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Abstract
Background

For assessing the HIV epidemic in Kenya, a series of independent HIV indicator household-based surveys of similar design can be used to assess
trends in key indicators relevant to HIV prevention and control and to describe geographic and sociodemographic disparities, assess the impact of
interventions, and develop strategies. We developed methods and tools to facilitate a robust analysis of trends across three national household-
based surveys conducted in Kenya in 2007, 2012, and 2018.

Methods

We used data from the 2007 and 2012 Kenya AIDS Indicator surveys (KAIS 2007 and KAIS 2012) and the 2018 Kenya Population-based HIV Impact
Assessment (KENPHIA 2018). To assess the design and other variables of interest from each study, variables were recoded to ensure that they had
equivalent meanings across the three surveys. After assessing weighting procedures for comparability, we used the KAIS 2012 nonresponse
weighting procedure to revise normalized KENPHIA weights. Analyses were restricted to geographic areas covered by all three surveys. The revised
analysis �les were then merged into a single �le for pooled analysis. We assessed distributions of age, sex, household wealth, and urban/rural
status to identify unexpected changes between surveys.

To demonstrate how a trend analysis can be carried out, we used continuous, binary, and time-to-event variables as examples. Speci�cally, temporal
trends in age at �rst sex and having received an HIV test in the last 12 months were used to demonstrate the proposed analytical approach. These
were assessed with respondent-speci�c variables (age, sex, level of education, and marital status) and household variables (place of residence and
wealth index). All analyses were conducted in SAS 9.4, but analysis �les were created in Stata and R format to support additional analyses.

Results

This study demonstrates trends in selected indicators to illustrate the approach that can be used in similar settings. The incidence of early sexual
debut decreased from 7.99 (95% CI: 7.67–8.33) per 1,000 person-years at risk in 2007 to 6.68 (95% CI: 6.35–7.02) per 1,000 person-years at risk in
2012 and to 6.62 (95% CI: 6.4–6.85) per 1,000 person-years at risk in 2018. HIV-testing rates increased from 12.6% (95% CI: 11.6%–13.6%) in 2007
to 56.1% (95% CI: 54.6%–57.6%) in 2012 but decreased slightly to 55.6% [95% CI: 54.6%–56.6%) in 2018.

Conclusions

Our approach can be used to support trend comparisons for variables in HIV surveys in low-income settings. Independent national household
surveys can be assessed for comparability, adjusted as appropriate, and used to estimate trends in key indicators. Analyzing trends over time can
not only provide insights into Kenya’s progress toward HIV epidemic control but also identify gaps. 

Introduction
Despite the rapid increase in antiretroviral therapy (ART) use over the past two decades and the corresponding decline in mortality, in 2017, one-third
of people in East and Southern Africa and less than half of the people in West and Central Africa who are living with HIV are not currently receiving
any treatment [1, 2]. In 2017, HIV/AIDS was a major cause of death in sub-Saharan Africa (SSA), where 71% of all people living with HIV resided.
Globally, 75% of HIV-related deaths and 65% of all new HIV infections occurred in SSA [3–5].

Against this background, it is important to assess whether interventions over the last two to three decades have decreased HIV incidence and to
identify geographic regions and sociodemographic groups with high HIV prevalence [3, 6]. HIV data obtained from national population-based
surveys play an important role in monitoring the HIV epidemic and response in the general population. These surveys estimate incidence,
prevalence, and various parameters related to the HIV pandemic in high-HIV-prevalence countries. These surveys were designed to monitor progress
toward ending the AIDS epidemic [6–8]. Additionally, they were designed to monitor the UNAIDS 90-90-90 targets by the year 2020: 90% of all HIV-
positive people know their HIV status; of these, 90% are receiving sustained ART; and of these, 90% have viral load suppression [9–11]. These
surveys have also been used to describe associations between high-risk behavior and HIV status and to assess HIV prevention, care, and treatment
services.

Unlike in high-income countries where longitudinal studies provide nationally representative trend estimates for health outcomes, for example, the
National Health and Nutrition Examination Survey [12, 13], HIV surveys in low-income countries and high-prevalence settings are generally cross-
sectional and are independently implemented approximately every 5 years. Therefore, it is important to develop methods that can be used to assess
trends across independent surveys for countries interested in employing similar techniques. We used Kenya to showcase this approach as there had
been several HIV population-based surveys conducted, with varying sampling and survey weighting considerations, in the past two decades. Such
methods must account for differences in survey design, weighting, coverage, and indicator de�nitions. Over the past two decades, �ve national
population-based surveys [14–18] have included HIV testing and HIV modules in their algorithms in Kenya.
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We present methods that can be used to assess temporal trends in outcome variables of interest as a means to answer such questions as: “Has HIV
risk behavior signi�cantly declined over time in Kenya, and if so, in which demographic groups or regions?” and “Has access to HIV testing services
increased over time in Kenya?” Our tools also can help HIV programs appropriately analyze trends in recent population-based HIV surveys in Kenya
and provide guidance regarding appropriate statistical comparisons between surveys, including tests for trends. These suggestions may also serve
as a roadmap for other cross-survey comparison analyses applicable to other countries or indicators. The methods presented here are being utilized
to examine trends in speci�c indicators of interest in other KENPHIA-focused studies. Therefore, the programmatic implications of selected trends
comparison presented in this study are not discussed.

Methods
Harmonization of survey datasets

Analysis approach

First, we reviewed survey design documents to describe the survey design and weighting procedures used for all three surveys. We compared
sampling design and survey weighting procedures across surveys to identify differences that could potentially in�uence comparisons. We
developed an analysis strategy to both facilitate comparisons and minimize the in�uence of differences in survey design or weighting procedures
on comparisons between survey estimates. Once we chose a weighting approach, we developed a list of variables to extract and harmonize across
surveys based on perceived importance, availability, and consistency of de�nitions across surveys. Once extracted, the weighted estimates of these
variables were assessed for consistency across surveys. Finally, we used selected variables to identify and describe appropriate statistical methods
for comparisons and trend analysis. 

Data extraction and manipulation

We reviewed data dictionaries and other survey documentation to identify relevant survey design and analysis variables pertaining to HIV
biomarkers and behavioral and demographic variables across the three surveys for inclusion in the analysis. 

