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Aims 
This course 
 
• helps to get familiar with Stata language  
 
• introduces basic commands for describing, summarizing, 

and graphing the data 
 
• presents different statistical methods for the analysis of 

continuous and categorical responses  
 
• focuses on the interpretation and presentation of the 

results rather than formulas 
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Stata’s distinctive features 
 
• Simple language (syntax) 

 
• Dialogs to issue commands 

 
• Do-file editor to save time in developing analysis 

 
• Dataset loaded in the current memory 

 
• Easy to repeat steps (looping) 
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• Periodically updates of executable and commands 

 
• Easy to create new commands 

 
• Stata’s user community provides useful additions 

(Statistical Software Components) and support (Mailing list) 
 
• Stata is cross-platform compatible (Windows, Mac, Linux, 

and Unix) 
 

• Matrix programming language for advanced users  
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Stata windows 
 
 

Command line    - to enter the commands 
 
Results               - to see the output of the commands 

 
Variables            - to see the variables in memory 

 
Review               - to see previously entered commands  
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Type of files and extensions 
 

.dta   Dataset 
 
.do    Do-file 
  
.hlp   Help file  

 
.ado   Stata command 

 
.gph  Graph 
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How to get help 
 
• On-line      
 
    If you know the name of the command  

  help cmdname   
 

    If you don’t know the name of the command  
  findit keywords 

 
Resources to help you learn and use Stata 
http://www.stata.com/links/resources1.html 
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Motivating example 

 

Dataset   
hyponatremia.dta 
 
Reference  
"Hyponatremia among Runners in the Boston Marathon",  
New England Journal of Medicine, 2005, Volume 352:1550-1556. 
 
Descriptive abstract 
Hyponatremia has emerged as an important cause of race-related death and 
life-threatening illness among marathon runners. We studied a cohort of 
marathon runners to estimate the incidence of hyponatremia and to identify 
the principal risk factors. 
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Basic language syntax 
 
The basic Stata language syntax is 
 
command [varlist][if exp][in range] [,options] 

 

where square brackets denote optional qualifiers.  
 
if exp  restricts the scope of a command to those observations for 
which the value of the exp is true 

 
in range of a command to those observations for a specific 
observation range 

 
options denotes special things to do (modify the default) 
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Load a dataset 

 
To load a Stata dataset (extension .dta) into the memory  

 
use filename [, clear ]  
 

clear option erases all data currently in memory and proceeds with 
loading the new data from the disk or from a web server. 
 
// Examples  
 
use c:\hyponatremia, clear 
 
use http://www.stats4life.se/data/hyponatremia, clear 
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Looking at the data 
 

list creates a list of values of specified variables and observations 
(as alternative to browse) 

 
describe provides information on the size of the dataset and the 
names, labels and types of variables. 

 
codebook summarizes a variable in a format designed for printing a 
codebook (missing value; unique values; descriptive statistics). 

 
label list list names and contents of value labels   (explanations 

attached, if any, to categorical variables). 
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// Examples  
 
* basic information of the dataset 
describe  
 
* basic information about the variables 
codebook   
 
* list all variables     
list    
 
* list all variables as spreadsheet (like Excel) 
browse  
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Data types 
 

There is a range of storage types (help datatypes) for numerical 
variables   
 
    Storage                                               
    type                 Minimum              Maximum    bytes 
    ---------------------------------------------------------- 
Integers 
    byte                    -127                  100      1 
    int                  -32,767               32,740      2 
    long          -2,147,483,647        2,147,483,620      4 
Reals 
    float   -1.70141173319*10^38  1.70141173319*10^38      4 
    double  -8.9884656743*10^307  8.9884656743*10^307      8 
    ---------------------------------------------------------- 
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Specifying the storage type is optional.  
 
String variables are stored as 

 
    str#      where # range 1 to 244 

 
The length of the string variable is automatically decided by 
Stata, and it is related to the longest string of characters in 
that variable.   
 
To refer to the content of string variables always remember to 
use double quotes.  
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Run a command in a subset of the data 
 
List all the variables for the first 10 observations of the data 
 
list in 1/10 
 
List all the variables and observations if bmi is greater than or equal 
to 30   
 
list if bmi >= 30  
 
List the variables id and na for critical hyponatremia (<=120)  
 
list id na if na <= 120 
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Rules for abbreviations 
 

Stata allows abbreviations.    
 
As a general rule, command, option, and variable names may 
be abbreviated to the shortest string of characters that 
uniquely identifies them. 

 
For each command the shortest abbreviation can be 
determined by looking at the help file.   
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// Examples  
 
d  // is equivalent to describe  
 
list id     bmi   female // is equivalent to 
  
l i b f 
 
list na nas135    // is equivalent to 
 
l na* 
 
list id na nas135 female urinat3p // is equivalent 
  
l id-urinat3p 
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Save a dataset 
 
To save a dataset type  
 
save filename [, replace] 

 
The replace option indicates that if filename already exists, Stata will 
overwrite it.    
 
 
// Example 
 
save my_hyponatremia.dta, replace 
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hyponatremia among runners in the boston marathon

 

1551

s marathon running has surged

 

in popularity during the past quarter-cen-
tury,

 

1

 

 reports have emerged of serious ill-
ness and death from hyponatremia,

 

2-8

 

 as in the case
of a 28-year-old woman who died after the 2002
Boston Marathon.

 

2

 

 The incidence of hyponatremia
among marathon runners is unknown, since previ-
ous studies have been small and limited to runners
presenting for medical attention.

 

4,5,7,9-11

 

Excessive fluid intake is believed to be the pri-
mary risk factor for hyponatremia, on the basis of
observations of marathon runners who have col-
lapsed

 

2-5,7,11,12

 

 and studies of elite athletes.

