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Summary

The Edmonton Obesity Staging System (EOSS) is a proposed clinical practice tool to
determine obesity severity. In a secondary analysis of the Pregnancy Exercise and
Research Study (PEARS) (a mobile-health-supported lifestyle intervention among preg-
nant women with body mass index [BMI] 225 kg/m?), we apply the EOSS and explore
relationships with pregnancy outcomes. In early (14-16 weeks) and late (28 weeks)
pregnancy, fasting lipids and glucose were measured, blood pressure was extracted from
medical records and maternal well-being was assessed using the WHO-5 Well-being
Index. Pearson's correlations, chi-square statistics and multiple logistic regression were
used to identify relationships. One-way analysis of variance was used to compare groups.
Pregnant women (n = 348) were mean (SD) age 32.44 (4.39) years and median (inter-
quartile range) BMI 28.0 (26.57, 29.88) kg/m?. Using metabolic criteria only, 81.9% and
98.9% had raised EOSS scores in early and late pregnancy. From early to late pregnancy,
EOSS scores increased by 60.1%. Of these, 10.5% experienced a 2-point increase, mov-
ing from stage O to stage 2. There was a potential relationship between early EOSS and
large for gestational age (v = 6.42, df (2), p = .04), although significance was lost when
controlled for confounders (p = .223) and multiple testing. Most women with BMI
>25 kg/m? had raised EOSS scores, limiting the clinical utility of the tool.

KEYWORDS
birth outcomes, cardiometabolic health, Edmonton Obesity Staging System, nutrition, obesity,
pregnancy

What is already known about this subject

e The Edmonton Obesity Staging System (EOSS) has been proposed as an adjunct to body
mass index to assess the severity of overweight or obesity and guide treatment prioritization.

o Outside of pregnancy, higher EOSS scores in people with obesity have been associated with increased
risk of adverse outcomes like postoperative complications and mortality after bariatric surgery.

e Pregnancy is associated with physiological changes in cardiometabolic factors but there is a

paucity of data on how these changes impact application of the EOSS in pregnancy.
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What this study adds

1 | INTRODUCTION
Obesity is recognized by the World Obesity Federation, the World
Health Organisation and others as a chronic, progressive, relapsing dis-
ease.! Potential obesity can be identified using body mass index (BMI)
230 kg/m?. The severity of obesity can be described using BMI classes,
namely class 1 or low-risk (30-34.9), class 2 or moderate risk (35-
39.9) and class 3 or high-risk obesity (240 kg/m?).2 Pre-pregnancy
overweight or obesity is common, affecting up to 42% of women in
the United States.® In pregnancy, a raised BMI is associated with
increased risk of adverse maternal and child outcomes.*® Women
with obesity require appropriate support and management to reduce
the risk of complications in pregnancy and beyond.” While useful on a
population basis, BMI does not provide insight into body composition,
an important predictor of health outcomes, or the impact of excess
adiposity on markers of health.2? The American Association of Clinical
Endocrinologists recommends the use of complication-based schema
to inform obesity management.1%11

The Edmonton Obesity Staging System (EOSS) is intended to pro-
vide clinically relevant insight into health-related risk for those with
obesity.!? It involves the classification of those with obesity into dis-
tinct groups based on their medical, psychological and functional
health status. Stage O is given when the individual has no signs of
obesity-related risk, stage 1 is given when there are subclinical risk
factors and stages 2-4 are given in the presence of established
obesity-related comorbidities. The tool was compared by its devel-
opers to the ‘tumour, node, metastasis’ system in oncology medi-
cine.1?1® Qutside of pregnancy, higher EOSS scores have been
associated with increased risk of postoperative complications and
mortality after bariatric surgery.!* A recent review of the evidence
suggests that EOSS scores may better predict health service usage
and treatment outcomes compared to BMI.1®

To date, only one study has been published using the EOSS in a
pregnant population. In this study of women attending for induction of
labour, the rate of caesarean delivery was higher in women with a BMI
225 kg/m? and stage 3 EOSS scores, compared to those in stage 2 and
below.*® In our study, we are the first to apply stage 0-2 EOSS to a
general pregnancy cohort of women with BMI 225 kg/m?, recruited as
part of a randomized controlled trial. The aim of this is to determine
the severity and change in EOSS scores in women with overweight or
obesity but otherwise healthy pregnancies. As a secondary aim, we
explore potential relationships between EOSS and pregnancy out-
comes. This will provide valuable information about the potential clini-

cal utility of the scheme in identifying risk during pregnancy.

o Most women with overweight or obesity present with clinical dyslipidaemia in early preg-
nancy that increases throughout gestation.

e Increased EOSS scores were mostly driven by total cholesterol above clinical cut-offs.

e In the current format and without data on advanced obesity-associated complications, use of
the EOSS is likely to be of limited value in the antenatal setting.

