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Abstract

We compare estimates of multiple and concurrent sexual partnerships from Demographic and
Health Surveys (DHS) with comparable Population Services International (PSI) surveys in four
African countries (Kenya, Lesotho, Uganda, Zambia). DHS data produce significantly lower
estimates of all indicators for both sexes in all countries. PSI estimates of multiple partnerships are
1.7 times higher [1.4 for men (M), 3.0 for women (W)], cumulative prevalence of concurrency is
2.4 times higher (2.2 M, 2.7 W), the point prevalence of concurrency is 3.5 times higher (3.5 M,
3.3 W), and the fraction of multi-partnered persons who report concurrency last year is 1.4 times
higher (1.6 M, 0.9 W). These findings provide strong empirical evidence that DHS surveys
systematically underestimate levels of multiple and concurrent partnerships. The underestimates
will contaminate both empirical analyses of the link between sexual behavior and HIV infection,
and theoretical models for combination prevention that use these data for inputs.
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Introduction

Accurate, population-specific data on sexual behavior are needed for HIV prevention
programming, including modeling the impact of treatment as prevention (TasP) and
combination prevention packages. In addition, sexual behavior data are key to understand
the direction of the epidemic and to measure the effectiveness of many behavioral
interventions. In the generalized heterosexual epidemics that account for the majority of the
global burden of HIV, rates of sexual partner acquisition and concurrent partnerships are
some of the key variables.

There is an important interaction between the timing and sequence of partnerships and the
short peak in infectivity (the “acute stage™) that occurs immediately after HIV infection [1,
2]. Though it lasts only a few weeks, the tenfold increase in transmission probability during
the acute stage gives it a disproportionate impact: an estimated 25-40 % of all transmissions
in the sub-Saharan African region occur during this stage [2, 3]. The timing of partnerships
influences this impact. Once a person becomes infected, he or she only has a month or two
to expose another partner during the acute stage. With serial monogamy, this can only
happen if the rates of partner change are rapid enough that the original partnership dissolves
and a new partner is acquired during this short acute stage. In contrast, with concurrency the
rates of partner acquisition may be low, but the overlap in partnerships helps to ensure that
another partner will be exposed during the acute stage. The acute stage is short and
undetectable using traditional HIV antibody tests, so it will be difficult to capture with
prevention strategies that rely on traditional testing. As a result, concurrency and partner
reduction may be a useful strategy to complement TasP, particularly in hyperendemic
settings where the principal mode of transmission is heterosexual intercourse and rates of
partner acquisition are low. This makes it important to have good estimates of the prevalence
of multiple partnerships and concurrency, for both combination prevention planning and
program impact assessment.

The most comprehensive source of comparable, population-based, representative data on
rates of sexual partner acquisition and concurrency are the Demographic and Health Surveys
(DHS) [4]. Originally designed to collect data on nutrition, fertility and maternal and child
health from women, the surveys have grown to collect a wide range of sociodemographic
and behavioral data, with optional questionnaires for men, specialty surveys focusing on
HIV/AIDS (the “AIDS Indicator Surveys”, or AlS), and collection of HIV infection
biomarkers. In 1999 the DHS/ AlS added optional questionnaire modules on sexual
partnerships to collect data on up to the three most recent sexual partners in the last 12
months. With some limitations, these data allow us to estimate the two recommended
indicators of concurrency: point prevalence and cumulative annual prevalence.
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The goal of this study is to assess the validity of the DHS data on multiple and concurrent
partnerships in the sub-Saharan African region. We focus on this region because it has the
largest concentration of generalized heterosexual HIV epidemics, and evidence suggests that
the patterns of overlap in sexual partnerships, rather than high rates of partner acquisition,
may be part of the explanation [5]. The validity of self-reported sexual behavior is often
questioned, and generally recognized to be difficult to verify. There are no gold standards for
validation, with a few exceptions when biomarkers can be used to rule out possibilities. Our
approach is therefore to conduct a systematic comparison of behavioral estimates drawn
from a different source: the nationally representative datasets collected by Population
Services International (PSI) as part of their Tracking Results Continuously (TRaC)
Surveillance system. The PSI HIV TRaC survey is used to measure levels, trends, and
determinants of HIV-related risk behaviors to evaluate and improve its programming. While
sexual behavior surveys are common in this region, PSI is the only organization that
conducts cross-sectional studies across multiple countries with comparable national
coverage and nearly identical questionnaire design.

