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Abstract

Background: The Kilifi Health and Demographic Surveillance System
(KHDSS) was established in 2000 to define the incidence and
prevalence of local diseases and evaluate the impact of community-
based interventions. KHDSS morbidity data have been reported
comprehensively but mortality has not been described. This analysis
describes mortality in the KHDSS over 16 years.

Methods: We calculated mortality rates from 2003-2018 in four
intervals of equal duration and assessed differences in mortality
across these intervals by age and sex. We calculated the period
survival function and median survival using the Kaplan-Meier method
and mean life expectancies using abridged life tables. We estimated
trend and seasonality by decomposing a time series of monthly
mortality rates. We used choropleth maps and random-effects
Poisson regression to investigate geographical heterogeneity.
Results: Mortality declined by 36% overall between 2003-2018 and by
59% in children aged <5 years. Most of the decline occurred between
2003 and 2006. Among adults, the greatest decline (49%) was
observed in those aged 15-54 years. Life expectancy at birth increased
by 12 years. Females outlived males by 6 years. Seasonality was only
evident in the 1-4 year age group in the first four years. Geographical
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variation in mortality was £10% of the median value and did not
change over time.

Conclusions: Between 2003 and 2018, mortality among children and
young adults has improved substantially. The steep decline in
2003-2006 followed by a much slower reduction thereafter suggests
improvements in health and wellbeing have plateaued in the last 12
years. However, there is substantial inequality in mortality experience
by geographical location.
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Child mortality, adult mortality, all-cause mortality, demography,
demographic surveillance system, mortality trends, Kenya
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Introduction

A majority of low- and middle-income countries (LMICs), espe-
cially in sub-Saharan Africa (sSA), lack comprehensive civil
registration and vital statistics’ systems (CRVS) necessary
for monitoring mortality'”. Tracking the progress in child and
adult survival, therefore, relies on alternative data sources such
as demographic and health surveys (DHS), national population
censuses, and health and demographic surveillance systems
(HDSSs). HDSSs are designed to monitor a small sub-
population of a nation in a defined geographical area and are a
commonly used resource for health and demographic research
in LMICs.

The Kilifi Health and Demographic Surveillance System
(KHDSS) was established in 2000 by the KEMRI-Wellcome
Trust Research Programme (KWTRP) to monitor mortality and
morbidity caused by common diseases and to provide a sampling
frame for epidemiological studies’. The surveillance area was
selected to capture at least 80% of patients admitted to the
Kilifi County Hospital (KCH) and over the subsequent two
decades, the platform has been used to describe morbidity
in children and adults. This includes incidence of malaria®,
pneumonia’, lower respiratory tract infections®, rotavirus’,
malnutrition®’, sickle cell disease'’, epilepsy'' as well as the bur-
den of mental health problems'”, pregnancy-related disorders
and chronic diseases that contribute substantially to overall
mortality'*'*. The KHDSS has also been used to evaluate
the impact of new community-based interventions, such as
vaccines and bed net use™'>"".

Morbidity data have been reported comprehensively in Kilifi
but mortality in this population has not been systematically
described. In this paper, we describe mortality in children and
adults over a 16-year period and analyse deaths by age, sex,
season, geographical location, and temporal trend.

Methods

Data source and setting

The KHDSS surveillance area, which is located in Kilifi
County, within the former Coast Province, is divided into 15
government administrative regions called locations, compris-
ing a total of 891 km? (Figure S1, Extended data’). An initial
census and mapping of the surveillance area was conducted
in 2000 and was found to contain 189,148 residents in 20,978
households. Subsequently, the population has been continu-
ously monitored for births, pregnancies, deaths, and migration
events in re-enumeration rounds occurring approximately every
4 months, and the mapping was updated in 2017. At the end
of 2018, there were 299,471 residents living in 41,536 house-
holds. From 2008, deaths registered in the KHDSS have also
been investigated for the cause of death by verbal autopsy
which has been reported separately’’. KCH is located at the
geographical centre of the KHDSS area and, during the study
period, it was the only government facility offering inpatient
care for the KHDSS population. A small number of private
hospitals and lower-level facilities have a few inpatient beds.

