Biostatistics assignment
1. Assume that FVC in a particular population is known to follow a normal distribution with mean=4 and SD=1.

a) What percentage of individuals will have FVC greater than 6?

b) What percentage of individuals will have FVC less than 3?

c) A random sample of 100 individuals is taken from this population. What is the distribution of the mean of such a sample?

d) How large a sample would you have to draw to be 95% certain that the sample mean would lie between 3.9 and 4.1?

If FVC in the population follows a normal distribution, then 68% of individuals in that  population will have FVC values within 1 SD of the mean and 95% of individuals will have FVC measurements within 2 SDs of the mean. Because of symmetry about the mean one can state additionally that, e.g., 2.5% of individuals will have FVC readings that are greater than the (mean + 2 SD) etc.

a) 2.5% (6 is 2 SD above the mean=4)

b) 16% (3 is 1 SD below the mean)

c) Means from samples of size 100 from this population will be normally distributed with mean=4 and standard deviation (called the standard error of the mean)= (SD in population)/squareroot(sample size)=1/10=.1

d) 95% of sample means from samples of size n from this population will lie between 4 - 2*SE and 4 + 2*SE. Here we require 2*SE=0.1 (so that the interval extends from 3.9 to 4.1). We also know that SE= (SD in population)/squareroot(n).

Hence we need to solve:
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solving for n gives n=400. So, with a sample of size 400 drawn from a population with variability (SD) of 1 unit, you would be able to (in 95% of such samples) estimate the true population mean to within 0.1.

2. A (fictitious) study was carried out in a large manganese mine. A brief clinical examination of mine workers was conducted, testing glabellar reflex and observing facial expression, gait and balance while walking backwards on a line. 45 workers were identified with clinical abnormality. All workers with clinical abnormality and a random sample of 100 workers with no abnormality were enrolled in the study. A manganese cumulative exposure index (mg/m3 per year) was calculated for each study participant.
a)  What is the study design?

Case-control.

b) Comment on the distribution of exposure in the two groups and provide suitable summary statistics for each group.
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Exposure distribution is highly skewed in both cases and controls, with long tails to the right (high values). (Note: the discrepancy between mean and median for each group is further evidence of this.)

Because of this skewness, the mean and SD are less useful as summary statistics. You might choose to summarise the two exposure distributions (normal, abnormal) by median (for central tendency) and range or interquartile range (for variability). Exposure was measured to 2 decimal places: in reporting summary statistics for exposure be careful not to imply spurious accuracy. 
c) The results of a hypothesis test are shown below:
(i) What are the relevant null and alternative hypotheses?

Ho: mean exposure in normal subjects = mean exposure in abnormal subjects

Ha: mean exposure in normal subjects < mean exposure in abnormal subjects

(ii) What is the test statistic?

The test statistic is the difference between sample means (-7.63) or the standardized difference between sample means (t= -1.89).

(iii) Interpret the 95% confidence interval for the test statistic.
One is 95% sure that the true population difference between mean exposure in the normal and abnormal subjects lies in the interval (-15.64, 0.37). This interval includes the null value zero and is equivalent to carrying out a two-sided test.

(iv) What is your conclusion with regard to assessing this hypothesis?

The one-sided test Ha: diff<0 is associated with p-value = .03 – if the null hypothesis were true, in only 3% of studies of this size would one observe a difference in means as extreme (or more extreme) than that observed in this study. Hence (if there is no confounding) one would reject Ho and conclude that abnormal individuals have higher mean exposure.

(v) What alternative statistical tests might one have considered in this context and why?

Because the distribution of exposure was highly skew, one might consider a non-parametric test, such as the Mann-Whitney rather than the t-test which is based on the normal distribution. If the shape of the distribution of exposure is the same in both groups, the Mann-Whitney test compares median exposure in the two groups.

(vi) What confounding variables might it be relevant to adjust for here?

Age, education, smoking, alcohol  consumption, … In each instance one would need to argue that the variable was plausibly associated both with exposure levels and the likelihood of clinical  abnormality.

Two-sample t test 
------------------------------------------------------------------------------

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

  NORMAL |     100    14.92203    2.309635    23.09635    10.33921    19.50485

ABNORMAL |      45     22.5556    3.171463    21.27482    16.16394    28.94726

---------+--------------------------------------------------------------------

combined |     145    17.29107    1.889352    22.75081    13.55662    21.02552

---------+--------------------------------------------------------------------

    diff |            -7.63357    4.048128               -15.63547    .3683336

------------------------------------------------------------------------------

Degrees of freedom: 143

                Ho: mean(NORMAL) - mean(ABNORMAL) = diff = 0

     Ha: diff < 0               Ha: diff != 0              Ha: diff > 0

       t =  -1.8857                t =  -1.8857              t =  -1.8857

   P < t =   0.0307          P > |t| =   0.0614          P > t =   0.9693
3. In the same study considered above, exposure was dichotomized into unexposed and exposed categories. In answering the following questions, refer to the analysis results below.
a) Interpret, in words, the estimated odds ratio.

The odds of being classified clinically abnormal are 6 times higher in the exposed than in the unexposed. 
b) Interpret the associated 95% confidence interval for the odds ratio.

One is 95% sure that the true odds ratio in the population lies in the interval (1.69, 32.28).
c) Does this odds ratio approximate the risk ratio? Why or why not?

If clinical abnormality is rare (say < 5% in  the unexposed) then the odds ratio will approximate the risk ratio and one could interpret the OR as indicating that exposed individuals are six times more likely to be clinically abnormal than unexposed individuals. 
d) What are the relevant null and alternative hypotheses here?

