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Abstract

Background

Itis well known that it is more reliable to investigate the effects of several covariates simulta-
neously rather than one at time. Similarly, it is more informative to model responses simulta-
neously, as more often than not, the multiple responses from the same subject are
correlated. This is particularly true in the analysis of Mozambique survey data from 2009
and 2018.

Method

A multiple response predictive model for testing positive for HIV and having sufficient HIV
knowledge is modeled to 2009 and 2018 survey data with the use of Bayes estimates.
These data are obtained through a hierarchical data structure. The model allows one to
address the change in the response to HIV, as it relates to morbidity and to HIV knowledge
in Mozambique in the fight against the disease in the last decade.

Results

A more affluent resident is more likely to test positive, more likely to be more knowledgeable
about the disease. Whereas, individuals practicing the Islam faith are less likely to test posi-
tive but also less likely to be knowledgeable about the disease. Education, while still a factor,
has declined in its impact on testing positive for HIV or being knowledgeable about HIV.
Females are more likely to test positive but more likely to be knowledgeable about the dis-
ease than men. The rate of impact of affluence on knowledge has increased in the past
decade. Marital status (cohabitating or married) showed no impact on the knowledge of the
disease. Age had no impact on knowledge suggesting that the message is getting to
resident.
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Conclusions

A joint Bayes modeling of correlated binary (testing positive and knowledge about the dis-
ease) responses, while accounting for the hierarchy of the data collection, presents an
opportunity to extract the extra variation before allocating the variation on the responses as
the due of the covariates. The fight against HIV in Mozambique seems to be succeeding.
Some knowledge is common among all ages, and Islam religion has a positive effect. While
education still shows an influence on the binary responses, it has declined over the last
decade.

Introduction

It is common in national health research surveys to use the results from the analysis of data to
advance research policy. Survey results help to suggest policy priorities. In the research of
HIV, [1] found that testing benefits those who test positive, allowing them to receive treatment
but the benefits for those who test negative is somewhat controversial. They suggest that HIV
testing may increase knowledge and result in a reductions in sexual risk even when results are
negative. Ongoing post-test education and support are needed to maintain their HIV-negative
status. Testing benefits those who test positive, allowing them to receive antiretroviral treat-
ment. HIV testing is an effective strategy to reduce the spread of HIV. It makes people aware
of their HIV status and promote safer sex behaviors [2]. The knowledge of HIV transmission
and the opportunity to prevent are necessary for the reduction of sexual risk behaviors. Trans-
mission of HIV in sub-Saharan Africa nations continues to be high due to a large proportion
of individuals living with undiagnosed HIV. A multitude of factors including the patient’s
knowledge and beliefs about HIV influence HIV testing, [3].

The Demographic and Health Survey (DHS) is conducted in over 90 nations globally to
obtain representative data on population health, nutrition, and HIV/AIDS (DHS, 2018). Data
from these surveys are analyzed to identify trends and are used to advance global research
agendas and national programs and policy [4,5]. These national health surveys are used to gen-
erate information that is critical in describing national and regional trends and identifying
gaps in knowledge. However, suboptimal analytic practices threaten the evidence base used for
programmatic and policy decisions. Although national surveys capture multiple outcomes of
interest, these outcomes are often modeled one-at-a-time, and common causes are not
realized.

Mozambique is an example of a nation in sub-Saharan Africa that is severely impacted by
the HIV/AIDS epidemic. The disease is one of the single largest global health priorities of the
past two decades, with $562.6 billion spent globally between 2000 and 2015 (Global Burden of
Disease Health Financing Collaborator Network, 2018). Innumerable analyses have character-
ized the HIV/AIDS epidemic and its drivers within and across contexts [6,7].

A hierarchical structure is common in national survey and usually results in correlated
observations that are often overlooked. This sort of omission of correlation leads to incorrect
conclusions due to the incorrect standard errors that are reported [8,9]. As such, joint model-
ing of correlated binary responses while accounting for the hierarchical structure of the data
through random effects is now a reality with the advent of many statistical programs, including
PROC MCMC in the release of SAS 2017.

