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Introduction

Epidemiological models of the
spread of the acquired immunodeficiency
syndrome (AIDS) often concentrate on
tracing the dynamic growth of seroposi-
tivity in special groups. Conversely, a be-
havioral perspective may view the spread
of the human immunodeficiency virus
(HIV) in the general population as akin to
a study of the diffusion of an innovation
(the HIV virus and/or AIDS) as it is
"adopted" in the population. Both ap-
proaches are concerned with the rate of
change over time, mathematical descrip-
tions, and, ultimately, predictions of
spread. The problem of risk is related to
this dynamic diffusion process in that it
represents the possibility of an individual
being "caught up" in the process. While it
is theoretically arguable that each person
in a population can be assigned a true risk
of exposure to the HIV virus, it is very
difficult in practice, both from a clinical
and a behavioral point of view. This point
was brought out in a recent official British
document:

Projections of the numbers of HIV in-
fections are an automatic by-product of
the transmission models, but these sim-
ply reflect the assumptions on sexual be-
havior which have been built in, and are
not therefore true predictions. They are
primarily useful for exploring the devel-
opment of the epidemic beyond the
short term under different assumptions. I

This kind of thinking underpins many of
the mathematical models that abound in
HIV research.2-5

Few would doubt that most of the
biomedical research efforts devoted to
AIDS have concentrated on the biology of
the virus and the medical complications
associated with people with AIDS. Bio-
medically based behavioral research has
concentrated on special risk groups,

namely homosexuals, intravenous drug
users, hemophiliacs, and workers in the
so-called sex industry. From a behavioral
public health perspective, those least re-
searched and understood are the residual
categories of people potentially "at risk"
(i.e., the rest of the population).

In a population-based life-style and
health survey begun in July 1987,6 more
than 35 000 people from the Glasgow,
Edinburgh, and London metropolitan ar-
eas have been interviewed by telephone
(as of late 1992).7 One of the major com-
ponents of the survey questionnaire has
been a section on AIDS-related attitudes,
opinions, knowledge, and behavior.
Questions on sexual behavior were posed
to respondents between the ages of 18 and
50. On the basis of the possible responses
to these questions, we decided to con-
struct a risk index for HIV transmission
that could help in understanding how sex-
ual behavior might contribute to the
spread of AIDS.

Methods
In addition to questions on AIDS-

related knowledge, attitudes, and sexual
practices, individuals were questioned
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about cigarette smoking, alcohol use,
drng and driving, safety, physical ac-
tivity for exercise, diet, blood pressure,
and life-style. Standard sociodemographic
details were obtained, and interviewers
were questioned with regard to the con-
duct of the interview. In order to provide
comparability, core questions were used
from other life-style and risk factor sur-
veys (e.g., studies conducted in the
United States8 and Canada9) carried out
by telephone. Also, comparability was
kept in mind with regard to sexual tele-
phone surveys (e.g., a study on sexual be-
havior conducted in France10).

The survey used a random-digit dial-
ing, computer-assisted telephone inter-
viewing technique.'1 With the exception
of holiday periods, interviews were car-
ried out during the day, in the evenings,
and on weekends continuously through-
out the survey period. Participants were
selected randomly from adults 18 to 60
years of age residing in households with
telephones.

The monthly sample frame was se-
lected by a multistage cluster procedure.
This procedure, based on a random digit
dialing technique, used a modified Waks-
berg method12 (as routinely seen in other
computer-assisted telephone surveys on
behavior and AIDS13). Following a house-
hold contact and determination of the
number of eligible respondents within the
household, an adult was randomly se-
lected by the computer and interviewed at
the time or, if the selected participant was
not available, in a return call. The re-
sponse rates, calculated by the established
Council of American Survey Research
Organizations (unpublished data, 1982)
method, varied slightly from month to
month and averaged around 76% in Scot-
land and 70% in the London area. For this
paper, the 1990 data (n = 9080), aggre-
gated by month of observation were ex-
amined. The sample included 7269 indi-
viduals 18 to 50 years old.

Prior to the initiation of the survey, a
pilot study was conducted to examine the
effect of coverage differences between
participants in households with and with-
out phones on the key study variables.14
These differences were minor, and the re-
sults were similar to those found else-
where in such comparisons.1517

The Delphi method used in this study
is designed to ascertain expert opinions on
a particular subject.'8 Itwas developed by
the RAND Corporation in the early 1950s
as a way of minimizing interpersonal feel-
ings and cross-opinions, especially those
that might arise in face-to-face meetings.19

Over the years, the Delphi technique has
been widely used in several fields of ap-
plication.20 It is particularly useful in in-
stances in which the subject matter (e.g.,
the estimate ofAIDS risk in a population)
is controversial, little or no consensus ex-
ists, and a judgment is needed in a timely
and inexpensive manner; it also provides
a way to reach a consensus on a multidi-
mensional subject in which several differ-
ent disciplines might have relevant input.
Thus, it minimizes the dominance of any
single individual in the expert group.
Given the disparity in views about what
constitutes risk for heterosexual AIDS
transmission, we believed that this
method was the most appropriate one for
obtaining a rational and informed view of
risk.

