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Contribution
What are the novel findings of this work?

In a graphical causal inference model, maternal body mass index (BMI), cardiac output and
pulse wave velocity positively influence neonatal birthweight. Among women with
gestational diabetes the relationship between hemodynamics and birthweight is similar,

although only the relationship between BMI and birthweight reaches statistical significance.
What are the clinical implications of this work?

Fetal growth restriction occurring in pregnancies complicated by gestational diabetes may

indicate underlying maternal cardiovascular dysfunction.



Abstract:
Objectives

Normal pregnancy is characterised by significant changes in maternal hemodynamics which
correlate with fetal growth. Pregnancies complicated by gestational diabetes (GDM) are
associated with large for gestational age (LGA) and macrosomia, but the relationship between
maternal hemodynamic parameters and birthweight among women with GDM is yet to be
established. Our objective was to investigate the influence of maternal hemodynamics on

neonatal birthweight in healthy pregnancies and those complicated by GDM.

Methods

We conducted a prospective cross-sectional case controlled study. GDM was defined as a
fasting glucose 25.3mmol/L, and/or serum glucose of 27.8mmol/L 2 hours following a 75g oral
glucose load. Data were collected on maternal characteristics and pregnancy outcomes,
including body mass index (BMI) and birth weight centile, adjusted for gestation at delivery.
Maternal hemodynamics were assessed using the Arteriograph® and bioreactance techniques
at 34-42 weeks gestation. Graphical causal inference methodology was used to identify

causational effects of the measured variables on neonatal birthweight centile.

Results

141 women with GDM and 136 normotensive non-diabetic controls were included in the
analysis. 62% of the women with GDM were managed pharmacologically, with metformin
and/or insulin. Variables included in the final model were cardiac output (CO), mean arterial
pressure (MAP), total peripheral resistance (TPR), aortic augmentation index (Alx), pulse wave
velocity (PWV) and BMI. Among controls, maternal BMI, CO and aortic PWV were significantly
associated with neonatal birthweight. Each standard deviation increase in BMI, CO and PWV
produced an increase of 8.4 (p=0.002), 9.4 (p=0.008) and 7.1 (p=0.017) birth weight centiles,
respectively. We found no significant relationship between MAP, TPR or aortic Alx and

neonatal birthweight.



Among the women with GDM, maternal hemodynamics influenced neonatal birth weight in
a similar manner to the control group. Only the relationship between maternal BMI and
neonatal birthweight reached statistical significance, with a 1 standard deviation increase in

BMI producing a 6.1 centile increase in the birthweight (p=0.019).

Conclusions

Maternal BMI, CO and PWV were determinants of birthweight in our control group. The
relationship between maternal hemodynamics and neonatal birthweight is similar between
women with GDM and healthy controls. Our findings demonstrate that FGR in pregnancies
complicated by GDM may indicate maternal cardiovascular dysfunction. The differences
between our findings and that of previous work could be reconciled by a non-linear

relationship between MAP and neonatal birthweight, which warrants further investigation.



INTRODUCTION

Normal pregnancy is characterised by an increase in maternal cardiac output (CO)* 2, and a
decrease in mean arterial pressure (MAP)?, total peripheral resistance (TPR)Y 2 and central
arterial stiffness (AS)> #. These changes to the maternal cardiovascular system sustain the

increasing utero-placental perfusion and are closely related to fetal growth.

The majority of research in this area has focused on the difference in cardiovascular
adaptation between changes in healthy pregnancies, compared to those with restricted fetal
growth. Pregnancies complicated by fetal growth restriction (FGR) or small for gestational age
(SGA) are characterised by a lower maternal CO> ¢, and a higher TPR>”, aortic augmentation
index (Alx)>® 2 and pulse wave velocity (PWV)>1°, compared to those with normal neonatal
birthweight. Pregnancies complicated by hypertensive disorders are also well known to be

associated with FGR1 12,

In comparison, the volume of work which has studied maternal hemodynamics across the full
spectrum of fetal growth, including pregnancies delivering large for gestational age (LGA), as
well as SGA infants, is much smaller. One study has shown neonatal birthweight to have a
positive relationship with maternal CO, and a negative linear correlation with TPR and MAP*3,
Two smaller studies, each with 50 subjects, have reported a negative association between

birthweight and aortic Alx**and PWV?*>,

In contrast to hypertensive disorders, pregnancies complicated by gestational diabetes
mellitus (GDM) are associated with increased fetal growth, and GDM is considered an
independent risk factor for macrosomial®. However, the relationship between maternal
hemodynamics and neonatal birthweight in pregnancies complicated by GDM is yet to be

explored.