2 | MATERIALS AND METHODS

This is a secondary analysis of participants recruited as part of the Preg-
nancy Exercise and Nutrition Research Study (PEARS) trial which was con-
ducted between March 2013 and August 2016 at the National Maternity
Hospital in Dublin, Ireland. The study had institutional ethical approval
from the clinical research centre and written maternal consent. The PEARS
study (ISRCTN registry, https://www.isrctn.com/ [accessed 1/10/2021],
ISRCTN29316280) was a randomized controlled trial of a mobile-health
behavioural lifestyle intervention with smartphone app support to prevent
gestational diabetes mellitus (GDM) in a pregnant population with
overweight or obesity. Details of the study protocol and results have been
published previously.*”*8 In brief, women were randomized to the inter-
vention using computer-generated allocations in a ratio of 1:1 for usual
care versus intervention. The intervention involved a single education ses-
sion at the start of the study. This included advice on low glycaemic index
diets, delivered by a research dietitian or nutritionist. It also included an
exercise prescription of 30 min of physical activity for 5 days a week, given
by an obstetrician. This information was re-enforced through a specifically
designed smartphone application, fortnightly emails and two face-to-face
study visits, all underpinned by behaviour change theory. Women in the
control group were managed according to local and national guidelines and
the advice they received may have varied in relation to nutrition, physical
activity and gestational weight gain.” Women were screened for eligibility
at their first antenatal visit by reviewing their patient charts. Women were
eligible if they had a BMI between 25.0 and 39.9 kg/m?, singleton preg-
nancy, absence of previous GDM or any other medical illness requiring
treatment. The primary outcome was an oral glucose tolerance test to
diagnose GDM, according to the International Association of Diabetes in

Pregnancy Study Groups criteria at 28-30 weeks' gestation.'”

21 | Studysample
This study uses data from the PEARS trial (Figure 1).28 A total of 18 (9 in
the intervention and 9 in the control) of the 565 women included in the

original trial did not attend their first study visit.X®

Of the remaining
women, data were available for baseline blood pressure (n = 447),
fasting lipids (n = 505) and fasting glucose (n = 485). The sample in this
secondary analysis (n = 348) represents those women for whom data
were available in early pregnancy on all the cardiometabolic markers
needed for EOSS classification (n = 350), excluding one twin pregnancy
(n = 2 mother-child pairs) in the intervention group. More information

can be found in Figure 1, adapted from Kennelly et al.*®


https://www.isrctn.com/
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Enroliment in original PEARS

Assessed for efigibilty (n=1,856) inc. singleton pregnancy, <i6
trial weeks gestation and BMI assessment (25-39.9 kg/m?).

Excludad (n= 1,293)

Randomued (n=565S)

—

Aloation |

J

Allocated tointervention (n= 278)

Baselineg visit (inc. blood draw)

Standard antenatal care

Once-off “healthy ifestyle package”
Healthy eating and low- glycemicindex diet
education
Exercise prescription

Fortnightly email and mKealth app support

Allocated to control (n= 287)

Baszline visit (inc. blood draw)

Standard antenatal care (no conststent advike on
dizt, exercise, and weight gain).

Follow-Up (n=498) L

Attended late visit at 28 weeks (n=241) inc. blood
draw

Attended late visit at 28 weeks (n=257) inc. blood
draw

[ Current analysis (n=348) ]

Intervention {n=171) had full metabolic data in
early pregnancy to calkulate their Edmonton
obesity staging system score

n=145 hadwelibzing data in early pregnancy.

FIGURE 1 Flow chart of study and details of study sample

2.2 | Data collection

2.2.1 | Maternal characteristics
All women had their height and weight measured by a healthcare pro-
fessional at their first antenatal visit, at approximately 10-16 weeks

gestation. Maternal weight was measured to the nearest 0.1 kg with

Control (n=177) had full metabolic data in early
pregnancy to cakulate their Edmonton obesity
st3ging system score, and 3 fasting glucose in late

pregnancy.

n=145 hadwellbzing data in early pregnancy

the mother in light clothing, using a SECA weighing scales (SECA
GmbH & Co. KG, Hamburg, Germany). Maternal height was measured
to the nearest 0.1 cm, using a wall-mounted stadiometer, after
removal of footwear. Maternal height and weight were used to calcu-
late BMI. Demographic information collected at the baseline visit
included maternal age, ethnicity, parity, and smoking status. Highest

level of educational attainment was assessed through a questionnaire
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at the baseline visit, in which there were six options. The options
ranged from ‘completed no schooling’ to ‘completed third level’. Eco-
nomic advantage was assessed using the Pobal Haase-Pratschke
(HP Pobal) Deprivation Index, a neighbourhood deprivation score
based on Irish census data that considers the relative advantage or
disadvantage of the mothers' location of residence.'”?° Women were
classified as ‘above’ or ‘below’ average economic advantage using HP
Pobal scores greater than or less than one. A composite measure for
socioeconomic status was created based on maternal education (com-
pleted third-level education yes/no) and estimated economic advan-
tage (economic advantage or disadvantage) using the method
described by O'Brien et al. A four-level categorical variable was cre-
ated ranging from ‘economic disadvantage and did not complete third
level’, ‘economic disadvantage and completed third level’, ‘economic
advantage and did not complete third level’ and ‘economic advantage
and completed third level’.2* This variable was further classified into
socioeconomically advantaged (yes/no). Women classified as ‘eco-
nomically disadvantaged and did not complete third level’ were
assigned a ‘no’ scoring while all other forms of advantage were classi-

fied as ‘yes’.