The Delphi technique is used to
gather and synthesize the judgments of
several experts who constitute an anony-
mous research panel. The method uses a
series of questionnaires completed by a
panel of experts to seek consensus on a
problem of interest. The main character-
istic of the Delphi technique is that, at ev-
ery stage, the panel is informed of the re-
sults of the preceding round, and these
results are used to construct the modified
questionnaire for the next round. The
main purpose is to produce agreement
among the panelists while identifying di-
vergent opinions. Initially, for the con-
struction of the index presented here,
eight researchers connected with the sur-
veywere selected as members of a panel.
Then the same technique was applied to a
national expert group to verify the results
obtained in the first run of the technique
and to better refine the index.

The HIV infection-exposure risk in-
dex described herewas constructed byus-
ing the Delphi technique to rank different
sex-related categorizations derived from
variables contained in our survey. Thus,
the index isbased on an expert assessment
of self-reported behavioral factors associ-
ated with HIV exposure and subsequent
transmission. Possible scores range from 1
to 31; higher scores indicate lesser risk.
Our Delphi studies involved three rounds.
In round 1, the first, rather complex
"tree" ofsexual behaviorswas ranked. In
round 2, the second tree was ranked. Fi-
nally, in round 3, the second tree was re-
ranked after consideration of feedback
from the second round. The second panel,
consisting of 12 judges, was representa-
tive of the main disciplines involved with
the public health aspects of AIDS: virol-
ogy, psychology, epidemiology, sociol-
ogy, and statistics.

In the first round, the combination of
eight sex-related variables was given to
the panelists to rank. The variables con-
sidered, based on the interview instru-
ment, were (1) whether respondents had
engaged in any sexual activitieswith a per-
son of their own sex in the past 5 years
(asked ofmen only); (2) whether they cur-
rently engaged in such activities; (3)
whether they had a steady sexual partner;
(4) how long this relationship has lasted;
(5) whether, during the past year, they or
their partner have had other partners; (6)
their marital status; (7) whether they use
condoms; and (8) the number of sexual
partners over the past 5 years. The com-
binations and permutations of the eight
variables yield 48 possible discrete out-
comes. It was a difficult task for the pan-
elists to rank these different outcomes and
to cope with such a complicated tree. The
difficulty is illustrated by the results: initial
agreement among the panelists was quite
low, and most panelists suggested simpli-
fying the tree. In accord with the Delphi
technique, their suggestions resulted in
the elimination oftwo variables in the sec-
ond round: (1) the respondent's marital
status and (2) the respondent's report of
"other partner" (because it added little to
the other information). Thus, the new cat-
egorical treewasmuch simpler and clearer
than the earlier version. Nevertheless, the
level of agreement among the panelists re-
mained too low. A further round was
added in which the panel was asked to
rank the tree of the previous round, taking
into consideration thejudgments provided
by the other panelists. These rankings
were returned to the panelists anony-
mously, with the names of those making
rankings substituted by asterisks in order
to avoid personal influences. Part of the
Delphi principle involves seeking consen-
sus through an interaction among the ex-
perts composing a panel, but this interac-
tion must not be affected by the presence
of someone who could have a particular
influence on the other panelists.

After three rounds of ranking, good
agreement among the panelists was
achieved (i.e., the variability of each rank-
ing was miniimalized). Only 3 of the 31
categories remained slightly problematic:
(1) homosexuals who reported that they
had only one partner and that they cur-
rently used condoms, (2) homosexuals
who reported that they had only one part-
ner and that they did not currently use

condoms, and (3) heterosexuals who re-

ported that they had had a steady partner
for less than 5 years, that they had had
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more than three partners in the past 5
years, and that they did not currently use
condoms.

Figure 1 shows how the 31 categories
of sexual behavior have been reduced to 5
categories based on our judgment and on
the advice ofour Delphi panelists. Aswith
any Delphi approach, most of the main
issues in classification reached consensus;
nonetheless, one cannot expect unanim-
ity, particularly with regard to gender dif-
ference and risk. The final classification of
5 categories, a heuristic procedure based
on our judgment, is better understood
both conceptually and in terms of graph-
ical presentation. The first category
termed high risk, takes into account 8 clas-
sifications within the risk tree; the second
category, medium risk, includes 9 clas-
sifications; the third category, low risk,
includes 6 classifications; the fourth cate-
gory, very low risk, includes 6 classifica-
tions; and the last category, no risk, in-
cludes 2 classifications.
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FIGURE 1-Final resuft of the Delphi exercis: the InfectIon-exposure risk Index.

Results
Use of the Delphi technique to clas-

sify possible risk exposure through behav-
ior is largely a theoretical exercise de-
signed to assist in developing a synthetic
indicator that includes several dimensions
of sexual behavior. The practical value of
our approach is to incorporate data on

sexual behavior, collected over time, into
this Delphi-derived index. The results
show that a small proportion (1.2%) of the
population of London, Edinburgh, and
Glasgow is at high risk. This represents an
estimate of the proportion of people with
a consistently high risk of becoming ex-

posed to the HIV virus because of their
sexual behavior; it does not take into ac-

count the subsequent biological risks of
infection or other behavioral modes ofpo-
tential infection.