Finally, whilst there is some evidence in the literature to describe the relationships between
fetal growth and maternal cardiovascular parameters in non-diabetic populations, the study
designs and statistical methods employed can only conclude association, but not causality.
Causal inference is a statistical technique which utilises domain expertise, often in the form

of direct acyclic graphs (DAGs), in order to draw causal rather than associational conclusions.



This method is increasingly being used to handle observational data, for studies attempting

to prove hypotheses for which a randomised controlled trial is not feasible’.

The aim of this pilot study therefore was to investigate the influence of maternal
hemodynamics on neonatal birthweight in healthy pregnancies, compared to those
complicated by GDM, using a graphical causal inference methodology. The null hypothesis
was that maternal hemodynamic variables would not significantly impact neonatal

birthweight.



METHODS

We conducted a prospective cross sectional case controlled study of maternal hemodynamics
in the late third trimester amongst women attending the antenatal clinic, and subsequently
delivering, at the Leicester Royal Infirmary. Participants were identified from women
recruited to a larger study of longitudinal maternal haemodynamics between January 2016
and February 2021. Ethical approval was obtained from the East Midlands Research Ethics
Committee (15/EM/0469, IRAS 182250), and all women provided written consent to

participate. The study was conducted in accordance with STROBE guidelines®®.

We included women aged 216 years with a singleton viable pregnancy. Women with pre-
existing hypertension or diabetes, cardiovascular disease, or taking medication known to
affect cardiovascular function were excluded. Multiple pregnancies, and pregnancies
complicated by aneuploidy or fetal abnormality were also excluded. Women who developed
pre-eclampsia (PET) or pregnancy induced hypertension (PIH), as defined by the National
Institute for Health and Care Excellence (NICE) *°, were excluded from the control group. We
also excluded women who did not speak English as funding for translation services for the
study was not available. GDM was defined as a fasting glucose >5.3mmol/L, and/or a serum

glucose of 27.8mmol/L 2 hours following a 75g oral glucose load®.

Data regarding baseline characteristics and pregnancy outcomes were obtained from the
electronic maternity records. Maternal age and body mass index (BMI) were recorded at
booking; that is, at initial contact with their midwife in the first trimester. Gestational age was
calculated from the crown-rump length measured at ultrasound performed between 11+0 to
13+6 weeks gestation. Birth weight centiles were calculated using the Fetal Medicine
Foundation Birth Weight Calculator?!. LGA was defined as birth weight >90%" centile, and SGA

as birth weight <10™ centile.

Haemodynamic Assessment

We included haemodynamic assessments performed between 34+0 to 42+0 weeks’ gestation
were in the analysis, since cardiovascular adaptations to pregnancy have already reached
their peak, and change only minimally during this period 2. If a participant had more than

one assessment during this gestational window, the assessment performed at the later



gestation was included in the analysis. Assessments were performed in a temperature
controlled room, free from noise or any other distractions. Patients were positioned in the
semi-recumbent position, and were asked not to move or talk during the assessment. All
measurements were performed by a researcher who had received appropriate training. The
assessments were performed at scheduled appointments between 0900 and 1700. Previous
studies have shown that stroke volume (SV), MAP, heart rate (HR), TPR, PWV and Alx are not

significantly affected by the time of the day at which they are measured??.

Maternal hemodynamic parameters were measured using the Arteriograph® (TensioMed Ltd,
Budapest, Hungary), which measures AS oscillometrically, through a single, non-invasive BP
cuff, and a non-invasive bioreactance method (NICOM®, Cheetah Medical, Portland, Oregon,
USA). The Arteriograph® has been validated against invasive assessment of AS in a non-
pregnhant population undergoing cardiac angiography?3, and shown to have good to excellent
repeatability amongst healthy pregnant subjects in the third trimester??. Recruits had a
minimum of two Arteriograph® readings taken at each visit. Measurements with a standard
deviation of >1.0 were excluded, as recommended by the Arteriograph® user manual®, and
an average taken of the remaining readings. The NICOM® has significant correlation with CO

assessment by transthoracic echocardiography, and good intra-observer reproducibility?* 26,

Statistical and causal analysis

Statistical analysis was performed using Stata (Version 15.0, StataCorp LLC, College Station,
TX, USA). Only cases with a complete data set were included. Continuous data were confirmed
as normally distributed using the Kolmogorov-Smirnov analysis, and compared using the
mean, standard deviation and t-test. Numerical outliers, defined as those with a value that
was >4 standard deviations above or below the mean, were removed from the analysis.
Categorical data were compared using the Chi squared test. Results were considered

statistically significant if p<0.05.