As the data for the national surveys conducted in Mozambique for 2009 and for 2018
became available, it is of interest to model one’s knowledge of the disease and testing positive.
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These two measures relate to the core of understanding and combating the disease. The threat
of the HIV disease still hovers over the sub-Saharan Africa nation, so importantly, these data
are used to measure the strength and the impact of the system over the last decade. A simulta-
neous model for probability of one’s knowledge and probability of testing positive result pres-
ents regression parameter estimates with Bayes principles. The data are available on the web
under Mozambique health data. This research focuses on the hierarchical structure of the data
and the gain in the simultaneous modelling of correlated binary responses.

Methods
Mozambique survey data

There are 306 clusters (primary units) in 2018 and 270 clusters (primary units) in 2009 distrib-
uted and sampled across Mozambique’s 11 provinces. These data consist of 5,798 households
in 2018 (secondary units) and 4,988 households in 2009 (secondary units) eligible for sam-
pling. Men and women aged 15-64 living in these households are at the observational level
and eligible to participate by giving blood samples. This resulted in 10,648 adult participants in
2018 and 8,818 adult participants in 2009.

Outcomes of interest. A binary variable one’s knowledge of HIV is measured by one’s
exposure to a culmination of sources where information is delivered including “Community
meetings”, “school”, “hospitals” or “Community health worker” provides one outcome. Also
the result of a blood test administered to all survey respondents provides another binary out-
come of interest.

Covariates. The covariates used in the study include the binary variables, “have electric-
ity” and “have a refrigerator,” while the categorical variables include a wealth index on an ordi-
nal scale of poorest, poorer, middle, richer, and richest. Religions of different types are:
Catholic, 6, Zion, Evangelical, Anglican, Protestant, and no religion. However, as Islam is the
most popular religion it is of interest to look at Islam versus the others, thereby making use of
a binary variable in religion. Marital status had several categories: never married, married, liv-
ing together, widowed, and divorced. “Living together” and “married” are combined to present
a binary variable. Work had several categories: did not have a job, had a job in past year, had a
job currently, had a job but was on leave for seven days. The variables, “had a job currently” or
“had a job in the past year” or “had a job but was on leave for seven days” are combined and
represented by a binary variable. The continuous measures are education in years and age.

Prior information. Previously analyzed information obtained from the 2009 survey in
Mozambique [10] is used as priors in the analysis, as shown in Table 1. The information is
incorporated through the distributional form of the parameters along with the present likeli-
hood of the latest data.

Hierarchical model. The survey data are obtained through a hierarchical structure. The
individuals are nested within households and the households are nested within clusters. There
are correlations at the cluster level, and there are correlations at the households within the clus-
ters level. These extra levels of correlations are accounted for in the analysis, usually through
the use of random effects. The variation caused by these hierarchical structures are different,
therefore the variation of testing positive differs from the variation in knowledge both giving
rise to modeling correlated responses.

The modeling of binary outcomes often makes use of a logistic regression model as a member
of the class of generalized linear models. However, as the hierarchical data present a structure
that destroys the independence assumption, one must resort to a hierarchical generalized linear
mixed model to account for the intraclass correlation at the different levels of the hierarchical
structure. This correlation is often accounted for through the use of random effects at various
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Table 1. Regression parameter estimates for analysis of 2009 data.

'VARIABLE KNOWLEDGE StD. ERROR TESTING +VE StD. ERROR
INTERCEPT 0.940** 0.120 -3.080"* 0.151
ELECTRICITY 0.451** 0.116 -0.044 0.105
REFRIGERATOR 0.457** 0.149 -0.471** 0.116
WEALTH 0.083 0.077 0.817** 0.091
Epucation 0.151** 0.011 0.018 0.011
AGE -0.008** 0.002 0.011** 0.003
RELIGION -0.125 0.079 -0.318 0.109
COHABITANTS -0.008 0.055 -0.101 0.067
FEMALE -0.054 0.059 0.474** 0.071

** denotes significant values.

https://doi.org/10.1371/journal.pone.0244563.t001

level [9]. When modeling a binary response in a hierarchical structure, and then at the observa-
tional level, one assumes the dichotomous outcome comes from an unknown latent continuous
variable with a level-1 residual that follows a logistic distribution with a mean of 0 and a variance
of 3.29 [11]. Therefore, 3.29 is used as the level-1 error variance in calculating the ICC.

