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1. Descriptive Statistics for this Analysis

Methods:
 Table 1 shows descriptive statistics (mean, standard deviation, minimum, maximum, total sample size, number of missing values) for the entire sample of women, as well as groups stratified by whether these women gave birth to a child that is small for gestational age (SGA). We are trying to identify associations between smoking, mother’s age, and SGA infant status, as well as characterize the entire data set. 

Table 1:
 Descriptive Statistics Stratified by Occurrence of SGA Infant

	
	Women without SGA infants (n=650)
	Women with SGA infants (n=105)
	All women in dataset (n=755)

	Mother’s Age (yrs)*
	24.9 +/- 5.45 (14-43)
	23.9 +/- 4.90 (16-35)
	24.8 +/- 5.39 (14-43)

	Mother’s Height (cm)*
	157 +/- 6.54 (106-176) 
	155 +/- 5.87 (142-172) 6 missing
	157 +/- 6.50 (106-176) 6 missing

	Percentage of mothers who smoke
	29% 

3 missing
	43% 

1 missing
	31% 

4 missing

	Birthweight of baby (g)*
	3250 +/- 402 (2510-4730) 

3 missing
	2230 +/- 412 (1040-3780)

1 missing
	3110 +/- 534 (1040-4730)

4 missing

	Gestational Age of baby (weeks)*
	39.4 +/- 1.24 (38-44) 3 missing
	37.9 +/- 2.2 (30-42) 

2 missing
	39.2 +/- 1.50 (30-44) 5 missing

	Sex of baby (Percent male)
	52% 

3 missing
	42% 

1 missing
	51% 

4 missing


*Data are presented as mean +/- standard deviation. The numbers in parentheses indicate the range, and the number of missing values is stated. 

Results: The mean age for mothers with SGA infants is 23.9 years, compared to 24.9 years for mothers without SGA infants. The mean height for mothers with SGA infants is 155cm, compared to 157cm for mothers without SGA infants. 

In the group of women who have SGA infants, 43% are smokers, whereas in the group of women defined as not having SGA infants, 29% are smokers. This difference in proportions can be analyzed further for statistical significance and confounding. 

The mean gestational age of SGA infants is 37.9 weeks, and 39.4 weeks for non-SGA infants. Scientifically, the gestational age would have an effect on birthweight. We can analyze this variable further to determine the ways which it is associated with SGA outcome. 

An SGA infant, as defined by this study, is an infant whose birthweight is less than 2500g. The mean birthweight for infants in this category is 2230g (n=105), compared to 3250g (n=650) in the category of infants with birthweight above 2500g. 

The sex of the infant may be a precision variable because males generally tend to weigh more than females. Forty two percent of SGA infants are male, whereas 52% of non-SGA infants are male. 

There does not appear to be a pattern for missing values. 

2. Statistical Regression analysis evaluating association between odds of having a SGA infant and smoking behavior

Methods:
 Simple logistic regression, using robust standard errors, is performed on this data set with the binary variable SGA as the response, and the binary variable for smoking behavior as the predictor. NA values are omitted. 

a. 

Inference: 
According to the logistic regression model, the odds of a non-smoker having an SGA infant is 0.128, whereas the odds of a smoker having an SGA infant is 0.242. With a 95% confidence interval (CI) and a p value of 0.00336, our data would not be unusual if the true odds ratio is between 3.44-18.0
. We can reject the null hypothesis that the odds of a non-smoker having an SGA infant, and the odds of a smoker having an SGA infant are the same
. Our CI for the odds ratio does not include 1.

b.

Answer: This logistic regression models a binary variable as the predictor and a binary variable as the response. Thus it is a saturated model. The estimated intercept of this model, -2.06, corresponds to the log odds of an SGA birth amongst non-smoking women. We can exponentiate the log odds, and estimate the odds of an SGA birth amongst non-smoking women to be 0.128.

The estimated slope is the ratio of odds of having an SGA infant amongst smokers and non-smokers, with the odds of an SGA infant amongst smokers being greater. This odds ratio is e^0.637, or 1.89. 

