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ARTICLE INFO ABSTRACT
Keywords: Malnutrition among women, accessed through body mass index, has great consequences for achieving key
Public health

national targets. This study introduces the concept of lifetime malnourished period (LMP): the number of
years a woman would remain malnourished, either as underweight or overweight given that she is currently
malnourished, and its measures of variation. Markov chain with rewards was used to compute the moments
of LMP based on age-specific mortality rates and proportion of women of reproductive age that were either
underweight or overweight using data from the 2013 Nigeria Demographic and Health Survey. Each of the two
malnutrition status was treated as a Bernoulli-distributed reward with probability taken as the proportion of
overweight or underweight women at specific age. Findings indicate that the average LMP for an underweight
woman in Nigeria at age 15 years is 2.3 years but 5.8 for overweight. The remaining LMP for underweight
is lower among women who attain higher level of education than for those with no or primary level of
education with standard deviation reducing with age. Further, we found overweight women from the richest
households and those from urban areas to have longer years of remaining in that state of health than their other
counterparts, and that longevity contributes more to the variance in LMP for overweight than for underweight
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1. Introduction

The nutritional status of individuals in a nation is a reflection of
the country’s developmental and health challenges, and it can deter-
mine the nation’s accomplishment of key global objectives and targets.
Battling the different forms of malnutrition has therefore remained one
of the world’s most serious health challenges (Miiller and Krawinkel,
2005; World Health Organization, 2002). There are several factors that
cause malnutrition, most of which relate to inadequate dietary intake
or severe and repeated infections, particularly in underprivileged pop-
ulations. Malnutrition is closely linked to general standard of living,
environmental condition, and availability of basic population’s needs
such as food, housing and health care. As a health outcome, malnu-
trition exacerbates the burden of morbidity and mortality especially
among women and young children (Gordon et al., 2004). In the case of
women, several reviews have emphasized that due to their physiolog-
ical composition and high nutrient requirements, they are vulnerable
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throughout their life cycle (Bitew and Telake, 2010; Tinker et al., 1995;
Merchant and Kurtz, 1993). When women are malnourished, the impact
extends beyond them, affecting not just their health, but also their chil-
dren, households and, cumulatively, retards national development. The
multifaceted effects of malnutrition whether in the form of under- and
over-weight include poor pregnancy and birth outcomes, high vulnera-
bility to infectious disease, lethargy and general body weakness leading
to reduction in productivity, increased risk of maternal complications
and it can, in the extreme case, lead to death (Miiller and Krawinkel
2005; Denison et al. 2010; Gayawan et al. 2019).

Malnutrition, according to the World Health organization (WHO),
is a state of deficiencies, excessive or imbalance in an individual’s in-
take of energy and/or nutrients (Blossner et al., 2005). Among adults,
it is determined based on body mass index (BMI) calculated from an
individual’s height and weight indices. The different forms of malnu-
trition are severe thinness, undernourished, overweight and obesity.
Individuals with BMI < 16 kg/m? are said to be severely thin; those
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with BMI < 18.50 kg/m? are considered undernourished; those with
BMI of 19 —24.9 kg/m? are considered normal; BMI > 25 kg/m? but less
than 30 kg/m? is classed to be overweight, while people with BMI > 30
kg/m? are said to be obese.

For the purpose of this study, we classify malnutrition into two
groups: underweight, comprising severe thinness and undernourished,
and overweight which comprises of overweight and obesity. There is
no society that is entirely immune from the problem of malnutrition
but what makes a difference is the rate and extent to which it is preva-
lent and the alternative courses of action applied to eradicate or reduce
it. Nigeria has been known for large incidence of underweight pop-
ulation but of recent, there have been growing cases of overweight
and obesity among women of reproductive age (Kandala and Stranges,
2014; Akeresola and Gayawan, 2020). Report from the 2013 Nigeria
Demographic and Health Survey (NDHS) has it that 11% of women of
reproductive age in Nigeria are underweight, 17% are overweight while
8% are obese (NPC and ICF International, 2014).

