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for Achievidng SDG-3
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Globally, HIV/AIDS remains a significant health concern, with profound
impacts in developing nations, including Nigeria. This study aim to project
mortality among HIV patients in Adamawa State using the Lee-Carter model
to assess progress towards the third Sustainable Development Goal (SDG-3)
- terminating AIDS by 2030. Mortality data for 2011-2020 on HIV patients
aged 15-59 years receiving antiretroviral therapy (ART) was obtained from
Adamawa State AIDS control database. The Lee-Carter model, using the
Singular Value decomposition (SVD) for parameter estimation was fitted to
estimate age-specific parameters. The time series component was forecast
using ARIMA(0,1,0). Mortality data from 2011 to 2020 revealed a substantial
29.6% decrease in mortality, a testament to government and NGO
interventions. The study delineates varied age group responses to
improvements in mortality rates, pinpointing ages 55-59 as the most affected,
while ages 15-19 exhibit the lowest mortality rates. Furthermore, individuals
aged 20-24 show heightened responsiveness to general mortality
improvements compared to other age cohorts. This work substantiates that
Adamawa State has achieved substantial progress toward the SDG-3 target
of a 90% decline in HIV/AIDS patient mortality rate, setting a promising
trajectory towards an AIDS-free society by 2030. However targeted strategies
are still needed for older patients.
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The modeling of future mortality remains a
central challenge in actuarial science, and the

HIV/AIDS has remained a major public health
concern for decades, affecting both the economic
growth of sub-Saharan Africa and broader
sustainable development efforts [1, 2]. Nigeria
ranks among the top three countries globally with
People Living with HIV (PLHIV) [3]. Although
notable progress has been made in reducing HIV
prevalence [4], in line with the goal of SDG-3 to
ensure healthy lives and promote well-being for
all, achieving the target of ending the epidemics
of tuberculosis, AIDS, malaria and related
conditions by 2030 requires a 90 percent decline
in new infections and HIV/AIDS-related deaths
between 2010 and 2030 [5]. As the year 2025
approaches, it remains critical to ask whether
Nigeria, and particularly Adamawa State in the
northeast, is on track to meet these expectations
and how close current outcomes are to the SDG-
3 milestones.
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Lee Carter (LC) model has become a widely
accepted benchmark for mortality forecasting [6,
7]. The model’s parsimonious structure and its
strong performance in capturing general mortality
trends have strengthened its use in settings
where the availability of long-term data is limited
or where mortality is undergoing rapid change [8,
9]. Although the LC model has been examined in
various international contexts [10-16], its
relevance for Nigeria is particularly important
because the country continues to experience
dynamic shifts in mortality patterns due to
ongoing public health interventions, variations in
access to care and differences in disease burden
across regions. A forecasting approach that can
capture these changes is therefore valuable for
evaluating future health trajectories and planning
resource allocation.
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Despite the extensive use of the LC model to
study general mortality, cause-specific mortality
and mortality across demographic groups [17],
there is limited evidence of its application to
HIV/AIDS mortality in Nigeria. This represents a
significant gap because reliable projections of
HIV/AIDS mortality are essential for assessing
the effectiveness of antiretroviral therapy (ART),
monitoring the pace of progress toward SDG-3,
and identifying areas where additional public
health interventions may be required. The
absence of such studies limits the evidence base
needed for targeted planning, especially in
regions with varying levels of disease burden
such as Adamawa State.

To address this gap, the present study applies
the Lee Carter model to project HIV/AIDS
mortality in Adamawa State and evaluates how
the projected trends align with SDG-3 targets as
2030 approaches. By estimating future mortality
levels and assessing patterns that reflect the
effectiveness of ART coverage, the study
provides insight into the likely trajectory of
HIV/AIDS mortality in the state and contributes to
evidence-based decision-making for improved
health outcomes.

2. METHODOLOGY

The selection of the Lee-Carter model for this
analysis is supported by its established
robustness and extensive application in
demographic and actuarial literature for mortality
forecasting over the past decades, making it a
well-validated methodological choice [18]. For
parameter estimation, we employed a
straightforward and appropriate  two-stage
procedure. At the first stage, Singular Value
Decomposition (SVD) was applied to the matrix
of logged central mortality rates to obtain
estimates of the age-specific parameters ax and
the general time trend (kt). Subsequently, to
generate future mortality trajectories, the time-
series kt parameter was extrapolated using a
suitably identified ARIMA model.

