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KEY Lab: A Matter of Interpretation 
Human Papillomavirus Infection & Cervical Intraepithelial Neoplasia 

 
Graded items are highlighted. This is a challenging lab. 

1. Crude odds ratio  

a. CIN and Type 16 or 18 HPV: 

  Cases  Controls         Total         
Types 16 or 18   158 13 171 
Negative 89 373 462 
  Total 247 386 633 

OR = (158 × 373) / (13 × 89) = 50.9, which rounds to 51.  
 
b. CIN 1 and Type 16 or 18 HPV:  

  CIN 1 Controls         Total         
Types 16 or 18    45 13 58 
Negative 10 373 383 
  Total 55 386 441 

OR = (45 × 373) / (13 × 10) = 129.1 

2. Study design analysis  

a. Research hypothesis: clear. The last sentence on page 958 is an explicit statement of the 
purpose of the study: “This finding prompted our…[study] which evaluates whether 
sexual behavior and other established risk factors increase risk of cervical neoplasia 
influence risk primarily via HPV infection.” 

b. Study design: observational. Case-control design, appropriate for the study of rare (low 
frequency) diseases such as CIN. This study is an advance over previous studies in that it 
uses molecular genetics to characterize subtypes of HPV infection and to relate HPV 
subtypes to risk of cervical neoplasia. 

c. Outcome variable: CIN was the primary outcome variable. It is relevant to clinical and 
public health practice. Cases status was defined by microscopic examination of cervical 
cells from the routine Pap smear. The accuracy of the diagnosis was evaluated by 
independent review of the slides from 250 of the 500 cases, with a higher proportional 
sampling of the borderline cases. Biopsies were also obtained for 363 of the 500 cases. 
These procedures were quite stringent and demanding methods to confirm the accuracy 
of case diagnosis. 

d. Exposure variables: The study looked at a number of different risk factors (see Table 2 
for a listing). HPV was the primary exposure, but sexual and lifestyle factors were 
also studied.  HPV status was determined by identification of virus DNA in cervical 
lavage samples; this procedure seems to be accurate. The duration of HPV infection 
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could not be evaluated, nor was the dose of HPV assessed, but dose may be irrelevant to 
risk of cervical neoplasia. Since HPV was measured in biological fluid obtained from 
each subject, a biologic marker of exposure was used. Other risk factors were assessed by 
telephone interview and are therefore fewer objectives and potentially more subject to 
recall and interviewer biases. 

e. Analysis: ORs as reflections of relative risks (with 95 percent confidence intervals) are 
presented throughout the study.  

3. Confirmation of cases.  

The efforts to confirm the original cytological diagnoses were intended to avert the  
misclassification of disease and minimize information (diagnostic) bias.  

4. Possible nondifferential misclassification of cases.  

Misclassification of the outcome variable, if nondifferential, ordinarily tends to bias results 
toward the null, causing underestimation of the true level of association. Successful efforts to 
reduce the bias will lead to a more nearly valid estimate of relative risk which, if the causal 
hypothesis is true, will result in a bigger OR. (Occasionally, nondifferential misclassification 
result in no bias, but this is less common.) 

5. Adjustment for HPV test results. Bias due to confounding is more completely controlled in 
RR #2 than in RR #1; RR #2 gives the RR for the variable, adjusting for all other variables in the 
table. For smoking, the apparently statistically significant RR #1 for current smokers was 
confounded by the association of smoking with other risk factors, because RR #2 for current 
smokers drops to a low value.  

6. Increasing lifetime number of sex partners. The increasing risk of cervical neoplasia with 
increasing lifetime number of sex partners, shown by the RR #2 column, is greatly reduced for 
risk estimates controlled for HPV test results (RR #3). This finding suggests that most of the risk 
associated with number of sex partners is accounted for by the association between CIN and 
HPV, consistent with the interpretation that a high prevalence of HPV infection in persons who 
have multiple sex partners is the underlying causal factor for cervical neoplasia. The small  
association of CIN with 6-9 and 10+ lifetime number of partners even after adjustment for HPV 
might reflect random variation, incomplete control for the association with HPV (e.g., through 
inaccuracy in measurement), or possibly an effect of number of partners through some other 
mechanism.  