The odds of having an SGA infant amongst smokers can be calculated by exponentiating the sum of the intercept and the slope, or e^(-2.056+0.637) = 0.242. 

Probability = Odds/(1+Odds)   Using the odds, determined by the coefficients above:

The probability of a non-smoker having an SGA infant is 0.128/(1+0.0128) = 0.113
The probability of a smoker having an SGA infant is 0.242/(1+0.242) = 0.195

My table of descriptive statistics displays the probability (or proportion) of smokers by SGA category, whereas this regression model does this opposite. The proportion of SGA births by non-smoking mothers is 59/520 = 0.113, and the proportion of SGA births by smoking mothers is 45/231 = 0.195.

c.
 

i. Methods: Run a logistic regression with non-smoker (binary indicator variable for smoking behavior) as the predictor and SGA as the response. 

Answer:
 The estimate for the intercept in this model is -1.42 and the estimated slope is -0.637. (The absolute value of the slope for each regression will be 0.637 because it is related to the correlation coefficient between the two variables in a saturated model.) The odds ratio for this model is e^-1.42, or 0.242. As we determined in 2b, 0.242 is the odds of a smoker having an SGA infant. When the binary variable non-smoker is equal to zero, this indicates a smoker, so this is the odds we would expect. The odds ratio in this model, the odds of a non-smoker having an SGA infant, to the odds of a smoker having an SGA infant is e^-0.637 or 0.529.

ii. Methods: Run a logistic regression with not-SGA (binary indicator variable for SGA birth) as the predictor and smoking status as the response.

Answer: The estimated intercept in this model is 2.06 and the estimated slope is -0.637, which are the same absolute values as the original logistic regression model, but with the signs switched. The odds ratio in this regression is e^-0.637, or 0.529. This is the inverse of the odds ratio in the first model, or 1/1.89 = 0.529. The odds of a non-smoker having an SGA infant is 0.529 times the odds of a smoker having an SGA infant. 

iii. Methods: Run a logistic regression, with the indicator variable not-SGA as the response, and the indicator variable non-smoker as the predictor. 

Answer
: 
The estimated intercept in this model is 2.06 and the estimated slope is -0.637, similar to the previous model. The odds of a smoker (non-smoker = 0) having a non-SGA infant is 7.85 and the odds of a non-smoker (non-smoker = 1) having a non-SGA infant is 4.12. The odds ratio is 1.89, as we would expect. 

3. Methods
: To examine associations between SGA births and maternal smoking behavior by evaluating the difference in probabilities I ran a linear regression (with robust standard errors), using smoking status as a predictor, and SGA birth as a response.

Inference:
 The intercept of this linear model is 0.114 (95% confidence interval 0.0861-0.141), representing the proportion of SGA births amongst non-smoking women in the data set. The coefficient for the slope in this model is 0.0813 (CI 0.0233-0.139), representing the difference in proportions between SGA births amongst non-smoking women, and smoking women in the data set, with smoking women having a higher proportion of SGA births. The proportion of SGA births amongst smoking women is 0.195
. Our data would not be unusual if the true difference in proportions between non-smoking mothers with SGA births and smoking mothers with SGA births in the population is between 0.0233-0.139. The p value
 for this inference is 0.00286. 

b

Probability of delivering SGA infant for non-smokers:

This is the intercept for the linear model, 0.114*100% = 11.4%
Probability of delivering SGA infant for smokers:

This is the intercept for the linear model plus the slope (difference in proportions), (0.114+0.0813)*100% = 19.5%
Odds of delivering SGA infant for non-smokers:

(The odds is the proportion divided by 1 minus the proportion.)

0.114/(1-0.114) = 0.129
Odds of delivering SGA infant for smokers:

0.195/(1-0.195) = 0.242

Odds ratio = 0.242/0.129 = 1.88

Because this is a saturated model, the intercept and intercept+slope of the linear model will represent the proportions of our y variable when our x variable is 0, and our y variable when our x variable is 1, respectively. 

c.

