (50%) 5 (39%) SS
Diabetes (pre-existing) 31 (66%) 24 (71%) 7 (54%) NS
Type 1 22 (47%) 16 (47%) 6 (46%) SS
Type 2 9 (19%) 8 (24%) 1 (8%) SS
Diabetes first diagnosed in pregnancy 16 (34%) 12 (35%) 4 (31%) NS
Before DKA event 5 (11%) 5(15%) 0 SS
At DKA event 11(23%) 7 (21%) 4 (31%) ss
Treatment at DKA event
Insulin 29/31 (94%) 22(65%) 7(54%) NS
Metformin 10 (21%) 8 (24%) 2 (15%) SS
None (new diagnosis) 16 (34%) 10 (29%) 6 (46%) NS
Duration (yrs) 6.5 (3-13.5) 7 (3-15) 5(2-16) NS
Maternal glycemic control:
pre-DKA HbAlc (%)" 10.4 (7.7-11.9) 10.3 (7.7-12.1) 10.6 (7.3-11.7) NS
Mmol/mol 90 (61-107) 89(61-109) 92(56-104)

DKA, Diabetic ketoacidosis; BMI, Body mass index, *Spontaneous deaths and medical terminations. **Weight categorization according to World Health Organization. # Sixteen women with

pre-existing diabetes who had an HbAlc in this pregnancy.
NS, non-significant i.e. P>0.05 SS, Sample size too small.

Characteristics of diabetic
keto-acidosis events

Table 2 summarizes the characteristics of DKA events
according to the severity classification at presentation (mild,
moderate, severe). The majority of DKA episodes (61%) were mild.

The overall HbAlc was high at DKA presentation (HbAlc:
9.2% (7.7-11.3); 77mmol/mol (61-100) denoting poor
glucose control.

Euglycemic DKA was documented in two cases, one mild and
one moderate event. The mild event occurred as a second DKA in
the same pregnancy. Hyperglycemia associated with keto-acidosis
was obscured due to self-administered insulin corrections just prior
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to presentation (recorded blood glucose on admission of 7.8 mmol/
L). The diagnostic blood glucose in the moderate event was 10.5
mmol/L in the presence of a metabolic acidosis (pH 7.17,
bicarbonate 8 mEq/L) and after exclusion of alternate causes.
DKA events occurred mostly early in the third trimester of
pregnancy (median gestation 29 weeks IQR 26-32).

At the time of admission, potassium levels inversely correlated
with the severity of DKA (R2 = 0.09, p=0.03), with the highest
levels, as expected, documented for the severe DKA events.
Hypokalemia (potassium level of <3.5 mmol/l) was present at
baseline prior to any intervention in seven DKA events.

Infections, especially urinary tract infections (11/14; 79% of all
infections) and discontinuation of insulin therapy were the two
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TABLE 2 Characteristics of DKA episodes stratified by severity.

Total episodes (N =54)

Mild (N=33) Moderate (N=17) Severe (N=4)

Biochemistry at presentation

Acid base
pH 7.27 (7.16-7.30) 7.29 (7.28-7.3) 7.14 (7.13-7.22) 6.90 (6.91-6.93)
HCO3™ (mmol/l) 10.06 + 4.15 12.33 + 2.69 7.59 £ 3.15 24+ 1.7
Base excess(mmol/l) 14.8 (12.0-18.9) 13.4 (10.0-15.0) 20.5 (16.3-23.5) 26 (25-27)
Lactate(mmol/l) 1.1 (0.7-1.5) 1 (0.7-1.35) 1.3 (1.1-2.3) 1.3 (1.2-2.8)
Glycemic status and control
Blood glucose (mmol/l) 19.0 £ 5.1 183 £ 4.6 194 £ 5.6 234 +47
HbAlc (%) 9.2 (7.7-11.3) 9.8 (7.7-11.3) 8.8 (6.9-11.2) 8.9 (8.5-11.6)
HbAlc (mmol/mol) 77 (61-100) 84 (61-100) 73 (52-99) 74 (69-103)
Potassium on presentation (mmol/l) 4.1 (3.6-4.5) 3.8 (3.4-4.4) 4.3 (4.2-4.6) 4.5 (4.0-5.9)
Hypokalemia (K<3.5mmol/l) n(%) 7 (13%)
Infective markers
C-reactive protein mg/l 5 (25-94) 24 (6-172) 42 (6-89) 22 (5-68)
Gestation at DKA event n=54 (weeks) 29 (26-32) 29 (23-32) 31 (27-35) 26 (11-27)
Precipitant* n(%)
More than one precipitant per DKA episode 2 (4%) 1(3%) 0 1 (25%)
Infection n(%) 14 (26%) 9 (27%) 3 (18%) 2 (50%)$
Urinary tract infection n(%)** 11/14 (79%) 9/9 (100%) 2/3 (67%) 0
Insulin discontinued n(%) 14 (26%) 9 (27%) 2 (12%) 3 (75%)
Betamethasone n(%) 11 (20%) 7 (21%) 4 (24%) 0
Vomiting n(%) 3 (6%) 2 (6%) 1 (6%) 0
No precipitant identified n(%) 12(22%) 5(18%) 7(41%) 0
Adverse event in first 24-hours after insulin initiation
Hypokalemia (K<3.5mmol/l) n(%) 35 (65%) 20 (61%) 12 (71%) 3 (75%)
Hypoglycemia (<4.0mmol/l) n(%) 28 (52%) 18 (55%) 7 (41%) 3 (75%)
>1 episode of hypoglycemia n(%) 14 (26%) 8 (24%) 5 (29%) 1 (25%)
Hypoglycemia and hypokalemia n(%) 17 (31%) 9 (27%) 5 (29%) 3 (75%)
Management
Total length of hospital stay (days) 7.5 (6.0-11.0) 7.0 (5.5-11.0) 8.0 (6.0-12.0) 8.5 (5.8-11.3)
Length of stay in OCCU (days) 3(2-4) 3(2-4) 3 (3-5) 4.5 (2.5-5)
Resolution of individual parameters of event in hours
pH >7.30 (hrs) 15.5 £ 10.9 129 + 11.6 19.1 £ 8.8 213 +£89
HC03™ >15 mmol/l (hrs) 25.7 £ 16.0 20.8 +16.3 331+ 13.6 32.0 £10.8
Glucose <12 mmol/l (hrs) 54+39 47 +2.8 6.5+ 5.6 63+13
IV fluid* administered (ml/24hrs) 4126 + 1258 4040 + 1188 4142 + 1436 4765 + 1137
Potassium administered (mmol/24hours) 80 (40-120) 40 (25-80) 90 (80-120) 120 (80-120)
Insulin (1U/24hrs) 68 (42-114) 66 (41-91) 112 (48-125) 94 (66-129)

OCCU, obstetric critical care unit; *includes DKA events where more than one precipitant occurred **urinary tract infections expressed as percentage of total number of infections recorded as

precipitants.

