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Abstract 

Background  This study aims to assess the effect of a personalised nutrition intervention on nutrient intake in rural 
Benin as a tool to tackle the double burden of malnutrition. The personalised recommender system uses information 
from the eating behaviour of all household members combined to provide tailored advice on adjusting the con-
sumption of up to three food items to tackle malnutrition and obesity in the household. Many developing countries 
nowadays experience the double burden of malnutrition, the coexistence of undernutrition alongside overweight 
and obesity, as well as other related non-communicable diseases. Personalised nutrition was very effective in Euro-
pean studies in improving nutrition and tackling obesity, which is why this study aims to translate personalised nutri-
tion to a developing country context.

Results  A study was conducted in rural areas of Benin where 720 households were randomly selected. Due to high 
attrition, we used propensity score matching and looked into average treatment effects. We found that the rec-
ommendation to eat less carbohydrates resulted in a reduction in carbohydrate consumption with a significant 
effect for both the average treatment effect (ATE) of the whole population as well as the average treatment effect 
of the treated (ATET). We found that households that received the treatment to consume less food items with a high 
carbohydrate intake have followed this advice and have consumed on average lower levels of carbohydrates 
than their control counterparts.

Conclusions  Rising obesity is a worldwide problem that poses a severe challenge for policymakers. Especially 
in developing countries the change from too little, to too much is seamless. For the increasing obese population, 
the recommender system could be a useful tool. The idea of personalised nutrition has the potential to be one 
of the necessary steps in the ongoing battle against obesity and unhealthy diets. The personalised application-based 
recommender system used in this study has the ability to be a strong and effective tool for policymakers in the ongo-
ing battle of food security vs. obesity in Benin and other countries. We propose that future research focuses more 
on personalised nutrition in the context of a developing country.
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Introduction
This paper studies an innovative approach to deal with 
the double burden of malnutrition and improve over-
all nutrition in a society, which is called personalised 
nutrition advice. It works in a way that is specific to the 
person’s diet. Recommendations are made to improve 
the intake of food and hence nutrition. This topic is 
extremely important as the increasing rate of overweight 
and obesity has been an alarming worldwide trend. Obe-
sity rates have tripled since 1975. Overweight and obesity 
are major risk factors for a number of chronic diseases, 
including cardiovascular diseases such as heart disease 
and stroke, which are the leading causes of death world-
wide. Being overweight can also lead to diabetes and its 
associated conditions, including blindness, limb amputa-
tions, and the need for dialysis [34]. The impact on the 
health status of the population is severe and there is a 
strong need for appropriate interventions to tackle this 
problem. This global issue also affects developing coun-
tries. However, the situation in developing countries 
is different as undernutrition and over nutrition can be 
observed at the same time, which makes effective inter-
ventions even harder to realise. In a review of the status 
of nutrition in Benin, it was reported that a double nutri-
tional burden with over 30 percent stunted children and 
7 percent obese adults was observed based on a large 
study with almost 7000 participants [14]. Other studies 
have looked at different population groups, like women 
of childbearing age, Darboux et al. [9] or school children, 
Azandjeme et al. [2] with lower number of participants, 
both around 200 each. Both studies reported the preva-
lence of underweight, malnutrition and overweight in the 
same population group, which stresses the need for tar-
geted advice as even in the same population group differ-
ences in nutritional status are large.

The Beninese population faces a shift in nutritional 
patterns associated with increased development of diet-
induced diseases, which is sometimes referred to as a 
nutrition transition [10, 24, 26]. This nutrition transition 
is mainly associated with a shift from a predominance of 
undernutrition and the presence of malnutrition (vita-
min deficiency, protein-calorie malnutrition, mineral 
deficiencies) to higher rates of overweight and obesity. 
This co-occurrence of undernutrition and over nutrition, 
in particular overweight and obesity is described as the 
‘double burden’ of malnutrition [33].

While the traditional Beninese diet is high in grains 
and fruits, the upcoming transitional diet is rich in white 
bread, pasta, local roots, nuts, meat, milk products, fat 
and sweets. The advantage of the transitional diet com-
pared to the traditional Beninese diet is its higher diver-
sity and higher micronutrient adequacy [24]. However, 
higher diversity is not always associated with a higher 

healthfulness score of the overall diet, potentially due to 
higher intake of saturated fat and sugar [24]. In agree-
ment with this notion, the results from a FAO study, 
covering the period from 2014 to 2016, showed that the 
Beninese average dietary energy consumption is higher 
than the estimated requirements [12]. This may also 
explain the observed trend towards increased obesity 
rates.