The concept of the KHDSS is based on the INDEPTH
(International Network for the Demographic Evaluation of
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Populations and Their Health) data model. Demographic
and health data are collected at four points of contact: at re-
enumeration when community interviewers make household
visits to update the population register; at the inpatient wards of
KCH where medical staff record patient history, clinical exami-
nation and outcome (death or discharge); at the maternity ward
of KCH where staff record births and perinatal deaths; and in 34
vaccination clinics distributed across the surveillance area which
collected data on childhood vaccination between 2008 and
2018. The eligibility for inclusion, the variables routinely meas-
ured, the structure of the KHDSS databases and the population
structure have all been described previously’.

Initially, data collection during household visits was paper-
based but switched to electronic data collection using tablets in
2016. The tablets are loaded daily with the most recent copy
of the residents’ database and, after data collection, they are
returned to the research unit where a two-way synchronization
with the master database is performed. All other data collec-
tion points are linked in real time to the master database that
has been specified using MySQL.

At re-enumeration rounds, information on all household
members is sought from a single informant, usually a member of
the household. If all household members are unavailable during
the visit, information is obtained from neighbouring households.
All field staff are debriefed on the quality of data collected
after each enumeration cycle and re-trained where needed. The
data collection applications are programmed with skip patterns
and consistency checks to ensure mandatory information is
collected. Additionally, within the database, there are built-in
checks for missing or duplicated data.

To explore the accuracy of age data at the first census and
among all new in-migrants, we calculated Whipple’s Index*.
Whipple’s index measures the tendency for individuals to
inaccurately report their age in rounded numbers, usually ending
in 0 and 5, resulting in age heaping.

Statistical analysis

The analysis period, from 1 Jan 2003 to 31 Dec 2018, was strati-
fied into four non-overlapping periods each lasting 4 years.
We excluded 2000-2002 because of changes in the re-
enumeration protocols designed to increase the ascertainment
of deaths in neonates during these years. We used survival anal-
ysis and routine demographic life table methods to calculate
mortality rates and life expectancy and examined seasonality,
short- and long-term trends over the 16 years.

Age-sex mortality profile. The mortality rate was calculated as
the number of deaths divided by person-years of observation
(PYO). Entry to risk begins at the latest of birth, in-migration
or study start date. Exit from risk is at the earliest of study
end date, out-migration or death. If an out-migration is followed
by an in-migration, the period between the out-migration
and in-migration is excluded from the risk period to avoid
survivor bias. The total PYO was computed for different age
groups, sex, and locations.
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For children aged less than five years, we have also calcu-
lated conventional mortality ratios where the number of deaths
within a specific age group in a given time period is divided by
the number of live births occurring during the same time period.
Mortality ratios are commonly used in settings where risk
time cannot be quantified. They can be confounded by vary-
ing birth rates as the deaths in the numerator are not always
drawn from the denominator population.

Survival and life expectancy. We used two methods to esti-
mate life expectancy: the period life table method which calcu-
lates the mean life expectancy at birth and the Kaplan—Meier
(KM) survival method which calculates the median age at
death. The main difference between the methods is in the
age intervals used; the life table method computes survival
probabilities within pre-define age intervals, e.g. 5-year inter-
vals, whereas the KM method computes survival probabilities
whenever there is a death in the cohort making the KM intervals
smaller and of variable length®.

For purposes of comparison with other analyses, we also
generated abridged life tables using data structured according to
analytic methods developed by the Multi-centre Analysis of the
Dynamics of Internal Migration and Health (MADIMAH) which
was a working group within INDEPTH. In the MADIMAH
method**>, the definition of risk time considers the time
between out-migration and a subsequent in-migration. If the dif-
ference is less than 180 days, this time is included in the risk
period which increases the person-years of observation resulting
in lower estimates of mortality rates.