Survey design

These surveys were originally designed to provide data used by various stakeholders to monitor Kenya’s population and HIV-related health
outcomes. This section brie�y summarized the survey design and weighing approaches used in the surveys. All three surveys utilized two-stage
strati�ed, cluster sampling designs based on the National Sample Survey and Evaluation Programme (NASSEP) household-based sample frames
created by the Kenya National Bureau of Statistics and revised after each decennial population census.  

KAIS 2007 was the �rst AIDS Indicator Survey conducted in Kenya to monitor progress on key indicators in the national HIV prevention, care, and
treatment programs [16]. The survey was designed to obtain a nationally representative sample of persons aged 15–64 years and to provide
estimates of HIV-related outcomes strati�ed by urban/rural residence and the 8 provinces. The �rst stage included a selection of 415 clusters (70%
rural and 30% urban) from the NASSEP IV (based on the 1999 census); the second stage included selecting a sample of 25 households within each
cluster. 

KAIS 2012 selected 372 clusters from NASSEP V (based on the 2009 census) using a systematic random sampling method. KAIS 2012 sampled
9,300 households within 9 of the 10 National AIDS and STI Control Programme (NASCOP) programmatic regions: Nairobi, Central, Coast, Eastern
North, Eastern South, Nyanza, Upper Rift, Lower Rift, and Western regions, designated as either urban or rural. The sampling frame was not available
for the North-Eastern region at the time of the survey, and this region (and hence seven NASCOP regions) was excluded from the survey. The target
population was persons aged 18 months–64 years. Half of the households were targeted for children aged 18 months–14 years. The survey was
designed to provide estimates of HIV-related outcomes for adults aged 15–64 years strati�ed by urban/rural area and the nine included NASCOP
regions.

Like KAIS 2012, KENPHIA 2018 also was based on NASSEP V. KENPHIA was a cross-sectional, household-based survey conducted among persons
aged 0–64 years in 800 clusters from 96 urban/rural county strata covering the entire household population of Kenya. In 2012, following the
promulgation of the 2010 Constitution of Kenya, these counties became the geographical units of devolved government in place of districts. Survey
data collection was conducted from June 2018 to February 2019. Of the 34,610 persons targeted by the survey, 27,897 were adults aged 15–64
years, and 6,713 were children aged 0–14 years. One in three households were targeted for the inclusion of children. The survey was designed to
provide estimates for adults aged 15–64 years for all 47 counties in Kenya.

Each of these studies were carried out in accordance with the Helsinki Declaration.

Table 1 presents detailed summaries of the three surveys.

Weighting process
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Strati�cation

The KAIS 2007 design was strati�ed by district and residency (urban/rural). Urban areas were further strati�ed by socioeconomic status. Both KAIS
2012 and KENPHIA designs were strati�ed by county and residency. Household nonresponse adjustments in KAIS 2007 were computed by province
and residency, whereas in KAIS 2012, they were computed by NASCOP region and residency, resulting in the following nineteen design strata:
Nairobi (Urban), Central (Urban/Rural), Nyanza (Urban/Rural), North Rift (Urban/Rural), South Rift (Urban/Rural), Eastern North (Urban/Rural),
Eastern South (Urban/Rural), Western (Urban/Rural), and Coast (Urban/Rural). In KENPHIA, household nonresponse adjustments were computed by
county.

Coverage

The KAIS 2007 and KENPHIA surveys covered the entire national territory, but KAIS 2012 excluded one geographic region, North Eastern. Therefore,
to ensure that differences in coverage did not bias trend analyses, this region was omitted from the analysis, thereby stratifying by 17
remaining NASCOP region/residency strata across all three surveys.

Survey weighting

To compensate for over- or under- sampling of cases or for disproportionate strati�cation along with the non-response, studies often include several
types of survey weights in the datasets that are made available after the survey. Individual, child, and HIV-testing (blood) weights ensure that adults
aged 15–64 years, children aged 0–14 years, and individuals selected for HIV testing, respectively, are representative of the population sampled. The
survey design and nonresponse weighting approach for KAIS 2007 and KAIS 2012 were similar, and so no adjustments were made to the weights
used in these studies. The KENPHIA 2018 survey design weights differed from the KAIS design weights in that no household-level post-strati�cation
adjustments were done, and nonresponse weights were developed using a least absolute shrinkage and selection operator regression and chi-
square automatic interaction detection methodology rather than the simpler inverse proportional weighting done by sex and geographic area
variables. Furthermore, post-strati�cation weights were developed to age and sex control totals from the national population projections for 2019 for
KENPHIA. Therefore, to remove potential biases in comparisons resulting from the differing nonresponse and post-strati�cation weighting
approaches, KENPHIA was reweighted to increase comparability between weighted estimates across the surveys. 

Revised KENPHIA weights

A primary sampling unit (PSU) or enumeration area (EA) base weight was computed as the inverse of the probability of selection of the EA. No PSU
nonresponse adjustment was made, apart from two ineligible EAs whose weights were set to 0. A household’s initial weight was then computed as a
product of the PSU base weight and the inverse of the probability of selection of the household within the EA. An unknown eligibility household
nonresponse adjustment was computed as a product of the household initial weight and the inverse of the probability of the household having
unknown eligibility. The household weight was further adjusted for the eligible household member nonresponse rate. 

Adult person-level weights were assumed equal to the household weight since all adults (aged ≥15 years) were eligible in a household. In the case
of children (aged 0–14 years), only children in every third household were included in KENPHIA 2018. The child weight was then computed as three
times the household weight. For adults, nonresponse adjustments cells were created by NASCOP region, urban-rural residence, and sex, whereas
nonresponse-weighting classes for children were not strati�ed by sex. The post-strati�cation cells are produced by NASCOP region and sex. The
child weights were not post strati�ed.

A similar approach was used to compute the HIV-testing (blood) weights included in the study. 

Data manipulation and merging

Using the three individual survey datasets, we created a dataset that included survey year, the design variables (weights, strata, and cluster),
demographic characteristics, and HIV-speci�c indicators. The strati�cation variable in the combined dataset consisted of the 17 NASCOP regions.
The cluster was uniquely characterized by the survey year and the cluster identi�er in each survey. The weights in the combined dataset were
normalized such that the normalized weights summed to the total number of respondents in each survey. The SAS program that combines the three
datasets and renames and recodes variables to facilitate comparative analyses is available in Supplementary File 1.

