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ABSTRACT

Background: In low-resource settings, urbanization may contribute to the individual-level double burden of malnutrition
(DBM), whereby under- and overnutrition co-occur within the same individuals.

Objective: \We described DBM prevalence among Malawian women by urban-rural residence, examined whether urban
residence was associated with DBM, and assessed whether DBM prevalence was greater than the prevalence expected
by chance given population levels of under- and overnutrition, which would suggest DBM is a distinct phenomenon
associated with specific factors.

Methods: \We analyzed nationally representative data of 723 nonpregnant women aged 15-49 y from the 2015-2016
Malawi Micronutrient Survey. DBM was defined as co-occurring overweight or obesity (OWOB) and >1 micronutrient
deficiency or anemia. We used Poisson regression models to examine the association between urban residence
and DBM and its components. The Rao-Scott modified chi-square test compared the observed and expected DBM
prevalence.

Results: Nationally, 10.8% (95% ClI: 7.0, 14.5) of women had co-occurring OWOB and any micronutrient deficiency
and 3.4% (95% Cl: 1.3, 5.5) had co-occurring OWOB and anemia. The prevalence of co-occurring OWOB and any
micronutrient deficiency was 2 times higher among urban women than rural women [urban 32.6 (24.1, 41.2) compared
with rural 8.6 (5.2, 11.9), adjusted prevalence ratio: 2.0 (1.1, 3.5)]. Co-occurring OWOB and anemia prevalence did not
significantly differ by residence [urban 6.9 (0.6, 13.2) compared with rural 3.0 (0.8, 5.3)]. There were no statistically
significant differences in observed and expected prevalence estimates of DBM.

Conclusions: This analysis shows that co-occurring OWOB and any micronutrient deficiency was higher among
women in urban Malawi compared with rural areas. However, our finding that co-occurring OWOB and any micronutrient
deficiency or anemia may be due to chance suggests that there may not be common causes driving DBM in Malawian
women. Thus, there may not be a need to design and target interventions specifically for women with DBM. J Nutr
2020;150:1554-1565.
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Introduction

Low- and middle-income countries (LMICs) are experiencing a
rapid increase in overweight, obesity, and diet-related noncom-
municable diseases in the face of persisting undernutrition (1-4).
The coexistence of under- and overnutrition, termed the ‘double
burden of malnutrition’ (DBM), can occur in populations
(e.g. high prevalence of undernutrition and overweight or
noncommunicable diseases in a country), households (e.g. an

overweight adult with a stunted child), and individuals (e.g.
simultaneous overweight and micronutrient deficiencies in a
person) (5). Addressing the DBM is a high priority on the UN
global health agenda, given the adverse health consequences
of malnutrition and negative impact on developing economies
due to lost economic productivity (1, 6). An essential first step
toward reducing DBM is to understand the prevalence and
causes of DBM at every level, which in turn, can inform the
development and targeting of interventions. Yet, many previous
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studies have investigated DBM at the population (2, 4, 7) or
household levels (8-11), whereas comparatively little research
has focused on individual-level DBM, especially in sub-Saharan
Africa (12).

Urbanization may be a key driver of DBM within indi-
viduals in LMICs (13). Urbanization and attendant economic
growth are thought to expand access to processed foods,
increase exposure to food marketing, and reduce physical
activity through more motorized transportation and sedentary
occupations (13-16). These macrolevel changes in environment
and lifestyle are believed to lead to a nutrition transition
characterized by decreased energy expenditure and shifts away
from diets composed of legumes, coarse grains, and vegetables
and toward energy-dense, nutrient-poor diets composed of
foods high in refined carbohydrates and added sugars. This
nutrition transition is viewed as a major contributor to the
rise in prevalence of overweight, obesity, and noncommunicable
diseases (13, 14). At the same time, it has been posited
that diets associated with the nutrition transition play a
role in the continued problem of micronutrient deficiencies
in LMICs, since processed and packaged foods are often
low in micronutrients (16, 17). Thus, exposure to an urban
environment may shape lifestyle behaviors, such as high
consumption of energy-dense, processed and packaged foods,
which may contribute to the co-occurrence of overweight
or obesity (OWOB) and micronutrient deficiencies or anemia
within individuals. Given the potential role of urbanization in
DBM, many empirical studies have investigated the prevalence
of conditions of under- and overnutrition among people who
reside in urban and rural areas (2, 15). However, since these
are ecological studies, their findings cannot be used to make
inferences about the co-occurrence of under- and overnutrition
within the same individual. Furthermore, few studies have
considered that this co-occurrence may be due to chance, with
the prevalence of DBM reflecting underlying levels of under- and
overnutrition in the population.

Due to the scarcity of micronutrient status data (18-
20), previous studies of DBM at the individual level have
predominately examined co-occurring OWOB and anemia
(12, 17, 21-24), with anemia used to reflect micronutrient
deficiencies. Solely assessing co-occurring OWOB and anemia
may not provide a clear understanding of individual-level
DBM, because anemia is not only associated with micronutrient
deficiencies but also nonnutritional factors such as malaria
and other infections, inflammation, and hemoglobinopathies
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(25, 26). As such, analyses of co-occurring OWOB and
micronutrient deficiencies are needed to further elucidate the
issue of individual-level DBM, particularly in LMICs with a high
infection burden (25).

We used nationally representative data based on a sample
of nonpregnant women of reproductive age to investigate
individual-level DBM in Malawi, an urbanizing sub-Saharan
African country with unresolved undernutrition and problems
of OWOB (2, 27). Most studies of individual-level DBM have
been conducted in middle-income countries, where the nutrition
transition is in advanced stages (12). Malawi is a low-income
country in the early stages of the nutrition transition (28, 29),
and thus offers a different context in which to investigate DBM
in individual women. Our objectives were 3-fold. First, we
estimated the prevalence of 2 characterizations of DBM at the
individual level in Malawian women (1) co-occurring OWOB
and anemia, 2) co-occurring OWOB and any micronutrient
deficiency) by urban-rural residence. Second, we examined the
association between individual-level DBM and residence in
urban or rural areas. Finally, we tested whether the prevalence
of DBM would differ from that expected by chance.

