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Abstract

Objective: The nutrition transition has exacerbated the gender gap in health in the
Middle East and North Africa region as the increase in excess adiposity has been
much higher among women than men. This is not exclusive of the persistence of
anaemia, generally also more prevalent among women. We assessed the
magnitude and sociodemographic factors associated with gender inequality
vis-a-vis the double burden of excess adiposity and anaemia.

Design: Cross-sectional study, stratified two-stage cluster sample. BMI (= weight/
height®) >25-0kg/m?* defined overweight and BMI > 30-0 kg/m* obesity. Anaemia
was defined as Hb <120 g/l for women, <130 g/l for men. Gender inequalities
vis-a-vis the within-subject coexistence of excess adiposity and anaemia were
assessed by women v. men relative prevalence ratios (RPR). Their variation with
sociodemographic characteristics used models including gender X covariate
interactions.

Setting: Greater Tunis area in 2009-2010.

Subjects: Adults aged 20-49 years (women, n 1689; men, n 930).

Results: Gender inequalities in excess adiposity were high (e.g. overweight:
women 64:9% v. men 484 %; RPR=2-1; 95% CI 1-6, 2-7) and much higher for
anaemia (women 38-0% v. men 7-:2%; RPR=8-2; 95% CI 5-5, 12-4). They were
striking for overweight and anaemia (women 24-1% v. men 3-4%; RPR=16-2;
95% CI 10-3, 25-4). Gender inequalities in overweight adjusted for covariates
increased with age but decreased with professional activity and household wealth
score; gender inequality in anaemia or overweight and anaemia was more
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biological determinants of this remarkable double burden of malnutrition
inequality must be addressed to promote gender equity in health.

Gender has long been a major determinant of health
inequalities in low- and middle-income countries (LMIC), as
a result of a combination of both sex-linked biology and
gender-related social influences on health outcomes™ ™.
Moreover, in some settings, the nutrition transition and the
related growing burden of non-communicable diseases in
recent decades has only exacerbated this gender gap in
health, as the increase in overweight and obesity has been
especially drastic among women, resulting in sizeable
inequalities in excess adiposity by gender(s’(’). The gender
gap in obesity detrimental to women is all the more acute in
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contexts such as the Middle East and North Africa (MENA)
region, especially in urban areas®®. However, the
increase in nutrition-related non-communicable diseases in
LMIC does not exclude the persistence of undernutrition
phenomena, partly linked to micronutrient deficiencies,
like anaemia, which is still highly prevalent in LMIC and to
which women are especially prone worldwide®. Thus,
beyond gender inequalities in excess adiposity, it is of
interest to assess how accounting for both these conditions
may change the perspective on the consequences of the
nutrition transition on gender inequalities in health.
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Excess adiposity and anaemia gender inequality

A double burden of excess adiposity and anaemia can
arise from their coexistence at country level in different
sub-populations or even within the same households in
different members. But it is all the more an issue when, in
a given setting, a sizeable proportion of individuals
experience both adverse conditions”. Without strong
assumptions relative to independent co-occurrence of
both conditions in the same individuals, estimating the
magnitude of such a within-subject type of double burden
requires collecting all the relevant data on the same indi-
viduals during the same survey™ % The within-subject
double burden of excess body weight and anaemia has
already been documented in some LMIC'>'®; for
example, in one woman out of four in urban settings in
Tunisia and one out of ten in Morocco™?. However, to our
knowledge, although gender inequalities in excess body
weight have already been documented in the MENA
region ™, the double burden of overweight and anaemia
in LMIC has been studied mostly among women or with
only very limited data on gender differences™ "',

Tunisia is a typical country in the region which today
features high prevalences of non-communicable diseases
including obesity, especially in urban areas®*'”. Tunisia
has long been one of the most progressive countries of the
MENA region regarding gender legislation’®'”. But
sociocultural values linked to the Arab-Muslim culture are
still at the core of widespread traditions and social norms
regarding women’s social and household roles in the
MENA region®”. Gender inequalities in obesity are very
high in Tunisia; for example, in the 35-70 years age range,
women are almost four times more prone to obesity than
men®. Nevertheless, anaemia is still prevalent among
women even in urban areas®?Y. In this context, for a
broader assessment of the influence of the nutrition tran-
sition on gender health issues, the objectives of the present
work were to assess the magnitude of gender inequality
vis-a-vis the double burden of excess adiposity and
anaemia and its variations according to sociodemographic
characteristics of the subjects or of the household.

Methods

Study design and subjects

Study area

Tunisia is a North African country with an upper middle
level of development and two-thirds urbanization®. Our
study area is the Greater Tunis region, the area around the
capital grouping the four governorates of Tunis, Ariana,
Ben Arous and Manouba, which comprises a quarter of the
country’s population and is mostly urban or peri-urban,
and also the most developed region.

Design and sampling
The target population for our study was adults of both
genders aged 20-49 years. In the ‘Obe-Maghreb’ research
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project(m, a cross-sectional survey, carried out from March

2009 to January 2010, used a two-stage cluster sample of
households®: seventy-six census districts were sampled
with probability proportional to size, then in each district
twenty eligible households (i.e. featuring at least one woman
aged between 20 and 49 years) were randomly selected and
all individuals aged 6 months to 49 years old were included.
We used the sub-sample comprising 20-49-year-old adults
of both genders (excluding pregnant women).

Data collection
Data were collected by trained personnel using a
standardized measurement protocol and questionnaire.

Measurements and derived variables

Sociodemographic characteristics

Place of residence was recorded as urban v. rural and as
one of the four governorates of the Greater Tunis area
(Table 1). Data on age, marital status and, for women, the
number of children were collected during interviews. The
level of education and the professional occupation of the
subjects were recorded. The wealth of the household was
assessed using an asset-based proxy derived from
multivariate analysis of items pertaining to housing char-
acteristics and ownership of appliances®**>.

Anthropometry

Height was measured to the nearest 1mm using a
stadiometer (Person—check®, Kirchner & Wilhelm,
Germany). Weight was measured to the nearest 100 g using
calibrated scales (Detecto, USA). Waist circumference (WC)
was measured to the nearest 1 mm using a flexible tape
measure at the midpoint between the lower rib and the iliac
crest®®. BMI  (=weight/height®) > 25-0kg/m*  defined
overweight and BMI>30-0kg/m?® obesity. For women,
WC >80 cm defined ‘increased risk abdominal obesity’ and
WC>88cm ‘high risk abdominal obesity’; corresponding
values for men were WC>94cm and WC>102cm,
respectively?”.