Thus, modeling one response, a generalized linear mixed model with the clusters and the
households incorporated as random effects to model the contribution due to households and
due to clusters respectively,

. preS onse
loglt (presponse> = IOg % = ﬁ() + ﬁlXilhc +oo+ ﬂPXiPhc T+ Upe + Ugpe

response

where Pregponse is the probability of a response (testing positive or some knowledgeable about
HIV) for the i resident within the h™ household within the ¢ cluster, p; is the regression coef-
ficient associated with the predictor Xy, fori= 1,2, ..., nyg are the covariates associated with
the h'" household within that ¢ cluster, and a random effect household 4 =1, 2, .. ., ng and
cluster c = 1, . . ., n; the random intercept u,. measures the unobserved variance attributable to
the ¢ cluster, the random intercept u,},. measures difference of household level h within cluster
c. These two random effects are assumed to be normally distributed with (clusters) u,, ~

N(0,0°, ) and (households within cluster) u,,  ~ N'(0, %, ). Further, we assume that the

covariance of the random effects, o, is zero. Households as random effects represent the
c

oc > Uoh
differences on the resident’s response attributable to households, but were not captured by any
of the covariates. Similarly, clusters random effects represent the differences on the resident’s
response attributable to the clusters, but were not captured by any of the covariates.

Modeling each of these outcomes separately will ignore the collective impact that some of these
predictors nay have on a response through the correlation between the two responses. However, a
simultaneous modeling of these outcomes will help identify any such predictor. Knowing that a
predictor has such multiple effect will help policy makers with identifying optimal solutions [12].

Simultaneous models. In public health research, as well as research in other disciplines, it
is common for subjects to provide information through a range of responses with a set of
covariates. However, modeling several responses is more informative to public health officials
and decision makers, as it allows one to properly evaluate the interplay of the responses. Thus,
it is advantageous to do joint modeling when the opportunity arises [13]. In this study, and as
previous research dictates, the simultaneous modeling of testing positive and some knowledge
of the disease are important to policy makers in their efforts to contain the disease [14,15].
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The two simultaneous correlated binary outcomes Ygine, g = 1, 2, denoting the i"™ individual
on the h'® household member of the ¢'™ cluster for h = 1,. . ...n,, and ¢ = 1,.. ...307. A joint
model of these correlated binary outcomes (Y1, Yane), for g = 1, for test positive and g = 2,
for knowledgeable about HIV, follow a joint Bernoulli distribution with mean p,},. and ran-
dom effects u,. for clusters and random effects u,y,. for households,

logit(pth) = B’ + B Xppe T F ﬁpqxphc T Uoe F Ugpe-

Bayesian hierarchical modeling

In the analysis of the 2009 Mozambique data, the joint distribution of probability of testing
positive and probability of having one’s knowledge about the disease produced some sparse-
ness in the results. Less than 1% tested positive but had no knowledge of the disease, as shown
in Table 2. Such sparseness leads one to consider an application of Bayes’ principles in estimat-
ing the coefficients in the model.

The Bayes’ principle requires a prior probability distribution on the parameters, Table 1.
They were obtained from an analysis of the 2009 survey data and they provides prior knowl-
edge of the parameters [12]. This prior information, combined with the likelihood of the
observations and the distribution of the random effects, resulted in a posterior distribution.
Through the use of Markov Chain Monte Carlo (MCMC), one can obtain posterior informa-
tion about the regression parameters. While there are several methods to generate the poste-
rior samples, including Gibbs Sampling and Metropolis-Hasting sampler, the deliberation
samples are drawn directly from the full conditional distribution by using standard random
number generators.

logit(pth + Hoc + eohc) = ﬁ()[]q + ﬁqulhc oot ﬁPqXPhC + GOC + GOhC'

The simultaneous responses with a hierarchical structure consist of binary responses, so
that the probability of a response q (r = 1,2) denoted by pgp and the logit(pqnc+6oc+0onc)
where 0, denotes the household effects and 0, denotes cluster effect. The Bayes hierarchical
mixture model is summarized in Table 3. In Table 3, the parameters and their distribution at
various levels of the hierarchy are given.

Results

In the 2018 survey data, approximately 60% of respondents are female, while in 2009 there are
57% are female. There are 33% respondents who are living with a partner in 2018, in contrast
to 58.71% in 2009. A summary of these results is presented in Table 4.

