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Abstract

Purpose To (i): examine whether maternal dietary inflammation assessed using the dietary inflammatory index (DII) is
associated with gestational weight gain (GWG) and delivery outcomes in urban South African women from the Soweto
First 1000-Day Study (S1000); and (ii): explore whether serum high-sensitivity c-reactive protein (hs-CRP) levels mediate
these associations.

Methods Energy-adjusted-DII (E-DII™) scores were calculated for 478 pregnant women using a quantitative food frequency
questionnaire. GWG (kg/week) was assessed via anthropometry and hs-CRP concentrations were assessed in a sub-sample
at< 14 (n=263) and at 24-28 (n=270) weeks gestational age. Multivariable linear and logistic regression models were used
to examine associations between maternal E-DII scores, GWG, hs-CRP concentrations, and delivery outcomes.

Results Positive vs. negative E-DII scores were associated with an increased odds of excessive weight gain (OR (95% CI):
2.23 (1.20; 4.14); P=0.01) during pregnancy. Higher hs-CRP concentrations in the first trimester were associated with
lower weight-for-length z-score (p (95% CI): —0.06 (—=0.11; —0.01) per 1 mg/l hs-CRP; P=0.02) and a reduction in odds of
a large-for-gestational age delivery (OR (95% CI): 0.66 (0.47; 0.94); P=0.02). Higher hs-CRP concentrations in the second
trimester were associated with an increased odds of delivering preterm (OR (95% CI): 1.16 (1.01; 1.32); P=0.03).
Conclusions Consumption of an anti-inflammatory diet during pregnancy reduced the risk of excessive GWG in a rapidly
urbanising setting (Soweto, South Africa), where obesity prevalence rates are high. Further research is needed to better under-
stand how maternal diet may ameliorate the effects of maternal adiposity on inflammatory milieu and fetal programming.
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Introduction

In low- and middle-income countries, rapid urbanisation and
the transition to increasingly westernized, energy-dense and
ultra-processed diets alongside sedentary lifestyles and low
levels of physical activity, have resulted in a double burden
of under- and over-nutrition [1, 2]. While chronic undernu-
trition persists in childhood and one in four children under
five are stunted in South Africa, a substantial burden of
overweight and obesity has emerged; particularly affecting
women of reproductive age [3].

In a longitudinal pregnancy cohort study in Soweto,
Johannesburg (the Soweto First 1000-Day Study; S1000), we
previously showed that maternal obesity in early pregnancy
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and greater adherence to more westernized and high-sugar
diets were associated with higher maternal weight gain and
fetal growth during pregnancy [4, 5]. In addition, greater
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adherence to a more traditional dietary pattern—character-
ized by higher intakes of whole grains, beans and legumes,
traditional meats and vegetables—was associated with lower
gestational weight gain (GWG), as well as with lower new-
born body size (weight-to-length ratio) and adiposity (fat
mass index) [6].

The Developmental Origins of Health and Disease
(DOHaD) paradigm shows that fetal programming of the
structure and function of body organs and tissues as a result
of an adverse maternal nutrition environment has long-term
consequences on growth, adiposity and metabolic health of
the offspring, and may increase the risk of developing non-
communicable diseases (NCDs) in later life [7, 8]. Exces-
sive fetal growth and adiposity may be of particular con-
cern in populations with high rates of obesity; increasing
the likelihood of delivering large-for-gestational age (LGA)
and/or macrosomic (>4kgs) infants who are predisposed
to developing obesity through the life course [8, 9]. Thus,
poor maternal nutrition not only poses a risk for the health
and well-being of the mother and her baby in the short and
longer term, but may be responsible for propagating the
cycle of obesity and NCDs through future generations [9,
10].

Proposed mechanisms for the relationships between
maternal exposures, such as obesity, and adverse pregnancy
outcomes include inflammatory pathways [11]. Specifically,
it is possible that a pre-existing state of chronic inflammation
interacts with that induced by pregnancy, thereby elevat-
ing levels beyond those compatible with a healthy preg-
nancy [11, 12]. Recently, it has been suggested that an anti-
inflammatory diet may be useful in mitigating the effects
of heightened inflammatory states on pregnancy outcomes
[13]. The dietary inflammatory index (DII®) is a literature-
derived tool used to assess the inflammatory potential of
the diet and has been construct validated against inflam-
matory biomarkers—including high-sensitivity c-reactive
protein (hs-CRP)—in 29 different populations (Saghafi-
Asl et al., in press). Use of this tool has provided evidence
supporting associations between pro-inflammatory diets
during pregnancy and adverse outcomes, such as preterm
birth, low birth weight and caesarean deliveries [13—15]. In
addition, higher DII scores (indicating higher inflammatory
potential of the diet) have been positively associated with
neonatal adiposity; particularly in obese women [16]. Exces-
sive GWG may further contribute to maternal inflammation
[17]; however, the limited studies exploring the link between
DII scores and maternal weight gain during pregnancy have
shown mixed results [14, 16]. In addition, data exploring the
relationships between dietary inflammatory potential, circu-
lating inflammatory cytokines, GWG and delivery outcomes
in transitioning African populations are scarce.