Methods

Data source and study population

We analyzed nationally representative data from the 2015-2016
Malawi Micronutrient Survey (MNS), which was conducted in co-
ordination with the 2015-2016 Malawi Demographic and Health
Survey (MDHS) (30, 31). The MDHS used the 2008 Malawi Population
and Housing Census and employed a 2-stage cluster sampling design
in which clusters were selected using a probability proportional to
population size approach and then 30 households per urban cluster
and 33 households per rural cluster were selected by applying an
equal probability systematic selection method. Additional details of
the MDHS sampling methodology are presented elsewhere (31). For
the MNS, a subsample of MDHS clusters were randomly selected,
and 20 households per urban cluster and 22 per rural cluster were
included (30). In each household, eligible participants (defined as usual
members of the household who spent the night in that household before
the survey) were invited to participate. Of 830 sampled women of
reproductive age (15-49 y), we excluded women who were pregnant
(n = 34), women for whom pregnancy status was not available (z = 18),
and women who had missing (# = 10) or biologically implausible
BMI values (beyond 5 SD from reference means; 7 = 3) (15), missing
values on anemia or micronutrient status (7 = 41), or missing values
on demographic variables used in our analysis (# = 1). Our final
analytic sample consisted of 723 nonpregnant women. The proportion
of missing or biologically implausible BMI values was 1.8 %, indicating
good anthropometric data quality (32). All available sociodemographic
characteristics (age, wealth, education, residence) among women in our
analytic sample and those who were excluded from this analysis were
similar. Ethical approval for the MDHS and MNS was granted by The
National Health Sciences Research Committee in Malawi. Community
leaders also granted consent of MDHS and MNS activities.

Characterizations of DBM at the individual level

We examined 2 characterizations of DBM at the individual level in
Malawian women: 1) co-occurring OWOB and anemia and 2) co-
occurring OWOB and any micronutrient deficiency. For analyses
examining any micronutrient deficiency in women, we created a
micronutrient deficiency index that was a composite measure of a
woman’s micronutrient status. The micronutrient index was comprised
of 5 micronutrients (zinc, iron, folate, vitamin B-12, vitamin A),
and women with 1 or more deficiency in these micronutrients were
categorized as having >1 micronutrient deficiency. In subanalyses, we
examined co-occurring OWOB and single micronutrient deficiencies.
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Given that in some cases cut-offs above those used to define deficiency of
micronutrients are clinically meaningful, we also examined co-occurring
OWOB and folate insufficiency (which is associated with risk of neural
tube defects), co-occurring OWOB and vitamin A insufficiency, and co-
occurring OWOB and vitamin B-12 depletion.

Measurement of OWOB, anemia, and micronutrient
deficiencies

Weight was measured with a digital floor scale (SECA brand) to the
nearest 0.1 kg, and a wooden stadiometer [ShorrBoard® (Weigh and
Measure, LLC)] was used to measure height to the nearest 0.1 cm. We
used weight and height measurements to calculate BMI and classify
women into 3 weight categories, using the WHO recommended cut-off
points: underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-
24.9), and OWOB (BMI 25-29.9 [overweight], >30 [obesity]) (33). A
BMI >25 indicates excess weight and has been shown to be associated
with increased risk of adverse health outcomes, making it appropriate
to collapse BMI categories of OWOB (17).

We measured deficiencies in zinc, iron, folate, vitamin B-12, and
vitamin A using serum from venous blood samples, which were collected
from consenting participants, using venipuncture into 1 trace element-
free and a second EDTA-containing tube. Anemia was tested in the
field using the HemoCue® 301 (UNICEF Supply catalogue) and defined
as hemoglobin (adjusted for altitude and smoking) <12.0 g/dL in
nonpregnant women (34). Zinc deficiency was defined as a serum zinc
concentration <70 pug/dL for morning fasted samples, <66 ug/dL for
morning nonfasting samples, and <59 ug/dL for afternoon nonfasting
samples (35). Iron deficiency was defined as inflammation-adjusted
ferritin <15 pg/L. We adjusted ferritin concentrations for C-reactive
protein (CRP) and a-1-acid glycoprotein (AGP) concentrations using
the Biomarkers Reflecting Inflammation and Nutritional Determinants
of Anemia internal (country-specific) regression-corrected approach
(36, 37). Folate deficiency was based on risk of megaloblastic anemia
defined as serum folate concentration <6.8 nmol/L (38). Vitamin
B-12 deficiency was defined as serum vitamin B-12 concentration
<150 pmol/L (39). Vitamin A deficiency was defined as retinol-binding
protein (RBP) <0.46 umol/L calibrated to equal retinol <0.7 wmol/L
using regression analysis (40, 41). Folate insufficiency was defined as
RBC folate <748 nmol/L (42). Vitamin B-12 depletion was defined
as serum vitamin B-12 concentration <220 pmol/L (39). Vitamin A
insufficiency was defined as RBP >0.46 to <0.86 umol/L calibrated to
equal retinol >0.7 to <1.05 pumol/L using regression analysis (41).

Statistical analysis

All analyses were conducted in SAS 9.4 (SAS Institute, Inc.) and used
survey weights to generate results representative of women in Malawi.
Survey procedures in SAS were used to account for the complex
sampling design (strata and clusters). We generated descriptive statistics
for sociodemographic characteristics of women (residence, education
level, household wealth index, age).

We calculated the prevalence of OWOB, anemia, any micronutrient
deficiency, co-occurring OWOB and anemia, and co-occurring OWOB
and any micronutrient deficiency. In a bivariate analysis, we examined
the association between residence and OWOB, using the Rao-Scott
modified chi-square test. We then calculated unadjusted and adjusted
(for household wealth index, education level, continuous age in years)
prevalence ratios to examine the association between residence and
OWOB, using a log-binomial regression model performed with PROC
GENMOD (43). We evaluated multicollinearity among our independent
variables by assessing variance inflation factors. We conducted similar
analyses to assess the association between residence and each of the
following outcomes: anemia, any micronutrient deficiency, co-occurring
OWOB and anemia, and co-occurring OWOB and any micronutrient
deficiency.

