Sheffield
Hallam _
University

Investigating the factors associated with preterm birth
using evidence from the Growing Up in New Zealand
cohort: a retrospective geospatial study

SALATAS, Cristal <http://orcid.org/0000-0002-8069-4983>, HOBBS, Matthew,
BLOOMFIELD, Frank H., ALEXANDER, Tanith and WALL, Clare R.

Available from Sheffield Hallam University Research Archive (SHURA) at:
https://shura.shu.ac.uk/36629/

This document is the Published Version [VOR]
Citation:

SALATAS, Cristal, HOBBS, Matthew, BLOOMFIELD, Frank H., ALEXANDER, Tanith
and WALL, Clare R. (2026). Investigating the factors associated with preterm birth
using evidence from the Growing Up in New Zealand cohort: a retrospective
geospatial study. Health & Place, 97: 103597. [Article]

Copyright and re-use policy

See http://[shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk



http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html

Health & Place 97 (2026) 103597

HEALTH
& PLACE

Contents lists available at ScienceDirect

Health and Place

journal homepage: www.elsevier.com/locate/healthplace

ELSEVIER

Investigating the factors associated with preterm birth using evidence from
the Growing Up in New Zealand cohort: a retrospective geospatial study

Cristal Salatas *®, Matt Hobbs “>', Frank H. Bloomfield ?, Tanith Alexander *°, Clare R. Wall >

2 Liggins Institute, University of Auckland, Auckland, New Zealand

Y Department of Nutrition and Dietetics, Faculty of Medical and Health Sciences, University of Auckland, Auckland, New Zealand

¢ Neonatal Unit, Kidz First, Middlemore Hospital, Auckland, New Zealand

4 Faculty of Health, Te Kaupeka Oranga, University of Canterbury, Te Whare Wananga o Waitaha, Christchurch, Otautahi, New Zealand

€ GeoHealth Laboratory, Te Taiwhenua o te Hauora, Geospatial Research Institute Toi Hangarau, University of Canterbury, Te Whare Wananga o Waitaha, Christchurch,
Otautahi, New Zealand

f College of Health, Wellbeing & Life Sciences, Sheffield Hallam University, Sheffield, United Kingdom

ARTICLE INFO ABSTRACT

Keywords: Background: Preterm birth (PTB) is a major public health concern with multifactorial causes. Modifiable factors,
Pfeterm birth including nutrition and environmental influences, present opportunities for targeted intervention. This study
Diet examined associations between sociodemographic, nutritional, and environmental factors and PTB in a cohort of
Nutrition

X ) New Zealand (NZ) women.
Sociodemographic ) . )
Environment Method: Data from 6822 mothers in the Growing Up in New Zealand cohort (2009-2010) were analysed to assess

associations between sociodemographic characteristics, adherence to NZ food and nutrition guidelines, dietary
patterns, micronutrient supplementation, and environmental factors (Healthy Location Index [HLI]) with PTB.
Logistic and multilevel models were applied using RStudio.

Results: Of 6667 births, 436 (6.6 %) were preterm. Most sociodemographic factors, including maternal age,
parity, BMI, ethnicity, and area-level deprivation, were not significantly associated with PTB. Non-adherence to
breads and cereals Ministry of Health guidelines reduced odds (OR = 0.64; 95 % CI: 0.43, 0.91; p = 0.01), while a
‘Junk’ dietary pattern (OR = 1.28; 95 % CI: 1.07, 1.52; p = 0.007) and not taking iron supplements after the first
trimester (OR = 1.46; 95 % CI: 1.06, 2.00; p = 0.02) increased odds. Residing in rural areas with moderate urban
influence also increased odds (OR = 2.44; 95 % CI: 1.18, 4.66; p = 0.01). HLI demonstrated no significant
associations.

Conclusions: Adherence to recommended food groups (breads and cereals), junk dietary patterns, low iron sup-
plement intake after the first trimester, and rural residence with moderate urban influence were associated with
increased PTB odds. Addressing maternal nutrition and geographic disparities could help mitigate this risk.

New Zealand

1. Introduction

Preterm birth (PTB), defined as babies born before 37 completed
weeks of pregnancy, continue to be a significant global public health
priority (WHO, 2023). PTB rates have been rising in high-income
countries, despite the global rate remaining relatively stable at 9.8 %
in 2010 to 9.9 % in 2020 (WHO, 2023). For example, the United States
reports a 10.5 % PTB rate, which is higher than most other developed
nations (Statista, 2023). In New Zealand, the most recent data from 2020
indicate that 7.9 % of babies were born preterm (Te Whatu Ora, 2022).
The causes and risk factors for PTB often vary or remain unknown,

further complicating efforts to implement preventive strategies
(Khandre et al., 2022).

A growing body of evidence suggests that maternal nutrition may
play a role in the aetiology of PTB. Studies have shown that a high-
quality diet can reduce the risk of adverse birth outcomes, including
PTB and low birthweight (Chia et al., 2019; Gete et al., 2019; Kibret
et al., 2019; Salatas et al., 2025). Addressing maternal malnutrition in
the preconception period can also significantly improve maternal health
and reduce PTB risk (Raghavan et al., 2019; Stoody et al., 2019). New
Zealand’s Eating and Activity Guidelines translate the nutrient re-
quirements presented by the National Health and Medical Research
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Council (NHMRC) into food servings (Ministry of Health, 2020). They
advise on the number and size of servings of food from the four food
groups, as well as the energy intake, food preparation, and nutrient re-
quirements for pregnant and breastfeeding women (Ministry of Health,
2020). These guidelines also make recommendations on specific
macronutrient composition (fat, protein, carbohydrates, and fibre) and
micronutrients (minerals and vitamins) a mother should supplement
during pregnancy and breastfeeding (Ministry of Health, 2020).

PTB is influenced by a complex interplay of factors extending beyond
nutrition, including maternal social health, socioeconomic circum-
stances, and access to antenatal care (Dolatian et al., 2018; McHale
et al., 2022; Richterman et al., 2020). Social determinants such as food
insecurity and maternal stress are linked to increased PTB risk (Dolatian
et al., 2018). Environmental determinants of health further contribute to
this risk, with growing evidence highlighting the potential role of
environmental stressors, such as the local food environment (Etzel,
2020; Willingham et al., 2020; Zar et al., 2019). Characteristics of the
built environment , including urbanicity (Marek et al., 2020), are also
well recognised as influential determinants of health (Hobbs et al.,
2022). Together, these factors may affect birth outcomes through
pathways including pollution exposure (Bekkar et al., 2020) or con-
strained access to nutritious food, such as food deserts (Tipton et al.,
2020; Willingham et al., 2020).