Causal analysis was performed using a graphical causal inference approach in which a causal
DAGY, based on known relationships, was used to systematically identify a set of adjustment
variables to eliminate confounding and for use in regression analysis. The R package,

Dagitty?’, was used to identify a suitable adjustment set for each relationship of interest. We



selected the smallest set of variables sufficient to mitigate all sources of confounding bias
according to the causal DAG, and before estimating the effect of each variable, computed a
correlation matrix to identify and remove any highly collinear variables. Data for each variable
were standardised (by subtracting the mean and dividing by the standard deviation for all
continuous prediction variables). We then used linear regression models?® to predict the
effect of increasing each variable by one standard deviation above its mean on the mean birth
weight centile. Insulin and metformin have been shown to reduce endothelial dysfunction
and inflammation?® - 3%, however evidence regarding the effect of hypoglycaemic treatment
on central haemodynamics in GDM is limited to a single pilot study3?. We therefore did not
include hypoglycaemic treatment as a node on the DAG, but did perform a sub-analysis of the
diabetic cohort, using only the women treated with diet therapy to investigate any potential
confounding effect from hypoglycaemic agents. A variable was considered to have a
statistically significant effect on birth weight centile if the effect estimate 95% confidence

intervals did not contain zero.



RESULTS

A total of 141 women with GDM, and 136 non-diabetic, normotensive controls underwent
hemodynamic assessment within the inclusion window and were included in the analysis. All

participants had a complete data set.

Baseline characteristics, birth outcomes and haemodynamic profiles of the two groups are
shown in Table 1. Compared to the controls, women with GDM were significantly older (32 +
5.2 vs. 29 + 5.3 years, p<0.001), had a higher BMI at booking (30 + 6.5 vs. 26 + 5.6 kg/m?,
p<0.001), and were less likely to be of white ethnic origin (49% vs. 81%, p<0.0001). Gestation
at assessment was later in the controls (38+2 + 2.1 vs. 37+0 + 1.5 weeks, p<0.001). At the time
of assessment, 38% of the GDM group were treated with dietary management, 40% with
metformin, 4% with insulin alone and 18% with metformin and insulin in combination.
Women with GDM delivered earlier than those in the control group (38 + 1.0 vs. 39*4 + 1.3
weeks, p<0.001). The neonatal birth weight for women with GDM was less than that of
controls, but after accounting for the earlier gestation at delivery, there was no difference in
the birth weight centiles (56 + 31.3 vs. 53 + 29.6, p=0.322), or the rates of LGA (15.6% vs
14.7%, p=0.387).

Maternal PWV was significantly higher (8.7 £ 1.4 vs. 8.2 + 1.2, p=0.003) amongst women with
GDM, but there was no difference in maternal CO (p=0.266), TPR (p=0.808), HR (p=0.366),
SBP (p=0.965), DBP (p=0.784), MAP (p=0.854) or Alx (p=0.098) between the two groups.

Variables included in the model

The initial graphical model (DAG), showing the variables (nodes) of interest and the
relationships between them (edges), is shown in Figure S1, and the final DAG in Figure S2.
After removal of variables showing a high degree of collinearity (demonstrated in Figure S3),
variables retained in the model were CO, MAP, TPR, aortic Alx, PWV and BMI at booking. Our
initial DAG did not include an edge between gestational age and CO, PWV or Alx, since the
change in these variables with late gestation is less than at earlier stages of pregnancy?.
Incorporating an adjustment of these variables for gestation did not significantly change the

results, supporting our initial decision not to include this association.



Determinants of neonatal birthweight

Figure 1 shows the relationships between the included variables and birthweight centile in
the GDM and control groups. Figure 2 shows the mean overall effects of each variable on
birthweight centile and 95% confidence interval in the control and GDM groups, and Figure 3

shows the relative effect of each variable to the birth weight centile.