To create the combined data �le, we combined 2007, 2012, and 2018 �les so that the number of respondents in the combined data �le was the sum
of the respondents from the three individual �les. We then ensured that the analysis variables had the same names and values or categories in all
three data �les. Table 2 illustrates how the variables used in this analysis were rede�ned. Secondly, the approach to creating the new set of
statistical weights is provided in Supplementary File 2. 

The study investigators did not interact with human subjects or have access to identi�able data or specimens. This was a secondary data analysis
using anonymized data from each of the surveys that were included.

Figure 1 describes our suggested approach for harmonization of variables and datasets to perform trend analysis.
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Assessing comparability of reweighted surveys across key population characteristics 

Ideally, a set of unchanging population characteristics could be used to assess the comparability of the original and re-weighted datasets before
proceeding with trend analyses. In the absence of such ideal variables, several demographic characteristics such as age, sex, marital status,
residency, wealth index, and education, which have predictable trends and have been measured in other surveys over time, can be assessed for
trends. In this analysis, we assessed the weighted distribution of each of these variables and used survey-weighted logistic regression to assess
changes in the selected characteristics over time (Table 3). We found that there was no signi�cant difference (trend) in key demographic variables
selected for comparative assessment of original and re-weighted KENPHIA 2018 datasets.

Results
Illustrative statistical analysis

Once the comparability of the revised and harmonized datasets is established, it is possible to carry out trend analysis on selected indicators. In our
analysis, we selected trends in two behavioral indicators relevant to HIV programs: “Age of sexual debut among respondents aged 15–64 years” and
“Tested for HIV in the past 12 months among respondents aged 15–64 years.” We selected these example indicators to illustrate trend analysis for
continuous, binary, and time-to-event variables (Figure 2). Trends were assessed visually and through regression methods, including adjustment for
demographic variables to control for other changes in the population over time.

Characteristics of the study population

Table 4 summarizes the sociodemographic characteristics of study participants. Women were overrepresented in all three surveys with male to
female ratios of 1.00:1.33 in KAIS 2007, 1.00:1.38 in KAIS 2012, and 1.00:1.24 in KENPHIA 2018. There was a signi�cant linear decline in the
proportion of respondents sampled from within rural settings over time (KAIS 2007, 77.7% [95% con�dence interval (CI): 75.1%–80.3%]; KAIS 2012,
62.9% [95% CI: 60.5%–65.3%]; and KENPHIA 2018, 60.7% [95% CI: 58.6%–62.8%]). There were signi�cant variations in the distribution of the
respondents by education. Across the three surveys, most respondents had primary education. Marital status varied between surveys. The age
structure was generally consistent over time, except for a spike in the 20–24 year age group in 2007, followed by a similar spike in the 25–29 year
age group in 2012 and in the 30–34 year age group in 2018. This pattern was consistent with an age cohort moving through the survey populations
due to changing fertility or child mortality patterns in the mid-1980s.

Sexual debut

Trends in sexual debut were initially assessed visually and through regression methods, including adjusted analyses including demographic
variables to control for other changes in the population over time using SAS PROC SURVEYREG. In this case, we assumed that the outcome was
continuous and emanated from a Gaussian distribution.

Table 5 provides an example of how one can present summaries, trends, and regression results for the analysis of a continuous covariate such as
age at sexual debut by selected covariates. In general, the median age at sexual debut of the study participants has increased signi�cantly over
time. There was a monotonic increase in the median age at sexual debut by place of residence and wealth index. Age at sexual debut was
consistently higher in urban areas and among individuals from the richest households. Age at sexual debut increased monotonically over time
among the women, peaking in 2012 and decreasing substantially in 2018. A similar pattern was observed for marital status, in which age at sexual
debut increased substantially over time among the married respondents but peaked in 2012, decreasing substantially in 2018 among those who
never married.

In addition to assessing sexual debut as a continuous outcome variable, we also assessed trends in early sexual debut. Early sexual debut was
de�ned as �rst vaginal intercourse before 15 years of age [19-22]. The time taken until �rst sexual intercourse for anyone who had not had sex by
the age of 15 years was considered to be censored. We used the Kaplan–Meier method to compute the survival probability (not having become
sexually active by age 15 years) by each age. We used SAS, version 9.4, to produce separate Kaplan–Meier estimates for each level of the
covariates of interest. A log-rank test is not available for complex survey data to assess equality of survival curves, but Cox models are available for
complex survey data. For our analyses, we used SAS PROC LIFETEST and SAS PROC SURVEYPHREG. The incidence of early sexual debut
decreased from 7.99 (95% CI: 7.67–8.33) per 1,000 person-years at risk in 2007 to 6.68 (95% CI: 6.35–7.02) per 1,000 person-years at risk in 2012
and to 6.62 (95% CI: 6.4–6.85) per 1,000 person-years at risk in 2018 (Table 6).

Tested in the last 12 months

We used SAS PROC SURVEYLOGISTIC to �t a survey-weighted logistic regression model to the binary outcome “Tested for HIV in the last 12
months.” Table 7 presents trends in the rates of HIV testing in the past 12 months among individuals aged 15–64 years. The results suggest a
signi�cant increase in the HIV-testing rates over time when adjusting for all the covariates considered. HIV-testing rates increased from 12.6% (95%
CI: 11.6%–13.6%) in 2007 to 56.1% (95% CI: 54.6%–57.6%) in 2012 but decreased slightly to 55.6% [95% CI: 54.6%–56.6%) in 2018. Further, based
on the survey-weighted logistic regression, after adjustment for all covariates considered, HIV testing rates increased substantially over time. 
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In Figure 2, we provide a rubric that can be used to make decisions about the statistical analysis to employ for a given analysis question based on
various design considerations. The SAS program used to carry out the crosstabulation, the survey-weighted regression analysis, the survey-weighted
logistic regression analysis, the survey-weighted regression, and the person-time analysis is available in Supplementary File 3.