Most studies on malnutrition in developing countries have been
devoted to analysing the determinants or the geographical distribu-
tions (Mendez et al., 2005; Bitew and Telake, 2010; Kandala and
Stranges, 2014; Gayawan et al., 2019; Akeresola and Gayawan, 2020).
The studies have established the nexus between geographical settings,
socio-economic and environmental conditions and nutritional status of
women and children. They are uniform in their conclusions that spatio-
economic conditions have direct and indirect implications on the nutri-
tional status of the population. However, till date, little has been done
to provide information on the expected lifetime period a malnourished
individual would remain in such condition given her present nutritional
status, and the variation in lifetime malnourished period including the
sources of this variation.

Our goal in this study is to introduce new perspectives to mal-
nutrition studies. First, we introduce measures for lifetime malnutri-
tion period (LMP): the number of years an individual would remain
malnourished over her entire lifetime given that she is currently mal-
nourished. These are obtained by integrating age-specific proportion
of malnourished women taking into consideration the probabilities of
survival at the specific ages. This is based on the mathematical frame-
work of Markov chain with rewards, introduced by Howard (1960) to
analyze Markov decision processes in the context of dynamic program-
ming, and the present approach developed by Caswell (2011). These
models describe the dynamics of a system, and associate a reward with
each possible transition among the states of the chain (Paramonov and
Hauka, 2010; van Daalen and Caswell, 2015). In a recent study, Caswell
and Zarulli (2018) developed Markov chains with rewards as a general
tool for analyzing healthy longevity, including their measures of vari-
ability. Our classification of malnutrition among the women is based on
BMI as earlier described and our focus is, as also stated, on underweight
and overweight women. Second, we aim at elucidating the variation
in LMP in addition to the expectation among women of reproductive
age based on their socio-economic variables. This inter-individual vari-
ation in LMP may arise from two sources: heterogeneity in individual
characteristics (genetic heterogeneity, physiological differences, and
environmental heterogeneity), and individual stochasticity. Individual
stochasticity is the variation among individuals in the accumulation of
random outcomes of vital rates such as mortality, growth, development,
etc. (Caswell, 2009, 2014; van Daalen and Caswell, 2017). In this arti-
cle, every individual is assumed to be subjected to the same rate at any
given stage, so that there is no heterogeneity.

To quantify the effects of individual stochasticity, it is required to
calculate some measures of dispersion for the LMP such as variance,
standard deviation, coefficient of variation, and skewness of LMP. As
with other analytical approaches, computations based solely on mean
LMP provides no information on the variation in the malnourished pe-
riod among members of the same cohort and thus, not revealing how
unusually high or low values will be rampant among members of the
same cohort. The coefficient of variation (CV) scales the standard de-
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viation of the LMP relative to its mean and hence revealing the extent
of variability in relation to the mean. Skewness in LMP measures the
asymmetry of the distribution of malnutrition; positive skewness im-
plies a distribution with a long positive tail, and a negative skewness
implies the opposite.

2. Methodology

Our analytical approaches are based on those implemented by van
Daalen and Caswell (2015, 2017) and Caswell and Zarulli (2018). We
start by presenting the notations before proceeding to the Markov chain
approach.

Notation: Matrices and vectors are denoted by uppercase and lower-
case bold symbols respectively (e.g. A and a). By default, vectors are
column vectors. Transpose of matrix B is denoted by BT. The vector
1, is a nx 1 vector of ones and I,, is the identity matrix of order n.
Diag(x) is a diagonal matrix with vector x on the diagonal and zero
elsewhere. The vec operator vec X transforms the columns of a m x n
matrix X into a mn X 1 column vector. The symbol o denotes element-
by-element product or Hadamard. The transition matrices of Markov
chains are written in column-to-row orientation, and are therefore col-
umn stochastic.

2.1. Markov chain with reward

The concept of Markov chain with reward have a long history in
stochastic process theory (e.g., Howard, 1960; Benito, 1982; Puter-
man, 1994; Sheskin, 2016). More recently, some methods for applica-
tion of this concept to health demography was introduced by Caswell
(2011) and further developed in Caswell (2013) and Caswell and Zarulli
(2018). These methods are applicable to age-structured and stage-
structured models and to models where various types of temporal or
environmental variations are incorporated.