Despite its importance, the role of maternal nutrition and wider
factors, including the environment as modifiable risk factors, remains
under-explored in New Zealand. This study aims to identify the nutri-
tional, sociodemographic, and environmental factors associated with
PTB in the Growing Up in New Zealand cohort, with a specific focus on
whether the residential proximity to certain environmental and food
outlets influences PTB risk.

2. Methods
2.1. Study design and population

This was a retrospective geospatial cohort study. The study popula-
tion comprised participants from the large, ethnically diverse, longitu-
dinal cohort study, Growing Up in New Zealand (GUINZ) (www.growin
gup.co.nz). Inclusion criteria consisted of an estimated delivery date
between April 25th, 2009, and March 25th, 2010, and living within a
designated area in the North Island of New Zealand. The recruitment
area was chosen to reflect a wide range of ethnic, sociodemographic, and
environmental characteristics, ensuring the study population would be
broadly representative of New Zealand’s population (Morton et al.,
2013, 2015). Ethical approval was obtained from the Ministry of Health
Northern Y Regional Ethics Committee (NTY/08/06/055), and all par-
ticipants gave written informed consent. The GUINZ study’s methodol-
ogy and reporting align with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines (von Elm
et al., 2007).

2.2. Data

Maternal data (n = 6822) were sourced from the GUINZ study and
were collected through in-person interviews conducted by trained in-
terviewers. The antenatal data collection wave was mainly conducted in
the third trimester, and the six-week data collection wave was con-
ducted six weeks post-partum using health records to confirm birth
outcomes. Health and lifestyle status, nutritional factors, sociodemo-
graphic factors, and environmental factors were collected in the ante-
natal data collection wave and birth outcomes were collected in the six-
week data collection wave (Table 1).

Health and lifestyle factors were selected a priori for inclusion as
model covariates and for characterising the baseline cohort. All vari-
ables were a part of the antenatal data collection wave and include: 1)
age (in years); 2) parity (firstborn, subsequent); 3) gestational weight
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Table 1
Cohort sociodemographic, health and lifestyle characteristics, and birth
outcomes.
Variable Overall Preterm Term
(n = 6667)" (n = 436)" (n = 6231)"
Age 30.1+6 30.8+6 30£6
Ethnicity
European 3644 (53.4) 247 (57) 3304 (53.1)
Maori 949 (13.9) 55 (12.7) 867 (13.9)
Pacific 996 (14.6) 54 (12.5) 914 (14.7)
Asian 1002 (14.7) 64 (14.8) 917 (14.7)
MELAA 144 (2.1) <10 132 (2.1)
Other 95 (0.2) <10 88 (0.2)
BMI 25.4 +£59 26 £ 6 25.3+5.9
Relationship Status
No relationship 334 (5.4) 30 (7.8) 293 (5.2)
Dating, not cohabitating 259 (4.2) 16 (4.2) 236 (4.2)
Cohabiting 1727 (27.9) 100 (26) 1576 (27.9)
Married or civil union 3866 (62.5) 238 (62) 3535 (62.7)
Parity
First born 2865 (41.9) 186 (42.7) 2577 (41.4)
Subsequent 3977 (58.1) 250 (57.3) 3652 (58.6)
Pre-Pregnancy Health”
Poor 152 (2.2) <10 137 (2.2)
Fair 548 (8) 45 (10.3) 489 (7.8)
Good 2324 (33.9) 153 (35.1) 2113 (33.9)
Very Good 2412 (35.2) 136 (31.2) 2207 (35.4)
Excellent 1399 (20.4) 92 (21.1) 1277 (20.5)
Unknown 14 (0.2) <10 <10
Gestational Weight Gain®”
Put on > 5 kg so far 5408 (87.2) 325 (84.6) 4941 (87.4)
Put on weight <5 kg 445 (7.2) 26 (6.8) 408 (7.2)
Stayed the same weight 53 (0.9) <10 45 (0.8)
Lost weight, < 5 kg 99 (1.6) 15 (3.9) 83 (1.5)
Lost weight, > 5 kg 76 (1.2) <10 70 (1.2)
Unknown 121 (2) <10 109 (1.9)
Smoking
Continued smoking 643 (10.4) 52 (13.6) 571 (10.1)
Stopped smoking 609 (9.9) 32(8.4) 563 (10)
Non-smoker 4929 (79.7) 297 (78) 4505 (79.9)
Alcohol
Any drinking during 1929 (28.2) 103 (23.6) 1772 (28.5)
pregnancy
Stopped drinking 2948 (43.2) 202 (46.3) 2676 (43)
Non-drinker 1953 (28.6) 131 (30) 1769 (28.5)
Education
No sec school 489 (7.2) 35(8) 446 (7.2)
qualification
Sec school/NCEA 1-4 1625 (23.8) 104 (23.9) 1483 (23.8)
Diploma/trade cert/ 2094 (30.7) 136 (31.2) 1903 (30.6)
NCEA 5-6
Bachelor’s degree 1552 (22.7) 104 (23.9) 1401 (22.5)
Higher degree 1070 (15.7) 57 (13.1) 986 (15.9)
Deprivation Tertiles
Low (1-3) 1708 (24.9) 111 (25.5) 1556 (25)
Medium (4-7) 2504 (36.6) 175 (40.1) 2265 (36.4)
High (8-10) 2635 (38.5) 150 (34.4) 2408 (38.7)
Urban/Rural Classification
Main urban area 5847 (85.4) 362 (83) 5343 (85.7)
Satellite urban area 297 (4.3) 14 (3.2) 268 (4.3)
Independent urban area 232 (3.4) 22 (5) 203 (3.3)
Rural area with high 103 (1.5) <10 95 (1.5)
urban influence
Rural area with moderate 144 (2.1) 15(3.4) 122 (2)
urban influence
Rural area with low urban 195 (2.8) 17 (3.9) 172 (2.8)
influence
Highly rural/remote area 31 (0.5) <10 28 (0.4)
Gender
Male 3530 (51.5) 227 (52.1) 3207 (51.5)
Female 3319 (48.5) 209 (47.9) 3024 (48.5)
Term
Preterm 436 (6.6) 436 (100) 0
Term 6231 (93.4) 0 6231 (100)
Birthweight 3482 + 584 2423 +£ 716 3547 £ 496