Hb

Fasting blood samples were collected into EDTA-coated
tubes. Hb concentrations were determined in whole blood
using a T540 automated Beckman Coulter counter.
Anaemia was defined as Hb <120g/l for women and
<130 g/l for men*®.

Double burden of malnutrition

We assessed four types of subject-level double burden of
malnutrition: (i) overweight and anaemia (Ow&An); (i)
obesity and anaemia (Ob&An); (iil) increased risk abdom-
inal obesity and anaemia; and (iv) high risk abdominal
obesity and anaemia. In the analyses, these were coded as
variables with four categories, for example: (i) overweight
and anaemia; (i) overweight only (i.e. overweight and no
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Table 1 Distribution of sociodemographic factors, by gender,
among Tunisian adults (n 2619) aged 20-49 years, Greater Tunis
area, 2009-2010

Women (n 1689) Men (n 930)
OAJ*

Area Pt=0-87

Urban 922 923

Peri-urban 7-8 77
Governorate Pt=093

Tunis 398 39-8

Ariana 21-2 225

Ben Arous 239 22-8

Manouba 151 14.9
Age (years) Pt=0-50

20-29 386 41.2

30-39 329 316

40-49 285 272
Parity -

0 397 -

1-2 26-3 -

3+ 34.0 -
Marital status Pt=0-16

Married 60-8 571

Other 392 429
Education Pt <0-0001

No formal schooling 88 32

Primary school 336 324

Secondary 35-2 46-9

University 224 175
Professional activity Pt <0-0001

Not working/retired 53-0 70

Student 14.2 106

Employee/worker 229 53-9

Upper/intermediate 99 285
Household wealth scoref P1=084

Lower tertile 330 32.0

Intermediate tertile 34-1 354

Upper tertile 329 32:6

*Weighted proportions, taking sampling and post-stratification weights into
account.

1P value for women v. men contrast.

FAsset-based household wealth score: increasing wealth from lower to
upper tertile.

anaemia); (il) anaemia only (ie. no overweight and
anaemia); and (iv) no overweight and no anaemia.

Data management and statistical analysis

Epidata 3-1 (2008) was used for data entry and validation,
and the statistical software package Stata 13 (2013) for data
management and analysis. The type I error risk was set at
0-05 (0-20 for interactions). All analyses took into account
the sampling design as well as post-stratification on
gender, age and place of residence, using svy Stata com-
mands®”. Weighted estimates are presented with design-
based standard error or a 95 % confidence interval.

Gender inequality measures in the framework of the
multinomial logistic model

Gender inequalities for single and/or double burden were
assessed in the framework of multinomial logistic models,
using the double burden of malnutrition in four categories
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as response variables (for each double burden variable,
the subjects featuring neither of the conditions was the
response reference category). Hence the gender inequality
measures were women v. men relative prevalence ratios
(RPR), estimated by generalized logit regression models
using the mlogit Stata command®”. Thus for example for
Ow&An we computed gender inequality measures for
overweight only, anaemia only, and both overweight and
anaemia. Overall gender inequality measures (i.e. women
v. men RPR over the whole population) were estimated
from univariate multinomial logistic models, with gender
as the only dependent variable. We then assessed how
these inequalities might vary according to socio-
demographic characteristics by analogy to what in the
social sciences is referred to as ‘intersectional analysis’
(i.e. how gender intersects with other determinants
regarding health issues™). For unadjusted analyses, for
each covariate we fitted a bivariate model where the four-
category response variable was modelled as a function of
gender, covariate and gender X covariate; for adjusted
analysis, the models included gender and covariate and
gender X covariate terms for all covariates. As our main
interest was in gender inequality measures, the gender X
covariate interactions terms were then detailed by asses-
sing the variation of the women v. men RPR inequality
measure according to the categories of the covariates
(i.e. assessing the modifying effect of covariates on the
associations between gender and health outcomes)®3",
rather than the other possible symmetric interpretation of
the same interaction terms (assessing the modifying effect
of gender on the relationship between health outcomes
and covariates)®?. Adjusted RPR were estimated based on
marginal estimates of probabilities computed at the mean
value of all other covariates using the margins command
in Stata. As it was obviously not possible to fit our models
including parity as a covariate (as it is not defined for
men), possible confounding by parity was dealt with by
performing the analyses separately for women with no
children (». all men) and other women (v. all men).

Double burden gender inequality measure factorization
The generalized logit multinomial model (i.e. RPR gender
inequality measure) was emphasized for several reasons.
The first was the possibility to assess single and double
burdens of malnutrition gender inequalities within the
same model. Second, the model has separate sets of
intercept parameters and regression parameters for each
category of the response variable so that there is no
underlying assumption regarding the relative probability
of each response category (i.e. does not include any
assumption regarding whether or not excess adiposity and
anaemia are independent); but it nevertheless features
desirable consistency between estimates of single and
double burden of malnutrition gender inequalities if that
latter assumption happens to hold in the population.
Regarding this latter point computations are presented in
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the following for overweight (Ow) and anaemia (An) as an
example, using standard notations for conditional prob-
abilities and logical operators. Under the assumption of
conditional independence of the two types of malnutrition
(i.e. for a given subject its probability of featuring anaemia
does not depend on whether or not he/she is overweight),
the probability of double burden P(Ow&An/G) factorizes
as P(Ow&An/G)=P(Ow/G)P(An/G), where G is
gender (i.e. W, women; M, men). In the multinomial
generalized logit setting, i.e. when using overweight X
anaemia in four categories (Ow & An, Ow & An, Ow & An,
Ow & An) as the response variable, the probability of the
response reference category (i.e. of featuring neither
overweight nor anaemia) P(Ow & An/G) can then also be
expressed as P(Ow& An/G) = P(Ow/G)P(An/G). So
that if RPRowsamwoan is the measure of gender double
burden inequality in the multinomial setting, i.e. the
women v. men relative prevalence ratio of having both
overweight and anaemia (v. having neither overweight nor
anaemia), then, using standard notations:

RPR(0w & An)(Wo.M)

P(Ow & An) W)/ P(Ow & A/ W)

P(Ow & An/M)/P(Ow & An/M)

_ [P(Ow/W)P(An/ W)/ [P(Ow/W)P(An/W)]
[P(Ow/M)P(An/M))/[P(Ow/M)P(An/M)

[P(Ow/ W) [P(Ow/W)] [P(An/ W) /P(An/W)]

~ [P(Ow/M)/P(Ow/M)] [P(An/M)/P(An/M)]

{[P(Ow/ W)P(An/ W) /[P(Ow/ W)P(An/ W)}
x {[P(An/ W)P(Ow/ W)]/[P(An] W)P(Ow/ W)}
{[P(Ow/2)P(An 1))/ [P(Ow/M)P(An/M)]}
x {[(P(An/M)P(Ow/M)]/[P(An/M)P(Ow/M)]}

[P(Ow & A/ W)/ P(Ow & An) W)][P(An & Ow/ W)/ P(An & Ow/ W)]

= [P(Ow & AnjM) [ P(Ow & An/M)]|[P(An & Ow/M) [ P(An & Ow/M)]

= RPR(0w)(wv.m) RPR (n)(wv.m)

This means that, if the two conditions are independent, the
double burden gender inequality measure can be
expressed as the product of gender inequality measures
for each health outcome separately (single burdens). As
the model does not impose a priori constraints on the
relative values of parameters for the different response
variable categories, whether or not the factorization holds
for observed measures of gender inequality depends only
on whether or not this assumption holds in the population
studied (and/or in specific subgroups). Data-based esti-
mates of the single and double burden inequality mea-
sures can then be either close to that ‘reference’
factorization in case of independence, or not, depending
on the data themselves; positive or negative synergy
between excess adiposity and anaemia could result in
RPR(0w & an)(wo.ar) Deing respectively either greater or less
than the product of single burden gender inequality
measures.

It can be noted that this property would not hold using
binary logistic models (i.e. coding the double burden of

https://doi.org/10.1017/51368980016000689 Published online by Cambridge University Press

1431

malnutrition as binary variables, e.g. OW&An v. not). In this
case, the double burden gender inequality measure would
be the women ». men odds ratio of having both overweight
and anaemia v. not (having both overweight and anaemia).
In this framework, the probability of the response reference
category Ow & An (i.e. subjects who not simultaneously
feature overweight and anaemia) is for any gender G
P(Ow& An/G) = 1-P(Ow& An/G). Even under the
assumption of conditional independence this generally
cannot be factorized as [1 — P(Ow/&DI1 - PAn/G)),
so that OR (0w & an)(woar) = OR(0w)(wo.ar) OR(an)(wo.ary Would
not generally hold without even further assumptions.

Results

From the 1520 randomly selected households, 1689
women and 930 men were included, a response rate of
respectively 89-5% and 67-7%. The mean age was 33-9
(sp 0-3) years for women; mean parity was 1-7 (sp 0-1) for
all women (1 1689) and 2-8 (sp 0-1) among the parous
women (n 1068). About two-thirds of the participants
were married (Table 1). Men had a slightly higher level of
education, but 53-0% of the women had no professional
activity ». only 7-0 % of men and only 9-9 % of women had
upper level or intermediate level jobs v. 28-5% of men.

Overall mean BMI was high, more so in women than in
men (Table 2). Underweight (BMI < 18-5 kg/m?) was rare
among women (2-4%; 95% CI 1:6, 3-6%) as well as men
(3:9%; 95% CI 25, 59%, P=0-093; detailed data not
shown). Two-thirds of the women were overweight ». half
the men, and a third of the women were obese v. less than
one-sixth of the men. Prevalence of anaemia was much
higher among women than men. Overall 13-6% of the
subjects featured Ow&An, but 24-1 % of women v. 3-4 % of
men (Fig. 1), resulting in high gender inequality measures
(Table 3), much higher than for overweight or anaemia
separately (Table 3). One subject out of ten had Ob&An
but with high gender inequalities (women 11-6 % v. men
1-1%), much higher than for obesity or anaemia alone
(Fig. 1, Table 3). Due to the higher gender contrasts in
abdominal adiposity than in overweight or obesity, gender
inequalities in abdominal obesity and anaemia were even
higher than in OW&An or Ob&An (Table 3).

Table 4 presents detailed results of variations in gender
inequalities with co-factors for overweight, anaemia and
Ow&An due to the sizeable prevalence of the latter. There
was no variation in overweight, anaemia or Ow&An
gender inequalities with place of residence. Gender
inequalities in overweight increased strongly with age,
while inequalities in anaemia tended to be higher among
the younger subjects, so that there was no association of
age with gender inequalities in Ow&An. Gender inequal-
ities in Ow&An were stronger among married subjects
than unmarried. Gender inequalities in overweight were
lower among those with a professional activity, but not
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Table 2 Anthropometry and Hb data, by gender, for Tunisian adults (n 2619) aged 20—49 years, Greater Tunis area, 2009-2010

Women (n 1689) Men (n 930) Women v. en
Mean or %* SE Mean or %* SE P valuet
Anthropometry
Weight (kg) 701 0-5 761 08 <0-0001
Height (cm) 159-1 0-2 1733 03 <0-0001
BMI (kg/m?) 277 02 253 03 <0-0001
Overweight (BMI > 25.0 kg/m?, %) 64-9 1.6 48-4 23 <0-0001
Obesity (BMI > 30-0kg/m=, %) 331 1.3 15.9 1.7 <0-0001
Waist circumference (cm) 87-0 05 89.0 0-6 0-005
Increased risk abdominal obesity (%)t 67-9 1.8 35-1 21 <0-0001
High risk abdominal obesity (%)§ 441 1.6 157 1.5 <0-0001
Hb
Hb (g/1) 1222 6-9 147.7 71 <0-0001
Anaemia (%)ll 380 2.0 72 1.0 <0-0001

*Mean for interval variables or prevalence proportion for binary variables (weighted estimates taking sampling and post-stratification weights into account) and

standard error of estimates taking sampling design into account.
1P value for women v. men contrast.

FWaist circumference >94 cm for men, >80cm for women.
§Waist circumference >102cm for men, >88 cm for women.
IIHb <130 g/l for men, <120 g/l for women.