Consistency between the DHS and PSI estimates is not necessarily an indicator of validity,
but inconsistency is informative. At minimum, it is a good indicator of unreliable data, and
systematically lower estimates for one of the studies across all countries and population
subgroups are a strong indication the data from this study do not provide valid estimates of
sexual behavior.

Data and Methods

Sampling and Measures

The data come from our countries in sub-Saharan Africa shown in Table 1 [6-9]. Each of
these countries had a DHS and a PSI survey conducted within 2—-3 years of each other. The
sampling methodology and questionnaire items are comparable. Samples are designed to be
nationally representative, and both organizations use the list of enumeration areas developed
by the national statistical offices of each country. The DHS employ stratified two-stage
cluster designs and provide a sample weights that adjust for both stratification and response
rates in public data sets. PSI also employs two-stage cluster designs with equal probability
of selection (the sample is self-weighted, except for Kenya which has sample weights). The
DHS is generally regarded as representing the state of the art for measurement, so their
questionnaire items are often adopted by other organizations, including PSI. As a result, the
wording for the sexual behavior questions examined here are nearly identical for all surveys
(Exact questionnaire wording can be found in the supplemental Web material Al).

Samples for this analysis are restricted to the sexually active population. Within country,
samples were further restricted by age and marital status, if necessary, for comparability.
Kenya and Zambia include persons age 15-49 (the standard DHS age range), but the range
for Uganda was 2449, and for Lesotho was 15-39 due to more restricted PSI criteria. In
addition, the Ugandan samples were restricted to married or cohabiting respondents due to
PSI criteria. The resulting sample descriptions are shown in Table 1.
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Our comparison focuses on two types of sexual behavior: multiple sexual partners reported
in the last 12 months, and concurrent partnerships (point and cumulative prevalence). We use
the consensus definition and indicators of concurrency [10]. Comparisons are based on four
indicators which successively narrow down the sources of discrepancies across the surveys.
The first indicator is the prevalence of persons reporting multiple partners in the past year.
This is based on the number of partners reported in the summary question: “In total, with
how many different people have you had sexual intercourse in the last 12 months?” Anyone
reporting more than one partner is coded as having had multiple partners. The second
indicator is the cumulative prevalence of concurrency. This uses the dates of first and last sex
with each partner to identify overlap in the sexual partnership intervals during the last 12
months. The third is the point prevalence of concurrency. This also uses the partnership
intervals constructed above, and identifies concurrency at single point in time, 6 months
prior to the date of interview. The last indicators are the point and cumulative prevalence of
concurrency among persons who report multiple partners in the last year.

Both of the concurrency measures depend on dating partnership intervals, so it is necessary
to adopt a consistent strategy for handling missing dates. In some circumstances
concurrency status may be determined despite missing data. For example, any respondent
who reports a single partner in the last year can be classified as having no concurrency, even
if dates are missing for that partner. A respondent with two partners in the last year who is
missing a single date for one partner may still be classified as concurrent if the non-missing
date lies in the interval defined by the other partner. If a person has reported multiple
partners but there is not enough information given to definitively classify the case, we code
the case as a “possible” concurrency. This allows us to define lower and upper bounds on the
estimates of the prevalence of concurrency. The analysis presented here uses the lower
bound estimates—only the cases that can be definitively classified as concurrent. Results for
the upper bound estimates do not differ substantively (Missing data rates can be found in the
supplemental web material A3).

Data Analysis

Results

To control for differences in sample composition, we re-weight the PSI data to match the
composition of the DHS weighted sample based on the full cross-tabulation of sex, 5-year
age category, urban/rural residence and marital status (single, married/cohabiting, divorced/
widowed/separated).

We start with simple descriptive analyses to show the magnitude and pattern of the
differences between DHS and PSI surveys. We then estimate the composition-weighted
country and sex-specific study effects as odds ratios (OR), using logistic regression to
identify significant effects.

Descriptive Results

Figure 1 presents aggregate results for the reporting of multiple partnerships broken down by
sex and age (pooling across countries), and by sex and country (pooling across ages). Figure
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2 presents the ratio of the PSI to DHS estimates for the two concurrency indicators, broken
down by sex and by country, and sequentially adjusted for sample composition and multiple
partnership reporting.