2.1. ARIMA Model Specification

The ARIMA model specification was determined
through a comprehensive analysis of the k¢
series. While model selection was guided by the
Akaike Information Criterion (AIC), the primary
justification for the final ARIMA structure was
based on a diagnostic examination of the series'
autocorrelation (ACF) and partial autocorrelation
(PACF) functions, which informed the
appropriate  orders  of integration and
autoregressive/moving-average components to
ensure a stationary and wellfitting forecast
model.
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2.2,

This study utilizes ART-patient mortality data
from Adamawa State for the period 2011-2020.
This timeframe was selected as it corresponds
with the consistent and scaled-up provision of
Antiretroviral Therapy (ART) under Nigeria's
national treatment guidelines, providing a
coherent era for analysis. The data is considered
reliable for this purpose as it originates from the
state's health management information system
(HMIS), which aggregates reports from
designated treatment facilities. To ensure
analytical integrity, the data underwent standard
preprocessing to address potential issues such
as missing entries or inconsistencies prior to
model fitting.

Study Data Description

2.3.

To validate the model's adequacy, a suite of
diagnostic plots was generated. The goodness-
of-fit was assessed by comparing observed
mortality rates against those fitted by the model.
Furthermore, an analysis of the residuals was
conducted to check for randomness,
homoscedasticity, and the absence of systematic
patterns. Supplementary diagnostics, including
Q-Q plots of residuals and the autocorrelation
function of the residual series, were examined to
verify that the model sufficiently captured the
underlying data structure without significant bias
or unexplained temporal correlation.

Model Diagnostics and Validation

2.4.

The data set used in this paper comprised of
HIV/AIDS records of patients on ART for the
period of ten years (2011-2020), the sample of
interest is the number of deaths within each age
group 15 - 59 for each year, obtained from
Adamawa State Agency for the Control of AIDS
database. All statistical data analyses and
computations was carried out using R Statistical
Software (R  Foundation for  Statistical
Computing), Version 4.1.0.

Source of data for the study

2.5. Model Specification

The LC model is the model adopted for the
purpose of this study and is explained as follows:

The LC model is a simple model comprises of two
independent  linear variables x  which
represent (age) and t which represent (time)
or period, defined as

Inm,, =a, + Bk +é,, (1)

Where,
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My, = e represent the matrix of mortality rate

El’ r

on a specific age group at age, «x,
(x =x_x,)=x_1,.,x_n) over a period
(t) (t =t t; + 1, 4T — 1), traditionally it is defined
as the ratio of total death at age x in year t to the
number of persons at risk at age x in year t.

o,; captures the average (overtime) of the
logarithm the rate describing the general mean of
the age profile.

B,; captures the sensitivity rate to the changes in
general level of mortality at age x (it represents
the rate at which an individual at age x will
respond to changes attributed to general
mortality fluctuations).

k,; represent the time index of the general level
of mortality of the cohort under study.

£, ., denotes the residual or a set of random error

(white noise) from factors not captured by the
model.

£,e~N(0,62), E(e,.) =0, var(s,,) =02 (2)

The above parameters can be interpreted
using sets of constraint as follows
1
@, = ;Er Inm,, 3)
ky =Y. (Inmy,,— a,) (4)

The equation @, = %Zgzﬂln(mm ) represents

the mortality evolution over time.

ARIMA Model:

To forecast the mortality index, the ARIMA model
come in handy. After the estimation of the model
parameters of the LC model, the kappa
estimates are then fitted to the univariate model
of ARIMA (0, 1, 0). After trying various
techniques to forecast the time series component
of the model, it turns out that the random walk
with drift is the best model to forecast the kappa
parameters. The model is given by

ktzkt—l—i_g_'_et (5)
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Where;
@:is the drift parameter.

g.: is the error term with mean zero and a

variance g,~N(0,02). The drift
parameter 8 = 21—,
T-1

It is obvious that the drift parameter 8 depends
only on the first and last of k, estimates of the
model. To forecast like two periods ahead, one
need just to substitute for the definition of

k,_,which is denoted by m,,, e@*F* moved
back in time one period that is;

ky =ke, +0 +¢
= (ke 2 +0 +e 1)+ 0+
—Fke_y +20 4 (g0-1 +5p) (6)

Now to forecast kappa .Fa at any time period say
T+ (At) using the data available for a period say
T, we iterate the procedure for (At) times and
obtain as follows:

EH{M} = kr + (A0)6 +Ef{ﬂt} Erin-1  (7)

