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Abstract
Background  Adverse pregnancy and birth outcomes remain significant public health challenges, particularly in 
low- and middle-income countries (LMICs). Maternal age and parity are recognised as key factors, yet their combined 
influence on maternal and infant outcomes is less understood, especially in LMICs.

Objectives  We investigated the combined effects of maternal age and parity on maternal health risks, including 
body mass index (BMI), gestational diabetes mellitus (GDM), and hypertension, as well as infant birth outcomes, 
namely birth weight, length, and gestational age, in an urban South African cohort.

Methods  This study used data from 830 pregnant women (aged 18–44) enrolled in the Soweto First 1000 Days 
(S1000) longitudinal cohort. Group comparisons were conducted using ANOVA, chi-square, or Kruskal-Wallis tests. 
Multivariable Linear and logistic regression models assessed associations between age-parity and outcomes, 
adjusting for sociodemographic factors. Analyses were conducted in StataSE 18; p < .05 was considered significant.

Results  Mothers > 23 years, ≥ 1 child had higher BMI (28.6 kg/m², p < .001) and increased likelihood of hypertension 
(44.1%, p < .001), and GDM (7.4%, p = .012). Nulliparous women showed greater gestational weight gain (0.39 kg/week, 
p < .001) and an increased likelihood of having low birth weight (2960 g vs. 3185 g, p = .002), small for gestational 
age (SGA) (22.9%, p = .009), and shorter birth length infants (z = − 0.29, 95% CI: [− 0.57 to − 0.01], p = .04). Infants of 
mothers ≤ 23 years, ≥ 1 child had higher birth weight (β = 0.60, 95% CI: [0.32–0.88]; p < .001) and length z-scores (95% 
CI: [0.01–0.97], p = .046). Hypertension (β = −0.99, 95% CI: [− 1.52 to − 0.45], p < .001) and GDM (β = −0.57, 95% CI: 
[− 1.10 to − 0.04], p = .036) were associated with shorter gestational age.

Conclusion  Maternal age and parity were associated with distinct risks to maternal and infant health. These findings 
support the need for more targeted, risk-based antenatal strategies in LMICs.
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Introduction
Maternal and infant health outcomes are key surveillance 
indicators of national health and well-being. Prevent-
able adverse outcomes, such as pre-term birth, low birth 
weight as well as maternal and infant mortality remain 
a significant global health challenge. Recent estimates 
indicate 13.4 million preterm births [1], 19.8 million low 
birth weight infants [2], and 4.5 million deaths, compris-
ing 0.29  million maternal deaths, 1.9  million stillbirths 
and 2.3  million newborn deaths worldwide [3]. Mater-
nal age and a woman’s number of pregnancies (i.e., par-
ity) are increasingly recognised as key factors influencing 
birth outcomes. In high-income countries, maternal age 
at first birth has risen, now averaging 30 years or older 
[4], and parity has declined from more than 3.3 children 
per mother in 1960 to approximately 1.5 children per 
woman in 2022 [5]. In contrast, low- and middle-income 
countries (LMICs) experience higher rates of adolescent 
pregnancies, with an estimated 21 million girls between 
the ages of 15 and 19 becoming pregnant annually [6].

Maternal age and parity extremes are both linked with 
adverse infant outcomes. Young mothers (≤ 19 years) 
experience risks such as maternal-fetal nutritional com-
petition, which limits optimal fetal growth and is linked 
to low birth weight and small-for-gestational-age (SGA) 
infants [7–10]. Pelvic underdevelopment in young 
women may lead to cephalo-pelvic disproportion [11, 
12], leading to obstructed and/or prolonged labour and 
increasing the risk of maternal or perinatal mortality or 
morbidity [13, 14]. Risks such as obesity and poor diets 
that tend to be more prevalent in older mothers (≥ 35 
years), can result in excessive birth weight and greater 
fat deposition in the fetus due to over nutrition [15–17]. 
Similarly, metabolic disorders, such as hypertension and 
diabetes, often experienced by older mothers, increase 
the risk of maternal cardiovascular complications, pre-
eclampsia, and gestational diabetes, leading to intra-
uterine growth restriction (IUGR), premature birth, and 
increased rates of caesarean delivery [18–20]. This dual 
risk is demonstrated in an LMIC-based study, where both 
advanced and young maternal age were associated with 
preterm birth, low birth weight, stunting at two years, 
and adverse long-term effects [21].

Parity further influences pregnancy and birth risks. 
Nulliparous mothers, who lack prior reproductive experi-
ence, encounter a higher risk of obstructed labour, cae-
sarean delivery and an increased likelihood of having low 
birth weight infants [22]. Conversely, multiparity (≥ 5 
deliveries) is associated with better birth outcomes due 
to prior childbirth experience and improved physiologi-
cal adaptations [23]. However, excessive parity seemingly 
diminishes these benefits, with high multiparity linked to 
preterm birth, low birth weight, and placental abruption. 
Uterine perforation and reduced myometrial strength 

[24], placental abnormalities [25, 26] as well as nutri-
tional deficiencies due to repeated pregnancies [27] may 
operate as possible underlying factors for the increased 
risks.

Despite extensive research, evidence remains limited 
on infant growth outcomes and anthropometric mea-
sures at birth and during early infancy [28]. Moreover, 
existing studies often fail to account for potential con-
founding factors, such as socioeconomic status (SES) 
and rely on cross-sectional data. Addressing these gaps 
is crucial for developing targeted interventions that opti-
mise growth patterns, which are critical for long-term 
health and development, ultimately improving maternal 
and infant health outcomes.

We investigated whether maternal age at the time of 
the first childbirth and parity are associated with both 
maternal pregnancy and infant health outcomes within 
the Soweto First 1000 Days (S1000) Cohort. We hypothe-
sise a U-shaped relationship, whereby extremes in mater-
nal age and parity are associated with an increased risk of 
adverse maternal and infant health outcomes.

Methods
This study is a secondary use of the data from the Soweto 
First 1000 Days (S1000) cohort, a longitudinal preg-
nancy study, undertaken at the SAMRC/Wits Develop-
mental Pathways for Health Research Unit (DPHRU) at 
Chris Hani Baragwanath Academic Hospital (CHBAH), 
in Soweto, Johannesburg. Soweto is a major urban area 
with a historically low-income status and a population of 
approximately 1.6  million, predominantly Black African 
individuals, and high burden of non-communicable dis-
eases, such as diabetes, hypertension, and elevated cho-
lesterol levels [29]. The primary aim of the S1000 study 
was to conduct an in-depth investigation into the rela-
tionship between maternal health conditions (e.g., obe-
sity, gestational hypertension, gestational diabetes, HIV), 
biological and physiological factors (e.g., physical activity, 
dietary patterns) and fetal and infant growth and devel-
opmental outcomes through the first two years postpar-
tum. The current study focuses on the maternal factors 
that impact pregnancy and infant outcomes.

