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Abstract
Objective: In the Middle East and North Africa region, the nutrition transition has
resulted in drastic increases in excess adiposity, particularly among women, while
some types of undernutrition remain prevalent, especially among pre-school
children. We assessed the magnitude, nature and associated factors of the within-
household co-occurrence of anaemia in children and excess adiposity in mothers.
Design: Cross-sectional survey using stratified two-stage random cluster sampling
to survey households with women aged 20–49 years. BMI≥ 25·0 kg/m2 defined
overweight and BMI≥ 30·0 kg/m2 obesity, while anaemia for children was defined
as Hb< 110 g/l. The associations between child anaemia and mother excess
adiposity, and sociodemographic and lifestyle factors were estimated by multi-
nomial regression.
Setting: Greater Tunis area, Tunisia, in 2009–2010.
Subjects: Children aged 6–59 months living with their 20–49-year-old mothers (437
child–mother pairs).
Results: The most prevalent double burden of malnutrition in child–mother pairs
by far was the anaemic child and overweight mother (24·4%; 95% CI 20·1, 29·3%).
A significant proportion of pairs were anaemic child and obese mother (14·4%;
95% CI 11·0, 18·5%). The co-occurrence of anaemia in child and excess adiposity
in mother was neither synergetic nor antagonistic (P= 0·59 and 0·40 for anaemia–
overweight and anaemia–obesity, respectively). This double burden was more
frequent among child–mother pairs with younger children, with mothers of higher
parity and higher energy intakes.
Conclusions: The high prevalence of anaemic child and overweight or obese
mother requires special attention e.g. through interventions which simultaneously
target both types of malnutrition within the same household.
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As a consequence of global socio-economic changes and the
epidemiological transition, in recent decades middle-income
countries have experienced drastic increases in overweight
and obesity as well as non-communicable diseases such as
diabetes, hypertension and CVD. The Middle East and North
Africa (MENA) region has been affected by this evolution
and available data indicate that overweight and obesity are
now dramatically on the rise, particularly in urban settings;
moreover, this increase is especially detrimental to women,
as the prevalence of female obesity ranges from 30 to 45% in
most countries of the region(1). Patterns of diet and physical

activity that have shifted towards ‘Westernized’ diets char-
acterized by increased consumption of high-energy,
nutrient-poor foods and increased sedentary activity are
major factors of that increase in overweight/obesity, in the
framework of the nutrition transition(2). But these lifestyle
factors are themselves determined at a higher level of cau-
sation by sociocultural and socio-economic factors either at
household or more aggregated levels(3).

Notwithstanding the drastic increase of obesity in the
MENA region, child undernutrition, especially in relation
to micronutrient deficiencies, remains a public health
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challenge. Indeed, one of the most prevalent nutrition-
related deficiencies in this region is anaemia, which con-
cerns one in two children under 5 years of age(4). Child-
hood anaemia is of special concern due to its adverse
consequences on cognitive development, with long-term
impacts on social and economic development in adult-
hood(5). Beyond the coexistence of these contrasting
forms of malnutrition at region or country level, this
double burden of malnutrition can also occur at individual
level, such as the coexistence of stunting or micronutrient
deficiencies with overweight or obesity within the same
individual, either children(6) or adults(7,8). An intermediate
type of double burden can also manifest at household
level, e.g. the coexistence of undernourished and over-
weight members within the same household(9). Most stu-
dies of that a priori paradoxical dual burden have focused
on mother–child pairs because a mother and her child are
in close contact and share the same available resources,
which is not necessarily true for other household mem-
bers(10). The most studied combination is the coexistence
of an overweight/obese mother paired with a stunted
child(10–14). However, stunting among children under 5
years of age is in decline in the MENA region while, at the
same time, anaemia is still prevalent(4). Beyond estimates
of the prevalence and the associated factors, an important
issue for a better understanding of the public health issues
related to such double burdens at individual or household
level is whether the co-occurrence of the two types of
malnutrition is synergetic or antagonistic or indepen-
dent(15,16); all this requires collecting the different types of
malnutrition at the level during the same survey.

Tunisia is a typical country of the MENA region which
has undergone a rapid epidemiological and nutrition
transition, and today features high prevalences of non-
communicable diseases including overweight and obesity,
especially in urban areas(7,17). Although the prevalence of
stunting among children aged <5 years is as low as 6·2%
in Tunisia(18), as in other countries of the region, anaemia
is still also a public health problem in this age category(19).
Therefore the objectives of the present work, carried out
among <5 year child and mother pairs in urban areas in
Tunisia, were to: (i) assess the magnitude of the double
burden, with a special focus on anaemic children and
overweight mothers; (ii) understand the interrelationships
between the two types of malnutrition; and (iii) investigate
anthropometric, socio-economic and behavioural (physi-
cal activity and diet quality) associated factors.

Participants and methods

Participants

Study area
Tunisia is a North African country of about 11 million
inhabitants(20) and two-thirds of the population is urban.
In the last decades, Tunisia has undergone a steady and

rapid economic development and currently features an
upper middle level of development (ranked 81th out of
169 countries on the Human Development Index com-
posite scale in 2010)(21). The study focused on a mainly
urban area around the capital city (Greater Tunis) which
comprises a quarter of the country’s population and is also
the most developed region.