Micronutrient Intake
Folic acid taken pre-pregnancy

(continued on next page)
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Table 1 (continued)

Variable Overall Preterm Term
(n = 6667)" (n = 436)° (n = 6231)°
Yes 2407 (38.8) 162 (42.2) 4504 (79.6)
No 3790 (61.1) 221 (57.6) 1149 (20.3)
Unknown <10 <10 <10
Folic acid taken during 1st trimester
Yes 4957 (79.9) 329 (85.7) 4504 (79.6)
No 1241 (20) 54 (14.1) 1149 (20.3)
Unknown <10 <10 <10
Folic acid taken afterlst trimester
Yes 3432 (55.3) 242 (63) 3098 (54.8)
No 2764 (44.6) 142 (37) 2552 (45.1)
Unknown <10 - <10
Iron taken pre-pregnancy
Yes 1407 (22.7) 82 (21.4) 1297 (22.9)
No 4788 (77.2) 301 (78.4) 4353 (77)
Unknown <10 <10 <10
Iron taken duringlst trimester
Yes 2729 (44) 194 (50.5) 2462 (43.5)
No 3469 (55.9) 188 (49) 3192 (56.4)
Unknown <10 <10 <10
Iron taken afterlst trimester
Yes 3998 (64.5) 247 (56.7) 3639 (64.3)
No 2197 (35.4) 135 (31) 2012 (35.6)
Unknown <10 <10 <10
Vitamins/minerals taken pre-pregnancy
Yes 1878 (30.3) 123 (32) 1714 (30.3)
No 4321 (69.7) 261 (68) 3939 (69.6)
Unknown <10 - <10
Vitamins/minerals taken duringlst trimester
Yes 3103 (50) 209 (54.4) 2823 (49.9)
No 3096 (49.9) 174 (45.3) 2831 (50.1)
Unknown <10 <10 <10
Vitamins/minerals taken afterlst trimester
Yes 3240 (52.2) 226 (58.9) 2939 (52)
No 2960 (47.7) 158 (41.1) 2715 (48)
Unknown <10 - <10
Adherence to MoH food groups
Fruit and vegetables
Yes 1532 (24.7) 88 (22.9) 1403 (24.8)
No 4670 (75.3) 296 (77.1) 4253 (75.2)
Breads and cereals
Yes 1696 (27.3) 122 (31.8) 1533 (27.1)
No 4506 (72.7) 262 (68.2) 4123 (72.9)
Milk products
Yes 3601 (58.1) 233 (60.7) 3278 (58)
No 2601 (41.9) 151 (39.3) 2378 (42)
Meats
Yes 1406 (22.7) 91 (23.7) 1280 (22.6)
No 4794 (77.3) 293 (76.3) 4374 (77.4)

2 Data are presented as n (%) or mean + SD.

b Self-reported at time of antenatal interview. cert: certificate; MELAA: Middle
Eastern/Latin American/African; NCEA: national certificate of educational
achievement; sec: secondary.

gain (put on 5 kg or more through to lost weight, 5 kg or more); 4) pre-
pregnancy BMI (calculated using self-reported pre-pregnancy weight
and height [in kg/m?]); 5) pre-pregnancy self-rating of health status
(rating of poor to excellent); 6) smoking status during pregnancy
(continued smoking during pregnancy, stopped smoking during preg-
nancy, non-smoker); 7) alcohol status during pregnancy (continued
drinking during pregnancy, stopped drinking during pregnancy, non-
drinker); 8) relationship status with the father of the baby; 9) high
blood pressure/heart disease (before and/or during pregnancy); 10)
anaemia (before and/or during pregnancy), and 11) diabetes (before
and/or during pregnancy). These factors were either modeled as pre-
dictors or reported as baseline characteristics, with each variable’s in-
clusion justified by prior literature as relevant to maternal and perinatal
outcomes.

Nutritional factors and dietary patterns include: 1) dietary intake
assessed using a semi-quantitative 44-item food frequency questionnaire
(FFQ) that evaluated consumption over the previous four weeks during
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the third trimester of pregnancy. Dietary patterns were created using a
principal components analysis (PCA) and described in detail elsewhere
(Supplementary Fig. 1) (Morton et al., 2014; Wall et al., 2016); 2)
self-reported micronutrient supplementation before and during preg-
nancy (folic acid, iron, and vitamin/mineral intake); and 3) self-reported
adherence to the Ministry of Health (MoH) food group recommenda-
tions (bread/cereals, fruits/vegetables, meats, dairy) (Ministry of
Health, 2020). Adherence was measured via an FFQ to determine the
frequency of consumption of the four food groups, as recommended by
the MoH Food and Nutrition Guidelines for Healthy Pregnant and
Breastfeeding Women (FNGPB) (Ministry of Health, 2008).

Sociodemographic factors include: 1) self-reported ethnicity, which
was categorised into six groups: European; Maori; Pacific Peoples; Asian;
Middle Eastern/Latin American/African (MELAA), and Other based on
coding criteria from Statistics New Zealand (StatsNZ, 2004); 2)
area-level deprivation was assessed using the New Zealand Deprivation
Index (NZDep06) score (Salmond et al., 2007), which is grouped into
quantiles ranging from 1 (low deprivation) to 10 (high deprivation) and
includes nine socioeconomic indicators: home ownership; single-parent
households; income; benefits; education; employment; car and tele-
phone access, and household crowding; 3) highest education level ob-
tained (no secondary schooling through to higher degree); and 4)
urban/rural domicile classification as categorised by the GUINZ data
team (urban through to highly remote/rural area), which was deter-
mined by geo-coding from address data according to Statistics NZ cat-
egories (Morton et al., 2015; StatsNZ, 2006).