Life cycle is described by a finite-state, discrete-time, absorbing
Markov chain. Thus, the individual life cycle is described as an absorb-
ing Markov chain in our analysis. In this study, we represent the human
life cycle by transforming age-structured population projection matri-
ces into a Markov chain; absorbing states represent death. r denotes
the number of age classes. The Markov chain transition matrix is given
as

P:[U 0] 6]

m' |1

where U is a X7 matrix of transition probabilities among transient (i.e.,
living) states, and m is a 7 x 1 vector of mortality rates. U contains the
transition probabilities for living individuals, with the survival proba-
bilities on the sub-diagonal and zero elsewhere. The matrix P is column
stochastic. Matrix U is presented as:

O 0 e 0
v=|? 0 0 @
0 0 pys O

According to the probabilities in U, an individual experiences a se-
quence of transitions and a reward is associated with moving from one
state to another or remaining in a state of the Markov chain. The reward
ry is collected by an individual moving from age j to age i (Caswell,
2011). The nutritional status of an individual can be considered as a re-
ward, since it is used to classify individuals as either malnourished or
not, a situation that can also change with age. Therefore, an individual
may or may not be malnourished moving from state j to state i. In this
study, r; depends on j but not on the transition made between j and i.
Thus, the nutritional outcome is a Bernoulli random variable with value
1 indicating that the individual is malnourished (underweight or over-
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Fig. 1. Age-specific proportion of underweight and overweight women by socio-economic status based on 2013 NDHS.
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Table 1
Descriptive analysis of the demographic and biosocial characteristics of the respondents.
Variables Number of Mean BMI (95% CI) Malnutrition prevalence (%)
women (%) Normal Underweight Overweight
Total 38334 (100) 23.1 (23.0, 23.1) 64.3 10.4 25.3
Place of residence
Urban 15300 (39.9) 24.0 (23.9, 24.1) 57.4 8.7 33.9
Rural 23034 (60.1) 22.5 (224, 22.5) 68.9 11.6 19.5
Region
North Central 6178 (16.1) 23.6 (23.5, 23.7) 64.6 6.4 28.9
North East 6468 (16.9) 22.3 (22.2,22.4) 65.4 14.7 19.9
North West 9519 (24.8) 21.9 (21.8, 22.0) 70.3 14.4 15.3
South East 4382 (11.4) 23.7 (23.5, 23.8) 63.3 7.3 29.4
South South 5963 (15.6) 23.9 (23.8, 24.0) 60.7 7.1 32.2
South West 5824 (15.2) 23.9 (23.8, 24.0) 57.5 9.2 33.4
Highest Education
No education 13480 (35.2) 22.0 (22.0, 22.1) 69.9 13.7 16.4
Primary 7000 (18.3) 23.4 (23.3, 23.5) 61.8 9.0 29.2
Secondary 14192 (37.0) 23.2 (23.1, 23.2) 64.4 9.8 25.9
Higher 3662 (9.6) 25.7 (25.5, 25.9) 48.2 3.7 48.1
Wealth Index
Poorest 6465 (16.9) 21.5(21.4, 21.6) 72.9 15.9 11.1
Poorer 7399 (19.3) 22.0 (21.9, 22.1) 71.7 12.8 15.5
Middle 7866 (20.5) 22.7 (22.6, 22.8) 67.5 10.4 22.1
Richer 8360 (21.8) 23.6 (23.5, 23.7) 61.0 8.6 30.3
Richest 8244 (21.5) 25.1 (25.0, 25.2) 51.3 5.8 42.9
Employment Status
Unemployed 14432 (37.6) 21.9 (21.9, 22.0) 69.3 15.1 15.6
Employed 23700 (61.8) 23.8 (23.7, 23.8) 61.2 7.6 31.2
Missing 202 (0.5) 22.5(21.9, 23.1) 71.3 10.9 17.8
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Fig. 4. Statistics of lifetime malnourished period based on the wealth index for underweight women in Nigeria.

weight as applicable) and 0 if otherwise. The probability function f(x)
is illustrated in Eq. (3).

0 1 with probability f;
X)=
0 with probability (1 - £;)

where the probabilities f; are age-specific malnourished rates. We as-
sumed these probabilities to be the proportion of malnourished individ-
uals in a given age while individuals in the absorbing state will accrue
no reward (i.e. ryj = 0), as the dead cannot be malnourished.