7. Ancillary Analyses. The subsets were analyzed to reduce the probability of (a) prevalence-
incidence bias (a form of selection bias) by eliminating prevalent cases, and (b) information bias, 
since misclassification of case status is less likely with the most stringent case definition. Thus, 
data for the subsets should yield a relative risk estimate closer to the true value. The down side of 
these restrictions is loss of precision due to smaller sample sizes, but the authors note that the 
results were fundamentally the same as for analyses without these restrictions. This observation 
suggests that the latter analyses were little biased by prevalence-incidence or misclassification 
sources of bias.  

 8. Is the number of sex partners a risk factor for CIN independent of HPV risk? When the 
relative risk estimates for other risk factors are adjusted for (RR #2 in Table 4), the RRs for 
lifetime number of partners fall considerably while controlling for HPV, but the RRs for 
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HPV change relatively little when controlling for number of sexual partners. This suggests 
that the association between number of sexual partners and cervical neoplasia can be accounted 
for by HPV, but not vice verse.  

[Comment: This situation is not really one of confounding if HPV is regarded as a causal 
intermediate responsible for the effect of number of partners on cervical neoplasia. The results are 
the same when controlling for confounding and when controlling for a causal intermediate, but 
the interpretation is different because of the different conceptual causal models.]  

9. Assessing causality  

 Strength: Very strong associations. Adjusted RRs in Table 4 range from 7.7 (for 
condylomatous atypia) to 290 (for CIN 2-3). Such high relative risks are rarely seen in 
any epidemiological studies and can hardly be explained by unknown confounders or 
other biases.  

 Dose-response: This can be answered in the affirmative or the negative. Some 
epidemiologists would say that since risk increases greatly with HPV subtypes ranked by 
prior evidence of their association with invasive cervical cancer, a dose-response-like 
relationship is event.  

 Temporal sequence cannot be definitively evaluated in this study given the nature in 
which the exposure and outcome were ascertained (cross-sectional measurements).  

 Specificity: The authors argue that HPV cause this specific tumor and this specific tumor 
only. 

 Consistency: Yes, on 962-2-1, the authors point out that the association has been 
verified in numerous epidemiological studies.  

 Biologic plausibility: Yes. “Biologic plausibility has been proven…experimental 
data demonstrating the oncogenic potential of HPV” (962-2-1).  

Summary: Temporal sequence is satisfied weakly. All other criteria are met strongly. 

Comment: Not all epidemiologists would be comfortable with the authors’ statement that the 
HPV-CIN association “satisfies all of the accepted criteria for assessing causality,” preferring 
to regard these criteria as a framework for evaluating evidence for causal inference rather 
than as a checklist of criteria to be met.  

10. Persistent errors in HPV classification. Women who test negative for HPV may really be 
positive, but due to errors in collection or biological analysis of specimens, they may incorrectly 
be categorized as negative. Misclassification of HPV status would interfere with the ability to 
control for that variable, so other associations may be distorted due to residual (uncontrolled) 
confounding.  
 
Errors of this type could be reduced by obtaining multiple cervical lavage specimens from cases 
and controls, with specimen collections spread out over time. Also, if cervical lavage specimens 
were routinely collected whenever a Pap smear is done, it would be possible to evaluate whether 
some women convert back and forth between positive and negative HPV status. Once a woman 
has a single HPV infection, the carcinogenic process may be initiated and continue, even if that 
woman reverts to HPV negative status on cervical lavage. Also, quality control of Pap smear 
technique and the HPV analysis are also essential.  

12/16/2003, 4/18,20/2006, 11/28/2007 vs 
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