 

13-17

 

However, other risk factors have also been suggest-
ed, including the composition of fluids consumed
(e.g., plain water, rather than sports drinks that con-
tain electrolytes), relatively low body-mass index,
long racing time, lack of marathon experience, use
of nonsteroidal antiinflammatory drugs (NSAIDs),
and female sex.

 

4,5,9,18

 

 We undertook the present
study to estimate prospectively the incidence of hy-
ponatremia among marathon runners and to iden-
tify the principal risk factors involved.

 

study population

 

Marathon runners were recruited prospectively at
an exposition one or two days before the Boston
Marathon, in April 2002. All registered participants
18 years of age or older were eligible, regardless of
whether they registered for the marathon on the ba-
sis of a competitive qualifying time or on behalf of a
charitable organization — a mechanism for which
no previous marathon experience was required.
Subjects were approached at random in an area ad-
jacent to race registration and invited to participate.
Written informed consent was obtained from all
subjects. The study protocol was approved by the
Committee on Clinical Investigation at Children’s
Hospital in Boston.

 

study design

 

Before running the marathon, subjects completed
a survey describing baseline demographic and train-
ing information, medical history, and anticipated
hydration strategies for the race. At the finish line,
runners provided a blood sample and completed a
questionnaire detailing their fluid consumption and
urine output during the race. Blood samples were
centrifuged on site and frozen at ¡70°C until ana-
lyzed. With the use of a digital balance, the prerace
and postrace weights were recorded for each runner.

 

outcome measures

 

The primary hypothesis of the study was that exces-
sive consumption of hypotonic fluids is associated
with hyponatremia in marathon runners. Hypona-
tremia was defined as a serum sodium concentra-
tion of 135 mmol per liter or less. Severe hypona-
tremia and critical hyponatremia were defined as
serum sodium concentrations of 130 and 120 mmol
per liter or less, respectively. Independent variables
analyzed for association with hyponatremia includ-
ed weight change during the race and self-reported
fluid intake including volume, frequency, and type.
Both water and a sports drink containing electro-
lytes were offered at each milepost, and runners
were asked to estimate the proportion of their in-
take from each. Other predictors that we considered
included sex (a dichotomous variable), body-mass
index (the weight in kilograms divided by the square
of the height in meters), training pace, number of
previous marathons (dichotomized at a median of
five), duration of the marathon in hours and min-
utes, use or nonuse of NSAIDs in the past week (a di-
chotomous variable), age, and race (a dichotomous
variable [white vs. nonwhite]). Race was self-report-
ed by the runners.

 

statistical analysis

 

Descriptive statistics were used to estimate the in-
cidence of hyponatremia and to characterize the
demographic information supplied by the runners.
Unless otherwise specified, t-tests and Fisher’s ex-
act test were used to identify univariate predictors
associated with hyponatremia, at a level of statisti-
cal significance of P≤0.05. Logistic regression (SAS
software, version 9.0) and generalized additive
models
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 (S-Plus software, version 6.1 for Win-
dows) were used in the multivariate analysis to iden-
tify independent predictors of hyponatremia.

Table 1 summarizes the baseline demographic and
training characteristics of the study population. Of
766 runners enrolled, 511 (67 percent) reported to
the finish-line research station. Of these, 489 pro-
vided a blood sample (constraints such as plane
flights precluded 22 runners from providing a sam-
ple). One sample was considered of insufficient
quantity, leaving a total of 488 subjects for analysis.

Overall, among all 766 runners enrolled, female
runners were younger than male runners (mean
[±SD] age, 36.1±8.8 vs. 40.4±9.7 years; P<0.001)
and had a lower prerace weight (58.8±6.8 vs.

a

methods

results

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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Summary statistics  
 
summarize calculates and displays a variety of univariate summary 
statistics.  If no varlist  is specified, then summary statistics are calculated 
for all the variables in the dataset.     
 

summarize [varlist] [if] [in] [, detail ] 
 
where 
 
detail produces additional statistics, including skewness, kurtosis, various 
percentiles and the four smallest and largest values. 
 
 
  
 



 

 21 

. summarize na, detail 
 
Serum sodium concentration 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%          128            114 
 5%          133            118 
10%          135            119       Obs                 488 
25%          138            125       Sum of Wgt.         488 
 
50%          141                      Mean           140.4057 
                        Largest       Std. Dev.      4.752102 
75%          143            153 
90%          145            155       Variance       22.58247 
95%          147            156       Skewness       -.654781 
99%          152            158       Kurtosis        6.78414 
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At the finish line, the runners had a mean serum sodium 
concentration of 140±5 mmol per liter (range, 114 to 158).  
 
 
The middle 50% of the marathon runners had sodium concentration 
between 138 and 143 nmmo/liter. 
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Quantiles and percentiles are synonymous – 0.99 quantile is the 
99th percentile.  
 
The median, defined as the middle value of a set of ranked 
data, is the best-known percentile.  
 
The quantile q is defined as that value of y that splits the data 
into the proportions q below and 1-q above. 
 

F(yq) = q               yq = F-1(q) 
 
where F is the cumulative distribution function. 
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Histogram 
 
A histogram is a graphical method for displaying the shape of a 
distribution.   
 
It is particularly useful when there are a large number of 
observations.   
 
The height of each bar corresponds to its class frequency. 
 
The class frequencies are represented by bars. 
 
The command histogram allows you to control any aspect of the 
graph (y-axis and x-axis).  
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. histogram  na, frequency 

 

0

0

020

2
0

2040

4
0

4060

6
0

6080

8
0

80100

1
0

0

100Frequency

F
re

q
u
e
n
c
y

Frequency110

110

110120

120

120130

130

130140

140

140150

150

150160

160

160Serum sodium concentration

Serum sodium concentration

Serum sodium concentration



 

 26 

. histogram na, percent start(110) width(5) /// ylabel(0(5)50, 
angle(horiz)) xlabel(110(5)160)  
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Box-plot 
 
A box plot provides an excellent visual summary of many important 
aspects of a distribution.  
 