222 | Cardiometabolic markers

Blood samples were collected at the baseline visit and the study
follow-up (28 weeks) after an overnight fast of at least 8 h. At the
shortest possible interval post venepuncture, blood samples were cen-
trifuged at 3000 rpm for 10 min, and the aliquots were stored at
—80°C, pending analysis. Glucose was analysed using the AU680
Chemistry analyser (Beckman Coulter Inc., High Wycombe, UK) and
the hexokinase method. Total cholesterol, high-density lipoprotein
(HDL) cholesterol and triglyceride concentrations were analysed on a
Roche Cobas 702 analyser (Roche Diagnostics). Low-density lipopro-
tein (LDL) cholesterol was estimated using the Friedewald equation.??

Blood pressure was extracted from antenatal medical records. Average

Stage O Stage 1
Glucose (mmol/L) <5.6 5.6-6.9
Triglyceride (mmol/L) <1.7 1.7-2.26
Total cholesterol (mmol/L) <5.2 5.2-6.1
LDL cholesterol (mmol/L) <3.3 >3.3
HDL cholesterol (mmol/L) >1.6 <1.6
Systolic blood pressure (mmHg) <130 130-140
Diastolic blood pressure (mmHg) <85 85-90
WHO 5 Well-being score 213 <13

systolic and diastolic values over the early (10-16 weeks gestation)
and late (28 weeks) study periods were calculated to allow for EOSS

classification.

2.2.3 | Maternal well-being

Maternal well-being was assessed in early (14-16 weeks) and late
(28 weeks) pregnancy using the World Health Organisation (WHO)-5
Well-being Index.?® Participants were asked to answer five distinct
questions on their well-being in the previous 2 weeks. The questions
ask how frequently the participant (1) ‘felt cheerful and in good
spirits’, (2) ‘felt calm and relaxed’, (3) ‘felt active and vigorous’,
(4) ‘woke up feeling fresh and rested’ and (5) ‘felt their daily life has
been filled with things that interest’ them. There were six possible
answers on the Likert scale, gaining from O to 5 points per question.
The highest scoring response is ‘all of the time’ which gains five
points, followed in descending order by ‘most of the time’, ‘more than
half the time’, ‘less than half the time’, ‘some of the time’ and ‘at no
time’. The scores for each of the five questions were added together,
resulting in a total score that could range from O (lowest possible well-
being) to 25 (highest possible well-being). The raw scores were multi-
plied by 4 to create a percentage. A score below <13 suggests
reduced well-being while a score less than <7 suggests potential

depression.?4-2¢

2.3 | Application of the EOSS

Firstly, cardiometabolic markers were used to classify women into no
risk (stage 0), some risk (stage 1) and higher risk (stage 2) (Table 1).
Different cut-offs have been used for the individual cardiometabolic
markers in the EOSS across a variety of studies, as detailed in the
recent review by Atlantis et al.'® In the only study to apply the EOSS
in pregnancy to date, women were classified as having an EOSS score

TABLE 1 Individual criteria used for
application of the Edmonton Obesity
>6.9 Staging System (EOSS)

>2.3

>6.1

>4.2

<10
>140
>90
<7

Stage 2°

Note: EOSS stage 1 or 2 is given if the individual has any one or more criteria in line with the
corresponding cut-offs. Early pregnancy EOSS scores used all variables in the table while late pregnancy
EOSS included triglyceride concentrations, total cholesterol, LDL cholesterol, HDL cholesterol, systolic

blood pressure, diastolic blood pressure and WHO 5 Well-being score only.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; WHO, World Health

Organisation.

A diagnosis of PIH, PET or GDM also resulted in a stage 2 EOSS score in late pregnancy.



KILLEEN ET AL.

_WI ]_Eyjf’;f13

of 1 in the presence of subclinical cardiometabolic risk factors associ-
ated with obesity, namely borderline hypertension not requiring medi-
cal therapy, impaired glucose tolerance or abnormal gestational
diabetes screen; however, no specific cut-offs were provided.16 As
pregnancy or female-specific cut-offs are yet to be established in the
context of the EOSS, we selected the biochemical cut-offs used by
Canning et al.»>?” The criteria used to apply the EOSS in early preg-
nancy included fasting glucose, total cholesterol, LDL cholesterol,
HDL cholesterol and triglyceride (Table 1). Higher EOSS scores indi-
cate greater metabolic derangement. An EOSS score of O was
assigned if all the cardiometabolic markers were within the cut-offs.
We did not apply high risk or end-stage criteria (EOSS stages 3 and 4)
to this cohort as the presence of known conditions such as angina
pectoris, myocardial infarction, heart failure or type 2 diabetes were
exclusion criteria for trial.?”?® Women with a well-being score <13
were given an EOSS score of 1 and those with <7 were given a score
of 2 (Table 1). In late pregnancy, the same criteria were used except
for fasting glucose as this was not available at 28 weeks because an
oral glucose tolerance test was measured at this time instead.'® As
detailed above, GDM was identified at 28-30 weeks gestation, using
the criteria of the International Association of Diabetes in Pregnancy
Study after an oral glucose tolerance test.’” Pregnancy-induced
hypertension or pre-eclampsia was identified from medical records. A
diagnosis of GDM, pregnancy-induced hypertension or pre-eclampsia
resulted in a late pregnancy stage 2 EOSS score, as described by
Demsky et al.*® We did not have data available on obesity-associated
functional complications or other conditions such as kidney disease,

