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Who Am I?

http://www.linuxnarede.org/miscelania/walpapers/walp_outros/walp_maior/spiderman.jpg


Risk Factor Outcome

Exposure
Explanatory variable
Independent variable

Disease
Response
Dependent variable

Types of Variables in Your Experiment



Objective

• Is the risk factor associated with 

the outcome?

• Is there a pattern?





Validity and Generalizability

• Internal Validity

– I find a pattern, is it real (reproducible)?

•Chance
•Bias
•Confounding

• External Validity

– Does it apply to other patients?

•Generalizability



Chance Bias Confounding

Don’t Let Them Get You!

http://www.poster.net/gremlins/gremlins-photo-gremlins-6200139.jpg


Tools to Fight the Gremlins of Invalidity

• Chance: Statistics

• Bias: Study design (Was it a fair study?)

• Confounding: Multivariable analysis



Statistical Analyses

• Univariate

1 Risk Factor 1 Outcome

• Multivariable

Multiple risk factors               1 Outcome



Which Statistical Test Do I Use?

• It depends on type of data being analyzed

• Types of data in clinical research
– Categorical: Nominal vs. Ordinal

• Dichotomous

• >2 categories

– Continuous

– Survival

– Paired data

• Limited types of data means limited 
number of statistical tests



Hypertension

Concentric LVH

Dilated Cardiomyopathy

Paradigm of Hypertensive Heart Disease

“Transition to Failure”



Rame et. al, AJC, 2004

Retrospective Study: Parkland 

Echocardiography Database (1992 – 1994)

Low EF Normal EF

n = 28 n = 131

(18%) (82%)

159 subjects

• Concentric LVH (> 1.3 cm)

• Normal LVEF

• Follow-up echo. ≥ 1 year later

4 year f/u



Rame, AJC, 2004



Some Purposes of Table 1

• Provide baseline characteristics

• What patients were studied? 
– Are they applicable to the reader’s patients 

(generalizability)?

– Is the study believable – e.g., authors say they 
studied advanced heart failure, do patients have 
characteristics of advanced heart failure?

• What are differences at baseline between 2 

groups (e.g., case-control)?

• Randomized clinical trial: Did randomization 

work?



How Did We Make Table 1?



Methods Section

“Data are expressed as proportions, 
means SD, or medians (25th and 75th

percentiles). Differences in 

characteristics between patients who 

did or did not progress to a depressed 

EF were compared by Fisher’s exact 

test, Student’s t test with equal or 

unequal variances, or Wilcoxon rank-
sum test, where appropriate.”

Rame, AJC, 2004



What Type of Data are 
You Analyzing?



Dichotomous Outcome

Either         Or



Dichotomous Risk Factors



Epidemiologists Love 2 x 2 Tables

Disease/Outcome

Risk Factor/
Exposure

+              -

+

-



Statistical Tests for Dichotomous Risk 

Factor + Dichotomous Outcome

• Chi-square (approximation)

• Fisher’s Exact Test

2 x 2!
We love 

2 x 2!



Chi-Square

Observed effect (what we see) – Expected (under null)

Expected (under null)



Disease

Exposure

+              -

+

-

A B

C              D

n1

n2

c1 c2

X2 = N(AD-BC)2

n1n2c1c2

A or D =
pattern



Dichotomous Risk Factors

18/28 who develop low EF are AA
104/131 who do not develop low EF are AA
P = 0.14



 

                             The FREQ Procedure 

 

                  Table of race__d__ by FinalLV_Dysfunction 

 

                     race__d__(race (d)) 

                               FinalLV_Dysfunction(FinalLV Dysfunction) 

 

                     Frequency¡ 

                     Percent  ¡ 

                     Row Pct  ¡ 

                     Col Pct  ¡       0¡       1¡  Total 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                     Not AA   ¡     27 ¡     10 ¡     37 

                              ¡  16.98 ¡   6.29 ¡  23.27 

                              ¡  72.97 ¡  27.03 ¡ 

                              ¡  20.61 ¡  35.71 ¡ 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                     AA       ¡    104 ¡     18 ¡    122 

                              ¡  65.41 ¡  11.32 ¡  76.73 

                              ¡  85.25 ¡  14.75 ¡ 

                              ¡  79.39 ¡  64.29 ¡ 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                     Total         131       28      159 

                                 82.39    17.61   100.00 



 

                             The FREQ Procedure 

 

          Statistics for Table of race__d__ by FinalLV_Dysfunction 

 