The Rao-Scott modified chi-square test was used to compare the
observed and expected prevalence of co-occurring OWOB and anemia.
The expected prevalence of co-occurring OWOB and anemia was
estimated as the product of OWOB prevalence and anemia prevalence.
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We also compared the observed and expected prevalence of co-
occurring OWOB and anemia stratified by residence. We carried out a
similar analysis to compare the observed and expected prevalence of co-
occurring OWOB and any micronutrient deficiency. For these analyses,
underweight women were excluded, and normal weight women served
as the reference category.

In subanalyses, we repeated the analyses described above to examine
the co-occurrence of OWOB and deficiencies in single micronutrients
(i.e. OWOB and zinc deficiency, OWOB and iron deficiency, OWOB
and folate deficiency, OWOB and vitamin B-12 deficiency, OWOB
and vitamin A deficiency). We also examined the co-occurrence of
OWOB and single micronutrient insufficiencies (i.e. OWOB and folate
insufficiency, OWOB and vitamin B-12 depletion, OWOB and vitamin A
insufficiency). In addition, we estimated the prevalence of micronutrient
deficiencies and insufficiencies in women who were underweight,
normal weight, and OWOB.

Results

Sociodemographic characteristics of women are provided
in Table 1. 79.0% had less than a secondary education, and the
largest age category of women was aged 20-29 y with 38.6%.
The proportion of women residing in urban areas and rural
areas was 9.1% and 90.9%, respectively.

Prevalence of OWOB, anemia, and micronutrient
deficiencies

The national prevalence of OWOB, anemia, and any micronu-
trient deficiency was 14.5%, 19.9%, and 72.8%, respectively
(Table 2). Table 2 and Figure 1 display the prevalence of
OWOB, anemia, and any micronutrient deficiency stratified by
residence. In bivariate analyses, the prevalence of OWOB in
women was higher in urban areas than in rural areas [urban:
34.4% (95% CI: 25.8, 43.0), rural: 12.5% (95% CIL: 8.8,
16.2)] (Table 2). The prevalence of anemia among women in
urban and rural areas was 17.8% (95% CI: 6.4, 29.2) and
20.2% (95% CI: 16.5, 23.8), respectively. The prevalence of
any micronutrient deficiency was high in both urban and rural
areas [urban: 87.8% (95% CI: 74.3,100.0), rural: 71.3% (95%
CL: 66.3, 76.3)]. In adjusted regression analyses, OWOB was
not statistically more prevalent among women in urban areas
compared with women in rural areas [adjusted prevalence ratio
(aPR): 1.5 (95% CL: 0.9, 2.5)] (Table 3). The prevalence of
anemia did not significantly differ among women in urban areas
and those in rural areas [aPR: 0.7 (95% CI: 0.4, 1.4)]; however,
there was a higher prevalence of any micronutrient deficiency
among women in urban areas compared with women in rural
areas [aPR: 1.3 (95% CI: 1.0, 1.5)].

The prevalence of single micronutrient deficiencies was
highly variable (Table 2). The prevalence of zinc deficiency
was highest (61.8%), followed by inflammation-adjusted iron
deficiency (16.0%), vitamin B-12 deficiency (12.4%), folate
deficiency (7.6%), and vitamin A deficiency (0.3%). In bivariate
analyses, the prevalence of vitamin B-12 deficiency in women
was lower in urban areas than in rural areas [urban: 0.4%
(95% CI: 0.0, 1.0), rural: 13.6% (95% CI: 9.6, 17.6)]. Zinc
deficiency prevalence was high in both urban and rural areas,
and in adjusted analysis, zinc deficiency prevalence was slightly
higher in women in urban areas compared with those in rural
areas [aPR: 1.5 (95% CI: 1.1, 1.9)]. The prevalence of iron
deficiency was similar in urban [16.2% (95% CI: 7.5, 24.9)]
and rural [16.0% (95% CI: 12.3,19.7)] areas. Folate deficiency
prevalence was 4.5% (95% CI: 0.0, 9.3) in urban areas and
7.9% (95% CI: 4.8, 11.1) in rural areas. As the prevalence



TABLE 1 Sociodemographic characteristics of nonpregnant women of reproductive age in Malawi'

Total (n =723) Urban (n=117) Rural (n = 606)

Residence

Urban 9.1(1.5,16.8) — —

Rural 90.9(83.2,98.5) — —
Education

<Secondary 79.0(73.2,84.8) 35.6(18.0,53.2) 83.3(79.0, 87.6)

>Secondary 21.0(15.2,26.8) 64.4(46.8, 82.0) 16.7(12.4,21.0)
Wealth tertile?

Low 35.8(28.7,42.9) 10.8 (0.0, 27.7) 38.3(31.0, 45.6)

Middle 32.2(27.2,37.3) 9.7(3.7,15.7) 34.5(29.4,39.5)

High 32.0(24.4,39.6) 79.5(66.3,92.7) 27.2(20.3,34.1)
Age,y

15-19 20.2(16.3, 24.0) 14.4(7.2,21.6) 20.7(16.7, 24.8)

20-29 38.6(32.7, 44.5) 57.0(34.9,79.0) 36.8(31.0, 42.5)

30-39 24.7(20.4,29.0) 14.2(6.6,21.9) 25.8(21.2,30.3)

40-49 16.5(13.5,19.6) 14.4(2.2,26.6) 16.7(13.6,19.9)
Weight status

Underweight® 9.2(6.9,11.5) 13.7(4.1,23.3) 8.7(6.4,11.1)

Normal® 76.3(71.7,81.0) 51.9(39.5, 64.4) 78.8(74.4,83.1)

Overweight® 10.7 (7.3, 14.1) 20.8(7.8,33.7) 9.7 (6.4,13.0)

Obesity? 3.7(1.8,5.6) 13.6(3.7,235) 2.8(1.1,44)

"Based on data from the 2015-2016 Malawi Micronutrient Survey.

Data are weighted percent and 95% Cls.

Prevalence estimates accounted for the complex sampling design.

2\Wealth tertiles were created from a wealth index, a variable that is derived from principal component analysis and serves as an

indicator of household wealth.