so these were not included in the scoring.

24 | Outcomes

The primary outcome in this study is EOSS score in early and late preg-
nancy. Secondary outcomes included gestational weight gain, mode of
delivery, birthweight, birth length, head circumference and a variety of
categorical outcomes including pre-term delivery (<37 weeks gestation),
small for gestational age (SGA) (birthweight <10th centile), large for ges-
tational age (LGA) (birthweight >90th centile), macrosomia (birthweight
>4000 g) and low birthweight (<2500 g). Data on neonatal outcomes
were retrieved from medical records.

2.5 | Statistical analysis

Categorical variables are presented as number and frequency (%).
Continuous variables were assessed for normality through visual
inspection of histograms, the Kolmogorov-Smirnov test for normality,
and inspection of descriptive data including the mean, median and
skewness. All non-normally distributed data were log!® transformed
for regression analysis. Continuous variables are presented as
mean (standard deviation) if they are normally distributed or median
and interquartile range (25th, 75th centile) for skewed data. Compari-
son statistics were generated through independent sample t-tests.

OBESITY

Chi-square (;(2) tests were used to compare categorical variables. For
comparison of categorical variables across EOSS stages, sub-effect
testing was completed post hoc to determine the differences in the

2 x 3 table. Fishers' exact tests were used when expected cell count

TABLE 2 Maternal and infant characteristics in the PEARS
study (n = 348)

n Mean (SD)

Age (years) 347 32.4(4.4)
Body mass index (kg/m?)* 348 28.0 (26.6, 29.9)
Body mass index category (n, % 348 84 (24.1)
obesity)
Ethnicity (n, % White) 338 320 (94.7)
Education (n, % completed third 337 208 (61.7)
level)
Smoking in early pregnancy (n, % 300 13 (4.3)
current)
Parity (n, % 1 or more) 348 163 (46.8)
Socioeconomic status (n, % above 348 250 (71.8)
average advantage)
Study group (n,% intervention) 338 165 (49.4)
Early glycaemic index* 275 58.4 (55.3, 62.0)
Late glycaemic index* 220 57.2 (54.1, 60.2)
Early glycaemic load* 275 129.0 (109.8, 150.6)
Late glycaemic load* 220 121.6 (99.3, 142.6)
Early exercise (Mets)* 301 459.0 (198.0, 787.5)
Late exercise (Mets)* 233 495.0 (198.0, 699.0)

Maternal outcomes

Gestational diabetes (n, %) 317 42 (13.2)

Pre-eclampsia or pregnancy-induced 314 22 (7.0)
hypertension (n, %)

Mode of delivery (n, % caesarean 344 92 (26.7)
delivery)

Infant outcomes

Infant sex (% male) 340 84 (24.1)

Birthweight (g) 344  3640.2 (553.5)

Low birthweight (% <2500 g) 344 9 (2.6)

Macrosomia (% >4000 g) 344 78 (22.7)

Small for gestational age (n, % <10th 322 24 (7.5)
centile)

Large for gestational age (n, % >90th 322 35(10.9)
centile)

Placental weight (g) 303 661.1 (143.9)

Birth length (cm) 317 51.2 (2.4)

Head circumference (cm)* 312 35.2(34.3, 36.0)

Gestational age at delivery (days)* 342 284.0 (275.0, 288.0)

Preterm birth (n, % <37 weeks) 342 15 (4.4)

Note: Continuous data are presented as mean * standard deviation (SD)
unless “** which is median (interquartile range). Early refers to data
collected between 14 and 16 weeks and late refers to data collected at
28 weeks' gestation.

Abbreviation: Met, metabolic equivalent of task.



KILLEEN ET AL.

s | WILEY_SEEaiTy

assumptions were violated. Pearson's correlations were used to assess
relationships between variables. Any analysis that was suggestive for
a relationship (p < .05) was investigated in multiple logistic or linear
regression models for categorical or continuous outcomes respec-
tively. The first model was single variable regression followed by two
models with a forced entry approach for potential confounders, cho-
sen a priori. The second model included maternal age, maternal base-
line BMI (230 kg/m? yes/no), and study group (intervention yes/no).
The third model additionally included parity (one or more previous
pregnancies yes/no), ethnicity (White yes/no), smoking in early preg-
nancy (current smoker yes/no) and maternal socioeconomic status
(composite score based on education and economic advantage). Sta-
tistical analysis was performed using IBM Statistical Package for Social
Sciences software for Windows, version 26.0 (SPSS Inc., Chicago, IL).
All analyses were performed with pairwise deletion of missing vari-
ables. We applied the Benjamini-Hochberg correction for multiple
testing with a false discovery rate of 0.20, which is appropriate to sup-
port hypothesis generation. At first, p values <.05 were considered
statistically significant. These values were compared to their
corresponding g value to determine significance when adjusted for

multiple comparisons.

