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A. THE MODERN EPIDEMIOLOGICAL APPROACH TO ESTABLISH ASSOCIATION OR CASAULITY

· Goal is to determine if a Characteristic “X” is independently associated with an Outcome “Y”

· Modern Approach is to fit Linear (or Logistic or Survival) Regression Predictive Models of Y using X and Other Important Variables  Z1, Z2, ….., Zm
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· If the magnitude of 
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 in the “Appropriate Final” model is “Large” and it is “Statistically Significant” then 

· An Adjusted Association Between X and Y exists

· This may be evidence X increases (decreases) risk for Y

· But for this to Really work Z1, Z2, ….., Zm must Include all the Relevant Variables 

· The Following issues with Building Models are Known and Often Mentioned in Limitations Sections of Papers

· Collinearity between the predictors X and Zi
· Multiple Comparisons (Data Dredging)

· Latent (and Unmeasured) Variables 

· But the Larger the Data Set and More Complex the Setting, the Bigger such Problems Become

B. MODERN EPIDEMIOLOGICAL RESEARCH HAS NUMEROUS SUCCESSES

· Perhaps the Most Noteworthy is Establishment of Causality Between Smoking and Lung Cancer

· Smoking has also been shown to be related to Heart Disease and many other diseases by this approach

· and Numerous Other Associations Have Also Been Shown (or at Least Confirmed) by this Approach, i.e.

· Sex and Injection Drug use (but not Mosquitoes) transmits HIV

· High Cholesterol and LDL Blood Lipids Increase Heart Disease

· Etc

C. BUT MODERN EPIDEMIOLOGY RESEARCH IS OFTEN QUESTIONED

· Most Recently - A Clinical Trial of Hormone Replacement Therapy (HRT) had Opposite Results From Previous Epidemiological Studies 
· JAMA 2002 Jul 3;288(1):49-57,  JAMA 2002 Jul 3;288(1):58-66.
· HRT to post-menopausal women Increased Risk of Breast Cancer, Stroke, Heart Disease and Pulmonary Embolism
· But epidemiological studies suggested HRT reduced these outcomes

· There Have Been Numerous Conflicting Published Results of Epidemiological Studies

· Some of this may Reflect Problems with Fitting the Models as Noted Earlier

D. LARGER SIZE/COMPLEXITY OF DATA SETS MAKES MODEL FITTING MORE DIFFICULT

· Given Recent Controversies  Researchers Should be More Aware of These Issues

·  This talk Covers 3 Such Situations I have Encountered as a Statistician on Collaborative Epidemiologic Research

a) The Model was so Complex –  it was Likely we Could Never Get all Relevant Variables

b) In Mid-Study, by Chance, we Discovered an Important Variable we had not Considered

c) Adjustment for a Variable may have hurt More than helped


While none of these situations breaks new ground from an 

              analytic perspective  -- each is very easy to overlook in  

              resource limited collaborative research

E. THE MODEL WAS SO COMPLEX –  IT WAS LIKELY WE COULD NEVER GET ALL RELEVANT VARIABLES

1. Setting – Does Mental Illness Increase the Length of Hospitalization for an HIV patient?

2.  Previous Studies (c.f. Uldall et al 1993) Suggest Mental Illness increases time needed to Hospitalize HIV Patients








3. These studies were based on “Small” Hospital Datasets of ~1500 Hospital Visits and Only 4-5 Variables

4. They also did not Separate “Treating HIV Conditions” From “Treating Mental Illness”

5. We Undertook an Analysis of 20,000 Hospital Discharges and 100s Variables which we Believe Suggests This is Likely








6. However, there were Many Variables associated with Mental Illness and Length of Hospital Stay 

· It was clear that there Likely Other Important variables Not in Our Data Set and that Would be Impossible to get
· This Diminished Somewhat our Confidence in any “Adjusted Analyses” we did

	TABLE 2 

Robust Least Squares Regression on Log Length of Stay (in Days) 

Adjusted and Unadjusted Ratios (e β) (With 95% Confidence Intervals)

	
	 Length of Stay Ratio

	
	Unadjusted Effect
	Adjusted Effect

	MENTAL AND NEUROLOGICAL ILLNESS

	Mental Illness Episode Diagnosed at Visit

	     Primary  AMI
	1.06 (1.00, 1.13)
	1.32 (1.25, 1.40)***

	     Secondary AMI
	0.97 (0.91, 1.03)
	1.13 (1.08, 1.19)***

	     No AMI
	…
	

	Most Severe Mental Illness History at Current/Other Visits

	     SMI-H
	0.87 (0.84, 0.90)***
	0.99 (0.96,1.02)