3Underweight defined as BMI <18.5 kg/m?.
“Normal weight defined as BMI 18.5-24.9 kg/m?.
50verweight defined as BMI 25-29.9 kg/m?.
80besity defined as >30 kg/m?.

of vitamin A deficiency was very low, vitamin A deficiency
prevalence in urban compared with rural areas could not be
evaluated.

Prevalence estimates of folate insufficiency, vitamin B-12
depletion, and vitamin A insufficiency were 80.9%, 39.6%,
and 5.0%, respectively. The prevalence of folate insufficiency
in women was higher in urban areas than in rural areas
[urban: 98.3% (95% CI: 96.0, 100.0), rural 79.2% (95% CI:
73.3, 85.1)]. Prevalence estimates of vitamin B-12 depletion
and vitamin A insufficiency were not significantly different
between urban and rural areas [vitamin B-12 depletion: urban:
19.6% (95% CI: 6.7, 32.4), rural: 41.6% (95% CIL: 34.8,
48.5); vitamin A insufficiency: urban: 1.0% (95% CI: 0.0, 2.4),
rural: 5.4% (95% CI: 3.1, 7.8)]. In adjusted regression analysis,
women in urban areas had a slightly higher prevalence of folate
insufficiency than women in rural areas [aPR: 1.2 (95% CI: 1.1,
1.3)] (Table 3).

Prevalence of co-occurring OWOB and anemia or any
micronutrient deficiency

The prevalence of DBM among Malawian women, defined as
co-occurring OWOB and anemia was 3.4% (95% CI: 1.3, 5.5),
and defined as co-occurring OWOB and any micronutrient
deficiency was 10.8% (95% CI: 7.0, 14.5). The prevalence of
co-occurring OWOB and anemia in women was 6.9% (95%
CI: 0.6, 13.2) in urban areas and 3.0% (95% CI: 0.8, 5.3) in
rural areas. The prevalence of co-occurring OWOB and any
micronutrient deficiency was higher among women in urban
areas than in rural areas [urban: 32.6% (95% CI: 24.1, 41.2),
rural: 8.6% (95% CI: 5.2, 11.9)] (Table 2, Figure 1).

Unadjusted analysis indicated that women in urban areas
had a higher prevalence of co-occurring OWOB and any
micronutrient deficiency compared with women in rural areas
[PR: 3.8 (95% CI: 2.4, 6.1)] (Table 3). The strength of
this association was attenuated in an adjusted model but
remained statistically significant; co-occurring OWOB and any
micronutrient deficiency was twice as prevalent for women in
urban areas compared with rural areas [aPR: 2.0 (95% CI:
1.1, 3.5)]. Low prevalence of co-occurring OWOB and anemia
prevented modeling its association between urban and rural
residence.

In subanalyses of single micronutrient deficiencies and
OWOB, the prevalence estimates were as follows: 9.8% for co-
occurring OWOB and zinc deficiency; 2.6% for co-occurring
OWOB and iron deficiency; 1.8% for co-occurring OWOB
and folate deficiency; 0.8% for co-occurring OWOB and
vitamin B-12 deficiency; and 0.1% for co-occurring OWOB
and vitamin A deficiency (Table 2). The prevalence estimates
of co-occurring OWOB and folate insufficiency, co-occurring
OWOB and vitamin B-12 depletion, and co-occurring OWOB
and vitamin A insufficiency in women were 12.5%, 4.4%,
and 0.0%, respectively. In bivariate analyses, the prevalence
of co-occurring OWOB and zinc deficiency was higher among
women in urban areas than rural areas [urban: 31.3% (95%
CL: 22.1, 40.4), rural: 7.7% (95% CI: 4.4, 11.0)]. Similarly,
the prevalence of co-occurring OWOB and folate insufficiency
was higher among women in urban areas than rural areas
[urban: 34.2% (95% CI: 25.7, 42.8), rural: 10.3% (95% CI:
7.1, 13.5)]. The prevalence estimates of co-occurring OWOB
with other single micronutrient deficiencies (iron deficiency,
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TABLE 2 \\eighted prevalence estimates of single conditions of malnutrition and co-occurring overweight or obesity and anemia or
micronutrient deficiencies among nonpregnant women of reproductive age in Malawi, according to residence (n = 723)

Total Urban (n =117) Rural (n = 606) Pvalue'
Single malnutrition conditions
Overweight? 10.7(7.3,14.1) 20.8(7.8,33.7) 9.7 (6.4,13.0) 0.15
Obesity? 3.7(1.8,5.8) 13.6(3.7,235) 2.8(1.1,44) 0.09
0WO0B? 145(10.6,18.4) 34.4(258,43.0) 12.5(8.8,16.2) 0.02
Anemia® 19.9(16.5,23.4) 17.8(6.4,29.2) 20.2(16.5,23.8) 0.69
Micronutrient deficiencies
>1 micronutrient deficiency” 72.8(67.7,77.8) 87.8(74.3,100.0) 71.3(66.3, 76.3) 0.15
Zinc deficiency® 61.8(54.8,68.9) 82.8(66.2, 99.5) 59.7(52.7, 66.8) 0.15
Iron deficiency® 16.0(12.6,19.4) 16.2(7.5,24.9) 16.0(12.3,19.7) 0.96
Folate deficiency’ 76(4.7,105) 45(0.0,9.3) 7.9(4.8,11.1) 0.36
Vitamin B-12 deficiency® 12.4(8.7,16.2) 0.4(0.0,1.0) 13.6(9.6,17.6) 0.02
Vitamin A deficiency® 0.3(0.0,0.8) — 0.4(0.0,0.9) —
Micronutrient insufficiencies
Folate insufficiency'® 80.9(75.3, 86.6) 98.3(96.0, 100.0) 79.2(73.3,85.1) 0.02
Vitamin B-12 depletion'’ 39.6(33.2, 46.0) 19.6(6.7,32.4) 41.6(34.8,48.5) 0.05
Vitamin A insufficiency'? 5.0(28,7.2) 1.0(0.0,2.4) 5.4(3.1,78) 0.07
Co-occurring OWOB and anemia
OWOB + anemia 3.4(1.3,55) 6.9(0.6,13.2) 3.0(0.8,5.3) 0.36
Co-occurring OWOB and micronutrient deficiencies
OWOB + >1 micronutrient deficiency 10.8(7.0, 14.5) 326(24.1,41.2) 8.6(5.2,11.9) 0.02
OWOB +- zinc deficiency 9.8(6.1,13.6) 31.3(22.1,40.4) 7.7(4.4,11.0) 0.03
OWOB + iron deficiency 26(1.0,4.1) 25(0.0,5.3) 26(09,4.3) 0.97
OWOB + folate deficiency 1.8(0.8,29) 1.5(0.0,3.2) 1.8(0.7,3.0) 0.73
OWOB + vitamin B-12 deficiency 0.8(0.2,1.5) — 0.9(0.2,1.7) —
OWOB + vitamin A deficiency 0.1(0.0,0.3) — 0.1(0.0,0.3) —
Co-occurring OWOB and micronutrient insufficiencies
0WOB + folate insufficiency 12.5(8.9,16.0) 34.2(25.7,42.8) 10.3(7.1,13.5) 0.02
OWOB + vitamin B-12 depletion 44(20,6.7) 1.6(0.0,3.8) 46(2.0,7.2) 0.21
OWOB + vitamin A insufficiency 0.0(0.0,0.1) — 0.0(0.0,0.1) —