The reward matrices, R,, which give the moments of the reward
for each transition, are required to calculate the statistical properties of
lifetime malnourished period. Thus, R, is a matrix of the kth moments
of the rewards r;;. The first moment matrix is given by

3

fi o fi|O

o . I 4
1 fi foe “

fi farr f2|O

Since the raw moments for Bernoulli distribution are equal irre-
spective of the order, the higher-order moments of reward under the
assumption of Bernoulli are given by:

R; =R, =R, %)

and if every individual experiences exactly the same age-specific mal-
nourished rates, the reward is assumed fixed, thus, the moments of
reward satisfy

R, =R 0R, (6)
R; =R oR|0oR; @

2.2. Lifetime accumulated reward

For each initial age, define p as a vector of dimension (z + 1) X 1, of
accumulated rewards. The accumulated malnourished period over the
entire lifetime of an individual is the entry of the first age class (age
15). Then, the ith entry of p; is the kth moment of the accumulation
(i.e. malnourished period) over the remaining lifetime of an individ-
ual starting in i (i.e. age i). As the dead cannot be malnourished, the
absorbing state accumulates no reward (i.e. the p; corresponding to ab-
sorbing states are zero). A recursive formula for these moments was
given by Caswell (2011), and an exact solution is given in van Daalen
and Caswell (2015, 2017).

P = (ElpD) ©))

Thus, the complete statistics of LMP can be obtained by finding the
moment vectors p, where p contains the first  entries of p, corre-
sponding to the transient (i.e. living) states. To this end, the matrix Z is

defined as

Z=[1, |0, | 9)

The first three moments of the lifetime accumulated malnourished
period satisfy the following system of equations:
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where N = (I, — U)~! is the fundamental matrix of the Markov chain, I,
is a 7 x r identity matrix and 1, is a 7+ 1 vector of ones. The entries of
the first moment vector p, correspond to the mean remaining lifetime
malnourished period of each age class. Proofs of (10) - (12) are given in
van Daalen and Caswell (2017), Theorem 1.

From these moment vectors (Eq. (10)-(12)), some descriptive statis-
tics of the LMP, including the mean, variance, standard deviation, coef-
ficient of variation, and skewness can be calculated thus:

Mean : p, (13)
V(P)=py—(p1opy) 14
SDP) =P, - (pr0P2) (15)
CV(p)=D(p,)' SD(p) (16)

Sk(p) = DIV (B)I™**(p3 = 3p 0Py +2p10p10py) 17

2.3. Data

The motivating data for this study were obtained from the 2013
NDHS. The survey, executed by the National Population Commission
between February and June 2013, was designed to provide popula-
tion and health indicators at the national, zonal, and state levels. The
data with those of other developing countries where similar surveys
have been held are freely available upon request at the web page of
The DHS Program (https://dhsprogram.com/). Details of the sampling
procedure for the survey have been reported in NPC and ICF Interna-
tional (2014). As with similar surveys, the women respondents were
restricted to those of reproductive age, that is, women aged 15 — 49
years, who were either permanent residents of the selected house-
holds or visitors present in the night before the survey. The Household
Questionnaire was used to collect information on characteristics of the
household dwelling unit and was further used to record height and
weight measurements for the women and children. This record was
used to calculate the BMI of the respondents. Data on BMI was avail-
able for 38,334 women aged 15 — 49 years. Other questions included
in the survey which are used in this study include women’s year of
birth, household wealth index, type of place of residence (urban or
rural), women’s highest educational attainment, women’s employment
status, and geographical region of residence. Our analyses are based
on age-specific proportion of underweight and of overweight women
from the survey classified by each of the variables listed. Fig. 1 presents
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Fig. 6. Statistics of lifetime malnourished period based on highest level of educational attainment for underweight women in Nigeria.

the plots of age-specific proportion of underweight and overweight
women that were used for the study based on their socio-economic sta-
tus.

The probability of dying at each age was obtained from the female
section of the general pattern of the United Nation model life table
for developing countries (United Nations, 1982). Life expectancy for
the year 2013, when the surveys were conducted, was obtained from
the World Development Indicator published by The World Bank, and
was used in determining the appropriate column to pick the mortality
schedules from the life table. Given a life expectancy of 53 years for
Nigerian women in 2013, the schedules were based on the Q(X) values
of page 232 of the life table and the same probability values were used
for all categories of women in the study.