In addition, it has been found that women in Benin 
were more prone to obesity than men [14]. The latest 
data from 2016 on the body weights of Beninese women 
showed that 30 per cent were overweight, with 10 per 
cent being obese [21]. Despite the nutritional transition, 
Benin still encounters problems with undernutrition, 
with 8 per cent of women being underweight [21]. Anae-
mia affects about 58 per cent of children and 41 per cent 
of women [28]. Moreover, a study of Beninese children 
classified only 2 per cent as overweight, 5 per cent as at 
least moderately wasted, and 34 per cent as at least mod-
erately stunted [31]. In Benin, about 15 per cent of the 
inhabitants of rural areas and 7 per cent in urban areas 
experience food insecurity, showing a clear difference 
between these two population groups [11].

As one can observe there are different needs in terms 
of nutrition and intervention within the same country 
and the same population group. While some factors, 
like location or gender, might play a role in determining 
the likelihood of obesity or malnutrition, there are also 
many other factors that can play a role and to implement 
just one nutritional programme might not help to bet-
ter understand the overall nutritional status. Targeted, 
specific and personalised advice is needed to tackle the 
health and nutritional status of the individual, and to fur-
ther target the obesity on the one hand and the malnutri-
tion on the other.

Access to adequate food supply in rural areas is highly 
related to farm productivity [4, 20]. With most of the 
rural poor earning their income through agriculture, 
they heavily rely on the performance of their farms to 
provide an adequate diet, either by consuming their own 
harvest or by purchasing food items using the income 
generated from selling their harvest. However, poorly 
developed and inefficient market structures might hin-
der access to nutritious diets even during times of good 
harvest [17, 28]. Sibhatu et al. [23], found that in devel-
oping countries production diversity and market access 
are highly associated with a diverse diet at the house-
hold level. An increase in production diversity might 
enable rural farm households to maintain a balanced, 
self-sustained energy and nutrient supply, as a positive 
association between production diversity and nutrient 
adequacy has already been demonstrated in several stud-
ies [1, 29, 30]. In Benin, the national dietary guidelines 
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(Benin’s Food Guide to Healthy Eating) provide easily 
comprehensible information on a balanced diet (Conseil 
National de L’Alimentation et de la Nutrition) [8]. These 
guidelines can be found in the Annex of this paper and 
are in form of a traditional Beninese hut. The base of 
the hut, and hence the base of the nutrition recommen-
dation, includes cereals and tubers, while on the top of 
the hut comes meat, fish, beans and other proteins. In 
green, you will find the roof of the house with vegeta-
bles, followed by fruits. These food groups are building 
up a healthy Beninese diet and are given as free advice 
from the ministry of food and nutrition in Benin. Such 
generic, written advice seems to not have a large impact 
when one considers the diversity in the population, rang-
ing from undernutrition to over nutrition. Additionally 
the availability of diverse food items and habits and the 
spread of information and illiteracy can be problematic. 
The pan-European Food4Me1 study showed that advice 
tailored to individual characteristics was more effective 
in promoting a sustainable healthy lifestyle2 than generic 
guidelines. This concept is known as ‘personalised nutri-
tion’ and aims at improving the perceived relevance of 
dietary advice, thus, leading to increased motivation and 
attention to a healthy lifestyle [7].

Golzarand et  al. [15] studied personalised nutritional 
advice in developing countries and its impact on dietary 
decisions in the Middle East and North Africa. The study 
revealed a nutritional shift towards a ‘Westernised diet’ 
and it was suggested that personalised nutritional educa-
tion might support healthy diets and decrease the rising 
burden of chronic diseases. However, personalised nutri-
tional advice was mainly targeted to certain population 
groups under selected conditions (for example, HIV-pos-
itive children in Tanzania with a high rate of undernutri-
tion due to infrequent meals and poor dietary diversity). 
In that case, it was proposed that personalised nutritional 
advice can help to educate households to efficiently use 
available foods to accommodate the special nutritional 
demands of HIV-positive children [6, 27]. In addition, a 
nutrition education programme involving local advisers 
in South Africa successfully improved the weight status 
of children younger than 5 years old, but it was not pos-
sible to achieve normalised growth of stunted children up 
to two years of age [32].