Birth outcomes include: 1) gestational age at birth (in weeks) and
term (preterm [<37 gestational weeks (GW)], term [37-41 GW], and
post-term [>41 GW]); 2) sex of the baby (boy, girl); and 3) birth weight
(in grams). All were collected by mapping the information from GUINZ’s
six-week data collection wave to the district health boards (DHB) health
records using the participants’ national health identifier.

Environmental factors include: the Healthy Location Index (HLI), a
composite, area-based measure developed in New Zealand to charac-
terise neighbourhoods according to their combined access to multiple
health-promoting (“goods™) and health-constraining (“bads™) environ-
mental features. The HLI was constructed by grouping environmental
“goods” and “bads” into three categories based on decile rankings: best
accessibility (deciles 1-3), moderate accessibility (deciles 4-7), and
worst accessibility (deciles 8-10). For “goods,” category one represents
the most health-promoting environments, while for “bads,” category one
indicates the most health-constraining environments. Combining these
categories produced nine possible combinations of “goods” and “bads,”
resulting in a composite HLI assigned at the meshblock level across New
Zealand (Supplementary Fig. 2). The environmental features included in
the HLI comprise various food outlets (supermarkets [n = 571], fast food
outlets [n = 754], takeaways [n = 2428], dairy/convenience stores
[n = 2130], and fruit and vegetable retailers [n = 223]), recreational
spaces (green and blue spaces [n = 1189]), and alcohol and vaping
outlets (n = 12,695). The source of the environmental features data for
this study is the University of Canterbury GeoHealth Laboratory
(canterbury.ac.nz), based on the HLI dataset (Marek et al., 2021).

2.3. Outcomes

Our study had one binary outcome of interest: PTB (yes/no), defined
as birth before 37 completed weeks of pregnancy or not (WHO, 2023).

2.4. Statistical analyses

Maternal sociodemographic factors, health and lifestyle status, birth
outcomes, and nutritional status before and during pregnancy are
summarised as frequencies (%) for categorical variables and means (SD)
for continuous variables (Table 1). Complying with GUINZ reporting
policy, variables with fewer than 10 data points (<10) are reported as
“<107.
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We employed several logistic regression models to assess the asso-
ciation between PTB and sociodemographic factors, maternal charac-
teristics, food groups, dietary patterns, micronutrient supplementation,
and the proximity of environmental factors to a mother’s residence.
Models were adjusted for potential confounders (parity, ethnicity,
maternal age, education, BMI, anaemia, high blood pressure, and dia-
betes) to account for any potential influence on the outcome of PTB.
Adherence to MoH food group recommendations, micronutrient sup-
plement intake before and during pregnancy, and dietary patterns were
included in the adjusted model. The inclusion of variables in adjusted
models was based on their association with PTB in multivariate models
or those frequently associated with PTB in existing literature (Al-Naseem
etal., 2021; Delker et al., 2022; Finkelstein et al., 2020; Li et al., 2023) to
ensure that our regression models appropriately adjust for key factors
potentially influencing the associations under investigation.

To address the clustering of observations within geographical areas,
we specified a cross-classified multilevel logistic regression model
(MLM) to account for the non-nested clustering of individuals within
two geographical classifications: area-level deprivation tertile and
urban/rural classification. Individuals (level 1) belonged simultaneously
to one deprivation tertile group and one urban/rural group (both level 2
classifications) rather than a strict hierarchy. This approach improves
model accuracy by accounting for clustering effects and between-group
variation that could bias estimates in standard logistic regression. We
included fixed effects for nutritional, sociodemographic, and environ-
mental factors to assess their association with PTB, and added random
intercepts for deprivation tertile and urban/rural classification to ac-
count for clustering and unmeasured differences between these groups.
Including these random effects allowed us to capture context-specific
variability in PTB across both classification types.

Results are reported as frequency (%), odds ratios (OR) or adjusted
odds ratios (aOR), and 95 % confidence intervals (CI). A p-value of
<0.05 was considered statistically significant. Multicollinearity was
assessed using Variable Inflation Factor (VIF) and values < 5 suggest low
multicollinearity (Supplementary Table 1). Statistical analysis was per-
formed utilising R software (R Core Team, 2023).

2.5. Geospatial analysis

For spatial analysis of the environmental factors, we used mesh-
blocks, the smallest administrative units reported by Stats NZ (StatsNZ,
2019). Accessibility to the environmental factors was measured using
road network distances from the 2018 population-weighted centroids of
each meshblock (Beere, 2016) via ArcGIS Pro v2.4 (ESRI, 2019). For
green and blue spaces, proximity was measured using Euclidean dis-
tance from all points within a 50 x 50 m grid rather than the nearest
entrance, as these spaces are area-based, often lack clear entry points,
and may provide health benefits through visibility and accessibility. Full
details regarding the identification and assessment of environmental
features, including the geocoding methods, have been described exten-
sively elsewhere (Marek et al., 2021). The data management team at
GUINZ linked the provided spatial environmental data (with meshblock
IDs) to participants’ residential addresses at the time of the interview
and their maternal GUiNZ identifier. The resulting output file included a
numeric length variable representing the distance of each environ-
mental factor to the corresponding meshblock ID for use in the regres-
sion models.

3. Results
3.1. Descriptive statistics

Characteristics of women in the GUINZ cohort have been published
elsewhere (Morton et al., 2013). The sociodemographic, birth outcomes,

health status, and lifestyle characteristics of the women included in our
study are demonstrated in Table 1. Our cohort includes 6667 women
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with a mean age of 30 years (SD 6). The majority identified as European
(53.4 %), followed by Asian (14.7 %), Pacific (14.6 %), Maori (13.9 %),
and smaller proportions from MELAA and other ethnicities. Most par-
ticipants were married or in a civil union (62.5 %), and 41.9 % were
first-time mothers. Educational attainment was high, with 38.4 %
holding a bachelor’s degree or higher, while 31 % reported trade cer-
tifications or diplomas. Area-level deprivation was distributed as
24.9 %, 36.6 %, and 38.5 % in low, medium, and high deprivation
tertile, respectively. The majority resided in main urban areas (85.4 %).

Regarding health and lifestyle characteristics, 79.7 % of women were
non-smokers, while 10.4 % continued smoking during pregnancy.
Alcohol use was reported by 28.2 % during pregnancy, although 43.2 %
reported stopping drinking during pregnancy. The mean pre-pregnancy
BMI was 25.4 (SD 5.9), and over half (55.6 %) rated their pre-pregnancy
health as very good or excellent. Most women (87.2 %) reported gaining
5 kg or more during pregnancy. PTB accounted for 6.6 % of deliveries,
with a mean birthweight of 3482 g (SD 584).