STwo different infections occurred in a single patient.
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most common precipitating factors. Further, a Covid-19
pneumonia, an influenza A infection, and a breast abscess were
recorded. In most cases (42/54; 78%) at least one precipitating
factor was present (see Table 2). Twenty percent (11/54) of all DKA
events followed the administration of betamethasone, in eight of
these cases the betamethasone was given at the primary care facility
prior to referral. Vomiting was a presenting feature in three women
at presentation. After initiation of the standard OCCU DKA
therapy protocol, hypokalemia was noted in most episodes (34/
54, 65%).

Over half (52%) of the DKA events also involved hypoglycemia
during treatment, with 26% having multiple episodes. Neither the
baseline blood glucose on admission (19 mmol/L (13.4-23.9IQR) vs
16.1 mmol/L (12.1-20.2 IQR) p=0.1392) nor the total dosage of
administered insulin in the first 24 hrs (96 IU (42-120 IQR) vs 67 IU
(34-102 IQR) p=0.2313) were significantly associated with the
development of hypoglycemia. There were 17 events (31%)
complicated by both hypokalemia and hypoglycemia.

A total of 175 of the 484 admission days for DKA were spent in
the high care unit (OCCU), Time spent in the OCCU were three
days (2-4 IQR), whilst 7.5 days (6-11 IQR) was spent in hospital
overall. In the first 24 hours of hospitalization, approximately four
liters of intravenous fluid were administered to each patient with
DKA. Potassium replacement were 80 (40-120 IQR) mmol per

10.3389/fcdhc.2023.1266017

DKA event, but dose requirements increased with the severity. With
DKA resolution, the insulin infusions were overlapped with
subcutaneous short- or intermediate-acting insulin in most (50/
54; 93%).

Pregnancy outcome

Pregnancy outcomes are tabulated in Table 3. The gestational age
at delivery was 34 weeks (IQR 31-36) with 85% of deliveries preterm
and 55% coinciding with a DKA admission. Among the 34 live births,
preterm births accounted for 79%. A total of 13 (28%) fetal losses
occurred. It included nine stillbirths, one miscarriage and two
medical terminations of pregnancy, respectively at 12 and 30 weeks
of gestation. The late termination at 30 weeks was fetocide for several
congenital anomalies. There was a similar percentage of spontaneous
intrauterine deaths and stillbirths among pregnancies complicated by
mild and moderate DKA events (7/33 (20%) and 4/17 (24%),
respectively). There were no fetal losses in the four pregnancies
complicated by severe DKA events. Two of the 11 spontaneous
intrauterine deaths occurred in pregnancies complicated by multiple
DKA episodes. There were no maternal deaths.

A large percentage of women in this cohort had hypertensive
conditions, including 22(47%) with pregestational hypertension

TABLE 3 Pregnancies complicated by DKA events in total cohort and stratified by fetal outcome.

Live birth Fetal loss

N=34 (72%) N=13 (28%)
Gestation at delivery in weeks 34 (31-36) 34 (32-36) 32 (30-35) NS
Preterm deliveries (<37 wks) n (%) 40 (85%) 27 (79%) 13 (100%) NS
Delivery with DKA event n (%) 26 (55%) 17 (50%) 9 (69%) NS
Days from DKA to delivery 14 (2-42) 24 (3-46) 2 (1-28) NS
Birth outcome
Miscarriage n(%) 1(2%) 1(8%) SS
Stillbirth n(%) 9 (19%) 9 (69%) ss
Termination n(%) 2(4%) 0 2 (16%) SS
Late termination (>20 weeks) 1(2%) 1 (8%) SS
Maternal mortality n(%) 0 0 0
Gestational hypertension n(%) 10 (21%) 8 (24%) 2 (15%) SS
Pre-eclampsia n(%) 17 (36%) 13 (38%) 4 (31%) SS
Mode of delivery
Vaginal delivery 20 8 (24%) 12 (92%) P<0.01
Induced labor n(%) 14 (30%) 10 (29%) 4 (31%) SS
Caesarean section n(%) 27 (57%) 26 (76%) 1 (8%) SS
In live births
Birthweight (gram) (215:930-3163) (2164?25-3270) (1 1872(())5-3080) .
Macrosomia (>4000gram) n(%) 1 (3%) SS

DKA, Diabetic ketoacidosis; SS, sample size too small; NS, Not significant.
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and 10 (21%) with gestational hypertension. Pre-eclampsia was
identified in 17 (36%) of the cohort. The incidence of preeclampsia
was 36% (8 out of 22) in women with pregestational hypertension
and 80% (8 out of 10) in women with gestational onset
hypertension respectively.

Six of the fetal losses (6/13; 46%) occurred in women with
hypertensive disorders; four of these (4/13; 31%) had pregestational
hypertension. The other two cases were in women with gestational
hypertension who subsequently developed preeclampsia. With the
exception of one case (12/13,92%), all women with fetal losses had
iatrogenic hypokalemia and five had concurrent hypoglycemia
within the first 24 hours of admission. There was a significant
association between hypokalemia and fetal loss (p =0.042) depicted
in Figure 2.

Discussion

Our study reports on 54 DKA events in 47 pregnancies
observed over a period of 31 months in a single tertiary care
center in South Africa. Despite substantial efforts to improve
antenatal screening and optimize the management of pregnancy-
related hyperglycemia, a high number of DKA events are still
encountered in our institution. There were no maternal deaths,
but morbidity was high, with an estimated 68% of women
diagnosed with chronic hypertension, gestational hypertension or
pre-eclampsia. The number of pregnancies with fetal loss was
higher than figures reported from high-income countries (10,
32).. Most DKA events were mild and occurred in the third
trimester of pregnancy in women with T1D. Almost one quarter
(23%) of DKA women had diabetes diagnosed during DKA in
pregnancy episode. Events were mainly precipitated by infection,
non-adherence to medication and steroid therapy. Only two of 54
DKA'’s were euglycemic, and 15% of women had more than one
DKA in the index pregnancy.

Published data on DKA in pregnancy are limited and mostly
represented by case reports, case series or small cohorts in high
income countries (9, 10, 32-35). In the literature, most DKA cases
are mild and occur late in pregnancy, findings consistent with ours
(10, 14, 15, 32, 35, 36). Two of the larger case series of pregnancy-
related DKA are Dhanasekaran et al’s single- center study

—— hypokalemia
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Probability of Survival
o
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FIGURE 2
Kaplan Meier Survival curve depicting the relationship between fetal
loss and hypokalemia.
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performed in Rochester, Minnesota and Diguisto et al’s multi-
center study from the United Kingdom (UK) (32, 37).
Dhanasekaran et al., examined 71 DKA events that took place
over 17 years, which was considerably longer than our study period,
whereas Diguisto et al.’s reported on 83 DKA cases over a 22-month
period (32, 37). Thus the number of DKA’s reported in our study
appears to be high. Variables impacting on DKA risk are not
uniform in different geographical regions. Differences in
healthcare access, referral pathways, time to presentation,
antenatal screening practices, and socioeconomic status all
contribute to the varied number of DKA events reported in
the literature.