Multiple Partnerships—The reporting of multiple sexual partners in the last year is
substantially higher in the PSI surveys than in the DHS surveys (Fig. 1). Summarizing the
results in Fig. 1, after adjusting for sample composition, the average estimates are 11.4
versus 19.8 % in the DHS and PSI surveys respectively (across countries). The typical
discrepancy is much larger in women’s reports, 2.8 versus 9.2 % (DHS vs. PSI), but the
men’s reports also differ: 21.5 versus 32.3 % (DHS vs. PSI). The consistently higher reports
of multiple partnerships found in the PSI studies is striking—ranging from 1.2 to 10.0 times
higher by country and sex (for Ugandan married men and women, respectively), and higher
at almost every age for both sexes, with the largest discrepancies among those under 25. The
estimates shown in Fig. 1 adjust for differences in sample composition between the surveys
in each country, but the compositional adjustment has little effect on the estimates: it reduces
the overall discrepancy, measured as the ratio of the PSI to the DHS estimate, from 1.8 to
1.7.

Concurrency—Both of the concurrency prevalence indicators are also substantially higher
in the PSI surveys, again for both sexes in all countries. Overall, the composition adjusted
cumulative annual prevalence estimates are a factor of 2.6 times higher in the PSI surveys:
5.9 versus 15.1 % in the DHS and PSI respectively—and the point prevalence estimates are
3.8 times higher—2.7 versus 10.1 % respectively. Women’s cumulative prevalence estimates
are 1.9 versus 6.0 % respectively, and their point prevalence estimates are 1.0 versus 3.7 %
respectively. Men’s cumulative prevalence estimates are 10.6 versus 25.9 % respectively,
and their point prevalence estimates are 4.7 versus 17.6 % respectively.

Prevalence estimate ratios (PS1:DHS) are broken down by country and sex in Fig. 2. Three
sequential estimates are shown: first using the original data, second after adjustment for
sample composition, and finally after restricting the sample to respondents who report
multiple partners in the last year. Using the original sample weights, the PSI concurrency
estimates are higher for both sexes (top panel), and higher in every country (bottom panel).
The point prevalence estimates again show greater discrepancy, and the size of the
discrepancy varies substantially by country. Adjusting for differences in sample composition
has virtually no impact for either concurrency indicator, by country or by sex. The smallest
differences are in Lesotho, where PSI estimates are about twice as high as DHS; the largest
are in Zambia, where PSI estimates are 5-7 times higher than DHS. In the final estimates,
restricted to those reporting multiple partners in the last year, the discrepancy is substantially
reduced for both indicators. This indicates that the key reason for the discrepancy in the
concurrency estimates is the lower rate of multiple partner disclosure in the DHS surveys,
particularly among women. That said, a substantial unexplained discrepancy remains among
those reporting multiple partnerships: overall, the PSI estimates of cumulative prevalence are
still about 50 % higher, and the point prevalence estimates are 2.4 times higher among
respondents reporting multiple partners in the last year.
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Significance of Study Effects on Sexual Behavior Reporting

The size and statistical significance of the study effects on each indicator by country and sex
are shown in Table 2. The table presents the OR for study (DHS is the reference category)
for each sexual behavior indicator, adjusting for sample composition. Regressions are run
within country and sex, for each of the sexual behavior indicators, using weights to adjust
for sample composition. The ORs represent the relative odds of reporting the indicated
behavior in the PSI surveys.

The first set of columns shows results for the full sample. All of the ORs, for both sexes in
every country, for all three indicators, are above 1, indicating uniformly higher rates of
reporting in the PSI surveys. In general, the magnitude of the study effect increases as we
move across the columns from multiple partner reporting to concurrency for both men and
women. The effects are also highly significant: all but one is statistically significant at p <
0.001, and the exception is significant at p < 0.005.

The second set of columns shows results for the sample restricted to persons reporting
multiple partners in the last 12 months. The resulting sample Ns are much smaller here,
especially for women. All of the study effects for the women’s estimates have declined, and
some have fallen below 1 (these are not significant). With the exception of Zambia, for
women, the lower reports of multiple partners in the DHS appear to explain the lower reports
of concurrency for women. By contrast, the effect sizes for men rise in six of the eight cases,
and all remain statistically significant. The lower estimates of concurrency in the DHS for
men cannot be explained solely by the lower reporting of multiple sexual partnerships.

Discussion

This study compared DHS estimates of multiple partnerships and concurrency in four
different countries in sub-Saharan Africa where both the DHS and PSI conducted
comparable nationally representative surveys of sexual behavior within the same time frame.
The DHS studies consistently produce significantly lower estimates of multiple partnerships
and concurrency than the PSI studies. This is true for both sexes, for every country
compared, and for all three behavior indicators.