Discussion
We developed an approach for assessing and harmonizing independent population-based surveys to assess trends in HIV-related indicators. After
describing the methods used to design and weight each survey, we harmonized strati�cation, demographic variables, and survey weights to ensure
comparability before proceeding with a trend analysis. In this analysis, the survey weights for the latest survey (KENPHIA 2018) were revised to
ensure comparability with the previous two surveys. It is important to note that we developed these methods strictly to allow for comparisons
between surveys. The methods are not meant to provide revised or improved estimates for the most recent survey analyzed (KENPHIA). The original
weights for KENPHIA are optimal and should be used to analyze and present the results of the KENPHIA survey. Similar approaches to making
comparisons between surveys are documented elsewhere in the literature [23–30]. For reproducibility, we also provide the analysis codes that
demonstrate how the analysis was carried out and how the comparison was done.

The weighted distributions of demographic variables were consistent across surveys with some exceptions. There was an increasing proportion of
the sample that resided in urban areas, as expected given broad development trends in Kenya. The age structure showed spikes in subsequent age
groups across surveys, consistent with a cohort effect from reductions in fertility 15–20 years before the KAIS 2007 survey, given that the surveys
were spaced at approximately 5-year intervals, consistent with the historical fertility reductions observed in the recent Demographic and Health
survey [31] and census [13] in Kenya. Other differences are di�cult to explain. For example, the sex distribution seemed skewed in 2007, with 42% of
the survey population being men, compared to higher proportions of in the other two surveys (48–49%), perhaps indicating coverage issues among
men in that survey.

We used two outcome variables expected to change over time (HIV testing and age at sexual debut) to demonstrate a methodology to carry out
trend comparisons. For HIV testing in the last 12 months, we highlighted two approaches that can be used to assess trends in dichotomous
outcomes. We �rst computed survey-weighted proportions and plotted the resulting trends over time by selected covariates. We then �tted logistic
regression models with the year as a covariate, adjusting for age, sex, residence, marital status, and wealth index. This approach has been employed
in several other previous studies. Trends in HIV-testing rates have also been discussed extensively in the literature [23–25]. The use of chi-square
tests of trends and logistic regression were extensively used in the literature.

For age at sexual debut, we show two approaches for assessing trends for a continuous variable. Several studies have also used survey data from
low-income countries to assess trends in the HIV-related outcomes considered in our analysis. Several studies have treated age at sexual debut as a
time-to-event outcome, assessing this outcome variable's trends among different cohorts observed [32, 33]. These studies have used survival
analysis-based approaches to assess trends in the outcome variables of interest. In our analysis, we used two approaches where the �rst ignored
censoring in the age at sexual debut and presented a summary and regression-based results as an example of how trends in continuous outcome
variables could be assessed [34]. We then used the survival approach and found a decrease in the risk of early sexual debut over time.

Our analysis is subject to several limitations. The trend comparison was based on using three time points (2007, 2012, and 2018), so we were only
able to make relatively short-term assessments of the trajectory of the indicators considered. Previous studies used Cochran Armitage chi-square
tests or z-tests to assess the signi�cance of trends [35–38]. Survey weighted versions of this statistic were not implemented in our analysis due to
limitations in the software we used. Another challenge encountered was the change in the de�nition of certain variables and indicators over time,
adding uncertainty in interpreting the meaning of observed trends. Furthermore, not all the same questions were asked across the three surveys,
making it di�cult to analyze some of the outcomes across the three surveys. Our study did not address all relevant issues for every conceivable
trend analysis that could be conducted with these surveys. For example, changes in HIV-testing algorithms may affect estimates. Great care is
needed in interpreting results with potential underlying methodological differences. Finally, there are alternatives to population-based surveys for
measuring trends in health conditions. For example, in 2018, Kenya established an HIV Case-Based Surveillance system to measure progress along
the HIV care cascade to provide high-quality, timely, and reliable HIV data by population characteristics. Despite current limitations and challenges,
this system will provide an opportunity for future assessment of trends based on a census of events rather than population-based sampling, as
presented here.

Conclusion
We have provided approaches and considerations that can be used to support trend comparisons for various outcome variables in HIV surveys in
low-income settings. Our approach has demonstrated that independent national household surveys conducted over time can be assessed for
comparability, adjusted as appropriate, and used to estimate trends in key indicators. Analyzing trends over time can not only provide insights into
Kenya’s progress toward HIV epidemic control but also identify gaps in key HIV indicators.
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Tables
Table 1 Summary of survey designs and HIV testing for KAIS 2007, KAIS 2012 and KENPHIA 2018

Survey  Survey
dates

Design Interviews Sample for HIV
module

Target
population

Sampling frame

KAIS
2007

August-
December,
2007

Two-stage strati�ed cluster sample, where
the �rst stage included selection of 415
clusters from the NASSEP IV, strati�ed by
district and residency, and for urban areas,
by socio-economic status, and the second
stage included selection of 25 households
within each selected cluster.

9,691
households,
17,940
adults and
adolescents
aged 15-64
years.

Collected 15,853
blood specimens
from 9,049
women and
6,804 men.

De facto
household
resident
adults and
adolescents
aged 15-64
years

National Sample
Survey and
Evaluation
Programme
(NASSEP) IV
developed from
1999 census;
comprised of
1,800 clusters.

KAIS
2012

October
29, 2012
to
February
3, 2013

Two-stage strati�ed cluster sample, where
the �rst stage included selection of 372
clusters from NASSEP V, strati�ed by
county and residency, and the second
stage included selection of 25 households
within each selected cluster. For the child
sample, every other household was
selected.

8,035
households,
13,720
adults and
adolescents
aged 15-64
years and
1,661
children
aged 10-14.

Collected 15,966
blood specimens
from 4,832
women and
6,785 men; 2,131
girls and 2208
boys aged 18
months to 14
years.

De facto
household
resident
children aged
18 months to
14 years;
adults and
adolescents
aged 15 to 64
years

NASSEP V
developed from
2009 census;
comprised of
5,360 clusters.

KENPHIA
2018

June
2018 to
February
2019

Two-stage, strati�ed cluster sample design
where the �rst stage included selection of
800 clusters from NASSEP V and the
second stage included selection of 25
households within each selected cluster.
For child sample, every third household
was selected.

16,918
households,
30,384
adults and
adolescents
aged 15-64
years and
2,687
children
aged 10-14.

Collected 35,610
blood specimens
from 11,726
men and 16,019
women; 4090
boys and 3775
girls.

 De facto
household
resident
children aged
0-14 years;

Adults and
adolescents
aged 15 to 64
years

NASSEP V

Abbreviations: NASSEP-National Sample Survey and Evaluation Programme; KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-based
HIV Impact Assessment. 