	     OMI-H
	0.94 (0.90, 0.98)***
	0.99 (0.95, 1.03)

	     No MI History
	…
	…

	OTHER PATIENT-VISIT CHARACTERISTICS

	HIV Dementia at or Prior to Visit

	     Yes
	1.43 (1.22, 1.68) ***
	1.26 (1.09, 1.45)**

	      No
	…
	…

	Opportunistic Infection Diagnoses at Visit

	     Yes
	1.60 (1.57, 1.63 ***
	1.45 (1.41, 1.49) ***

	     No 
	…
	…

	Died in Hospital at Visit

	     Yes
	1.54 (1.45, 1.63) ***
	1.28 (1.21, 1.36) ***

	      No
	…
	…

	Substance Abuse Diagnosis at Visit

	  Primary S. Abuse
	0.51 (0.49, 0.53) ***
	0.63 (0.60,0.65) ***

	Secondary S. Abuse
	0.87 (0.85, 0.96) ***
	0.90 (0.87,0.92) ***

	      No S. Abuse
	…
	…

	PI/NNRTI Use at or Before Visit

	       Yes
	0.77 (0.74, 0.80) ***
	0.90 (0.85,0.94) ***

	       No
	…
	…

	Season of Admission for Visit

	       Fall/Winter
	1.04 (1.02, 1.06) **
	1.04 (1.02, 1.06) ***

	       Spring/Summer
	…
	…

	Year of Admission of Visit

	      1998
	0.70 (0.66, 0.74) ***
	0.79 (0.73,0.85) ***

	      1997
	0.72 (0.68, 0.67) ***
	0.78 (0.73,0.83) ***

	      1996
	0.80 (0.76, 0.85) ***
	0.80 (0.76,0.85) ***

	      1995
	0.92 (0.87, 0.98) **
	0.85 (0.81,0.90) ***

	      1994
	0.99 (0.93, 1.05)
	0.90 (0.86,0.95) ***

	      1993
	1.04 (0.98, 1.11)
	0.97 (0.92,1.03)

	      1992
	…
	…

…

…

	Most Severe Diagnosis of HIV Disease at or Prior to Visit

	       AIDS
	1.46 (1.40, 1.52) ***
	1.10 (1.14,1.23) ***

	       HIV W/O AIDS
	…
	…

	OTHER  PATIENT CHARACTERISTICS

	Gender 

	      Female
	 0.95 (0.91 – 0.98) ***
	1.01 (0.95,1.07)

	Age at Initial Diagnosis of HIV Disease

	     18-29 years
	0.67 (0.62, 0.73) ***
	0.71 (0.67,0.76) ***

	     30-39 years
	0.81 (0.76, 0.86) ***
	0.82 (0.77,0.87) ***

	     40-49 years
	0.86 (0.80, 0.93) ***
	0.87 (0.82,0.92) ***

	    > 50 years 
	…
	…

	Race/Ethnicity

	      Latino
	1.05 (0.99, 1.12)
	1.04 (1.00,1.09)

	      Black
	1.13 (1.08, 1.17) ***
	1.13 (1.09,1.17) ***

	      White
	…
	…

	Risk Group

	       Missing
	0.90 (0.85, 0.96) ***
	1.01 (0.90,1.12)

	       IDU
	0.97 (0.93, 1.01)
	1.04 (1.01,1.08)*

	       Non-IDU
	…
	…

	County of Residence at Initial Diagnosis of HIV Disease

	      High Prevalence
	1.11 (1.06, 1.15) ***
	1.12 (1.09,1.17) ***

	      Elsewhere
	…
	…

	Waiver Participation at Initial Diagnosis of HIV Disease

	      ACCAP
	1.15 (1.11, 1.20) ***
	1.06 (1.02,1.10) ***

	      Non-ACCAP
	…
	…

	Medicare Enrollment at Initial Diagnosis of HIV Disease

	       Medicare
	0.98 (0.94, 1.02)
	0.99 (0.97,1.01)

	       No Medicare
	…
	…

	Year of Initial Diagnosis of HIV Disease

	       1995-1996
	0.91 (0.84, 0.99) *
	0.94 (0.89,0.99) *

	       1993-1994
	1.03 (0.97, 1.09)
	0.96 (0.92,1.01)

	       1990-1992
	1.01 (0.95, 1.07)
	0.96 (0.90,1.02)

	       Before 1990
	…
	…


OTHER IMPORTANT VARIABLES LEFT OUT


Particular Hospital Seen at?