While personalised nutrition advice in developing 
countries can more effectively promote healthy life-
style patterns, it has only been applied in limited cases 
targeting specific population groups with underlying 

health conditions and without accounting for the socio-
economic characteristics of the communities and to our 
knowledge it has not been done in Benin. The purpose 
of this paper is to shed light on how personalised nutri-
tion advice offered to households in rural communities 
of Benin could more effectively foster a healthier lifestyle 
compared to the generic advice offered by the national 
dietary guidelines. In this study, we designed and per-
formed a nutrition study on the effects of personalised 
nutritional advice on the intake of specific micro- and 
macro-nutrients in rural areas of Benin while account-
ing for the effects of farm production diversity, mar-
ket distance and other factors influencing nutrition and 
nutritional behaviour. We studied whether personalised 
nutrition advice offered to rural Beninese households 
can lead to an improved intake of micro- and macro-
nutrients due to corresponding recommendations. As lit-
erature and several studies have shown, general nutrition 
advice may not be suitable and that the double burden of 
nutrition persists in many developing countries, such as 
Benin. In this study, we want to investigate if personalised 
nutritional advice can make a difference in this problem 
and whether this could be the way forward in tackling the 
issue of the double burden of malnutrition.

The remainder of this paper is organised into four sec-
tions. The second section presents the methodology used 
in this study and section three offers a description of the 
data employed in the empirical model along with the 
specifications and the estimation of the empirical model. 
The fourth section includes the discussion of the main 
results, summarises the main conclusions and offers the 
policy implications of this study.

Methodology
Sampling procedure
The study was designed in a research collaboration 
between the Technical University of Munich (TUM) and 
the National Agricultural Research Institute of Benin 
(INRAB). It was initially designed as a randomised con-
trol trial of rural households in Benin. From a set of 
representative villages that was provided by INRAB, 48 
villages were selected to be equally distributed over all 
eight agro-ecological zones of Benin (DPP (Directorate 
of Planning and Forecasting)/MAEP (The Ministry of 
Agriculture, Livestock and Fisheries), 2001), leading to 6 
villages per zone. As the target population were farmers, 
these were rural villages. In each village, 15 households 
were randomly selected from the census list,3 making up 
a total of 720 households. All members of the household 
were included in the study. To ensure that the villages 

1  http://​www.​food4​me.​org/.
2  As defined by the WHO https://​www.​euro.​who.​int/​en/​health-​topics/​disea​
se-​preve​ntion/​nutri​tion/a-​healt​hy-​lifes​tyle. 3  Provided by INRAB.

http://www.food4me.org/
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle
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where similar, two villages were randomly selected in 
each district and one of these was randomly assigned as 
an intervention village, while the other one was a con-
trol village. These two villages were located in different 
counties to minimise spill-over effects while still being in 
the same district to maximise the similarity between the 
villages.

While the study was initially set up as a randomised 
control trial, unfortunately, we had attrition problems 
with a high dropout rate due to the remoteness of some 
of the villages, as well as the fact that there were four 
different points in time where data were collected. If a 
household did not participate in one of those, they were 
disregarded for this study. To address any biased results 
stemming from the attrition, we deployed a matching 
method prior to the final estimations of our model.

Due to the setup of the project, participating house-
holds had to meet the following two requirements: (i) the 
household had to have at least three members, including 
one man and one woman 18 years or older and one child 
5 years or younger, and (ii) agriculture had to be the main 
source of income. The participating households were sur-
veyed regarding their nutrition, health, agriculture and 
socio-economic situation. In each household, the head of 
the household and the person in charge of cooking were 
interviewed simultaneously through separate enumera-
tors at different locations. The head of the household 
answered questions about the agricultural production 
system and the health and education level of the family.

The person in charge of cooking reported which foods 
were consumed during the previous month based on a 
qualitative Food Frequency Questionnaire. As all meals 
are commonly eaten together and it was very hard to esti-
mate quantities for each person separately, the person 
in charge of cooking reported for the whole household, 
including all age categories. All dietary information was 
taken at household level.4 If a particular food item had 
been consumed, the interviewee had to estimate how 
much (in grams) was consumed in the last 24 h based on 
recall. Kitchen scales were provided to the enumerators 
to facilitate food quantification. The 360 households in 
the control villages were given generic advice on healthy 
nutrition from Benin’s Food Guide to Healthy Eat-
ing (CAN) (see ANNEX A), while the other 360 house-
holds in the treatment villages received personalised 
advice via the recommender system (see Section below). 

The Beninese authorities ethically approved this study 
procedure.