Sampling
The cross-sectional survey was carried out from March
2009 to January 2010 during the ObeMaghreb research
project(7), for which the target population was 20–49-year-
old, non-pregnant women. A random stratified two-stage
cluster sampling design surveyed 1520 households from
seventy-six census districts: all persons aged 6 months to
49 years were included. Our analyses used the sub-sample
of child–mother pairs (children aged 6–59 months, living
with their mothers).

Measurements and derived variables

Anthropometry
Anthropometric measurements of the children and mothers
followed standard procedures(22). Length (for children <2
years) or height was assessed to the nearest 1mm using a
length board or a stadiometer (Person-check®, Kirchner &
Wilhelm, Germany). Weight was measured to the nearest
10g using baby scales (Detecto®, USA) for children under 1
year; otherwise to 100 g using calibrated scales (Detecto®,
USA). For children, wasting was defined as weight-for-
height Z-score <− 2, overweight as BMI-for-age Z-score >
2 and obesity as BMI-for-age Z-score> 3(23). Stunting was
defined as a height-for-age Z-score<− 2(23). For mothers,
overweight was defined as BMI≥ 25·0 kg/m2 and obesity as
BMI≥ 30·0kg/m2(24).

Anaemia
Fasting venous blood samples (2ml) were collected in
tubes with EDTA. All samples were kept at 4–5°C and sent
to the Clinical Biology Laboratory of the National Institute
of Nutrition and Food Technology in Tunis for Hb analysis
using a T540 counter (Beckman Coulter, UK). Anaemia
was defined as Hb <110 g/l for children and as Hb
<120 g/l for mothers(25).

Double burden of malnutrition in child–mother pairs
We considered several forms of child–mother double bur-
den of malnutrition: anaemic child and overweight or obese
mother; overweight or obese child and anaemic mother;
stunted child and overweight or obese mother; and wasted
child and overweight or obese mother. These were coded
as variables with four categories, e.g. for the ‘anaemic child
and overweight mother’ double burden: (i) anaemic
child and overweight mother (AnC &OwM); (ii) anaemic
child and not overweight mother (AnC &OwM); (iii) not
anaemic child and overweight mother (AnC &OwM); and
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(iv) not anaemic child and not overweight mother
(AnC &OwM).

Demographic and socio-economic characteristics
Data on age, parity, education level and professional
occupation were collected by questionnaire. The birth
weight of the child was assessed by the health booklet.
The wealth of the household was assessed using an asset-
based proxy and classified as low, medium or high
according to tertiles of this index(7,26).

Dietary intake
Dietary intake was assessed by using the 3 d record
method for mothers and 24 h recall for children(27).
Quantities were estimated using calibrated household
utensils (such as cups, spoons, bowls, cups, glasses) and a
portion-size guide. For mothers, energy intake was
derived from a specific Tunisian food consumption data-
base(28) using the Food Processor Software© version 8.3(29)

and divided into tertiles. For children, the dietary diversity
score (DDS) was calculated by counting the different food
groups consumed the day before the survey, applying a
10 g minimum intake for all food groups(30). For this pur-
pose, we choose the eleven following food groups: (i)
cereals and tubers; (ii) dry and green legumes; (iii) fresh
and processed vegetables; (iv) fruits and fruit juices; (v)
milk and dairy products; (vi) meat and poultry; (vii) fish;
(viii) eggs; (ix) sugar and sweet products; (x) oils and fats;
and (xi) condiments. The DDS was then divided into ter-
tiles which resulted in the categories: low (1–5), medium
(6–7) and high (8–11).

Physical activity
Physical activity of the mother during the 7 d preceding the
survey was assessed using a validated frequency ques-
tionnaire(31). Total energy expenditure was calculated
based on time and energy cost of various activities(32) and
BMR was computed from predictive equations(33). Physical
activity level (PAL) was calculated as the ratio of total
energy expenditure to BMR, and PAL <1·70 characterized
a sedentary lifestyle(34).

Data management and statistical analysis
Data were entered with Epidata software version 3.1 and
were validated by double entry and standard quality check
procedures. Data management and statistical analysis
were performed using the statistical software package
Stata version 14.0. The type I error risk was set at 0·05 for
all analyses. All results are expressed as estimates and
sampling design-based SE or 95% CI. Descriptive results
are expressed as means for interval variables, and as
proportions for categorical variables. Based on a con-
ceptual framework of the causes of double burden,
the aim of the statistical analyses was to assess the

socio-economic and demographic patterning of the dou-
ble burden, adjusting for individual characteristics.

Associations between the double burdens in four cate-
gories and sociodemographic and lifestyle factors were
assessed by relative prevalence ratios (RPR) estimated in
multinomial logistic regression models(35) (mlogit Stata
command). The last category was chosen as the response
reference category; e.g. for the ‘anaemic child and over-
weight mother’ double burden, this was the ‘not anaemic
child and not overweight mother’ category (AnC &OwM).
This analysis, using double burden four-category response
variables, allowed us to estimate associations with cov-
ariates of both single and double burdens within the same
model (v. the same response reference category, i.e. par-
ticipants with none of the two). This also enabled the
assessment of the specific factors of single and double
burdens and how the factors of the single burdens may
combine or not as factors of the double burden.

Also, this modelling framework enabled us to assess
the synergetic, antagonistic or independent coexistence of
the two types of malnutrition, by deriving estimates of the
ratios of the probability of the double burden to the pro-
duct of the probabilities of each type of malnutrition
(termed in the following IPR, for ‘independence prob-
ability ratio’). In the target population, this ratio is equal to
1 if the two types of malnutrition are co-occurring inde-
pendently, less than 1 if the two types of malnutrition are
antagonistic and greater than 1 if they are synergetic.