Among the non-diabetic, normotensive controls, maternal BMI, CO and aortic PWV were
significantly associated with neonatal birthweight. Each standard deviation increase in BMI,
CO and PWV produced an increase of 8.4 (p=0.002), 9.4 (p=0.008) and 7.1 (p=0.017) birth
weight centiles, respectively. We found no significant relationship between MAP, TPR or

aortic Alx and neonatal birthweight.

Among the women with GDM, maternal hemodynamics influenced neonatal birth weight in
a similar manner to the control group. Only the relationship between maternal BMI and
neonatal birthweight reached statistical significance, with a 1 standard deviation increase in

BMI producing a 6.1 centile increase in the birthweight (p=0.019).

With the exception of MAP, the direction of association between all variables and neonatal
birthweight centile remained the same in subgroup analysis of the dietary controlled GDM

patients, although none of the associations reached statistical significance (Figure 4).



DISCUSSION
Summary of main findings

We have conducted a prospective case-controlled study using graphical causal inference
modelling. Amongst the controls, maternal BMI, CO and PWV showed a significant positive
relationship with birthweight. In the GDM group, maternal hemodynamics influenced
neonatal birthweight in a similar manner, although only the relationship between maternal

BMI and birthweight reached statistical significance.

Interpretation of main findings and comparison with the literature

Previous work in non-diabetic women has also demonstrated a positive relationship between
maternal CO, BMI and neonatal birthweight, with neonatal birthweight positively correlating
with logio multiples of the median (MoM) CO (r=0.117, p<0.001)!3, and increasing by 14.7g

for every unit increase in maternal BMI33.

Our findings of a positive relationship between aortic PWV and neonatal birthweight in our
control group contrast with a smaller study, which reported each 1m/s increased in PWV was
associated with a 17.6% decrease in birthweight centile’>. We also did not find a significant
relationship between MAP or TPR and birthweight centile in either group, whereas Guy et al*3
reported a negative associations between neonatal birthweight and both MAP (r= -0.067,

p<0.0001) and TPR (r=-0.133, p<0.0001).

This contrast might be explained by the differences between our population, and that
examined by Guy et al*3. Whilst women who developed PET or PIH were excluded, Guy’s
population did include women with other conditions known to affect maternal
hemodynamics, including chronic hypertension, diabetes, systemic lupus erythematosus and
antiphospholipid syndrome. MAP for Guy’s study population as a whole is not reported, but
data presented for subgroups of cohort show that the lowest observed median and
interquartile range for MAP occurred in the appropriate for gestational age (AGA) group, not
the LGA group. The data also suggest that our cohort had a lower BP, since the median MAP

in our cohort was equal with the 25 centile of Guy’s AGA group (84.0mmHg), and the 75t



centile in our cohort (89.5mmHg) overlaps with the median MAP in the AGA group
(89.7mmHg)

DBP has aninverted U-shaped relationship with birthweight, which increases as DBP increases
up to 70mmHg, plateaus until a DBP of 90mmHg, and then falls as DBP increases further3*,
Maternal chronic hypotension has also been associated with low neonatal birthweight3> 36,
Since DBP is a function of MAP, we propose that MAP could also be related to birthweight in
a non-linear manner. An inverted U-shaped relationship would explain why the Guy’s
population?® with higher MAPs showed a negative relationship with birthweight, and our
cohort, with a lower distribution of MAP demonstrated both positive and negative

relationships producing an overall indeterminate effect.

The relationships between neonatal birthweight and maternal hemodynamics in pregnancies
complicated by GDM were highly similar to those seen in normotensive non-diabetic controls.
However there was no difference between the two groups in most of the haemodynamic
measurements, the birthweight centile, and the rate of LGA. This homogeneity of the two
groups may therefore explain the similarity in behaviour of their hemodynamics in relation to

neonatal birthweight.

There was no significant interaction between maternal hemodynamic variables and neonatal
birthweight amongst women with GDM controlled with diet alone, due to larger confidence
intervals for the effect estimates, most likely explained by the smaller sample size of patients
in this sub-analysis. With the exception of the MAP, the directions of the associations did not
change with the removal of patients controlled by pharmacological management. We have
therefore not demonstrated an effect of pharmacological treatment of GDM on the

relationship between maternal hemodynamics and birthweight in this cohort.

Strengths and limitations

Causal inference has previously been used to investigate relationships between neonatal
birthweight, smoking and perinatal morbidity3” 38, but to our knowledge, the present study is
the first to employ a graphical causal inference methodology to investigate the effect of

hemodynamics on birthweight. A strength of this analysis is significant results can be



interpreted not just as associations between the variables, but as causative relationships in

which the change in the haemodynamic variable produces the change in birthweight.