4
. Methods: 
To examine associations between SGA births and maternal smoking behavior by evaluating the ratio of probabilities I ran a poisson regression, using smoking status as a predictor, and SGA birth status as a response. 

Inference: The coefficient for the slope of the poisson regression model represents the log of the risk ratio. This ratio is the estimated probability that a woman who smokes will have an SGA infant, divided by the estimated probability that a woman who does not smoke with have an SGA infant. The risk ratio in this model is e^0.541 or 1.71
. 

b.c.

5.
 Answer: A two sample t test (allowing for unequal variances) for difference in proportions of SGA infants stratified by smoking status would provide similar point estimates as our regression model that uses robust standard errors, modeling SGA as the response and smoking behavior as the predictor. A t test assuming equal variances would give similar point estimates as a regression model using classic error estimates. The CI for the intercept of the linear model is the CI for the proportion of SGA babies amongst non-smokers using the t test. The CI for the slope of the linear mode, however, is not the CI for the proportion of SGA babies amongst smokers using the t test. 

The values obtained by logistic regression are similar to the results of a chi squared test for independence given a 2x2 table of smoking status (0=non smoker, 1=smoker) and SGA birth status (0=non-SGA, 1=SGA birth). The p value for the chi squared test is 0.0261. The odds ratio is 1.89 with a 95% CI of 0.187-19.1. The risk ratio is 1.51 with a 95% CI of 1.17-1.94. This risk ratio disagrees slightly with the risk ratio inferred with the poisson regression model. 

6. 

a. Methods
: 
A linear regression (using robust standard errors) is used to to evaluate associations between mother’s age and SGA birth outcome by modeling age as a continuous predictor variable, and SGA birth outcome as a response variable.

Inference: The estimated intercept, 0.251, is not interpretable for age. The estimated coefficient for the slope, -0.00452, indicates that for every absolute increase of one year of the mother’s age, the risk of giving birth to an SGA infant decreases by a proportion of 0.00452. With a two-sided p value of 0.0364, we can reject the null hypothesis that there is no association between maternal age and risk of giving birth to an SGA infant. Our data would not be unusual if the true risk difference for an absolute difference
 of one year of maternal age is between -0.00874 and -0.000286. 

b. Methods
: A poisson regression is used to to evaluate associations between mother’s age and SGA birth outcome by modeling age as a continuous predictor variable, and SGA birth outcome as a response variable.

Inference: The estimated intercept -1.14, is not interpretable for age. The estimated coefficient for the slope, -0.0398, represents the log of the risk ratio (RR, ratio of probabilities) associated with having an SGA infant. For every absolute increase of one year of age, the risk ratio is equal to e^-0.0398 or 0.966. With a two-sided p value of 0.0465, we can reject the null hypothesis that there is no association between maternal age and risk of giving birth to an SGA infant. Our data would not be unusual if the true risk ratio for an absolute difference of one year
 of maternal age is between 0.934 and 0.999. 

c. Methods
: A logistic regression is used to to evaluate associations between mother’s age and SGA birth outcome by modeling age as a continuous predictor variable, and SGA birth outcome as a response variable.

Inference: The estimated intercept, -0.853, is not interpretable for age. The estimated slope, -0.0398, represents the log odds ratio (OR) for risk of having an SGA infant by maternal age. The odds ratio for an absolute increase of one year in maternal age is e^-0.0398, or 0.426. With a two-sided p value of 0.0461, we can reject the null hypothesis that there is no association between maternal age and the odds of giving birth to an SGA infant. Our data would not be unusual if the true odds ratio for an absolute difference of one year
 of maternal age is between 0.924 and 0.999. This confidence interval does not include 1. 

d.

7. 

Methods: Scatter plots are produced using fitted values from the regression models listed above. 