Participants
The study participants consisted of 830 pregnant women 
drawn from the S1000 cohort between the ages of 18 and 
44 (median age of 29), residing in the Soweto region and 
attending antenatal care at CHBAH. The inclusion crite-
ria required participants to be 18 years and not enrolled 
in school, with no maximum age limit applied. Women 
under 18 years were excluded given that they are still 
undergoing growth and development, and pregnancy 
during adolescence involves physiological adaptations 
that may not be generalisable to the adult population. 
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Including this age group could introduce biological het-
erogeneity, complicating interpretation of findings, and 
participation may pose additional psychosocial and ethi-
cal risks, including sensitive disclosures, potential stigma, 
and the burden of study procedures, that could outweigh 
the benefits, particularly as the study was not designed 
to generate adolescent-focused evidence. Participants 
for the broader S1000 study were gradually recruited 
between 2014 and 2016 through the hospital’s fetal medi-
cine unit. Eligibility criteria included self-reported Black 
South African women living in Soweto or the surround-
ing area, with natural conception, ideally less than 14 
weeks but no more than 20 weeks pregnant. Participants 
were required to have no diagnosis of epilepsy, Type-1 
diabetes or cancer and no intellectual disabilities at the 
time of recruitment. Participants with Type-1 diabetes 
were excluded due to the clinical management these con-
ditions require during pregnancy. Other forms of diabe-
tes, such as chronic diabetes (e.g., Type-2), overt diabetes 
diagnosed only prior to the study pregnancy and not dur-
ing study visits, and gestational diabetes mellitus (GDM) 
were included. Individuals with intellectual disabilities 
were excluded based on their limited capacity for provid-
ing informed consent. Data for the S1000 study were col-
lected at six time points during pregnancy, including < 14 
weeks; 14–18 weeks; 19–23 weeks; 24–28 weeks; 29–33 
weeks and 34–38 weeks, and at the time of delivery. All 
women were notified about the nature and aims of the 
broader S1000 study and provided written informed con-
sent for participant and data use. Ethical approval for 
the large-scale study was obtained from the Human Eth-
ics Research Committee of the University of the Witwa-
tersrand’s Research Ethics Committee (Medical) (ethical 
clearance number: M120524).

Measures
Maternal health and socio-demographic variables
At the baseline visit (< 14 weeks gestation), trained 
research staff administered questionnaires to collect 
maternal demographics (enrolment age, education, 
smoking status), pregnancy-related information, and 
SES. The questionnaire items used in this study have 
been compiled into a separate document, which has been 
submitted as a supplementary file. Parity was defined 
as the number of previous births at ≥ 24 weeks, includ-
ing still births. Participants were asked to report on prior 
pregnancy-related conditions (e.g., anaemia, respiratory, 
cardiac, kidney disease, hypertension, and gestational 
diabetes). Self-reported HIV status was obtained at each 
pregnancy visit, which was validated against medical 
records. An 11-item self-report asset index taken from 
the Demographic and Health Surveys (DHS) (available at: 
www.measuredhs.com) was used to determine SES, with 
participants scored according to the number of assets 

they owned. Higher scores were indicative of a higher 
SES, with scores ranging from 0 to 11.

Maternal anthropometry and pregnancy outcomes
Maternal height at baseline was measured using a wall-
mounted Stadiometer (Holtain, UK) and weight at each 
pregnancy visit was obtained using a digital scale. Base-
line weight (< 14 weeks gestational age) and height were 
used to calculate BMI and women were categorised as 
underweight (< 18  kg/m²), normal (18.5 < 25  kg/m²) or 
overweight (≥ 25  kg/m²). Gestational weight gain (kg/
week) was calculated as the difference between baseline 
and final pregnancy weights divided by the number of 
weeks between the two.

Blood pressure (mm Hg) during the pregnancy at 
recruitment was measured using an Omron 6 automated 
machine (Kyoto, Japan), with hypertension defined as 
a systolic measure of ≥ 140 and/or a diastolic measure 
of ≥ 90. Hypertension was determined from both self-
reported history on recruitment, measurements at book-
ing as well as first detection during the study pregnancy. 
This approach captures both pre-existing hypertension 
and hypertension arising during pregnancy, providing an 
indication of chronic and early-onset pregnancy-related 
hypertensive conditions. Haemoglobin levels (g/dL) were 
measured using a HemoCue. Women were considered 
anaemic if they had a haemoglobin level below 11.0  g/
dL using values from the baseline or second visit (14–18 
weeks gestational age) if women were unavailable for the 
baseline visit. Urine dipsticks detected glucosuria and 
proteinuria. Gestational Diabetes Mellitus (GDM) was 
determined using a two-hour 75-gram oral glucose toler-
ance test (OGTT). In accordance with the WHO’s 2013 
criteria [30], the presence of GDM was determined if any 
of the following thresholds were met: fasting plasma glu-
cose of 5.1–6.9 mmol/l, or one-hour plasma glucose of 
≥ 10.0 mmol/l or two-hour plasma glucose of 8.5–11.0 
mmol/l.

Delivery outcomes and infant anthropometry
Gestational age at delivery was calculated from the 
time between delivery date and baseline ultrasound 
scan, added to the gestational age at enrolment, which 
was measured in days using the crown-to-rump length. 
Newborn birth weight and length were assessed using 
a calibrated SECA Baby Scale (SECA) and a Harpen-
den Infantometer (Holtain, London, UK), respectively. 
Trained nurses administered these measures, and the 
newborns were assessed within 24 h of delivery. If con-
ducting this assessment within this time frame was not 
feasible (e.g., infant admitted to the hospital for observa-
tion), it was done within 48  h. The International New-
born Size at Birth Application tool [31] was used to 
determine the birth weight centiles and weight-to-length 

http://www.measuredhs.com
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z-scores based on newborn gender and gestational age at 
delivery (total days). The following criteria were used to 
categorise newborns based on birth weight. Specifically, 
infants were classified as SGA if their birth weight fell 
below the 10th percentile, appropriate-for-gestational-
age (AGA) if their birth weight was between the 10th 
and 90th percentiles, and large-for-gestational-age (LGA) 
if their birth weight exceeded the 90th percentile [32]. 
Additionally, low birth weight was defined as less than 
2.5 kg, while macrosomia was defined as a birth weight 
greater than 4.0 kg.

Data analysis
Data obtained from 830 mother-newborn pairs were 
analysed using StataSE version 18. Maternal age-par-
ity groups (nulliparous mothers; mothers ≤ 23 years, 
≥ 1 child; and mothers > 23 years, ≥ 1 child) were cre-
ated using parity status and maternal age at recruit-
ment. The groups served as a proxy for maternal age at 
first childbirth. While a maternal age cutoff of 35 years 
is commonly accepted, the cutoff age of 23 was chosen 
pragmatically to ensure balanced group sizes for analysis 
while approximating the timing of first childbirth within 
our sample. This cutoff age aligns with an expanded defi-
nition, which classifies individuals aged 10–24 years as 
adolescence or “young people” [33, 34], making the group 
of mothers ≤ 23 years, ≥ 1 child broadly indicative of ado-
lescent and young maternal childbearing, and those > 23 
years, ≥ 1 child representative of older maternal child-
bearing. Descriptive statistics were used to compare 
maternal, pregnancy and infant characteristics across 
these age-parity groups using one-way ANOVA (nor-
mally distributed) or Kruskal-Wallis tests (skewed dis-
tributed) for continuous variables and chi-squared tests 
for categorical variables. Post hoc pairwise comparisons 
followed significant omnibus results.