Diabetes is presently one of the most commonly diagnosed
diseases in South Africa, with a tripling in the number of new cases
between the years 2010 and 2019 (38). The high background
prevalence of diabetes, poor socioeconomic conditions, and
limited access to formal health care all contribute to the risk of
DKA nationally. In this study the main precipitants of DKA in this
population of pregnant women were infectious conditions,
especially of the urinary tract, non-adherence to insulin therapy,
and steroid therapy. Only three women (6%) reported vomiting.
These precipitating factors are in accordance with available
literature and noted by most researchers to be the main
contributors (10, 15, 32, 34, 37). Dhanasekaran et al., noted
higher rates of non-adherence amongst women with DKA events
than in our study (40 vs 23%), but report a similar rate of infection
(22%) (37). The study by Diguisto et al., indicated that infections
and vomiting were the most common precipitating factors in their
UK cohort (32).

Like other published studies, the majority of women in our study of
DKA events had T1D. The study included 47 participants, 22 of whom
had previously been diagnosed with T1D, with an additional diagnosis
of immune-mediated T1D made in six women at the time of the DKA
event. Management of T1D in pregnancy is challenging for both
patients and care providers. Near-normalization of maternal blood
glucose levels is essential to ensure a good outcome. It is imperative to
navigate this ideal carefully given the varying effects of pregnancy
gestation on insulin sensitivity and the risk of iatrogenic hypoglycemia,
especially if non-modified human insulin remains the mainstay of
treatment. In 26% of our subjects, discontinuation of insulin therapy
was associated with DKA events. The underlying reason for non-
adherence was not determined. Diabetes-related knowledge, family
support, fear of hypoglycemia, socioeconomic status, and insulin
delivery devices have all been implicated as contributors to non-
adherence (39). Based on our daily clinical practice, all of these
factors, either individually or collectively, may contribute to non-
adherence and insulin discontinuation, with hypoglycemia often
cited by patients as a major reason for discontinuing insulin or
diverting from the prescribed insulin regimen.

In pregnant women with diabetes and imminent preterm
delivery, betamethasone therapy enhances fetal lung maturation
but also causes hyperglycemia and even DKA. Betamethasone was
identified as a precipitant in 20% of events in this study, a
significantly higher percentage compared to the seven percent
noted in Rochester, Minnesota (37). Rigorous implementation of
glycemic monitoring and appropriate correction of hyperglycemia
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are of paramount importance to prevent DKA events in these
women (40).

In the index study, a near quarter of women were diagnosed
with diabetes at the time of the DKA event. This figure is
significantly higher than the 12% of women who were
undiagnosed in Rochester, Minnesota (37). Due to limited
resources and access to health care locally, many pregnant
women enter formal heath care for the first time during
pregnancy. Further, although universal screening of glucose
homeostasis during pregnancy would be ideal, our public health
sector currently lacks the resources to do. Selective screening is
therefore practiced in many regions within South Africa including
the Western Cape, where the modified NICE criteria are used (41).
The majority of women in our study were not tested timeously,
despite having risk factors that dictated selective screening. Based
on BMI alone, more than two thirds of our cohort qualified for an
OGTT at 24 weeks to screen for GDM (41, 42). Our data, albeit
limited, indicate that antenatal selective screening of glucose
homeostasis is not implemented optimally, supporting the
opinion that screening practices in South Africa remain limited
(6, 43). In addition, less than half of the cohort with known diabetes
underwent trimester-specific HbAlc measurements to aid antenatal
glucose monitoring. A high median HbAlc of 10.4 (7.7-11.9) in
pregnant mothers at the time of the DKA event, indicates poor
glycemic control in those with pre-existing as well as newly
diagnosed diabetes. Both undiagnosed diabetes and poor glycemic
control are very likely to have enhanced the risk of DKA events in
our patient cohort, irrespective of the identified precipitating causes.

There was a high prevalence of spontaneous fetal demise in our
cohort, with 23% of the cohort losing their baby. These results
concur with historic reports (9). As most of the spontaneous
intrauterine deaths occurred at the time of the DKA, the
hypothesis that the DKA contributed significantly is supported.
However, to what extent maternal acidosis, dehydration with
reduced uteroplacental perfusion, electrolyte imbalance per se or
a combination of these factors contributed, remains unclear. Prior
studies have shown that the risk of stillbirth increases with the
severity of maternal acidosis (10, 32, 33, 44), a finding that we were
unable to confirm. According to the study, fetal demise rates are
higher in pregnancies complicated by DKA than in more recent
studies in developed countries such as the United States and the
United Kingdom (32, 33). An earlier local study conducted in
Pretoria, South Africa, found an even higher rate of fetal death
(31%) despite similar levels of acidosis (35). Every year an estimated
2.6 million stillbirths occur worldwide, with up to 98% in low and
middle-income countries (45, 46). Stillbirth has multifactorial
etiologies. Increased maternal age and BMI are established risk
factors, whereas hypertension and diabetes, especially if poorly
controlled, are the most common maternal conditions known to
contribute (45-47). As stillbirths occur more frequently in low and
middle income countries, low socio-economic status and poor
access to formal health care are regarded as significant
contributors (45).. Many of these established contributors were
highly prevalent in our study population but appeared similar
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between pregnancies with live births and those with fetal loss.
The small numbers in our study, however, precluded us from
drawing firm statistical conclusions.

In our study, hypokalemia and hypoglycemia, which may result
in arrhythmias, respiratory failure, and fetal fatalities, were
common consequences of DKA treatment (48-50). Hypokalemia
was shown to be significantly associated with fetal loss. (p=0.04)
Five women who experienced hypoglycemia and fetal loss had
concurrent hypokalemia, suggesting a compound risk that
requires further examination in a larger study population.

The prevalence of obesity amongst South African women of
childbearing age is concerning and escalating (35.2% from 24.7% in
1998) (51). Over two-thirds (68%) of our cohort were either
overweight or obese. The mechanism that underlies the observed
association between obesity and stillbirth remains elusive and
multifactorial. Obese women are more likely to develop
gestational hypertension and diabetes and is associated with an
increased risk of apnoeic-hypoxic events, as well as the development
of uteroplacental insufficiency earlier in pregnancy (52, 53). A study
conducted in sub-Saharan Africa found that obese Zimbabwean
women had a seven fold increased risk of preeclampsia and a
fivefold increase in T2D (OR 5.41.91.5% CI 1-27.0) (54).

