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Before morbidity or utilization rates can be legitimately com-
pared across practices or within a practice over time, it is
necessary to know the number and age-sex distribution of
individuals who are served by the practice in question. Esti-
mating this “population at risk” has been referred to as the
“denominator problem.” Although a variety of methods for
estimating practice denominators were proposed more than six
years ago, none has been shown to be satisfactory, and no
new ones have materialized. One method, however, has never
been evaluated, and evidence is presented which suggests that
this method may be capable of providing satisfactory estimates
of practice denominators.

Data from the US Health Interview Survey, the British Na-
tional Morbidity Study, and other sources suggest that it may
be possible to derive age- and sex-specific correction factors
which, when applied to the age-sex distribution of visiting pa-
tients, would provide reasonable estimates on the practice
denominator. This “correction factor method” would require
only that practices maintain age-sex registers of their visiting
patients. Further investigation is required before this method
can be considered a satisfactory means of estimating practice
denominators.

Rates are the hallmark of epidemiology, for they form the
basis of comparisons between populations. “ Floating nu-
merators” are anathema, for they cannot be interpreted.

G. Rose and D.J.P. Barkerl

Although conscientiously gathered numerator
data deriving from patients’ visits to primary care
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practices are becoming more common, the number
of persons served by each of these practices re-
mains unknown in most North American practices.
Such practice denominators are essential for cal-
culating rates, which are in turn necessary for
valid comparisons of the relative frequencies of
events occurring in different practices. This lack of
known denominators continues to limit the useful-
ness of numerator data from primary care practices.

The most commonly stated need for knowing
practice denominators has been for the calculation
and comparison of morbidity rates.230thers have
suggested that the ability to calculate rates would
be useful for planning, evaluation, and research,4

0094-3509/82/020301 -09$02.25
® 1982 Appleton-Century-Crofts

THE JOURNAL OF FAMILY PRACTICE, VOL. 14, NO. 2: 301-309, 1982 301



DENOMINATOR PROBLEM

and for the comparison of “rates of problems, pro-
cedures, outcomes, encounters, and other meas-
ures.” 5Hence, it is believed that the availability of
practice denominators would permit a wide vari-
ety of potentially valuable comparisons that are
not now possible. What is needed, then, is a prac-
tical method for estimating practice denominators.
This article discusses methods that have been pro-
posed in the past and identifies one method that
merits further consideration.

Literature Review

All of the methods that have been proposed to
date for estimating the denominator were enu-
merated by Garson in 1976.3The current status of
each of these methods is summarized below.

Census Method

In the rare situations in which a medically iso-
lated and well-defined community is served by a
single practice, the denominator could be estimated
precisely by a community census. Unfortunately,
such communities are uncommon, and even where
they exist, obtaining accurate information through
a census may be difficult and expensive.

Registration by Intent Method

Pioneered in Canada, this approach requires
that patients inform the practice about which
members of their family consider the practice to be
their regular source of care. There are a variety of
drawbacks to this method. It seems likely that
many persons, particularly if they are healthy and
single, might never register because they have no
need to seek care, even though they would register
at the practice were they to become ill. On the
other hand, persons filling out the registration
form might indicate that other members of their
family would be seeking care at a family practice
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when, in fact, family members may be receiving
primary care elsewhere (eg, from a pediatrician,
internist, or other family physician). A recent
study using the “active family” * concept of regis-
tration found that only 53 percent of registered
patients were seen in a practice during a 12-month
period,7a figure well below the 68 percent with an
annual visit found in British general practices8and
the 77 percent found in a health maintenance or-
ganization in the United States.9This suggests that
the denominator may have been overestimated
through the inclusion of individuals not actually
receiving primary care from the practice. Finally,
Bass warns that the process of registration is time
consuming and expensive as well as of question-
able accuracy.2

De Facto Registration Method

This method requires determining the number
of individuals who have visited a practice one or
more times during a specified time interval (eg,
one year), usually accomplished by maintaining an
age-sex register.10 Although this method would be
simple to implement, the true population served
by the practice would be considerably larger than
the number who visit during a year as long as
obviously transient patients were not registered.
Despite the deficiency of this method when used
alone, it may provide a useful basis on which to
build (see Utilization Correction Factor Method
below).