Given this background, this study aims to (i): exam-
ine whether maternal dietary inflammation assessed
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using the DII is associated with GWG and delivery out-
comes in urban South African women and (ii): explore
whether levels of hs-CRP during pregnancy mediate these
associations.

Methods
Study setting and participants

This study was nested within a longitudinal pregnancy
cohort study (Soweto First 1000-Day Study; S1000), based
at the South African Medical Research Council (SAMRC)/
Wits Developmental Pathways for Health Research Unit
(DPHRU) at the Chris Hani Baragwanath Academic Hos-
pital (CHBAH) in Soweto, Johannesburg, South Africa.
Soweto is a large urban area of Johannesburg, where the
majority of inhabitants live in low-income households.
Recruitment for the study took place at the Antenatal Clinic
and Fetal Medicine Unit at CHBAH; with data collection
conducted between 2013 and 2016. Women were eligi-
ble for inclusion in the study if they were a black South
African (self-reported ethnicity) who resided in Soweto,
or the greater Soweto area, were preferably < 14 weeks,
but no more than 20 weeks, pregnant with a singleton, and
naturally conceived pregnancy, had no known diagnosis
of epilepsy or diabetes mellitus at the time of recruitment
and were 18 years or older. Data collection for S1000 took
place at six timepoints during pregnancy (< 14 weeks;
14—18 weeks; 19-23 weeks; 24-28 weeks; 29-33 weeks and
34-38 weeks gestational age) and at delivery. All women
provided written informed consent prior to their inclusion
in the study and ethical approval was obtained from the Uni-
versity of the Witwatersrand’s Research Ethics Committee
(Medical) (ethical clearance number: M120524). In all, 559
women were recruited into this sub-study and had dietary
intake assessed at 14—18 weeks.

Data collection
Demographic, health and socio-economic variables

Maternal demographic, health and socio-economic vari-
ables were collected using interviewer-administered ques-
tionnaires at the baseline visit (< 14-weeks) as described
in detail elsewhere [4—6]. Maternal education was defined
according to the highest level of education completed (pri-
mary, secondary or tertiary). Haemoglobin levels (g/dl)
were assessed using a HemoCue at baseline and anaemia
was classified as a haemoglobin level of < 11.0 g/dL [18]. In
cases, where haemoglobin levels were not assessed during
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the first visit, the haemoglobin level at visit 2 (14—18-weeks)
was used to classify anaemia status.

Maternal anthropometry

A wall-mounted Stadiometer (Holtain, UK) was used to
measure height to the nearest 1 mm during the baseline visit.
Weight was measured to the nearest 0.1 kg at each pregnancy
visit using a digital scale. Weight at baseline (< 14 weeks)
was used as a proxy for pre-pregnancy weight and, together
with height, was used to calculate BMI (weight (kg)/height
(m)?). As there were no underweight women in this sample,
BMI was classified according to the following categories
defined by the World Health Organization (WHO) and used
extensively in the literature: normal weight (18.5-24.9 kg/
m?), overweight (25-29.9 kg/m?) or obese (>30.0 kg/m?).
GWG (kg/week) was calculated as: [(weight at final preg-
nancy visit — weight at baseline)/duration of follow-up].
GWG was classified according to the Institute of Medi-
cine (IoM) BMI-specific weight gain ranges [19].

Dietary intake and the energy-adjusted DIl (E-DII.™)

Habitual dietary intake was assessed at the second preg-
nancy visit (14—18 weeks) using an interviewer-administered
quantitative food-frequency questionnaire (QFFQ) described
in detail elsewhere [4, 20, 21]. In brief, retrospective data
were collected on the frequency and quantity of food and
beverage intake during the previous week. QFFQ data were
captured using REDCap electronic data capture tools hosted
at The University of the Witwatersrand [22]. Daily energy
and nutrient intakes were then calculated from conversion
of single food item intakes by the SAMRC using the South
African Food Composition Tables.

The inflammatory potential of the diet was calculated
based on the DII which converts nutrient intakes from the
FFQ into an equivalent DII score for each participant. The
development of the DII has been described in detail else-
where [23]. In brief, the mean intakes of each food item
were translated into z-scores using a global comparative
database consisting of data from 11 countries. These scores
were then converted to proportions and centred on zero by
doubling and subtracting 1. These cantered proportions were
then multiplied by their respective coefficients (overall food
parameter-specific inflammatory effect scores) to calculate
DII scores per food parameter which were summed to obtain
the overall DII score. A positive DII score corresponds to
a pro-inflammatory dietary habit and a negative DII score
indicates an anti-inflammatory dietary habit. The following
21 food parameters were available to calculate the DII scores
in the present study: carbohydrates, fat, protein, cholesterol,
saturated fatty acids, monounsaturated fatty acids, polyun-
saturated fatty acids, vitamin B12, vitamin B6, vitamin A,

vitamin C, vitamin D, vitamin E, riboflavin, thiamine, iron,
magnesium, folic acid, zinc, niacin, fibre. Energy-adjusted
DII (E-DII™) scores were calculated using the density
approach by calculating DII per 1000 kcal consumption that
employed the same procedure for disease scoring based on
an energy-adjusted global comparison database [24, 25].