The box stretches from the lower hinge (defined as the 25th 
percentile) to the upper hinge (the 75th percentile) and therefore 
contains the middle half of the scores in the distribution.  
 
The median is shown as a line across the box. 
 
Box plots are useful for identifying outliers and for comparing 
distributions.   
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. graph box na 
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In the next few slides we will see how to control the presentation of 
descriptive statistics using the commands summarize, tabstat, and 
table. 

 
 

 

n engl j med 

 

352;15

 

www.nejm.org april 

 

14

 

, 

 

2005

 

The

 

 new england journal 

 

of

 

 medicine

 

1552

 

75.2±9.9 kg, P<0.001), lower body-mass index
(21.4±2.1 vs. 24.0±2.7, P<0.001), a slower train-
ing pace (8:40±1:01 vs. 7.56±1:04 minutes per
mile, P<0.001), less marathon experience (medi-
an of three vs. five previous marathons, Wilcoxon
P<0.001), and longer racing time (4:02±0:35 vs.
3:40±0:42 hours, P<0.001). Runners who appeared
for follow-up studies at the finish line had charac-
teristics similar to runners who did not, except that
women who reported for follow-up had completed
one more previous marathon than women who did
not report for follow-up (P=0.008) and were less
likely to report water loading than women who were
not followed up (P=0.04). Men who reported for
follow-up had a lower body-mass index than men
who did not report for follow-up (P=0.004) and
completed the race nine minutes faster than men
who were not followed up (P=0.04).

At the finish line, the runners had a mean se-
rum sodium concentration of 140±5 mmol per liter
(range, 114 to 158). Thirteen percent (62 of 488)
had hyponatremia, including 22 percent of women
(37 of 166) and 8 percent of men (25 of 322). Three
runners (0.6 percent) had critical hyponatremia
(serum sodium concentrations, 119, 118, and 114
mmol per liter).

Table 2 summarizes univariate and multivariate

predictors of hyponatremia. Univariate predictors
included female sex, a body-mass index of less than
20, longer racing time, consumption of fluids every
mile, consumption of more than 3 liters of fluids
during the race, and an increased frequency of void-
ing during the race. Hyponatremia was strongly
correlated with weight gain during the race (Fig. 1).
There were no differences between the runners with
and those without hyponatremia in age, composi-
tion of fluid consumed, or self-reports of water load-
ing and use of NSAIDs.

In the multivariate analysis, hyponatremia was
associated with weight gain, longer racing time, and
a body-mass index of less than 20. In selecting co-
variates for inclusion in the final model, we did not
include variables for fluid consumption because of
colinearity with weight gain, which we considered
to be a stronger and more objective measure of fluid
intake. Also excluded was training pace, which was
colinear with race duration. Additional adjustment
for the composition of ingested fluid, number of
previous marathons, and reported use of NSAIDs
was not statistically significant; their inclusion did
not appreciably alter the coefficients of the remain-
ing variables in the model.

Generalized additive models were used to assess
the effects of a change in weight, race duration, and

 

* Plus–minus values are means ±SD. The temperature and humidity at noon, at the start of the race, were 53°F (12°C) and 
96 percent, respectively; at 2 p.m. at the finish line, they were 55°F (13°C) and 83 percent. 

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Water loading was defined as an increase in fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.
§ NSAIDs denotes nonsteroidal antiinflammatory drugs. Use of NSAIDs was defined as any use within the week before the 

Boston Marathon.
¶Race times of runners who did not report at the finish line were obtained by means of the Boston Marathon tracking 

 

Web site.

 

Table 1. Baseline Characteristics of the 2002 Boston Marathon Study Population.*

Characteristic Male Runners (N=473) Female Runners (N=293)

 

Reporting
at Finish Line

(N=336)

Not Reporting
at Finish Line

(N=137)

Reporting
at Finish Line

(N=175)

Not Reporting
at Finish Line

(N=118)

Age — yr 40.4±9.6 40.4±10.0 36.3±8.8 35.7±8.8

Nonwhite race — % 9 10 6 6

Prerace weight — kg 74.6±9.5 76.6±10.7 58.9±6.7 58.7±7.1

Body-mass index† 23.7±2.6 24.5±2.7 21.4±2.0 21.4±2.1

Training pace — min:sec/mi 7:53±1:02 8:04±1:09 8:40±1:01 8:41±1:02

Previous marathons — median no. 
(interquartile range)

5 (2–12) 4 (1–12) 4 (2–8) 3 (1–6)

Self-reported water loading — %‡ 75 79 70 85

Self-reported use of NSAIDs — %§ 51 54 60 61

Race duration — hr:min¶ 3:37±0:42 3:46±0:40 4:02±0:36 4:02±0:32

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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Question: What is the mean and standard deviation of BMI among 
males and females?  

 
. su bmi if female == 0 
 
    Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
         bmi |       303     23.7401    2.666677      16.77      32.21 
 
 
 
. su bmi if female == 1 
 
    Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
         bmi |       162     21.4313    2.044459      17.06       31.7 
 

 
It follows a couple of alternatives to the use of –if- qualifier. 
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Table of summary statistics (1) 
 
table calculate and displays tables of statistics ( help table ). 
 
table rowvar [colvar [supercolvar]] [if] [in] 
[, contents(clist) ] 
 
where clist can be for example: 
 
        freq             (for frequency default) 
        mean varname      
        sd varname        
        sum varname       
  
Up to five statistics may be specified.   
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. table female , contents(mean bmi sd bmi) format(%2.1f) 
 
---------------------------------- 
   Female |  mean(bmi)     sd(bmi) 
----------+----------------------- 
       No |       23.7         2.7 
      Yes |       21.4         2.0 
---------------------------------- 
  
One of the most useful option of table is format() where you can control 
how many digits you want to display to the right of the decimal point (help 
format).   
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We next present mean BMI by gender and hyponatremia status.   
 