For linear regression the formula for fitted values for proportions is: 

expected value of y = 0.2509966 + (-0.0045152*X)

For poisson regression the formula for fitted values for risk ratios is: 

expected value of y = exp(-1.13598 + (-0.03442*X)

For logistic regression the formula for fitted values for odds ratios is: 

expected value of y = exp(-0.853 + (-0.0398*X))

Results: Fitted values for the probability of giving birth to an SGA infant across age, ranging from the minimum age in the data set to the maximum (13-43 years), are shown for each of the three regression models below. Although the slope of the poisson regression model represents a risk ratio between ages, and the slope of the logistic regression represents the odds ratio between ages, the point estimates are for the expected values of the proportion of SGA infants for each maternal age. There is some variation between the three graphs. The linear model shows a linear trend, and the poisson and logistic regression models have a slight curve to their trends due to the nature of the log transformations to get the fitted proportions for each age. 
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8. Methods:
 A logistic regression analysis is performed with log-base 2 transformed maternal age as the predictor and prevalence of SGA births as the response. 

a.
 

Inference: The estimated intercept, 1.20, is not interpretable for age. The estimate of the slope of -0.661, corresponds to the log odds ratio of having an SGA birth, for a two-fold relative increase in maternal age. The odds ratio is e^-0.661, or 0.516 for a 2-fold relative increase in maternal age. With a two-sided p value of 0.053
, we cannot with confidence reject the null hypothesis that there is no association between log-base2-transformed maternal age, and the odds of having an SGA birth. The CI for the odds ratio, 0.264-1.01 includes 1 so we cannot confidently say there is a statistically significant difference in odds. 

b.

 For both scientific and statistical reasons, evaluating an association between risk of an SGA birth and log-transformed maternal age does not make sense. 

For scientific reasons, even as little as a 2-fold difference in age, using the minimum age of 14, would give the odds ratio between someone who is 14 against someone who is 28, which is not of much scientific significance. If you double the mean age of roughly 25 years, you are evaluating the odds between someone who is 25 and someone who is 50. The maximum age in this study is 43, and generally age 50 is above reproductive age. 

For statistical reasons, we cannot conclude anything significant because our p value for this analysis is greater than 0.05. 
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�You only included the part “describing materials and methods” not “assessing validity of assumptions.” Also in the first part, you should have given some descriptive statistics of what types of women were included in the data set.   


�In the key they presented Parity, and presented as categorized variable. 


�In this study SGA is the response. When identify confounding, we care about the association between possible confounder (age) and POI (here is smoking. Scott only asked for descriptive statistics, I thought all we have to was to identify POIs, but obviously he meant determine POI and find possible confounders, which you did not do. )


�95% confidence interval and p-value given by wald statistics. Your may want to check the key. 


�5/10


�What is the point estimator?


Should be point estimator: 1.890 (or 0.529), CI: 1.24-2.89 (or 0.347- 0.811).


Two answers come from re-parameterization. 


�In favor of smoking mothers are more likely to have SGA infants. 
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�-1


�The relationship between the intercepts should be mentioned:


a log odds intercept equal to the sum of the reference slope and intercept.


�-1


�It may be better to point out the relationship between the intercepts.


�You were very brief but you left out a lot of information. Check the key (such as 95% CI, two-sided p-value, etc).
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�Better in percentage.


�It is significant and we reject the null hypothesis that … in favor of ….


�5/5


�Where is c? 0/10
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�Same problem as above. 


And in poisson regression, as in logistic regression, there is a mean-variance relationship, which according to Scott is more severely affect the fitting when the event is not rare than logistic regression. So it is better to use Huber-white sandwich estimator. (robust SE)


�Should be 1.72 and you have not report enough. Check the key.


�Where are b and c? 0/15
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�Same suggestion as above. 


�This is ok although different from the key.
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�Key used 5 years but this is right.  


�8/10


�Right. 


�Where is d? 0/10


�10/10


Could be given in one figure with the sample proportion.


�Same as above
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�0.058


�Adding little precision when sacrifice scientific clarity because log-transformed data and untransformed data have similar behavior in a relatively small range. 


I think your answer is valid. 
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