3. Results and discussion
3.1. Descriptive analysis

Table 1 presents descriptive statistics of women included in the
study based on levels of the categorical variables. Specifically, the Ta-
ble presents the percentage distribution, mean BMI, and the distribution
of the women based on their nutrition status (normal, underweight or
overweight). Overall, about 10% (3,999/38,334) of the women were
underweight while 25% (9,682/38,334) were overweight. The average
BMI for all the women was 23.1 kg/m? (95% CI: 23.0 - 23.1 kg/m?).

Of the 15,300 respondents who lived in urban areas, 8.7% were under-
weight while about 40% were overweight. However, of the responded
who lived in rural areas, about 12% and 20% were underweight and
overweight respectively. Across the geo-political regions, the preva-
lence of underweight was highest among women from the North East re-
gion (14.7%; 954/6468), followed by North West (14.4%; 1372/9519)
whereas it was lowest among those from the North Central region. On
the other hand, the South West region had the highest prevalence of
overweight women (33.4%; 1943/5824) but lowest among women from
the North West region. Majority of the underweight women belong to
those who had no formal education but almost half of women who at-
tained higher level of education (48.1%) were overweight. A negative
relationship between household wealth index and the prevalence of un-
derweight was evident but the relation was positive with overweight.
As for working status, findings indicate that underweight prevalence
was highest 15.1% (2179/14432) among unemployed women while
about 31% (7388/23700) of the working women were reported over-
weight.

3.2. The LMP pattern for Nigeria

We computed separately, the LMP and measures of dispersion for
underweight and overweight women, starting with the entire country
before proceeding to compute based on socio-economic conditions of
the respondents. In order to ascertain which class of each variable has
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statistics of LMP equivalent to those of the country, statistics for the
entire country were plotted alongside those for each of the variables
considered.

Fig. 2 (a-d) presents the LMP estimates for Nigeria based on un-
derweight and overweight as a function of age. Findings show that
the mean LMP and standard deviation (SD) for both underweight and
overweight women decrease almost linearly as age increases. These re-
sults are in concord with the findings of Caswell and Zarulli (2018)
if LMPs were to be considered as measures of health longevity, where
the inter-individual variation in the expected years left decrease with
advancement in age. Although, the mean for overweight is flat be-
tween ages 15 and 21 years, it reduces linearly thereafter. The mean
remaining LMP was obtained to be about 6 years at age 15 years for
overweight women but 2.3 years for underweight. The implications
are that, at age 15, an overweight woman would spend more years
in that state of health than an underweight woman would do; a differ-
ence of about 3.7 years. High values estimated for LMP for overweight
women have serious implications for the fragile health care system
of the country as literature has shown that overweight women have
higher demand for medical care because they are more prone to haem-
orrhage, caesarean delivery, and various forms of infections (Thompson
et al.,, 2001). The CV was 0.8 at age 15 years for both nutritional sta-
tus, which thereafter increases rapidly for underweight women. The
estimates for skewness for underweight women are higher than those
for overweight women at all ages, and the difference increases with
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age. The increase in the estimates of CV and skewness with increasing
age is also in line with Caswell and Zarulli (2018) where the estimates
of these statistics for healthy longevity were found to increases with
age.

3.3. Partitioning of total source of variation of LMP

The total variation in the nutritional status of individuals can be
attributed to two components. First, the path through the stages of
the life cycle of an individual. Two or more identical individuals sub-
ject to the same rate, at every stage of their life, will differ randomly
in the pathway they follow through their life cycle (van Daalen and
Caswell, 2017). In the age-classified model considered, the pathway is
completely specified by an individual’s age at death. This constitutes the
first component of the total variation which is referred to as variation
in pathway. The second is the within pathway variation which accounts
for the fact that individuals may or may not be malnourished at every
stage of their life cycle. To decompose the total source of variation into
these two components, the age-specific rewards are fixed at their mean
values (R, =RoR; and R; = R|oRoR,). The resulting variation ob-
tained in this way is the variation in pathway. The within pathway
variation is determined by subtracting the variation in pathway from
the total source of variation. Fig. 3(a & b) compares the variance and
skewness for fixed and random rewards for underweight women. Re-
sults show that variance at age 15 is about 0.71 under the fixed reward
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Fig. 8. Statistics of lifetime malnourished period for undernourished women in each geopolitical zones in Nigeria.

but 2.67 based on random reward. That is, 27% of the overall variance
is due to variation in pathways while about 73% is due to differences
in reward pattern (i.e. variation within-pathways). Results in Fig. 3(c
& d) show that variance of overweight women for fixed reward at age
15 years is about 16.28, lower than the 20.16 estimated for the ran-
dom reward. Therefore, variation within pathway is about 19%, while
the remaining 81% is due to variation between pathways. The vari-
ance between pathway for overweight women is amplified by the effect
of differences in longevity. The implication is that length of life con-
tributes more to the variance in LMP for overweight women than it
does for the underweight women.