Seasonality and trend. We first assessed seasonality and long-
term temporal trends for each age group by graphically review-
ing a time series of monthly mortality rates. We then estimated
trend and seasonality based on an STL (Seasonal and Trend
using LOESS) decomposition and identified months with
the highest and lowest mortality rates from the seasonal
component.

Geographical heterogeneity in survival and mortality over
time. We produced choropleth maps for overall and age-specific
mortality rates in the four 4-year periods to investigate the geo-
graphical variation of mortality in the administrative locations
over time. For overall mortality, we accounted for temporal
differences in the population age—sex structure by direct stand-
ardization against the 2011 KHDSS age-sex structure. All the
maps were created at the administrative location level.

We used the quantile method to create five mortality rate classes
for map reading. This method places equal numbers of data units
(death rates) in each class resulting in classes centred on the
median death rate. For each age group, the quintiles are derived
from the entire mortality rate range between 2003 and 2018
and the resulting classification is applied across each of the
4-year-period maps for that age group. The quantile method,
though simple, has been shown to be the optimal classification
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method for displaying geographically varying data in series in a
map reading experiment™.

To assess geographical variation in mortality, for each period,
we fitted a multi-level Poisson regression model adjusting for
sex and age in which location was included as a random effect
and used the variance of the random effect to quantify hetero-
geneity. We tested for between-location variation within each
period using the likelihood ratio test and tested for temporal
variation in mortality rates between the 2003-2006 period and
each of the subsequent periods using a z-test. We also calcu-
lated the median age at death for each of the 15 administra-
tive locations in the 4-year periods and assessed variation in life
expectancy by location and time.

All analyses were conducted using STATA/IC version 15.1
(StataCorp College Station, Texas, USA, RRID:SCR_012763)
and R version 4.1.0 (RRID:SCR_001905)"".

Results

Age-sex profile

The cohort consisted of 699,841 individuals of whom 125,587
(18%) were followed from birth. In total, we observed 22,207
deaths in 3,897,529 person-years. More than 95% of the
information on residence and vital status was collected from
respondents living in the same household. Females contributed
53% of the total PYO and 48% of deaths (Table 1). There was no
indication of age heaping or misspecification of sex (Table S1,
Extended data®).

Mortality was highest in the first time period (2003-2006) com-
pared with the other time periods for all ages except adults
aged >54 years (Figure S2a, Extended data). The mortal-
ity rate in children aged <5 years declined by 44% between the
periods 2003-2006 and 2007-2010, from 13.1 to 7.4 deaths per
1000 PYO, and continued to decline more slowly, reaching 5.4 in
2015-2018; we observed a similar pattern in all the finer
age-strata of children aged <5 years (Table 2). Mortality ratios,
per 1000 live births, for children aged <5 years, are presented
in Table S2 (Extended data’). Over the whole 16-year period
mortality rates were lowest in children aged 5-14 years
(Figure S2b, Extended data”). In this age group, mortality
declined from 1.4/1000 PYO in 2003-2006 to 0.8/1000 PYO
in 2007-2010 (Table 2) and varied little thereafter. In adults,
the steepest period-to-period decline (35%) was seen in the
age group 15-54 years between the periods 2003-2006 and
2007-2010. Mortality changed very little over time for those
aged >75 years. Overall, mortality was higher in males than
females at all ages with differences being greater in adulthood
than in childhood.

Survival

Median survival increased from 65 in 2003 to 77 in 2018.
Females had higher survival throughout the study period and
died, on average, 6 years later than males (Figure 1). The
survival functions for males and females are similar until
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Table 1. Distribution of births, deaths, and person-years by sub-period.