There are 1166 (13.22%) respondents who tested positive in 2009, and 1596 (14.99%) who
tested positive in 2018. Of the respondents, 76.82% reported some knowledge of HIV in 2009,
and 87.38% in 2018, as shown in Table 5.

The survey is designed to account for the differences at the cluster level and at the house-
hold level. The data suggest that 0.736/(0.736+0.443+3.29) = 16.47% of the variation in test

Table 2. Distribution of responses for joint binary responses.

TESTING +VE
0

1
0
1

https://doi.org/10.1371/journal.pone.0244563.t1002

KNOWLEDGEABLE FREQUENCY %
0 1245 11.69
0 99 0.93
1 7807 73.32
1 1497 14.06
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Table 3. Hierarchical structure n Bayes model specifications.

Level Mean Prior
Individual Y, ~ D (uy,, 05.)
Household Uy ~ Dy, 7})
Cluster w, ~ D(u,0})

https://doi.org/10.1371/journal.pone.0244563.t003

Type Variance Priors Type
Random effects -- --
Random effects o}, ~IG(o,, B,) hyperparameter
Hyper-hyperparameter oy ~ I1G(a,,, f,,) Hyper-hyperparameter

results are due to cluster effects. While 0.443/(0.736+0.443+3.29) = 9.92% of the variation are
due to households within cluster effects (Table 5). However, in 2018, the clusters differences
accounts for 13% and households accounts for 11.70%. In both surveys, the data structure
accounted for about 25% of the variation. Moreover, the random effects (in clusters and house-
holds within clusters) are significant, as shown in Table 6.

A simultaneous Bayes model with interaction effects is fit to the 2019 data with use of the
prior information in the parameters obtained from the 2009 survey. The interaction effects
serve to measure the covariate effects in 2009, as compared to a decade later in 2018.

Residents equipped with a refrigerator are 1.349 times more likely to be knowledgeable
about HIV/AIDS (95% HPD Interval [1.135, 1.587]), as opposed to those who are not
equipped with a refrigerator. The more affluent residents are 1.265 times more likely to be
knowledgeable about the disease (95% HPD Interval [1.108, 1.443]). A resident with an extra
year of education has 1.196 times more likely to be knowledgeable about HIV/AIDS, (95%
HPD Interval [1.172, 1.218]). Non-Muslims are (1/0.773 =) 1.29 times more likely to be
knowledgeable of the disease, (95% HPD Interval [1.16, 1.43]). Females are 1.398 times more
likely to be knowledgeable about the disease (95% HPD Interval [1.285, 1.516]). As for the
effect change over the decade, more affluent residents continued to be more knowledgeable
(95% HPD Interval [1.146, 1.718]). While cohabitating residents are less knowledgeable, the
effect has steadily increased over the last decade (95% HPD Interval [1.573, 2.255]). While
having more education continues to have a positive effect on knowledge of HIV, the effect of
education has declined over the decade (95% HPD Interval [0.906, 0.957]), as shown in
Table 6.

The more affluent residents are 2.275 times more likely to test positive (95% HPD Interval
[2.059, 2.527]). Women are 1.675 times more likely to test positive (95% HPD Interval [1.531,
1.831]). Older residents are 1.021 times likely to test positive (95% HPD Interval [1.018,
1.024]). Those residents practicing Islam are 0.671 times less likely to test positive (95% HPD
Interval [0.590, 0.771]). Residents with an extra year of education are 1.024 times more likely
to test positive (95% HPD Interval [1.005, 1.042]). While more educated residents are more
likely to test positive, that tendency is declining (95% HPD Interval [0.930, 0.973]), (Table 7).

Table 4. Mean of variables in 2009 versus 2018.

Variable 2009 2018
Females 57% 60%
Living with partner 58.71% 33%
Average age 33 years 31 years
Years of education 4 years 5 years
Muslim 18.13% 16.56%
Refrigerator 15.16% 28.02%
Electricity 24.5% 39.7%
Poor 48.72% 54.25%

https://doi.org/10.1371/journal.pone.0244563.t1004
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Table 5. Joint responses to two binary responses.