Insurance Coverage?


Income?


Caregiver Support?

F. IN MID-STUDY, BY CHANCE, WE DISCOVERED AN IMPORTANT VARIABLE WE HAD NOT CONSIDERED

1. Setting -  Analysis of Sources of Variation of T-Cell Measures Believed to be Related to  “Multiple Chemical Sensitivity Syndrome (MCS)
2. MCS has unknown causes but is believed to be a immune disorder

3. Previous Studies do not see T-Cell Immune Measures differences between those with and without MCS (c.f.  Simon et al Ann Intern Med  119:93-103 1993)

· Patients are Often tested at Multiple and Uncontrolled Laboratories

4. We hypothesized this non-finding could be a “Type II Error”  due to differences in laboratory testing 

· We thus set up the “Perfect Study” to identify sources of laboratory variation
5. This was the Study Design

45 PARTICIPANTS IN THREE DISEASE GROUPS







EACH PATIENT HAD TWO SAMPLES TESTED AT THE SAME 5 QC CONTROLLED LABORATORIES







So in Other Words for Each T-Cell Measure we did 450 Tests:

45 Pts x 5 Laboratories x 2 Tests per Laboratory

(The Repeated tests per laboratory were to quantify intra-

           laboratory Variation)

6.  Goal of the Study was to See if There was a Big Difference
     in Laboratories Relative to that in Disease Groups
7.  It took about 8 Months to Recruit and Sample all of the Patients

8.  The Following Model was Fit to the T Cell Measures:
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Y = u + a + b(a) + c +  e


where:

u = Overall Mean

ai = Effect of the ith Disease group

         bij = Effect If the jth patient nested in the ith Disease Group


ck = Effect of the kth laboratory



[image: image4.wmf]ijkl

e

 = Random error for the lth Replicate

9.   In the main analysis there was at most no (or small) statistical 

      evidence for a First Order Effect of Disease Group

10.  However, in a Chance Ancillary Analysis, when an interaction 

       term between Disease Group and Laboratory was added,  (ik  

       This effect was large and statistically very significant  P < 0.001 

· In other words, there was little statistical evidence for overall differences between the disease groups (Healthy, Putative MCS, Immunologic Disease)

· But there was strong statistical evidence for laboratory interaction with disease group 

· i.e., some laboratories measured MCS subjects relatively higher to Healthy Subjects than did other laboratories)

· This did not make scientific sense so we went back to the data to find the reason

11. It Turned out the reason for this “interaction finding” was an Effect that we had Failed to Consider
12. Throughout the 8 months, the 45 subjects were sampled at 17 dates

[----X----X------X    .  .  .                            . . .    X------X-----X]

Nov 97                                                                             June 98

· ~2-3 subjects were sampled on each of 17 dates

· All samples obtained on a date were sent to each of the 5 labs who tested all on the samples at once
· In other words each lab had 17 test dates 

[----X----X------X    .  .  .                            . . .    X------X-----X]

Nov 97                                                                             June 98

· Usually the 2-3 subjects sampled and tested on the same date were from the same Disease Group
13.  While this had not been expected, there was a  strong
        within laboratory test date effect

· Observations on subjects tested on the same lab-test date were not independent

14.  As the test date effect differed by laboratory and Disease Group Subjects were Unbalanced by Test Date, the test date effect created a Disease-Group Laboratory interaction in the models 

15. We had to add a test-date (nested within laboratory) effect 
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 to the model
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Y = u + a + b(a) + c + d(c)+ e


16. However, the strong correlation between disease group 
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 and test-date 
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 limited our ability to make  

       inferences on disease group effect

NOTES– 

A. Had we known about this in advance we would have balanced our subjects … 3 subjects tested on each date one from each disease group

B. While the impact on other studies may not be as large as it 

was here, laboratory tests (subject to the same potential test-date effect) are often used as predictors and outcomes in medical/epidemiological research