           Statistic                     DF       Value      Prob 

           ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 

           Chi-Square                     1      2.9473    0.0860 

           Likelihood Ratio Chi-Square    1      2.7309    0.0984 

           Continuity Adj. Chi-Square     1      2.1621    0.1414 

           Mantel-Haenszel Chi-Square     1      2.9288    0.0870 

           Phi Coefficient                      -0.1361 

           Contingency Coefficient               0.1349 

           Cramer's V                           -0.1361 

 

 

                            Fisher's Exact Test 

                     ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 

                     Cell (1,1) Frequency (F)        27 

                     Left-sided Pr <= F          0.0741 

                     Right-sided Pr >= F         0.9716 

 

                     Table Probability (P)       0.0457 

                     Two-sided Pr <= P           0.1367 

 

                              Sample Size = 159 



Dichotomous Risk Factors

Only 129 subjects (not 159) = missing data
10 (45%) who develop low EF had CAD
19 (18%) who did not develop low EF had CAD
P = 0.01



 

                             The FREQ Procedure 

 

                   Table of CAD_Hx by FinalLV_Dysfunction 

 

                     CAD_Hx(CAD Hx) 

                               FinalLV_Dysfunction(FinalLV Dysfunction) 

 

                     Frequency¡ 

                     Percent  ¡ 

                     Row Pct  ¡ 

                     Col Pct  ¡       0¡       1¡  Total 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                            0 ¡     88 ¡     12 ¡    100 

                              ¡  68.22 ¡   9.30 ¡  77.52 

                              ¡  88.00 ¡  12.00 ¡ 

                              ¡  82.24 ¡  54.55 ¡ 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                            1 ¡     19 ¡     10 ¡     29 

                              ¡  14.73 ¡   7.75 ¡  22.48 

                              ¡  65.52 ¡  34.48 ¡ 

                              ¡  17.76 ¡  45.45 ¡ 

                     ¢¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§¢¢¢¢¢¢¢¢§ 

                     Total         107       22      129 

                                 82.95    17.05   100.00 

 

                           Frequency Missing = 30 



 

                             The FREQ Procedure 

 

            Statistics for Table of CAD_Hx by FinalLV_Dysfunction 

 

           Statistic                     DF       Value      Prob 

           ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 

           Chi-Square                     1      8.0330    0.0046 

           Likelihood Ratio Chi-Square    1      7.0926    0.0077 

           Continuity Adj. Chi-Square     1      6.5223    0.0107 

           Mantel-Haenszel Chi-Square     1      7.9708    0.0048 

           Phi Coefficient                       0.2495 

           Contingency Coefficient               0.2421 

           Cramer's V                            0.2495 

 

            WARNING: 25% of the cells have expected counts less 

                     than 5. Chi-Square may not be a valid test. 

 

 

                            Fisher's Exact Test 

                     ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 

                     Cell (1,1) Frequency (F)        88 

                     Left-sided Pr <= F          0.9984 

                     Right-sided Pr >= F         0.0075 

 

                     Table Probability (P)       0.0058 

                     Two-sided Pr <= P           0.0095 

 

                         Effective Sample Size = 129 

                           Frequency Missing = 30 

 

                    WARNING: 19% of the data are missing. 



Learn a Statistical Package!

• SAS

• SPSS

• STATA



Continuous Risk Factors



Continuous Risk Factor

Dichotomous Outcome

• Student’s T test
– Equal variance

– Unequal variance

• Wilcoxon Rank Sum (Mann-Whitney-U)

T test vs. Wilcoxon Rank Sum:
Are data normally distributed?



How Do You Tell if Data are 

Normally Distributed?

• Look for characteristics of normality

– Is it bell-shaped (histogram)?

– Mean = median = mode

– Symmetry of data (skewness)

– Length of tails/how common are values 

near and far from mean (kurtosis)

– Statistical tests of normality

• Normal probability plot

• Wilk-Shapiro test



Normal Distribution



Left skew

Right skew

High kurtosis
Lot of tails

Low kurtosis
“Boxy”



                                      '     09:18 Wednesday, June 9, 2004 128 

 

                          The UNIVARIATE Procedure 

                            Variable:  age  (age) 

 

       Stem Leaf                                    #             Boxplot 

          8 1                                       1                | 

          7 557                                     3                | 

          7 000112223344                           12                | 

          6 55555666678999                         14                | 

          6 00000000000111122222223333333444444    35             +-----+ 

          5 5555666667777777888888999999           28             *--+--* 

          5 0000011122222233444444                 22             |     | 

          4 555566666677888889                     18             +-----+ 

          4 00123334444                            11                | 

          3 78889                                   5                | 

          3 113                                     3                | 

          2 77889                                   5                | 

          2 33                                      2                0 

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

        Multiply Stem.Leaf by 10**+1 



                          The UNIVARIATE Procedure 

                          Variable:  CREAT  (CREAT) 

 

                        Histogram                #             Boxplot 

          18.5+*                                 1                * 

              . 