. table female nas135, contents(mean bmi) format(%2.1f) row col 
 
------------------------------- 
          |    Serum sodium     
          |concentration <= 135 
          |     mmol/liter      
   Female |    No    Yes  Total 
----------+-------------------- 
       No |  23.6   25.2   23.7 
      Yes |  21.5   21.1   21.4 
          |  
    Total |  23.0   22.8   22.9 
------------------------------- 
 
 
The options row and col add the requested statistics based on the total 
across the rows and columns. 
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Tables of summary statistics (2) 
 
tabstat displays summary statistics for a series of numeric variables in a 
single tables ( help tabstat ). 
 

tabstat varlist [, statistics(statname) by(varname)] 
 
where statname are descriptive statistics (mean default, min, max, sd, 
var…). 
 
tabstat is a useful alternative to summarize because it allows you to specify 
the list of statistics to be displayed. Several options are available.   
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. tabstat bmi, by(female) stat(mean sd) format(%2.1f) 
 
Summary for variables: bmi 
     by categories of: female (Female) 
 
female |      mean        sd 
-------+-------------------- 
    No |      23.7       2.7 
   Yes |      21.4       2.0 
-------+-------------------- 
 Total |      22.9       2.7 
---------------------------- 
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The command tabstat is designed to present summary statistics for a series 
of numeric variables in one table. 
 
. tabstat bmi wtdiff runtime  , by(female) f(%4.1f) 
 
Summary statistics: mean 
  by categories of: female (Female) 
 
female |       bmi    wtdiff   runtime 
-------+------------------------------ 
    No |      23.7      -1.0     217.7 
   Yes |      21.4      -0.1     241.2 
-------+------------------------------ 
 Total |      22.9      -0.7     225.5 
-------------------------------------- 
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Count observations 
 

count [if] [in]   
 
counts the number of observations that satisfy the specified 
condition. 

 
* runners with hyponatremia (<=135 mmol/l) 
. count if na <= 135 
   62 
 
* runners with severe hyponatremia (<=120 mmol/l) 
. count if na <= 120  
   3 
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Table of counts 
 

. tabulate nas135 
 
      Serum | 
     sodium | 
concentrati | 
  on <= 135 | 
 mmol/liter |      Freq.     Percent        Cum. 
------------+----------------------------------- 
         No |        426       87.30       87.30 
        Yes |         62       12.70      100.00 
------------+----------------------------------- 
      Total |        488      100.00 
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75.2±9.9 kg, P<0.001), lower body-mass index
(21.4±2.1 vs. 24.0±2.7, P<0.001), a slower train-
ing pace (8:40±1:01 vs. 7.56±1:04 minutes per
mile, P<0.001), less marathon experience (medi-
an of three vs. five previous marathons, Wilcoxon
P<0.001), and longer racing time (4:02±0:35 vs.
3:40±0:42 hours, P<0.001). Runners who appeared
for follow-up studies at the finish line had charac-
teristics similar to runners who did not, except that
women who reported for follow-up had completed
one more previous marathon than women who did
not report for follow-up (P=0.008) and were less
likely to report water loading than women who were
not followed up (P=0.04). Men who reported for
follow-up had a lower body-mass index than men
who did not report for follow-up (P=0.004) and
completed the race nine minutes faster than men
who were not followed up (P=0.04).

At the finish line, the runners had a mean se-
rum sodium concentration of 140±5 mmol per liter
(range, 114 to 158). Thirteen percent (62 of 488)
had hyponatremia, including 22 percent of women
(37 of 166) and 8 percent of men (25 of 322). Three
runners (0.6 percent) had critical hyponatremia
(serum sodium concentrations, 119, 118, and 114
mmol per liter).

Table 2 summarizes univariate and multivariate

predictors of hyponatremia. Univariate predictors
included female sex, a body-mass index of less than
20, longer racing time, consumption of fluids every
mile, consumption of more than 3 liters of fluids
during the race, and an increased frequency of void-
ing during the race. Hyponatremia was strongly
correlated with weight gain during the race (Fig. 1).
There were no differences between the runners with
and those without hyponatremia in age, composi-
tion of fluid consumed, or self-reports of water load-
ing and use of NSAIDs.

In the multivariate analysis, hyponatremia was
associated with weight gain, longer racing time, and
a body-mass index of less than 20. In selecting co-
variates for inclusion in the final model, we did not
include variables for fluid consumption because of
colinearity with weight gain, which we considered
to be a stronger and more objective measure of fluid
intake. Also excluded was training pace, which was
colinear with race duration. Additional adjustment
for the composition of ingested fluid, number of
previous marathons, and reported use of NSAIDs
was not statistically significant; their inclusion did
not appreciably alter the coefficients of the remain-
ing variables in the model.

Generalized additive models were used to assess
the effects of a change in weight, race duration, and

 

* Plus–minus values are means ±SD. The temperature and humidity at noon, at the start of the race, were 53°F (12°C) and 
96 percent, respectively; at 2 p.m. at the finish line, they were 55°F (13°C) and 83 percent. 

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Water loading was defined as an increase in fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.
§ NSAIDs denotes nonsteroidal antiinflammatory drugs. Use of NSAIDs was defined as any use within the week before the 

Boston Marathon.
¶Race times of runners who did not report at the finish line were obtained by means of the Boston Marathon tracking 

 

Web site.