Overweight x anaemia

Obesity x anaemia
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Fig. 1 Double burden of overweight and anaemia, obesity and anaemia, increased risk abdominal obesity (AO) and anaemia, and
high risk abdominal obesity and anaemia, by gender, among Tunisian adults (women, n 1689; men, n 930) aged 20-49 years,

Greater Tunis area, 2009—2010

gender inequalities in anaemia or Ow&An. There was a
decreasing gradient of gender inequalities in overweight
with higher household wealth but not in anaemia or
Ow&An. Gender inequality RPR were lower in nulliparous
women (7 621) v. other women (7 1068) for overweight
(0:9; 95% CI 06, 12 v. 47; 95% CI 3-5, 6-5), anaemia
(7-3; 95% CI 4-8, 11-3 v. 10-3; 95 % CI 6-2, 17-0) and Ow&An
(4-3; 95% CI 25, 7+4 v. 43-1; 95% CI 26-4, 70-0). In these
stratified analyses there was no adjusted residual variation
of gender inequalities in Ow&An with marital status in
either class of parity (detailed data not shown). Similar
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results were observed for increased risk abdominal obesity
and anaemia regarding how gender inequalities varied with
categories of covariates (detailed data not shown).

Discussion

In a typical nutrition transition setting in an urbanized and
developed area in the MENA region, we found a large
gender gap detrimental to women for excess adiposity and
an even larger one for anaemia. Their combination at
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Table 3 Crude gender inequality measures for overweight, obesity,
abdominal obesity, anaemia and their individual-level co-occur-
rence among Tunisian adults (n 2619) aged 20-49 years, Greater
Tunis area, 2009-2010: multinomial logit model

RPR* Clt
Overweightt only 21 1.6, 2.7
Anaemia§ only 82 55,124
Overweightf and anaemia§ 16-2 10-3, 254
Obesityt only 28 22,36
Anaemia§ only 84 6-1, 115
Obesityt and anaemia§ 197 9.3, 415
Increased risk AQOIl only 38 29,49
Anaemia§ only 7-2 4.9, 109
Increased risk AOIl and anaemia§ 34.7 207, 67-0
High risk AOIl only 4.7 37,60
Anaemia§ only 8-8 6-5, 11-9
High risk AOIl and anaemia§ 334 15.3, 72-8

*RPR: relative prevalence ratio of women v. men featuring the simple or
double condition v. having neither one (multinomial logistic regression using
individuals having neither condition as response reference category).

195 % Cl, taking into account sampling design.

$Overweight: BMI > 25.0 kg/m?; obesity: BMI > 30-0 kg/m?.

§Hb < 120 g/l for women, <130 g/l for men.

IIAO, abdominal obesity. Increased risk AO: waist circumference >80 cm for
women, >94cm for men; high risk AO: waist circumference >88cm for
women, >102cm for men.

individual level resulted in a striking gender double
burden of malnutrition inequality never previously docu-
mented. The gender inequality in excess adiposity showed
a marked socio-economic gradient but not for anaemia or
for the within-subject double burden of excess adiposity
and anaemia.

Huge gender inequality in double burden of excess
adiposity and anaemia
In a context of high prevalence of excess adiposity, we
observed twice higher odds of overweight for women v.
men (and three times higher for obesity). These marked
gender inequalities, which are detrimental to women, were
somewhat less marked than those observed in previous
studies in the same region although in a different age range
and at a national scale rather than in our mostly urban
setting”®. For anaemia, the observed prevalence for
women (consistent with previous studies®") suggests a
borderline ‘severe public health problem’ (>40%) v. a bor-
derline ‘no public health problem’ (<5 %) for men according
to WHO"?. Indeed, the odds of anaemia were eight times
higher in women than in men (with a similar gender gap for
Fe-deficiency anaemia®®*®: women 16% v». men 2-4%,
RPR=84; 95% CI 4-8, 14-5; detailed data not shown). These
figures point to much higher gender inequality in anaemia in
this specific setting even compared with the generally higher
prevalence of anaemia among women v. men worldwide.
The double burden of malnutrition inequality resulting
from the combination of within-subject excess adiposity and
anaemia was huge as, for example, estimated in the multi-
nomial framework, the odds of a double burden of over-
weight and anaemia were sixteen times higher in women
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than in men (with even higher gender inequalities in obesity
and anaemia but with much lower overall levels of pre-
valence). External comparison of this specific issue of
double burden inequalities with other countries is difficult as
published data are scarce. In India, the subjects of the
Hyderabad Nutrition Trial nevertheless also featured a
higher prevalence of the double burden of overweight and
anaemia among women v. men (9% v. 1%, respectively),
although at much lower overall level mainly due to the
much lower overall prevalence of overweight®?. In our
setting, gender differences in malnutrition measured from
the point of view of this double burden resulted in much
higher values than when each type of malnutrition was
measured separately. This should not be surprising as we
showed that under the assumption of conditional indepen-
dence of excess adiposity and anaemia, the estimate of our
chosen RPR double burden gender inequality measures
should be close to the product of the estimates of inequality
measures for each separate condition. As for evidence in
favour of or against this hypothesis, the risk of anaemia
(especially Fe-deficiency anaemia) could be higher among
more corpulent subjects due to the low quality of their high-
energy diets, although in the same setting (albeit in a dif-
ferent age range) a modern diet was shown to be correlated
with both higher energy and absolute Fe intakes””. Fe
absorption could also be reduced in the case of excess
adiposity'. Some authors have also suggested that the risk
of anaemia could be increased in connection with low-
grade inflammation due to excess adiposity, while other
authors found no association"****”. This issue is still an
open question but which is beyond the scope of the present
study, as it would warrant specific analyses not necessarily
involving gender inequality issues. Nevertheless, and this is
not constrained by the analysis model, but a feature of the
data, our observed results are mostly consistent with this
assumption of independence, underlining that women (v.
men) are not protected from adverse conditions partly
linked to undernutrition (such as anaemia) because of their
much higher excess adiposity. This double burden would
seem all the more to be fuelling gender inequalities in health
to the disadvantage of women, as the two types of mal-
nutrition may interact to also increase the risk of CVD®® .