3 | RESULTS

3.1 | Maternal characteristics

Table 2 includes the demographics of the cohort (n = 348). Median
(interquartile range) BMI was 28.0 (26.57, 29.88) kg/m? and mean
(SD) age was 32.44 (4.39) years. Approximately a quarter (24.1%) of
the sample had obesity. There was no difference in metabolic EOSS
scores in early (p = .436) or late (p = .907) pregnancy between

women with and without obesity. There were also no differences in
early (p = .877) or late (p = .580) pregnancy when well-being was
added to the criteria (Figure 2).

3.2 | Application of the EOSS in early and late
pregnancy

Using the metabolic criteria only, 285 (81.9%) had a raised EOSS score
(=1) in early pregnancy, while 273 (98.9%) had an EOSS score 21 in
late pregnancy. Of these, 113 (32.5%) had stage 2 EOSS scores in
early pregnancy, while 244 (88.4%) had an EOSS score of 2 in late
pregnancy (see Table 3). In early and late pregnancy, the most com-
mon factor resulting in a stage 21 score was a total cholesterol level
>5.2 mmol/L. The next most common value resulting in raised EOSS
classification was a reduced HDL cholesterol. Of those with available
data, the majority had a high well-being score (>13) in early
(n = 206/291, 70.8%) and late pregnancy (n = 1984/223, 82.5%).
A well-being score <7, which is suggestive of potential mental health
disorder such as depression, was found in 8 (2.7%) women in early

and 6 (2.7%) in late pregnancy.

3.3 | Change in EOSS throughout gestation

Out of the 276 women who had metabolic EOSS criteria in early and
late pregnancy, two women (0.7%) experienced a reduction in their
EOSS score over time. Using the metabolic criteria, over half (n = 166,
60.1%) experienced an increase in their EOSS score. Most of these
women (n = 137, 49.6%) experienced a one-unit increase while
29 (n = 10.5%) women experienced a 2 unit increase in score, moving

from stage O to stage 2. There were no differences in the change in

Edmonton Obesity Staging System (EOSS) score in women with overweight or obesity
in early and late pregnancy

100
90

o o

Percentage of women
[¢)]
o

o

fl_L” lll“

m\Women with overweight (early pregnancy)

m\Women with overweight (late pregnancy)
Women with obesity (early pregnancy)

m\Women with obesity (late pregnancy)

EOSS EOSS EOSS EOSS EOSS EOSS
Stage 0 Stage 1 Stage 2 Stage 0  Stage 1 Stage 2
(metabolic) (metabolic) (metabolic) (metabolic (metabolic (metabolic
and well- and well- and well-
being) being) being)

Edmonton Obesity Staging System (EOSS) Score

FIGURE 2

Edmonton Obesity Staging System (EQSS) score in early and late pregnancy by maternal body mass index
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TABLE 3 Edmonton Obesity Staging
System in early and late pregnancy

OBESITY

Early pregnancy

_WI ]_Eym

Late pregnancy?®

n n (%) n n (%)
EQOSS stage 0 (metabolic only) 348 63 (18.1) 276 3(1.1)
EOSS stage 1 (metabolic only) 348 172 (49.4) 276 29 (10.5)
EOSS stage 2 (metabolic only) 348 113 (32.5) 276 244 (88.4)
EOSS stage 0 (metabolic and well-being) 291 36 (12.4) 189 2(1.1)
EOSS stage 1 (metabolic and well-being) 291 154 (52.9) 189 21 (11.1)
EOSS stage 2 (metabolic and well-being) 291 101 (34.7) 189 166 (87.8)
Triglyceride <1.7 mmol/L 348 276 (79.3) 293 85 (29.0)
Triglyceride 1.7-2.3 mmol/L 348 56 (16.1) 293 114 (38.9)
Triglyceride >2.3 mmol/L 348 16 (4.6 293 94 (32.1)
Total cholesterol <5.2 mmol/L 348 144 (41.4) 293 22 (7.5)
Total cholesterol 5.2-6.1 mmol/L 348 28 (36.8) 293 54 (18.4)
Total cholesterol >6.1 mmol/L 348 76 (21.8) 293 217 (74.1)
LDL cholesterol <3.3 mmol/L 348 195 (55.5) 293 52(17.7)
LDL cholesterol 3.3-4.2 mmol/L 348 110 (31.6) 293 75 (25.6)
LDL cholesterol >4.2 mmol/L 348 45 (12.9) 293 166 (56.7)
HDL cholesterol >1.6 mmol/L 348 171 (49.1) 293 107 (36.5)
HDL cholesterol 1-1.6 mmol/L 348 137 (39.4) 293 114 (28.9)
HDL cholesterol <1 mmol/L 348 40 (11.5) 293 72 (24.6)
Systolic blood pressure < 130 mmHg 348 335(96.2) 334 315 (94.3)
Systolic blood pressure 130-140 mmHg 348 10 (2.9) 334 19 (5.7)
Systolic blood pressure >140 mmHg 348 3(0.9) 334 0(0)
Diastolic blood pressure <85 mmHg 348 334 (98.9) 334 330 (98.8)
Diastolic blood pressure 85-90 mmHg 348 4(1.1) 334 4(1.2)
Diastolic blood pressure >90 mmHg 348 0(0) 334 0(0)
Fasting glucose <5.6 mmol/L 348 345 (99.1) -
Fasting glucose 5.6-6.3 mmol/L 348 3(0.9) -
Fasting glucose >6.3 mmol/L 348 0(0) -
WHO-5 Well-being score >13 291 206 (70.8) 223 184 (82.5)
WHO-5 Well-being score 7-13 291 77 (26.5) 223 33(14.8)
WHO-5 Well-being score <7 291 8(2.7) 223 6(2.7)

