
Adjusting for Selection Biases 
in Referral Populations
Paul Froom, MD, and Jack Froom, MD
Maagan Michael, Israel, and Stony Brook, New York

C urrent medical literature provides guidelines for 
acceptable medical practice. Much of this litera

ture emanates from referral centers, where selected 
patients referred from primary sources are seen. Yet 
these research studies frequently influence physician 
behavior on unselected patients in primary care set
tings.1

It can be difficult to decide whether to refer an 
asymptomatic patient because of an abnormal test re
sult. The prevalence of the suspected disease may be 
low, but if a positive finding is ignored, the consequent 
delay in diagnosis can have adverse consequences. Al
though rates,2 reasons,3 and even risks4 of referral by 
primary care physicians have been reported, the deci
sion process that governs these referrals is not well 
understood. A selection process, nevertheless, is 
operative with the likelihood that the referred patient 
population will have a greater prevalence of the sus
pected disease than the population of patients not 
selected for referral. The use of data derived from the 
study of selected patients to decide a course of action 
on unselected patients is therefore questionable.

The problem is that studies on less selected popula
tions are often not available. Nevertheless, calcula
tions from prevalence and morbidity and mortality 
data can estimate the probability of disease in patients 
with an abnormal finding. Such calculations can put 
studies on selected patients into perspective and pre
dict the outcome of studies on less selected cohorts. In 
patients with an abnormal finding (ie, gallbladder 
stones), the maximum probability for an adverse out
come (ie, carcinoma of the gallbladder) can be calcu
lated by dividing the number of patients with the ad-
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verse consequence by all patients with the abnormal 
finding.

In this report, prevalence and morbidity and mortal
ity data are used to calculate the expected incidence of 
adverse outcomes in asymptomatic patients with 
thyroid nodules, gallbladder stones, and micro
hematuria. The results are contrasted with data de
rived from studies on selected groups of patients with 
the same abnormalities.

THYROID NODULES

In the past thyroid nodules were thought to represent 
an absolute indication for surgery because 4 to 17 per
cent5 of surgical specimens revealed malignancy. In 
the Framingham study, however, 4 percent of the 
population in a nongoiterous region had nodules.6 As 
the incidence of thyroid cancer is low (2 to 
5/100,000/yr,7) the incidence of cancer in those with 
nodules should be no more than 1/1,000/yr (2 to 
5/100,000/yr divided by 4000/100,000/yr) (Table 1). In 
fact, none of the 218 patients with asymptomatic 
nodules in the Framingham cohort developed symp
tomatic cancer during a ten-year follow-up period.5

The high rates of cancer in thyroid nodules reported 
previously were probably the result of the ability of the 
referring physician to select those at high risk for 
cancer.5 That patients with asymptomatic thyroid 
nodules are at low risk for thyroid cancer could have 
been predicted given the 4 percent prevalence of the 
abnormal finding and the rare morbidity and mortality 
of thyroid cancer. Confirmation was provided by the 
study of unselected patients followed in a prospective 
longitudinal manner.

GALLBLADDER STONES

For many years it has been recommended that patients 
with asymptomatic gallbladder stones have them re-
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TABLE 1. CALCULATED PROBABILITIES OF ADVERSE CONSEQUENCES FROM THYROID NODULES, GALLBLADDER 
STONES, AND MICROHEMATURIA IN THE GENERAL POPULATION COMPARED WITH REPORTS ON SELECTED 
PATIENT POPULATIONS

F

A
Abnormality

B
Prevalence 

of Abnormality 
NO./100

C
Adverse

Consequence

D
Incidence of 

Adverse 
Consequence 
No./100,000/yr

E*
Calculated 

Probability of 
Adverse 

Consequence in 
Persons with 
Abnormality 
No./1,000/yr

Reported 
Incidence of 

Adverse 
Consequence of 

Selected 
Patients with 
Abnormality 
No./1,000/yr

G**
Extent of 
Selection 

Bias

Thyroid nodule 4.0 Cancer 2.0-5.0 0.5-1.3 90-240 100.0
Gallstones 7.5 Cancer 2.0 0.3 4 13.0

Cholecystitis 30.0 4.0 25 6.3
Death 4.5 0.06 2 3.3

Microhematuria 5.0 Cancer of the 6.0 1.0 60 60.0
Men aged 40 yr bladder
Men aged 50 to 20.0 Cancer of the 23.0 1.0 60 60.0
60 yr bladder

*E =  DIB 
"G  = FIE

moved because of the high incidence of cholecystitis 
(2.5 percent per year) and cancer (0.4 percent per 
year), and the resultant mortality of 1.2 percent per 
year.8,9 The prevalence of gallbladder stones in the 
general population, however, has been demonstrated 
to be 7.5 percent in men and even higher in women.10,11 
From morbidity and mortality figures12 it can be calcu
lated that the incidence of complications in the general 
population is lower than reported from studies of pa
tients seen at referral centers (Table 1). Although these 
data have been available for many years, experts have 
continued to recommend elective cholecystectomy in 
persons with asymptomatic gallbladder stones.13 Re
cently a long-term follow-up study of a less selected 
and unreferred population found minimal morbidity 
and no mortality in a group of patients with 
asymptomatic gallbladder stones,14 supporting con
clusions based on calculations using morbidity and 
mortality data.

MICROHEMATURIA

Cancer of the bladder has been reported in 1.8 to 11 
percent of patients referred for microhematuria.1518 
Based on these findings, it is generally recommended 
that patients with microhematuria and no obvious ex
planation undergo cystoscopy.19

Asymptomatic microhematuria, however, is a com
mon finding. In young men the prevalence of 2 to 4 red 
blood cells per high-power field is 5 percent,20,21 
whereas the incidence of bladder carcinoma is ex
tremely low (Table l).7 The probability of significant 
pathology in younger men with asymptomatic micro

hematuria is therefore much lower than predicted by 
the above-mentioned studies. In a recent study of 
1,000 men in the Israeli Air Force,21 recurrent mi
crohematuria was found in 161 men; yet only one case 
of bladder carcinoma developed over a seven-year 
follow-up period. The only case of bladder carcinoma 
occurred in a patient with gross hematuria, whose 
urinalysis just prior to diagnosis was normal.

In elderly men the increased prevalence of mi
crohematuria with aging22 is accompanied by an in
creased prevalence of urothelial malignancies.7 Be
cause the degree of microhematuria has been shown 
not to differentiate those with and without neo
plasms,15 the probability of bladder carcinoma in the 
elderly man with microhematuria is also low (Table 1).

CONCLUSIONS

The above examples emphasize the need for caution in 
regard to the generalization from studies on referred 
patients as well as the need for collaborative studies by 
groups of family physicians and other primary health 
care providers to provide information on a nonreferral 
population. Studies in primary care populations can 
define the prevalence of abnormalities and clarify re
ferral practices. Follow-up studies of patients with 
specific abnormalities are needed to determine their 
natural history. Until these data are available, preva
lence of abnormal findings, coupled with incidence 
figures of adverse consequences, can give rough esti
mates of the probability of adverse outcomes in pri
mary care populations.
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