2003-06 2007-10
N % N %
Live births 30572 31912
PYOs
Males 397150 47.0 441785 46.8
Females 448295 53.0 501306 53.2
0-4y 158147 18.7 171108 18.1
5-14y 263370 312 296311 314
15-54y 365673 43.3 407115 432
55-74y 49807 5.9 57529 6.1
>75y 8449 1.0 11029 1.2
Deaths
Males 3232 502 2675 51.0
Females 3204 49.8 2574 49.0
U5 deaths
0-28d 765 36.8 488 387
29-365d 548 264 366 29.0
1-4y 763 368 407 323
5-14 years deaths
5-14y 370 248
>15 years deaths
15-54y 2089 524 1517 40.6
55-74y 1254 314 1342 359
>75y 647 16.2 881 236

2011-14 2015-18 Total
N % N % N %
32994 30109 125587
485654 471 508679 47.2 1833268 47.0
546412 529 568248 528 2064261 53.0
177401 172 168683 157 675339 173
323398 31.3 335392 31.1 1218471 313
452325 43.8 479750 445 1704863 43.7
66533 6.4 77251 7.2 251120 6.4
12408 1.2 15851 1.5 47737 1.2
2783 52.7 2763 52.7 11453 51.6
2500 473 2476 473 10754 48.4
437 38.6 393 43.1 2083 38.7
323 285 245 26.9 1482 275
372 329 273 30.0 1815 33.7
281 275 1174
1462 37.8 1403 34.6 6471 413
1496 38.7 1450 35.8 5542 354
912 236 1200 29.6 3640 233

approximately 40 years of age after which females experience
better survival (Figure 2 A-D). The improvement in survival
over time was also greater in females than males (Figure 2 E-F).

Mean life expectancy, estimated using the abridged life table
method, is 4-8 years lower than Kaplan—-Meier median sur-
vival estimates (Table S3, Extended data’’). Tables S4a to S4h
(Extended data™) show the sex-specific abridged life tables for
each of the 4-year periods. The life expectancy estimates cal-
culated using the MADIMAH technique differ little from those
estimated using the standard technique (Tables S5a to S5h,
Extended data®).

Seasonality and trend
Figure 3a shows the age-specific mortality rates by calendar
month for each of the analysis periods. A seasonal pattern appears

only in children aged 1-4 years in the first period. Table S6
(Extended data’) shows the estimated high and low mortal-
ity months. The months with the highest mortality for neonates,
children aged 29-365 days and those aged 1-4 years were
February, June, and July respectively. For adults aged 15-74
and >75 years, high mortality months were June and August,
respectively.

Figure 3b shows the trend in monthly mortality in three broad
age groups. For children aged under five years, there was a steep
decline in mortality from 2003 to 2008 followed by a gentle
decline in the subsequent years. Within the same period, there
was a similar pattern of decline in mortality rates in the older
age groups. Figures S3a to S3g (Extended data’) show the
16-year mortality trends in finer age strata for both children
and adults.
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Table 2. Mortality rates per 1000 PYO by age stratum Age 2003-06 2007-10 2011-14 2015-18
and time period.
0-4 years
Age 2003-06 2007-10 2011-14 2015-18 Total 13.1 7.4 6.4 54
0-28 days Female 12.4 6.7 6.0 47
Male 13.9 8.1 6.7 6.0
Total 330.6 200.8 174.7 172.6
5-14 years
Female 283.0 172.7 1733 141.6
Total 1.4 0.8 0.9 0.8
Male 377.2 228.5 176.1 202.8 Fernale . 07 08 07
29-365 days Male 16 0.9 10 10
Total 18.7 11.9 101 8.2 15-54 years
Female 19.1 1.5 9.0 8.3 Total 5.7 3.7 3.2 29
Male 18.4 12.2 11.2 8.0 Female 5.6 36 3.0 2.7
<1year Male 5.8 39 36 32
Total M6 25.7 221 19.8 55-74 years
Female 384 233 209 17.8 fotal 252 233 225 188
Female 21.1 193 17.5 13.6
Male 448 28.0 233 21.8
Male 30.8 28.9 29.8 26.8
1-4 years
>75 years
19z 50 20 240 20 Total 76.6 79.9 73,5 75.7
Female 59 2.7 2.5 1.7 Female 69.5 70.4 58.0 63.0
Male 6.2 3.2 2.7 23 Male 84.3 91.4 94.5 96.2
100
0 i
£ 90
[0
>
o 807 . - Ay g—
= —a —a— g A
IS, e A A — A A A b — AT
2z 707 A A — A
c AT
@ il
2 60+
8
he)
2 50+
40
R N I R N R R
Q Q Q Q Q Q Q N N N N N N N N
ST S S S S S
Year
—®— Female — —A— - Male