If one combines the two indicators differently, it is also
worth noting even higher proportions of subjects featuring
at least one (instead of both) of the conditions and also
with significant gender inequalities: for example, 78:8 % of
women 2. 52-2 % of men had either overweight or anaemia
or both (P<0-0001), respectively 59-4% v. 21-:9%
(P<0-000D) for either obesity or anaemia or both (detailed
data not shown).

Factors associated with gender inequalities in
excess adiposity and anaemia

Gender inequalities in health usually result from complex
interactions between sex-linked biology and gender-related
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Table 4 Gender inequalities in overweight, anaemia, and overweight and anaemia, by place of residence and sociodemographic variables, among Tunisian adults aged 20—49 years, Greater

Tunis area, 2009-2010: generalized logit multinomial regression (complete case analysis, n 2619)

Overweight only* Anaemia only*

Overweight and anaemia*®

Women v. men Women v. men

Women v. men

n %t Crude Adjustedt %t Crude Adjustedt %t Crude Adjustedt
Women Men Women Men RPR§ chi RPR§ chi Women Men RPR§ Cli RPR§ Cli Women Men RPR§ chi RPR§ ch
Area Pq=0-29 P{ =094 P9 =023 P9 =0-37 Pq =045 PY=0-71
Urban 1475 805 413 459 2.0 15,26 24 18,1 135 38 78 50,21 10-0 51,98 238 34 156 97,51 177 93,39
Peri-urban 214 125 353 347 31 14,2 23 08,4 193 41 146 5.8,68 171 52,58 266 33 253 78,19 134 28,438
Governorate Py = 0 46 P{=0-58 P9 =046 P =90-54 Pq=0-19 P{=0-28
Tunis 708 378 408 481 1.7 , 6 21 14,2 14.7 441 71 41,24 94 47,88 226 46 97 54,73 103 42,55
Ariana 369 211 488 402 28 1 7, -6 31 20,8 96 45 50 20,23 58 23,50 182 1.3 337 10-5, 081 318 95,070
Ben Arous 347 218 392 456 22 13,8 26 14,6 145 32 119 42,37 164 44,11 278 30 238 77,43 22.7 67,69
Manouba 265 123 325 434 18 09,5 20 10,9 171 31 134 45,01 162 42,32 300 36 202 61,65 188 51,86
Age (years) P9 =0-0001 Pq=0-0012 P9 =0-30 P =90-27 P9 =0-083 Pq=0-25
20-29 509 261 259 335 13 08,21 11 06,19 212 21 162 59,445 230 62,856 14.3 1.7 189 52,374 224 3.9, 61275
30-39 496 272 484 527 27 18,41 31 19,50 107 45 70 30,165 61 2-1,18.0 280 48 174 93,327 105 4.9, 226
40-49 684 397 525 537 50 34,73 55 34,88 76 55 70 36,135 6:3 26, 152 327 43 388 206,731 215 97,478
Marital status P{=0-039 Py =044 P9 =016 P =90-58 P94 =0-0052 P9 =0-068
Married 1081 630 476 549 28 21,38 2.1 14,32 87 43 66 41,106 122 5.0,299 325 40 264 158,440 359 102, 1266
Other 608 300 301 319 16 1 0, 26 28 18,43 219 31 120 56,255 84 33,217 11.0 25 77 35,166 6-1 2.5, 14.9
Education P9 <0-0001 P{=0-38 P9 =026 P =90-21 P{=0-016 P{ =042
No formal schooling 182 41 474 374 50 19,135 21 06,68 74 56 52 1.2,221 4.2 09, 20-3 324 59 219 43,1120 91 1.4, 59-3
Primary school 613 322 476 390 49 32,77 33 20,53 111 56 81 3.8, 169 74 28,195 281 24 471 19.9,111.8 294 94,919
Secondary 580 397 404 474 1.7 11,25 18 12,28 135 37 72 37,141 61 32,116 238 38 125 71,221 130 64,263
University 314 170 290 511 07 04,13 25 13,48 214 05 587 71,4866 752 71,7994 151 35 57 24,136 161 55, 47-0
Professional activity P9 <0-0001 P9 =0-0023 P{=0-83 P =90-38 P{=0-23 P{=0-41
Not working/retired 174 280 218 334 53 28,100 32 18,60 102 75 51 1.7, 151 57 1.5,22-1 277 49 213 53, 861 106 21,522
Student 390 520 476 261 16 07,36 40 17,92 263 32 156 19,1250 63 05,779 151 1.8 158 29,848 567 82, 3934
Employee/worker 948 64 393 402 21 13,35 11 07,19 149 44 73 41,131 13.9 5.2, 376 216 29 157 89,279 107 35,325
Upper/intermediate 177 66 359 642 06 04,10 09 05,15 137 21 71 33,156 122 47,314 230 43 58 23,147 112 37,342
Household wealth score P9 =0-0058 P =19/0-092 P{=0-85 P =90-64 P{=0-16 P9 =0-36
Lower tertile 576 300 373 327 32 21,48 32 20,52 156 58 76 41,141 101 4.6, 221 26:.3 32 232 99,547 211 81, 55-1
Intermediate tertile 553 323 430 446 23 16,34 27 18,41 137 33 101 47,216 137 57,329 231 27 206 87,488 237 81,693
Upper tertile 560 307 423 579 12 07,19 15 1.0,25 124 24 82 37,184 82 26,261 228 42 86 42,176 103 41,259

*Versus response variable reference category: no overweight and no anaemia (overweight: BMI > 25.0 kg/m?, anaemia: Hb < 130 g/l for men, <120 g/l for women).

TWeighted prevalence, taking into account sampling weights and post-stratification weights.
FAdjusted for all variables in column 1: multivariate model includes all main effects and interactions of covariates with gender.