 

Table 2 Variables included in the combined dataset for KAIS 2007, KAIS 2012 and KENPHIA 2018
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Variable Label 2007 2012 2018 Combined dataset

testedpastyear   Created by using the
variables q612 and
q612

Created by recoding
the variable
hivtest_year

testedreceived12months  

age Age of
respondent
(5-year age
ands)

Recoded the numeric
variable Q103

Used the 10 category
agecat5

Recoded the categorical
variable agegroup

0 = “0-14”; 1 = “15-19”; 2 = “20-
24”; 3 = “25-29”; 4 = “30-34”; 5 =
“35-39”; 6 = “40-44”; 7 = “45-49”;
8 = “50-54”; 9 = “55-59”; 10 =
“60-64”; 11 = “65+”;

sex Sex of the
respondent

Used the variable
sex as provide in the
dataset

Used the variable
sex as provide in the
dataset

Used the variable Sex as
provide in the dataset

1 = “Male”; 2 = “Female”

residence Place of
residence

Recoded the
categorical variable
QRESID

Recoded the
categorical variable
qresid

Renamed the variable
urban

1 = “Urban”; 2 = “Rural”

educ3 Level of
education

Create from q104
and q105

Create from q103
and q104

Used the variable SCHLAT 1 = “No education”; 2 =
“Primary”;  3 = “Secondary+”

mstatus Marital
status

Recoded the
categorical variable
MARITAL1

Recoded the
categorical variable
marital3

Used the variables
evermar and curmar
create the marital status
variable

1 = “Never married”; 2 =
“Separated/Divorced/Widowed”
 3 = “Married/Living together”

wealthind Wealth
index

Used the variable
WLTHIND5

Used the variable
windex5

Used the variable
wealthquintile

1 = “Poorest”; 2 = "Poorer”; 3 =
“Middle”; 4 = "Richer”; 5 =
“Richest”

year  Year of
survey

Created the variable,
setting survey year to
all respondents

Created the variable,
setting survey year
to all respondents

Created the variable,
setting survey year to all
respondents

1 = “2007”; 2 = “2012”; 3 =
“2018”

age�rstsex Age at �rst
sex (in
years)

 Used the variable
eversex and
age�rstsex to create
the age at �rst sex
variable. The age at
�rst sex for
individuals who had
not had sex by the
date of the survey
were rights censored
and were treated as
their age at that time

 Used the variable
eversex and
age�rstsex to create
the age at �rst sex
variable. The age at
�rst sex for
individuals who had
not had sex by the
date of the survey
were rights censored
and were treated as
their age at that
time 

 Used the variable sexever
and �rstsxage to create
the age at �rst sex
variable. The age at �rst
sex for individuals who
had not had sex by the
date of the survey were
rights censored and were
treated as their age at that
time 

 Continuous variable

age1sex Age at
sexual
debut

Similar to age�rstsex
but used in the
assessment of early
sexual debut

Created in the same
way as in the case of
the 2007 survey

Created in the same way
as in the case of the 2007
survey

 Continuous variable

Cstatus Censor
status

A variable used in the
time to event
analysis which takes
a value if the
age1sex is less that
15 years and  0
otherwise.

Created in the same
way as in the case of
the 2007 survey

Created in the same way
as in the case of the 2007
survey

1= “Experienced event”; 0=
“Censored” 

Abbreviations: KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-based HIV Impact Assessment.

Table 3 Comparison of the distribution of participants in the 2018 survey computed using the revised and the original KENPHIA weights
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    2018 with revised weights 2018 with KENPHIA original weights

Characteristic Unweighted n Weighted % (95% CI) Weighted % (95% CI)

       

Sex      

Male 12374 49.3 (48.6 - 50.0) 49.5 (48.7 - 50.2)

Female 16574 50.7 (50.0 - 51.4) 50.5 (49.8 - 51.3)

Total 28948 100  100 

Age      

15-19 4951 17 (16.3 - 17.7) 18.9 (18.2 - 19.6)

20-24 4064 14.6 (13.8 - 15.4) 16.6 (15.8 - 17.4)

25-29 3841 13.7 (13.0 - 14.5) 14.9 (14.2 - 15.6)

30-34 3961 14 (13.4 - 14.5) 13.1 (12.6 - 13.6)

35-39 3006 10.4 (9.9 - 10.9) 10.6 (10.1 - 11.2)

40-44 2639 9 (8.6 - 9.5) 8.1 (7.6 - 8.5)

45-49 2073 6.8 (6.5 - 7.2) 6.4 (6.1 - 6.8)

50-54 1730 5.8 (5.4 - 6.1) 4.9 (4.6 - 5.1)

55-59 1438 4.8 (4.4 - 5.1) 3.7 (3.5 - 4)

60-64 1245 3.9 (3.6 - 4.1) 2.8 (2.6 - 3)

Total 28948 100  100 

Place of residence      

Urban 10752 39.3 (37.2 - 41.4) 37.8 (35.7 - 40)

Rural 18196 60.7 (58.6 - 62.8) 62.2 (60 - 64.3)

Total 28948 100  100 

Level of education      

No education 2285 6.4 (5.1 - 7.7)  5.6 (4.6 - 6.6)

Primary 13268 47.4 (45.9 - 48.9) 42.3 (41 - 43.7)

Secondary+ 13369 46.2 (44.6 - 47.9) 52.1 (50.6 - 53.5)

Total 28922 100  100 

Marital status      

Never married 8976 34.7 (33.7 - 35.6) 37.8 (36.8 - 38.8)

Separated/Divorced/Widowed 1888 6 (5.6 - 6.4) 5.2 (4.9 - 5.6)

Married/Living together 16473 59.4 (58.3 - 60.4) 57 (55.9 - 58.1)

Total 27337 100  100 

Wealth index      

Poorest 7058 19.3 (17.5 - 21.1) 19.5 (17.9 - 21.1)

Poorer 6574 21 (19.7 - 22.3) 21.8 (20.5 - 23)

Middle 6209 20.3 (19.1 - 21.5) 21 (19.7 - 22.2)

Richer 5370 19.7 (18.0 - 21.3) 19.5 (18 - 21)

Richest 3732 19.7 (17.5 - 22.0) 18.3 (16.2 - 20.4)