Figure 1. Median age at death based on the Kaplan-Meier method. Plot color represents sex with green and red indicating life
expectancy in females and males respectively.
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Figure 2. Kaplan-Meier survival curves for the KHDSS population by time period and sex. Plots A-F show the sex-specific survival

curves and plots E and F show the period-specific survival curves.
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Figure 3a. Seasonal mortality rates (by calendar month) by age groups and time period.
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Geographical heterogeneity in survival and mortality
The largest span in median survival between locations was
7 years (highest in Gede, lowest in Junju and Tezo) in the period
2003-06 (Table S7, Extended data’). The span between high-
est and lowest location was reduced by 1 year in each of the
subsequent 4-year study periods. Gains in life expectancy var-
ied by location with one location (Sokoke) gaining 10 years
after the first period and another location (Matsangoni) remain-
ing unchanged. Changes in life expectancy between the periods
2003-2006 and 2007-2010 were greater in magnitude in
comparison to any other two periods.

Figure 4 shows the geographical distribution of the age-stand-
ardized mortality rates for each population in the 15 locations
over time. Overall mortality declined in all the locations but for
those aged 55 years the decline was slow in some locations.
(Figure S4a and S4b, Extended data”). Table 3 summarizes the
geographical variation in mortality. After accounting for age and
sex, variation was greatest in the period 2003-2006 with 95%
of the location-specific rates lying within 16% of the median
rate in this period. In the periods 2007-2010 and 2011-2014,
we observed a decrease in variation with 95% of the loca-
tion-specific rates lying within 9% of the median rate in both
periods followed by an increase in 2015-2018 at 14%. Between-
location variation was significant in the 2003-2006 and
2015-2018 periods. There were no significant differences in geo-
graphical variation in mortality between 2003-2006 and any
of the subsequent periods. The output from the random effects
Poisson regression model is summarized in Table S8 (Extended
data™).

Discussion

In the Kilifi Health and Demographic Surveillance System, over-
all mortality rates declined steeply in the first four years of the
study period in all age—sex groups, except in older adults, and

2003-06

2007-10

W 72-92

@ ® W 59-7.1
B 53-58

49-52
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then declined much more slowly in the subsequent 12 years.
Neonatal and under-5 years mortality rates declined by 48%
and 59%, respectively, between the first period and the last. The
mortality reduction observed between the first and subsequent
4-year time periods was greatest among those aged 1-4 years.
Median survival was greater in women, by 6 years compared
with men, and increased in both sexes by approximately 12 years
during the study period. Seasonal effects on mortality were
only evident in children aged 1-4 years and only in the first 4-
year period. Finally, location-specific mortality varied from the
median value by +10%, which represents an important inequal-
ity. There was no evidence that this variation has improved
over time.

In LMICs, adult mortality has been characterized by higher
rates in females between 15-34 years because of deaths related
to childbirth and possibly an earlier age of infection by HIV*
(The Gap Report 2014). We observed this phenomenon in the
first 4 years of the study period, but it was later reversed with
men being at a greater risk of dying (Figure S5, Extended
data®). This pattern is consistent with mortality sex ratios before
and after the rapid initiation of HIV care and antiretroviral ther-
apy in LMICs between 2003 and 2018 with evidence show-
ing that women have benefitted more from the expansion of
HIV treatment programs than men®*. In Kilifi, the prevalence
of HIV infection among women attending antenatal at KCH
ranged between 3.8-4.4% between 2005-2009 and 2.0-3.7%
between 20102016 with a clear decline from 2010°. The phe-
nomenon of women living longer than men is a common obser-
vation across populations’ (Harvard Health Blog, BBC,
The Conversation) and may be related, in part, to the cardiopro-
tective effect of oestrogen. Following menopause, oestrogen lev-
els decline, and women become susceptible to cardiovascular
disease*. In Kilifi between 2007 and 2012, the incidence of
admission to hospital with circulatory system diseases among

2011-14 2015-18

Rate per 1000 PYO

35-48

' @ Kilifi County Hospital

4

Figure 4. Age-standardized mortality rates by location and time period. Mortality rates were standardized to the KHDSS population
structure in 2011. Darker shades indicate higher mortality. (Source: Own elaboration using shapefiles and data from KEMRI-Wellcome Trust

Research Programme).
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Table 3. Variation of location-specific log, mortality rates (per 1000 PYO) adjusted by age and

sex.