3.4. Estimates for underweight women

Fig. 4 (a-d) presents the statistics of LMP for underweight women
based on household wealth index. As may be expected, the results indi-
cate negative relationship between mean LMP and wealth index at all
ages. Underweight women from poorest households would have longer
LMP than women from the other quantiles. This is expected because
poor women are likely to be engaged with energy consuming physical
activities such as subsistence farming, fishing or other manual works,
and would lack the requisite resources for balanced nutritional needs
of the body, consistent with earlier findings from India (Ramesh and
Jareena, 2009). The majority of these women might also have suffered
from the aftermath of long history of poor nutrition, frequent illness and

poor access to health facilities and hence, liable to spending more time
in this condition (Akeresola and Gayawan, 2020). For all the wealth
classes, the mean LMP reduces about linearly with age, indicating that
the time an individual would spend in the state of being underweight
reduces with advancement in age. The estimated national average cor-
responds to those of women from the middle wealth class. The estimates
for CV and skewness are highest across the ages for women from the
richest households. As for working status, findings indicate that the pat-
terns for mean LMP and SD, though higher for non-working women, are
similar for both group of women, and decline with age but the skew-
ness and CV increase with age (Fig. 5 (a-d)). Women employment status
naturally influences household income, which in turn reflects on the
general household nutrition (Kennedy and Haddad, 1992; Bitew and
Telake, 2010; Garret et al., 2008).

Like for the other findings, the mean and SD of LMP reduces lin-
early with age in the case of educational attainment (Fig. 6). The mean
estimates for women with primary level of education across the ages re-
flects those obtained for the national average, but estimates for women
with secondary and higher education are lower. Women with no for-
mal education have the highest LMP, with a mean of about 3.4 years at
age 15 against 1.2 for those with higher education. Thus, the higher the
level of education, the lower the tendency of an underweight woman
remaining in that state for a longer period. This is because an educated
woman would know the right diet and health care for herself and her
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Fig. 9. Statistics of lifetime malnourished period based on the wealth index for overweight women in Nigeria.

family and she would use them for her advantage (Teller and Yimer,
2000; Yadav et al., 2015). Similarly, Fig. 7(a-d) shows that the mean
remaining LMP and SD based on place of residence are similar in pat-
tern, decreasing as age increases, with sharp decrease between age 15
and 20. At each age, women from rural areas have higher mean LMP
than those in urban areas, and higher than the national average. Fur-
ther, based on the country’s geopolitical regions, findings show that
three regions: North Central, South East and South South have sim-
ilar mean LMP throughout the reproductive ages while estimates for
women from South West region follow the similar pattern of those three
after about age 27 years. Estimates for women from the North East
and North West regions are higher than the national average across
the ages. The SD decline with age linearly for all the regions while
CV and skewness rise with age in similar manner for all the regions
(Fig. 8).