RESPONSE
TEST +VE KNOWLEDGE
0 0
1 0
0 1
1 1

https://doi.org/10.1371/journal.pone.0244563.1005

DisTRIBUTION IN 2009 DIisTRIBUTION IN 2018

FREQUENCY PERCENT FREQUENCY PERCENT
1839 20.86 1245 11.69
205 2.32 99 0.93
5813 65.92 7807 73.32
961 10.90 1497 14.06
Discussion

Modeling simultaneous responses is a cost-saving approach as it allows researchers to address
the interplay of responses and extra variation. It allows covariates to compete for their effects
on responses. More importantly, the simultaneous modeling of binary responses on hierarchi-
cal structure data of future surveys provides policymakers and decision makers with informa-
tion on which to base allocation of resources at a time when funding is in scarce commodity.

The Mozambique household survey data are a hierarchical structure, based on responses
from households, and households are taken from the clusters. Such a structure consists of mul-
tiple sources of variation: variation due to the clustering of observations from the same house-
hold, variation between households taken from clusters and variation among the effects due to
spillover. Thus any modeling of those data must include the multiple types of variation.

The results provide evidence that one’s HIV knowledge is associated with those who report
testing negative for HIV, Muslim and those with more education are necessary for a reduction
of sexual risk behaviors. There is evidence that supports for an initiative to continue to provide
prevention education even to those who test negative for HIV. Ongoing education is necessary
to maintain low HIV-negative status. It is not always clear at what age respondents get educa-
tion and knowledge on HIV.

As policy makers study these results, it is clear that females, non-Muslims, those with more
years of education, older residents, and those who are more affluent are more likely to test pos-
itive. Furthermore, females who are more affluent, more educated, non-Muslim are more
likely to be knowledgeable. The simultaneous model reveals that affluence, education, religion,
and gender had similar effects on testing positive and being knowledgeability about the dis-
ease. While having more knowledge is desirable, it seems to increase the chances of testing pos-
itive. We had no way of measuring the type of knowledge and we had no way of depicting
when that knowledge was acquired.

Greater affluence seems to increase the likelihood of testing positive. It appears that knowl-
edge of HIV is reaching all ages; however, older residents are more likely to test positive. This
result may be due to the fact that they have lived longer and thus had more chances to become
infected. Religious practices seem to have an important effect, while cohabitating had no effect
in 2009 or 2018. Based on the analysis of the results from the Mozambique national survey
data, the spread of the disease has remained relatively stable over the past decade, and greater
knowledge about HIV among all ages of the population may be one reason for this stability.

Table 6. Covariance parameter estimates due to clusters and households.

Blood Test in 2009 Blood Test in 2018
Subject Estimate Standard Error Estimate Standard Error
cluster 0.736 0.101 0.568 0.074
house(cluster) 0.443 0.087 0.511 0.077

https://doi.org/10.1371/journal.pone.0244563.t006
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Table 7. HPD interval estimates for odds for testing positive and knowledge.

‘VARIABLE KNOWLEDGE 95% HPD INTERVAL TEST +VE 95% HPD INTERVAL

INTERCEPT 1.446 (1.270, 1.652) 0.032 (0.026, 0.038)
ELECTRICITY 1.349 (1.135, 1.587) - --

REFRIGERATOR 1.262 (1.051, 1.547) 0.687 (0.608, 0.770)
AFFORDABLE 1.265 (1.108, 1.443) 2.275 (2.059, 2.527)
EDUCATION 1.196 (1.172,1.218) 1.024 (1.005, 1.042)
AGE 1.021 (1.018, 1.024)
MusLim 0.773 (0.699, 0.860) 0.671 (0.590, 0.771)
COHABITANTS 0.937 (0.832, 1.059) - --

FEMALE 1.398 (1.285,1.516) 1.675 (1.531,1.831)
SURVEY YEAR 1.614 (1.392, 1.883) 1.533 (1.358, 1.770)
EpUcATION * YEAR 0.931 (0.906, 0.957) 0.951 (0.930, 0.973)
AFFORDABLE * YEAR 1.418 (1.146, 1.718) - --

COHABITANTS  YEAR 1.889 (1.573, 2.255) - --

https://doi.org/10.1371/journal.pone.0244563.t007

Change have occurred in Mozambique in the last decade to impact the spread of the HIV
disease. The country is gaining in their fight to minimize the spread of the disease.
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