Descriptive analyses were initially run separately for
girls v. boys in child–mother pairs. But as we did not
observe significant differences by gender, multivariate
analyses were finally performed and presented for the
whole sample.

Results

Sample characteristics
Our analyses used the sub-sample of 437 child–mother
pairs from the 1520 surveyed households, of whom 90·8%
were from urban areas.

For children, mean age was 2·9 (SE 0·1) years, mean
weight 14·4 (SE 0·2) kg, mean birth weight 3281·7 (SE 36·0)
g, mean height 92·6 (SE 0·7) cm and mean BMI-for-age Z-
score 0·6 (SE 0·7). Wasting only affected 1·6% (95% CI 0·7,
4·0%) of children (Table 1). One child out of ten (9·7%;
95% CI 6·8, 13·7%) was overweight and 2·4% (95% CI 1·2,
4·6%) were obese. Overall, 5·4% (95% CI 3·6, 8·1%) of
children were stunted. Mean Hb of children was 113·7 g/l
and one-third of them were anaemic (32·8%; 95% CI 28·3,
37·7%; Table 1). No significant difference between girls
and boys was found either for anthropometry or Hb status
(see online supplementary material, Supplemental
Table 1). Mean DDS was 6·1 (SE 0·1).

For mothers, mean age was 35·3 (SE 0·3) years, mean
weight 72·7 (SE 0·7) kg, mean height 158·9 (SE 0·3) cm and
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mean BMI 28·8 (SE 0·3) kg/m2. Among mothers, 77·1%
(95% CI 72·1, 81·4%) were overweight and 41·4% (95%
CI 35·6, 47·3%) were obese (Table 1). Mean Hb was
121·1 g/l and almost half of mothers were anaemic. Half of
mothers had more than three children, a tenth had never
attended school but half had secondary education or
more. A large proportion of mothers had no professional
activity (70·6%; 95% CI 65·0, 75·6%) and only 11·3%
(95% CI 7·7, 16·3%) had upper level or intermediate level

professional activity. Mean daily energy intake was 10 083
(SE 99·2) kJ (2410 (SE 23·7) kcal), ranging from 6406 to
16 297 kJ (1531 to 3895 kcal). A quarter of the mother had
a sedentary lifestyle (Table 1).

Double burden of malnutrition among
child–mother pairs
One child–mother pair out of four (24·4%; 95% CI 20·1,
29·3%) presented a double burden of AnC &OwM , pre-
valence of AnC &OwM was 8·4% (95% CI 5·7, 12·2%), and
that of AnC &OwM was 51·7% (95% CI 46·5, 56·9%). One
child–mother pair out of seven suffered from double bur-
den of anaemic child and obese mother (14·4%; 95% CI
11·0, 18·5%), while the proportion of anaemic child and not
obese mother was 18·5% (95% CI 14·9, 22·7%) and that of
not anaemic child and obese mother was 26·9% (95% CI
22·0, 32·4%; Fig. 1). There was no synergetic nor antag-
onistic co-occurrence for either anaemia in child and
overweight in mother (IPR= 1·0; 95% CI 0·9, 1·1, P= 0·59)
or anaemic child and obesity in mother (IPR= 1·1; 95% CI
0·9, 1·2, P= 0·40).

The other forms of double burden were infrequent: the
prevalence of the double burden of overweight child and
anaemic mother was 3·7% (95% CI 2·2, 6·3%); obese child
and anaemic mother 1·2% (95% CI 0·5, 2·9%); stunted
child and overweight mother 3·7% (95% CI 2·1,
6·4%); stunted child and obese mother 1·2% (95% CI 0·5,
3·3%); wasted child and overweight mother 1·1% (95% CI
0·4, 2·7%); wasted child and obese mother (0·9%; 95% CI
0·3, 2·5%; Table 2).

For all these latter types of child–mother double burden,
no synergetic nor antagonistic co-occurrences of the two
types of malnutrition were observed either: confidence
intervals for IPR all included 1, thus presenting no evi-
dence at the α= 5% level against the null hypothesis
of independence (detailed data not shown).

Associations with sociodemographic
and lifestyle factors
Due to the low prevalence of the other types of double
burden, we analysed in detail only the association of
covariates with the coexistence of anaemic child and
overweight or obese mother (with a special focus on
anaemia–overweight; results for anaemia–obese are pre-
sented in the online supplementary material). Table 3
displays, for the 437 child–mother pairs, the unadjusted
and adjusted relationships between socio-economic and
lifestyle factors and the categories of the ‘anaemic child
and overweight mother’ four-category variable (using the
AnC &OwM as reference category).