Period SDoflog 95% normal P-value Differences P-value
rates’ approximation® (LR test of between- between SDs® (z-test for
location variation)* equality of SD)®

2003-06  0.0778 1.16 <0.001
2007-10  0.0444 1.09 0.072 0.033 0.267
2011-14  0.0433 1.09 0.067 0.034 0.246
2015-18  0.0670 1.14 0.002 0.011 0.715
2003-18 0.0498 1.10 <0.001

Brief description of the analysis: SD of log rates are derived from a random effect Poisson regression model with
administrative location included as the random effect. Geographical variation is quantified via SD of log rates, which is

the square root of the variance of the random effect.

* Standard deviation - geographical (based on 15 administrative locations) variation in mortality rates. Calculated as the

square root of the variance of the random effect.

" Approximation of the interval, about the overall median rate, that contains 95% of location-specific rates. Based
on the normal distribution assumption that 95% of observations fall within 1.96 standard deviations of the median.
Calculated as exp(SD of log rates *1.96). An example of the interpretation; in the period 2003-06, 95% of location-

specific rates were within 16% of the median rate

¢ Likelihood ratio test comparing the fitted random effects model with that of a conventional Poisson model that does
not include the random effect. Null hypothesis: no between-location variation in mortality rates

J Difference in SD between 2003-06 and subsequent periods

¢ P-value from test of equality of SDs between 2003-06 and subsequent periods

adults >35 years old was higher in men than women" and the
mortality fraction due to cardiovascular disease among those
aged >65 years was marginally higher in men compared to
women®'.

Sub-national variation in child mortality, which is driven in
part by inequitable distribution of health services and interven-
tions, is a common observation across SSA*. In Kilifi, the
magnitude of the overall variation can be understood as mean-
ing that one location (5% of all locations) experienced a mor-
tality rate that lies beyond £10% of the average mortality rate.
The magnitude of variation did not change significantly over
time, which suggests sustained inequitable distribution in pub-
lic health services and access to healthcare if we consider
geographical variation in mortality as the measure of equity.

The decline in child mortality in Kilifi is consistent with inde-
pendent observations over an extended period (Table SO,
Extended data®). DHS data from Coast Province, which included
Kilifi County, showed a reduction in child deaths (<5 years),
per 1000 live births, from 116 to 57 between1993 and 2013.
Where the two studies overlap in time (2004-2013), the DHS
mortality ratios are higher than the KHDSS estimates; for exam-
ple, the infant mortality ratios (IMR) are 31 in KHDSS and 44 in
the Coastal DHS whilst the under-5 years mortality ratios
(USMR) are 46 and 57, respectively. The IMR estimated from
the national census in 2009 was 42 per 1000 live births in Kilifi

County for the 12 months preceding the census; the equivalent
figure from KHDSS in 2008 was 25. For the USMR the national
census and KHDSS estimates were 57 and 38, respectively,
per 1000 live births. Both the DHS and census rely on cross-
sectional surveys and recall methods for death ascertain-
ment whereas the KHDSS measures mortality directly from a
cohort. Paradoxically, the methods that are dependent on poten-
tially unreliable recall provide higher estimates of the number
of deaths. The differences between the two methods are more
likely to be driven by different definitions of their target popula-
tions. DHS and census methods capture all residents observed
at one point in time within the geographical locale; some of these
may not meet the residence requirement of the HDSS cohort.
These requirements include that they are, or intend to be, resi-
dent in this household for at least 3 months. Furthermore, the
DHS covers the whole of Coast Province, which has four coun-
ties in addition to Kilifi and, even within Kilifi, the KHDSS is a
sub-population (approximately 40%) of the county. The over-
all numbers of child mortality from the HDSS, DHS and census
datasets may be different but the trends are consistent with each
other and are also consistent with an analysis of multiple dispa-
rate datasets that shows a decline in child mortality beginning
as far back as 1965%.