Associations between maternal age-parity groups and 
infant outcomes were examined using multivariable lin-
ear (continuous variables) and logistic regression models 
(categorical variables). Infant outcomes included birth 
weight z-scores, birth weight category (SGA vs. LGA), 
birth length z-scores, and gestational age at delivery (in 
weeks). Maternal age-parity was the primary exposure 
variable and was entered as a three-level categorical vari-
able (nulliparous = reference). For each birth outcome, 
a series of nested models was analysed to examine the 
associations between maternal age-parity and the out-
come of interest, while incrementally adjusting for addi-
tional factors. Each analysis included six models. Model 
1 including the unadjusted association between age-
parity and the respective outcome variable, and Model 2 
adjusted for key socio-demographic covariates (neonatal 
sex, HIV status, SES and maternal level of education). 
Models 3 to 5 sequentially introduced maternal health 

conditions,BMI (Model 3), gestational diabetes mellitus 
(GDM; Model 4), and hypertension (Model 5),as explana-
tory variables. The final model (Model 6) included all 
maternal health variables and socio-demographic covari-
ates simultaneously to assess fully adjusted associations. 
All models were tested for multicollinearity and influen-
tial outliers. Regression diagnostics were performed to 
assess model assumptions, including normality of residu-
als (for linear models) and goodness-of-fit (for logistic 
models). Statistical significance was set at p <.05 for all 
analyses.

Results
Participant characteristics
Maternal sociodemographic, anthropometry, preg-
nancy outcomes and birth characteristic stratified by 
age-parity groups are presented in Table  1. The mean 
maternal age was 29.81 years (SD = 5.89), with a median 
age of 29 years (IQR: 25–34). Nulliparous women were 
more likely to have tertiary education (p <.001) and had 
a higher SES than mothers > 23 years, ≥ 1 child (p =.009). 
HIV prevalence was higher among mothers > 23 years, 
≥ 1 child compared to nulliparous women (p <.001). Sig-
nificant group differences were observed for maternal 
weight and BMI, but not height. Mothers > 23 years, 
≥ 1 child (70.9 kg, IQR: 60.6–81.7) had a higher median 
weight than nulliparous women (65.9 kg, IQR: 57.3–77.4; 
p <.001) and higher BMI at recruitment (28.6 kg/m², IQR: 
24.4–32.2), with more classified as overweight (p <.001). 
No significant height differences occurred (p =.165), indi-
cating weight as the main driver of BMI variation. Ges-
tational weight gain per week was higher in nulliparous 
women (0.4  kg/week, IQR: 0.3–0.5) than mothers > 23 
years, ≥ 1 child (0.3 kg/week, IQR: 0.2–0.4; p <.001).

Differences in maternal pregnancy outcomes at base-
line were also identified. Significant differences were 
found in hypertension, with a higher prevalence of 
chronic (p =.007) and pregnancy hypertension (p <.001) 
in mothers > 23 years, ≥ 1 child. Similarly, GDM was sig-
nificantly more prevalent in mothers > 23 years, ≥ 1 child 
compared to nulliparous women (p =.012), whereas the 
converse occurred for respiratory disease (p =.001).

For delivery outcomes, there was a marginally signifi-
cant difference in gestational age at delivery, with infants 
from nulliparous women having greater gestational age 
(39, IQR: 38–40) compared to mothers > 23 years, ≥ 1 
child (38, IQR: 37–39). Infants of nulliparous women 
had significantly lower median birth weight (2960, IQR: 
2581.25-3228.75) compared to those of mothers ≤ 23 
years, ≥ 1 child (3185, IQR: 2935-3342.5, p =.002), which 
corresponds to low birth weight being more common 
among the nulliparous group (p =.009). Small for ges-
tational age infants comprised 17.2% of the sample and 
were most common among nulliparous women (22.9%; 
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Variable Total (n = 830) Nulliparous
(n = 231)

Mothers ≤ 23 
years, ≥ 1 child 
(n = 54)

Mothers > 23 
years, ≥ 1 child 
(n = 545)

p

Individual
  Maternal Age (mean, SD) 29.81 (5.89) 26.07 (4.98) 22.22 (0.9) 32.15 (5.02) < 0.001***
  Maternal Age (median, IQR; max) 29 (25-34): 44 24 (23–28): 

44; n = 231
22 (22–23): 23; 
n = 54

32 (28–36): 43; 
n = 545

< 0.001***

Level of Education < 0.001***
  Up to Secondary Education 621 (74.8) 150 (64.9) 43 (79.6) 428 (78.5)
  Tertiary Education 209 (25.2) 81 (35.1) 11 (20.4) 117 (21.5)
HIV status < 0.001***
  Negative 563 (67.8) 182 (78.8) 39 (72.2) 342 (62.8)
  Positive 267 (32.2) 49 (21.2) 15 (27.8) 203 (37.3)
Smoking Status; n = 829 0.328
  Nonsmoker 758 (91.4) 206 (89.6) 48 (88.9) 504 (92.5)
  Smoker 71 (8.6) 24 (10.4) 6 (11.1) 41 (7.5)
Household
  SES (median, IQR; max) 6 (5–6); 9 6 (5–7); 9; 

n = 231
5.5 (5–7); 9; 
n = 54

5 (5–6); 9; 
n = 545

0.009**

Maternal Anthropometry
  Weight, kg (mean, SD) 71.26 (16.2) 67.94 (15.43) 69.03 (13.91) 72.89 (16.51) < 0.001***
  Weight, kg (median, IQR; max) 69.1 (59.7–80.6); 158.8 65.9 (57.3-

77.35); 137.1
66.95 (60.3–
75.2); 111.8

70.9 (60.6–81.7); 
158.8

< 0.001***

  Height, cm (mean, SD) 158.77 (6.69) 159.22 (7.71) 158.09 (5.42) 158.64 (6.34) 0.165
  Height, cm (median, IQR; max) 158.5 (154.8-162.6); 

193.6
159.2 (155.3-
163.05); 193.6

157 (154.8-
160.83); 173.9

158.4 (154.5-
162.4); 180.2

0.165

BMI at recruitment, kg/m2 (< 14 weeks) (median, IQR; max) 27.62 (23.79–31.44); 
60.58

26.28 
(22.23–29.68); 
53.62

26.59 (23.99–
30.86); 43.81

28.57 (24.41–
32.21); 60.58

< 0.001***

Maternal BMI Category < 0.001***
  Underweight (< 18.5) 276 (33.3) 94 (40.7) 21 (38.9) 161 (29.5)
  Normal (18.5 < 25) 272 (32.8) 85 (36.8) 17 (31.5) 170 (31.2)
  Overweight (25 ≤) 282 (34) 52 (22.5) 16 (29.6) 214 (39.3)
Gestational Weight, kg/week (median, IQR; max); n = 829 0.35 (0.23–0.47); 2.2 0.39 