Gestational age at hemodynamic assessment was earlier in the GDM, compared to the control
group, but since the change in maternal hemodynamics change in the late third trimester is

relatively small 2, this is unlikely to have impacted the final results.

Our study is limited by the inclusion of only English speaking women, which had an impact on
the number of subjects included in the study and sample size, and by the similarity in

hemodynamics and birthweight between the control and study groups.

Clinical and research implications

Our results demonstrate the significant contribution of maternal BMI to neonatal birthweight,
and highlight the importance of pre-pregnancy lifestyle interventions, which improve weight

loss among overweight and obese women®.

Since the influence of hemodynamics on neonatal birthweight was similar between both
groups, our findings suggest that FGR in pregnancies complicated by GDM could indicate
maladaptation of the maternal cardiovascular system. GDM is associated with cardiovascular
dysfunction?® 4!, which predates the onset of clinical disease*?“3, and our results demonstrate

the potential impact of this on neonatal birthweight.

Finally, we propose that the contrasting findings regarding MAP and birthweight between the
current and previous studies® may be explained by a non-linear relationship between these
variables. Larger studies involving women with MAP at both the upper and lower extremes
are required to test this hypothesis, which has significant implications for BP targets during
pregnancy. The Control of Hypertension in Pregnancy Study** demonstrated that among
women with chronic hypertension and PIH, tight BP control was not associated with any
increase in SGA. However, the mean DBP in the tight and ‘less tight’ groups, were 85.3 and
89.9mmHg respectively — both of which would sit on the plateaued portion of the
DBP/birthweight curve proposed by Steer et al®*. NICE guidelines propose a BP of

<135/85mmHg as a goal in the management of gestational hypertensive disorders, but also



acknowledge that there is ‘no evidence on target BP levels for PET’*°. An inverse U-shaped
relationship between MAP and neonatal birthweight would therefore identify optimal
‘windows’ for target BP in pregnancy, in which lower, as well as upper, boundaries of ideal

values are defined.

Conclusion

Using a graphical causal inference methodology, we have demonstrated that among women
with GDM, maternal hemodynamics influence neonatal birthweight in a similar manner to
non-diabetic, normotensive controls. Differences between our findings and those of previous
work could be reconciled by a non-linear relationship between MAP and birthweight, which

warrants further investigation.
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Figures

Figure 1: Relationship between maternal hemodynamic variables and birth weight centile,
amongst A) controls, and B) women with GDM. CO = cardiac output, TPR = total peripheral

resistance, ao_Alx = aortic augmentation index, MAP = mean arterial pressure.

Figure 2A: Effects of maternal hemodynamic variables on birth weight centile, amongst
healthy controls. Plots represent mean and 95% confidence interval. Results are significant if
the 95% Cl does not include 0. P values for significance are provided adjacent to each plot.
Figure 2B: Effects of maternal hemodynamic variables on birth weight centile, amongst
women with GDM. Plots represent mean and 95% confidence interval. Results are significant
if the 95% Cl does not include 0. P values for significance are provided adjacent to each plot.
CO = cardiac output, TPR = total peripheral resistance, ao_Alx = aortic augmentation index,

MAP = mean arterial pressure.

Figure 3A: Quantitative effects of maternal hemodynamic variables on birth weight centile,
amongst controls. Numbers represent change in birth weight centile for an increase of 1
standard deviation in the corresponding variable. Figure 3B: Quantitative effects of maternal
hemodynamic variables on birth weight centile, amongst women with GDM. Numbers
represent change in birth weight centile for an increase of 1 standard deviation in the
corresponding variable. CO = cardiac output, TPR = total peripheral resistance, ao_Alx = aortic

augmentation index, MAP = mean arterial pressure.

Figure 4: Effects of maternal hemodynamic variables on birth weight centile, amongst women
with GDM controlled by dietary management. Plots represent mean and 95% confidence
interval. Results are significant if the 95% ClI does not include 0. P values for significance are
provided adjacent to each plot. CO = cardiac output, TPR = total peripheral resistance, ao_Alx

= aortic augmentation index, MAP = mean arterial pressure.