Diabetes is one of the major causes of stillbirths worldwide. A
significant correlation exists between the metabolic control of the
mother during pregnancy and the adverse outcomes for
hyperglycemic pregnancies (55). Uncontrolled diabetes in early
gestation, especially if present in the first few weeks, adversely
impacts placental growth and development and predispose to intra-
uterine growth restriction (56-58). Hyperglycemia causes
endothelial dysfunction, which contributes to the development of
hypertensive conditions such as pre-eclampsia during pregnancy
(47, 59). Both these conditions are known to contribute to the risk
of fetal demise irrespective of hyperglycemia. Pre-DKA HbAlc
values were unacceptable for both live-births and fetal losses in
this cohort, indicating suboptimal diabetes management and
compliance. As we had uniform uncontrolled hyperglycemia, we
were unable to determine the degree to which hyperglycemia itself
contributed to perinatal mortality. Discordant fetal growth in the
setting of diabetes in pregnancy is also associated with fetal demise.
In a study from the Western Cape, South Africa an increased risk
for stillbirth was noted for small for gestational age pregnancies
between 33- and 40-weeks’ gestation and for large for gestational
age babies after 37 weeks (50). The most common type of fetal
growth abnormality seen in diabetic pregnancies is large for
gestational age (LGA) babies or macrosomia (baby’s birth weight
exceeding 90th percentile or 4000 grams) (60). Maternal
overweight, the degree of maternal hyperglycemia, gestational
weight gain, and maternal lipids all contribute to fetal overgrowth
(61). In contrast, poorly controlled diabetes may result in
intrauterine growth restriction due to suboptimal placental
development if present in early gestation and may also result in
growth restriction if associated with established microvascular
disease (56, 57). In our study, maternal glucose control was poor,
yet only a single baby was classified as macrosomic. While
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gestational age could be a confounder, hyperglycemia in women
with pre-existing diabetes may have caused placental insufficiency
rather than excessive growth and macrosomia in our study.

The clinical course of diabetes types is known to vary greatly,
and there is evidence that some patients with adult-onset diabetes
share characteristics of both T1D and T2D (20). T1D is, however,
considered to be an autoimmune disease caused by autoantibodies
against pancreatic B-cells (62). Anti-GAD antibodies are
biomarkers of T1D-associated autoimmunity that can be used to
identify and study patients at risk of developing T1D in advance of
the disease’s onset. Approximately 1-10% of people with T2D and
up to 38% of women with GDM have anti-GAD antibodies (63-67).
The presence of anti-GAD antibodies has also been shown to be
predictive of the onset of postpartum diabetes in women with GDM
(63). Despite reports that genotypes differ according to ethnicity,
Padoa found no ethnic difference between black Africans and white
persons with T1D in South Africa (67). Anti-GAD antibodies were
tested in twenty-one women without known TID at the time of
DKA in our study. These included 14 with HFDP and seven women
with a prior diagnosis of T2D. The result of the anti-GAD test was
positive in six of the tested women (29%). In light of these findings,
we believe that pregnant women with DKA should be strongly
considered for auto-immune diabetes regardless of their BMI or
prior classification as T2D. Knowledge of anti-GAD antibody status
in this subset of pregnant mothers may be particularly useful to
determine insulin dependency or in identifying women who might
benefit from emerging treatments for the prevention of T1D.

In our background reproductive female population, we have a
heavy metabolic footprint and obesity is a specific concern. There is
some controversy as to whether obesity trends in the general
population are indicative of obesity rates in people with T1D, or
whether they are related by genetics and environmental
susceptibilities (68, 69). Nearly half of women with TID who had
a DKA event in pregnancy in our study were overweight or obese,
thus warning against reliance on clinical phenotype to dictate
diabetes subtyping. The findings of this study are consistent with
recent findings from other studies that indicate that obesity is a
highly prevalent problem in individuals with T1D (68-71).
According to Evertsen et al, current T1D patients have higher
BMIs than their predecessors and are also younger at disease
onset (71).

Hypertensive disorders of pregnancy account for 10-24% of all
stillbirths among low- and middle-income countries (45, 72).
Studies reporting on hypertensive disorders in pregnancy affected
by DKA'’s are limited. Most women in our cohort had some form of
hypertension. Forty-seven percent of women had pregestational
hypertension and gestational hypertension was documented in a
further 26%. In addition, suspected pre-eclampsia (either
superimposed or de novo) complicated 36% of pregnancies.
Dhanasekaran noted hypertension in 17% of their cohort in
Minnesota (37). Another study of pregnant mothers with T1D
from Boston also documented a high percentage (34%) of
hypertensive disorders in pregnancies affected by DKA.
Pregestational hypertension accounted for 15%, gestational
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hypertension 7% and preeclampsia 12% of cases (10, 37).
Surprisingly neither hypertension nor pre-eclampsia were present
in any of their pregnancies with fetal loss (10). This is in contrast
with our work where most IUDs occurred in women with
hypertension (6/11, 55%).

DKAs in pregnancy have rarely been studied in detail at the
patient level. Due to the retrospective and descriptive nature of this
study, causality cannot be inferred, however, it contributes to the
current knowledge of pregnancy outcomes and complications
associated with DKA. The small sample size prohibited robust
statistical analysis. Furthermore, neither the specific socioeconomic
status of the participants nor their competency in managing their
diabetes were formally assessed.

The high rates of obesity and hypertensive disorders, as well as
suboptimal antenatal glycemic control, potentially contributed to
the high number of intrauterine deaths observed. Significant
implementation gaps remain in screening for hyperglycemia and
antenatal diabetes care in resource-constrained environments.
These gaps must be eliminated if dangerous complications like
DKA are to be minimized (42). Clinicians should strive to ensure
continuous development and implementation of strategies that
ensure optimal preconception and antenatal management of
diabetes, as well as empowering women with diabetes through
education. Unintended iatrogenic consequences of DKA
management such as hypokalemia and hypoglycemia should be
minimized with strict protocols to limit the possibility of fetal loss.
In the context of high-risk populations for DKA and healthcare
providers, we emphasize the importance of ongoing structured
diabetes education. Through the use of these data, local practices
can develop targeted protocols and interventions that can decrease
the risks associated with hypokalemia, ultimately improving patient

outcomes and inspiring a culture of continuous improvement.

Conclusion

This study found a high risk of fetal mortality and undiagnosed
auto-immune diabetes in women with DKA during pregnancy. There
was a strong correlation between hypokalemia and fetal loss,
suggesting a window of opportunity for addressing management gaps.

Data availability statement
The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

number(s) can be found below: https://figshare.com/s/
ced95d7e93e95fa0d5ef.

Ethics statement

Informed consent was waived due to the retrospective nature of
data collection. The study complied with the World Medical

frontiersin.org


https://figshare.com/s/ced95d7e93e95fa0d5ef
https://figshare.com/s/ced95d7e93e95fa0d5ef
https://doi.org/10.3389/fcdhc.2023.1266017
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Coetzee et al.

