
Effects of Living at High Altitude

In 2008, a research team from the University of Otago travelled to Nepal to inves-

tigate effects of living at high altitude. A cohort of 17 people were first measured

at sea level, then again in the Himalayas over two weeks of living at high altitude

(5050m). All in the cohort were measured at Days 1-3 at high altitude, and 12 of

the people were measured at Days 7-9 and again at Days 12-15.

Blood flow to the brain is regulated by the concentration of CO2 and O2 in the

blood, as well as blood pressure, and these factors change at high altitude. Thinner

air leads to decreased O2 in the blood, resulting in the dilation of brain blood vessels

and thus increased blood flow. At the same time, increased breathing due to thin air

leads to lower blood CO2 and constriction of blood vessels, so results in decreased

blood brain flow.

With these conflicting signals, what is the end result? This lesson investigates

this effect of altitude on blood flow to the brain, as well as how the factors that

influence blood brain flow change across time.

1. To open the data we click on File>Example Data Sets:
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This brings up the Example Datasets dialog shown below. Click on the Filter

by topic drop-down menu and select the NZ Schools Example Data sets

option. Choose the file Himalayas.gsh and click on Open data.

The spreadsheet that opens contains several variables: PP numbers the partic-

ipants in the study, the variables BBF SL, BBF 13, BBF 57 and BBF 1215

contain measurements of brain blood flow, and the variables PAR SL, PAR 13,

PAR 57 and PAR 1215 contain measurements of gases in the blood.
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The brain blood flow variables contain measurements of the rate of blood flow

in cm/s, and the blood gas variables contain measurements of the ratio of

oxygen to carbon dioxide in the blood. There are four of each type of variable,

with one for each stage of the trial: sea level (SL), days 1-3 at altitude (13),

days 7-9 at altitude (57), and days 12-15 at altitude (1215).

2. The first step of the analysis is to plot the blood brain flow data against the

stage of the trial. First click on Graphics>Dot Histogram:

Enter the brain blood flow variables, in time order, into the Data Variates

box, and then either click Run to plot the graph with default settings, or click

on the Options tab to modify the graph (e.g. add a title):
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What pattern can you see from the graph?

3. Using a similar process, plot the blood gas ratio data against the stage of the

trial. What do you observe?

4. Now, investigate if there is a significant difference between the brain blood

flow measures at sea level and after days 1-3 at high altitude, by setting up

the 95% confidence interval for the difference between the means.

To calculate the differences, use Data>Calculations:
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Enter BBF 13 - BBF SL into the empty box at the top of this window, and

Save Result In an appropriately named variable:

Now calculate relevant summary statistics for these differences. To do this, we

use Stats>Summary Statistics:

Enter the difference data variable into the Variates box, and check the No.

of Non-missing Values, Arithmetic Mean and Standard Deviation tick

boxes. Click the More statistics button and tick the Standard error of

mean box. Click OK and Run, and switch to the GenStat Output Window.
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Can you calculate the standard error of the mean from the other values?

Using these summary statistics, calculate a 95% confidence interval for the

difference in means (use a large-sample value of 1.96 or 2). What do you

conclude?

Another approach to assessing whether there is a difference in means is to use

a paired ‘t-test’ (why do we treat the data as paired/matched rather than as

two separate samples?). To carry this out, use Stats>t-tests, and choose

a Paired samples test with BBF 13 as Data variate 1 and BBF SL as

Data variate 2.
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Return to the GenStat Output Window to see the results:

Notice that the summary statistics are the same as before, but the confidence

interval for the difference in means differs from yours. In what way does it

differ? The reason for this difference is a small-sample t-distribution value was
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used to calculate the interval, rather than 1.96 or 2.

The t-test is equivalent to considering whether zero is in the confidence inter-

val for the difference in means, and a ‘large’ test statistic suggests that this

difference is not equal to zero. To assess whether this is ‘large’ enough, we

look at the probability value, and if it is less than 0.05 (for a test equivalent

to using a 95% confidence interval), then we conclude that there is indeed a

difference in means, as is clearly the case here. T-tests are covered further in

university statistics courses.

5. Using the provided data, estimate the distribution of the mean difference in

brain blood flow at sea level and at altitude (days 1-3), and using this dis-

tribution, provide a new estimate of the mean difference along with a 95%

confidence interval it.

To perform this, we use the bootstrap technique. This involves randomly

sampling a new dataset from the original sampled data. By doing this several

times, we create a large number of datasets that we might have seen had we

performed the experiment multiple times. By computing the mean for each of

these datasets, we get an estimate of the distribution of the statistic.

In GenStat we can perform a bootstrap using Stats>Bootstrap:
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Choose the Mean of one sample in the Statistic box, and enter the differ-

ence data into the Data Variate box - this results in the brain blood flow

differences being resampled, and the mean for each new sample being calcu-

lated. Set the Number of Bootstrap Samples to a large value, for instance

10000, and click Run:

After the bootstrap sampling finishes (it will be quite slow with a large number

of samples), a graph showing the distribution of the mean of the bootstrap

samples will appear, and should look similar to this:
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What distribution do the bootstrapped estimates of the mean appear to have?

Could we have expected this?

Returning to the GenStat Output Window, we see some summary statistics

from the bootstrap sampling:

How does the bootstrap estimate of the mean difference compare to the pre-

vious estimate? Does the bootstrap confidence interval lead to the same con-

clusion as before?

6. Using the above methods, investigate whether there is a difference in brain

blood flow at sea level and at altitude after some acclimatisation (days 7-

9), and whether there is a difference at sea level and at altitude after more

acclimatisation (days 12-15). Report your findings.

7. Perform matched-data analysis on the blood gas data to determine if there is a

difference between the sea level measurements and the altitude measurements

(for days 1-3). Report your findings.
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