§RPR: crude or adjusted women v. men relative prevalence ratios of having the condition (v. no overweight and no anaemia) within category of covariate; adjusted RPR based on marginal estimates of probabilities

computed at mean value of all other covariates.
1195 % Cl, taking into account sampling design.
{[Crude or adjusted P value for gender x covariate interaction: null hypothesis of identical gender contrasts (RPR) in all categories of covariate.
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social influences on health outcomes; in our case, with the
additional complexity due the composite outcome we
studied®. For excess adiposity, we observed a strong
socio-economic gradient of gender inequalities as we
showed for instance for overweight that there were fewer
gender inequalities in wealthier households and the fewest
among subjects with a professional activity, although with
almost no variation according to the level of education. This
is consistent with the results of previous studies showing
that a higher level of education is not sufficient if it is not
translated into a professional activity outside the home. In
fact, working outside the home seems foremost in pro-
moting empowerment of women within and outside the
household, and for more egalitarian households and social
roles with beneficial associations towards less excess
adiposity among women, through a variety of mediating
factors (e.g. such as less sedentary behaviour, decreased
food stimuli or slimmer body image models)®2%3740,
Indeed, it is striking that, in this population, despite rather
similar levels of education, half the women had no pro-
fessional activity as opposed to only a small percentage of
the men (as in many countries of the MENA region). But
other pathways to gender inequalities in excess adiposity
are likely more related to sex-linked biology; for example,
the documented greater increase in adiposity with age in
women than in men, which we also observed“?. Likewise,
the adiposity accumulation related to reproductive history
(e.g. the increased gender gap in overweight we observed
among parous women) obviously has biological roots but
is also linked to social issues™*?.

For anaemia, we found much less variation in the very
high gender inequality based on the factors studied: as
prevalence is quite low among men, this result is in
accordance with results of other studies, in this mostly
urban North African setting, showing weak socio-economic
patterning in anaemia among women only'*?", although
this does not appear to be so in all LMIC*®. The very large
gender inequality in anaemia could be due to gender dif-
ferences in genetic Hb disorders, exposure and inflamma-
tion response to infectious diseases or adiposity-induced
inflammation, or the adequacy of nutrient intake and
absorption®**®  which are linked to both sex-linked
biological differences and social gender issues. Generally,
women appear not to be more prone to genetic Hb
disorders than men®. We observed a strong socio-
economic gradient of gender inequalities in excess adip-
osity, which could be a major source of differences
between men and women in inflammatory causes of
anaemia in a context where infectious diseases are resi-
dual®?, all the more if, as suggested by some, women have
more excess body fat for a given BMI“?. Women, espe-
cially in our 2049 years age range, are specifically more
prone to Fe-deficiency anaemia than men, likely due to
sex-linked biological differences related to reproductive life
which result in higher requirements for Fe and other
micronutrient intakes®”. But whether these higher
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requirements are actually met mostly has to do with how
these special needs are taken into account socially, which is
not always the case; on the contrary, in some settings, intra-
household food allocation discriminates against women
and may affect gender differences in anaemia®®. In our
urban economically developed study area, we found no
definitive evidence for either positive or negative dis-
crimination regarding micronutrient-rich food®>. Con-
cerning factors that limit bioavailability in our context, for
example tea drinking is widespread among women in
Tunisia but appears to be even more so among men®”.
We did not identify many specific factors of variation in
gender inequality in Ow&An in our population. This is in
accordance with the fact that gender inequality in anaemia
(which, according to our factors, varied little) is a major
component of inequality in Ow&An. For some factors, it
could also be due their inverse trend of association with
gender inequality in obesity and anaemia (e.g. for age).
The only exception was higher gender inequality in
Ow&An among married v. single participants, but we
showed that this is likely due to confounding by parity.
Beyond the within-population factors discussed above, it
is also worth noting that in certain contexts (e.g. Western
Europe) gender inequality in both excess adiposity and
anaemia is much less marked, pointing to a variety of
factors at country level including socio-economic or
sociocultural factors and their interactions with
biology”***”. Indeed, even though regarding women’s
rights and legal status Tunisia is one of the most advanced
countries of the MENA region, it is nevertheless in the
lowest tertile of a gender gap index worldwide'®4®,

Strength and limitations of the study

The cross-sectional design has a number of limitations, but
our main exposure (gender) is likely not prone to reverse-
causality bias. Despite the lower response rate for men
(frequent in such contexts), as data on within-subject com-
bined excess adiposity and anaemia are rare, one strength is
being the first study to assess this issue based on a large
random sample of both genders. A strength of our study is
the detailed analyses of variations in gender inequalities
with sociodemographic factors, by analogy to the concept of
‘intersectional analysis’ in qualitative studies”. A limitation is
that the results of our study would need to be com-
plemented by a more in-depth analysis of the underlying
sociocultural causes of these marked double burden gender
health inequalities using qualitative methods as done in a
similar context but only for overweight-related issues*”.

Conclusion

In a typical nutrition transition setting, when the increase in
excess adiposity and the persistence of anaemia are both
taken into account, this transition appears to have resulted
in gender health inequalities much higher than if one
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accounts only for the increase in adiposity; so that women
face huge biological and gender-related hurdles regarding
the negative consequences from both the over- and
undernutrition point of view. There is thus a need both to
challenge the social norms that underlie this gender double
burden of malnutrition inequalities and to tackle the con-
sequences of sex-linked biological determinants, with the
added difficulty of simultaneously addressing excess adip-
osity and anaemia. Special attention also needs be paid to
the interaction between gender-related issues and sex-
linked biology, as successfully done for other health out-
comes in the same setting®”, so that women be positively
discriminated in terms of their specific needs. This positive
discrimination should be a priority: not only because
women are at the centre of the intergenerational cycle of
malnutrition so that this dual burden of malnutrition will

impact the next generations of both women and men®?,

but also for reasons of social justice and gender equity™>?.

Acknowledgements

Financial support: This work was supported by the
National Institute of Nutrition (INNTA) of the Ministry of
Health, Tunis, Tunisia; the CORUS program (Coopération
pour la Recherche Universitaire et Scientifique, contract
number 6028-2) of the French Ministry of Foreign Affairs;
and IRD (Institute of Research for Development), Marseille,
France. The funders had no role in the study design, data
collection and analysis, decision to publish, or writing of
the manuscript. Conflict of interest: None. Authorship:
JEA. FD. A.G. and P.T. designed the study. J.E.A. and
H.B.G. supervised data collection in the field. P.T. planned
and performed data analysis, drafted the manuscript and
had responsibility for the final content. All authors con-
tributed to interpretation of the results and writing the
manuscript. All authors have read and approved the
manuscript. Ethics of buman subject participation: This
study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the Ethics Committee on
Human Research of the National Institute of Nutrition, the
Tunisian National Council of Statistics and the Ethical and
Deontological Consultative Committee of the Institute of
Research for Development. Informed consent was obtained
from all subjects in writing or verbally when not
possible otherwise (e.g. illiteracy, verbal consent was then
witnessed and formally recorded). Data were analysed
anonymously. The study was registered at clinicaltrials.gov
as NCT01844349.