Data collection and variable description
The recommender system used age and gender informa-
tion from all family members, 24 h recall information on 
food consumed, and a qualitative Food Frequency Ques-
tionnaire for the whole household as input. The person-
alised recommendations were developed by comparing 
the estimated nutrient intake of the household with the 
intake reference values considering all household mem-
bers. The nutrient intake information was calculated 
based on 24  h recall data using the West African Food 
Composition Table [25], which provides macro- and 
micro-nutrient amounts for West African food items. 
The intake reference values for the household were calcu-
lated first for each household member individually using 
gender and age information and, then, summed up for 
the whole household. We acknowledge that it would be 
better to have consumption per family member, but as 
food is cooked for all household members together and is 
shared and consumed together, we found the risk of over 
and underestimation too great. Especially given the fact 
that most households consist on average of 9 to 10 house-
hold members.

Reference values for the individual energy intake per 
person were obtained from FAO, with physical activ-
ity levels equivalent to a vigorous lifestyle, as it involves 
non-mechanised agricultural work, collecting water and 
non-mechanised housework, which are usual daily activi-
ties for the households in this survey [13]. The reference 
values for nutrient intake were calculated taking gender 
and age into account using the Recommended Dietary 
Allowances (RDA) [18]5 from the Food and Nutrition 
Board, Institute of Medicine (IOM), United Stated of 
America (Institute of Medicine). The IoM recommenda-
tions were selected because their estimations include the 
Afro-American population, and to the best of our knowl-
edge, there is no database of West African recommended 
dietary intake of micronutrients. The amount of energy 
and nutrients calculated as needed was compared to the 
values calculated from the food consumption.

The nutrients that showed the highest deviation 
between actual and recommended intake were identi-
fied as critical for the purposes of this study. Up to three 
food items with high density of these critical nutrients 
were recommended to be consumed either more or less. 
Those food items were taken from the Food Frequency 
Questionnaire. The recommended food items had to be 

4  We decided to focus on the household level as food is commonly con-
sumed together and there is little snacking or outside eating. We also 
wanted to avoid too much guessing, as is easier to remember how many full 
hands of a product were used in the whole cooking process then it is to esti-
mate split up by each member of the household. Especially as households 
on average had nine household members.

5  the values can be found here: https://​ods.​od.​nih.​gov/​Healt​hInfo​rmati​on/​
Dieta​ry_​Refer​ence_​Intak​es.​aspx.

https://ods.od.nih.gov/HealthInformation/Dietary_Reference_Intakes.aspx
https://ods.od.nih.gov/HealthInformation/Dietary_Reference_Intakes.aspx
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consumed by the household within the last month, as we 
wanted to make sure that households had access to the 
food items and they were neither disliked nor there were 
any allergies. The underlying assumption is that if a food 
item was not consumed in the last months, there might 
be a reason for this. For example, non-availability, price 
or a simple dislike by the household members and that 
even if that food item was recommended this recommen-
dation would not be taken into consideration. The rec-
ommendation was offered as an increase or a decrease in 
consumption of that food item, while specific quantities 
were not provided. Macronutrients—fat, carbohydrates 
and protein—were recommended for an increased or a 
decreased consumption depending on the actual intake 
of the household. 

Next to food consumption, several other variables are 
of importance to this study. We also included informa-
tion on market distance (in minutes of walking time), the 
family size and illness (nutrition related6) in the family at 
t1–before intervention [16, 23]. Family size indicates the 
number of people with whom the food had to be shared 
within the same household, while a health indicator for 
nutrition-related diseases has also been taken into con-
sideration to capture any nutrition problems in the fam-
ily. In addition, the covariate market distance was used 
to capture the availability of food items that could not 
be produced by the household. The amount of credit the 
household borrowed, as well as the salary they earned 
in off-farm employment, were also taken into account. 
Those could indicate additional income that could be 
used for food purchases. The hours worked in off-farm 
employment were also used as a proxy for the amount of 
time spent away from the family. Finally, we included the 
age of the household head and his/her literacy level. Indi-
viduals were classified as literate if they were able to read 
and/or write and illiterate if they could do neither.

Analysis
To assess whether the intervention had the anticipated 
impact, we focused on all the nine micronutrients and 
all three macronutrients that were recommended during 
the study (as described above). We considered nutrient 
intakes as percentages of recommended intakes (i.e. rela-
tive nutrient intakes). For example, a relative vitamin A 
intake of 80 per cent refers to a household that consumed 
80 per cent of the reference value (RDA) of vitamin A 
through food consumption in the past 24  h. Using the 
treatment effects model, we want to assess the outcome 
of the untreated population if they would have received 

treatment and for the treated population it assumes the 
outcome if they would have not received the treatment.