As for the factors pertaining to AnC &OwM , once
adjusted, there was a gradient of increasing prevalence
with age of the child (P= 0·0081): the child–mother pairs
with younger children (6–23 months) were especially
prone (RPR= 13·1; 95% CI 2·6, 64·9) v. those aged

Table 1 Sociodemographic, lifestyle and nutritional characteristics
of the 6–59-month-old children living with their 20–49-year-old
mothers (437 child–mother pairs), Greater Tunis area, Tunisia,
2009/2010

Characteristic %* SE†

Child
Age (months)
6–23 29·4 2·4
24–47 45·4 2·3
48–59 25·3 2·4

Sex
Girls 48·9 2·5

Wasting (weight-for-height Z-score<−2) 1·6 0·6
Overweight (BMI-for-age Z-score> 2) 9·7 1·7
Obesity (BMI-for-age Z-score>3) 2·4 0·8
Stunting (height-for-age Z-score<−2) 5·4 1·1
Anaemia (Hb<110g/l) 32·8 2·4
Dietary diversity score
Lower tertile (1–5) 35·7 2·6
Intermediate tertile (6–7) 41·4 2·5
Upper tertile (8–11) 22·9 2·3

Mother
Age (years)
20–29 20·2 2·3
30–39 58·2 2·5
40–49 21·6 2·1

Overweight (BMI≥25·0 kg/m2) 77·1 2·3
Obesity (BMI≥30·0 kg/m2) 41·4 3·0
Anaemia (Hb<120g/l) 43·0 3·5
Parity
1–2 52·6 3·0
≥3 47·4 3·0

Education
No schooling 10·3 2·0
Primary school 40·1 2·6
Secondary 39·7 2·8
University 9·9 2·0

Professional activity
Upper/intermediate 11·3 2·1
Employee/worker 18·1 2·2
Without activity 70·6 2·7

Household economic proxy‡
Lower tertile 35·1 3·3
Intermediate tertile 35·6 2·4
Upper tertile 29·3 3·2

Energy intake
Lower tertile 31·0 2·6
Intermediate tertile 33·1 2·8
Upper tertile 35·8 3·1

Physical activity
Sedentary (PAL<1·7) 24·2 2·7
Active (PAL≥1·7) 75·8 2·7

PAL, physical activity level.
*Weighted proportions.
†SE taking the sampling design into account.
‡Asset-based household wealth score: increasing wealth from lower to
upper tertile.
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48–59 months. The observed trend of a decrease in pro-
portion of AnC &OwM with household economic proxy
was not statistically significant (e.g. lower v. upper tertile:
RPR= 2·9; 95% CI 0·9, 9·3).

Age of the mother was strongly associated with the
AnC &OwM category (P= 0·0043): pairs with mothers
above 30 years of age were more prone (v. those <30
years), RPR= 3·4 (95% CI 1·6, 7·0) for 30–39 years and
RPR= 3·7 (95% CI 1·3, 10·3) for 40–49 years. Also, there
was a strong increasing gradient with total energy intake of
the mother: v. the lower tertile of intake, RPR= 2·8 (95%
CI 1·4, 5·8) for the second tertile and RPR= 7·9 (95% CI
2·7, 23·0) for the third tertile.

Regarding the association of covariates with
AnC &OwM , as for the AnC &OwM category, there was a
strong decreasing gradient with child age: child–mother
pairs featuring younger children were especially affected
(RPR= 16·4; 95% CI 5·8, 46·3 v. the younger ones). Ana-
logous to the AnC &OwM category, there was a

strong increasing trend with mother’s total energy intake
(P= 0·0011): v. the lower tertile of intake, RPR= 2·7 (95%
CI 1·1, 6·5) for the second tertile and RPR= 7·6 (95% CI
2·5, 22·8) for the third tertile. On the other hand, the strong
association with mother’s age observed for AnC &OwM
was not observed for the double burden. Nevertheless,
parity was specifically associated with the double
burden as mothers with three children or more (v. one
child or two) were much more prone (RPR= 2·5; 95% CI
1·2, 4·8).

Associations with the three categories of anaemic child
and obese mother were quite similar with the exception
that, contrary to what observed for overweight, low birth
weight (v. normal) decreased the prevalence of the double
burden (RPR= 0·2; 95% CI 0·0, 0·9; see online supple-
mentary material, Supplemental Table 2).

Disaggregation of IPR by categories of covariates (to
assess whether the absence or presence of synergetic or
antagonistic co-occurrence of the two types of

0 20 40 60 80 100

0 20 40 60 80 100

%

%

(a)

(b)

Fig. 1 Distribution of the coexistence of anaemia in the child and overweight in the mother (a) and anaemia in the child and obesity
in the mother (b) among 6–59-month-old children living with their 20–49-year-old mothers (437 child–mother pairs), Greater Tunis
area, Tunisia, 2009/2010 ( , anaemic child and overweight/obese mother; , anaemic child and not overweight/not obese mother;
, not anaemic child and overweight/obese mother; , not anaemic child and not overweight/not obese mother)

Table 2 Prevalence of double burden of malnutrition in 6–59-month-old children living with their 20–49-year-old mothers (437 child–mother
pairs), Greater Tunis area, Tunisia, 2009/2010

All (n 437) Girls (n 215) Boys (n 222) Girls v. boys

%* 95% CI† %* %* P value‡

Anaemic§ child and overweight║ mother 24·4 20·1, 29·3 24·9 24·0 0·80
Anaemic child and obese¶ mother 14·4 11·0, 18·5 14·5 14·2 0·95
Overweight child and anaemic mother 3·7 2·2, 6·3 4·1 3·4 0·72
Obese child and anaemic mother 1·2 0·5, 2·9 2·0 0·4 0·15
Stunted** child and overweight mother 3·7 2·1, 6·4 3·2 4·2 0·60
Stunted child and obese mother 1·2 0·5, 3·3 0·7 1·8 0·40
Wasted†† child and overweight mother 1·1 0·4, 2·7 0·6 1·6 0·33
Wasted child and obese mother 0·9 0·3, 2·5 0·6 1·3 0·47