 

Table 1. Baseline Characteristics of the 2002 Boston Marathon Study Population.*

Characteristic Male Runners (N=473) Female Runners (N=293)

 

Reporting
at Finish Line

(N=336)

Not Reporting
at Finish Line

(N=137)

Reporting
at Finish Line

(N=175)

Not Reporting
at Finish Line

(N=118)

Age — yr 40.4±9.6 40.4±10.0 36.3±8.8 35.7±8.8

Nonwhite race — % 9 10 6 6

Prerace weight — kg 74.6±9.5 76.6±10.7 58.9±6.7 58.7±7.1

Body-mass index† 23.7±2.6 24.5±2.7 21.4±2.0 21.4±2.1

Training pace — min:sec/mi 7:53±1:02 8:04±1:09 8:40±1:01 8:41±1:02

Previous marathons — median no. 
(interquartile range)

5 (2–12) 4 (1–12) 4 (2–8) 3 (1–6)

Self-reported water loading — %‡ 75 79 70 85

Self-reported use of NSAIDs — %§ 51 54 60 61

Race duration — hr:min¶ 3:37±0:42 3:46±0:40 4:02±0:36 4:02±0:32

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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. tabulate nas135 female, col    
 
  
   Serum | 
    sodium | 
concentrat | 
ion <= 135 |        Female 
mmol/liter |        No        Yes |     Total 
-----------+----------------------+---------- 
        No |       297        129 |       426  
           |     92.24      77.71 |     87.30  
-----------+----------------------+---------- 
       Yes |        25         37 |        62  
           |      7.76      22.29 |     12.70  
-----------+----------------------+---------- 
     Total |       322        166 |       488  
           |    100.00     100.00 |    100.00  
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. tabulate nas135 female, row 
     Serum | 
    sodium | 
concentrat | 
ion <= 135 |        Female 
mmol/liter |        No        Yes |     Total 
-----------+----------------------+---------- 
        No |       297        129 |       426  
           |     69.72      30.28 |    100.00  
-----------+----------------------+---------- 
       Yes |        25         37 |        62  
           |     40.32      59.68 |    100.00  
-----------+----------------------+---------- 
     Total |       322        166 |       488  
           |     65.98      34.02 |    100.00 
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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Testing univariate or crude associations 
 

• Comparisons of proportions   
 
• Comparisons of means   
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The Chi-square test – 2 by 2 table 
  

 
Let’s compare the proportions of cases of hyponatremia in the 
populations of men and women. 
 

 
We test the null hypothesis that the two proportions are 
identical. 
 
The Pearson Chi-Square statistics is based on the comparison 
of observed (o) and expected (e) counts under the null 
hypothesis of independence.  
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. tabulate nas135 female, chi2 expected 
 
     Serum | 
    sodium | 
concentrat | 
ion <= 135 |        Female 
mmol/liter |        No        Yes |     Total 
-----------+----------------------+---------- 
        No |       297        129 |       426  
           |     281.1      144.9 |     426.0  
-----------+----------------------+---------- 
       Yes |        25         37 |        62  
           |      40.9       21.1 |      62.0  
-----------+----------------------+---------- 
     Total |       322        166 |       488  
           |     322.0      166.0 |     488.0  
 
          Pearson chi2(1) =  20.8365   Pr = 0.000 

 

å -
=

e
eo 2

2 )(c
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Expected counts are hypothetical counts that we would expect 
if no association were observed.  
 
If overall 12.7% of the runners had hyponatremia I would expect 
approximately the same proportion of cases among males and 
females if no variation by gender were present.  
 
You can calculate expected counts by hand like this: 
 
322*0.127 = 41 
166*0.127 = 21 
 
The Pearson Chi2 statistic is 20.8 and the p-value is lower than 
0.05. 
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We reject the null hypothesis that the proportions of 
hyponatremia in the populations of male and female are 
identical.   
 
In particular, the risk of hyponatremia among females (22%) is 
approximately three times the risk of hyponatremia among 
males (8%).  
 
 
 

 
 



 

 48 

Notes on Pearson Chi-Square 
 
 

Pearson Chi-Square test can be extended to multiple-level 
categorical variables.   
 
It is valid in large samples. In small samples, the Fisher’s exact 
test is to be used (option exact of tabulate).  
 
Historically, exact tests have been used when one or more 
expected counts are less than 5.  
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In the statistical analysis of the paper the authors used Fisher 
exact test rather than Pearson-Chi Square test.  
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at KAROLINSKA INSTITUTE UNIVERSITY LIBRARY on May 28, 2008 . 
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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. tabulate female nas135 , col exact 
 
           |     Serum sodium 
           | concentration <= 135 
           |      mmol/liter 
    Female |        No        Yes |     Total 
-----------+----------------------+---------- 
        No |       297         25 |       322  
           |     69.72      40.32 |     65.98  
-----------+----------------------+---------- 
       Yes |       129         37 |       166  
           |     30.28      59.68 |     34.02  
-----------+----------------------+---------- 
     Total |       426         62 |       488  
           |    100.00     100.00 |    100.00  

 
           Fisher's exact =                 0.000 

 
 
 



 

 51 

 

 
 

 
 
To present the distribution of body-mass index (mean and std 
deviation) among cases and non-cases we can use tabstat 
command.  
 
The p-value is referring to the null hypothesis of no differences 
in the mean BMI comparing cases and non-cases. 
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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. tabstat bmi, by(nas135) format(%2.1f) stat(mean sd) 
 
Summary for variables: bmi 
     by categories of: nas135 (Serum sodium concentration <= 135 
mmol/liter) 
 
nas135 |      mean        sd 
-------+-------------------- 
    No |      23.0       2.5 
   Yes |      22.8       3.7 
-------+-------------------- 
 Total |      22.9       2.7 
---------------------------- 
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Comparisons of two independent samples 
 

Let’s see how to test the null hypothesis that the mean body-
mass index in the population of cases and non-cases are equal.  
 