              . 

              .*                                 1                * 

              .*                                 1                * 

              . 

              . 

              . 

              . 

           9.5+ 

              .*                                 1                * 

              .*                                 1                * 

              .*                                 1                * 

              . 

              .*                                 2                * 

              .***                               5                0 

              .*****                             9                | 

              .*****************************    58             +--+--+ 

           0.5+********************             40             +-----+ 

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

               * may represent up to 2 counts 



Continuous Risk Factors



 

                             The TTEST Procedure 

 

                                 Statistics 

 

            FinalLV_                 Lower CL            Upper CL   Lower CL 

 Variable   Dysfunction          N       Mean     Mean       Mean    Std Dev 

 

 LVDD1                 0       126     4.1115   4.2175     4.3234     0.5348 

 LVDD1                 1        27     4.0031   4.2407     4.4784     0.4731 

 LVDD1      Diff (1-2)                 -0.275   -0.023     0.2285     0.5401 

 

                                 Statistics 

 

           FinalLV_                   Upper CL 

Variable   Dysfunction      Std Dev    Std Dev   Std Err   Minimum   Maximum 

 

LVDD1                 0      0.6009     0.6859    0.0535       2.5       5.8 

LVDD1                 1      0.6008     0.8234    0.1156       3.1       5.4 

LVDD1      Diff (1-2)        0.6009     0.6773    0.1274 

 

 

                                   T-Tests 

 

    Variable    Method           Variances      DF    t Value    Pr > |t| 

 

    LVDD1       Pooled           Equal         151      -0.18      0.8553 

    LVDD1       Satterthwaite    Unequal        38      -0.18      0.8560 

 

 

                            Equality of Variances 

 

        Variable    Method      Num DF    Den DF    F Value    Pr > F 

 

        LVDD1       Folded F       125        26       1.00    1.0000 



Continuous Risk Factors



 

                           The NPAR1WAY Procedure 

 

               Wilcoxon Scores (Rank Sums) for Variable LVdpw 

                 Classified by Variable FinalLV_Dysfunction 

 

  FinalLV_                    Sum of     Expected      Std Dev         Mean 

  Dysfunction         N       Scores     Under H0     Under H0        Score 

  ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 

  0                 127       9908.0      9842.50   206.660418    78.015748 

  1                  27       2027.0      2092.50   206.660418    75.074074 

 

                     Average scores were used for ties. 

 

 

                          Wilcoxon Two-Sample Test 

 

                       Statistic             2027.0000 

 

                       Normal Approximation 

                       Z                       -0.3145 

                       One-Sided Pr <  Z        0.3766 

                       Two-Sided Pr > |Z|       0.7531 

 

                       t Approximation 

                       One-Sided Pr <  Z        0.3768 

                       Two-Sided Pr > |Z|       0.7536 

 

                  Z includes a continuity correction of 0.5. 

 

 

                             Kruskal-Wallis Test 

 

                       Chi-Square               0.1005 

                       DF                            1 

                       Pr > Chi-Square          0.7513 



Table 1

• A series of statistical tests

• Dichotomous risk factors + outcome
– Chi square
– Fisher’s exact test

• Continuous risk factors and dichotomous 
outcome
– T test
– Wilcoxon rank sum

• Have not addressed categorical risk factors or 
outcomes with > 2 levels, survival analysis, 
paired data 



So I Find an Association: 
NEJM Here I Come!





Confounding

Don’t Let Them Get You!



Hypothesis: 

Height is associated with wealth





Results

• 24 people walk out of AAC
– 12 tall people – 10/12 are wealthy

– 12 short people – 4/12 are wealthy

• P value = 0.04

Tall people get rich!



Confounding

Height Wealth

Basketball player



Confounder

• 3rd factor that is associated with 

exposure/risk factor (height)

• Independent determinant of outcome 

(wealth)

How to handle in analysis:
Stratification
Multivariable analysis



Univariate Analysis

• It’s a start but…

• Need to move to Multivariable Analysis 

to know if your risk factor is 

independently associated with 

outcome (“unconfounded association”)



Conclusions

• Guard against chance, bias, 

confounding

• Learn a statistical package

• Use the right statistical test, based on 

what type of data




