control standards set by the Food and Drug
Administration allow four out of 1,000 condoms in any given batch to leak water.11 In
vitro trials have reported HIV leakage in
0–100% of the condoms tested,12 with all but
one brand13 between 0.0% and 54%.
Various estimates of the condom’s effectiveness at reducing heterosexual transmission of HIV are available from studies
of serodiscordant couples. In order to obtain
a single overall estimate of effectiveness, we
present a meta-analysis of those results. An
initial attempt14 to do so was ﬂawed because
it aggregated studies with varying deﬁnitions of condom use, directions of transmission, study designs and types of index
cases. A subsequent report15 controlled for
the direction of transmission, but did not remove the sometimes or occasional users of
condoms from among the never-users, and
also did not control for study design.
An additional source of bias occurs in
recent estimates of HIV incidence among
condom nonusers. Because condom use is
no longer independent of HIV risk factors,
as it was prior to the AIDS era, the association between condom use and seroconversion is biased by the self-selection of individuals into the groups always or never
using condoms. Notably, there is a potential difﬁculty with using groups of condom
nonusers in recent studies of serodiscordant couples as a control or comparison
group: They may not be “equivalent” to the
consistent condom users in all aspects except condom use. Thus, in this article, we
examine transmission rates by study design, study date, direction of transmission,
source of infection in the index case and
condom usage group. Condom effectiveness is calculated from two separately estimated transmission rates: the transmission rate among those who always used
condoms and the transmission rate among
different populations of never-users.

Methods

We reexamine in vivo evidence of condom
efﬁcacy in reducing heterosexually transmitted HIV. Peer-reviewed articles and letters to the editor published prior to July 1999
were located using MEDLINE, AIDSLINE
and reference lists. Studies had to meet three
criteria for inclusion: They had to have focused on sexual transmission of HIV among
serodiscordant heterosexual couples having penetrative sexual intercourse; they had
to have determined HIV status by serology; and they had to have inquired about condom usage. Studies focusing on commercial sex workers were not considered
because of the uncertainty of exposure.
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Table 1. Characteristics of and seroconversion data from cross-sectional studies of HIV transmission, by condom usage category, according to direction of transmission
Entry date

Study*

Male-to-male transmission
1986
Goedert JJ
1986
Ragni MV
1987
Padian N
1987
Kim HC
1987
RoumelioutouKarayannis A§
1987
Smiley ML
1989
Johnson AM
1991
European
Study Group
1991
Nicolosi A
1991
Guimaraes MDC
1992
Nagachinta T
1992
Seidlin M

Study site

U.S.
U.S.
U.S.
U.S.
Greece

Predominant
mode of infection†

Some

Always

na
3/13
11/42
1/7

4/18
0/9
5/31
0/7

0/6
na
na
na

U.S.
U.K.

Hemophiliac
Hemophiliac
Bisexual
Hemophiliac
Bisexual and
hemophiliac
Hemophiliac
Intravenous drug use

12/16
2/9
na

0/16
0/7
15/74

0/21
na
0/4

Europe
Italy
Brazil
Thailand
U.S.

Intravenous drug use
Intravenous drug use
Bisexual
Heterosexual
Intravenous drug use

na
136/375
49/92
na
43/72

75/388
17/109
na
186/399
30/70

0/16
3/40
7/31
1/6
na

208/534
39.0%

513/1,484
35.0%

22/155
14.2%

Total seroconversions
Seroconversion rate
Female-to-male transmission
1991
Padian N
1991
European
Study Group
1991
Nicolosi A
1992
Seidlin M

Condom usage‡
Never

U.S.

Heterosexual

1/40

0/32

na

Europe
Italy
U.S.

Intravenous drug use
Intravenous drug use
Intravenous drug use

na
8/73
4/7

16/151
8/69
3/4

0/8
5/64
na

13/120
10.8%

27/256
10.5%

5/72
6.9%

Total seroconversions
Seroconversion rate

*First author. †In index case. ‡Cumulative frequencies of HIV seroconversion, by condom usage category. §Data provided by the author. Note: na=not applicable. Sources: reference 20.

mary of results across studies that address
the same research question, so it is important that equivalent information is available
for analysis. To ensure that comparisons
were made across equivalent variables, we
classiﬁed and combined previous research
by study design (cross-sectional or longitudinal), date of subject enrollment and direction of transmission (male-to-female, female-to-male or unknown).
Condom usage was deﬁned as always,
sometimes and never. The always-use category indicated that a condom was used
for 100% of penetrative acts of vaginal intercourse. The never-use category indicated that condoms were not used during
any acts of vaginal intercourse (0%). The
sometimes-use category included intermediate estimates of usage (1–99%) and
combinations of never-use and sometimes-use (0–99%) or always-use and
sometimes-use (1–100%). We based our
classification of condom use into these
three categories upon published descriptions. Consensus between the authors of
this report as to the coding of each study’s
data was necessary, and we requested clariﬁcations directly from the authors.
Because aggregations are most reliable
when made across homogeneous sample estimates, we used a chi-square test to determine homogeneity among the proportions
of HIV seroconversions across different sub-

groups of studies, and to check for trends
across time. Incidence was estimated from
the number of seroconversions and the person-years of observation. We obtained an
overall estimate of incidence using a weighted average of results from a series of studies (the total number of seroconversions divided by the total person-years of exposure).
Conﬁdence intervals for proportions
were constructed with the binomial distribution,16 and conﬁdence intervals for incidence (with time as the unit of analysis)
were determined using the Poisson distribution.17 Effectiveness was calculated by
taking one minus the ratio of HIV incidence
among those who always used condoms
to that of those who never used condoms.
We calculated best-case and worst-case scenarios for effectiveness using upper and
lower bounds of the conﬁdence intervals
for the two seroconversion rates.

Results

The Studies
Thirty-seven studies met the inclusion criteria. Eight studies were excluded because
the inquiry on condom usage was not sufﬁciently detailed, so that neither an alwaysnor a never-use category could be ascertained.18 Of the remaining studies, four reports on the same cohort were eliminated
from the analysis.19 In the case of duplicate
reports on the same cohort, the report with
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