indicator Disease Method

This approach would require the identification
of at least one disease that occurs with relatively
constant frequency across all patient populations

+An "active family" is defined as a registered family con-
taining at least one member who has received health care
at least one time in the preceding two years.6
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and for which a relatively constant proportion of
individuals seek medical care. If such a disease
were identified, the practice denominator could be
estimated from the number of cases of the disease
seen by the practice. For example, if it were
known that 48 of every 1,000 people seek care for
a particular disease each year, then a practice
which recorded 96 cases of the disease during a
year would be serving an estimated 2,000 people.
In order for this approach to provide reasonable
estimates, it would be necessary for the disease to
be fairly common (ie, a rare disease might never be
seen in a practice during a year), and it must be
readily and uniformly diagnosed and recorded.
These requirements, however, are somewhat aca-
demic, since the incidence of virtually all diseases
varies by age, sex, race, and other factors, and
a candidate for this indicator disease remains
unidentified.

Episodes of lllness Method

Working with data from the British Second Na-
tional Morbidity Study, Kilpatrick noted that “the
frequency of episodes of illness which 315,000
people brought to their doctors’ attention in one
year” followed a negative binomial distribution.1l
Kilpatrick suggested that knowledge of the distri-
bution of episodes of illness for patients visiting a
practice could be used to estimate the number of
people who were served by the practice but who
had not visited. This could be accomplished by
fitting a truncated negative binomial distribution to
frequency of episode data for visiting patients, and
then using the distribution’s parameters derived in
this manner to estimate the number of nonvisiting
patients (ie, those with zero visits during the year).
The total practice denominator could then be cal-
culated by adding the estimated number of non-
visiting patients to the number of patients who had
one or more visits during the year. Hence, if com-
munity practices in North America were able to
determine the annual number of episodes of illness
for each of their patients, this method could be used
to derive estimates of the practice denominators.

Unfortunately, evaluations of this approach in
North American practices have been discourag-
ing. After extensive investigation of this method

THE JOURNAL OF FAMILY PRACTICE, VOL. 14, NO. 2, 1982

DENOMINA TOR PROBLEM

using data from practices in New York, Pennsyl-
vania, and Virginia, Kilpatrick concluded that “a
practice population is a nebulous concept: it is un-
definable and cannot consistently be estimated,”
and that “under the present health care system,
we cannot use encounter records to do population
based research.” 2 Hence, the episode of illness
approach, at least when used in conjunction with
the negative binomial distribution, has not proven
useful.

Utilization Correction Factor Method

This approach assumes that relatively constant
proportions of the populations served by primary
care physicians will visit these physicians during a
particular time period.3 Therefore, if one knows
the proportion of a population in a region that has
visited a primary physician in the past year (as
in some Canadian provinces where utilization sta-
tistics are available from government operated,
prepaid medical care insurance plans), then the
number served by any particular physician could
be calculated. For example, if it were known that
75 percent of individuals in a region visited a pri-
mary care physician during a particular year, a
general practitioner in the region who saw 750
individuals during that year would be serving an
estimated 1,000 patients. The correction factor in
this example would be the number which, when
multiplied by 750, increases it by 250 to 1,000, ie,
1.33. In general, the denominator would be esti-
mated by multiplying the number of individuals
visiting during a time interval by an appropriate
correction factor.* Since certain age and sex
groups are more likely to visit than others, this
approach could be refined by determining appro-
priate utilization correction factors for several
age-sex categories. Although Garson first pro-
posed this method more than five years ago,3it has
never been evaluated.

*The correction factor is, in fact, simply the reciprocal of the
estimated proportion visiting. Hence, in the above example
1/.75 = 1.33.
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In summary, although several methods for es-
timating practice denominators have been pro-
posed, none have been shown to be capable of
providing satisfactory estimates of the denomina-
tor. There is evidence, however, that the correc-
tion factor method may represent a practical and
satisfactory approach to estimating the denomina-
tor. The reasons for this beliefare discussed below.