Overall, the cohort had low adherence to dietary guidelines and
micronutrient supplement intake across participants (Lawrence et al.,
2022), with some differences between preterm and term pregnancies.
Adherence to MoH food group guidelines was low, with only 24.7 %
meeting recommendations for fruits and vegetables and 27.3 % for
breads and cereals, though slightly higher adherence was seen among
preterm pregnancies. Only 38.8 % of participants took folic acid sup-
plements pre-pregnancy, which increased to 79.9 % during the first
trimester but dropped to 55.3 % after the first trimester. Similarly, iron
supplement intake increased from 22.7 % pre-pregnancy to 64.5 % after
the first trimester. Multicollinearity was assessed using VIF; all values
were below 5, suggesting acceptable tolerance (Supplementary Table 1).

3.2. Multiple logistic regression models examining associations of
variables with PTB

We used four models to examine associations with PTB, with one
model designated as exploratory (Supplementary Table 2) because it
exceeds the recommended events per predictor/variable (EPP/EPV)
guidance of 10-20 events per predictor (Ogundimu et al., 2016; Riley
et al., 2019). The first logistic regression model included dietary pat-
terns, supplementation, and PTB with adjustments for parity, BMI,
anaemia, high blood pressure, diabetes, ethnicity, age, and education, as
presented in (Table 2). Models 2 and 3 (the latter exploratory) sequen-
tially added sociodemographic and environmental variables, respec-
tively. Finally, a multilevel model (model 4) clustered by urban/rural
classification incorporated all variables.

3.3. Nutritional factors

Among adherence to MoH food group recommendations, women
who did not follow the breads and cereals guidelines had significantly
reduced odds of PTB compared to those who adhered to the recom-
mendations (reference level) across all models (Table 2 and Supple-
mentary Table 2). In contrast, adherence to recommendations for other
food groups, including fruit and vegetables, dairy products, and meats,
was not significantly associated with PTB (all p > 0.05) in any model.

For dietary patterns, higher scores on the ‘Junk’ pattern were
significantly associated with 15-28 % increased odds of PTB across all
models (Table 2 and Supplementary Table 2). The health-conscious,
traditional/white, and fusion/protein patterns were not significantly
associated with PTB in any model (all p > 0.05).