Based on data from the 2015-2016 Malawi Micronutrient Survey.
Data are weighted proportions and 95% Cls.
Prevalence estimates accounted for the complex sampling design.

—, For prevalence estimates with 0 unweighted cases. For P value that cannot be calculated.

"Based on Rao-Scott modified chi-square test.

20verweight defined as BMI 25-29.9 kg/m?. Obesity defined as >30 kg/m?. Overweight or obesity defined as BMI >25.0 kg/m?.

3Anemia defined as hemoglobin (adjusted for altitude and smoking) <12.0 g/dL for nonpregnant women.

4>1 micronutrient deficiency defined as a deficiency in 1 or more of the following micronutrients: zinc, iron, folate, vitamin B-12, vitamin A.

5Zinc deficiency defined as serum zinc concentration <70 ug/dL for morning fasted samples, <66 ug/dL for morning nonfasting samples, and <59 pg/dL for afternoon

nonfasting samples.
8lron deficiency defined as inflammation-corrected ferritin <15 pg/L.

"Folate deficiency was based on risk of megaloblastic anemia defined as serum folate concentration <6.8 nmol/L.

8Vitamin B-12 deficiency defined as serum vitamin B-12 concentration <150 pmol/L.

9Vitamin A deficiency defined as retinol-binding protein <0.46 umol/L calibrated to equal retinol <0.7 umol/L using regression analysis.

Folate insufficiency defined as RBC folate concentration <748 nmol/L.
"Vitamin B-12 depletion defined as serum vitamin B-12 concentration <220 pmol/L.

12V/itamin A insufficiency defined as RBP >0.46 to <0.86 umol/L calibrated to equal retinol >0.7 to <1.05 umol/L using regression analysis.

OWOB, overweight or obesity.

folate deficiency) did not differ significantly among women
according to residence (Table 2). Similarly, the prevalence
of co-occurring OWOB and vitamin B-12 depletion did
not differ significantly among women in urban areas and
women in rural areas (Table 2). As such, differences in the
prevalence estimates of co-occurring OWOB with these single
micronutrient deficiencies and insufficiencies were not assessed
further. Differences in the prevalence estimates of co-occurring
OWOB and vitamin B-12 deficiency, co-occurring OWOB and
vitamin A deficiency, and co-occurring OWOB and vitamin
A insufficiency were also not assessed in unadjusted and
adjusted analyses due to no unweighted cases with these co-
occurring forms of malnutrition in urban areas. The higher
prevalence of co-occurring OWOB and zinc deficiency [PR:
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4.1 (95% CI: 2.4, 6.8)] and co-occurring OWOB and folate
insufficiency [PR: 3.3 (95% CI: 2.2, 4.9)] in urban areas
compared with rural areas persisted in adjusted analyses [co-
occurring OWOB and zinc deficiency: aPR: 2.0 (95% CI: 1.1,
3.8), co-occurring OWOB and folate insufficiency: aPR: 1.9
(95% CI: 1.2, 3.0)].

In secondary analyses to determine if the prevalence of
anemia and micronutrient deficiencies or insufficiencies differed
according to weight category (underweight, normal weight, and
OWOB), there were no apparent differences (Figure 2, Supple-
mental Table 1). The exception was vitamin A insufficiency,
which was highest in underweight women [underweight: 11.5%
(95% CI: 1.8, 21.3), normal weight: 5.2% (95% CI: 2.7, 7.6),
OWOB: 0.2% (95% CI: 0.0, 0.7)].



100 ~

90 A

70 4

60 -

50 |

Prevalence (%)

20 - ]
10 - I

Overweight or obesity

- :

OWOB + anemia OWOB + any
micronutrient deficiency

Anemia Any micronutrient

deficiency

m Urban Rural

FIGURE 1 Prevalence of overweight or obesity, anemia, and any micronutrient deficiency and 2 characterizations of the individual-level double
burden of malnutrition by residence (n = 723). Individual level-double burden of malnutrition defined 2 ways: co-occurring overweight or obesity
and anemia, and co-occurring overweight or obesity and any micronutrient deficiency. Based on data from the 2015-2016 Malawi Micronutrient
Survey. Urban (n = 117), Rural (n = 606). Prevalence estimates accounted for the complex sampling design. Survey weights were used to
calculate nationally representative prevalence estimates. Overweight or obesity defined as BMI >25.0 kg/m?. Anemia defined as hemoglobin
(adjusted for altitude and smoking) <12.0 g/dL for nonpregnant women. Any micronutrient deficiency defined as a deficiency in 1 or more
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protein <0.46 wmol/L calibrated to equal retinol <0.7 umol/L using regression analysis. OWOB, overweight or obesity.