(0.26–0.54); 
1.01; n = 230

0.38 (0.28–0.51): 
0.94; n = 54

0.33 (0.21–0.44): 
2.2; n = 545

< 0.001***

Maternal Pregnancy Factors at Baseline Pregnancy Visit 1
Anaemia; n = 814 0.181
  No 802 (98.5) 217 (97.3) 53 (98.2) 532 (99.1)
  Yes 12 (1.5) 6 (2.7) 1 (1.9) 5 (0.9)
Cardiac Disease; n = 827 0.555
  No 817 (98.8) 226 (99.1) 54 (100) 537 (98.5)
  Yes 10 (1.2) 2 (0.88) 0 8 (1.5)
Chronic Hypertension (pre-pregnancy diagnosis); n = 822 0.007**
  No 749 (91.1) 214 (94.7) 53 (98.2) 482 (88.9)
  Yes 73 (8.9) 12 (5.3) 1 (1.9) 60 (11.1)
Hypertension (during pregnancy); n = 815 < 0.001***
  No 729 (89.5) 208 (93.7) 54 (100) 467 (86.6)
  Yes 86 (10.6) 14 (6.3) 0 72 (13.7)
Respiratory disease; n = 823 0.001**
  No 790 (96) 208 (92) 54 (100) 528 (97.2)
  Yes 33 (4) 18 (8) 0 15 (2.8)
Kidney Disease; n = 826 0.661
  No 818 (99) 225 (98.7) 54 (100) 539 (99.1)
  Yes 8 (1) 3 (1.3) 0 5 (0.9)
Proteinuria; n = 792 0.323

Table 1  Maternal sociodemographic, anthropometry, pregnancy and delivery outcomes by maternal age-parity group
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p =.009), while LGA was most prevalent among moth-
ers > 23 years, ≥ 1 child (8.8%). A higher median birth 
length was observed among infants born to mothers ≤ 23 
years, ≥ 1 child (49, IQR: 48.0–51.1) compared to moth-
ers > 23 years, ≥ 1 child (48.4, IQR: 46.6–50, p =.026). Sim-
ilarly, birth length z-scores differed significantly across 
groups, with infants born to mothers ≤ 23 years, ≥ 1 child 
having higher median z-score (0.41, IQR: −0.63 to 1.33), 
compared to those of mothers > 23 years, ≥ 1 child (− 0.29, 
IQR: −1.10 to − 0.70; p =.040).

Maternal Age-Parity Influence on Infant Outcomes
Results from the linear regression models assessing the 
relationship between maternal age-parity and infant birth 
weight z-scores are presented in Table  2. Findings from 
the unadjusted model (M1) show that both mothers ≤ 23 
years, ≥ 1 child (β = 0.52, 95% CI [0.21–0.83], p =.001) and 
mothers > 23 years, ≥ 1 child (β = 0.35, 95% CI [0.19–0.51], 
p <.001) had significantly higher birth weight z-scores 
compared to nulliparous mothers, with these associa-
tions remaining significant across all subsequent models. 
Birth weight z-scores remained significantly higher in 

Variable Total (n = 830) Nulliparous
(n = 231)

Mothers ≤ 23 
years, ≥ 1 child 
(n = 54)

Mothers > 23 
years, ≥ 1 child 
(n = 545)

p

  No 779 (98.4) 214 (99.1) 53 (100) 512 (98)
  Yes 13 (1.6) 2 (0.9) 0 11 (2.1)
Type 2 Diabetes; n = 826 0.986
  No 813 (97.9) 226 (97.8) 53 (98.2) 534 (98)
  Yes 17 (2.1) 5 (2.2) 1 (1.8) 11 (2)
Gestational Diabetes Mellitus; n = 741 0.012*
  No 658 (88.8) 195 (94.2) 42 (89.4) 421 (86.5)
  Yes 83 (11.2) 12 (5.8) 5 (10.6) 66 (13.6)
Delivery Outcomes
  Gestational age at delivery, weeks (median, IQR; max); 
n = 814

39 (37–40); 42 39 (38–40); 
42; n = 226

39 (38-39.5); 41; 
n = 51

38 (37–39); 42; 
n = 537

0.032*

  Preterm Delivery 129 (15.9) 36 (15.9) 5 (9.8) 88 (16.4) 0.469
Birth Status; n = 800 0.746
  Alive 788 (98.5) 217 (98.6) 51 (100) 520 (98.3)
  Antepartum Death 5 (0.6) 2 (0.9) 0 3 (0.6)
  Intrapartum Death 7 (0.88) 1 (0.5) 0 6 (1.1)
Neonatal Sex; n = 828 0.537
  Male 430 (51.9) 118 (51.3) 32 (59.3) 280 (51.5)
  Female 398 (48.1) 112 (48.7) 22 (40.7) 264 (48.5)
Mode of Delivery; n = 814 0.183
  Vaginal 340 (41.8) 106 (46.9) 20 (39.2) 214 (39.9)
  Caesarean Section 474 (58.2) 120 (53.1) 31 (60.8) 323 (60.1)
Infant Anthropometry
  Infant Birth Weight, g (median, IQR; max); n = 791 3030 (2675–3300); 

4500
2960 
(2581.25-
3228.75); 
4165; n = 218

3185 (2935-
3342.5); 3935; 
n = 51

3040 (2720-
3327.5); 4500; 
n = 522

0.002**

  Birth Weight Category; n = 791 0.009**
  Small for Gestational Age (SGA) 136 (17.2) 50 (22.9) 6 (11.8) 80 (15.3)
  Appropriate for Gestational Age 599 (75.7) 161 (73.9) 42 (82.4) 396 (75.9)
  Large for Gestational Age 56 (97.1) 7 (3.2) 3 (5.9) 46 (8.8)
  Low Birth Weight 135 (17.1) 43 (19.7) 1 (2) 91 (17.4) 0.009**
  Birth Length, cm (median, IQR; max); n = 790 48.5 (46.7–50.2); 64.2 48.7 (46.7-

50.38); 58; 
n = 218

49 (48-51.05): 
61; n = 51

48.4 (46.6–50): 
64.2; n = 521

0.026*

  Birth Weight Z-score (median, IQR; max); n = 791 −0.32 (−1−0.38) 3.86 −0.59 
(−1.24−0.11); 
3.09; n = 218

−0.13 
(−0.6−0.65); 
1.58; n = 51

−0.28 
(−0.91−0.5); 
3.86; n = 522

< 0.001***

  Birth Length Z-score (median, IQR; max); n = 790 −0.25 (−1.07−0.77); 
5.34

−0.27 
(−1.08−0.72); 
4.1; n = 218

0.41 
(−0.63−1.33); 
4.53; n = 51

−0.29 
(−1.1−0.7); 5.34; 
n = 521

0.04*

Table 1  (continued) 
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the mothers ≤ 23 years, ≥ 1 child (β = 0.52, 95% CI [0.20–
0.83], p <.001) and mothers > 23 years, ≥ 1 child (β = 0.33, 
95% CI [0.16–0.50], p <.001) groups after including BMI 
in Model 3. Additionally, both normal (β = 0.21, 95% CI 
[0.04–0.39], p =.018) and overweight (β = 0.35, 95% CI 
[0.18–0.53], p <.001) BMI categories were associated with 
significantly higher birth weight z-scores compared to 
underweight status. In Model 4, GDM was not signifi-
cantly associated with birth weight z-scores (p =.231), and 
hypertension in Model 5 was not significantly associated 
with birth weight z-scores (p =.263). In the fully adjusted 
model including all variables and covariates (M6), the 
association between age-parity and birth weight z-scores 
remained significant both for mothers ≤ 23 years, ≥ 1 
child (β = 0.60, 95% CI [0.27- 0.93], p <.001) and moth-
ers > 23 years, ≥ 1 child (β = 0.38, 95% CI [0.2- 0.55], 
p <.001). Maternal BMI continued to show a significant 
positive influence on birth weight in this model, with 
normal (β = 0.19, 95% CI [0.01–0.38], p =.038) and over-
weight (β = 0.39, 95% CI [0.20–0.57], p <.001) mothers 
having significantly higher birth weight z-scores.