Total 28943 100  100 

Abbreviations: CI- Con�dence Interval; KENPHIA- Kenya Population-based HIV Impact Assessment



Page 13/22

 

Table 4 Demographic characteristics of interviewed study participants age 15-64 years in KAIS 2007, KAIS 2012 and KENPHIA 2018
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  2007 2012 2018 Total P-Value

Characteristic Weighted % (95%  CI) Weighted % (95% CI) Weighted % (95% CI) Weighted % (95% CI)  

Sex         <.001

Male 42.9(42.0 - 43.8) 49(48.0 - 50.0) 49.3(48.6 - 50.0) 46.8(46.1 - 47.6)  

Female 57.1(56.2 - 58.0) 51(50.0 - 52.0) 50.7(50.0 - 51.4) 53.2(52.4 - 53.9)  

Total 100 100 100 100  

Age of the respondent         <.001

15-19 16.8(16.0 - 17.5) 16.8(15.8 - 17.7) 17(16.3 - 17.7) 16.8(16.1 - 17.4)  

20-24 16.9(16.1 - 17.7) 16.3(15.4 - 17.1) 14.6(13.8 - 15.4) 16.5(15.9 - 17.1)  

25-29 13.9(13.3 - 14.6) 15.6(14.8 - 16.4) 13.7(13.0 - 14.5) 15(14.4 - 15.6)  

30-34 11.8(11.2 - 12.5) 12.3(11.7 - 13.0) 14(13.4 - 14.5) 12.2(11.7 - 12.6)  

35-39 10.5(9.9 - 11.0) 10.4(9.8 - 11.0) 10.4(9.9 - 10.9) 10.4(10.0 - 10.9)  

40-44 8.1(7.6 - 8.6) 8.5(8.0 - 9.0) 9(8.6 - 9.5) 8.4(8.0 - 8.8)  

45-49 7.9(7.4 - 8.4) 6.2(5.8 - 6.7) 6.8(6.5 - 7.2) 6.8(6.5 - 7.2)  

50-54 5.4(5.0 - 5.8) 6.1(5.7 - 6.6) 5.8(5.4 - 6.1) 5.9(5.5 - 6.2)  

55-59 5.2(4.8 - 5.6) 4.3(3.9 - 4.8) 4.8(4.4 - 5.1) 4.6(4.3 - 4.9)  

60-64 3.5(3.2 - 3.9) 3.4(3.0 - 3.8) 3.9(3.6 - 4.1) 3.5(3.2 - 3.7)  

Total 100 100 100 100  

Place of residence         <.001

Urban 22.3(19.7 - 24.9) 37.1(34.7 - 39.5) 39.3(37.2 - 41.4) 31.8(30.1 - 33.6)  

Rural 77.7(75.1 - 80.3) 62.9(60.5 - 65.3) 60.7(58.6 - 62.8) 68.2(66.4 - 69.9)  

Total 100 100 100 100  

Level of education         <.001

No education 10.6(9.5 - 11.7) 7.3(6.0 - 8.6) 6.4(5.1 - 7.7) 8.5(7.5 - 9.4)  

Primary 55.7(54.0 - 57.5) 59.4(57.3 - 61.5) 47.4(45.9 - 48.9) 58.1(56.6 - 59.6)  

Secondary+ 33.7(31.8 - 35.5) 33.3(31.2 - 35.4) 46.2(44.6 - 47.9) 33.4(32.0 - 34.9)  

Total 100 100 100 100  

Marital status         <.001

Never married 29.2(28.1 - 30.3) 33.6(32.2 - 34.9) 34.7(33.7 - 35.6) 32(31.0 - 32.9)  

Separated/Divorced/Widowed 10.6(10.0 - 11.2) 4.2(3.8 - 4.6) 6(5.6 - 6.4) 6.5(6.1 - 6.9)  

Married/Living together 60.3(59.0 - 61.5) 62.3(60.9 - 63.7) 59.4(58.3 - 60.4) 61.5(60.6 - 62.5)  

Total 100 100 100 100  

Wealth index         <.001

Poorest 14.7(13.0 - 16.5) 19.2(16.6 - 21.8) 19.3(17.5 - 21.1) 17.6(15.8 - 19.4)  

Poorer 18.2(16.6 - 19.8) 20.8(18.9 - 22.7) 21(19.7 - 22.3) 19.9(18.5 - 21.2)  

Middle 20.3(18.8 - 21.8) 19.8(17.9 - 21.7) 20.3(19.1 - 21.5) 20(18.7 - 21.3)  

Richer 21.7(19.9 - 23.4) 19.3(17.2 - 21.4) 19.7(18.0 - 21.3) 20.1(18.6 - 21.6)  

Richest 25.1(22.4 - 27.8) 20.8(18.1 - 23.6) 19.7(17.5 - 22.0) 22.3(20.4 - 24.3)  

Total 100 100 100 100  

Abbreviations: CI- Con�dence Interval; KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-based HIV Impact Assessment. 
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Table 5 Trends and regression results for age at �rst sex by selected covariates in KAIS 2007, KAIS 2012 and KENPHIA 2018
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  Summary Analysis Survey weighted Regression

Variable N Mean (95% CI) Median
(Range)

Unadjusted b (95%
CI)

p-
value

Adjusted b (95%
CI)

p-
value

Year of survey              

2007 16,285 17.2(17.1-
17.3)

16.4(47) Reference   Reference  

2012 12,728 17.7(17.6-
17.8)

16.8(60) 0.7(0.5-0.9) <0.001 0.7(0.5-0.9) <0.001

2018 29,250 17.7(17.6-
17.8)

17(63) 0.6(0.5-0.8) <0.001 0.6(0.5-0.8) <0.001

Sex              

Female 33,030 17.5(17.3-
17.6)

16.6(60) Reference   Reference  

Male 25,233 17.6(17.5-
17.7)

16.7(63) -0.2(-0.4-0) 0.0237 0.1(-0.1-0.2) 0.4606

Age of the respondent              

25-29 8,203 17.9(17.7-18) 17.1(45) Reference   Reference  

30-34 7,468 18.2(18-18.4) 17.2(33) 0.7(0.4-0.9) <0.001 0.4(0.1-0.6) 0.0025

35-39 5,948 18(17.8-18.1) 17(44) 0.6(0.4-0.9) <0.001 0.1(-0.1-0.4) 0.3097

40-44 5,004 18.1(17.8-
18.3)

