
eAppendix  
Description of models of predicted rate of change. 
 

Blood manganese levels do not have a single “normal” value throughout life. The limited amount 

of research on population means suggests that values change with different life stages. Pregnancy 

and early childhood appear to be periods when blood manganese levels change rapidly: maternal 

blood manganese levels peak during pregnancy, and infant blood levels are highest early in 

life30,31 with subsequent declines.32-34 We therefore explored whether the rate of change in blood 

manganese between 12 and 24 months of age might be associated with neurodevelopment score 

or change in neurodevelopment score. The difference between two time points may be a noisy 

estimate of the blood manganese trend in each child due to measurement error as well as day-to-

day fluctuations in actual manganese concentrations. To address this, we fit mixed models of 

repeated blood manganese measures with time as a predictor and random slopes for each 

individual. Predicted rate of change in manganese for each individual, determined by adding the 

random individual effect to the fixed effect of time, was subsequently used as the exposure 

variable in models predicting neurodevelopment score. This approach may have greater 

predictive validity of exposure and, thus, increased sensitivity, as demonstrated by McCracken et 

al.,35 compared with calculating an absolute difference between concentrations at 12 and 24 

months of age for each individual. We used similar mixed models to calculate a predicted change 

in neurodevelopment score between 12 and 24 months and between 24 and 36 months of age, 

and used this term as the outcome variable. 

 

The average change in blood manganese between 12 and 24 months of age was a decrease of 

5.7 µg/l (SD 4.5, range: 21.4 µg/l decrease – 15.0 µg/l increase). Children with greater declines 



in manganese from 12 to 24 months had slightly higher Mental Development Index scores, 

though effect estimates were small and imprecise. For Psychomotor Development Index, no 

consistent associations were observed. In models of change in manganese predicting change in 

Bayley scores, effect estimates were close to zero. Overall, the rate of change in manganese did 

not appear to be associated with neurodevelopment.  
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