Biochemical measurements

Fasting blood samples were collected by trained nurses at the
baseline visit (< 14-weeks) and at visit 4 (24—28-weeks). hs-
CRP concentrations were measured in serum using a parti-
cle-enhanced immunoturbidometric assay (RX Daytona Plus
RX series analyser, Randox Laboratories, Crumlin, United
Kingdom). At both timepoints, values of hs-CRP > 10 mg/1
were excluded from the sub-sample for analyses, as this may
be a result of acute inflammation.

Delivery outcomes

Gestational age at delivery (weeks) was calculated as:
[duration of pregnancy follow-up (date of delivery — date
of baseline ultrasound dating scan) + gestational age at base-
line (crown-to-rump length measured by ultrasound; days)].
Birth weight and length were measured by trained research
nurses using a calibrated SECA Baby Scale 376 (SECA)
and a Harpenden Infantometer (Holtain, London, UK),
respectively, within 24 h of delivery for 82% of newborns.
Where assessment within this window was not possible—for
example due to the infant being admitted to the hospital for
observation—measurements were taken within 48 h. Head
circumference was measured using a metal head circumfer-
ence tape measure (CMS ref.3105) (Chasmors Ltd, London,
UK). The International Newborn Size at Birth Standards
Application tool was used to calculate birth weight centiles,
as well as weight-to-length z-scores, according to newborn
sex and gestational age at delivery (total days) [26]. The fol-
lowing criteria were used to classify newborns according to
their birth weight: small-for-gestational age (SGA), < 10th
centile; appropriate-for-gestational age (AGA), 10th-90th
centile; LGA, > 90th centile. Low birth weight was defined
as a birth weight < 2.5 kg and macrosomia was defined as a
birth weight >4.0 kg.

Statistical analysis

Data were analysed for 478 mother—newborn pairs with
complete maternal and neonatal anthropometric data using
StataSE version 16.0 (StataCorp, College Station, TX,
USA). The flow of participants through the study to reach
the final sample size is depicted in Supplementary Fig. 1
(online resource). Continuous variables were described as
median (interquartile range; IQR) and categorical variables
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were described as percentages (%). Maternal dietary
parameters used for calculating the E-DII scores, as well
as maternal characteristics and birth outcomes, were sum-
marised according to negative (anti-inflammatory) vs. posi-
tive (pro-inflammatory) E-DII scores and compared using
Kruskal-Wallis (continuous variables) and Chi? (categori-
cal variables) tests. Multivariable logistic regression mod-
els (categorical outcomes) and linear regression models
(continuous outcomes) were used to test the associations
between maternal E-DII scores (positive vs. negative; refer-
ence category) and IoM GWG categories (inadequate and
excessive GWG vs. adequate GWG; reference category), as
well as delivery outcomes. Delivery outcomes included in
the models (i.e., preterm birth, SGA, LGA and weight-for-
length z-score) were those hypothesised to be associated
with maternal dietary inflammation from the literature. In
the case of GWG, models were run as follows: Model 1
(M1): DII category; Model 2 (M2): M1 with hs-CRP con-
centration (mg/l) at visit 1 or visit 4 (separate models per
timepoint); Model 3 (M3): M2 adjusted for maternal BMI
at recruitment, HIV status and parity. For birth outcomes,
the following three models were run: Model 1 (M1): DII
category adjusted for newborn sex; Model 2 (M2): M1 with
hs-CRP concentration (mg/l) at visit 1 and visit 4 (sepa-
rate models per timepoint); Model 3 (M3): M2 adjusted for
maternal BMI at recruitment, GWG (kg/week), HIV sta-
tus, parity and smoking status. Covariates included in the
analyses were those conclusively associated with maternal
dietary patterns and GWG and/or infant outcomes in previ-
ous research [4, 6]. R? values were used to assess the degree
of variation explained by final models for all significant
associations.

Results
Dietary parameters and E-DII scores

Maternal E-DII scores and the dietary parameters used in
their calculation are presented in Table 1. Women in the
pro-inflammatory diet group (i.e., those with positive E-DII
scores) reported higher intakes of carbohydrate, protein, fat,
cholesterol and vitamin A and lower intakes of fibre, folate
and vitamin E than those in the anti-inflammatory group
(i.e., those with negative E-DII scores).