G.  ADJUSTMENT FOR A VARIABLE MAY HAVE HURT 

      MORE THAN HELPED

1. Setting – Studying Associations Between Gender (i.e. Female Vs Male) and Progression to AIDS

· i.e., do either men or women develop AIDS more quickly

2. Participants – 156 Men and 46 Women Identified “Recently” after HIV Infection who were then followed for up to 10 years

· Blood Samples at the time HIV infection identified were tested for HIV viral load

· It is Well Known that Higher HIV Viral load is Associated with More Rapid Progression to AIDS

· Viral load is also believed to Increase with time since HIV Infection 

3. Initial Unadjusted Model of Time to AIDS

· Estimated Date of HIV Infection was About 6 Months Before Blood Samples Taken in all Cases

· Proportional Hazards With Only Sex (1=F, 0=M)

· Relative Hazard for Women 1.53 95% CI (0.80-2.90)

4. The next step was to Adjust the Model for Viral Load Measured When Infection Identified

· Perhaps some people had been infected longer which would be reflected by higher viral load


                                        +                              +

                                                       +

VIRAL LOAD (VL) CONFOUNDS THE ASSOCIATION BETWEEN SEX AND AIDS PROGRESSION

5.  In the adjusted models, the following relative Hazards were observed

· RH for Women 2.28;  95% CI (1.12-4.37)

· RH for Viral Load (per log Increase) 2.17; 95% CI (1.37, 5.26) 

6. An Initial Interpretation was that the Adjusted Analysis Confirmed What the Unadjusted Analysis was Leaning Towards – Women Progress More Rapidly
7. However, Farzadegan et. al (1998) found that for (still) unknown reasons Viral Load in women measures 0.5 log lower than comparable men.  

· For example a women with a VL=20,000 has comparable AIDS risk as a man with VL=40,000

· However, a woman with VL=40,000 has greater AIDS risk than a woman with VL=20,000

· Similarly, a man with VL=80,000 has greater AIDS risk than a man with VL=40,000

· Some people have hypothesized that different sex hormones suppress the ability of tests to quantify 

8. So if our objective is seeing if sex is related to AIDS progression, does it still make sense to adjust for Viral Load in the Proportional Hazards Model?

9. NO –  Suppose there is no Overall Difference Between Men and Women in HIV Progression

· Overall Women Progress to AIDS at the same rate as men

· and Overall those With Higher HIV Viral Loads Progress to AIDS more rapidly

· But Because of the Measurement Difference a Women Progresses to AIDS at the same rate as a man with a 0.5 log higher log-viral-load 

· Therefore if both HIV viral load and sex are put into the model of  Relative Hazard of AIDS (RHA)

       RH  = a*(log(VL)) + b*(sex=female)

· The coefficient for a will be positive because overall those with higher VL progress faster

· The coefficient for b will be positive 

· not because overall women progress faster 

· but because women progress faster than men with the same VL 
· i.e., the coefficient for sex has no interpretation on whether overall women progress faster than men

10. This Phenomenon is known as a Collider in Graph 

      Theory (C.f. Pearl 1994)







And is Identified Using a Process Called “Moralizing” or Connecting Parent Nodes








Since 

A.  Both “True Effect” and “Sex” are Parent Nodes (i.e. 

      Influence) of Measured Viral Load

B. “True Effect” has a Causal Association With AIDS

C. If You Adjust for the “Child Node” (but not True Effect) in the same Model as Sex, this will distort the Estimate for Causal Association of Sex

NOTE – While it is Difficult to Prove, this Type of Phenomenon could conceivably occur often in settings with large numbers of variables 

H.  FINAL THOUGHTS

· Unfortunately with complex epidemiological problems we are often in settings where we just “can’t adjust correctly for what we don’t know or consider”
· So Should we Attempt Studies in These Situations?

· It may be Better to do a “Process Analysis” on Chance of Success or Failure First

· In some cases one may apriori find so many (potential) problems that the answer is “no”

· In Other Cases it may be OK to Proceed but to Think Twice Before Making a Press Release

· Clearly if New Problems are Discovered on the way this can improve future studies

· In Many Cases it is Difficult to do all the Analyses needed for Potential Problems such as those Described Here Given Time and Resource Limitations
· It is also difficult to write papers which address complicated analysis issues due to space limitations and confusing the reviewers 
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