Association Declaration of Helsinki. It was approved by the Health
Research Ethics Committee (HREC) of the Faculty of Medicine and
Health Sciences, Stellenbosch University (S21/11/255). The studies
were conducted in accordance with the local legislation and
institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin due to the retrospective nature of
data collection.

Author contributions

AC: Conceptualization, Data curation, Investigation, Project
administration, Writing - original draft, Writing - review & editing,
Methodology. DH: Conceptualization, Methodology, Supervision,
Writing - review & editing. MV: Formal Analysis, Software,
Writing — review & editing. EL: Writing — review & editing. MC:
Data curation, Formal Analysis, Investigation, Methodology,
Supervision, Writing — review & editing.

References

1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L,
Cho NH, et al. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for
2015 and 2040. Diabetes Res. Clin. Pract. (2017) 128:40-50. doi: 10.1016/
j.diabres.2017.03.024

2. Hird TR, Pirie FJ, Esterhuizen TM, O’Leary B, McCarthy MI, Young EH, et al.
Burden of diabetes and first evidence for the utility of HbAlc for diagnosis and
detection of diabetes in urban black South Africans: the durban diabetes study. Staiger
H editor PloS One (2016) 11(8):¢0161966. doi: 10.1371/journal.pone.0161966

3. Wang H, Li N, Chivese T, Werfalli M, Sun H, Yuen L, et al. IDF diabetes atlas:
estimation of global and regional gestational diabetes mellitus prevalence for 2021 by
international association of diabetes in pregnancy study group’s criteria. Diabetes Res.
Clin. Pract. (2022) 183:109050. doi: 10.1016/j.diabres.2021.109050

4. American Diabetes Association Professional Practice Committee. 2. Classification
and diagnosis of diabetes: standards of medical care in diabetes—2022. Diabetes Care
(2022) 45(Supplement_1):S17-38. doi: 10.2337/dc22-S002

5. Chivese T, Hoegfeldt CA, Werfalli M, Yuen L, Sun H, Karuranga S, et al. IDF
Diabetes Atlas: The prevalence of pre-existing diabetes in pregnancy - A systematic
review and meta-analysis of studies published during 2010-2020. Diabetes Res. Clin.
Pract. (2022) 183:109049. doi: 10.1016/j.diabres.2021.109049

6. Coetzee A, Mason D, Hall DR, Conradie M. Prevalence and predictive factors of
early postpartum diabetes among women with gestational diabetes in a single-center
cohort. Int. J. Gynecol Obstet (2018) 142(1):54-60. doi: 10.1002/ijgo.12494

7. Azkoul A, Sim S, Lawrence V. Diabetic ketoacidosis in adults: part 1. Pathogen
Diagnosis South Sudan Med. ]. (2022) 15(2):62-6. doi: 10.4314/ssmj.v15i2.6

8. Kamalakannan D. Diabetic ketoacidosis in pregnancy. Postgrad Med. J. (2003) 79
(934):454-7. doi: 10.1136/pmj.79.934.454

9. D’souza C, Refuerzo J, Camacho N, Duncan J, Nichanametla J, Blackwell S, et al.
Perinatal outcomes of women with DKA during pregnancy. Am. J. Obstet Gynecol
(2005) 193(6):589. doi: 10.1016/j.2j0g.2005.10.300

10. Morrison FJR, Movassaghian M, Seely EW, Curran A, Shubina M, Morton-
Eggleston E, et al. Fetal outcomes after diabetic ketoacidosis during pregnancy. Diabetes
Care (2017) 40(7):e77-9. doi: 10.2337/dc17-0186

11. Ng YHG, Ee TX, Kanagalingam D, Tan HK. Resolution of severe fetal distress
following treatment of maternal diabetic ketoacidosis. BM] Case Rep. (2018) 2018:bcr—
2017-221325. doi: 10.1136/bcr-2017-221325

12. Kilvert JA, Nicholson HO, Wright AD. Ketoacidosis in diabetic pregnancy.
Diabetes Med. (1993) 10(3):278-81. doi: 10.1111/j.1464-5491.1993.tb00059.x

13. Jaber JF, Standley M, Reddy R. Euglycemic diabetic ketoacidosis in pregnancy: A
case report and review of current literature. Case Rep. Crit. Care (2019) 2019:1-5.
doi: 10.1155/2019/8769714

14. Parker JA, Conway DL. Diabetic ketoacidosis in pregnancy. Obstet Gynecol Clin.
North Am. (2007) 34(3):533-43. doi: 10.1016/j.0g¢.2007.08.001

Frontiers in Clinical Diabetes and Healthcare

11

10.3389/fcdhc.2023.1266017

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Eshkoli T, Barski L, Faingelernt Y, Jotkowitz A, Finkel-Oron A, Schwarzfuchs D.
Diabetic ketoacidosis in pregnancy — Case series, pathophysiology, and review of the
literature. Eur. J. Obstet Gynecol Reprod. Biol. (2022) 269:41-6. doi: 10.1016/
j.ejogrb.2021.12.011

16. Gupta A, Taylor F, O’Sullivan T, Simmons D. Characteristics of young adults
with multiple episodes of diabetic ketoacidosis. Intern. Med. J. (2019) 49(7):911-4. doi:
10.1111/im;j.14347

17. Reddy Y, Ganie Y, Pillay K. Characteristics of children presenting with newly
diagnosed type 1 diabetes. South Afr J. Child Health (2013) 7:46-8. doi: 10.7196/
SAJCH.500

18. Thomas S, Mohamed NA, Bhana S. Audit of diabetic ketoacidosis management
at a tertiary hospital in Johannesburg, South Africa. S Afr Med. J. (2019) 109(6):407.
doi: 10.7196/SAM]J.2019.v109i6.13700

19. Modi A, Agrawal A, Morgan F. Euglycemic diabetic ketoacidosis: A review. Curr.
Diabetes Rev. (2017) 13(3):315-21. doi: 10.2174/1573399812666160421121307

20. Nasa P, Chaudhary S, Shrivastava PK, Singh A. Euglycemic diabetic ketoacidosis:
A missed diagnosis. World J. Diabetes (2021) 12(5):514-23. doi: 10.4239/wjd.v12.i5.514

21. WHO Consultation on Obesity (1999: Geneva S, Organization WH. Obesity :
preventing and managing the global epidemic : report of a WHO consultation. Geneva,
Switzerland: World Health Organization (2000). Available at: https://apps.who.int/iris/
handle/10665/42330.

22. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al.
Hypertensive disorders of pregnancy: ISSHP classification, diagnosis, and management
recommendations for international practice. Hypertension (2018) 72(1):24-43. doi:
10.1161/HYPERTENSIONAHA.117.10803

23. Glaser N, Fritsch M, Priyambada L, Rewers A, Cherubini V, Estrada S, et al.
ISPAD Clinical Practice Consensus Guidelines 2022: Diabetic ketoacidosis and
hyperglycemic hyperosmolar state. Pediatr. Diabetes (2022) 23(7):835-56. doi:
10.1111/pedi.13406

24. Dhatariya KK. The Joint British Diabetes Societies for Inpatient Care. The
management of diabetic ketoacidosis in adults—An updated guideline from the Joint
British Diabetes Society for Inpatient Care. Diabetes Med. (2022) 39(6):e14788.
doi: 10.1111/dme.14788

25. Garcia de Alencar J, Wieblling da Silva G, Correa da Costa Ribeiro S, Marchini J,
Neto R, Possolo de Souza H. Euglycemic diabetic ketoacidosis in pregnancy. Clin. Pract.
cases Emerg. Med. (2019) 4(1):26-8. doi: 10.5811/cpcem.2019.9.43624

26. Delic-Sarac M, Mutevelic S, Karamehic ], Subasic D, Jukic T, Coric J, et al. ELISA
test for analyzing of incidence of type 1 diabetes autoantibodies (GAD and IA2) in
children and adolescents. Acta Inform Medica (2016) 24(1):61-5. doi: 10.5455/
aim.2016.24.61-65

27. EUROIMMUN Package Catalogue 2022. Liibeck, Germany: Medizinische
Labordiagnostika (2022). Available at: https://www.euroimmun.com/products/
autoimmune-diagnostics/pd/endocrinology/diabetes/1022/2/138206/.

frontiersin.org


https://doi.org/10.1016/j.diabres.2017.03.024
https://doi.org/10.1016/j.diabres.2017.03.024
https://doi.org/10.1371/journal.pone.0161966
https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.2337/dc22-S002
https://doi.org/10.1016/j.diabres.2021.109049
https://doi.org/10.1002/ijgo.12494
https://doi.org/10.4314/ssmj.v15i2.6
https://doi.org/10.1136/pmj.79.934.454
https://doi.org/10.1016/j.ajog.2005.10.300
https://doi.org/10.2337/dc17-0186
https://doi.org/10.1136/bcr-2017-221325
https://doi.org/10.1111/j.1464-5491.1993.tb00059.x
https://doi.org/10.1155/2019/8769714
https://doi.org/10.1016/j.ogc.2007.08.001
https://doi.org/10.1016/j.ejogrb.2021.12.011
https://doi.org/10.1016/j.ejogrb.2021.12.011
https://doi.org/10.1111/imj.14347
https://doi.org/10.7196/SAJCH.500
https://doi.org/10.7196/SAJCH.500
https://doi.org/10.7196/SAMJ.2019.v109i6.13700
https://doi.org/10.2174/1573399812666160421121307
https://doi.org/10.4239/wjd.v12.i5.514
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
https://doi.org/10.1161/HYPERTENSIONAHA.117.10803
https://doi.org/10.1111/pedi.13406
https://doi.org/10.1111/dme.14788
https://doi.org/10.5811/cpcem.2019.9.43624
https://doi.org/10.5455/aim.2016.24.61-65
https://doi.org/10.5455/aim.2016.24.61-65
https://www.euroimmun.com/products/autoimmune-diagnostics/pd/endocrinology/diabetes/1022/2/138206/
https://www.euroimmun.com/products/autoimmune-diagnostics/pd/endocrinology/diabetes/1022/2/138206/
https://doi.org/10.3389/fcdhc.2023.1266017
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Coetzee et al.

28. Benson CB, Doubilet PM. Sonographic prediction of gestational age: accuracy of
second- and third-trimester fetal measurements. Am. J. Roentgenol (1991) 157
(6):1275-7. doi: 10.2214/ajr.157.6.1950881

29. Wegienka G, Baird DD. A comparison of recalled date of last menstrual period
with prospectively recorded dates. J. Womens Health (2005) 14(3):248-52. doi:
10.1089/jwh.2005.14.248

30. Methods for Estimating the Due Date. Available at: https://www.acog.org/en/
clinical/clinical-guidance/committee-opinion/articles/2017/05/methods-for-
estimating-the-due-date.

31. World Health Organization. WHO labour care guide: user’s manual. World
Health Organization (2020). Available at: https://apps.who.int/iris/handle/10665/
337693.

32. Diguisto C, Strachan MW]J, Churchill D, Ayman G, Knight M. A study of
diabetic ketoacidosis in the pregnant population in the United Kingdom: Investigating
the incidence, aetiology, management and outcomes. Diabetes Med. (2022) 39(4):
e14743. doi: 10.1111/dme.14743

33. Dhanasekaran M, Mohan S, Erickson D, Shah P, Szymanski LM, Vella A, et al.
1058-P: diabetic ketoacidosis during pregnancy: maternal characteristics and pregnancy
outcomes. Diabetes (2022) 71(Supplement_1):1058-P. doi: 10.2337/db22-1058-P

34. Baagar K, Aboudi A, Khaldi H, Alowinati B, Abou-Samra AB, et al. A three-year
review of diabetic ketoacidosis in pregnancy-causes and outcomes. Endocrine Practice
(2017) 23:65. Available at: https://www.proquest.com/scholarly-journals/three-year-
review-diabetic-ketoacidosis-pregnancy/docview/1911501281/se-2.

35. Maseko NF, van Zyl D, Adam S. A 10-year audit of pregnancies affected by
diabetic ketoacidosis at the Pretoria Academic Complex. Int. J. Gynecol Obstet (2022)
158(3):557-63. doi: 10.1002/ijgo.14093

36. Dhanasekaran M, Mohan S, Egan A. Diabetic ketoacidosis in pregnancy: an
overview of pathophysiology, management, and pregnancy outcomes. EMJ Diabetes
(2022). doi: 10.33590/emjdiabet/10194487

37. Dhanasekaran M, Mohan S, Erickson D, Shah P, Szymanski L, Adrian V, et al.
Diabetic ketoacidosis in pregnancy: clinical risk factors, presentation, and outcomes. J.
Clin. Endocrinol. Metab. (2022) 107(11):3137-43. doi: 10.1210/clinem/dgac464

38. Grundlingh N, Zewotir TT, Roberts D], Manda S. Assessment of prevalence and
risk factors of diabetes and pre-diabetes in South Africa. J. Health Popul Nutr. (2022) 41
(1):7. doi: 10.1186/s41043-022-00281-2

39. Chan JCN, Gagliardino JJ, Ilkova H, Lavalle F, Ramachandran A, Mbanya JC,
et al. One in seven insulin-treated patients in developing countries reported poor
persistence with insulin therapy: real world evidence from the cross-sectional
international diabetes management practices study (IDMPS). Adv. Ther. (2021) 38
(6):3281-98. doi: 10.1007/s12325-021-01736-4

40. Paulsen C, Hall DR, Mason D, van de Vyver M, Coetzee A, Conradie M.
Observations on glucose excursions with the use of a simple protocol for insulin,
following antenatal betamethasone administration. Front. Endocrinol. (2021)
11:592522. doi: 10.3389/fend0.2020.592522

41. Scribd. Diabetes in Pregnancy Western Cape Guidelines. Capte Town South Africa:
Gestational Diabetes | Diabetes Mellitus Type 2 (2023). Available at: https://www.scribd.
com/document/252323279/Diabetes-in-Pregnancy-Western-Cape-Guidelines.