Participant characteristics
Maternal characteristics and delivery outcomes for

mother—newborn pairs are presented in Table 2. Approxi-
mately two thirds of women were affected by overweight or
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obesity at recruitment and 46% gained excessive weight dur-
ing pregnancy. Women in the pro-inflammatory diet group
were significantly younger (P <0.001) and were more likely
to be single (P=0.001) than those in the anti-inflammatory
diet group. They also were more likely to gain excessive
weight during pregnancy (P=0.04). Median hs-CRP con-
centrations increased between visit 1 and visit 4; however,
there were no significant differences in hs-CRP levels
between the anti-inflammatory and the pro-inflammatory
diet groups at either timepoint. There were no differences in
delivery outcomes between the anti-inflammatory and pro-
inflammatory diet groups.

Associations between dietary inflammation, hs-CRP
and GWG

The associations between E-DII scores, hs-CRP concentra-
tions and GWG are presented in Table 3. A pro-inflamma-
tory diet (i.e., a positive E-DII score) was associated with
an increased odds of excessive weight gain, independent of
maternal BMI at recruitment, HIV-status and parity (M2,
OR (95% CI): 2.23 (1.20; 4.14); P=0.01). Similarly, in
sub-analyses, positive E-DII scores were associated with
an increased odds of excessive weight gain, independent of
hs-CRP concentrations at visit 4 and other covariates (M3,
OR (95% CI): 2.53 (1.12; 5.72) P=0.03). The final mod-
els explained < 5% of the variation in the odds of excessive
weight gain (data not shown).

Associations between dietary inflammation, hs-CRP
and delivery outcomes

There were no associations found between E-DII scores
and any delivery outcomes (preterm birth, SGA, LGA or
weight-for-length z-score) in unadjusted or adjusted models
(Tables 4 and 5). However, in the sub-sample of partici-
pants with hs-CRP values, hs-CRP concentration at visit
4 was associated with an increase in odds of preterm birth
in fully adjusted models (M3, OR (95% CI): 1.16 (1.01,
1.32); P=0.03) and hs-CRP concentration at visit 1 was
associated with a reduced odds of a LGA delivery (M3,
OR (95% CI): 0.66 (0.47; 0.94); P=0.02) (Table 4). These
final models explained < 5% of the variation in the odds of
preterm birth, but 21.6% of the variation in the odds of a
LGA delivery. Similarly, hs-CRP concentration at visit 1
was negatively associated with weight-for-length z-score,
after adjustment for all covariates (M3, p (95% CI): —0.06
(—0.11; —0.01) per 1 mg/l hs-CRP; P =0.02) (Table 5). This
final model explained 8.9% of the variation in weight-for-
length z-score.
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Table.1 Dietary pa.rameter s Dietary parameters Total Negative E-DII group  Positive E-DII group P?

used in the calculation of

the energy-adjusted Dietary n=478 n=375 n=103

Inflammatory Index (E-DID) E-DII score —0.95 (= 1.70;—0.10) —1.22 (= 1.83;-0.66) 0.52 (0.28;0.98) <0.001
Energy (kJ) 13,588 (10,145; 18,979) 12,916 (9930; 18,078) 16,890 (12,165; 23,096) < 0.001
Carbohydrate (g) 413 (315; 569) 394 (308; 552) 471 (341; 646) 0.001
Protein (g) 96 (65; 134) 93 (63; 130) 102 (72; 154) 0.01
Total fat (g) 120 (77; 175) 110 (72; 159) 167 (113; 226) <0.001
MUFA (g) 38 (24: 59) 35 (22 53) 52(33:77) <0.001
PUFA (g) 33 (21 47) 30 (20; 45) 37 (22; 62) 0.005
Saturated fat () 32 (20; 48) 29 (19; 44) 45 (33; 62) <0.001
Cholesterol (mg) 364 (224; 588) 351 (210; 571) 409 (249; 698) 0.04
Fibre (g) 36 (26; 49) 37 (27; 50) 32 (23; 48) 0.03
Folate (mg) 462 (327; 669) 485 (338; 708) 422 (278; 573) 0.002
Fe (mg) 22 (16: 30) 22 (16: 30) 22 (15; 33) 0.87
Mg (mg) 412 (312; 554) 403 (311; 548) 473 (316; 591) 0.16
Niacin (mg) 32 (23 45) 33 (24: 45) 29 (21; 46) 0.38
Riboflavin (mg) 2 (1;3) 2(1;3) 2(1;3) 0.03
Thiamine (mg) 2(2;3) 2(2;3) 2(2;3) 0.83
Zn (mg) 17 (12: 23) 17 (12; 23) 17 (12; 24) 0.84
Vitamin A (RE) 1580 (807; 2723) 1698 (829; 3057) 1342 (728; 2155) 0.03
Vitamin B6 (mg) 5 (4; 8) 5 (4; 8) 5(3;7) 0.16
Vitamin B12 (mg) 7 (4; 14) 7 (4; 15) 7 (4 13) 0.61
Vitamin C (mg) 168 (98; 303) 176 (103; 304) 135 (86; 294) 0.13
Vitamin D (ug) 6 (3;9) 6(3;9) 6 (4; 10) 0.21
Vitamin E (mg) 20 (13; 30) 20 (13; 29) 23 (14; 38) 0.006