Rationale for Consideration of
Correction Factor Method

The correction factor method requires two
types of information: (1) an accounting by age and
sex of the number of individuals who visited the
practice during a particular time period (eg, one or
two years) and (2) a set of age- and sex-specific
correction factors that relate the number of indi-
viduals in particular age-sex groups who visited a
practice during the time period to the number who
were “at risk” of visiting during the time period.*
The age-sex accounting is precisely the product of
an annually updated age-sex register, something
that physicians who carefully record morbidity
data would be capable of and likely to be maintain-
ing. Identification of widely applicable correction
factors is not a simple matter, however, and repre-
sents the basic challenge to the success of this
method.

The fundamental assumption underlying the
correction factor method is that within any age-sex
category, the proportion of individuals served by a
practice who make one or more visits during a
time interval does not vary substantially from
practice to practice. If this assumption were
shown to be true, the age-sex composition of the
population served by the practice, ie, age-sex
specific denominators, could be estimated directly
from age-sex register data. For example, if it were
known that 70 percent of male patients aged 25 to
44 years visit a primary care physician at least

*The term "at risk" is used in its epidemiological sense and
refers to those individuals who would seek primary care
services from a particular practice were they to seek pri-
mary care services at all.
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once during a 12-month period, then a primary
care practice that encountered 70 male patients
aged 25 to 44 years during a one-year period would
be serving an estimated 100 men in this age group.
While it would be very difficult to test this funda-
mental assumption for North American practices
directly, existing data from a variety of sources
suggest that the variation in the annual percent of
individuals who visit their primary care physician
may be small, particularly after adjusting for dif-
ferences in age-sex composition.

The US Health Interview Survey (HIS) is pos-
sibly the most widely available source of data on
variation in the percent of individuals who visit a
physician during a particular time interval.13 The
HIS is a continuing nationwide survey conducted
by household interviews of a probability sample of
households of the civilian noninstitutionalized
population of the United States. It gathers data on
illness, injury, disability, and use of hospital and
medical services. In 1977, 41,000 households with
111,000 persons were sampled, and 97 percent of
the households were successfully interviewed. Of
greatest relevance are the HIS data on the percent
of individuals in various population subgroups
who had visited a physician within the past 12 or
24 months. HIS data on the percent reporting one
or more visits to a physician within the previous
24 months for several population subgroups are
shown in Table 1.1315 Although there is some var-
iability in percent visiting across subpopulations,
it is the relative uniformity that seems most
noteworthy.

Overall, 86 percent of the people in the United
States reported they had visited a physician within
the previous 24 months. As would be expected,
there was some variation in the proportion visiting
by age and sex. Relatively small differences, how-
ever, were noted between blacks and whites and
among those in various income groups. Further-
more, visit rates by place of residence in terms of
SMSA (Standard Metropolitan Statistical Areas)
and non-SMSA (nonfarm) were very similar, as
was the proportion visiting in each of the four re-
gions of the country. Not surprisingly, those with
some activity limitation were more likely to have
visited than were those who had none. The most
variation was noted for the education level of the
family head of household, ranging from 80 percent
visiting in the previous two years for those with
least education, up to 91 percent for those with the
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Table 1. Percent of Persons Reporting That They Had Visited a Physician
Within Previous 24 Months, According to Selected Characteristics

Percent Reporting Physician

Characteristics Visit in Previous 24 Months
Sex (1978)
Female 89.3
Male 83.0
Age, female (1978)
Under 17 years 89.1
17-24 years 91.3
25-44 years 91.6
45-64 years 86.6
65 years and over 87.7
Age, male (1978)
Under 17 years 89.5
17-24 years 80.8
25-44 years 78.8
45-64 years 80.5
65 years and over 83.7
Race (1977)
Black 86.6
White 86.4
Family income (1977)
Less than $5,000 86.3
$5,000-%$9,999 85.2
$10,000-$14,999 86.5
$15,000-$24,999 87.3
$25,000 or more 88.7
Education of head of family (1975)
Less than 9 years 80.3
9-11 years 84.0
12 years 87.2
13-15 years 89.4
16 or more years 91.0
Activity limitation (1975)
Unable to carry on major activity 93.2
Limited in amount or kind of major activity 92.5
Limited, but not in major activity 90.9
Not limited in activity 85.0
Geographic region (1977)
Northeast 87.1
North Central 86.3
South 86.2
West 86.1
Place of residence (1975)
SMSA 86.5
Outside SMSA
Nonfarm 85.5
Farm 80.2