The underlying populations are independent with slightly 
different variability around the mean.   
 
It is likely that the observed difference in mean BMI – 23 vs 
22.8 – is the result of chance variation, or should we conclude 
that the discrepancy is due to true difference in populations’ 
means? 
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Two sample t-test  
 
. ttest bmi, by(nas135) unequal 
 
Two-sample t test with unequal variances 
------------------------------------------------------------------------------ 
   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
      No |     405    22.96217    .1252917    2.521446    22.71587    23.20848 
     Yes |      60    22.75733    .4790893     3.71101    21.79868    23.71599 
---------+-------------------------------------------------------------------- 
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    diff |            .2048395    .4952015               -.7835058    1.193185 
------------------------------------------------------------------------------ 
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    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0 
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We can’t reject the null hypothesis (p=0.68) that the mean 
BMI is the same in the population of cases and non-cases. 
 
There is a difference of 0.2 kg, and the confidence interval 
contains the value 0 (meaning no difference). 
 
We are 95% confident that the interval (-0.8 to 1.2) will cover 
the true difference in the mean BMI of the two populations 
(cases and non-cases). 
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Question: Can you guess why the two p-values are different? 
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on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —
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>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001
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Composition, 100% water (%) 8 11 0.66 — —
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Self-reported frequency of voiding 
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Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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Create a new variable 
 
The command generate creates a new variable. The syntax is: 

 
generate newvar = exp [if] [in] 

 
where  exp could be any reasonable combination of  
 
variables, numbers, operators (help operators) and  
 
functions (help functions).  
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Operators 
 

1. Arithmetic: + (addition); - (subtraction); / (division); * 
(multiplication); ^ (raise to a power) and prefix ! (negation). 
Any arithmetic operation on missing values or an impossible 
arithmetic operation yields a missing value.  

 
2. String: + (concatenation of two strings), i.e. “Name” + 

“Surname”.  
  

3. Relational: > (greater than); < (less than); >= (greater than 
or equal); <= (less than or equal); == (equal); != (not equal) 

 
4. Logical: & (and); | (or); ! (not)       
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Overview of functions 
 

    Quick references are available for the following types of functions: 
 
        +----------------------------------------------------------------+ 
        | Type of function                     | See help                | 
        |--------------------------------------+-------------------------| 
        | Mathematical functions               | math functions          | 
        |                                      |                         | 
        | Probability distributions and        |                         | 
        |   density functions                  | density functions       | 
        |                                      |                         | 
        | Random-number functions              | random-number functions | 
        |                                      |                         | 
        | String functions                     | string functions        | 
        |                                      |                         | 
        | Programming functions                | programming functions   | 
        |                                      |                         | 
        | Date and time functions              | dates and times         | 
        |                                      |                         | 
        | Selecting time spans                 | time-series functions   | 
        |                                      |                         | 
        | Matrix functions                     | matrix functions        | 
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Example: Create a new variable that expresses running time in hours 
rather than in minutes. 
 
 
gen runtimeh = runtime/60 
 
 
The new variable created in the dataset is named runtimeh and it is 
the result of the expression runtime/60.  
 
Each variable name in the dataset is unique.  
 
The command generate cannot overwrite an existing variable with 
the same name; you need first to drop (help drop) the old version 
and then generate the new version.  
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Check the new variable 
 
Once you create a new variable in the dataset it is always good 
to check that it contains what you would expect.  
 
You can check using the list or browse commands. 
 
You can check using the command tabulate and count for 
categorical variables.  
 
You can check using the command summary for continuous 
variables. 
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Missing values 
 

Missing values are stored as the largest positive values.  
 

All numbers < .   
 
You can think of a missing value as any other number when you 
specify an expression. For instance: 
 
List the variables id and na among those observations with a missing 
value for bmi. 
 
list id na if bmi == . 
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Replacing values 
 
The command replace changes values of a variable that already exists. 

 
replace varname = exp [if] [in] 

 
  
For instance, replace to missing values the variable wtdiff for those runners 
who lost more than 5.4 kg   
 
replace wtdiff = . if wtdiff < -5.4 
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How to categorize a variable 

 

A general and valid approach is to create a new variable and run a number 
of replacements based on the original variable and according to the number 
of categories.  
 
gen bmic = 1 if bmi < 20 
 
replace bmic = 2 if bmi >= 20 & bmi < 25 
replace bmic = 3 if bmi >= 25 & bmi <. 
 
label define bmic 1 "<20" 2 "20-25" 3 ">25" 
 
label values bmic bmic 



 

 65 

Recoding variables 
 
The command  recode changes values of an existing numeric variable 
according to the rules specified. Values that do not meet any of the 
conditions of the rules are left unchanged. 
 
recode varlist (rule) [(rule) ...][, generate(newvarlist)] 
 
 
| rule           | Example     | Meaning                   | 
|----------------+-------------+---------------------------| 
 
| # = #          | 3 = 1       | 3 recoded to 1            | 
 
| # # = #        | 2 . = 9     | 2 and . recoded to 9      | 
 
| #/# = #        | 1/5 = 4     | 1 through 5 recoded to 4  | 
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// Example of recode 
 
recode bmi (min/19.99=1 "<20") /// 
       (20/24.99=2  "20-25") /// 
     (25/max=3    ">25") , gen(bmic) 
 
Note that if you don’t specify the option gen(), the original 
variable bmi is changed.  
 
Please note that there is no undo function, just re-load the 
dataset.  
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The advantage of recode is the possibility to combine in one 
line several lines of code (generate, replace, define the value 
label, and attach the value label). 
 