42. Walker JD. NICE guidance on diabetes in pregnancy: management of diabetes
and its complications from preconception to the postnatal period. NICE clinical
guideline 63. London, March 2008: Commentary. Diabetes Med. (2008) 25(9):1025-
7. doi: 10.1111/j.1464-5491.2008.02532.x

43. Adam S, Rheeder P. Screening for gestational diabetes mellitus in a South
African population: Prevalence, comparison of diagnostic criteria and the role of risk
factors. S Afr Med. J. (2017) 107(6):523. doi: 10.7196/SAM]J.2017.v107i6.12043

44. Coustan DR. Diabetes in pregnancy. In: Clinical Maternal-Fetal Medicine
Online, 2nd ed. London: CRC Press (2021). Available at: https://www.taylorfrancis.
com/books/9781003222590/chapters/10.1201/9781003222590-14.

45. McClure E, Garces A, Saleem S, Moore ], Bose C, Esamai F, et al. Global Network
for Women’s and Children’s Health Research: probable causes of stillbirth in low- and
middle-income countries using a prospectively defined classification system. BJOG Int.
J. Obstet Gynaecol (2018) 125(2):131-8. doi: 10.1111/1471-0528.14493

46. Madhi SA, Briner C, Maswime S, Mose S, Mlandu P, Chawana R, et al. Causes of
stillbirths among women from South Africa: a prospective, observational study. Lancet
Glob Health (2019) 7(4):e503-12. doi: 10.1016/52214-109X(18)30541-2

47. Rossouw J, Hall D, Mason D, Gebhardt G. An audit of stillborn babies in
mothers with diabetes mellitus at a tertiary South African Hospital. J. Endocrinol.
Metab. Diabetes South Afr (2017) 22(2):26-30. doi: 10.1080/16089677.2017.1331652

48. Malone ML. Frequent hypoglycemic episodes in the treatment of patients with
diabetic ketoacidosis. Arch. Intern. Med. (1992) 152(12):2472. doi: 10.1001/
archinte.1992.00400240090015

49. Usman A. Initial potassium replacement in diabetic ketoacidosis: the unnoticed
area of gap. Front. Endocrinol. (2018) 9:109. doi: 10.3389/fendo.2018.00109

50. Lavin T, Pattinson RC, Nedkoft L, Gebhardt S, Preen DB. Stillbirth risk across
pregnancy by size for gestational age in Western Cape Province, South Africa:

Frontiers in Clinical Diabetes and Healthcare

12

10.3389/fcdhc.2023.1266017

Application of the fetuses-at-risk approach using perinatal audit data. South Afr
Med. ]. Suid-Afr Tydskr Vir Geneeskd (2019) 109(12):927-33. doi: 10.7196/
SAM]J.2019.v109i12.13764

51. Nglazi MD, Ataguba JEO. Overweight and obesity in non-pregnant women of
childbearing age in South Africa: subgroup regression analyses of survey data from
1998 to 2017. BMC Public Health (2022) 22(1):395. doi: 10.1186/s12889-022-12601-6

52. Yao R, Ananth CV, Park BY, Pereira L, Plante LA. Obesity and the risk of
stillbirth: a population-based cohort study. Am. J. Obstet Gynecol (2014) 210(5):457.e1-
9. doi: 10.1016/j.ajog 2014.01.044

53. Robillard PY, Dekker G, Scioscia M, Bonsante F, Iacobelli S, Boukerrou M, et al.
Increased BMI has a linear association with late-onset preeclampsia: A population-
based study. PloS One (2019) 14(10):e0223888. doi: 10.1371/journal.pone.0223888

54. Mahomed K, Williams MA, Woelk GB, Jenkins-Woelk L, Mudzamiri S, Longstaft
L, et al. Risk factors for pre-eclampsia among Zimbabwean women: maternal arm
circumference and other anthropometric measures of obesity. Paediatr. Perinat
Epidemiol (1998) 12(3):253-62. doi: 10.1046/j.1365-3016.1998.00116.x

55. Oppermann ML, Campos MA, Hirakata VN, Reichelt AJ. Overt diabetes
imposes a comparable burden on outcomes as pregestational diabetes: a cohort
study. Diabetol. Metab. Syndr. (2022) 14(1):177. doi: 10.1186/s13098-022-00939-1

56. Vambergue A, Fajardy I. Consequences of gestational and pregestational
diabetes on placental function and birth weight. World J. Diabetes (2011) 2(11):196—
203. doi: 10.4239/wjd.v2.i11.196

57. Hiden U, Glitzner E, Ivanisevic M, Djelmis J, Wadsack C, Lang U, et al. MT1-
MMP expression in first-trimester placental tissue is upregulated in type 1 diabetes as a
result of elevated insulin and tumor necrosis factor-o. Levels. Diabetes (2008) 57
(1):150-7. doi: 10.2337/db07-0903

58. Negrato CA, Mattar R, Gomes MB. Adverse pregnancy outcomes in women with
diabetes. Diabetol. Metab. Syndr. (2012) 4(1):41. doi: 10.1186/1758-5996-4-41

59. Yang Y, Wu N. Gestational diabetes mellitus and preeclampsia: correlation and
influencing factors. Front. Cardiovasc. Med. (2022) 9. doi: 10.3389/fcvm.2022.831297

60. Hong YH, Lee JE. Large for gestational age and obesity-related comorbidities. /.
Obes. Metab. Syndr. (2021) 30(2):124-31. doi: 10.7570/jomes20130

61. Xiao Y, Zhang X. Association between maternal glucose/lipid metabolism
parameters and abnormal newborn birth weight in gestational diabetes complicated
by preeclampsia: A retrospective analysis of 248 cases. Diabetes Ther. (2020) 11(4):905—
14. doi: 10.1007/s13300-020-00792-3

62. Jun HS, Khil LY, Yoon JW. Role of glutamic acid decarboxylase in the
pathogenesis of type 1 diabetes. Cell Mol. Life Sci. CMLS (2002) 59(11):1892-901.
doi: 10.1007/PL00012512

63. Jarveld IY, Juutinen J, Koskela P, Hartikainen AL, Kulmala P, Knip M, et al.
Gestational Diabetes Identifies Women at Risk for Permanent Type 1 and Type 2
Diabetes in Fertile Age: Predictive role of autoantibodies. Diabetes Care (2006) 29
(3):607-12. doi: 10.2337/diacare.29.03.06.dc05-1118

64. Nilsson C, Ursing D, Térn C, Aberg A, Landin-Olsson M. Presence of GAD
antibodies during gestational diabetes mellitus predicts type 1 diabetes. Diabetes Care
(2007) 30(8):1968-71. doi: 10.2337/dc07-0157