References

1. Okojie CEE (1994) Gender inequalities of health in the
Third World. Soc Sci Med 39, 1237-1247.

2. Sen G, Ostlin P, George A et al. (2007) Unequal, Unfair,
Ineffective and Inefficient. Gender Inequity in Health: Why

https://doi.org/10.1017/51368980016000689 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

P Traissac et al.

It Exists and How We Can Change It — Final Report of the
Women and Gender Equity Knowledge Network to the
WHO Commission on Social Determinants of Health [Indian
Institute of Management and Karolinska Institute, editors].
Geneva: WHO.

Krieger N (2003) Genders, sexes, and health: what are the
connections — and why does it matter? Int | Epidemiol 32,
652-657.

Hammarstrom A, Johansson K, Annandale E et al. (2014)
Central gender theoretical concepts in health research: the
state of the art. J Epidemiol Community Health 68, 185-190.
Popkin BM, Adair LS & Ng SW (2012) Global nutrition
transition and the pandemic of obesity in developing
countries. Nutr Rev 70, 3-21.

Kanter R & Caballero B (2012) Global gender disparities in
obesity: a review. Adv Nutr 3, 491-498.

Atek M, Traissac P, El Ati J et al. (2013) Obesity and asso-
ciation with area of residence, gender and socio-economic
factors in Algerian and Tunisian adults. PLoS ONE 8, €75640.
El Ati J, Traissac P, Delpeuch F et al. (2012) Gender obesity
inequities are huge but differ greatly according to environ-
ment and socio-economics in a North African setting:
a national cross-sectional study in Tunisia. PLoS ONE 7,
€48153.

Kassebaum NJ, Jasrasaria R, Naghavi M et al. (2014) A sys-
tematic analysis of global anemia burden from 1990 to 2010.
Blood 123, 615-624.

Delisle HF (2008) Poverty: the double burden of malnutri-
tion in mothers and the intergenerational impact. Ann N'Y
Acad Sci 1136, 172-184.

Zeba AN, Delisle HF, Renier G et al. (2012) The double
burden of malnutrition and cardiometabolic risk widens the
gender and socio-economic health gap: a study among
adults in Burkina Faso (West Africa). Public Health Nutr 15,
2210-2219.

Qin Y, Melse-Boonstra A, Pan X et al. (2013) Anemia in
relation to body mass index and waist circumference among
Chinese women. Nutr J 12, 10.

Gartner A, El Ati J, Traissac P et al. (2014) A double burden
of overall or central adiposity and anemia or iron deficiency
is prevalent but with little socioeconomic patterning among
Moroccan and Tunisian urban women. J Nutr 144, 87-97.

Cepeda-Lopez AC, Melse-Boonstra A, Zimmermann MB
et al. (2015) In overweight and obese women, dietary iron
absorption is reduced and the enhancement of iron
absorption by ascorbic acid is one-half that in normal-
weight women. Am J Clin Nutr 102, 1389-1397.

Eckhardt CL, Torheim LE, Monterrubio E et al. (2008) The
overlap of overweight and anaemia among women in three
countries undergoing the nutrition transition. EurJ Clin Nutr
62, 238-246.

Freire WB, Silva-Jaramillo KM, Ramirez-Luzuriaga MJ et al.
(2014) The double burden of undernutrition and excess
body weight in Ecuador. Am J Clin Nutr 100, issue 6,
16365-1643S.

Ben Romdhane H, Ben Ali S, Aissi W et al. (2014) Pre-
valence of diabetes in Northern African countries: the case
of Tunisia. BMC Public Health 14, 80.

Charrad M (2007) Tunisia at the forefront of the Arab world.
Wash Lee Law Rev 64, 1513-1527.

El Marzourgui MM, Ben Jaafar M & Larayedh A (2015)
Constitution de la République Tunisienne. Journal Officiel
de la République Tunisienne 20 avril 2015, Numéro
Spécial. http://www legislation.tn/sites/default/files/news/
constitution-b-a-t.pdf (accessed March 2016).

Batnitzky A (2008) Obesity and household roles: gender
and social class in Morocco. Sociol Health Ilin 30, 445-462.
El Ati J, Lefevre P, Beji C et al. (2008) Aetiological factors
and perception of anaemia in Tunisian women of
reproductive age. Public Health Nutr 11, 729-730.


http://www.legislation.tn/sites/default/files/news/constitution-b-a-t.pdf
http://www.legislation.tn/sites/default/files/news/constitution-b-a-t.pdf
https://doi.org/10.1017/S1368980016000689

Excess adiposity and anaemia gender inequality

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

United Nations Development Programme (2010) Human
Development Report 2010. New York: UN.

Levy PS & Lemeshow S (1999) Sampling of Populations.
Methods and Applications, 3rd ed. New York: John Wiley &
Sons.

Howe LD, Galobardes B, Matijasevich A et al. (2012)
Measuring socio-economic position for epidemiological
studies in low- and middle-income countries: a methods of
measurement in epidemiology paper. Int J Epidemiol 41,
871-886.

Traissac P & Martin-Prevel Y (2012) Alternatives to principal
components analysis to derive asset-based indices to mea-
sure socio-economic position in low- and middle-income
countries: the case for multiple correspondence analysis.
Int J Epidemiol 41, 1207-1208.

Lohman T, Roche A & Martorell R (1988) Anthropometric
Standardization Reference Manual. Champaign, IL: Human
Kinetics.

World Health Organization (2000) Obesity: Preventing and
Managing the Global Epidemic, Report of a WHO
Consultation. WHO Technical Report Series no. 894.
Geneva: WHO.

World  Health  Organization (2011)  Haemoglobin
Concentrations for the Diagnosis of Anaemia and Assess-
ment of Severity. Vitamin and Mineral Nutrition Informa-
tion System. WHO/NMH/NHD/MNMy11.1. Geneva: WHO.
Korn EL & Graubard BI (1999) Analysis of Health Surveys.
New York: John Wiley & Sons.