Observed versus expected prevalence of co-occurring
OWOB and anemia or any micronutrient deficiency
We investigated whether the prevalence of DBM would differ
from that expected by chance, assuming the conditions were
independent. The observed prevalence of co-occurring OWOB
and anemia was 3.7%, which did not differ significantly from
the expected prevalence (3.1%, P = 0.49). The observed
and expected prevalence of co-occurring OWOB and any
micronutrient deficiency was 11.9% and 11.7%, respectively
(P = 0.82). There were no statistically significant differences in
observed and expected prevalence estimates of DBM, by either
definition (co-occurring OWOB and anemia or co-occurring
OWOB and any micronutrient deficiency), or in analyses
stratified by residence (Table 4).

In subanalyses, the observed prevalence estimates were lower
than the expected prevalence estimates for co-occurring OWOB
and vitamin B-12 deficiency and co-occurring OWOB and
vitamin A insufficiency (P = 0.01 and P <0.001, respectively).
In analyses stratified by residence, these findings held among
women in rural areas (P = 0.04 and P = 0.001, respectively).
The observed prevalence of co-occurring OWOB and folate
deficiency was slightly higher than the expected prevalence
among women in rural areas (P = 0.05). We did not find
statistically significant differences in observed and expected
prevalence estimates of other co-occurring OWOB and single
micronutrient deficiencies and insufficiencies.

Discussion

Nationally, the prevalence of co-occurring OWOB and anemia
was very low, but >1 in 10 women had co-occurring
OWOB and any micronutrient deficiency. The prevalence of

co-occurring OWOB and anemia did not significantly differ by
residence, whereas the prevalence of co-occurring OWOB and
any micronutrient deficiency was 2-fold higher among women
in urban areas compared with women in rural areas. The
larger prevalence of co-occurring OWOB and any micronutrient
deficiency in urban areas may be driven by the larger prevalence
of OWOB and micronutrient deficiencies among urban women,
given that we did not detect women with OWOB to be more
or less likely to have micronutrient deficiencies in tests of
independence, and based on the observation that the majority
of micronutrient deficiencies affected women across all weight
categories equally.

The prevalence of co-occurring OWOB and anemia in
Malawian women was lower than the prevalence observed in
other LMICs. For example, 1 study found that 9% of women
in a region of southern India had co-occurring OWOB and
anemia, though the results are not directly comparable since
BMI cut-offs for Asian populations were used (24). Studies from
Latin American countries have found 12% (Guatemala) to 14%
(Brazil) of women with co-occurring OWOB and anemia (23). It
is not surprising that co-occurring OWOB and anemia is higher
in Guatemala and Brazil than that observed in Malawi, given
the very high prevalence of both OWOB and anemia in these
Latin American countries: in Guatemala, 40.6% of women
have OWOB and 24.5% of women have anemia; in Brazil
64.9% have OWOB and 30.6% have anemia (23). The level of
co-occurring OWOB and anemia observed in a given country
may be related to its stage within the nutrition transition; the
nutrition transition is thought to be advanced in some countries
in Latin America (22, 44) and in the early stages in sub-Saharan
African countries like Malawi (28, 29).

The prevalence of co-occurring OWOB and any micronu-
trient deficiency was nearly 3 times that of co-occurring
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TABLE 3 Associations between urban residence and single conditions of malnutrition, co-occurring overweight or obesity and
micronutrient deficiencies, and co-occurring overweight or obesity and micronutrient insufficiency among nonpregnant women of

reproductive age in Malawi (n = 723)

Unadjusted PR (95% CI)

Adjusted PR (95% CI)'

(ref = rural) Pvalue (ref = rural) Pvalue

Single malnutrition conditions

O0WO0B? 2.8(1.9,4.0) <0.0001 1.5(0.9,25) 0.10

Anemia® 0.9(05,1.7) 071 0.7(0.4,1.4) 0.31

>1 micronutrient deficiency” 1.2(1.0,1.5) 0.01 1.3(1.0,1.5) 0.02

Zinc deficiency” 1.4(1.1,1.7) <0.01 15(1.1,1.9) <0.01

Folate insufficiency® 1.2(1.1,1.3) <0.0001 1.2(1.1,1.3) <0.0001
Co-occurring OWOB and micronutrient deficiencies

OWOB + >1 micronutrient deficiency 3.8(2.4,6.1) <0.0001 2.0(1.1,3.5) 0.02

OWOB + zinc deficiency 41(2.4,6.8) <0.0001 2.0(1.1,3.8) 0.03
Co-occurring OWOB and micronutrient insufficiency

OWOB + folate insufficiency 3.3(2.2,49) <0.0001 1.9(1.2,3.0) 0.01

Based on data from the 2015-2016 Malawi Micronutrient Survey.
Data are prevalence ratios (PRs) (95% Cl). Reference for PRs is rural residence.

" Adjusted for education (<secondary, >secondary), household wealth index (low, middle, high), and age in years (continuous).

20verweight or obesity defined as BMI >25.0 kg/m?.

3Anemia defined as hemoglobin (adjusted for altitude and smoking) <12.0 g/dL for nonpregnant women.
4>1 micronutrient deficiency defined as a deficiency in 1 or more of the following micronutrients: zinc, iron, folate, vitamin B-12, vitamin A.
Zinc deficiency defined as serum zinc concentration <70 pg/dL for morning fasted samples, <66 ng/dL for morning nonfasting samples, and <59 pg/dL for afternoon

nonfasting samples.
Iron deficiency defined as inflammation-corrected ferritin <15 pg/L.

Folate deficiency was based on risk of megaloblastic anemia defined as serum folate concentration <6.8 nmol/L.

Vitamin B-12 deficiency defined as serum vitamin B-12 concentration <150 pmol/L.

Vitamin A deficiency defined as retinol-binding protein <0.46 wmol/L calibrated to equal retinol <0.7 umol/L using regression analysis.

5Folate insufficiency defined as RBC folate concentration <748 nmol/L.
OWOB, overweight or obesity.