*Weighted proportions.
†95% CI taking the sampling design into account.
‡P value for girls v. boys contrast.
§Anaemia: for children, Hb<110g/l; for mothers, Hb<120g/l.
║Overweight: for children, BMI-for-age Z-score> 2; for mothers, BMI≥ 25·0·kg/m2.
¶Obesity: for children, BMI-for-age Z-score> 3; for mothers, BMI≥ 30·0·kg/m2.
**Stunting: height-for-age Z-score<− 2.
††Wasting: weight-for-height Z-score<− 2.
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Table 3 Multinomial regression: crude and adjusted associations between categories of the ‘anaemic child and overweight mother’ double burden and sociodemographic characteristics among
6–59-month-old children living with their 20–49-year-old mothers (437 child–mother pairs), Greater Tunis area, Tunisia, 2009/2010

Anaemic child and not overweight mother* Not anaemic child and overweight mother* Anaemic child and overweight mother*

Crude Adjusted Crude Adjusted Crude Adjusted

n %† RPR§ 95% CI║ RPR¶ 95% CI║ %† RPR§ 95% CI║ RPR¶ 95% CI║ %† RPR§ 95% CI║ RPR¶ 95% CI║

Child’s age (months) P **= 0·0003 P **=0·0081 P **=0·99 P **= 0·72 P ** <0·0001 P ** < 0·0001
6–23 128 14·4 14·3 4·0, 50·8 13·1 2·6, 64·9 32·3 1·0 0·5, 2·0 1·4 0·6, 3·4 43·6 11·8 4·9, 28·4 16·4 5·8, 46·3
24–47 197 8·0 4·7 1·2, 17·9 4·9 1·2, 20·8 54·4 1·0 0·5, 2·0 1·2 0·6, 2·5 21·2 3·4 1·5, 7·9 4·1 1·8, 9·1
48–59 112 2·1 1 1 69·4 1 1 7·9 1 1

Child’s sex P **=0·44 P **= 0·77 P **=0·94 P **= 0·51 P **=0·92 P **= 0·45
Female 215 7·1 1 1 52·5 1 1 24·9 1 1
Male 222 9·7 1·4 0·6, 3·1 1·1 0·5, 2·8 51·0 1·0 0·5, 1·8 0·8 0·4, 1·6 24·0 1·0 0·5, 1·8 0·8 0·4, 1·5

Child’s birth weight P **=0·70 P **= 0·98 P **=0·65 P **= 0·87 P **=0·89 P **= 0·65
< 2500 g 41 9·6 1·4 0·2, 8·0 1·0 0·2, 5·5 55·4 1·3 0·4, 4·3 1·1 0·3, 4·0 22·1 1·1 0·3, 3·7 0·7 0·2, 2·7
≥2500g 396 8·3 1 1 51·3 1 1 24·7 1 1

Mother’s age (years) P **=0·43 P **= 0·63 P **=0·0079 P **=0·0043 P **=0·25 P **= 0·24
20–29 106 17·4 1 1 34·1 1 1 25·6 1 1
30–39 248 6·0 0·6 0·3, 1·5 0·6 0·2, 1·8 55·0 2·9 1·4, 5·8 3·4 1·6, 7·0 26·3 1·9 0·8, 4·3 2·1 0·9, 5·2
40–49 83 5·5 0·5 0·1, 2·2 0·7 0·1, 2·9 61·9 2·8 1·2, 6·4 3·7 1·3, 10·3 17·6 1·1 0·4, 2·9 1·4 0·5, 4·2

Mother’s parity P **=0·62 P **= 0·65 P **=0·06 P **= 0·34 P **= 0·0224 P **=0·0101
1–2 264 11·0 1 1 48·9 1 1 21·3 1 1
≥3 173 5·4 0·8 0·3, 1·9 1·2 0·6, 2·6 55·0 1·8 1·0, 3·5 1·4 0·7, 2·7 28·0 2·2 1·1, 4·1 2·5 1·2, 4·8

Mother’s education P **=0·56 P **= 0·67 P **=0·28 P **= 0·20 P **=0·86 P **= 0·50
No schooling 38 4·8 0·5 0·1, 3·0 0·4 0·0, 4·8 66·2 2·5 0·6, 10·6 1·9 0·3, 13·7 19·0 1·5 0·2, 9·0 1·1 0·1, 10·6
Primary school 175 7·9 0·4 0·1, 1·4 0·5 0·1, 4·1 45·9 0·9 0·3, 2·5 0·9 0·2, 4·9 27·1 1·1 0·3, 3·5 1·3 0·2, 8·0
Secondary 179 7·8 0·7 0·2, 1·9 1·0 0·1, 6·6 55·7 1·7 0·6, 5·0 2·3 0·5, 10·5 23·8 1·5 0·4, 5·3 2·3 0·4, 13·5
University 45 16·1 1 1 45·0 1 1 21·8 1 1

Mother’s professional activity P **=0·31 P **= 0·44 P= 0·83 P **= 0·96 P **=0·57 P **= 0·67
Upper/intermediate 45 12·5 1 1 49·8 1 1 24·6 1 1
Employee/worker 76 9·8 0·8 0·2, 3·4 0·6 0·1, 4·4 49·8 1·1 0·3, 4·0 0·8 0·1, 5·3 28·1 1·2 0·3, 5·5 0·7 0·1, 5·6
Without activity 316 7·5 0·5 0·2, 1·4 0·4 0·1, 2·1 52·5 0·8 0·3, 2·5 0·8 0·1, 4·3 23·5 0·8 0·2, 2·8 0·5 0·1, 3·4

