
ST/GPH 404: Homework 3

1. Title: Cadmium exposure increases the risk of juvenile obesity: a human and zebrafish com-
parative study

Authors: Adrian J. Green, Cathrine Hoyo, Carolyn J. Mattingly, Yiwen Luo, Jung-Ying Tzeng,
Susan K. Murphy, David B. Buchwalter, and Antonio Planchart.

Journal: International Journal of Obesity, 2018

Objective: Human obesity is a complex metabolic disorder disproportionately affecting people
of lower socioeconomic strata, and ethnic minorities, especially African Americans and Hispan-
ics. Although genetic predisposition and a positive energy balance are implicated in obesity,
these factors alone do not account for the excess prevalence of obesity in lower socioeconomic
populations. Therefore, environmental factors, including exposure to pesticides, heavy metals,
and other contaminants, are agents widely suspected to have obesogenic activity, and they also
are spatially correlated with lower socioeconomic status. Our study investigates the causal re-
lationship between exposure to the heavy metal, cadmium (Cd), and obesity in a cohort of
children and in a zebrafish model of adipogenesis.

Design: An extensive collection of first trimester maternal blood samples obtained as part of
the Newborn Epigenetics Study (NEST) was analyzed for the presence of Cd, and these results
were cross analyzed with the weight-gain trajectory of the children through age 5 years. Next,
the role of Cd as a potential obesogen was analyzed in an in vivo zebrafish model.

Results: Higher prenatal Cd levels were associated with higher obesity risk at five years of
age (Table 2). The effect of Cd (=3.18, se=1.30, p=0.014) was robust and corresponds to a
25-fold increase in obesity odds at age five for every one ng/g increase in blood weight of Cd.
These analyses were adjusted for prenatal cigarette smoking, blood concentrations of As and
Pb, offspring sex, and breastfeeding. Our results were recapitulated in a zebrafish model, in
which exposure to Cd at levels approximating those observed in the NEST study is associated
with increased adiposity.

Conclusion: Our findings identify Cd as a potential human obesogen. Moreover, these ob-
servations are recapitulated in a zebrafish model, suggesting that the underlying mechanisms
may be evolutionarily conserved, and that zebrafish may be a valuable model for uncovering
pathways leading to Cd-mediated obesity in human populations.

Answer the following questions based on the abstract above.

(a) What is the research question investigators are trying to answer?

(b) What makes this a cohort study design?

(c) Why did they not simply provide cadmium to the pregnant and watch what happened to
their children?

(d) Why did they not use the least expensive cross-sectional design to address this question?

(e) Describe their results in one sentence? Are they statistically significant?
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2. The file WW2-IMR.xls gives information for net food supply (x, number of calories per person
per day) and the infant mortality rate (y, number of infant deaths per 1000 live births) for certain
selected countries before World War II.

Using JMP or any other statistical software,

(a) Fit a simple linear regression model to predict infant mortality rate using net food supply.

(b) Is the linear relationship between net food supply and infant mortality rate statistically
significant?

(c) Calculate the infant mortality rate for a country Z that has a net food supply of 2700
calories.

3. The city of London often experiences dense fog. The data file London.xls contains data for a
severe 15-say period including the number of deaths per day (Y), mean atmospheric smoke (X1

in mg/m3) and mean atmospheric sulfur dioxide content (X2 in ppm).

Using JMP or any other statistical software,

(a) Give scatter plots along with the fitted regression line for simple linear regression taking:

i. number of deaths per day as response and mean atmospheric smoke as exposure.

ii. number of deaths per day as response and mean sulfur dioxide as exposure.

(b) Give a simple linear regression equation between number of deaths per day (Y) and mean
atmospheric smoke (X). Interpret the regression coefficient for smoke.

(c) Is there a significant linear relationship between number of deaths per day(Y) and mean
atmospheric smoke (X) in the simple linear regression framework? Answer based on a 95%
confidence interval.

(d) Give the multiple linear regression for number of deaths per day (Y), mean atmospheric
smoke and mean atmospheric sulfur dioxide content.

(e) Interpret the regression coefficient for mean atmospheric smoke in the equation above.

(f) Can mean atmospheric smoke and mean atmospheric sulfur dioxide significantly predict
the number of deaths? Answer based on the p-value on the ANOVA output in the multiple
linear regression output obtained in part (d).

(g) Does mean sulfur dioxide contribute significantly to the prediction of number of deaths
given the mean atmospheric smoke? Answer based on a 95% confidence interval for mean
sulfur dioxide.
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