Micronutrient supplement intake before and during pregnancy
showed varied associations with PTB. Women who did not take folic acid
during the first trimester had significantly reduced odds of PTB
compared to those who did (reference level), although this was statis-
tically significant in models 1 and 2 only (Table 2). Women who did not
take iron supplements before pregnancy or after the first trimester had
43-49 % increased odds of PTB compared to those who took iron
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Table 2 Table 2 (continued)
Logistic regréss.lon model.s (models 1—?) and r.n}lltllevel mode.l (model 4) results Variable Model 1 Model 1 Model 2 Model 4 OR
for the association of sociodemographic, nutritional, and environmental factors OR (95 % aOR (95 % OR (95 % (95 % CI)
with preterm birth. @) cn? @)
Variable Model 1 Model 1 Model 2 Model 4 OR Higher degree 0.68 (0.44, 1.16 (0.25,
OR(95%  aOR(95%  OR(95%  (95%CD 1.04) 1.46)
cD e Ch No sec. school 0.77(0.38,  0.63 (0.39,
Health and lifestyle qualification 1.43) 1.03)
Age 1.02(0.99,  1.00 (0.97, Urban/rural Cluster
1.04) 1.04) classification variable
Parity Main urban area REF
First born REF REF Satellite urban area 0.70 (0.34,
Subsequent 0.79(0.60,  0.85 (0.61, 131
1.03) 1.17) Independent urban 1.55(0.86,
BMI 1.01(0.99, 1.00 (0.97, area 2.64)
Anaemia 1.03) 1.02) Rural area with high 0.83(0.27,
Never REF REF urban influence 1.98)
Before pregnancy 0.91(0.64, 0.75(0.43, Rural area with 210(1.13,
1.27) 1.14) moderate urban 3.65)*
Before and during 0.87(0.52,  0.84 (0.49, influence
pregnancy 1.38) 1.47) Rural area with low 1.14(0.56,
During pregnancy 1.31(0.74, 1.34(0.72, urban inftuence 2.09)
2.17) 2.49) Highly rural/remote 0.97 (0.11,
High Blood Pressure area 3.80)
Never REF REF Adherence to MoH food groups
Before pregnancy 1.55 (0.95, 1.52 (0.86, Adherence to food REF REF REF REF
2.44) 2.69) groups
Before and during 233(1.15,  2.32 (0.99 Fruit and vegetables  1.01 (0.72,  1.03(0.74,  1.03(0.74,  0.85 (0.57,
pregnancy 434y 539 (non-adherence) 1.41) 1.44) 1.44) 1.27)
During pregnancy 1.99 (0.91 2.26 (0.99 Breads and cereals 0.71 (0.52, 0.71 (0.52, 0.71 (0.52, 0.62 (0.43,
3.92) ' 5.15) ’ (non-adherence) 0.96)* 0.98)* 0.98)* 0.91)**
Diabetes Milk products (non-  0.85(0.65,  0.84 (0.64,  0.86(0.65, 1.0 (0.72,
Never REF REF adherence) 1.11) 1.11) 1.12) 1.39)
Before pregnancy 0.55 (0.06, 0.57 (0.07, Meats (non- 0.97 (0.66, 0.96 (0.67, 0.97 (0.67, 1.21 (0.73,
2.12) 4.32) adherence) 1.4) 1.41) 1.43) 2.02)
Before and during 2.83(1.28 3.00 (1.16 Micronutrient intake before and during pregnancy
pregnancy 5.60)¢ g 71y ’ Intake of REF REF REF REF
During pregnancy 1.06(0.39,  1.54 (058, micronutrients
2.38) 4.10) Folic acid not taken ~ 0.87 (0.65, ~ 0.89 (0.66,  0.92(0.67,  0.97 (0.67,
Smoking/Alcohol pre-pregnancy 1.17) 1.21) 1.25) 1.39)
Non-smoker/Non- REF REF Folic acid not taken 0.55 (0.35, 0.59 (0.37, 0.58 (0.36, 0.66 (0.37,
drinker duringlst trimester 0.87)* 0.92)* 0.92)* 1.21)
Continued smoking 162(1.01, 113 (0.61 Folic acid not taken ~ 0.77 (0.56, ~ 0.80 (0.59, ~ 0.78(0.57,  0.73 (0.5,
during pregnancy 2.54)% 2.06) afterlst trimester 1.05) 1.09) 1.06) 1.06)
Stopped smoking 0.90 (0.55 0.85 (0.48 Iron not taken pre- 1.48 (1.02, 1.48 (1.03, 1.49(1.03, 1.52 (0.98,
during pregnancy 1.42) 1.49) pregnancy 2.14)* 2.16)* 2.16)* 2.35)
Any drinking during 0.80 (0.56 0.82 (0.53 Iron not taken 0.70 (0.51, 0.70 (0.51, 0.70(0.51, 0.76 (0.52,
pregnancy 1.16) ’ 1.27) ’ duringlst trimester 0.95) 0.96) 0.97) 1.11)
Stopped drinking 0.98(0.72,  0.97 (0.66 Iron not taken 1.46 (1.06,  1.44 (1.04,  1.43(1.03, 1.47 (1.0,
during pregnancy 1.35) > 1.43) ’ afterlst trimester 2.00)* 1.99)* 1.98)* 2.16)*
Deprivation Tertiles Vitamins/minerals 0.88(0.61, 0.85(0.60, 0.85(0.60, 0.82(0.54,
Low (1-3) REF Cluster not taken pre- 1.25) 1.21) 1.21) 1.24)
variable pregnancy
Medium (4-7) 1.01(0.75 Vitamins/minerals 1.43 (0.98, 1.48 (1.02, 1.48 (1.02, 1.03 (0.67,
136) not taken duringlst ~ 2.07) 2.15)* 2.15)* 1.6)
High (8-10) 0.93 (0.65, trimester
1.33) Vitamins/minerals 0.77 (0.53, 0.74 (0.51, 0.75(0.51, 1.05 (0.67,
Ethnicity not taken afterlst 1.11) 1.07) 1.09) 1.64)
European REF REF .trimester
Maori 0.79(0.50,  0.72 (0.41, Dietary patterns
1.23) 1.27) Junk 1.15 (1.02, 1.17 (1.03, 1.16 (1.02, 1.28 (1.07,
Pacific 0.96 (0.56,  1.27 (0.68, 1.30)* L.32y* L3y 1.52)*
1.62) 2.35) Health conscious 0.87 (0.75, 090 (0.77,  0.92(0.78, 0.8 (0.72,
Asian 1.15(0.74,  0.99 (0.56, = . 1.02) 1.06) 1.08) 1.08)
1.77) 1.75) Traditional/white 0.97 (0.84, 0.98 (0.84, 0.97 (0.83, 0.94 (0.77,
MELAA 1.14(0.45,  1.41(0.43, A A 1.12) 1.15) 1.13) 1.14)
2.43) 4.68) Fusion/protein 0.92 (0.79, 0.90 (0.76, 0.91 (0.77, 0.79 (0.62,
Other 3.21(0.33, 3.54(0.39, 1.08) 1.06) 1.07) 1.0D)
14.99) 4.20) HLI
Education 2-3 REF
Sec. school/NCEA 1- REF REF -1 0.96 (0.6,
4 1.55)
Diploma Trade cert/ 0.87(0.62,  0.83 (0.55, 12 0.97 (0.62,
NCEA 5-6 1.22) 1.23) L51)
Bachelor’s degree 0.91(0.64,  0.80 (0.52, 13 0.91 (0.27,
1.31) 1.22) 3.05)
2-1 0.84 (0.48,
1.46)

(continued on next page)
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Table 2 (continued)

Variable Model 1 Model 1 Model 2 Model 4 OR
OR (95 % aOR (95 % OR (95 % (95 % CI)
CcD cD? CcD
2-2 1.26 (0.71,
2.23)
3-1 0.99 (0.23,
4.32)
3-2 1.09 (0.62,
1.92)
3-3 0.80 (0.51,
1.27)

@ Adjusted (a) for parity, body mass index (BMI), anaemia, high blood pres-
sure, diabetes, ethnicity, age, and education. Odds ratios (OR) and 95 % confi-
dence intervals (CI). cert: certificate; HLI: Healthy Location Index (Categories for
environmental ‘goods’ rank neighbourhoods from 1 (most health-promoting) to
3 (least health-promoting) based on access to beneficial features, while cate-
gories for environmental ‘bads’ rank from 1 (most health-constraining) to 3
(least health-constraining) according to exposure to detrimental features.
Combined categories indicate the joint influence of both environmental ‘goods’
and ‘bads’, with 1-3 representing high-promoting/low-constraining and 3-1
indicating low-promoting/high-constraining environments); MELAA: Middle
Eastern/Latin American/African; MoH: Ministry of Health; NCEA: national
certificate of educational achievement; sec: secondary; REF: reference; *p <
0.05; **p < 0.01; ***p < 0.001; Model 1: Association of nutritional factors and
preterm birth, with and without adjustments for maternal sociodemographic,
health, and lifestyle factors'; Model 2: Association of sociodemographic and
nutritional factors and preterm birth; Model 4: Multilevel model for the clus-
tering of observations in each urban/rural classification.

supplements during both of those periods (reference level), and this was
statistically significant in models 1 and 2 for iron take before pregnancy
and across all models for iron taken after the first trimester (Table 2).
Women who did not take vitamins and minerals during the first
trimester were associated with 48 % increased odds of PTB compared to
those who took vitamins/minerals in the first trimester (reference level),
although this was significant in models 1 and 2 only (Table 2). Intake of
other micronutrient supplements, including folic acid supplements
outside the first trimester and vitamins or minerals before pregnancy
and after the first trimester, was not significantly associated with PTB
(all p > 0.05).