Data are summarised as median (IQR)

#Kruskal-Wallis test; significant results are presented in bold (P < 0.05)

Discussion

This study examined the associations between maternal
dietary inflammatory potential and GWG and delivery out-
comes in urban South African women, as well as whether
these associations were mediated by circulating hs-CRP
levels during the first and second trimesters of pregnancy.
We found that a pro-inflammatory diet was associated with
a higher odds of excessive weight gain during pregnancy,
independent of hs-CRP concentrations. While there were no
associations between E-DII scores and delivery outcomes,
higher hs-CRP concentrations in the first trimester were
associated with smaller birth size (lower weight-for-length
z-score), as well as with a reduction in the odds of a LGA
delivery. In addition, higher hs-CRP concentrations in the
second trimester were associated with an increase in the
odds of delivering preterm.

Our data support and build on previous findings from
this cohort; particularly showing an association between
greater adherence to a maternal “traditional” dietary pattern,
high in whole grains, traditional meats, beans, legumes and
vegetables, and a reduction in the odds of excessive GWG
[4]. In this, and other, cohort studies positive associations

between more westernized, highly processed and high-sugar
dietary patterns and pregnancy weight gain have also been
shown [4, 27-29]. As seen here, the inflammatory potential
of an energy dense diet high in refined carbohydrates, pro-
tein and fat (particularly saturated fat) and low in fibre, may
be contributing to the likelihood of excessive weight gain
during pregnancy. Previous studies in high-income popula-
tions have shown mixed results for the associations between
DII scores and GWG [14, 16]. Discrepancies in relation-
ships, or null findings, may be partly explained by the use
of unadjusted DII scores in these studies; with the E-DII
scores used here showing improved prediction due to the use
of energy-adjusted nutrient scores [25]. In settings, such as
South Africa, where two-thirds of women experience over-
weight or obesity when they conceive [3], promoting healthy
weight gain during pregnancy is important for optimising
fetal growth and development, as well as reducing the risk
of obesity as infants age [8, 30, 31].

In non-pregnant adult populations from high income
countries, previous studies have demonstrated inverse asso-
ciations between the consumption of whole grains, fruit,
dietary fibre, and polyunsaturated fatty acids and biomark-
ers of inflammation, such as hs-CRP and interleukin-6, in
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Table 2 Characteristics of study sample according to energy-adjusted Dietary Inflammatory Index (E-DII) scores

Variable Total Negative E-DII group Positive E-DII group P?
n=478 n=375 n=103

Maternal characteristics

Demographic and health characteristics

Age,y 30 (25; 35) 31 (25; 36) 27 (24; 32) <0.001
<25 22 19 32 0.001
25-29 28 27 30
30-34 25 25 26
35-39 19 22 7
>40 6 7 5

Parity
Para 0 25 24 28 0.41
Para 1 44 43 46
Para>?2 31 33 26

HIV status
HIV-negative 65 65 67 0.64
HIV-positive 35 35 33

Baseline haemoglobin, g/dL. 124 (11.2;13.4) 12.5(11.3;13.4) 12.3(10.9; 13.3) 0.30

Anaemic at baseline
No 78 79 73 0.22
Yes 22 21 27

High-sensitivity c-reactive protein at visit 1, mg/l 3.73 (2.36;5.52) 3.77 (2.38; 5.63) 3.57 (2.35;5.26) 0.56
[n=263]

High-sensitivity c-reactive protein at visit 4, mg/l 4.00 (2.76; 5.96) 4.05 (2.76; 5.98) 3.88 (2.84; 5.81) 0.81
[n=270]

Smokes/chews tobacco
No 86 87 83 0.20
Yes 14 13 17

Socioeconomic characteristics

Maternal education
Primary 2 2 2 0.52
Secondary 73 72 78
Tertiary 25 26 20

Marital status
Single 62 58 76 0.001
Married/cohabiting 38 42 24

Household socioeconomic status, asset index score
Low (<5) 12 12 14 0.55
Medium (5-7) 82 82 82
High (>7) 6 6 4

Anthropometry

Height, cm 158.4 (154.7; 162.7) 158.3 (154.8; 162.4) 159.2 (154.6; 163.8) 0.22

Weight at recruitment, kg (< 14 weeks) 68.8 (59.8; 78.3) 68.1 (60.1; 77.3) 70.8 (58.2; 80.8) 0.41

Body mass index at recruitment, kg/m2 (<14 weeks) 27.4(23.9; 30.9) 27.3 (23.8; 30.7) 27.6 (23.9; 31.1) 0.68
Normal weight 34 34 33 0.63
Overweight 36 37 33
Obese 30 29 34