Note: Early pregnancy refers to data collected at 14-16 weeks gestation while late pregnancy refers to
data collected at 28 weeks. For each parameter, variables are presented in descending order, with criteria
for EOSS stage O presented first, followed by stage 1, and then stage 2.

Abbreviations: EOSS, Edmonton Obesity Staging System; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; WHO, World Health Organisation.

?In late pregnancy, stage 2 was given if gestational diabetes, pregnancy-induced hypertension, or pre-

eclampsia was diagnosed.

EOSS metabolic (Fisher's exact statistics 2.06, p = .604), or EOSS met-
abolic and well-being (Fisher's exact statistics 1.53, p = .782) scores

between the intervention and control group.

3.4 | Pregnancy outcomes according to
EOSS score

In un-adjusted, chi-square testing, data were suggestive of a rela-

tionship between early pregnancy metabolic EOSS scores 22 and

incidence of LGA (;(2 = 6.42, df (2), p = .04, g = 0.01) (Table 4). The
relationship between maternal metabolic EOSS scores in early preg-
nancy and LGA was also seen in unadjusted, singe variable binary
logistic regression, where each one-unit increase in EOSS score was
associated with increased odds of delivering an LGA infant
(OR = 1.72, 95% Cl 1.00, 2.96, p = .049). This did not survive adjust-
ment for multiple comparisons (g = 0.017). The significance of the
relationship between EOSS score and LGA was lost when controlled
for confounders (model 2 p = .060, model 3 p = .223). In model 3, the
OR for EQSS stage 1 was 0.82 (95% Cl 0.24, 2.80, p = .821) and the
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OR for stage 2 was 1.74 (95% Cl 0.51, 5.94, p = .374). There were no
other statistically significant differences in pregnancy outcomes based
on EOSS scores in early pregnancy, using either the metabolic only (all
p values >.05) (Table 4) or metabolic and well-being values (all
p values >.05). In late pregnancy, there were also no additional statisti-
cally significant relationships with pregnancy outcomes, using both
criteria (all p values >.05).

As a sub-analysis, the incidence of LGA births was compared in
women with raised EOSS scores =1 (n = 30, 11.3%) versus EOSS
scores of zero (n = 5, 8.8%) and no statistically significant difference
was seen (y? = 0.32, df (1), p = .575). When women with EOSS stage
2 were compared to women with stage <1, the proportion of women
delivering an LGA baby was significantly higher for women with high
risk (stage 2 metabolic) EOSS in early pregnancy (n = 18, 17.1%) ver-
sus those with some or no risk (stage <1) (n = 17, 7.8%), ;(2 = 6.330,
df (1), p = .012. The significance of this finding was lost when con-
trolled for multiple comparisons (g = 0.003). Using a categorical vari-
able of EOSS score 22, the odds of delivering an LGA infant increased
when controlled for model 2 confounders (maternal age, study group
and BMI) (OR = 2.39, 95% CI 1.15, 4.95 p = .019) but significance
was lost when controlled for all confounders (model 3) including eth-
nicity, parity, socioeconomic status and smoking (OR = 2.03, 95% Cl
0.90, 4.55, p = .087). There was no statistically significant difference
in the proportion of women delivering an LGA infant across metabolic
EOSS groups in late pregnancy (Table 4). The relationship between
early EOSS score and LGA was not significant when well-being was
included (Fisher's exact statistics = 4.23, p = .114). Grouping women
based on early EOSS metabolic and well-being stage 2 (n = 15,
16.0%) or below (n = 15, 8.5%) was also not statistically significant
(2 = 3.49, df (1), p = .062).