3.4. Sociodemographic factors

Sociodemographic, health, and lifestyle characteristics revealed that
women with high blood pressure or diabetes before and during preg-
nancy had increased odds of PTB compared to those who have never had
high blood pressure or diabetes (reference level), and this was statisti-
cally significant in model 2 for both diabetes and high blood pressure, as
well as exploratory model 3 and model 4 for diabetes (Table 2 and
Supplementary Table 2). Women who continued smoking during preg-
nancy had significantly higher odds of PTB compared to those who
didn’t smoke (reference level), although this was statistically significant
in model 2 only (Table 2). In contrast, women who stopped smoking
during pregnancy showed no significant association with PTB in all
models. Alcohol consumption during pregnancy, whether continued or
discontinued, was not significantly associated with PTB in any model.
Similarly, age, parity, BMI, anaemia, area-level deprivation, education,
and ethnicity were not significant predictors across all models (all
p > 0.05).

3.5. Environmental factors

The women living in rural areas with moderate urban influence had
significantly higher odds of PTB compared to those residing in main
urban areas (reference level) in all models in which the variable was
measured (Table 2 and Supplementary Table 2). No significant associ-
ations were observed for other urban/rural classifications in all models
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(all p > 0.05).

Mother’s residential proximity to all environmental features (HLI)
was not significantly associated with PTB in exploratory model 3 and
model 4 (p > 0.05 for all) (Table 2 and Supplementary Table 2).

4. Discussion

This retrospective geospatial cohort study utilised data from the
GUINZ longitudinal cohort study to examine the relationship between
sociodemographic, nutritional, and environmental factors and PTB in
6667 pregnant women (2009-2010). The PTB rate in our study cohort
was 6.6 %, which is lower than the national rate of 7.5 % for that period
(Te Whatu Ora, 2022). Although the cohort overall was representative of
the New Zealand population (Morton et al., 2015), this lower PTB rate
may reflect that the sample is not a national cohort, or possible selection
bias, women agreeing to participate may have been at lower risk of PTB,
or participation in the study may have positively influenced behaviours
during pregnancy. Our findings show that despite a comprehensive
analysis, most variables demonstrated no statistically significant asso-
ciations, underscoring the multifactorial nature of PTB and the chal-
lenges of identifying clear risk factors, such as the modifiable and
non-modifiable factors that may offer key insights for targeted in-
terventions. However, several important findings were identified in this
study.

Among dietary factors, non-adherence to breads and cereals guide-
lines was consistently associated with reduced odds of PTB. Adherence
to MoH food group recommendations (Ministry of Health, 2008, 2020)
was low overall, particularly for fruits, vegetables, breads, and cereals.
Preterm pregnancies demonstrated modestly higher adherence to
breads, cereals, and milk products. This unexpected finding may suggest
potential nuances in the relationship between carbohydrate intake and
pregnancy outcomes, or it could be due to residual or unmeasured
confounding, such as women at higher risk for PTB being more proactive
with recommendations and antenatal visits, warranting further explo-
ration into the role of dietary quality and composition. It may also be a
proxy for consuming more bread due to insufficient funds for higher-cost
food such as protein. Similarly, higher adherence to the ‘Junk’ dietary
pattern was significantly linked to increased odds of PTB, reinforcing the
established association between poor diet quality and adverse preg-
nancy outcomes. These findings align with prior research emphasising
the detrimental impact of processed and nutrient-poor diets during
pregnancy and highlight the potential importance of dietary quality in
influencing birth outcomes (Kibret et al., 2019).

Micronutrient supplementation demonstrated mixed results. We
found that folic acid, iron, and vitamin/mineral supplement intake
increased during pregnancy, peaking in the first and second trimesters.
The preterm pregnancies demonstrated a higher intake of folic acid
supplements and lower iron and vitamin/mineral supplements, which
may indicate an increased focus on folic acid supplementation due to
risk awareness or medical advice. While folic acid supplement intake
during pregnancy, typically recommended for neural tube defect pre-
vention (Lassi et al., 2013), was not associated with PTB, the lack of iron
supplementation pre-pregnancy and after the first trimester was linked
to an increased risk.

In New Zealand, iron supplementation is only recommended if
screening at the first antenatal visit and around 28 weeks’ gestation
reveals iron-deficiency anaemia (Te Whatu Ora, 2023). This
screening-based approach may fail to identify women with suboptimal
but non-anaemic iron levels, who may still be at increased risk for
adverse pregnancy outcomes (Al-Naseem et al., 2021). Moreover,
limiting screening to these two visits fails to capture and treat potential
iron-deficiency anaemia that may have occurred before pregnancy or
between the first trimester and the 28-week visit (Calje and Skinner,
2017), which could explain our findings. The demand for iron increases
during pregnancy as maternal blood volume expands by 35-40 % to
support fetal growth (Gambling et al., 2011; Picciano, 2003), imposing a
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net iron cost of 600-800 mg on maternal stores (Burke et al., 2014;
Gambling et al., 2011; Picciano, 2003). Iron sufficiency appears to play a
crucial role in reducing PTB risk, aligning with studies that highlight its
importance for birth outcomes (Finkelstein et al., 2020, 2024;
Pena-Rosas et al., 2015). Previous research has demonstrated that
women with pregnancy complications are more likely to seek antenatal
care earlier in pregnancy and more frequently compared to their coun-
terparts (Abuosi et al., 2024; Nesro et al., 2021). Further research is
needed to explore whether earlier, second-trimester, or more compre-
hensive iron supplementation strategies could improve pregnancy out-
comes, particularly for women who fall within the grey zone of marginal
iron sufficiency but do not meet the threshold for clinical intervention,
and those who develop iron deficiency during the second trimester.
However, a key limitation is that the GUINZ interviewers did not ask
participants whether they had been screened for, or diagnosed with, iron
deficiency, nor did they explore the reasons why some women took iron
supplements while others did not. Additionally, not all pregnant women
in New Zealand attend antenatal screening, and data on overall atten-
dance is not readily available. As a result, our findings must be inter-
preted cautiously, as we cannot fully account for the underlying factors
influencing iron supplementation decisions or potential undiagnosed
iron deficiency.