. tab bmic nas135 , col nofreq  chi2 
 
   |     Serum sodium 
           | concentration <= 135 
           |      mmol/liter 
      bmic |        No        Yes |     Total 
-----------+----------------------+---------- 
       <20 |      8.40      25.00 |     10.54  
     20-25 |     72.59      53.33 |     70.11  
       >25 |     19.01      21.67 |     19.35  
-----------+----------------------+---------- 
     Total |    100.00     100.00 |    100.00  

 
          Pearson chi2(2) =  16.6287   Pr = 0.000 
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Dichotomize a continuous variable 
 

Create an indicator variable to identify 1 = gain weight and 0 = no change 
or lose weight.  
 
gen     gainweight = 1 if wtdiff  > 0 & wtdiff < . 
replace gainweight = 0 if wtdiff <= 0 
 
. tab  gainweight, missing 
 gainweight |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |        320       65.57       65.57 
          1 |        135       27.66       93.24 
          . |         33        6.76      100.00 
------------+----------------------------------- 
      Total |        488      100.00 
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Labels 
 
Stata makes it easy to provide labels for the dataset, for each 
variable, and for each value of a categorical variable, which will help 
readers to better understand the data.  
 
To label the dataset  
 
label data "Hyponatremia among runners"  
 

To label the variable gainweight 
 
label variable gainweight "Post>Pre-race weight"  
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Two steps to set value labels associated with numbers: 
 

1. create labels (label define)  
 
label define gw 1 "Post>Pre" 0 "Post<=Pre" 
 
2. attach the labels to the variable (label values) 

 
 label values gainweight gw 
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. tab gainweight  
 
 gainweight |      Freq.     Percent        Cum. 
------------+----------------------------------- 
  Post<=Pre |        320       70.33       70.33 
   Post>Pre |        135       29.67      100.00 
------------+----------------------------------- 
      Total |        455      100.00 
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Graph the risk of the disease 
 
Is the risk of hyponatremia varying across categories of weight 
change? 
 
The variable weight change (post-pre race) wtdiff, which is 
continuous, has been categorized in 7 categories (wtdiffc). 
 
We can start this analysis by tabulating the observed risk of 
hyponatremia across categories of weight change. 
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. table wtdiffc, c( mean nas135) f(%3.2f) 
 
----------------------------- 
Categorization | 
of weight      | 
change         | mean(nas135) 
---------------+------------- 
   3.0 to 4.9  |         0.71 
   2.0 to 2.9  |         0.44 
   1.0 to 1.9  |         0.28 
   0.0 to 0.9  |         0.19 
 -1.0 to -0.1  |         0.08 
 -2.0 to -1.1  |         0.06 
 -5.0 to -2.1  |         0.01 
----------------------------- 
 

The risk of hyponatremia is strongly correlated with weight gain 
during the race. 
 



 

 75 

 
.graph bar (mean) nas135, over(wtdiffc) /// 

ytitle(Risk of hyponatremia) 
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. graph bar nas135 , over(wtdiffc, label(angle(45))) /// 
        ytitle("Risk of hyponatremia") /// 
  bar(1 , fcolor(white)) /// 
     scheme(s1mono) blabel(bar, format(%3.2f))  /// 
 ylabel(0(.1).8, angle(horiz) format(%3.2fc)) aspect(1) /// 
    b1title("Weight change, kg") 
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Twoway graph 
  
twoway plot [if] [in] [, twoway_options] 
 
where plot is defined 
 
   (plottype varlist , options)  
 
and where plottype (help twoway) can be, among many others 
 
plottype         description 
----------------------------------------------------------  
scatter          scatterplot 
bar              bar plot 
line             line plot 
area             line plot with shading 
lfit             linear prediction plot 
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Anatomy of twoway 
  

twoway                /// 
(plottype1 , options) /// 
(plottype2 , options) /// 
  … overlay as much as you want …   
, options for the overall graph 
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Two-way common options 
 
 
The most common options are: 
 
ylabel()   to specify labels on y-axis 
xlabel()   to specify labels on x-axis 
ytitle()   to specify a title on y-axis 
xtitle()   to specify a title on x-axis 
scheme()   to specify the overall look of the graph 
legend()   to specify the legend of the graph 
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Enter the data from keyboard  

 
 

Entering few lines of data using the keyboard can be useful 
when working with published data or making a graph of few 
data points.  
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* Hyponatremia was defined as a serum sodium concentration of 135 mmol per liter or less. Plus–minus values are means 
±SD. CI denotes confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable. 
Percentages may not sum to 100 because of rounding.

† For the univariate analysis, all continuous variables were analyzed with the use of t-tests, all categorical data were ana-
lyzed with the use of Fisher’s exact test, and the number of previous marathons was analyzed with the use of the Wilcox-
on rank-sum test. For the multivariate analysis, P values were determined by Wald tests, and profile-likelihood confi-
dence intervals were determined with the use of logistic regression.

‡ Race was self-reported.
§ This group served as the reference group in the multiple logistic-regression analysis.
¶Water loading was defined as increasing fluid consumption above baseline specifically in preparation for running the 

Boston Marathon.

 

¿ Use of NSAIDs was defined as any use within the week before the Boston Marathon.