Household economic proxy P **=0·50 P **= 0·14 P **=0·70 P **= 0·55 P **=0·40 P **= 0·22
Lower tertile 159 10·6 1·4 0·6, 3·6 2·9 0·9, 9·3 49·0 1·2 0·6, 2·7 1·6 0·6, 4·1 26·2 1·7 0·7, 4·0 2·3 0·8, 6·3
Intermediate tertile 152 5·3 0·7 0·2, 2·3 1·1 0·3, 3·9 54·7 1·4 0·6, 3·4 1·5 0·6, 3·5 26·1 1·7 0·7, 4·3 2·0 0·8, 5·3
Upper tertile 126 9·6 1 1 51·4 1 1 20·2 1 1

Child’s dietary diversity score P **=0·13 P **= 0·29 P **=0·73 P **= 0·76 P **=0·05 P **= 0·61
Lower tertile (1–5) 155 10·4 1 1 45·0 1 1 32·5 1 1
Intermediate tertile (6–7) 186 5·9 0·4 0·1, 1·0 0·6 0·2, 1·8 56·4 0·8 0·5, 1·5 0·9 0·5, 1·8 19·3 0·4 0·2, 0·8 0·7 0·3, 1·7
Upper tertile (8–11) 96 9·9 0·8 0·3, 2·1 1·2 0·4, 4·1 53·8 0·9 0·4, 2·4 1·2 0·4, 3·5 21·1 0·5 0·2, 1·6 1·1 0·3, 3·7

Mother’s energy intake P **=0·21 P **= 0·21 P **=0·0002 P **= 0·0003 P **= 0·0001 P **=0·0011
Lower tertile 148 10·7 1 1 41·4 1 1 19·7 1 1
Intermediate tertile 143 11·3 2·3 0·9, 5·7 2·4 0·9, 6·4 54·4 2·8 1·4, 5·8 3·8 1·6, 9·0 21·1 2·3 1·1, 4·9 2·7 1·1, 6·5
Upper tertile 146 3·9 1·5 0·5, 4·8 1·3 0·4, 4·7 58·0 5·8 2·4, 14·0 7·9 2·7, 23·0 31·3 6·6 2·9, 15·2 7·6 2·5, 22·8

Mother’ physical activity P **=0·64 P **= 0·79 P **=0·59 P **= 0·33 P **=0·74 P **= 0·21
Sedentary (PAL <1·7) 103 7·8 0·8 0·3, 2·2 0·9 0·3, 2·5 50·0 0·8 0·4, 1·7 1·5 0·7, 3·5 25·0 0·9 0·4, 1·8 1·8 0·7, 4·6
Active (PAL≥1·7) 334 8·6 1 1 52·2 1 1 24·3 1 1·0

PAL, physical activity level.
*Compared with the response variable reference category: not anaemic child and not overweight mother (anaemia, Hb < 110 g/l for children; overweight, BMI≥ 25·0 kg/m2 for mothers).
†Prevalence proportion (weighted estimates).
§Relative prevalence ratio (v. reference category for which RPR= 1), taking the sampling design into account.
║95% CI taking the sampling design into account.
¶ Adjusted for all variables in column 1.
**Crude or adjusted P value for multinomial regression models.
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malnutrition depended on sociodemographic and lifestyle
factors) did not underline significant departures from
independence either for anaemic–overweight or anaemic–
obese.

Discussion

In the present study, we assessed the magnitude, the
nature and the socio-economic and lifestyle covariates of
several double burdens of malnutrition among child–
mother pairs. The main finding of our study was a high
prevalence of the co-occurrence of AnC &OwM in the
same household as this double burden concerned one
child–mother pair out of four. We also underlined that
these two types of malnutrition were co-occurring inde-
pendently without specific synergetic or antagonistic
association. Finally, we showed that the patterning with
sociodemographic and lifestyle variables was not marked
except that this double burden was more frequent among
child–mother pairs with younger children and with
mothers of higher parity and with higher energy intakes.

Different types of malnutrition among
children and mothers
Beyond the estimates of double burdens, regarding the
distinct types of malnutrition involved, child under-
nutrition such as wasting (1·6%) and stunting (5·4%) were
residual in our population. Indeed, they were largely
below the WHO lower cut-off values for public health
interpretation because for wasting <5% is considered
‘acceptable’ and for stunting <20% is considered ‘low’.
These low prevalences are in line with a decreasing trend
in our study area of Greater Tunis, e.g. the prevalence of
stunting has declined from 7% in 2000 to 3·7%(36) (this
latter estimate is in line with our observed prevalence of
5·4 (95% CI 3·6, 8·1)% when taking into account sampling
variability). Nevertheless, as stunting has been shown to
be strongly associated with socio-economic conditions(37),
given the current international economic difficulties (and
specifically in Tunisia also linked to the still ongoing
political and economic transition post 2011 revolution), it
is important that stunting continues be monitored even in
such nutrition transition contexts. For childhood over-
nutrition such as overweight and obesity, our study
showed that prevalence rates are lower than in neigh-
bouring countries like Egypt with 20·5% in 2008 and Libya
with 22·4% in 2007(38). The rise in childhood overweight
in almost middle-income countries nevertheless highlights
the need for monitoring levels and trends of overweight
and obesity in children, especially during pre-school age
considering it is a critical period(38). On the other hand,
our data confirm that anaemia is still a major public health
problem among Tunisian children because we showed
that one-third of children under 5 years of age in the

Greater Tunis area were anaemic. Our observed rate of
anaemia among children is even higher than reported in a
previous study conducted in 2000(19).