Ho: OR=1 versus Ha: OR>1
or

Ho: prevalence ratio=1 versus Ha: prevalence ratio > 1 (where the ratio compares  prevalence of abnormality in the exposed to that in the unexposed)

or

Ho: prevalence of abnormality in exposed=prevalence of abnormality in unexposed.

versus Ha: prevalence of abnormality in exposed>prevalence of abnormality in unexposed.

Note  that all three null hypotheses are equivalent.
e) What is your conclusion with regard to the association between exposure and clinical abnormality?

The associated p-value (which is for a two-sided test) is .002. On the basis of this small p-value and provided there is no confounding, we would reject Ho and conclude that there is evidence in favour of exposed individuals having higher rates of abnormality.
f) How do these conclusions relate to those in 2c) above?

Both analyses evaluate the association between exposure and clinical classification of abnormality. The analysis in 2 c) compares mean levels of exposure in the clinically normal and abnormal whereas the current analysis compares prevalence of abnormality in those unexposed versus all the exposed (and so does not take into account the actual exposure  levels). The results of both analyses consistently indicate an (unadjusted) association between clinical abnormality and Mn exposure.
                                                      Proportion

                 |   Exposed   Unexposed  |     Total     Exposed

-----------------+------------------------+----------------------

       ABNORMAL  |        42           3  |        45      0.9333

        NORMAL   |        70          30  |       100      0.7000

-----------------+------------------------+----------------------

           Total |       112          33  |       145      0.7724

                 |                        |

                 |      Point estimate    |  [95% Conf. Interval]

                 |------------------------+----------------------

      Odds ratio |                6       |  1.686566    32.27697 
                 +-----------------------------------------------

                             chi2(1) =     9.61  Pr>chi2 = 0.0019
4. The World Health Organisation neurobehavioural core test battery was administered to all workers in the above study, including the Digit Span test which assesses cognitive ability. The results below relate to a linear regression analysis relating Digit Span score and cumulative Mn exposure in the clinically normal miners.
a) 
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Number of obs =     100
Root MSE      =  3.9646

R-squared     =  0.0849

------------------------------------------------------------------------------

  Digit Span |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

  Exposure   |  -.0520098   .0172521    -3.01   0.003    -.0862459   -.0177736

       _cons |   13.03609   .4727107    27.58   0.000     12.09801    13.97417

------------------------------------------------------------------------------

i) What do you understand by R2? What is the correlation between exposure and test score in the clinically normal miners?

R2 is the square of the sample correlation between exposure and test score. It can also be interpreted as the proportion of the variability in test score that is “explained” by the association with Mn exposure. The correlation between exposure and test score is –(squareroot(0.0849)) = -.29
ii) How do you interpret the estimated coefficient for exposure?

For every 10 unit increase in exposure, expected test score drops by .5 units.  
iii) What is the estimated expected test score in an unexposed clinically normal miner?

13.04
iv) What is the estimated expected test score in a clinically normal miner with 50 mg/m3 per year exposure?

13.04-50*.052 = 10.44
v) What are the null and alternative hypotheses evaluated in the above table?

First row of table: Ho: coefficient (slope) for exposure =0




Ha: coefficient (slope) for exposure ≠ 0

Second row of table: Ho: intercept (expected test score in unexposed)=0




    Ha: intercept (expected test score in unexposed) ≠0

Note that this latter hypothesis test does not make much sense in this context.
vi) What is your conclusion with regard to this hypothesis test?

The 95% confidence interval for the exposure coefficient does not include zero and the  hypothesis test is associated with p-value of .003 indicating that, if there is no confounding, it is highly unlikely that a slope of this magnitude (or greater) would be observed by chance if there were no association between exposure and test score. 

b) The following analysis adjusts for the potential confounders age (years) and education (number of years of schooling):
Number of obs =      97

Root MSE      =  3.3528

R-squared     =  0.3411

------------------------------------------------------------------------------

  Digit Span |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

   Exposure  |  -.0170934   .0156444    -1.09   0.277    -.0481601    .0139733

   Age       |  -.0985596   .0492305    -2.00   0.048    -.1963216   -.0007975

   Education |   .4912469   .1322803     3.71   0.000     .2285643    .7539294

       _cons |   14.18055   2.643812     5.36   0.000     8.930466    19.43064

------------------------------------------------------------------------------

Note the increase in R2 when age and education are included.
(i) What is the interpretation of each of the above estimated coefficients?

Exposure: comparing two individuals with the same age and education level, but whose exposure differs by 10 units, the individual with higher exposure would be expected to have a test score that is .17 units lower.
Age: comparing two individuals with the same education and the same exposure, but whose age differs by 10 years, the older individual would be expected to have a test score that is 1 unit lower.

Education:  comparing two individuals of the same age and with the same exposure, but whose years of schooling differs by 1 year, the individual with higher education would be expected to have a test score that is .5 units higher.

Intercept (_cons): The expected test score in an individual who is unexposed, has no schooling and is age zero. So, no meaningful interpretation in this context.
(ii) Comment on the results of this analysis and how they affect your interpretation of the analysis in 4a) above.
We note that the adjusted estimated coefficient of exposure is reduced by about 30% relative to the crude (unadjusted) estimate and that the associated 95% confidence interval for the adjusted effect of exposure includes zero, also the p-value associated with the corresponding hypothesis test is .277, indicating that the adjusted slope is not inconsistent with a chance finding under the null hypothesis.  Based on the adjusted analysis, we are not able to reject the null hypothesis of no effect of exposure. It appears that the association observed in the crude analysis was because of an imbalance in age and/or education across exposure levels.
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