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Biostatistical Research and 
Collaboration

• Developing new biostatistical methodology
– Risk prediction performance measures

– Prediction algorithms

– Trajectory modelling

• Applying biostatistical methods in health 
research, particularly cancer research using 
administrative data

• Providing biostatistical support to health 
researchers







1. Modelling Gestational Weight 
Trajectory



Maternal Weight Gain

• Adverse maternal outcomes
– Obesity

– C-section

– Gestational hypertension

• Adverse birth outcomes
– Small for gestation age

– Large for gestation age



APrON study

Study objective

• Comprehensive assessment of maternal and 
offspring well-being, identification of risk 
factors prior to and during pregnancy and 
post-partum for adverse outcomes.  

Study cohort

• A prospective cohort of 2189 adolescents and 
women and their infants during pregnancy 
and post-partum in Edmonton and Calgary.



Gestational Age (weeks)
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Jarman M. et al. (2016) Canadian Medical Association Journal Open 4(2):E338-345.
PMID: 27525254



Individual Trajectory

Che M. et al. (2017) PLoS One. 12(10): e0186761



Traditional approaches and why they 
don’t work well

• Non-linear mixed model

• Longitudinal model

Challenges: Sparse irregularly-spaced data





Functional Principal Component 
Analysis approach







Modelling the total weight gain

E[Log(weight at delivery/weight at pre-pregnancy )] = β0 +β1BMI
BMI alone accounted for 50% variance in Δlog(weight).



APrON + clinical weight data



APrON weight data

Che M. et al. (2017) PLoS One. 12(10): e0186761



Modifying FPCA

• BMI-category specific patterns



FPCA



FPCA
2.0 



Comparing the Performance

Method
Mean square 

error
Standard 
deviation

FPCA 1.55 1.24

FPCA 2.0 0.93 0.96



2. The Link between Relative Risk 
and “Lift”: An Example of Industrial 

Chemical Emission and Adverse 
Birth Outcomes



Motivation

• Data mining tools become increasingly 
popular in medical and health research in the 
era of big data.

• Association measures used in data mining 
field are different from those used in 
traditional medical and epidemiological field.

“TRANSLATION” NEEDED 



Data Mining: Industrial Chemical 
Emission and Adverse Birth Outcomes

• To identify combinations of emitted industry 
chemicals that associated with adverse birth 
outcome, e.g. pre-term birth, small for 
gestation age and low birth weight.

• Data
– Alberta industry plant locations

– Mixture of chemicals emitted (type and quantity)

– Wind direction and velocity 

– Birth outcome  









Association Measure

• Data mining 

Lift ≝
𝑃 𝑂𝐸

𝑃 𝑂 𝑃 𝐸

• Epidemiology

RR ≝
𝑃 𝑂 𝐸
𝑃 𝑂 𝐸)

, OR ≝
ൗ𝑃 𝑂 𝐸 𝑃 ത𝑂 𝐸

ൗ𝑃 𝑂 𝐸 𝑃 ത𝑂 𝐸

𝑂 denotes event and ത𝑂 denotes event-free
E denotes exposure and Ē denotes no exposure 



Relationship of the Measures 

Lift 𝑂 𝐸 ≝
𝑃 𝑂𝐸

𝑃 𝑂 𝑃 𝐸
=

𝑃 𝑂 𝐸

𝑃 𝑂

It can be shown

RR =
1−𝑃 𝐸 Lift

1−𝑃(𝐸)Lift
,

OR =

Lift 𝑂 𝐸 1 − 𝑃 𝐸 Lift ത𝑂 𝐸

Lift ത𝑂 𝐸 1 − 𝑃 𝐸 Lift 𝑂 𝐸





Small for gestational age

• The prevalence of SGA: 8.92% (CI:8.59, 9.25). 
Urban 9.20% vs rural 6.78%.

• 13156 one to four chemical combinations 
were found to be associated with SGA. 





High Prevalent Exposure

• Exposure to Total Particulate Matter

– 325,249 births exposed (P(E) = 97%) with 29,616 
SGA and 295,633 non-SGA.

– Lift = 1.01; RR = 1.30; OR = 1.33





Low Prevalent Exposure

• Exposure to the combination of [Lead and its 
compounds, Hydrochloric acid, Hydrogen 
sulphide, Sulphuric acid, Acrolein and n-
Hexane] 

– 21,580 birth exposed (P(E) = 6.4%) with 2,787 SGA 
and 18,793 non-SGA.

– Lift = 1.4; RR = 1.5; OR = 1.5



Next steps

• Inference 

– adjusting for multiple comparison via permutation 
and false discovery rate

– adjusting for known factors, such as lowest SES, 
smoking during pregnancy, gestational 
hypertension, past-SGA, and pre-pregnancy 
mothers’ weight <45 kg. 
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