Overall, the fraction of the population reporting multiple partners was almost twice as high
in the PSI studies than the DHS, the cumulative annual prevalence of concurrency was 2.6
times higher, and the point prevalence of concurrency was 3.8 times higher. For women, the
discrepancies were 3.2, 3.1 and 3.8 times higher respectively, and for men 1.5 and 2.6 and
3.7 times higher respectively. Differences in sample composition explain less than 10 % of
this overall discrepancy. The ORs for the composition-adjusted study effects remain highly
significant within country and sex. Disclosure of multiple partners appears to explain almost
all of the discrepancy for women, but little of the discrepancy for men, despite the fact that
men are also less likely to disclose multiple partners in the DHS surveys.

It is clear that the DHS surveys obtain lower rates of reporting of multiple and concurrent
partners. Explaining why this is the case is beyond the scope of this paper, but some points
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can be noted here. They fall into two categories: sample differences, and differences in
interview procedures.

Both surveys use the same sample frames—enumeration areas defined by national statistical
agencies—and a 2-stage cluster design. The DHS procedures, however, result in a non-self-
weighting sample, and the sample weights they provide also adjust for non-response
(assuming missing at random), while the PSI data have no sample weights (except for
Kenya, which has stratification weights only). This could lead to differences in sample
composition. We matched sample eligibility criteria within country, and adjusted for key
demographic differences by weighting to obtain equal distributions for the full cross-
tabulation of sex, 5-year age group, marital status, and urban residence (the marginal
differences can be seen in Table 1). Note that we adjusted to match the DHS weighted
sample composition, so this also accounts for differential response rates by these attributes.
The adjustment had very little impact on the discrepancies, however. We also compared the
detailed geographic distributions across surveys within countries, and found them to be very
similar (data not shown). If there are residual differences in sample composition, they must
be uncorrelated with the variables for which we have adjusted.

Both surveys use face-to-face interviewing for the sexual behavior questions, so the results
are not induced by differences in the mode of administration. It is worth emphasizing that
the PSI surveys get consistently higher rates of reporting of these sensitive behaviors, even
among women, with face-to-face interviews. It is possible that still higher rates would be
reported using self-administered techniques. A small validation study conducted by PSI in
Kenya that used self-administered “ballot box” methods did obtain higher rates of
disclosure, especially among women. In a systematic analysis of sexual behavior reporting
across studies in the United States, however, face-to-face interviews did not produce lower
estimates than self-administered surveys [11]. In any case, the differences between the DHS
and PSI findings shows there is clearly a wide range of reporting that can be elicited using
face-to-face interviewing.

One difference between the questionnaires is that the PSI question wording for eliciting the
number of partners in the last year included phrasing to remind the respondent to include
marital or cohabiting partners in their total. That may have played a role in the higher
numbers of partners reported. It may be worth adding a reminder of this sort to ensure fuller
disclosure.

Another difference between the PSI and DHS surveys is length: the PSI HIV TRaC studies
focus almost exclusively on HIV related knowledge, attitudes, and behavior. By contrast, the
general purpose nature of the DHS makes it a long survey to administer, with many
repetitive segments triggered by multiple births, deaths, contraceptive choices and sexual
partnerships. A typical DHS questionnaire has 10 sections with over 4,000 pieces of
information collected. The DHS-AIS, while more restricted in scope, are equally long. This
leads to well-known quality issues like “birth-displacement™ that arise when interviewers (or
respondents) seek to reduce the length of time they spend on an interview by intentional
misreporting. A recent estimate suggests that this may bias total fertility rate underestimates
downward by about 10 % [12]. That is regarded as an alarmingly high level of error by
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demographers, but it is a small fraction of the underestimates that we observe by comparison
for sexual behaviors (90-500 %) (Table 2). It is possible that the sensitive nature of the
sexual behavior questions makes them more vulnerable to displacement, for both interviewer
and respondent.

The sensitive nature of the questions also may make sexual behavior data more difficult to
collect specifically in the context of the DHS. While the DHS is one of the few surveys that
has always addressed aspects of sexual behavior, it was traditionally framed in the context of
fertility and family planning. Children, in contrast to multiple sexual partners, are generally
regarded as a good thing. Once a study has been framed in terms of maternal and child
health, it may be more difficult to address more stigmatized aspects of sexual behavior
involving multiple partners. This could influence study results directly and indirectly, from
interviewer recruitment and training, to the rapport established at the time of interview.

