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Study Objective 

• Nutrition data set collected from a study in 
Mexico City  

• Investigate the relationship between children’s 
BMI(body mass index) and dietary patterns 

• 1062 subjects 

• 32 food groups (high-fat dairy products, fruits, 
etc.) 

• Food groups created from food questionnaire and 
taken as continuous variables 

 

 



Analysis Plan 

• Factor analysis to summarize the 36 food 
groups (e.g., factors that represent 
Mediterranean, Western, local diet, etc.) 

 

• Using these dietary factors as covariates for 
subsequent regression to analyze the effect of 
dietary patterns on BMI  

 



Factor Analysis 

• 𝑋𝑖 − 𝜇𝑖 = 𝑙𝑖1𝐹1 + 𝑙𝑖2𝐹2 + ⋯ + 𝑙𝑖𝑚𝐹𝑚 + 𝜀𝑖 , 
𝑖 = 1, ⋯ , 𝑝. 

• 𝐹𝑗 = j-th unobserved factor 

• 𝑙𝑖1 = loading of the i-th variable on the j-th 
factor 

 

 

 

 

Food Groups Factor 1 Factor 2 Factor 3 

Green Vegetables 0.633 0.132 -0.150 

Whole Grains 0.275 0.415 0.112 

Refined Grains 0.020 -0.526 -0.018 



Factor Analysis (cont.) 

• 𝑋𝑝×1 − 𝜇𝑝×1 = 𝐿𝑝×𝑚𝐹𝑚×1 + 𝜀𝑝×1. 

– 𝐹, 𝜀 independent 

– 𝐸 𝐹 = 0, 𝐶𝑜𝑣 𝐹 = 𝐼 

– 𝐸 𝜀 = 0, 𝐶𝑜𝑣 𝜀 = 𝛹, 𝛹 is diagonal. 

• 𝐶𝑜𝑣 𝑋 = 𝑆 = 𝐿𝐿′ + 𝛹. 

• Principal component method 

– Maximum likelihood method 

• proc factor data=<-> method=principal scree; 

– var <->; 

– run; 

 

 

 

 



• Var 
Variance Explained by 
each factor = 
jth eigenvalue

𝒑
. 

Default criterion: 
eigenvalue > 1 

3 factors are chosen in 
this analysis mainly 
based on 
interpretability 



Scree plot 

 



Factor Rotation 

• 𝑇, an 𝑚 × 𝑚 orthogonal matrix, 𝑇𝑇′ = 𝐼. 

• 𝑋 − 𝜇 = 𝐿𝐹 + 𝜀 

= 𝐿𝑇𝑇′𝐹 + 𝜀 = 𝐿𝑇 𝑇′𝐹 + 𝜀 = 𝐿∗𝐹∗ + 𝜀. 
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proc factor data=<- method=principal nfactor=3 
fuzz=0.3 reorder rotate=varimax; 



• Rotation does not change the proportion of variance 
explained by all common factors. 

• Communality denotes the part of variance of one variable 
that is explained by all common factors. It is not changed by 
rotation. 

• 𝑉𝑎𝑟 𝑋𝑖 = 𝑉𝑎𝑟(𝑙𝑖1𝐹1 + ⋯ + 𝑙𝑖𝑚𝐹𝑚) + 𝑉𝑎𝑟(𝜀𝑖). 

 



Factor Scores 

• For each subject, estimate the factor scores.  

• proc factor data=input method=principal score 
outscore=out1; 

• proc score data=input score=out1 out=out2; 

  

 

 

ID Factor 1 Factor 2 Factor 3 

SF514 3.17 -0.48 0.22 

BI1162 -2.44 1.37 -1.16 



Quantile Regression 

• Response: BMI 

• Predictor: Dietary Factors (and other adjusting 
covariates) 

• Purpose of quantile regression is to explore 
more detailed changes in the distribution 
quantiles besides the mean. 

• In quantile regression the model predicts the 
specified quantile instead of the mean. 



Quantile Regression 



Quantile Regression 

• proc quantreg data=<->; 

– model bmi = factor3 … / quantile=0.1 0.25 0.5 
0.75 0.9; 

– output out=<-> / columnwise; 

• run; 

 



Quantile Regression 

 



• proc sort data=quantileout; by factor3;  

• proc sgplot data=quantileout; 

– scatter x=factor3 y=bmi / markerattrs=(size=4); 

– pbspline  x=factor3 y=ht_pred / nomarkers 
group=QUANTILE; 

– yaxis label='BMI (kg/m**2)'; 

– xaxis label='Factor 3'; 

• run; 

 



• Thank You for Listening! 

• Questions? Comments? 