Data for 1975 are from National Center for Flealth Statistics,13for 1977
from the Public Health service,14 and for 1978 from National Center for
Health Statistics.15
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most. Similar utilization data for different occupa-
tional groups and across states also evidence re-
markably little variation.1617 It should be kept in
mind, however, that the data from the Health In-
terview Survey are for a random sample of the US
population. The question remains: Does this type of
data mirror the visit rates in physician practices?

There are data from North American practices
with essentially known denominators which, when
juxtaposed to the HIS data for proportion visiting,
suggest that the HIS data may indeed reflect prac-
tice data. It can be seen in Figure 1, that when the
estimates for the percent visiting within the previ-
ous 12 months from the Health Interview Survey
are compared with the percent visiting reported by
a Canadian practice with a carefully registered pa-
tient population2 and by the Kaiser-Permanente
Medical Care Program in Portland,9 there is re-
markable similarity across all age groups, except
possibly the oldest.

Finally, the British Second National Morbidity
Study provides information on the variation in the
percent of patients visiting 60 general practices in
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Great Britain.8 Under the British National Health
Service, persons are assigned to the care of spe-
cific general practitioners; hence, practice denom-
inators are known.* Despite some curious
outliers, 90 percent of the 60 practices providing
data saw between 61 percent and 74 percent of
their patients, and 50 percent of the practices saw
between 67 percent and 72 percent of their patients
during a 12-month period. It is believed that had a
24-month interval been examined, the interprac-
tice variation would have been considerably lower
(see Discussion). In addition, adjustment for age
and sex differences among the practices might de-
crease the variation in percent visiting.

*There is some question about how accurately practice lists
reflect the true practice denominators. Inflation rates as
high as 22 percent have been reported, though over 90
percent of the practices participating in the 1971 National
Morbidity Study were found to experience less than 5 per-
cent inflation.1819
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Table 2. Annual Percentage of Registered Persons Visiting British
General Practices by Practice Characteristics

Practices Percent of

Characteristics Reporting Patients Visiting
Overall 55 67.7
Region

North 21 68.9

Midlands and Wales 12 67.7

South 22 67.0
Urban/Rural

Urban 40 67.2

Rural 15 69.6
Physicians in practice

1 21 69.7

2 13 67.0

3 10 65.9

4 and over 1 68.2
Average practice population

Under 1,900 7 79.2

1,900-2,499 19 67.7

2,500-2,999 10 68.0

3,000 and over 19 67.3
Physician's age (practice mean)

Under 40 years 1 69.4

40-49 years 32 68.0

50 years and over n 65.9

Data from Office of Population and Census Surveys8

When British practices with similar character-
istics are grouped, the variation in the percent vis-
iting all but disappears (Table 2). Hence, at least in
Great Britain, the percent of registered patients
who make one or more visits in a year appears to
be unrelated to region of country, urban vs rural
location, number of physicians in the practice, av-
erage age of the physicians, or practice size (with
the notable exception of the very smallest prac-
tices). The percent visiting was also found to be
unrelated to practices’ ratio of nurses to popula-
tion, access to hospital beds, existence of special
clinics run by the practice, or access to facilities
outside the practice.8
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Discussion

The evidence presented above, though sugges-
tive, does not prove that the correction factor
method can satisfactorily estimate practice de-
nominators. Two types of error could render the
correction factor estimates of the denominator un-
satisfactory for particular practices: random and
systematic error.

Random errors result from chance fluctuations
in the number visiting. For example, even a stable
practice would be expected to experience some
variation in the number of patients visiting from
month to month or year to year. The variance of
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the correction factor method estimate of the prac-
tice denominator (see Appendix) indicates that
among practices of a particular size, random vari-
ation will be lower for higher values of the propor-
tion visiting. Hence, other factors being equal, use
of the proportion visiting during a two-year inter-
val (.86) should provide more accurate estimates
of the practice denominator than use of the pro-
portion visiting during a one-year interval (.75).