Gestational weight gain, kg/week 0.35 (0.23; 0.46) 0.35 (0.23; 0.45) 0.37 (0.22; 0.49) 0.85
Inadequate 30 30 30 0.04
Adequate 24 27 16
Excessive 46 43 54
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Table 2 (continued)
Variable Total Negative E-DII group Positive E-DII group
n=478 n=375 n=103
Delivery outcomes
Neonate sex
Male 52 52 52 0.90
Female 48 48 48
Gestational age at delivery, w 39 (37, 40) 39 (37; 39) 39 (38; 40) 0.09
Preterm delivery 18 19 15 0.34
Mode of delivery
Vaginal 41 39 47 0.18
Caesarean section 59 61 53
Anthropometry
Birth weight, g 3030 (2650; 3300) 3015 (2620; 3300) 3065 (2800; 3350) 0.18
Birth weight category®
Small for gestational age 16 17 16 0.88
Appropriate for gestational age 78 77 79
Large for gestational age 6 6 5
Low birth weight 18 19 12 0.07
Macrosomia 2 2 2 0.81
Birth length, cm 48.5 (46.5; 50.1) 48.2 (46.4;50.1) 49.0 (47.3; 50.3) 0.07
Birth weight-for-length z-score® —0.35 (—=1.00; 0.31) —0.35 (- 1.00; 0.40) —0.34 (—1.01; 0.26) 0.64
Head circumference, cm 34 (33; 35) 34 (33; 35) 34 (33; 35) 0.67

Institute of Medicine gestational weight gain ranges (kg/week): inadequate, normal weight <0.35, overweight <0.23, obese <0.17; adequate,
normal weight 0.35-0.50, overweight 0.23-0.33, obese 0.17-0.27; excessive, normal weight>0.50, overweight>0.33, obese >0.27; anaemia,
haemoglobin < 11.0 g/dL; preterm delivery, <37-week gestational age; small for gestational age, birth weight < 10th centile; appropriate for ges-
tational age, birth weight 10th-90th centile; large for gestational age, birth weight>90th centile; low birth weight, birth weight <2500 g; mac-
rosomia, birth weight >4000 g; data are summarised as median (IQR) or %

Calculated using the International Newborn Size at Birth Standards Application tool

bKruskal-Wallis test (continuous variables), Chi.” test (categorical variables); significant results are presented in bold (P < 0.05)

non-pregnant adult populations [32—35]. Similarly, positive
associations between dietary patterns high in processed meat
and saturated fat and inflammatory markers have been docu-
mented [33, 35]. While our study showed the association
between E-DII scores and GWG to be independent of hs-
CRP concentrations, Sen et al., found positive associations
between DII scores and CRP concentrations in pregnant
women from Project Viva [14]. On the other hand, Moore
et al., found that higher DII scores were associated with
elevated interleukin-6, but not CRP, concentrations during
pregnancy [16]. Since the production of inflammatory bio-
markers is a complex cascade, and the production of one
may depend on that of another, it has been suggested that
discrepancies across studies may, at least in part, be related
to the timing of cytokine assessment in the study popula-
tion [16].

As with our findings for dietary inflammatory potential
and weight gain, the associations between hs-CRP con-
centrations and birth outcomes demonstrated here are sup-
ported by some, but not all, previous studies. For example,
in two US cohorts and one Chinese cohort study, dietary

inflammatory potential and elevated CRP have been associ-
ated with preterm birth for female fetuses, as well as with
smaller birth size and increased risk of low birth weight
[13-15]. In contrast, associations between DII scores, ele-
vated interleukin-6 concentration and higher birth size and
adiposity have been shown in a US-based cohort [16]. Simi-
larly, while our study showed no association between E-DII
scores and birth outcomes, we have previously demonstrated
an inverse association between adherence to the “traditional”
dietary pattern and birth size and neonatal adiposity [6]. In
addition, we have provided evidence of a pathway for greater
neonatal adiposity in this cohort via an effect of higher GWG
on fetal growth—particularly at the abdominal circumfer-
ence [36].

Potential differences between the effects of diet, adipos-
ity and inflammation during pregnancy on birth outcomes
may be due to the complexity of the relationships between
these factors and the overall health and nutritional status of
the population prior to, and during, pregnancy, as well as
the methodology used to assess dietary inflammation and
inflammatory biomarkers. For example, the Chinese cohort
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Table 4 Logistic regression analyses for the associations between maternal energy-adjusted Dietary Inflammatory Index (E-DII) scores, high-
sensitivity c-reactive protein (hs-CRP) concentrations and birth outcomes