The logistic regression analysis is presented in Table 3, 
which assessed the odds of delivering a LGA infant 
versus SGA infant across age-parity groups. Model 1 
showed that mothers > 23 years, ≥ 1 child had signifi-
cantly higher odds of delivering LGA infants compared 
to nulliparous women (OR = 4.11, 95% CI [1.72–9.81], 
p =.001), whereas the association for mothers ≤ 23 years, 
≥ 1 child was not statistically significant (OR = 3.57, 95% 
CI [0.75–17.07], p =.118). Adjustment for neonatal sex, 
HIV status, SES, and education in Model 2 revealed a 
slight strengthening of the association for both moth-
ers ≤ 23 years, ≥ 1 child (OR = 4.36, 95% CI [0.83–22.94], 
p =.082) and mothers > 23 years, ≥ 1 child (OR = 5.47, 
95% CI [2.17–13.76], p <.001); however, the results for 
mothers ≤ 23 years, ≥ 1 child remained non-significant. 
When BMI was introduced in Model 3, the odds of LGA 
remained significantly high for mothers > 23 years, ≥ 1 
child (OR = 3.99, 95% CI [1.55–10.28], p =.004). Nor-
mal-weight mothers (vs. underweight) had significantly 
increased odds of LGA (OR = 5.40, 95% CI [1.65–17.72], 
p =.005), with even greater odds observed in overweight 
mothers (OR = 11.34, 95% CI [3.55–36.24], p <.001). The 
association between mothers > 23 years, ≥ 1 child and 
LGA further increased when GDM was introduced in 
Model 4 (OR = 8.04, 95% CI [2.58–25.05], p <.001); how-
ever, GDM itself was not significantly associated with 
LGA (OR = 1.12, 95% CI [0.34–3.73], p =.851). Hyperten-
sion was not associated with LGA in Model 5 (OR = 1.07, 
95% CI [0.43–2.67], p =.882), and the association between 
mothers > 23 years, ≥ 1 child status and LGA remained 
significant (OR = 6.12, 95% CI [2.28–16.47], p <.001). 
In Model 6, mothers > 23 years, ≥ 1 child continued to 
show significantly higher odds of delivering LGA infants 
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(OR = 7.95, 95% CI [2.12–29.88], p =.002). Neither GDM 
nor hypertension showed independent significant asso-
ciations with birth weight category in the fully adjusted 
model. BMI retained its significant effect, with normal-
weight (OR = 7.98, 95% CI [1.64–38.77], p =.010) and 
overweight (OR = 16.31, 95% CI [3.99–66.71], p <.001) 
mothers showing higher odds of LGA compared to 
underweight counterparts. Across all models, none of the 
covariates reached statistical significance.

The linear regression models presented in Table  4 
include the results for birth length z-scores. Mothers ≤ 23 
years, ≥ 1 child had infants with significantly higher 
birth length z-scores compared to nulliparous mothers 
(β = 0.49, 95% CI [0.01–0.97], p =.046) in the unadjusted 
model (Model 1). While this association remained sig-
nificant across all models, the inclusion of BMI (Model 
3), GDM (Model 4), and hypertension (Model 5) did 
not significantly alter the strength or direction of the 
observed association for mothers < 23 years, ≥ 1 child. 
Moreover, none of the maternal factors themselves were 
significantly associated with birth length z-scores. Socio-
economic status was significantly associated with birth 
length z-scores in Model 2 (β = 0.12, 95% CI [0.03–0.21], 
p =.012), Model 3 (β = 0.11, 95% CI [0.02–0.20], p =.018), 
Model 4 (β = 0.13, 95% CI [0.03–0.22], p =.011), Model 
5 (β = 0.12, 95% CI [0.03–0.21], p =.009), and Model 6 
(β = 0.12, 95% CI [0.02–0.22], p =.016).

Table 5 presents the results from the Linear regression 
models for the gestational age outcome. The unadjusted 
Model 1 showed no statistically significant association 
between maternal age-parity group and gestational age 
at delivery. These associations remained non-significant 
after adjusting for covariates in Model 2. Across Mod-
els 3 to 6, the associations between maternal age-parity 
and gestational age remained non-significant. Hyper-
tension was independently associated with shorter ges-
tation in Model 5 (β = −1.03, 95% CI [− 1.59 to − 0.48], 
p <.001) and Model 6 (β = −0.99, 95% CI [− 1.52 to − 0.45], 
p <.001). Additionally, GDM showed a modest but sta-
tistically significant negative association with gestational 
age in Model 4 (β = −0.61, 95% CI [− 1.13 to − 0.08], 
p =.025) and remained significant in Model 6 (β = −0.57, 
95% CI [− 1.10 to − 0.04], p =.036). These findings suggest 
that while maternal age and parity do not independently 
influence gestational age at delivery, hypertension and 
GDM are key risk factors associated with shorter gesta-
tion. Maternal BMI category was not significantly associ-
ated with gestational age in any model, and none of the 
covariates showed significant associations.

Discussion
Key findings
This study investigated the combined influence of 
maternal age and parity on both pregnancy outcomes 
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(BMI, GDM and hypertension), and birth outcomes 
(birth weight and length z-scores, SGA, LGA and ges-
tational age) in a South African urban cohort. Overall, 
we found evidence partially in support of our hypoth-
esised U-shaped relationship, whereby both extremes of 
maternal age and parity were expected to be associated 
with variations in outcomes. Nulliparous women had 
lower infant birth weight (2960  g vs. 3185  g, p <.001), 
higher rates of SGA births (22.9% vs. 15.3%, p <.001), and 
lower BMI (26.28 vs. 28.57  kg/m², p <.001). In contrast, 
mothers > 23 years, ≥ 1 child had higher BMI (26.3 vs. 
28.6 kg/m², p <.001), and higher prevalence of hyperten-
sion (13.7% vs. 6.3%, p <.001) and GDM (13.6% vs. 5.8%, 
p =.012), as well as a greater proportion of LGA infants 
(8.8% vs. 3.2%, p =.009). While median BMI values for 
the nulliparous and mothers > 23 years, ≥ 1 child groups 
are not classified as obese, associations with birth out-
comes were found in our study, particularly SGA among 
nulliparous women and LGA among mothers > 23 years, 
≥ 1 child. Mothers ≤ 23 years, ≥ 1 child delivered infants 
with higher birth weight and length z-scores compared 
to nulliparous women (2960 g vs. 3185, p <.001), suggest-
ing a protective effect of reproductive experience when 
combined with younger maternal age. These findings 
address a notable gap in the literature by simultaneously 
examining multiple maternal risk factors, thereby offer-
ing insights into reproductive risk factors in LMICs and 
informing targeted antenatal interventions based on age 
and parity.