Of greater concern, but less readily predictable,
is the possible effect of systematic error which
would result if the age- and sex-specific national
estimates of the proportion visiting did not reflect
the true situation in particular practices. For
example, even though age- and sex-specific na-
tional estimates may resemble the true situation in
many practices, it is possible that certain practices
with peculiar characteristics may have higher or
lower than expected percentages visiting. Data
from the Health Interview Survey shown in Table
1 suggest that practices which serve mostly people
with little education might expect different per-
centages visiting than those who serve populations
with extensive education. Indeed, it is possible
that education level as well as age and sex should
be incorporated into any correction factors that
estimate practice denominators using percent vis-
iting data.

There are a number of implicit assumptions
upon which the correction factor method rests and
which may influence the amount of systematic
error contained in estimates of practice denomina-
tors. First is the assumption that virtually all per-
sons have one and only one regular source of care.
Data from a study of a representative sample of
the United States population suggest that 88 per-
cent of the population could identify a regular
source of care, and that most of those without a
regular source of care either felt no need (5 per-
cent) or were only temporarily without a regular
source of care, since they or their physician had
recently moved (3 percent).20nly about 1percent
of the population reported using more than one
physician regularly. Hence, to the extent that
these data reflect actual behavior, this first as-
sumption is largely justified.

The second implicit assumption is that people
who have visited a physician other than their regu-
lar physician within the previous one or two years
will also have made at least one visit to their regu-
lar physician. While this assumption sounds rea-
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sonable, the authors are unaware of evidence to
document this.

A third implicit assumption is that the effects of
migration into the practice will balance the effects
of migration out of the practice. Clearly, practices
that are either rapidly losing or gaining patients
would not be suitable candidates for estimating
their denominators or, in all likelihood, for carry-
ing out population based research. Hence, the
main concern here is with those practices that
experience a relatively small amount of net growth
or loss. A major question then becomes whether
the probability of a visit by an individual who is
about to leave the practice differs significantly
from that of an individual who has just entered the
practice population. This question requires further
investigation.

In summary, preliminary evidence suggests that
the correction factor method may be able to pro-
vide reasonable estimates of practice denomina-
tors. Should this approach prove satisfactory,
primary care physicians interested in calculating
rates of events occurring in their practices need
only maintain an age-sex register and a morbidity
register. These registers have been successfully
incorporated into the practices of a growing num-
ber of primary care physicians and should not rep-
resent an unacceptable burden to physicians truly
committed to an involvement in research.

The question of the precision of estimates of the
practice denominator has received little attention.
Is it important to be able to detect small differ-
ences in the morbidity rates between practices, or
is it only the more striking differences that are
worth noting? In view of the considerable numera-
tor problems that exist,2L it seems that focusing on
small differences in rates would be very hazard-
ous. Furthermore, due to the ill-defined nature ofa
“practice population” in North America, precise
estimates of practice denominators may not be
possible.

Further investigation is required before the cor-
rection factor method can be used with confi-
dence. Do age and sex alone adequately explain
the variation in proportion visiting, or is it neces-
sary to incorporate measures of educational level,
activity limitation, or other variables into the cor-
rection factors? Do the Health Interview Survey
data satisfactorily mirror the percent visiting phy-
sicians’ practices, or is a better source of correc-
tion factors required? When applied to data from a
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health maintenance organization, will the method
correctly estimate the known denominator? The
answers to these questions are being pursued by
the authors.
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Appendix

Assume the proportion of individuals (p) in a practice population
who visit a physician during a certain time interval is known. Letn
represent the number of individuals with one or more visits during
the interval; n is binomially distributed with parameters N (the true
population denominator) and p (the proportion visiting during the
interval). The following formulas yield the expected value of n: E(n)
= Np; and its variance: Var(n) = Np(l-p).

The true denominator N can be estimated by N = nip. N is an
unbiased estimate of A? since E(N) = lIpE(n) = lIp(Np) =N. The
variance of N = I/p2var(n) = Np(l -p)/p2=N(1-p)/p, which for a

fixed N will decrease as p increases.
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