65. Tuomilehto J, Vidgren G, Toivanen L, Tuomilehto-Wolf E, Kohtamaki K,
Stengard J, et al. Antibodies to glutamic acid decarboxylase as predictors of insulin-
dependent diabetes mellitus before clinical onset of disease. Lancet (1994) 343
(8910):1383-5. doi: 10.1016/S0140-6736(94)92521-6

66. Davis TME, Wright AD, Mehta ZM, Cull CA, Stratton IM, Bottazzo GF, et al.
Islet autoantibodies in clinically diagnosed type 2 diabetes: prevalence and relationship
with metabolic control (UKPDS 70). Diabetologia (2005) 48(4):695-702. doi: 10.1007/
s00125-005-1690-x

67. Padoa CJ, Rheeder P, Pirie FJ, Motala AA, Dyk JC, Crowther NJ. Identification of
a subgroup of black South Africans with type 1 diabetes who are older at diagnosis but
have lower levels of glutamic acid decarboxylase and islet antigen 2 autoantibodies.
Diabetes Med. (2020) 37(12):2067-74. doi: 10.1111/dme.14204

68. Corbin KD, Driscoll KA, Pratley RE, Smith SR, Maahs DM, Mayer-Davis EJ,
et al. Obesity in type 1 diabetes: pathophysiology, clinical impact, and mechanisms.
Endocr. Rev. (2018) 39(5):629-63. doi: 10.1210/er.2017-00191

69. Verbeeten KC, Elks CE, Daneman D, Ong KK. Association between childhood
obesity and subsequent Type 1 diabetes: a systematic review and meta-analysis:
Association between childhood obesity and subsequent Type 1 diabetes. Diabetes
Med. (2011) 28(1):10-8. doi: 10.1111/j.1464-5491.2010.03160.x

70. Minges KE, Whittemore R, Grey M. Overweight and obesity in youth with type 1
diabetes. Annu. Rev. Nurs. Res. (2013) 31(1):47-69. doi: 10.1891/0739-6686.31.47

71. Evertsen ], Alemzadeh R, Wang X. Increasing incidence of pediatric type 1
diabetes mellitus in southeastern wisconsin: relationship with body weight at diagnosis.
PloS One (2009) 4(9):¢6873. doi: 10.1371/journal.pone.0006873

72. Patterson JK, Aziz A, Bauserman MS, McClure EM, Goldenberg RL, Bose CL.
Challenges in classification and assignment of causes of stillbirths in low- and lower
middle-income countries. Semin. Perinatol (2019) 43(5):308-14. doi: 10.1053/
j.semperi.2019.03.021

frontiersin.org


https://doi.org/10.2214/ajr.157.6.1950881
https://doi.org/10.1089/jwh.2005.14.248
https://www.acog.org/en/clinical/clinical-guidance/committee-opinion/articles/2017/05/methods-for-estimating-the-due-date
https://www.acog.org/en/clinical/clinical-guidance/committee-opinion/articles/2017/05/methods-for-estimating-the-due-date
https://www.acog.org/en/clinical/clinical-guidance/committee-opinion/articles/2017/05/methods-for-estimating-the-due-date
https://apps.who.int/iris/handle/10665/337693
https://apps.who.int/iris/handle/10665/337693
https://doi.org/10.1111/dme.14743
https://doi.org/10.2337/db22-1058-P
https://www.proquest.com/scholarly-journals/three-year-review-diabetic-ketoacidosis-pregnancy/docview/1911501281/se-2
https://www.proquest.com/scholarly-journals/three-year-review-diabetic-ketoacidosis-pregnancy/docview/1911501281/se-2
https://doi.org/10.1002/ijgo.14093
https://doi.org/10.33590/emjdiabet/10194487
https://doi.org/10.1210/clinem/dgac464
https://doi.org/10.1186/s41043-022-00281-2
https://doi.org/10.1007/s12325-021-01736-4
https://doi.org/10.3389/fendo.2020.592522
https://www.scribd.com/document/252323279/Diabetes-in-Pregnancy-Western-Cape-Guidelines
https://www.scribd.com/document/252323279/Diabetes-in-Pregnancy-Western-Cape-Guidelines
https://doi.org/10.1111/j.1464-5491.2008.02532.x
https://doi.org/10.7196/SAMJ.2017.v107i6.12043
https://www.taylorfrancis.com/books/9781003222590/chapters/10.1201/9781003222590-14
https://www.taylorfrancis.com/books/9781003222590/chapters/10.1201/9781003222590-14
https://doi.org/10.1111/1471-0528.14493
https://doi.org/10.1016/S2214-109X(18)30541-2
https://doi.org/10.1080/16089677.2017.1331652
https://doi.org/10.1001/archinte.1992.00400240090015
https://doi.org/10.1001/archinte.1992.00400240090015
https://doi.org/10.3389/fendo.2018.00109
https://doi.org/10.7196/SAMJ.2019.v109i12.13764
https://doi.org/10.7196/SAMJ.2019.v109i12.13764
https://doi.org/10.1186/s12889-022-12601-6
https://doi.org/10.1016/j.ajog.2014.01.044
https://doi.org/10.1371/journal.pone.0223888
https://doi.org/10.1046/j.1365-3016.1998.00116.x
https://doi.org/10.1186/s13098-022-00939-1
https://doi.org/10.4239/wjd.v2.i11.196
https://doi.org/10.2337/db07-0903
https://doi.org/10.1186/1758-5996-4-41
https://doi.org/10.3389/fcvm.2022.831297
https://doi.org/10.7570/jomes20130
https://doi.org/10.1007/s13300-020-00792-3
https://doi.org/10.1007/PL00012512
https://doi.org/10.2337/diacare.29.03.06.dc05-1118
https://doi.org/10.2337/dc07-0157
https://doi.org/10.1016/S0140-6736(94)92521-6
https://doi.org/10.1007/s00125-005-1690-x
https://doi.org/10.1007/s00125-005-1690-x
https://doi.org/10.1111/dme.14204
https://doi.org/10.1210/er.2017-00191
https://doi.org/10.1111/j.1464-5491.2010.03160.x
https://doi.org/10.1891/0739-6686.31.47
https://doi.org/10.1371/journal.pone.0006873
https://doi.org/10.1053/j.semperi.2019.03.021
https://doi.org/10.1053/j.semperi.2019.03.021
https://doi.org/10.3389/fcdhc.2023.1266017
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

	Pregnancy and diabetic ketoacidosis: fetal jeopardy and windows of opportunity
	Introduction
	Methods
	Study population
	Data collection
	Maternal demographics, anthropometry, and clinical outcome measures
	Characteristics of diabetic ketoacidosis events
	Delivery information
	Statistical analysis

	Results
	Maternal characteristics
	Characteristics of diabetic keto-acidosis events
	Pregnancy outcome

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