Contextualisation of findings
Group difference analysis revealed significant differences 
across maternal age-parity groups. In line with global and 
South African trends [35, 36], nulliparous women were 
more likely to have completed higher levels of education. 
Mothers > 23 years, ≥ 1 child had a higher prevalence of 
HIV, consistent with prior research [37–39], which is pos-
sibly due to prolonged sexual activity and greater cumu-
lative exposure to HIV risk factors [40]. Significant group 
differences also occurred for maternal anthropometric 
measures. Mothers > 23 years, ≥ 1 child had moderately 
higher weight and BMI compared to nulliparous women, 
and a greater proportion classified as overweight, which 
is associated with increased risk of metabolic complica-
tions, gestational diabetes, and LGA deliveries. These 
findings correspond with studies showing factors con-
tributing to age-related weight-gain in women, such as 
poor-quality diets, decreased physical activity, hormonal 
changes, cumulative weight, retention and metabolic 
changes associated with successive pregnancies [41]. 
Despite having a higher BMI in early pregnancy, mul-
tiparous women had moderately lower gestational weight 
gain per week compared to nulliparous women, consis-
tent with findings from a large retrospective cohort [42]. 

M
1 

(n
 =

 7
90

)
M

2 
(n

 =
 7

78
)

M
3 

(n
 =

 7
78

)
M

4 
(n

 =
 6

89
)

M
5 

(n
 =

 7
76

)
M

6 
(n

 =
 6

88
)

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
p

 
U

p 
to

 S
ec

on
da

ry
 E

du
ca

tio
n

Re
f

Re
f

Re
f

Re
f

Re
f

 
H

ig
he

r e
du

ca
tio

n
0.

05
−

 0
.2

2;
 

0.
31

0.
71

4
0.

13
−

 0
.2

1;
 

0.
32

0.
70

4
−

 0
.0

2
−

 0
.2

9;
 

0.
26

0.
90

8
0.

07
−

 0
.2

; 
0.

34
0.

59
7

0.
01

−
 0

.2
7;

 
0.

29
0.

92
1

M
od

el
 1

 (M
1)

 =
 U

na
dj

us
te

d 
Li

ne
ar

 re
gr

es
si

on
 o

f a
ge

-p
ar

it
y 

bi
rt

h 
le

ng
th

 z
-s

co
re

s

 M
od

el
 2

 (M
2)

 =
 L

in
ea

r r
eg

re
ss

io
n 

of
 a

ge
-p

ar
it

y 
an

d 
bi

rt
h 

le
ng

th
 z

-s
co

re
s 

ad
ju

st
ed

 fo
r n

eo
na

ta
l g

en
de

r, 
H

IV
 s

ta
tu

s,
 S

ES
 a

nd
 le

ve
l o

f e
du

ca
tio

n

M
od

el
 3

 (M
3)

 =
 L

in
ea

r r
eg

re
ss

io
n 

in
cl

ud
in

g 
ag

e-
pa

rit
y 

an
d 

bi
rt

h 
le

ng
th

 z
-s

co
re

s,
 w

ith
 B

M
I c

at
eg

or
y 

ad
de

d,
 a

dj
us

te
d 

fo
r n

eo
na

ta
l g

en
de

r, 
H

IV
 s

ta
tu

s,
 S

ES
, a

nd
 m

at
er

na
l e

du
ca

tio
n

M
od

el
 4

 (M
4)

 =
 L

in
ea

r r
eg

re
ss

io
n 

in
cl

ud
in

g 
ag

e-
pa

rit
y 

an
d 

bi
rt

h 
le

ng
th

 z
-s

co
re

s,
 w

ith
 G

D
M

 a
dd

ed
, a

dj
us

te
d 

fo
r n

eo
na

ta
l g

en
de

r, 
H

IV
 s

ta
tu

s,
 S

ES
, a

nd
 m

at
er

na
l e

du
ca

tio
n

M
od

el
 5

 (M
5)

 =
 L

in
ea

r r
eg

re
ss

io
n 

in
cl

ud
in

g 
ag

e-
pa

rit
y 

an
d 

bi
rt

h 
le

ng
th

 z
-s

co
re

s,
 w

ith
 h

yp
er

te
ns

io
n 

ad
de

d,
 a

dj
us

te
d 

fo
r n

eo
na

ta
l g

en
de

r, 
H

IV
 s

ta
tu

s,
 S

ES
, a

nd
 m

at
er

na
l e

du
ca

tio
n

M
od

el
 6

 (M
6)

 =
 F

ul
ly

 a
dj

us
te

d 
lin

ea
r r

eg
re

ss
io

n 
m

od
el

 in
cl

ud
in

g 
ag

e-
pa

rit
y,

 b
ir

th
 le

ng
th

 z
-s

co
re

s,
 a

nd
 a

ll 
m

at
er

na
l h

ea
lth

 fa
ct

or
s 

(B
M

I, 
G

D
M

, a
nd

 h
yp

er
te

ns
io

n)
, a

dj
us

te
d 

fo
r n

eo
na

ta
l g

en
de

r, 
H

IV
 s

ta
tu

s,
 S

ES
, a

nd
 m

at
er

na
l 

ed
uc

at
io

n

CI
 C

on
fid

en
ce

 In
te

rv
al

, B
M

I B
od

y 
M

as
s 

In
de

x,
 G

D
M

 G
es

ta
tio

na
l D

ia
be

te
s 

M
el

lit
us

, H
IV

 H
um

an
 Im

m
un

od
efi

ci
en

cy
 V

iru
s,

 S
ES

 S
oc

io
ec

on
om

ic
 S

ta
tu

s

Ta
bl

e 
4 

(c
on

tin
ue

d)
 



Page 13 of 18Alcock et al. BMC Pregnancy and Childbirth         (2025) 25:1094 

M
1 

(n
 =

 8
14

)
M

2 
(n

 =
 8

01
)

M
3 

(n
 =

 8
01

)
M

4 
(n

 =
 7

12
)

M
5 

(n
 =

 7
98

)
M

6 
(n

 =
 7

10
)

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
P

β
95

%
 C

I
p

β
95

%
 C

I
p

β
95

%
 C

I
p

Ag
e-

Pa
rit

y
 

N
ul

lip
ar

ou
s

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

 
M

ot
he

rs
 <

 2
3 

ye
ar

s, 
≥

 1
 c

hi
ld

0.
34

−
 0

.4
; 

1.
08

0.
37

1
0.

4
−

 0
.3

5;
 

1.
14

0.
29

5
0.

38
−

 0
.3

7;
 

1.
12

0.
32

2
0.