Figure S1: Initial direct acyclic graph (DAG). A directed acyclic graph (DAG) representing the
causal relationships amongst various haemodynamic variables, baseline characteristics, and
birthweight. In this DAG, boxes represent variables of interest (nodes) and arrows (edges)
represent the direction of known relationships between these variables. The outcome of

interest is birthweight, and the other nodes represent the haemodynamics (blue boxes) and



baseline characteristics (black boxes). BMI = body mass index, HR = heart rate, SV = stroke
volume, SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial
pressure, PP = pulse pressure, TPR = total peripheral resistance, Ao Alx = aortic augmentation

pressure, PWV = pulse wave velocity

Figure S2: Final direct acyclic graph (DAG). The final DAG, following the removal of highly
collinear variables from the initial DAG. Based on the structure of this DAG, the statistical
package, Daggity27, was used to identify a suitable adjustment set for each of the
relationships of interest to mitigate confounding bias from the estimates. bmi = body mass
index, hr = heart rate, mapr = mean arterial pressure, pp = pulse pressure, tpr = total
peripheral resistance, co = cardiac output, ao_aix = aortic augmentation pressure, ao_pwv =

pulse wave velocity, bw = birthweight, gest_days = gestational age in days at assessment

Figure S3: Heat map of collinearity. White areas on the map identify variables with a high
degree of collinearity. bmi = body mass index, gest days = gestational age in days at
assessment, del_gest_days = gestational age in days at delivery, sbp = systolic blood pressure,
dbp = diastolic blood pressure, map = mean arterial pressure, pp = pulse pressure, hr = heart
rate, ao_aix = aortic augmentation pressure, ao_pwv = pulse wave velocity, ao_sbp = aortic
systolic blood pressure, co= cardiac output, ci = cardiac index, tpr = total peripheral resistance,

sv = stroke volume, svv = stroke volume variation



TABLES

Table 1: Comparison of maternal baseline characteristics, haemodynamic assessment and

pregnancy outcomes between pregnancies complicated by GDM and controls.

Baseline characteristics Control Group GDM Group P Value
(n=136) (n=141)

Maternal age (years) 29+5.3 32+5.2 <0.001
Maternal height (cm) 164+7.1 163+7.0 0.252
Maternal weight (kg) 69 +17.0 791t21.1 <0.001*
Maternal body mass index at booking (kg/m?) | 26 +5.6 30+6.5 <0.001*
Parity (n) 0.225

0 61 (44.9) 55 (39.0)

1 43 (31.6) 50 (35.4)

2 23 (16.9) 18 (12.8)

>3 9 (6.6) 18 (12.8)
Maternal ethnicity (n) <0.001

African/ Afro-Caribbean 7 (5.1) 16 (11.3)

South Asian 15 (11.0) 42 (29.8)

White British/ European 110 (81.0) 69 (48.9)

Other 4(2.9) 14 (9.9)
Current Smoker (n) 4(2.9) 7 (5.0) 0.389
Maternal haemodynamic assessment
Gestational age at assessment (weeks) 38*2+2.1 37°+ 1.5 <0.001
Cardiac Output (L/min) 7.0+1.37 7.2+154 0.266
Stroke Volume (mls) 77+153 79+18.4 0.473
Heart Rate (bpm) 92+12.9 93+13.5 0.366
Total Peripheral Resistance (dynes x s/cm?) 1085 +230.6 1078 + 238.4 0.808
Systolic blood pressure (mmHg) 117 +10.2 118+ 12.4 0.965
Diastolic blood pressure (mmHg) 68 +7.9 68 £ 9.9 0.784
Mean arterial blood pressure (mmHg) 84 +8.0 85+10.2 0.854




Aortic Augmentation Index (%) 9.5+9.25 11.3+9.42 0.098
Aortic Pulse Wave Velocity (m/s) 8.2+1.21 8.7+1.44 0.003
Pregnancy outcomes
Gestational age at delivery (weeks) 39*4+1.3 38*6+1.0 <0.001*
Birth weight (g) 3442 + 518 3372 £ 461 0.238
Birth weight centile 53+29.6 56 +31.3 0.322*
Birthweight categories: (n) 0.387

Small for gestational age 10(7.4) 17 (12.1)

Appropriate for gestational age 106 (77.9) 102 (72.3)

Large for gestational age 20(14.7) 22 (15.6)

*Indicates Mann-Whitney U test. All other data were analysed by t test for continuous data

and Chi-squared test for categorical data.

Data presented as mean * standard deviation or number (percentage).

Significant findings are presented in bold.
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