Table 1 shows the new index applied
to the behavioral data with regard to sev-

eral demographic factors. The three major
cities considered in the analysis have dis-
tinct patterns, with London showing the
highest risk profile, followed by Edin-
burgh and finally Glasgow. The relation-
ship ofthe index to age is complex. Forthe
high risk category, the age group 25 to 34
is at highest risk, followed by the 35 to 49
category. For the medium and low cate-
gories, the risk is apparently inversely pro-
portional to age: the younger the individ-
ual, the greater the risk. This difference
between the first and the other risk cate-
gories relates to the different age compo-

sition of the homosexual group (i.e., there
were fewer reported homosexuals in the
youngest category).

Other social factors reveal a complex
pattern of assessed risk. For example, ed-
ucational level (based on the age at which
subjects left school) yields a diverse pic-
ture. In the high, medium, and low risk
categories, the more educated run a higher
risk than the less educated. However, the
more educated are underrepresented in
the very low category and predominant in
the no risk category.

A major strength of our analysis is
that changes are considered over time.
The data have been examined for the pe-

riod from January 1989 to May 1990 (n =
11 130) and aggregated by month of ob-
servation. Figures 2 and 3 show these
trends in the data; the regression lines as-
sociated with the data points illustrate the
direction of the trends. Although there has
not been any relevant change in the high,
low, and very low categories, a significant
decrease has characterized the no risk cat-
egory as well as the medium category,
which shows a very consistent increase.
These change and no-change situations
were assessed by a logistic regression
analysis (results are shown in Table 2).
Further analyses indicated that the time
trend was different for each city. The de-
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crease in the no risk category was signif-
icant only in Glasgow, while in London
and Edinburgh there has not been a de-
crease in the low risk category. The in-
crease in the medium category was much
more significant in Edinburgh than in Lon-
don or Glasgow. In future work, we will
analyze these trends over a longer period
of time.

Discwsion
The spread of AIDS in the general

population has become a much debated
issue in the media, occasionally producing
considerable controversy (e.g., the
screening in 1990 on British television of
the view of Duesberg2l that "AIDS is not
or cannot even be an infectious disease"
and the best-selling American book22 pro-
posing that heterosexual AIDS is a myth).
Unfortunately, this debate seldom in-
volves data on population sexual prac-
tices. It is our contention that the index
described here provides insight into gen-
eral population risk, even though it is
based only on the risks connected with
sexual behavior. The index adds new in-
formation to help understand the spread of
AIDS and provides an instrument that can
explore changes in population risk over
time.

All survey methods have limitations.
Risk factor surveys may be biased from
several sources, including errors attribut-
able to the respondents (self-reporting er-
ror) and those attnbutable to the method
of collecting data. Error is a common
problem in all survey approaches to sex-
ual behavior, and certainly more research
is needed to better understand optimal
modes and procedures to reduce and con-
trol errors23; however, critics of the sur-
vey approach to understanding sexual be-
havior should consider two points. First,
no criteria exist on which to standardize
self-reported data concerning sexual be-
havior; thus, the question of validity,
while interesting, is nonproductive be-
cause the alternatives to obtaining abso-
lute and correct data on sexual practices
are not feasible at best and probably illegal
at worst. Therefore, the researcher must
rely on the memory and veracity of the
respondent. Second, there is evidence
that the validity of self-reported data on

many health-related behaviors is quite
good.24-26 Thus, the problem is not

whether, but how, to conduct a survey in
an optimal way to collect behavioral in-
formation. Furthermore, in considering
time trends and changes, an underesti-
mate or overestimate of behavior is less
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0 0 ~0 p

20 C Xi XX ,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
1989 1990

High Risk + Medium Low

--High regression -k Medium regression - Low regression

FIGURE 2-Trends In the Infiection-exposure risk Index- high to low risk by month, 1989
through 1990.

D 0 0
.1 Al 'AO A P AA

50- a a a D o ° 0

40- ___ __ __ _ _

30 -

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
1989 1990

0 Very Low X No Risk
-& Very Low regression - No risk regression

FIGURE 3-Trends In the In,etion-exposure risk Index: very low to no risk by month,
1989 through 1990.

-1



important as long as the so-called bias ef-
fect is stable during the entire data collec-
tion process.

In our opinion, those who argue that
the general population is at little risk of
AIDS are misguided. The percentage of
the population that practices sexual be-
haviors resulting in high risk, asjudged by
our index, is probably less than 2%; how-
ever, more than 15% still report sexual
behavior involving some risk of infection.
Taking the "kind" assumption that this is
an overestimate provides only limited
comfort. Taking the "unkind" assump-
tion that this is an underestimate, because
respondents are underestimating and/or a
group at even higher risk is not well rep-
resented in our sample, provides a much
more pessimistic scenario for the inevita-
ble spread and increase ofHV andAIDS
in the general population. The pessimistic
scenario makes very persuasive argu-
ments for the support of strategies to re-
duce the risk related to sexual behavior in
the general population. 0
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