4 | DISCUSSION

41 | Main findings

Most women (81.9%) had adverse cardiometabolic profiles in early
pregnancy, resulting in EOSS scores 21. Over half (60.1%) experi-
enced an increase in their EOSS scores throughout gestation and
10.5% moved from EOSS stage O to 2. In late pregnancy, 98.9% of
women had a score 21. Raised EOSS scores were driven mostly by
cholesterol. Adding well-being to the scoring criteria categorized a
greater number of women with higher EOSS in early pregnancy
(87.6%) but the proportion of women with raised scores in late preg-
nancy was similar (98.9%). There was no impact of the PEARs inter-
vention on EOSS values. In early pregnancy, data were suggestive of a
relationship between EOSS and LGA, but significance was lost when
controlled for all confounders and adjusted for multiple comparisons.
On sub-analysis, the potential relationship between EOSS and LGA
appeared due to EOSS stage 2 scores; however, this relationship also
did not survive adjustment for multiple comparisons. No relationships
with pregnancy or birth outcomes were found for late pregnancy,

using any criteria.

OBESITY

4.2 | Interpretation

Qutside of pregnancy, the EOSS has shown some promise in
predicting adverse outcomes such as increased mortality and risk of
postoperative complications after bariatric surgery.'* Using data from
individuals with a BMI 225 kg/m? in the National Health and Human
Nutrition Examination Surveys up to 2006, those with EOSS stage
2 had higher mortality compared to those with 0 or 1.2® The impact of
higher EOSS scores was also seen in the study by Kuk et al., in which
they found an increased risk of mortality in data from 29 000 partici-
pants in the Aerobics Center Longitudinal Study, with EOSS stage
2 but not stage 1 obesity.? In some studies, the predictive value
appears to be greater with increasing EOSS stages (i.e. stages 3 and
4). These are applied when the individual has advanced obesity-
associated conditions such as established organ damage, significant
psychopathology or functional impairments.'* The stronger associa-
tions between late EOSS stages and adverse outcomes may be due to
the high prevalence of metabolic derangement in people with obesity,
limiting the difference in individuals when comparing lower stages.
Kuk et al. found that out of 54 089 men and women with a BMI
230 kg/m?, only 5.8% had healthy cardiometabolic values using their
cut-offs.3°

In our study, unadjusted analyses were suggestive of a relation-
ship between raised EOSS scores and LGA. Sub-analysis suggested
that this was driven by stage 2, but significance was lost when con-
trolled for multiple testing. Categorization of women with raised EOSS
scores was mostly driven by cholesterol. A recent observational study
of over 500 pregnant women found an association between maternal
lipids and LGA, independent of BMI and GDM.3! Only one other
study has explored the role of EOSS in pregnancy. Demsky et al.
applied the EOSS to 345 women attending for induction of labour.
They found the overall rate of caesarean delivery was 35.8%, 29.9%,
43.2%, and 90.5% for women assigned an EOSS category 0, 1, 2, and
3, respectively.'® We did not find an association with caesarean deliv-
ery, but like our study, their data suggest the predictive value of EOSS
is most evident at later EOSS stages. In the absence of data on
advanced obesity-associated co-morbidities to allow for stage 3 or
4 classification, our study suggests EOSS stage 0-2 may not be useful
in predicting outcome due to the large proportions of women classi-
fied as stage 1 or 2.

Pétursddttir Maack et al. assessed the predictive value of meta-
bolically healthy versus unhealthy categorization on the risk of compli-
cations in 2849 women with overweight or obesity in pregnancy.®?
Criteria included systolic blood pressure >130 mmHg; diastolic blood
pressure >85 mmHg, random glucose >6.8 mmol/L or apolipoprotein
B/apolipoprotein Al (apo B/apo A1) ratio >0.8.52 The risk of at least
one obesity-associated obstetric or perinatal complications (one or
more of GDM, pre-eclampsia, pregnancy-induced hypertension, pre-
term birth, post-partum haemorrhage, SGA, LGA and asphyxia) was
1.49 times higher (95% CI 1.03-2.15) in women with metabolically
unhealthy versus healthy obesity.3? As they are related to car-
diometabolic markers in the EOSS, we included GDM, PET and PIH in
the scoring criteria rather than assessing them as pregnancy outcomes
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associated with EOSS. According to their criteria, 181 (33.1%) were
classified as metabolically unhealthy. This contrasts with the present
study, in which 81.9% had raised EOSS scores in early pregnancy. The
higher proportion of women with metabolically unhealthy obesity in
our study may explain the limited predictive value found. Of note, the
factors considered in the metabolic profiling differed from that of the
EQOSS as there were only four criteria, none of which included choles-
terol. Flanagan et al. grouped women with obesity based on their met-
abolic profiling and compared infant anthropometric measures.
Although the sample size was small, including only 13 women in the
metabolically healthy group and nine in the metabolically unhealthy
group, they found higher birthweight and infant adiposity in the meta-
bolically unhealthy group.®® They classified women as metabolically
unhealthy if they had two or more of the following, systolic blood
pressure >130 mmHg or diastolic blood pressure >85 mmHg, HDL
cholesterol <50 mg/dl, LDL cholesterol 2100 mg/dl, triglycerides
2150 mg/dl, and glucose 2100 mg/dl. The metabolically healthy group
had none of these factors. While this study had more scoring criteria
including LDL and HDL cholesterol, it did not include total cholesterol
in their scoring.®®