As for mothers, we found that three women out of four
were overweight and more than a third were obese; this is
consistent with the prevalence derived from the larger
sample of urban women from which the mothers included
in our study are a sub-sample(7,16). The burden of over-
weight and obesity is well documented in the MENA
region, all the more in urban areas, and women are con-
sidered a group especially at risk of obesity in that con-
text(1,17,39). At the same time, our data confirm that
anaemia among Tunisian women is a public health pro-
blem even in this mostly urban nutrition transition context:
our finding is consistent with the prevalence in the whole
sample of women(7) but higher than in a previous study in
2000(40).

Double burden of malnutrition among
child–mother pairs
The most documented form of double burden at house-
hold level is stunted child and overweight mother, espe-
cially in countries with historically high rates of childhood
stunting(12–15,41,42). In the MENA region, this type of dou-
ble burden was as high as 14% in Egypt(43). But the pre-
valence of the double burden of stunted child and
overweight mother observed in the present study was low
at only 3·7%, despite a high prevalence of overweight
among mothers, in relationship with the observed low rate
of stunting. The forms of the double burden, such as
overweight/obese child and anaemic mother, stunted
child and overweight/obese mother, and wasted child and
overweight/obese mother, were infrequent in our study
area; their prevalence ranged from 0·9 to 3·7%.

The most remarkably prevalent combination in our
study was AnC &OwM as a quarter of the child–mother
pairs were affected; there was also a sizeable proportion
(about one-sixth) of anaemic child and obese mother. This
is in coherence with the observed high prevalence of both
anaemia among children and overweight or obesity
among mothers. Nevertheless, how the prevalence of
double burden relates to the prevalence of each type of
malnutrition depends on whether the co-occurrence of the
two types of malnutrition is synergetic (e.g. the probability
of an anaemic child increases if the mother is overweight
or vice versa), antagonistic (e.g. the probability of an
anaemic child decreases if the mother is overweight and
vice versa) or independent.

In the current study we tackled that issue using the
original IPR derived from the parameters of the multi-
nomial model. For both the AnC &OwM (IPR= 1·0;
95%% CI 0·9, 1·1) and anaemic child obese mother dou-
ble burdens (IPR= 1·1; 95% CI 0·9, 1·2), our data were
strongly in accordance with the independent coexistence
of the two types of malnutrition in child–mother pairs. This
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is not unexpected, but there could also be synergetic or
antagonistic co-occurrences. For example, in the study in
Mexico, the observed prevalence of double burden at
individual or household level was either higher or lower
than expected under the independence assumption,
depending on the malnutrition studied(15).

As for AnC &OwM , in the context of the nutrition
transition, two opposite hypotheses could be put forward.
First, the ‘Westernization’ of diets linked to the nutrition
transition, with higher energy intakes, also includes
increases in consumption of animal products, such as
red meat, that can increase Fe intakes: that could
favour the hypothesis of an antagonistic co-occurrence of
AnC &OwM (assuming the diet of the mother is at least
partly predictive of that of their children). On the other
hand, hypotheses have also been put forward that these
high-energy diets are ‘empty-calories’ type diets, which do
not protect from micronutrient deficiencies(44): that would
be in favour of a synergetic co-occurrence of the two types
malnutrition. Our results do not support any of these
hypotheses (also taking into account that insufficient Fe
intake is not likely the only cause of anaemia among
children in the context(19)).

Factors associated with the double burden of
anaemic child and overweight mother
In Table 3 we present the association of covariates with
AnC &OwM and AnC &OwM , as well as double burden
of AnC &OwM .

For the first category, after adjustment for all socio-
demographic and lifestyle variables, there was a marked
increase in prevalence of AnC &OwM below the age of
24 months, because the RPR v. the 48–59 months age class
was greater than ten: this is consistent with findings related
to variation of child anaemia with age in other coun-
tries(45–47). This vulnerability is possibly due to the
increased need for Fe at this stage of the child’s growth
and the possibly inadequate amount of Fe in infant diets.
As is known, when term infants are born, their Fe reserves
can last for the first 4–6 months of life, after which the
infant’s dietary intake is the major determinant of Fe status.
Several studies have shown that maternal educational
level is strongly associated with the child’s nutritional
status and it was suggested that better education con-
tributes to better knowledge about dietary practices for
their children and themselves as well as general caring
practices(45,48,49). We did not find such an association. In
our study we did not observe an association of child DDS
with AnC &OwM . This is concordant with other stu-
dies(50–52). The point estimate for the RPR of the lower v.
upper tertile of household wealth was about three, con-
sistent with some studies which showed the family’s
wealth as one of the important determinants of child
anaemia(48). Nevertheless in our study this relationship
was borderline statistically significant (95% CI 0·9, 9·3),

possibly due to sample size issues (as the study is a sec-
ondary analysis based on a sub-sample of the participants
of a study which did not specifically target our studied age
class).