Sociodemographic variables, including age, parity, BMI, ethnicity,
and area-level deprivation, were largely not significant predictors of
PTB. Expectedly, high blood pressure and diabetes before and during
pregnancy were significant predictors, agreeing with previous evidence
(Delker et al., 2022; Li et al., 2023). We observed a marginal association
between higher education and increased odds of PTB. This aligns with
previous research suggesting that highly educated women may experi-
ence greater stress due to increased work-related demands (Solomon
et al., 2022). While unexpected, this finding may reflect unmeasured or
residual confounding factors, such as advanced maternal age or
occupation-related stress, both of which have been linked to a higher
risk of PTB (Esposito et al., 2022; Leader et al., 2018; Lilliecreutz et al.,
2016). Rural residence with moderate urban influence was the only
significant residential region associated with increased odds of PTB,
suggesting that spatial variations and geographic disparities in access to
healthcare or other critical resources may contribute to adverse out-
comes, which has been demonstrated in previous literature (Bloch,
2011; Jankowska et al., 2019; Ogneva-Himmelberger et al., 2015; Root
et al., 2020; South et al., 2012). This may also support previous New
Zealand-based research, which showed poorer health outcomes across
several measures in children and adults in more semi-urban areas
(Marek et al., 2020).

The lack of significant associations for other factors, such as area-
level deprivation, alcohol consumption, and smoking (except for one
model demonstrating its significance), contrasts with some prior
research, which has identified these variables as key contributors to
adverse pregnancy outcomes (Dixon et al., 2020; Wall et al., 2016;
Watson and McDonald, 2010). This discrepancy may reflect differences
in study design, cohort characteristics and size, potential under-
reporting, or other confounders, such as the consistent finding of
increased odds of PTB in rural areas with moderate urban influence. For
instance, contrary to expectations, a mothers HLI (proximity to envi-
ronmental features such as food outlets, alcohol/vape outlets, physical
activity centres, and green/bluespaces) showed no significant associa-
tions. However, previous evidence has highlighted null findings
(Wilkins et al., 2019), and it may be that other factors have a more
measurable impact during pregnancy in this context. It also highlights
the complexity of environmental determinants, suggesting that
individual-level behaviours may affect their influence on PTB. In addi-
tion, we only accounted for physical access, which does not consider the
quality of the environment (Hobbs et al., 2017) or indeed the mother’s
behaviour or usage of food outlets (Liu et al., 2022, 2023) or other
environmental features within the HLI that are near their home resi-
dence, which in this study was used as a proxy for exposure (Campbell
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et al., 2021). Finally, rural areas with moderate urban influence may be
exposed to geographic disparities in access to healthcare services, such
as limited access to antenatal care, specialised maternal care, or emer-
gency obstetric services (Marek et al., 2020).

Our study has several strengths. The cohort comprised an ethnically
diverse and large population representative of pregnant women in NZ.
Additionally, our models accounted for potential confounders,
enhancing the robustness of our findings. Importantly, our results
highlight actionable opportunities to improve maternal nutrition and
address geographic inequities to reduce PTB risk. Interventions pro-
moting healthier dietary patterns and encouraging appropriate iron
supplementation, particularly among vulnerable populations, could
have a meaningful impact on reducing the risk of PTB.

However, our study is not without limitations. The observational
design limits causal inference. Residual confounding and self-reported
dietary and supplementation data may have introduced bias, such as
recall bias. The HLI did not account for weekend markets, pop-up res-
taurants/cafés, or other non-permanent outlets, potentially overlooking
locations frequently visited by participants and thereby influencing the
apparent importance of environmental factors. It also does not capture
which neighbourhood features are used; for example, a participant may
have access to a local green space but regularly use one outside their
neighbourhood, which would not be reflected in their assigned HLI. In
addition, the environmental exposure data (HLI) were limited to the
2013-2018 period due to historical data availability, introducing po-
tential temporal misclassification, although these data represent the best
available source on neighbourhood environments for Aotearoa New
Zealand at present. Further, while the use of urban/rural classification
as a clustering variable partially accounts for geographic variation, other
unmeasured contextual factors may influence outcomes. These factors
may have contributed to the absence of significant findings in certain
areas. Another limitation of this study is that one model (Model 3)
included in the analysis was exploratory, as it exceeded the recom-
mended EPP ratio due to the relatively low prevalence of PTB. This
raises the risk of overfitting and unstable estimates; therefore, findings
from this model should be interpreted with caution and primarily
regarded as hypothesis-generating. Finally, although our multivariable
models considered multiple individual, sociodemographic, and envi-
ronmental factors simultaneously, we did not explicitly examine joint
exposure profiles or interaction effects (e.g., combinations of anaemia,
smoking, and adverse environmental conditions).

Future research should extend this work by modelling multiple risk
factors together, including interaction terms and cumulative risk scores,
to identify high-risk combinations of clinical and environmental expo-
sures that more closely reflect real-world experience than single expo-
sures considered separately. Future studies should also incorporate more
granular measurements of dietary intake, micronutrient supplementa-
tion, and environmental exposures, for example through repeated di-
etary records to improve assessment of adherence and exposure.
Advanced longitudinal approaches, such as marginal structural or other
weighted panel models, could be used to account for time-varying
confounding and temporality. Longitudinal interventions targeting
modifiable dietary and micronutrient practices should be rigorously
evaluated in diverse populations to enhance generalisability. Our find-
ings on non-adherence to the breads and cereals MoH guideline warrant
further mechanistic and qualitative work on dietary pattern classifica-
tion and socio-economic food accessibility to better understand under-
lying pathways. Further research is also needed to assess whether
targeted health-care interventions, such as improved rural maternity
transport services or telemedicine-based antenatal care, could mitigate
spatial variations and reduce PTB risk in this population. The observed
geographic disparities highlight the need for more spatial analyses of
health-care access and birth outcomes in New Zealand.
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5. Conclusion

This retrospective cohort study is the first to examine spatial varia-
tion in preterm birth risk within a diverse cohort of pregnant women in
Aotearoa New Zealand, allowing a nuanced assessment of differences
between regions. The findings highlight the complexity of factors
influencing pregnancy outcomes, particularly the roles of maternal diet
quality, micronutrient supplementation, and geographic context in
shaping PTB risk. Future research should evaluate targeted interventions
to improve maternal diet, optimise micronutrient supplementation,
enhance screening and management of iron deficiency, and assess their
impact on pregnancy outcomes. Additionally, further studies should
explore interactions between multiple risk factors. Such work could
inform more tailored, place-based public health strategies and may offer
a pathway to improved perinatal outcomes and reduced inequities.
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