09
−

 0
.6

5;
 

0.
84

0.
80

7
0.

37
−

 0
.3

8;
 

1.
11

0.
33

6
0.

03
−

 0
.7

2;
 

0.
78

0.
93

6

 
M

ot
he

rs
 ≥

 2
3 

ye
ar

s, 
≥

 1
 c

hi
ld

−
 0

.3
3

−
 0

.7
1;

 
0.

05
0.

09
2

−
 0

.2
7

−
 0

.6
6;

 
0.

11
0.

16
7

−
 0

.3
1

−
 0

.7
; 

0.
09

0.
12

7
−

 0
.3

6
−

 0
.7

5;
 

0.
02

0.
06

3
−

 0
.1

8
−

 0
.5

7;
 

0.
22

0.
38

3
−

 0
.3

−
 0

.6
9;

 
0.

1
0.

14
3

BM
I

 
U

nd
er

w
ei

gh
t (

<
 1

8.
5)

Re
f

Re
f

 
N

or
m

al
 (1

8.
5 

<
 2

5)
−

 0
.1

9
−

 0
.6

1;
 

0.
23

0.
37

−
 0

.3
7

−
 0

.7
8;

 
0.

04
0.

08

 
O

ve
rw

ei
gh

t (
25

 ≤
)

0.
12

−
 0

.3
; 

0.
54

0.
56

9
0.

01
−

 0
.4

1;
 

0.
43

0.
95

5

G
D

M
 

N
o

Re
f

Re
f

 
Ye

s
−

 0
.6

1
−

1.
13

; 
−

 0
.0

8
0.

02
5*

−
 0

.5
7

−
1.

1;
 

−
 0

.0
4

0.
03

6*

H
yp

er
te

ns
io

n 
(d

ur
in

g 
pr

eg
na

nc
y)

;
 

N
o

Re
f

Re
f

 
Ye

s
−

1.
03

−
1.

59
; 

−
 0

.4
8

<
 0

.0
01

**
*

−
 0

.9
9

−
1.

52
; 

−
 0

.4
5

<
 0

.0
01

**
*

N
eo

na
ta

l S
ex

 
M

al
e

Re
f

Re
f

Re
f

Re
f

Re
f

 
Fe

m
al

e
0.

23
−

 0
.1

; 
0.

57
0.

17
2

0.
23

−
 0

.1
; 

0.
57

0.
17

3
0.

08
−

 0
.2

5;
 

0.
41

0.
63

8
0.

22
−

 0
.1

1;
 

0.
56

0.
19

4
0.

07
−

 0
.2

7;
 

0.
4

0.
68

7

H
IV

 S
ta

tu
s

 
N

eg
at

iv
e

Re
f

Re
f

Re
f

Re
f

Re
f

 
Po

sit
iv

e
−

 0
.0

4
−

 0
.4

1;
 

0.
33

0.
82

4
−

 0
.0

4
−

 0
.4

; 
0.

33
0.

85
2

−
 0

.0
4.

−
 0

.4
1;

 
0.

32
0.

81
3

−
 0

.0
4

−
 0

.4
1;

 
0.

33
0.

83
5

−
 0

.0
5

−
 0

.4
2;

 
0.

31
0.

78

 
SE

S
0.

03
−

 0
.1

1;
 

0.
17

0.
70

4
0.

03
−

 0
.1

1;
 

0.
17

0.
67

9
0.

03
−

 0
.1

2;
 

0.
17

0.
72

9
0.

03
−

 0
.1

1;
 

0.
17

0.
66

5
0.

04
−

 0
.1

1;
 

0.
18

0.
62

4

Le
ve

l o
f E

du
ca

tio
n

Ta
bl

e 
5 

Li
ne

ar
 re

gr
es

sio
n 

an
al

ys
es

 o
f t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
ag

e-
pa

rit
y 

gr
ou

ps
 a

nd
 m

at
er

na
l b

od
y 

m
as

s i
nd

ex
, g

es
ta

tio
na

l d
ia

be
te

s m
el

lit
us

 a
nd

 h
yp

er
te

ns
io

n 
on

 c
on

tin
uo

us
 

ge
st

at
io

na
l a

ge
 (w

ee
ks

)



Page 14 of 18Alcock et al. BMC Pregnancy and Childbirth         (2025) 25:1094 

This greater weight gain in nulliparous women is likely 
due to a combination of factors, such as their body’s 
initial physiological adaptation to pregnancy as well as 
potential behavioural and psychological influences [43, 
44]. Gestational weight gain patterns have important 
implications, with both inadequate and excessive gain 
being associated with pregnancy outcomes. Insufficient 
weight gain is associated with increased risks of IUGR, 
low birth weight, and preterm birth, which may translate 
to SGA infants [45] who are more prone to complications 
such as hypoglycaemia [46], temperature instability, and 
respiratory distress [47], as well as developmental delays 
[48], and long-term health conditions, including meta-
bolic and cardiovascular diseases [49]. Conversely, exces-
sive weight gain increases the likelihood of LGA infants 
[50], gestational diabetes, hypertensive disorders [51, 
52], labour complications such as dystocia, as well as an 
increased rate of caesarean section deliveries [50].

Partly in line with our hypothesis, we found that par-
ity at one extreme (i.e., nulliparity) was largely associated 
with lower birth weight, as well as a higher rate of SGA 
births, which have important implications given that 
SGA is associated with neonatal morbidity [45–47, 53], 
developmental delays [48], and long-term health condi-
tions, including metabolic and cardiovascular diseases 
[49]. Our findings align with research demonstrating 
first pregnancy complications associated with uterine 
inexperience. Without prior gestational experience, the 
uterus of nulliparous women has yet to undergo adap-
tive remodelling and vascular changes [54–57], which 
may lead to suboptimal maternal–fetal resource alloca-
tion [54, 58, 59]. Further evidence in support of uterine 
priming, whereby prior pregnancies facilitate physiologi-
cal adaptations that promote fetal growth, is our finding 
that multiparity, independent of maternal age, was sig-
nificantly associated with birth outcomes. Infants from 
mothers ≤ 23 years, ≥ 1 child and mothers > 23 years, ≥ 1 
child groups had infants with moderately higher birth 
weight scores than nulliparous women. However, only 
infants born to mothers ≤ 23 years, ≥ 1 child had moder-
ately higher birth length z-scores, which have significant 
implications given that greater birth length is associated 
with better growth trajectories [60]. These findings sug-
gest that linear growth (i.e., birth length) is more sensitive 
to maternal age, which is supported by prior research. In 
particular, studies suggest that linear growth depends 
more on placental and vascular function, which often 
declines with maternal age. Vascular ageing, character-
ised by increased arterial stiffness, reduced blood flow to 
the uterus, and impaired endothelial function, can limit 
the placental capacity to support sustained linear growth 
[61, 62].