For the second category (AnC &OwM), there was a
strong increasing association with age of the mother
because it was much more frequent for child–mother pairs
featuring mothers over 30 years old. This is consistent with
the increase in excess adiposity with age among women,
often reported in the MENA region, including in Tuni-
sia(7,17). Although in nutrition transition contexts and more
specifically in the MENA region especially among women,
excess adiposity has been documented to increase with
household welfare (e.g. estimated through a welfare
proxy)(17,53,54), we did not observe such an association
with the AnC &OwM category. This result is nevertheless
coherent with what was observed over the whole sample
of women in a previous study(7) and also with the
assumption that within advanced nutrition transitions
(such as in our Tunisian mostly urban context) there could
be a shift in the relationship with socio-economic status
towards an inversion of the relationship (with no or a little
association in intermediate stages)(55). There was also a
strong association of this category with energy intake of
the mother (adjusted for all other covariates, including
PAL); this is not unexpected because dietary and espe-
cially energy intake is among the established proximal
causes of excess adiposity(56).

Overall, the factors associated with the two categories
AnC &OwM and AnC &OwM were coherent with those
reported in the literature for each type of malnutrition
studied separately, as discussed above. This is not unex-
pected; as we demonstrated above that the co-occurrence
of these two types of malnutrition among child–mother
pairs was consistent with the independence hypothesis, in
this case it can be shown for these two categories that the
association estimated by RPR in multinomial models
should be identical to those estimated using OR in binary
logistic models, for each malnutrition separately(16).

From the same reasoning it also stems that, in the case
of probabilistic independence, the associations (assessed
as RPR) of covariates with the third category (i.e. double
burden AnC &OwM) should be close to the product of the
RPR for the AnC &OwM and AnC &OwM categories. Our
observations were mostly consistent with that reasoning,
in relation that we demonstrated neither the synergetic nor
the antagonistic anaemic child × overweight mother co-
occurrence. Child–mother pairs with younger children
(<24 months) were then the more prone to the
AnC &OwM double burden (stemming for the strong
association of age of the child with the AnC &OwM
category and the absence of association with the
AnC &OwM). Age of the mother was not associated with
the double burden because its strong increasing associa-
tion with AnC &OwM was compounded by the decreas-
ing (even if not significant) association with the
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AnC &OwM mother category. Similar to what was
observed for age of the children, the strong increasing
association of mother’s energy intake with the
AnC &OwM category translated to the AnC &OwM
category. There were no specific factors of the double
burden of AnC &OwM , except for parity: child–mother
pairs featuring mothers with three children or more were
more prone (RPR= 2·5; 95% CI 1·2, 4·8) to that double
burden while marginally so for the first two categories of
the response variable. For child–mother pairs with three
children or more, this specific association may result from
the combination of different pathways, e.g. pertaining to:
(i) augmented risk of anaemia for the children via an
augmented risk of anaemia for the mother due to multiple
pregnancies(57); (ii) augmented risk of child anaemia
related to diminished caring as we discussed above in the
link with education(45,48,49); and (iii) traditional intra-
household and social roles which may promote excess
adiposity of the mother(3,16). Although this does not con-
cern the same level of double burden, some of these
pathways were also discussed at the individual level in the
association of parity with the double burden of anaemia
and/or Fe deficiency with excess adiposity among women
aged 20–49 in Morocco and Tunisia(7).

As for the anaemic child and obese mother in four
categories (shown in the online supplementary material,
Supplemental Table 2), the associated factors were mostly
the same, except for the increasing relationship of birth
weight with the not anaemic child and obese mother, as
well as the anaemic child and obese mother categories.
This is likely due to a reverse causal association because it
has been shown that women featuring excess adiposity
tend to have babies with higher birth weight(58).

Beyond internal coherence discussed above, external
comparisons are difficult for this specific issue of anaemia–
overweight or anaemia–obesity double burden at the
child–mother pairs level since published data are almost
non-existent, especially in the MENA region.

Strengths and limitations of the study
A strength of our study is being the first, in a typical
nutrition transition context of the MENA region, to assess
the double burden of anaemia and overweight or obesity
in child–mother pairs, performing detailed analyses of
the nature of the co-occurrence (v. independence) and of
the associations with sociodemographic factors. However,
the cross-sectional design of the study limits the causal
interpretation of observed associations. The study pertains
to the most urbanized and developed region of Tunisia, as
a case study of an ‘advanced nutrition transition’ situation
for which the issue of such double burdens would seem
especially relevant. So the generalizability of the results
would rather pertain to such urban areas in similar con-
texts (in North Africa and likely more generally the MENA
region) than to Tunisia as a whole (and especially not the

30% rural population where the nutrition transition is less
advanced). Also, our secondary analysis of data from a
study which initially did not target specifically the 6–
59 months age class was based on a sample of only about
400 pairs which may explain some borderline significant
associations. As for all data collected by questionnaire,
some of the covariates are prone to reporting bias.

Conclusion

In a typical context of nutrition transition in the MENA
region, we have reported original findings regarding the
double burden of undernutrition among children < 5
years of age and overnutrition in mothers, especially for
child anaemia and excess adiposity among mothers.
Beyond the co-existence of these two types of malnutri-
tion at population level, which is well documented in the
MENA region, we specifically underlined at household
level a significant proportion of pairs featuring both an
anaemic child and an overweight (or obese) mother.
These findings highlight a paradoxical situation among
mother–child pairs sharing the same available resources
and living environment, but which may have different
negative impacts on children and women. Our data did
not demonstrate a higher risk of child anaemia when the
mother is overweight, nor vice versa, nor a very marked
sociodemographic patterning of this double burden.
Nevertheless, we showed that the prevalence of their co-
occurrence is very significant and thus requires special
attention, such as through prevention programmes which
simultaneously target anaemia in children together with
excess adiposity among mothers.
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