Hosmer DW & Lemeshow S (2000) Applied Logistic
Regression, 2nd ed. New York: John Wiley & Sons.
Robinson WR, Gordon-Larsen P, Kaufman JS et al. (2009)
The female-male disparity in obesity prevalence among
black American young adults: contributions of socio-
demographic characteristics of the childhood family. Am J
Clin Nutr 89, 1204-1212.

Jones AD, Hayter AK, Baker CP et al. (2015) The co-
occurrence of anemia and cardiometabolic disease risk
demonstrates sex-specific sociodemographic patterning in
an urbanizing rural region of southern India. Eur J Clin Nutr
70, 364-372.

De Benoist B, McLean E, Egli J et al. (editors) (2008)
Worldwide Prevalence of Anemia 1993-2005: WHO Global
Database on Anemia. Geneva: WHO.

Gartner A, Berger J, Bour A et al. (2013) Assessment of iron
deficiency in the context of the obesity epidemic: impor-
tance of correcting serum ferritin concentrations for
inflammation. Am J Clin Nutr 98, 821-826.
Aounallah-Skhiri H, Traissac P, El Ati J et al. (2011) Nutrition
transition among adolescents of a south-Mediterranean
country: dietary patterns, association with socioeconomic
factors, overweight and blood pressure. A cross-sectional
study in Tunisia. Nutr J 10, 38.

Cepeda-Lopez AC, Aeberli I & Zimmermann MB (2010)
Does obesity increase risk for iron deficiency? A review of

https://doi.org/10.1017/51368980016000689 Published online by Cambridge University Press

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

52.

1437

the literature and the potential mechanisms. Int J Vitam
Nutr Res 80, 263-270.

Ausk KJ & Ioannou GN (2008) Is obesity associated with
anemia of chronic disease? A population-based study.
Obesity (Silver Spring) 16, 2356-2361.

Winther SA, Finer N, Sharma AM et al. (2014) Association of
anemia with the risk of cardiovascular adverse events in
overweight/obese patients. Int J Obes (Lond) 38, 432-437.
Garawi F, Devries K, Thorogood N et al. (2014) Global
differences between women and men in the prevalence of
obesity: is there an association with gender inequality? Eur J
Clin Nutr 68, 1101-11006.

Tlili F, Mahjoub A, Lefevre P et al. (2008) Tunisian women’s
perceptions of desirable body size and chronic disease risk.
Ecol Food Nutr 47, 399-414.

Kimokoti RW, Newby P, Gona P et al. (2013) Patterns of
weight change and progression to overweight and obesity
differ in men and women: implications for research and
interventions. Public Health Nutr 16, 1463-1475.

Kim SA, Yount KM, Ramakrishnan U et al. (2007) The
relationship between parity and overweight varies with
household wealth and national development. Int J Epide-
miol 36, 93-101.

Balarajan Y, Ramakrishnan U, Ozaltin E er al. (2011)
Anaemia in low-income and middle-income countries.
Lancet 378, 2123-2135.

Heo M, Faith MS, Pietrobelli A et al. (2012) Percentage of
body fat cutoffs by sex, age, and race-ethnicity in the US
adult population from NHANES 1999-2004. Am J Clin Nutr
95, 594-602.

Food and Agriculture Organization of the United Nations &
World Health Organization (1988) Expert Consultation on
Requirements of Vitamin A, Iron, Folates and Vitamin
B-12. Rome: FAO.

DeRose LF, Das M & Millman SR (2000) Does female dis-
advantage mean lower access to food? Popul Dev Rev 26,
517-547.

Moss NE (2002) Gender equity and
inequality: a framework for the
women’s health. Socl Sci Med 54, 649-661.
Hausmann R, Tyson L & Zahidi S (2010) Global Gender Gap
Report 2010. Geneva: World Economic Forum.

Batnitzky AK (2011) Cultural constructions of ‘obesity’:
understanding body size, social class and gender in
Morocco. Health Place 17, 345-352.

Farhat EB, Chaouch M, Chelli H et al. (2012) Reduced
maternal mortality in Tunisia and voluntary commitment to
gender-related concerns. Int J Gynaecol Obstet 116,
165-168.

Osmani S & Sen A (2003) The hidden penalties of gender
inequality: fetal origins of ill-health. Econ Hum Biol 1,
105-121.

Marmot M (2005) Social determinants of health inequalities.
Lancet 365, 1099-1104.

socioeconomic
patterning  of


https://doi.org/10.1017/S1368980016000689

	Gender inequalities in excess adiposity and anaemia combine in a large double burden of malnutrition gap detrimental to women in an urban area in North�Africa
	Methods
	Study design and subjects
	Study area
	Design and sampling
	Data collection

	Measurements and derived variables
	Sociodemographic characteristics
	Anthropometry
	Hb
	Double burden of malnutrition

	Data management and statistical analysis
	Gender inequality measures in the framework of the multinomial logistic model
	Double burden gender inequality measure factorization


	Table 1Distribution of sociodemographic factors, by gender, among Tunisian adults (n 2619) aged 20&#x2013;49 years, Greater Tunis area, 2009&#x2013;2010
	Results
	Discussion
	Table 2Anthropometry and Hb data, by gender, for Tunisian adults (n 2619) aged 20&#x2013;49 years, Greater Tunis area, 2009&#x2013;2010
	Fig. 1Double burden of overweight and anaemia, obesity and anaemia, increased risk abdominal obesity (AO) and anaemia, and high risk abdominal obesity and anaemia, by gender, among Tunisian adults (women, n 1689; men, n 930) aged &!QJ;20&#x2013;49 years, 
	Huge gender inequality in double burden of excess adiposity and anaemia
	Factors associated with gender inequalities in excess adiposity and anaemia

	Table 3Crude gender inequality measures for overweight, obesity, abdominal obesity, anaemia and their individual-level co-occurrence among Tunisian adults (n 2619) aged 20&#x2013;49 years, Greater Tunis area, 2009&#x2013;2010: multinomial logit�model
	Table 4Gender inequalities in overweight, anaemia, and overweight and anaemia, by place of residence and sociodemographic variables, among Tunisian adults aged 20&#x2013;49 years, Greater Tunis area, 2009&#x2013;2010: generalized logit multinomial regress
	Strength and limitations of the study

	Conclusion
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