Preterm birth

Ml M2 M3
OR 95% CI P OR 95% CI P OR 95% CI P
E-DII scores (n=478)
E-DII category
Negative E-DII Group Ref Ref
Positive E-DII Group 0.74 0.41; 1.36 0.34 0.74 0.40; 1.37 0.34
E-DII scores and hs-CRP at visit I (n=263)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group 0.70 0.28; 1.76 0.44 0.69 0.27; 1.76 0.44 0.72 0.27; 1.87 0.49
hs-CRP at visit 1 0.98 0.86; 1.12 0.78 0.99 0.86; 1.13 0.84
E-DII scores and hs-CRP at visit 4 (n=270)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group 0.64 0.25; 1.60 0.337 0.65 0.25; 1.64 0.36 0.65 0.25; 1.68 0.37
hs-CRP at visit 4 1.18 1.03; 1.34 0.01 1.16 1.01; 1.32 0.03
Small-for-gestational age
M1 M2 M3
RR 95% CI P RR 95% CI P RR 95% CI P
E-DII scores (n=478)
E-DII category
Negative E-DII Group Ref Ref
Positive E-DII Group 0.98 0.54; 1.77 0.95 0.95 0.52; 1.74 0.86
E-DII scores and hs-CRP at visit 1 (n=263)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DIT Group 0.99 0.44;2.21 0.974 0.99 0.44;2.23 0.98 0.90 0.39; 2.10 0.82
hs-CRP at visit 1 1.02 0.90; 1.15 0.81 1.02 0.90; 1.16 0.77
E-DII scores and hs-CRP at visit 4 (n=270)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group 1.04 0.48;2.26 0.917 1.05 0.48;2.28 091 0.94 0.41;2.16 0.88
hs-CRP at visit 4 1.04 0.92; 1.18 0.53 1.06 0.93; 1.21 0.42
Large-for-gestational age
Ml M2 M3
RR 95% CI P RR 95% CI P RR 95% CI P
E-DII scores (n=478)
E-DII category
Negative E-DII Group Ref Ref
Positive E-DII Group 0.78 0.29;2.12 0.63 0.79 0.28;2.24 0.66
E-DII scores and hs-CRP at visit I (n=263)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group 0.32 0.04;2.58 0.287 0.31 0.04;2.48 0.27 0.39 0.05;3.25 0.38
hs-CRP at visit 1 0.73 0.54; 0.99 0.04 0.66 0.47; 0.94 0.02
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Table 4 (continued)

Large-for-gestational age

M1 M2 M3
RR 95% CI RR 95% CI P RR 95% CI P
E-DII scores and hs-CRP at visit 4 (n=270)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group 0.46 0.06; 3.79 0.46 0.06; 3.75 0.48 0.62 0.07;5.35 0.67
hs-CRP at visit 4 0.90 0.68; 1.20 0.47 0.85 0.62; 1.15 0.29

Model 1(M1): E-DII category adjusted for newborn sex; Model 2 (M2) M1 with hs-CRP concentration; and Model 3 (M3): M2 adjusted for
maternal body mass index (kg/m?) at recruitment, gestational weight gain (kg/week), HIV status, parity and smoking status; significant results

are presented in bold (P <0.05)

was limited to women within a healthy BMI range who did
not demonstrate inflammatory symptoms pre-pregnancy;
which may explain the increased likelihood of low birth
weight deliveries for women with pro-inflammatory diets
and higher circulating CRP concentrations [15]. Further-
more, although overweight and obesity prevalence rates
were high in the remaining studies, as in the study by Sen
et al., women in our study were more likely to have an
anti-inflammatory diet compared to those in the study by
Moore et al., where the mean DII score was positive [14,
16]. In addition, while we and Sen et al. showed associa-
tions between elevated CRP concentrations and lower birth

size, Moore et al. found that dietary inflammatory potential
and elevated interleukin-6 were positively associated with
neonatal adiposity; suggesting that the pathways may differ
for individual markers of inflammation across pregnancy.
Taken together, findings from this and other studies, sug-
gest that ensuring a healthy weight prior to pregnancy, as
well as consuming an anti-inflammatory diet throughout
pregnancy, may contribute to a reduced risk of excessive
weight gain and lower levels of systemic inflammation dur-
ing pregnancy. This, in turn, may reduce the risk of adverse
delivery outcomes while contributing to healthy growth and
development of the fetus; thus, optimising metabolic health

Table 5 Linear regression analyses for the associations between maternal energy-adjusted Dietary Inflammatory Index (E-DII) scores, high-

sensitivity c-reactive protein (hs-CRP) concentrations and birth outcomes

Weight-for-length z-score

Ml M2 M3
B 95% CI P B 95% CI P 8 95% CI P
E-DII scores (n=478)
E-DII category
Negative E-DII Group Ref Ref
Positive E-DII Group -0.05 -0.29;0.19 0.66 -0.04 -0.27;0.20 0.75
E-DII scores and hs-CRP at visit 1
(n=263)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group -0.12 -044;021 048 -0.13  —-0.45;0.20 044 -0.06 —0.38;0.26 0.72
hs-CRP at visit 1 -0.05 -0.10;—0.00 0.04 -0.06 —0.11;—0.01 0.02
E-DII scores and hs-CRP at visit 4
(n=270)
E-DII category
Negative E-DII Group Ref Ref Ref
Positive E-DII Group -0.14 -044;0.17 0382 -0.14 —0.44;0.17 038 —-0.05 -0.35;0.25 0.74
hs-CRP at visit 4 -0.01 —0.06;0.03 0.57 -0.02 -0.07;0.03 0.34