We found that the main driver of higher EOSS score was total cho-
lesterol and its' inclusion in the scoring system may have limited its'
potential in stratifying risk of adverse outcomes. Potter and Nestel
found cholesterol levels increased by 50% throughout gestation.*
Given the high levels of cholesterol expected during pregnancy, future
work could consider the use of alternative scoring tools, such as varying
criteria that do not include total cholesterol. This includes the criteria for
the metabolic syndrome or the cardiometabolic disease staging sys-
tem. 222835 This is further supported by evidence suggesting that high
triglycerides and low-HDL increase LGA.2¢ Although others have found
that pre-pregnancy BMI and gestational weight gain are greater drivers
of this relationship compared to cardiometabolic profiles.>”

Most women experience cardiometabolic change throughout ges-
tation, including increased total cholesterol, LDL cholesterol and tri-
glycerides and reduced HDL cholesterol.>® Some data suggest that
increases in cholesterol occur from the second trimester onwards
while others have found higher median cholesterol in all trimesters
compared to pre-pregnancy values.>*3?° |n early pregnancy, 81.9%
of women in our study had some degree of dyslipidaemia. This
increased to 98.9% in late pregnancy. Although increases in car-
diometabolic factors are expected in pregnancy, reaching high values
may increase the risk of post-partum dyslipidaemia. In women with a
history of GDM, LDL cholesterol levels >3.56 mmol/L in the second
trimester were associated with increased risk of dyslipidaemia at 6-
12 weeks post-delivery.** Darmady and Postle found cholesterol
levels remained elevated up to 36 weeks post-partum.3’ The degree
of change experienced may also influence associations with out-
comes. In a prospective study of 575 women, Bever et al. found a
10 mg/dL increase in triglycerides from preconception to 28 weeks
was associated with increased odds of LGA and a 10 mg/dL decrease
was associated with reduced odds of SGA and LGA.*? On this basis,
more research on the extent of cardiometabolic changes experienced

in pregnancy is warranted.

A recent systematic found that a low glycaemic index/load die-
tary pattern is associated with reduced fasting glucose, LDL choles-
terol, Apo B triglycerides and systolic blood pressure, in adults with
type two diabetes and a raised BMI.*® Cha et al. found that adoles-
cents with higher modified-EOSS scores reported lower diet quality
that those with lower risk factors. In addition, those with a modified-
EOSS score of zero reported greater percentage energy from protein
consumption.***5 While previous studies found the PEARS interven-
tion group had lower dietary glycaemic load and higher protein intake
compared to the control group, we did not find a difference in EOSS
scores in early to late pregnancy based on the study group.®4¢ Inter-
ventions to promote a more favourable cardiometabolic profile in
women during preconception may therefore prove more efficacious in

ensuring healthier levels during pregnancy and post-partum.4”-5°

4.3 | Strengths and limitations

Our study takes a novel and pragmatic approach to exploring the car-
diometabolic changes experienced in pregnancy by tracking women
against clinically relevant cut-offs for dyslipidaemia, rather than com-
paring raw values. Pregnancy-specific cut-offs for cardiometabolic
parameters have not yet been developed.’¢ The American Heart
Association, the American College of Cardiology and others advocate
for the use of sex-specific considerations in cardiovascular risk assess-
ments.>? A relevant core outcome set is the Core Outcome Set for
Studies on Obesity in Pregnant Patients, and this project highlighted a
need for greater measurement of outcomes relating to emotional
functioning.>27>% Use of a validated and internationally relevant ques-
tionnaire to assess well-being allows for meaningful comparison with
the literature and addresses gaps in EOSS studies and pregnancy obe-
sity that did not consider mental health.® Use of the Benjamini-
Hochberg adjustment for multiple comparisons adds statistical rigour
to the data.>® This study is not without limitations. Selection of
women with sufficient criteria for EOSS classification may introduce
selection bias. We did not have sufficient data to allow for application
of the functional aspect of EOSS, or application of stage 3 or 4 EOSS.
Other studies in non-pregnant individuals have used functional limita-
tion and activities of daily living in the functional assessment but
interpretation of this may be difficult in pregnancy due to the associ-
ated functional decline throughout gestation, especially for those with
obesity.*357°8 This was an exploratory analysis of data collected as
part of a randomized controlled trial, and it is possible that our study
did not have statistical power to find differences in pregnancy out-
comes. Regardless, the spread of EOSS stages in our cohort does not
support application in its current format for the purpose of treatment

prioritization.

5 | CONCLUSION

Most women with overweight or obesity have raised EOSS scores in

early pregnancy, and EOSS score did not predict pregnancy outcomes.
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Efforts to improve cardiometabolic health in women with BMI

>25 kg/m? before pregnancy are warranted.
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