3.5. Estimates for overweight women

The results for overweight are similar to those obtained for under-
weight women, but mostly in the opposite direction. Estimates based
on wealth index are presented in Fig. 9 (a-d). As may be expected, the
mean remaining LMP are highest across ages for women from the rich-
est households but this decreases sharply with age, like for the other
categories, after age 27 years. The longer period that women from the
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richest households would spend in the overweight condition is no doubt
the outcome of abundance of resources available to this women as stud-
ies from different regions of the world have confirmed that wealthiest
households bear higher susceptibility to overweight/obesity (Bishwa-
jit, 2017; Templin et al., 2019). The skewness is negative after age 17
years for the richest households. As for educational attainment (Fig. 10
(a-d)), the mean LMP is highest for women who attained higher edu-
cational level estimated to be around 9.3 years at age 15 years but 3.2
years for women with no education, a difference of about 6 years. The
CV is less than 1 for all the different levels of education until around
age 45 years. The skewness is highest for women with no education at
all ages while it is negative after age 30 years for those with higher edu-
cation. Throughout the reproductive age, the mean remaining LMP are
highest for women who were gainfully employed but have about the
same pattern with the estimates for the country (Fig. 11). Further, at
age 15 years, overweight women residing in urban areas of the coun-
try would have about 8 years to remain in that condition compared
with about 4.2 years for those from rural areas (Fig. 12). Urbanization
often comes with less strenuous and sedentary jobs as well as access
to more energy-dense foods causing more women to have positive en-
ergy balance resulting in overweight/obesity. In the context of rapid
urbanization in Nigeria, largely driven by rural-urban migration, there
is likelihood that the migrants would adapt to the new lifestyle an thus
increase the burden of overweight/obesity in urban area (Ziraba et al.,
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Fig. 10. Statistics of lifetime malnourished period based on highest level of educational attainment for overweight women in Nigeria.

2009). Again, the skewness is negative from around age 22 years. Re-
garding geopolitical regions of the country, again, the remaining mean
LMP for overweight women are lower than the national average, like in
the case of underweight, for women from North East and North West
regions but higher for those living in the South East, South West, South
South and North Central regions (Fig. 13).

4. Conclusion

This study contributes by introducing the concept of LMP, a perspec-
tive that quantifies the number of years a woman would remain either
overweight or underweight given her current malnutrition status, and
its statistics using the concept of Markov chain with rewards. The model
considers the dynamism of malnutrition as a woman moves from one
age to another, and associates a reward for every stage with probabil-
ity taken as the proportion of overweight or underweight women at
each age and assumed to have a Bernoulli distribution. Though the re-
ward system here was considered a binary process, studies by Caswell
and Zarulli (2018) render it possible to consider other classifications
of health or other outcomes of interest measured on several possible
scales, thus allowing for different probability distributions to be consid-
ered.

The analyses reveal similar LMP patterns for underweight and over-
weight women though at every age, overweight women would spend
more time in the condition than the underweight women would do. For
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both health conditions, the variabilities, as measured by the standard
deviation, decline with age. However, both health conditions differ in
the contribution of their variance components. A huge proportion of
the variance in LMP for underweight women comes from the stochastic
nature of having this condition but overweight women show very high
variance in pathways, which in an age-classified model is determined by
an individual’s length of life. Therefore, longevity contributes more to
the variance in LMP for overweight than for underweight women. Fur-
thermore, both health conditions respond in opposite direction to the
socioeconomic variables considered. Our study found women who at-
tained higher level of education, those from rich households and those
residing in urban areas to have longer years of remaining overweight
than their other counterparts while, on the other hand, women from the
poorest households, those living in rural areas and those with little or
no former education posses longer periods of remaining underweight,
should they find themselves in those states of health. This is expected
because maternal education influences nutritional outcomes through
the effects of higher incomes and abundance of resources. Higher ed-
ucation opens better employment opportunities for women and leads
to self-dependent, thereby improving their socioeconomic status. Eco-
nomically advantaged women often adopt sedentary lifestyle partly due
to the nature of their job and also consume more of energy-dense
food which supply excessive energy to the body which, collectively,
increase the burden of overweight. Intervention in the environment for
physical activities particularly in urban areas and in work places can
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Fig. 11. Statistics of lifetime malnourished period based on the working status for overweight women in Nigeria.

benefit these women by creating healthier lifestyle practices. Contrari-
wise, the majority of women from poor households might have suffered
from the aftermath of long history of poor nutrition, frequent illness
and poor access to health facilities which in turn increase the bur-
den of underweight. Any government intervention that could alleviate
them from these conditions would improve their nutritional status and
health.

Given that adequate nutrition is necessary for national development
and well-being of the entire population, findings from the study can
serve as a guide for policy makers and donor agencies towards interven-
tion strategies for improving nutritional outcomes of women in Nigeria.
For instance, immediate policy intervention could target women with
longer periods of remaining in the state of health but without neglect-
ing the other categories of women. The findings could also be useful
in accessing the associations between available welfare packages and
malnutrition among women.
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Fig. 13. Statistics of lifetime malnourished period for overweight women in each geopolitical zones in Nigeria.
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