Model 1(M1): E-DII category adjusted for newborn sex; Model 2 (M2): M1 with hs-CRP concentration; and Model 3 (M3): M2 adjusted for
maternal body mass index (kg/m?) at recruitment, gestational weight gain (kg/week), HIV status, parity and smoking status; significant results

are presented in bold (P <0.05)
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trajectories and reducing the risk of obesity and NCDs
across the life course. However, this also shows that the
pathways of inflammation during pregnancy are complex
and interrelated—making a holistic approach to preconcep-
tion and pregnancy health which considers all risk factors
important in providing the best support for mom and baby.
For example, while our findings were independent of mater-
nal BMI at study recruitment, it is likely that obesity-induced
inflammation—as well as that potentially induced by other
co-morbidities (e.g., HIV/treatment, anaemia and gestational
diabetes mellitus)—would contribute to the overall inflam-
matory state during pregnancy and thus, to outcomes in the
short and longer term.

This, and previous, findings from S1000 emphasise the
need to prioritise preconception health of adolescent girls
and young women to establish healthy dietary practices,
body size and metabolic profiles prior to pregnancy [4-6,
36]. However, in low-income settings such as Soweto, pov-
erty and limited financial resources restrict access to diverse,
high quality diets [37]. It has been proposed that the arrival
of the COVID-19 pandemic and the restrictions in move-
ment and economic activity to curb the spread of the virus,
may have exacerbated inequalities in access to healthy diet
and lifestyle behaviours [38]. However, rapid responses to
the pandemic across economic, political, food and built envi-
ronment sectors in low- and middle-income countries also
provide promising insight into the potential for whole-of-
society approaches to interventions which promote sustain-
able behaviour change in the future [38].

Strengths and limitations

Our study benefited from use of the DII—a globally rec-
ognised and comparable tool which is based on robust sci-
entific literature, rather than population specific intakes or
recommendations, and is linked to measurable health out-
comes [23]. Rather than exploring the effects of individual
nutrients, this method allows for assessment of the inflam-
matory potential of the overall diet; with use of E-DII scores
ensuring any effects of dietary inflammation are independent
of the total energy consumed [23]. However, the lack of
representation of African populations in the global dietary
database used for calibration of the DII may reduce the tools
ability to accurately depict the inflammatory profile of the
South African diet [23, 39]. Extension of the database to
include more under-represented populations should, there-
fore, continue to better describe dietary diversity between
populations [39]. Typically, FFQs focus on a period of
3 months or longer during which the respondent is asked to
provide an estimate of frequency of exposure. The FFQ used
in this study included only a 7-day recall period and this
may have limited the ability to reflect habitual intake over a
longer period of time. As we noted earlier in developing the

7-day diet recall [40], a reference period of one week mixes
both episodic and habitual memory that should improve
accuracy of exposure. Thus, our approach, while perhaps
not capturing habitual intake optimally, minimised the recall
bias introduced by relying on a longer recall period. In addi-
tion, only 21 of the 45 potential food parameters used to cal-
culate the DII score were available for this analysis. While
this may have restricted our ability to obtain a full picture of
the inflammatory potential of the diet, many previous stud-
ies have shown the DII/E-DII as a robust tool to test the
association between the DII and inflammation using fewer
parameters [41-43]. Further limitations of our study were
the small sample size with dietary data available from the
S1000 study and that only one inflammatory biomarker was
assessed in a smaller sub-sample of participants. This lim-
ited our ability to determine whether the association between
dietary inflammation and GWG was mediated via an effect
on inflammatory cytokines. The mechanisms whereby a pro-
inflammatory diet may influence maternal adiposity and fetal
metabolic programming are complex and currently not well
understood—particularly in rapidly urbanising low- and
middle-income populations, where data are scarce [44].
Further exploration into the relationship between a pro-
inflammatory diet, inflammatory milieu during pregnancy
(including other co-morbidities, such as gestational diabetes
mellitus) and outcomes, is, therefore, needed.

Conclusions

This study showed that an anti-inflammatory diet during
pregnancy was associated with a reduced risk of exces-
sive weight gain in a rapidly urbanising setting (Soweto)
in South Africa where obesity prevalence rates are high.
However, findings also demonstrate the complexity of the
associations between maternal diet, adiposity and inflam-
mation during pregnancy, as well as the implications for
fetal growth and development in the short and longer term.
Further exploration into the drivers of maternal inflamma-
tion during pregnancy using diverse inflammatory markers
is, therefore, needed to better understand how maternal diet
may ameliorate the effects of maternal adiposity on inflam-
matory milieu and fetal programming.
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