17(49) 0.7(0.4-1) <0.001 0.2(-0.1-0.5) 0.1792

45-49 4,024 17.9(17.7-
18.2)

17(60) 0.7(0.4-1) <0.001 0(-0.3-0.3) 0.7978

50-54 3,334 18(17.7-18.3) 17.1(53) 0.8(0.5-1.2) <0.001 0.1(-0.2-0.5) 0.392

55-59 2,716 17.9(17.5-
18.2)

17(57) 0.9(0.5-1.3) <0.001 0(-0.3-0.4) 0.9024

60-64 2,139 18.4(18-18.8) 17.4(63) 1.4(1-1.9) <0.001 0.5(0.1-1) 0.0206

Place of residence              

Urban 19,922 18(17.8-18.2) 17.1(63) Reference   Reference  

Rural 38,341 17.3(17.2-
17.4)

16.4(60) 0.1(-0.2-0.4) 0.4359 -0.8(-1--0.5) <0.001

Level of education              

No education 7,510 16.6(16.4-
16.8)

15.5(63) Reference   Reference  

Primary 28,816 17.5(17.4-
17.6)

16.7(60) 0.7(0.4-1) <0.001 0.9(0.6-1.1) <0.001

Secondary+ 21,907 18.2(18-18.3) 17.3(57) 0.9(0.6-1.2) <0.001 1.3(1-1.6) <0.001

Marital status              

Never married 18,491 17.3(17.2-
17.4)

16.3(63) Reference   Reference  

Married/Living together 3,992 17.2(17-17.4) 16.3(60) -1.7(-2--1.3) <0.001 -1.7(-2.1--1.4) <0.001

Separated/Divorced/Widowed 33,603 17.7(17.6-
17.8)

16.9(59) -2.2(-2.6--1.8) <0.001 -2.3(-2.7--1.9) <0.001

Wealth index              

Poorest 12,631 16.9(16.7-
17.1)

16(59) Reference   Reference  

Middle 12,004 17.1(16.9-
17.2)

16.2(57) 0.5(0.3-0.8) <0.001 0.7(0.4-1) <0.001

Poorer 11,760 17.4(17.3-
17.5)

16.6(63) 0.3(0-0.5) 0.0408 0.4(0.1-0.7) 0.0073
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Richer 11,143 17.7(17.6-
17.8)

16.9(51) 0.8(0.5-1.1) <0.001 0.9(0.6-1.2) <0.001

Richest 10,720 18.4(18.2-
18.6)

17.4(57) 1.6(1.2-1.9) <0.001 1.7(1.3-2.1) <0.001

Abbreviations: CI- Con�dence Interval; KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-based HIV Impact Assessment. 

 

Table 6 Person-time analysis and survey-weighted Cox-regression of age at sexual debut by selected covariates in KAIS 2007, KAIS 2012 and
KENPHIA 2018
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Variable Person-time analysis Survey-weighted Cox-regression

  Event Person-time Rate (95% CI) HR (95% CI) p-value AHR (95% CI) p-value

Year              

2007            2,260          282,820  7.99(7.67-8.33) 1.00 (Reference)   1.00 (Reference)

2012            1,509          225,945  6.68(6.35-7.02) 0.91(0.83-0.99) 0.0263 0.93(0.85-1.02) 0.1047

2018            3,416          515,749  6.62(6.4-6.85) 0.78(0.73-0.84) <0.001 0.76(0.71-0.82) <0.001

Sex              

Male            3,800          440,780  8.62(8.35-8.9) 1.00 (Reference)   1.00 (Reference)

Female            3,385          583,734  5.8(5.61-6) 1.16(1.07-1.25) <0.001 1.01(0.93-1.09) 0.931

Age              

15-19            1,289          163,167  7.9(7.48-8.34) 1.00 (Reference)   1.00 (Reference)  

20-24            1,229          158,841  7.74(7.32-8.18) 1.09(0.96-1.24) 0.1683 1.26(1.12-1.43) <0.001

25-29            1,054          146,573  7.19(6.77-7.64) 1.17(1.02-1.35) 0.0243 1.46(1.29-1.66) <0.001

30-34               926          135,175  6.85(6.42-7.31) 1.08(0.92-1.26) 0.3324 1.45(1.26-1.67) <0.001

35-39               697          108,151  6.44(5.98-6.94) 1.07(0.91-1.25) 0.3992 1.5(1.31-1.72) <0.001

40-44               562            91,010  6.18(5.69-6.71) 1.09(0.93-1.28) 0.2736 1.59(1.38-1.82) <0.001

45-49               449            72,927  6.16(5.61-6.75) 1.14(0.97-1.34) 0.1089 1.72(1.49-1.98) <0.001

50-54               410            60,614  6.76(6.14-7.45) 1.21(1.02-1.43) 0.028 1.9(1.64-2.21) <0.001

55-59               322            48,758  6.6(5.92-7.37) 1.14(0.94-1.37) 0.1823 1.93(1.63-2.27) <0.001

60-64               247            39,298  6.29(5.55-7.12) 1.11(0.9-1.37) 0.3471 1.89(1.54-2.31) <0.001

Residence              

Urban            2,208          358,069  6.17(5.91-6.43) 1.00 (Reference)   1.00 (Reference)  

Rural            4,977          666,445  7.47(7.26-7.68) 1.13(1.02-1.26) 0.0183 1.23(1.11-1.37) <0.001

Education              

No formal            1,164          128,898  9.03(8.53-9.56) 1.00 (Reference)   1.00 (Reference)  

Primary            3,793          499,413  7.59(7.36-7.84) 0.56(0.5-0.62) <0.001 0.56(0.5-0.63) <0.001

Secondary+            2,226          395,692  5.63(5.4-5.86) 0.54(0.48-0.61) <0.001 0.57(0.5-0.65) <0.001

Marital status              

Never married            2,112          317,944  6.64(6.37-6.93) 1.00 (Reference)   1.00 (Reference)  

Separated/Divorced/Widowed               538            69,295  7.76(7.13-8.45) 1.66(1.49-1.85) <0.001 1.71(1.56-1.87) <0.001

Married/Living together            4,234          598,685  7.07(6.86-7.29) 1.97(1.72-2.27) <0.001 2.18(1.93-2.46) <0.001