= kr + (408 + /(A0)e, (8)

t:-ZI 21 % T

3. RESULTS AND DISCUSSION

3.1. Mortality Patterns and Age-Specific
Trends

The estimation of the ax and Bx parameters of
the LC model shows that mortality patterns vary
significantly across different age groups. Since
ax is the first parameter in the LC model, it is
obtained as the mean of the age-specific death
rate across the years (time). And Figure 1 shows
a line graph of a, parameter of the Lee-Carter

model.
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Alpha

Figure 1: Graph of Estimated Alpha ax

The ax parameter, which represents the general
level of mortality, is lower for younger age groups
(15-19) and increases as individuals get older,
particularly for those aged 50-59. This suggests
that younger populations, particularly those in the
age group of 15-19, experience the lowest
mortality rates, potentially due to fewer
HIV/AIDS-related deaths at this stage of life. This
finding aligns with the general trend observed in
HIV/AIDS research, where younger populations
tend to have lower HIV-related mortality rates, as
highlighted in previous studies [19, 20].
Conversely, the older age groups (50-59) exhibit
higher mortality rates, indicating a more severe
impact of HIV/AIDS in older populations. This
observation is consistent with existing literature,
which  suggests that older HIV-positive
individuals often experience more complications
and higher mortality due to comorbidities and a
slower immune response to ftreatment [21].
These findings are critical, as they emphasize
the need for targeted healthcare interventions for
older populations to reduce mortality rates and
improve quality of life.

3.2 Responsiveness to Mortality

Fluctuations

The estimation of the Bx parameter represents
the rate at which individual at the age will
respond to the changes attributed to general
mortality fluctuations. It shows that individuals
aged 20-24 are most sensitive to changes in the
overall mortality rate (Figure 2). This finding
indicates that individuals in this age group are
more likely to experience improvements in
survival as general mortality rates decrease.
Previous research has shown similar trends,
where younger adults (20-24) tend to benefit
more from antiretroviral therapies (ART) and
other medical interventions compared to older
age groups, due to better adherence and
immune recovery [22].
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Figure 2: Graph of estimated Beta fx

However, the Bx parameter also suggests that
older individuals (50-59) are less responsive to
changes in mortality, indicating that
improvements in general mortality rates have a
limited impact on this age group. This
underscores the challenge of reducing mortality
in older HIV-positive populations, as they often
face multiple health challenges beyond HIV
infection itself, such as cardiovascular diseases
and diabetes [23].

3.2.1. Estimation of the k. Parameter of LC

Model

Figure 3 shows the estimate of the time series
component of the LC model for the estimated k,
parameter.

Figure 3: Graph of estimated kappa parameter k¢

The parameter k, represents the general level of
mortality of the population under study at that
index year. It is also known as the mortality index
tracking the main time pattern on the logarithm
scale of mortality for all the ages. k, is obtained
from the vector value (k, = D,¥,), findings show
a downward trend in mortality pattern from 2011
to 2020, reflecting a substantial decline in
mortality rates during this period. This is
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consistent with global trends in HIV/AIDS
mortality, where advancements in ART and
improvements in healthcare access have led to
significant reductions in mortality rates [24]. The
data indicate a reduction of approximately 29.6%
in mortality rates between 2011 and 2020,
suggesting that Adamawa State has made
notable progress in controlling HIV/AIDS-related
deaths.

3.2.2. Forecasting the Kappa (k,) Component
of the Lee-Carter Model

The application of the ARIMA model for
forecasting mortality rates reveals that the
ARIMA (0,1,0) model provides the best fit for

predicting future mortality trends, with no
significant fluctuations expected in thek,
component beyond 2020 (Table 1). The

minimum AIC was 47.29, hence it is the best
predictive model based on the model selection
creteria of AIC for forecasting the k, parameter.
This forecast aligns with studies that project
stable or declining HIV/AIDS mortality rates in
regions with effective ART programs [25]. The
predicted stability of mortality rates suggests
that, if current healthcare practices are
maintained or improved, the state is on track to
meet the 2030 Sustainable Development Goal
(SDG-3) of significantly reducing HIV/AIDS-
related deaths.

The plot of the autocorrelation function (Figure
4), shows a significant spike at lag zero that is
considered as insignificant in determining the
order of the Moving Average (MA) term of the
ARIMA model. Hence an MA term of zero and
consequently, the drift parameter & is also zero
since it is accounted for by the order of the MA
term. The plot of the partial autocorrelation
function shows no significant spike at any lag in
the lifetime of the series. This implies an AR term

Hyelda S. et al.

best fit for the kappa values can also be

determined by  examining the partial

autocorrelation  factor (PACF) and the

autocorrelation factor (ACF) plots alone.

Table 1: Summary of the best ARIMA models
Model Sigma squared AIC
ARIMA(2, 1, 1) 7.953 52.95
ARMA(2, 1, 0) 8.953 51.28
ARIMA(L, 1, 1) 8.976 51.29
ARIMA(0, 1, 1) 8.976 49.29
ARIMA(0, 1, 0) 8.976 47.29
ARIMA(1, 1, 0) 8.976 49.29

Figure 4: Autocorrelation function: series k, estimates

In forecasting the future mortality rates of the
Lee-Carter model the equation (5) is employed
and only the k, parameter is forecasted. The
forecast of the parameter estimates is presented
in Table 2 which shows the forecasted values of
the time component of the LC model base on the
ARIMA(0,1,0).