OWOB and anemia. Notably, this finding was largely due
to the high prevalence of zinc deficiency. In previous studies
on DBM, anemia has been used to reflect micronutrient
deficiencies, such as deficiencies of iron, folate, and vitamin A
(17, 24). Although research supports the role of micronutrient
deficiencies in the etiology of anemia, nonnutritional factors,
such as chronic disease, genetic blood diseases, malaria, and
inflammation are not only known to be associated with anemia,
but may contribute even more to the development of anemia
than nutritional causes in some settings (25, 26, 45, 46).
Furthermore, there is now strong evidence that the contribution
of micronutrient deficiencies to anemia varies by setting (235,
45, 46). Context-specific determinants of anemia need to be
understood to assess whether anemia is an appropriate proxy
for micronutrient deficiencies, as well as to better understand
estimates of co-occurring OWOB and anemia. Moreover,
given that anemia does not reflect micronutrient deficiencies
uniformly across contexts, making direct comparisons of
prevalence estimates of co-occurring OWOB and anemia across
LMICs is likely problematic. Additional studies that examine
co-occurring OWOB and anemia or micronutrient deficiencies
in other LMICs are needed to explore the extent to which the
prevalence estimates of these 2 characterizations of DBM may
differ by setting.

We found that the prevalence of co-occurring OWOB
and micronutrient deficiencies in women largely consisted of
the prevalence of co-occurring OWOB and zinc deficiency,
as the prevalence of other single micronutrient deficiencies
(iron, folate, vitamin B-12, vitamin A) was relatively low.
Our results are consistent with a large, cross-sectional analysis
from Vietnam, where the prevalence of co-occurring OWOB
and zinc deficiency (12.2%) was highest, and the prevalence
of co-occurring OWOB and iron deficiency and prevalence
of co-occurring OWOB and vitamin B-12 deficiency were
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low (2.3% and 3.0%, respectively) (47). Similar to the high
levels of zinc deficiency found in women in Vietnam (67%),
Malawian women bear a high burden of zinc deficiency (48).
Research investigating co-occurring OWOB and micronutrient
deficiencies in other LMICs is warranted. In LMICs such as
Mexico and Cameroon, for example, there may be even higher
levels of co-occurring OWOB and micronutrient deficiencies in
women than that found in Malawian women, as both Mexico
and Cameroon have larger burdens of OWOB (11, 27) than
Malawi and high prevalence of micronutrient deficiencies (25).

Overall, the patterning of indicators of malnutrition by
residence observed in our study is consistent with previous
studies. Sub-Saharan Africa, along with South Asia, are the
only regions in the world where OWOB remains concentrated
in urban areas (16, 49). Simultaneously, cross-sectional studies
have shown that intakes of micronutrients, such as vitamin B-
12 and folate, are low among urban women in sub-Saharan
Africa (50). Constrained potentially by the survey design, we did
not observe a significant association between urban residence
and co-occurring OWOB and anemia in Malawian women. By
contrast, a pooled analysis of nationally representative data
for 30 sub-Saharan African countries found that women in
periurban and urban areas had significantly higher odds of
concurrent OWOB and anemia than women in rural areas
(periurban, OR: 1.18; urban, OR: 1.43) (12).

Perhaps 1 of the most salient findings of our analysis
was that the national prevalence of individual-level DBM
observed in Malawi was consistent with chance association,
and this relationship persisted when examined by residence.
Other studies in LMICs to evaluate OWOB and anemia
in women have reported similar results (23, 24, 51). To
our knowledge, few studies have tested the independence of
OWOB and micronutrient deficiencies in women. The statistical
independence of over- and undernutrition at the individual level
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among Malawian women is consistent with results examining
the interplay of over- and undernutrition at the household level.
For example, using 121 datasets from 54 countries, Dieffenbach
and Stein found that households with children aged 2-5 y with
stunting were not more or less likely to have mothers with
OWOB, leading them to conclude that this characterization of
household-level DBM was a “statistical artifact,” rather than a
distinct entity (52). Subsequent research in Latin America found
that in 5 of 6 countries (Brazil, Colombia, Ecuador, Guatemala,
and Mexico), the observed prevalence of a child with stunting
aged under 5 y and a woman with OWOB within the same
household was significantly lower than the prevalence expected
by chance, but all absolute differences were small and not
considered to be practically meaningful (23).

Collectively, these findings suggest that there may not be
shared drivers of over- and undernutrition, which can inform
health and nutrition programming and policy in Malawi
that is targeted at reducing DBM among women. Although
Malawi has experienced steep declines in anemia from 2001
to 2015-2016, multiple forms of malnutrition still exist at
the population level. The country is faced with the complex
challenge of addressing OWOB, while continuing to combat
micronutrient deficiencies and anemia. Accordingly, evidence-
based approaches to reducing OWOB that are tailored to the
Malawian context may be more consistent with current pro-
gramming and investments in health and nutrition in Malawi
than programs focused specifically on DBM. Reducing either

component of DBM will in essence reduce DBM prevalence.
Since the national prevalence of OWOB among women in
Malawi is still relatively low compared with other LMICs (4,
53), the Malawi government has the opportunity to focus health
resources on the prevention of OWOB alongside evidence-
based interventions to reduce the current burden of OWOB.
An emphasis on OWOB prevention is essential if Malawi is to
avoid increases in the prevalence of OWOB and its consequences
such as type 2 diabetes and cardiovascular diseases, which
are costly to individuals, health care systems, and economies
(3). Programming to reduce anemia and iron deficiency is also
necessary, and this applies across the weight spectrum. With the
optimism for double-duty actions to simultaneously reduce both
undernutrition and OWOB and diet-related noncommunicable
diseases (54, 55), Malawi may be an appropriate context to test
the efficacy of these actions before making national program
shifts without an adequate evidence base.