Wealth index              

Poorest            1,877          215,567  8.71(8.32-9.11) 1.00 (Reference)   1.00 (Reference)  

Poorer            1,694          205,840  8.23(7.85-8.63) 0.8(0.72-0.9) <0.001 0.75(0.66-0.85) <0.001

Middle            1,398          206,487  6.77(6.42-7.13) 0.87(0.78-0.96) 0.0047 0.82(0.73-0.92) <0.001

Richer            1,249          198,424  6.29(5.96-6.65) 0.7(0.62-0.8) <0.001 0.65(0.57-0.75) <0.001

Richest               966          198,117  4.88(4.58-5.19) 0.64(0.55-0.75) <0.001 0.57(0.5-0.65) <0.001

Abbreviations: HR-Hazard rate; AHR-Adjusted Hazard rate; CI- Con�dence Interval; KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-
based HIV Impact Assessment. 
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Table 7 Logistic regression results for HIV in the last 12 months by selected covariates in KAIS 2007, KAIS 2012 and KENPHIA 2018
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Characteristic Unweighted
n/N

Prevalence
(95% CI)

p-
value

OR (95%
CI)

p-value Global
p-
value

AOR (95%
CI)

p-
value

Global
p-
value

Year of survey     <.001            

2007 1858/14392 12.6(11.6 -
13.6)

  1.00
(Reference)

    1.00
(Reference)

   

2012 5526/9841 56.1(54.6 -
57.6)

  8.87 (7.97-
9.86)

<0.001 <0.001 8.45(7.59-
9.42)

<0.001 <0.001

2018 12764/22792 55.6(54.6 -
56.6)

  8.69 (7.89-
9.57)

<0.001   8.62(7.81-
9.51)

<0.001  

Sex     <.001            

Female 12782/27489 40.3(39.0 -
41.7)

  1.00
(Reference)

    1.00
(Reference)

   

Male 7366/19536 37.2(35.6 -
38.8)

  0.88 (0.82-
0.94)

<0.001 <0.001 0.99(0.91-
1.09)

0.9006 0.9006

Age of the respondent     <.001            

15-19 2384/6205 33.2(30.8 -
35.6)

  1.00
(Reference)

    1.00
(Reference)

   

20-24 3858/7305 49.9(47.7 -
52.0)

  2.00 (1.76-
2.28)

<0.001 <0.001 1.4(1.21-
1.62)

<0.001 <0.001

25-29 3584/7044 47.3(45.0 -
49.6)

  1.81 (1.58-
2.06)

<0.001   1.05(0.91-
1.22)

<0.001  

30-34 3049/6574 41(38.7 -
43.3)

  1.40 (1.22-
1.61)

<0.001   0.85(0.7-
1.01)

0.3206  

35-39 2240/5278 38.2(35.8 -
40.6)

  1.25 (1.08-
1.43)

0.002   0.79(0.66-
0.95)

0.9096  

40-44 1703/4388 34.5(31.9 -
37.1)

  1.06 (0.91-
1.24)

0.458   0.7(0.57-
0.85)

0.0348  

45-49 1209/3574 27.1(24.4 -
29.7)

  0.75 (0.63-
0.88)

<0.001   0.6(0.48-
0.74)

<0.001  

50-54 931/2818 31.1(27.9 -
34.3)

  0.91 (0.77-
1.07)

0.256   0.64(0.51-
0.81)

0.0071  

55-59 677/2197 27(23.5 -
30.5)

  0.75 (0.61-
0.91)

0.004   0.68(0.51-
0.9)

0.1008  

60-64 513/1642 25(20.5 -
29.5)

  0.67 (0.52-
0.87)

0.002   0.59(0.43-
0.8)

0.0132  

Place of residence     <.001            

Urban 8309/16687 49.2(47.1 -
51.3)

  1.00
(Reference)

    1.00
(Reference)

   

Rural 11839/30338 33.7(32.2 -
35.2)

  0.53 (0.47-
0.59)

<0.0011 <0.001 0.89(0.77-
1.01)

0.078 0.078

Level of education     <0.001            

No education 1386/4096 27.4(24.0 -
30.8)

  1.00
(Reference)

    1.00
(Reference)

   

Primary 9961/24441 38(36.6 -
39.5)

  1.63 (1.36-
1.95)

<0.001 <0.001 1.04(0.88-
1.23)

0.4343 0.0288

Secondary+ 8801/18487 42.7(40.9 -
44.5)

  1.97 (1.64-
2.37)

<0.001   1.17(0.98-
1.4)

0.0204  

Marital status     <.001            

Never married 5441/12943 38(36.1 -
39.8)

  1.00
(Reference)

    1.00
(Reference)

   

Married/Living together 1185/3505 24.6(22.0 -
27.3)

  1.09 (1.00-
1.19)

0.05 <0.001 1.23(1.09-
1.39)

0.0396 0.005
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Separated/Divorced/Widowed 12470/28661 40(38.6 -
41.4)

  0.53 (0.46-
0.62)

<0.001   1.21(0.98-
1.49)

0.3686  

Wealth index     <.001            

Poorest 3876/8791 35.9(33.0 -
38.8)

  1.00
(Reference)

    1.00
(Reference)

   

Middle 4138/9825 37.4(34.9 -
39.9)

  1.07 (0.90-
1.26)

0.451 <0.001 1.05(0.9-
1.21)

0.0597 0.0307

Poorer 3996/9613 36.2(33.6 -
38.8)

  1.01 (0.87-
1.18)

0.866   1.15(0.99-
1.34)

0.8571  

Richer 4095/9457 39.5(37.1 -
41.9)

  1.16 (0.98-
1.37)

0.076   1.2(1.02-
1.4)

0.2948  

Richest 4042/9337 43.6(41.2 -
46.1)

  1.38 (1.17-
1.63)

<0.001   1.36(1.11-
1.67)

0.0059  

Abbreviations: OR-Odds ratio; AOR-Adjusted Odds ratio; CI- Con�dence Interval; KAIS- Kenya AIDS Indicator survey; KENPHIA- Kenya Population-
based HIV Impact Assessment.

Figures

Figure 1

Preparing a trend analysis across independent surveys
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Figure 2

Choosing a statistical method based on type of variable to be analyzed in KAIS 2007, KAIS 2012 and KENPHIA 2018. Abbreviations: GLM,
generalized linear model
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