of order zero in the ARIMA model. Hence, the ke =k1+60+& ©)

Table 2: Forecast of the kappa value
Year Point Forecast Lo80 Hi80 Lo95 Hi95
2021 -7.813 -11.653 -3.9734 -13.685 1.94080
2022 -7.813 -13.243 -2.3829 -16.117 0.49154
2023 -7.813 -14.463 -1.1626 -17.984 2.35793
2024 -7.813 -15.492 -0.1338 -19.557 3.93137
2025 -7.813 -16.399 0.77265 -20.944 5.31761
2026 -7.813 -17.218 1.59211 -22.197 6.57085
2027 -7.813 -17.972 2.34568 -23.349 7.72334
2028 -7.813 -18.673 3.04708 -24.422 8.79604
2029 -7.813 -19.332 3.70585 -25.429 9.80354
2030 -7.813 -19.955 4.32893 -26.382 10.7565

CaJoST, 2026, volume8 issue 2
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Table 3:

Death rate forecast [exp (a, + B k:)]

W. B. Nuhu et al.

Year

Age Groups

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

0.008455
0.008455
0.008455
0.008455
0.008455
0.008455
0.008455
0.008455
0.008455
0.008455

0.045355
0.045355
0.045355
0.045355
0.045355
0.045355
0.045355
0.045355
0.045355
0.045355

0.049325
0.049325
0.049325
0.049325
0.049325
0.049325
0.049325
0.049325
0.049325
0.049325

0.051398
0.051398
0.051398
0.051398
0.051398
0.051398
0.051398
0.051398
0.051398
0.051398

0.021117
0.021117
0.021117
0.021117
0.021117
0.021117
0.021117
0.021117
0.021117
0.021117

0.026022
0.026022
0.026022
0.026022
0.026022
0.026022
0.026022
0.026022
0.026022
0.026022

0.024745
0.024745
0.024745
0.024745
0.024745
0.024745
0.024745
0.024745
0.024745
0.024745

0.028015
0.028015
0.028015
0.028015
0.028015
0.028015
0.028015
0.028015
0.028015
0.028015

0.075007
0.075007
0.075007
0.075007
0.075007
0.075007
0.075007
0.075007
0.075007
0.075007

Figure 5 shows the plot of the forecasted kappa
values base on the ARIMA(0,1,0) which is the
model with the minimum AIC and hence the best
fit for the kappa values.

Figure 5: The plot of forecast value from ARIMA(0,1,0)
Death Rates Forecast

The forecast of death rate is obtained from the
equation of the Lee-Carter model;

Inm,, = a, +f.k;
(10)

From Table 3, the point forecast of the general
level of mortality *: is constant throughout the

years. This is because the drift parameter ¢ is
zero because of the MA term of zero in the

ARIMA (0,1,0), hence constant *:. However, all
the other age component parameters are varying
depending on a group as can be seen in Figure
1.

CaJoST, 2026, volume8 issue 2

Table 3 present the age-specific death rate
forecast of HIV/AIDS mortality from 2021 to
2030. The forecast indicates a declining mortality
rate across all age groups.

This study investigated the possibility of bringing
to end the epidemic attributed to HIV/AIDS in
Adamawa State within the stipulated deadline, by
examining the death rates of PLHIV. The findings
of this study are consistent with other research
on HIV/AIDS mortality, particularly in sub-
Saharan Africa. Studies have shown that the
introduction of ART has had a profound impact
on reducing mortality rates, particularly in regions
with high HIV prevalence [19, 21]. The decline in
mortality rates observed in Adamawa State
mirrors similar patterns seen in countries like
South Africa and Uganda, where widespread
ART distribution has significantly reduced AIDS-
related deaths [25].

However, despite these positive trends, the
higher mortality rates among older populations
observed in this study remain a challenge.
Studies suggest that older HIV-positive
individuals require more comprehensive care,
including management of comorbidities and age-
related health issues [23]. These findings
highlight the need for targeted interventions for
older PLHIV, as well as continued efforts to
reduce stigma and improve healthcare access for
all age groups.

4. Conclusion

This study confirms a sustained decline in HIV-
related mortality in Adamawa State and projects
a continued downward trend if current treatment
efforts are maintained, indicating that the state is
generally on track toward improved HIV
outcomes. However, older people living with HIV

© 2026 Faculty of Science, Sokoto State University, Sokoto. | 6
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remain at comparatively higher risk, highlighting
the need for more targeted age-specific
interventions. The study contributes sub-national
mortality estimates using the Lee—Carter
framework, offering evidence that can support
local HIV planning. Nonetheless, the findings
should be interpreted with caution due to
limitations such as the short data span, the focus
on ART-registered patients, the single-state
scope, and assumptions embedded in the
modelling approach.
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