This descriptive analysis lays out the baseline trends in mor-
tality in Kilifi over time. Several additional data sources may
help to explore the underlying causes of these trends and
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geographic patterns. Within KHDSS there are data on the chang-
ing morbidity experience of residents from hospital records over
the same period; for example, the incidence of admission to
hospital with malaria declined sharply between 2003-2006".
Similar declines in LMICs have largely been attributed to
reductions in malaria transmission following a high coverage
of control measures’. The declining trend in malaria admis-
sions in Kilifi is similar to the all-cause child mortality trend we
have observed. Previous studies have reported a substantial indi-
rect contribution of malaria to all-cause child mortality*~*. A
study in this population found that malaria infection strongly
predisposes individuals to bacteraemia, a major cause of child-
hood death, and could account for at least 50% of all bacteraemia
cases in children®. The geographical heterogeneity in mortality
(Figure 4) appears similar to the geographical heterogeneity
in malaria®®, as has been observed with national heterogene-
ity in malaria and mortality*’. In Kilifi, we observed a signifi-
cant reduction in childhood morbidity after the introduction of
Haemophilus influenzae type b conjugate vaccine in 2001%,
10-valent pneumococcal conjugate vaccine in 2011%° and
rotavirus vaccine in 2014'° but their effects on mortality have
not yet been established. Finally, verbal autopsy data are also
available to explore changes in causes of death over time”'. The
integration of these sources of data is beyond the scope of
the present analysis.

Between 2003 and 2018, Kenya has experienced average
GDP growth of 5.24% per annum and a population growth
of 2.63% per annum (World Bank National Accounts Data).
The area of KHDSS is typical of much of sub-Saharan Africa,
being largely rural with a central town of approximately 43,000
residents (14% of the KHDSS). The detailed surveillance
reported here over 16 years in KHDSS illustrates a clear improve-
ment in mortality rates at all ages below 75 years but the pace
of improvement has declined markedly over time and the geo-
graphical distribution of mortality rates is not homogeneous.
These findings highlight opportunities for intervention and
improvement across a wide range of health, social and economic
domains.
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Momodou Jasseh
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Mortality in rural coastal Kenya measured using the Kilifi Health and Demographic
Surveillance System: a 16-year descriptive analysis

The authors claim the paper to be the first attempt ever to systematically characterise general
mortality in the Kilifi HDSS since it was established in 2000. Being an area that has hosted a
significant number of important trials and health interventions of the KEMRI-Wellcome Trust
Research Programme, and with access to tertiary health care through the Kilifi County Hospital, a
systematic description of levels and trends in all-cause mortality in the area is necessary and
relevant; and the attempt is therefore justified.

Whilst the paper is generally well-written, it can be enhanced further both in terms of content and
presentation as indicated in the following queries.

GENERAL QUERIES
1. The frequent reference made to supplementary tables and figures in the paper makes
reading it a rather arduous task. If tables and figures are important enough to be presented
as part of the results, then they should appear in the paper accordingly. The authors should
therefore decide what information to include in the paper and how they should be lucidly
presented to enhance clarity and ease comprehension.

2. None of the mortality rates estimated and shown in the tables and graphs are presented
with Confidence Intervals (95% CI). It is recommended that these be provided for all
indicator estimates presented in tables, and as CI bars in levels/trends graphs. Not only will
they add value to the results of the study but will also enable the reader to make
inferences/deductions from the presented results beyond what the authors have reported,
especially - for example - with respect to confirming statistically significant differences
between indicators for different time periods.

3.1 observe the interchangeable use of the terms “rates” and “ratios”. Since mortality
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indicators are conventionally estimated as rates, I will suggest that the term “rates” be used
consistently in the paper.