Similar to age and parity, maternal BMI was also 
largely linked to infant birth weight, with normal and 
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overweight mothers delivering infants with higher birth 
weight z-scores and having increased odds of LGA births 
compared to underweight women. Moreover, maternal 
BMI partially explained the association between age-
parity, particularly in mothers > 23 years, ≥ 1 child, and 
birth weight and LGA. These findings are consistent with 
existing evidence not only showing that older and mul-
tiparous women tend to have higher BMI but also that 
higher maternal BMI promotes greater fetal growth and 
fat deposition due to increased nutrient transfer [41, 63–
65]. Despite the moderate effect, the associated risks of 
LGA births, such as delivery complications and increased 
likelihood of future metabolic disease, underscore the 
importance of these findings [50–52].

In contrast to birth weight and linear growth outcomes, 
maternal age-parity was not significantly associated with 
gestational age at delivery in our study. However, gesta-
tional age was independently and moderately associ-
ated with maternal GDM and hypertension, both linked 
to shorter gestations. Shorter gestational age and pre-
term birth are associated with higher rates of mortality 
and morbidity, such as cerebral palsy, respiratory condi-
tions, and increased need for intensive neonatal care [66]. 
These results are possibly attributed to metabolic distur-
bances linked to elevated maternal blood glucose levels, 
and vascular dysfunction associated with hypertension, 
both of which contribute to placental insufficiency, trig-
gering early delivery, spontaneously or through medical 
intervention [67–69].

Together, these findings suggest a dual burden of age 
and parity, particularly for mothers > 23 years, ≥ 1 child. 
While prior pregnancies may enhance physiological read-
iness for childbirth, supporting fetal growth, age-related 
increases in BMI and metabolic risk seemingly offset 
these benefits. In particular, these conditions increase the 
likelihood of LGA births and associated complications 
such as obstructed labour, perineal trauma, and postpar-
tum haemorrhage [28, 50, 51]. In contrast, young nullipa-
rous women, particularly those with low BMI, may be at 
higher risk of SGA births.

Implications
Our findings suggest that maternal age and parity 
together influence pregnancy and birth outcomes. This 
highlights the limitations of age-based risk frameworks, 
suggesting that solely relying on maternal age in prenatal 
risk assessment may be insufficient and potentially over-
look important reproductive and metabolic risk factors.

Research implications of our study include highlight-
ing the need to incorporate more detailed reproductive 
histories, for example age at first birth, intervals between 
pregnancies and cumulative parity, to better understand 
how these factors influence maternal and fetal outcomes. 
Additionally, the findings demonstrate the value of 

investigating how underlying mechanisms, such as pla-
cental function, vascular and metabolic adaptations, and 
inflammation, influence the relationship between mater-
nal age, parity, and birth outcomes, which may clarify 
causal pathways.

The findings emphasise the need for antenatal care 
to go beyond standard maternal age screening but also 
account for reproductive history (i.e., parity) and emerg-
ing chronic disease risks, such as GDM and hypertension. 
In particular, they underscore the importance of more 
tailored antenatal interventions. For example, nutritional 
counselling and fetal growth monitoring can be applied 
for underweight, nulliparous women, whereas weight 
management support and proactive metabolic screen-
ing may be beneficial for overweight, older multiparous 
women. These findings can, therefore, guide healthcare 
providers in optimising resource allocation, facilitating 
earlier identification and intervention for at-risk women, 
and improving maternal and infant outcomes.

Finally, this study highlights the need for refined ante-
natal care guidelines in South Africa and other LMICs. 
While maternal age, parity, and chronic disease risk fac-
tors are recorded in existing frameworks such as the 
Basic Antenatal Care (BANC) the Road to Health Card 
(RTHC), this study emphasise the need to improve the 
application of these data. In particular, our findings 
underscore the importance of risk stratification mod-
els that not only document information but also uses it 
to improve risk identification and targeted interven-
tions. This goal aligns with the South Africa’s Reproduc-
tive, Maternal, Newborn, Child, and Adolescent Health 
(RMNCAH) policy framework and the WHO 2020 ante-
natal guidelines [70], which prioritises personalised, con-
text-specific risk-based models of antenatal care. More 
effective use of data on key factors identified in this study, 
namely maternal age, parity, and chronic disease risk, 
within existing approaches can improve risk stratification 
by better identifying women who are more likely to expe-
rience adverse outcomes, thereby enabling the earlier 
detection and more targeted intervention.

Limitations and future research
Our study has several limitations that need to be consid-
ered when interpreting the findings. Age at recruitment 
and parity were used as a proxy for estimating the age at 
first childbirth, assuming regular birth intervals, with a 
cutoff age of 23 applied rather than the widely accepted 
threshold of 35 years. This approach may lead to misclas-
sification of maternal age-parity groupings, limit our abil-
ity to distinguish the effects of early childbearing from 
those of higher parity on birth outcomes and, therefore, 
not fully capture the complexity of maternal-age related 
risks. Due to the inclusion criteria of 18 years and the 
absence of older mothers in the sample, this study does 
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not capture the extremes of maternal age. This is a nota-
ble limitation given that both adolescent and advanced 
maternal age are associated with adverse maternal and 
infant outcomes. The recruitment through clinic atten-
dance may introduce selection bias, limiting the rep-
resentativeness of the sample. While BMI, GDM, and 
hypertension were included in the analysis of age-parity 
groups and infant outcomes, there remains the potential 
for various other residual confounders not accounted 
for in this study that may have influenced the observed 
associations (e.g., nutritional status, substance use, envi-
ronmental exposures). Due to the cross-sectional nature 
of the study, causality between maternal age, parity, and 
infant outcomes cannot be inferred. Finally, missing birth 
record data and the specific urban, South African con-
text of the cohort limit the generalisability of our find-
ings to other populations and settings. Specifically, our 
findings may not be applicable to rural communities, 
mothers accessing private healthcare, or populations in 
high-income countries with different healthcare systems.

Future research should focus on incorporating more 
detailed reproductive histories (i.e., age at first birth, total 
number of pregnancies, and the interval between preg-
nancies), to provide clarity on how timing and frequency 
of childbirth influence maternal and fetal outcomes. Bio-
logical and physiological indicators should be consid-
ered in future studies to provide an understanding of the 
underlying processes that link maternal age, parity, and 
metabolic risk to birth outcomes. Additionally, future 
studies should include maternal age extremes to provide 
a more comprehensive assessment of the influence of 
maternal age and parity on infant outcomes.

Conclusion
This study provides important information on the com-
bined influence of maternal age, parity, and metabolic 
risk factors on pregnancy and birth outcomes in a South 
African urban cohort. The findings reveal distinct vul-
nerabilities across maternal age–parity groups. Multi-
parity was associated with higher birth weight, partly 
explained by higher BMI in older mothers, while linear 
growth appeared more sensitive to maternal age, favour-
ing younger multiparous women. Parity likely influences 
birth outcomes through structural mechanisms, namely 
placental and uterine adaptations, rather than through 
metabolic or hypertensive pathways. However, explor-
ing these mechanisms was beyond the scope of this study 
and, therefore, warrants further research. Nulliparous 
women, despite higher SES and education, had infants 
with lower birth weight, higher rates of SGA, and lower 
BMI. Hypertension and GDM were both associated with 
shorter gestational age. These findings underscore the 
need for more holistic approaches to antenatal care in 

LMICs, where limited access to healthcare and resources 
can exacerbate existing risks.
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