Two other procedural differences are worth noting, both involving privacy. The DHS surveys
enumerate all household members, with names, and interview all adult members of a
household, while the PSI enumerates but only interviews one adult member. The DHS
procedures may reduce disclosure of sensitive information. DHS interviewers are strongly
encouraged to conduct interviews in locations that ensure privacy for the respondent,
however this is not always possible. The DHS datasets include indicators for the presence of
other persons, and whether they were listening, but only for the women’s interviews.
Overall, 9.7 % of the women’s interviews in the DHS studies used here show another person
present during the time of interview, and just over 1.1 % show this person listening. This
varies by country, from a low of 0 % in Lesotho, to a high of 26.5 % present and 4.2 %
listening in Uganda. PSI guidelines also make interviewing in private a priority, especially
for the TraC surveys that focus on sexual behavior. There is, however, no indicator in their
surveys that records whether someone else is present. While it is likely that lack of privacy
would lower rates of reporting among women in the DHS, it seems unlikely that this can
explain the large discrepancy between the surveys. For this to be true, there would have to be
a strong positive correlation between the presence of others and the probability that a woman
has multiple partners—in the absence of this correlation, lack of privacy would affect
interviews at random, inducing a difference more like the rate of others present, so a
maximum of 26.5 %, not the 90-500 % we observed.

Further research is clearly needed to identify the reasons for lower rates of sexual partner
disclosure in the DHS, and the options for improving the validity of these data. Until then,
care should be taken when using these data. The under-reporting of multiple and concurrent
partnerships in the DHS will contaminate both empirical analyses of the link between sexual
behavior and HIV infection, and theoretical models for combination prevention packages
that use these data for inputs. In particular, such models would underestimate the true impact
of a behavioral intervention in reducing HIV infection, which would affect allocations of
resources for HIV programming. In addition, because the magnitude of the underestimates
vary by country, the DHS data should not be used for cross-country comparisons of multiple
and concurrent partnerships, as any observed differences may be confounded with
differences in reporting. This may have implications for already published findings that use
DHS data, including a paper that found protective effects of polygyny [13] (that controlled
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for multiple partnerships), a model-based study that estimated 55-90 % of HIV incidence
occurs within cohabiting discordant couples (these estimates rely on the reported prevalence
of extra-cohabiting partners), [14] and a recent multi-level analysis of the determinants of
HIV across the sub-Saharan African region [15].

The silver lining in this cloud is that the PSI studies demonstrate it is possible, using
traditional survey interviewing techniques, to obtain substantially higher reporting of
multiple and concurrent partners from both men and women. These include reduction of the
survey length to avoid respondent’s fatigue, ensuring privacy and confidentiality for
respondents, and the inclusion of probing reminders or transition statements to help
participants follow the flow and changes in topics in the survey. The PSI survey data may
still underestimate the true prevalence of multiple and concurrent partnerships, and the
collection of self-reported sexual behavior data will, in all likelihood, remain an endeavor
fraught with uncertainty. But the results of this analysis suggest that improvements are
possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Prevalence of multiple partnerships in the last 12 months by country and age in the PSI

surveys versus the DHS surveys. First panel compares the estimated prevalence (population
percentage) by country for each sex. Second panel compares the prevalence by age for each
sex, with the data pooled for all four countries. Cases are weighted to produce the DHS
weighted sample composition by age, sex and marital status by country for both surveys
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is restricted to persons reporting multiple partners in the last year, again using DHS sample
weights. Values greater than 1 (dark black line) indicate PSI estimates are higher by the
factor shown on the y-axis. The DHS underestimates of the point prevalence of concurrency
are particularly severe, and the variations by sex and country are statistically significant
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Table 1

Sample characteristics

Kenya Lesotho Uganda Zambia
Year of study
DHS 2008-2009 2009-2010 2006 2007
PSI 2011 2008 2008 2009

Unweighted sample size

DHS 9,753 6,597 5,358 11,312

PSI 3,180 1,211 1,869 2,680
% Female?

DHS 56.3 53.6 52.6 55.2

PSI 51.3 61.1 52.3 49.8
% Urban?

DHS 26.9 311 13.3 40.3

PSI 23.6 51.9 13.9 39.9

% Married?

DHS 65.0 49.6 100.0 67.5

PSI 63.1 45.8 100.0 66.2
Mean Age?

DHS 305 24.7 34.4 29.9

PSI 29.4 24.0 331 29.0
Range 15-49 15-39 24-49 15-49

H\Neighted by original study sample weights
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