4. Too many methods are used to characterise mortality for the first time in the Kilifi HDSS
area. The purpose of the paper is mortality estimation and validation of the KHDSS data,
and not comparison of methods using the same dataset. Therefore, it may be worthwhile to
adopt the conventional methods of mortality estimation to effectively describe the
characteristics of the region’s mortality experience for the stated period; as well as facilitate
easy comparison with estimates from other data sources, and for other regions in Kenya.
For instance, comparisons of life expectancy estimates from the Life Table method with
similar estimates from census or DHS sources provides more analytical value in assessing
the quality of the KHDSS data than comparing them with Kaplan-Meier-derived mean life
expectancies from the same dataset. The Life Table method also provides the opportunity
to cross-check and validate derived age-specific mortality rates.

SPECIFIC QUERIES

1. Page 4, left column, fifth para: Remove the word “survival” from the sub-title. It can be used

interchangeably with “mortality” and the choropleth maps refer to mortality rates over time.

2. Page 4, left column, fifth para: Provide a justification for applying the direct standardization
of the populations against the 2011 KHDSS age structure. If the idea is to use the mid-
period age structure for this purpose, then that of 15t January 2013 should be used instead.

3. Pages 5 & 6: Consider merging Tables 1 and 2 to provide comprehensive information on
births, deaths, PYO and corresponding mortality rates (with 95% CI) by age-group and
period. The childhood mortality estimates (i.e. neonatal, post-neonatal, infant [<1 yr]), child
[1-4 yrs] and under-5) can be expressed in both per 1,000 PYO and per 1,000 live births
where applicable. The authors are urged to reconsider the method used in estimating the
childhood mortality rates presented in Table S2. These rates should be equivalent to the
probabilities of dying within the respective age brackets, and can be estimated more
accurately using the Lexis Diagram method, for instance. The under-5 mortality rate should
not be the sum of the infant mortality (<1) and child mortality (1-4), but rather the
complement of the product of the probability of surviving the first year of life and the
probability of surviving to exact age 5 thereafter. The authors should therefore review their
method of analysis to provide accurate measures of childhood mortality indicators. In fact,
the mortality rate for children aged 1-4 years cannot be expressed in “per 1,000 live births”,
because it refers to a population defined by having already survived the first year of life.

4. Page 5, left column, last para: The statement that a seasonal pattern appears only in children
aged 1-4 years in the period 2003-2006 is speculative. Whether it is real or a data artefact
can be ascertained by adopting more robust statistical analysis. An inclusion of 95% CI bars
in Figure 3 would have enabled the reader to make an inference to confirm or dismiss such
a seasonal mortality pattern claim.

5. Page 10, right column, second para: The explanation linking oestrogen levels and female life
expectancy is beyond the scope of the paper and should be removed.

6. Whilst sufficient comparison is done between KHDSS childhood mortality indicators with
estimates from other sources and regions, not much similar comparison is attempted for
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adult mortality.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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General comments: Elegant, detailed and clear account of a large well conducted study. Many high
quality publications have emerged from the Kilifi DHSS which has become a model for many
others.

Specific comments
Title and Abstract are clear. The abstract would be improved by including the size of the dataset.
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Introduction: Clear, but could be improved by a little bit of geography to explain the terrain, who
the people are, a bit more colour!

Methods: Clear, and a good explanation of how to deal with in- and out-migration.

Results: 22207 deaths and 3.9m pyo is a very big study. It is good to see such a precise data set to
support other data based on less solid observations. I note the lack of seasonality, which is
different from that published from Gambia. Would you like to comment? Geographical variation is
found everywhere (e.g. in UK) and often relates to poverty. Could you look at poverty, clean water
or distance to health facilities in your analysis?

Discussion: Nice discussion of HIV, vaccination and gender. I'm curious about the north/south

divide that has emerged across the creek with the north showing more improvement. Can you
comment? Good comparison with other data sources and explanation of differences.

Figures: elegant and helpful.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
Yes
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