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Predictors of early-onset cancer 
risk: insights from machine learning 
analyses of the Christchurch Health 
and Development Study data
Simranjeet S Dahia, Laalithya Konduru, Joseph M Boden, Savio G Barreto 

The global incidence of early-onset can-
cers in adults is rising, posing a significant 
public health challenge.1 Unlike cancers 

in older populations, the risk factors for early- 
onset cancers remain poorly understood. Perinatal  
and early life stressors have been postulated to 
modulate the risk of early-onset adult cancers.2 A 
prospective lifecourse cohort study provides the 
ideal framework to study perinatal and early-life 
stressors. Existing prospective lifecourse cohorts 
were established to study childhood diseases 
and chronic health conditions to test the devel-
opmental origins of health and disease (DOHaD) 
hypothesis.3 These cohorts, thus, lack cancer- 
specific variables and have low (cancer) event 
rates, reducing statistical power. 

Traditional epidemiological methods, such as 
univariate screening with false discovery rate 
(FDR) correction (a statistical method used to  
control the rate of false positives when performing  
multiple hypothesis tests), frequently yield null 
results in high-dimensional datasets with rare out-
comes due to low power and inability to capture 
complex interactions.4 Some studies using such 
datasets and methods failed to identify significant  
associations between perinatal factors and early- 
onset cancers due to these limitations.5 To overcome  
these challenges, we applied a hybrid machine 
learning (ML) and logistic regression pipeline to 
data from the Christchurch Health and Develop-
ment Study (CHDS) to identify perinatal predictors  
of early-onset cancers in adults, with an aim 
to gain insight into the underlying aetiological  
pathways for these cancers.

Methods 
We analysed data of the cohort members of 

the CHDS—a longitudinal birth cohort study of 
children born in the Christchurch, New Zealand 
urban region over a 4-month period during 1977.6 

We applied a hybrid pipeline7 that integrated ML 
feature selection (LASSO and tree-based models) 
with multivariable logistic regression to estimate 
odds ratios (ORs) to overcome the challenges with 
univariate testing (with FDR correction) inherent 
to a wide dataset. Analyses were conducted in 
Python (Python algorithm version 3.12.5, Python 
Software Foundation, Wilmington, DE, USA), 
leveraging a high-performance computing cluster 
for computational power.

Results 
Among the 1,265 children included in the CHDS, 

there are 41 recorded cancer cases by the age of 
40 years within the cohort (target variable), along 
with 158 perinatal, demographic and lifestyle  
factors (predictors), resulting in a wide dataset.

The hybrid pipeline identified four significant 
factors associated with early-onset cancer risk. 
Antenatal care provided by a hospital or clinic 
(OR 3.16, 95% CI 1.30–7.68), antenatal vitamin use 
(OR 3.96, 95% CI 1.40–11.20) and antenatal cough 
medicine use (OR 2.96, 95% CI 1.07–8.20) were 
associated with increased odds of cancer by age 
40 years. Conversely, antenatal care by a family 
doctor (OR 0.28, 95% CI 0.10–0.79) was associated 
with reduced odds. The ML model achieved an 
area under the receiver operating characteristic 
curve of 0.78 (95% CI 0.72–0.84) and a Brier score 
of 0.12, indicating robust predictive performance.

Discussion 
Our study adds to the literature by identifying 

novel predictors using a hybrid ML approach, 
overcoming the low power and high-dimension-
ality challenges. By detecting associations missed 
by traditional methods, our findings support the 
hypothesis that perinatal stressors are predictive 
of early-onset cancer risk.2
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The identified factors may modulate early- 
onset cancer risk through epigenetic processes and  
metabolic pathways. Patients selected to undergo 
hospital-based antenatal care are more likely to 
represent high-risk pregnancies, with attendant 
maternal stressors (e.g., chronic illness, infections, 
eclampsia, etc.) that can induce foetal epigenetic 
changes such as DNA methylation.8 Conversely, 
pregnant females deemed suitable to undergo 
antenatal care with their family doctors would 
be more likely to have low-risk pregnancies, with 
consequent lower maternal and foetal stressors. 
Maternal vitamin supplementation (including 
folic acid in larger doses) and the risk of cancer 
in the offspring is a controversial finding that has 
been previously reported.9 The increased risk of 
colon and breast cancers is postulated to occur 
via disruption of foetal metabolic pathways and 
modulation of DNA methylation.9 Maternal cough 
medicine as a predictor of early-onset cancer 
in the offspring more likely concurs with previ-
ous evidence implicating underlying respiratory 
infections as a risk factor,10 rather than the actual 
cough medicine used. 

The limitations of the study include the reliance  
on a single cohort, limiting generalisability. Also, 
the observational design of the cohort precludes 

derivation of causal inference. There was also 
no adjustment for confounding. The CHDS did 
not collect information on cancer type; this limits  
the ability to analyse associations by cancer 
subtype. The dataset included 158 parameters  
spanning the spectrum of perinatal, demographic 
and lifestyle factors, with the main aim of studying  
the same cohort of children at repeated intervals  
throughout their lifecourse. While over the course 
of the study, this resulted in over 40 million char-
acters of data, the data lacked granularity for 
specific matters, such as type of vitamin used or 
if the cough medicine was used for a viral illness 
where the patient also received paracetamol or 
another over the counter medication. However, 
future mediation analyses of the CHDS data will 
assess whether combined perinatal and early-life 
stressors increase the risk of early-onset cancer 
compared to either alone. We will also explore 
whether ML-identified, non-significant predictors  
become significant in combination with other 
variables.

The findings of this study demonstrate novel 
information on the perinatal predictors of early- 
onset cancer development relevant to the CHDS 
cohort, presenting avenues for future research 
exploring mechanistic pathways. 
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