A major strength of this study was its examination of co-
occurring OWOB and micronutrient deficiencies, and being
able to contrast it with co-occurring OWOB and anemia. Since
micronutrient status is not routinely assessed in population-
based surveys (19, 20, 25), due to the complexity and
expense of collecting and analyzing specimens for micronutrient
biomarkers (20), evaluations of co-occurring OWOB and
micronutrient deficiencies are rare. By including micronutrient
deficiencies in the definition of individual-level DBM, we
broaden the undernutrition component of the DBM definition
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TABLE 4 Comparison of the observed prevalence of co-occurring overweight or obesity and anemia and co-occurring overweight or
obesity and micronutrient deficiencies with the prevalence expected by chance among nonpregnant women of reproductive age in

Malawi (n = 660)

Observed co-occurrence (%) Expected co-occurrence (%) Pvalue’
Co-occurring OWOB and anemia
OWOB 4 anemia?-3 37 3.1 0.49
Urban 8.0 55 0.45
Rural 33 27 0.52
Co-occurring OWOB and micronutrient deficiencies
OWOB + >1 micronutrient deficiency* 11.9 1.7 0.82
Urban 37.8 37.0 0.54
Rural 9.4 9.8 0.65
OWOB —+ zinc deficiency® 108 9.9 0.30
Urban 36.2 35.0 0.40
Rural 8.4 8.2 0.77
OWOB —+ iron deficiency® 2.8 24 0.48
Urban 29 48 0.26
Rural 28 2.1 0.26
OWOB + folate deficiency’ 2.0 12 0.07
Urban 1.7 20 0.66
Rural 2.0 1.1 0.05
OWOB —+ vitamin B-12 deficiency® 0.9 2.0 0.01
Urban — 0.2 —
Rural 1.0 19 0.04
OWOB + vitamin A deficiency® 0.1 0.1 0.58
Urban — — —
Rural 0.1 0.1 0.53
Co-occurring OWOB and micronutrient insufficiencies
OWOB +- folate insufficiency™ 138 129 0.18
Urban 39.7 39.0 0.22
Rural 1.3 10.8 0.49
OWOB 4- vitamin B-12 depletion'’ 4.8 6.5 0.09
Urban 1.9 9.0 0.05
Rural 5.1 5.8 0.43
OWOB + vitamin A insufficiency'? 0.04 0.7 <0.001
Urban — 02 —
Rural 0.04 0.6 0.001

Based on data from the 2015-2016 Malawi Micronutrient Survey.
Data are weighted proportions.

Prevalence estimates accounted for the complex sampling design.
Women who were underweight were excluded from the analyses.

—, for prevalence estimates, 0 unweighted cases. For chi-square test statistic and P value, cannot be calculated.

"Based on Rao-Scott modified chi-square test.
2Qverweight or obesity defined as BMI >25.0 kg/m?.

3Anemia defined as hemoglobin (adjusted for altitude and smoking) <12.0 g/dL in pregnant women.
4>1 micronutrient deficiency defined as a deficiency in 1 or more of the following micronutrients: zinc, iron, folate, vitamin B-12, vitamin A.
5Zinc deficiency defined as serum zinc concentration <70 ug/dL for morning fasted samples, <66 wg/dL for morning nonfasting samples, and <59 ug/dL for afternoon

nonfasting samples.
8iron deficiency defined as inflammation-corrected ferritin <15 ug/L.

"Folate deficiency was based on risk of megaloblastic anemia defined as serum folate concentration <6.8 nmol/L.

8Vitamin B-12 deficiency defined as serum vitamin B-12 concentration <150 pmol/L.

9Vitamin A deficiency defined as retinol-binding protein <0.46 mol/L calibrated to equal retinol <0.7 mol/L.

OFolate insufficiency defined as RBC folate concentration <748 nmol/L.
"Vitamin B-12 depletion defined as serum vitamin B-12 concentration <220 pmol/L.

12vitamin A insufficiency defined as retinol-binding protein >0.46 to <0.86 umol/L calibrated to equal retinol >0.7 to <1.05 zmol/L.

OWOB, overweight or obesity.

and add to the evidence base that choice of DBM definition
will substantially affect the prevalence estimates of DBM
(56). A related strength was that we examined 5 different
micronutrient deficiencies. Another strength of this study was
that we evaluated the statistical independence of conditions of
malnutrition, which yielded policy-relevant insights that can
inform nutrition programming in the context of DBM.

There were also limitations of the analysis. Although all
prevalence estimates are representative at the national level, the

1562 Rhodes et al.

MNS was not designed to be representative at the residence
level (urban-rural). Indeed, the lack of micronutrient status
data that are representative at the residence level in Malawi,
as well as most LMICs, limits assessment of urban-rural
differences in DBM. Still, examining the individual-level DBM
by residence using available data did highlight important
findings, such as higher deficiencies of some micronutrients
in urban areas that may be due to changes in diet patterns
in urban versus rural areas. When micronutrient status data



that are representative at the residence level become available,
similar analyses can be done to corroborate (or contradict) this
evidence. Another limitation was the inability to statistically
detect small, but potentially meaningful, differences in DBM
and its components across urban and rural areas. Therefore, we
urge readers to notice differences in the prevalence estimates
and recognize that with 80% power, a design effect of 2, and
a = 0.05, the median minimal detectable difference between
urban and rural prevalence estimates was 15 percentage points.
In addition, although there are gradations of urbanicity (57),
our analysis used a dichotomous urban-rural measure for
residence. Research using measures with improved ability to
capture degrees of urbanization is warranted, particularly given
the growth of periurban areas in LMICs (12, 58). Another
challenge of this study was that estimates for co-occurring
OWOB and vitamin A deficiency and co-occurring OWOB
and vitamin A insufficiency were based on a small number
of unweighted cases, and thus, must be interpreted with
caution. Furthermore, we used RBP as an indicator of vitamin
A status, although the WHO recommends retinol (41). In
some scenarios RBP is well correlated with plasma retinol
(40), but as RBP can be influenced by adiposity and protein
energy malnutrition it is not a reliable vitamin A biomarker
(59). Finally, dietary data for women were not available to
explore the relationship between dietary patterns and women’s
nutritional status. Analyses of food consumption data may
help explain differences (or similarities) in women’s nutritional
status according to residence. For example, such analyses could
uncover reasons why zinc deficiency was higher in women in
urban areas compared with their rural counterparts, such as
differential intakes of total zinc, lower consumption of higher
bioavailable animal-source zinc, or higher intake of phytate,
which inhibits zinc absorption (60-62).

In conclusion, this study is 1 of the few to investigate
DBM at the individual level in women in sub-Saharan Africa
(12) and to include micronutrient deficiencies as part of
the DBM definition, which is critical for understanding and
addressing DBM. Our results provide evidence for public health
practitioners and policymakers, which suggests that individual-
level DBM may not require its own set of interventions. Instead,
scaling up evidence-based interventions that address OWOB,
micronutrient deficiencies, and anemia separately could help
reduce the burden of DBM among women in Malawi.
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