 

Table 2. Univariate and Multivariate Predictors of Hyponatremia.*

Variable Univariate Predictors Multivariate Predictors

 

Hyponatremia
(N=62)

No Hyponatremia
(N=426) P Value†

Odds Ratio
(95% CI) P Value†

Demographic characteristics

Age (yr) 38.1±9.5 39.0±9.4 0.52 — —

Nonwhite race (%)‡ 8 8 1.00 — —

Female sex (%) 60 30 <0.001 — —

Body-mass index 22.8±3.7 23.0±2.5 0.68 — —

Category of body-mass index 0.01

<20 (%) 25 8 — 2.5 (1.1–5.8) 0.03

20–25 (%) 54 73 — 1.0§ —

>25 (%) 21 19 — 1.0 (0.4–2.0) 0.90

Training and performance

Previous marathons (no.) 3 5 0.008 — —

Training pace (min:sec/mi) 8:52±1:11 8:02±1:01 <0.001 — —

Race duration (hr:min) 4:12±0:47 3:42±0:42 <0.001 — —

Category of race duration (hr:min) <0.001

<3:30 (%) 13 44 — 1.0§ —

3:30–4:00 (%) 35 31 — 3.6 (1.4–11.5) 0.01

>4:00 (%) 52 25 — 7.4 (2.9–23.1) <0.001

Fluids and electrolytes

Self-reported fluid intake

Frequency (%) <0.001

Every mile 75 54 — — —

Every other mile 25 36 — — —

Every third mile or less often 0 9 — — —

Volume, >3 liters (%) 42 26 0.01 — —

Composition, 100% water (%) 8 11 0.66 — —

Self-reported water loading (%)¶ 82 73 0.16 — —

Self-reported frequency of voiding 
during race (%) 0.047

None 51 63 — — —

Once 27 25 — — —

Twice 8 8 — — —

Three times or more 14 5 — — —

Postrace weight > prerace weight (%) 71 29 <0.001 4.2 (2.2–8.2) <0.001

Self-reported use of NSAIDs (%)¿ 61 53 0.34 — —
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* Input the published data 
 
clear 
input or   lb    ub    dose 
     1    1    1     3.13 
     3.6   1.4   11.5   3.75 
     7.4   2.9   23.1   4.48 
end 
 
The variable dose is the median running time in hours within 
each exposure interval.  
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* Plot the published data 
 
tw (rcap lb ub dose) /// 
 (scatter or dose, sort) , /// 
scheme(s1mono) /// 
ytitle("Odds Ratio") /// 
xtitle("Race duration, hours") /// 
legend(off) yscale(log) /// 
ylabel(.5 1 2 4 8, angle(h) format(%3.2fc)) 
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Select variables and observations 
 
drop  eliminates variables that are explicitly listed 
 
keep  keeps variables that are explicitly listed (opposite of drop) 

 
 
drop varlist      
drop if exp 

drop in range [if exp] 
 
keep varlist 
keep if exp 

keep in range [if exp] 
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// Examples 
 
* eliminate the variables wtdiffc and urinat3p 
drop wtdiffc urinat3p 
 
* eliminate the first 10 observations  
drop in 1/10 
 
* keep 3 variables in memory   
keep id nas135 wtdiff  
 
* keep only women  
keep if female == 1  
  

 



 

 86 

Sort observations 
 

sort   varlist  
 
arranges the observations of the current data into ascending order 
based on the values of the variables in varlist 

 
// Example: sort rows by running time 
 
sort runtime 
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Prefix by 
 
by varlist: stata_cmd 
 
bysort varlist: stata_cmd   
 
repeats the command for each group of observations for which the 
values of the variables in varlist are the same.    

 
The prefix bysort gets in one line the sort and by commands. 
 
 
 



 

 88 

 
// Examples 
 
* sort dataset by wtdiffc 
 
sort wtdiffc 
 
* for each level of weight change summarize na 
 
by wtdiffc: summarize na   
 
* for each level of weight change summarize na 
  
bysort wtdiffc: summarize na   
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Hand calculator 
 
display exp 
 
displays strings and values of scalar expressions. It is used in do-files and 
programs to produce formatted output.  
 
It can be simply used as a substitute for a hand calculator. 
 
// Example 
 
display "The square root of 4 is " sqrt(4) 
display sqrt(4)+ 2*log(1)  
display exp(0.5) 
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Format 
 
format [varlist] %fmt 

 
allows you to specify the display format for variables.  The internal 
precision of the variables is unaffected (help format) 
 
Among many others 
 
%#.#f        fixed numeric format 
 
This is really useful to control the number of decimal points.  
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Import and export of dataset  
 

 
insheet reads ASCII (text) data created by a spreadsheet (.txt, .csv, 
.raw).  
 
 
insheet using /// 
http://stats4life.se/data/hyponatremia.txt, clear 

 
 
outsheet writes data into a file in tab or comma-separated ASCII 
format (.txt, .csv, .xls). 
 
outsheet using hyponatremia.xls, replace 
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Merge datasets 
 
merge can match datasets based on key variables. It joins 
corresponding observations from the dataset currently in memory 
(called the master dataset) with those from Stata-format datasets 
stored as filename (called the using datasets) into single 
observations. 
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// Example 
 
use hyponatremia, clear 
 
merge 1:1 id using moredata 
 
    Result                           # of obs. 
    ----------------------------------------- 
    not matched                            40 
        from master                        39  (_merge==1) 
        from using                          1  (_merge==2) 
 
    matched                               449  (_merge==3) 
    ----------------------------------------- 
 
 
* _merge == 1 are obs. in the master dataset only 
* _merge == 2 are obs. in the using dataset only 
* _merge == 3 are obs. in both datasets 
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Append datasets  
 
append appends (stacks) a Stata-format dataset stored on disk to the 
end of the dataset in memory. 
 
 
// Example. Add 100 subjects to the dataset 
 
use hyponatremia, clear 
 
append using morerunners 
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Summary of the commands 
 

Description  Command 
Open and save the dataset Stata format use 
Look at the dataset describe 

list 
browse 

Summary statistics  summary 
Table of counts  tabulate 

count 
Table of summary statistics table 

tabstat 
Graph distributions and statistics graph histogram 

graph box 
Two-way scatter plot  twoway 

scatter 
line 
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Description  Command 
Data management  generate 

replace 
recode 
insheet 
outsheet 
merge 
append 

 