Due to attrition problems, we had to ensure a match 
between the treated and control households using the 
propensity score matching (PSM) approach, construct-
ing a comparison group by matching two similar house-
holds based on their propensity scores in the population 
of non-participating groups. Propensity scores specify 
a conditional probability of applicants participating in 
a programme when observable characteristics of appli-
cants are given. PSM allows us to solve selection bias 
issues, get non-biased estimates of the treatment effect 
and compare the factual and counterfactual to estimate 
the outcome of a programme. Rosenbaum and Rubin [22] 
first introduced the PSM approach, with Becker and Ich-
ino [3] and Caliendo and Kopeinig [5] later on providing 
some improvements and more applications.

For the matching purposes of this study, we used Eq. (1) 
to match control to intervention households:

To account for diversity in agricultural production, we 
included as covariates in Eq. (1): the crop variety (i.e. how 
many different crops were produced within the house-
hold) and the tropical livestock units (TLU) with one 
TLU being equivalent to 250  kg of live animal weight 
[19]. Both of these variables indicate access to food items 
at household level. Soil quality and rainfall were also used 
as covariates as they give an indication of the possibility 
to produce nutritious outputs, both variables are self-
reported on a scale of 1 to 10 with 1 being the worst and 
10 being the best outcome.

For the Treatment effect, we differentiate between an 
Average Treatment Effect (ATE) and an Average Treat-
ment effect of the Treated (ATT). The ATE is defined in 
Eq. 2 and compares the expected carbohydrate intake for 
households (i) that received treatment (Y1) against the 
households that did not receive treatment (Y0), while the 
ATT only looks at the treated group and compares the 
expected outcome without treatment to the expected 
outcome with treatment only for this subgroup:

Households were assigned unique identification num-
bers. For data analysis, households were included if 
(1) they took part in the nutritional as well as the agri-
cultural and socio-economic questionnaires; (2) at least 
one member of the household was consistently present 
during the different time points of the study. Out of 720 
households included in the study, 487 fulfilled these 

(1)Propensity scores = P(X) = Pr(T = 1|X).

(2)ATE E[Yi1 − Yi0],

(3)ATT E[Yi1 − Yi0|T = 1].

6  Households were asked about illnesses that can be attributed to food con-
sumption, like diarrhoea, night blindness or diabetes type II.
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requirements. Stata 15 was used to perform the statistical 
and econometric analysis.

Results
Descriptive statistics
In the sample used in this study, we have 252 households 
in the control group and 235 households in the interven-
tion group. As recommendations were made according to 
the specific need of each household, not all households 
in the intervention group received the same treatment. 
One household might have gotten the recommenda-
tion to eat less of a food item, which contained a lot of 
fat, while another household might have received the 
recommendation to eat a food item with a lot of vitamin 
A, and so on. This can explain the different interven-
tion groups depending on which advice we are looking 
at. The descriptive statistics for both the intervention 
and control group can be found in Table 1. A t-test was 
performed to test whether the intervention group and 
control group had similar descriptive statistics. For the 
majority of the variables there is no statistical signifi-
cance between the two groups. However, for quality of 
the soil, literacy of the household head and health status 
related to nutritional diseases, there were some statisti-
cally significant differences. The soil was significantly 
better for households in the treatment group, there were 
more households with health-related diseases in the con-
trol group and the literacy was better in the intervention 
group.

While all micro- and macro-nutrient treatments were 
analysed, the recommendation to eat less carbohydrates 
was the only treatment that had a significant average 
treatment effect (ATE) and average treatment effect of 
the treated (ATT). For this reason, we will be reporting 
only on these recommendations for the rest of the study. 
The descriptive statistics of the intervention group that 
received the advice to eat less of a food item that were 
rich in carbohydrates can also be found in Table 1.

Treatment effects
The recommendation to eat less carbohydrates had a sig-
nificant effect for both the average treatment effect (ATE) 
of the whole population as well as the average treat-
ment effect of the treated (ATT). The ATE shows that 
there was a reduction of 19 percent in the carbohydrate 
intake of people that received the treatment to eat less 
carbohydrates. If one looks at the ATT (Table 2), it was 
even larger by 13 percent than for the whole population, 
but both are significant and show that households that 
received the treatment to consume less food items with 
a high carbohydrate intake seemed to have followed this 

Table 1  Descriptive statistics of the control and intervention group

Values reported in this table represent the average, while the standard deviation is included in the parenthesis
a With one being poor soil and ten being excellent soil
b With one being not sufficient or too much rain and ten being excellent rain conditions

Variable name Control group (n = 252) Intervention group (n = 235) p-value of t-test Less carbohydrates (n = 46)

Number of crops produced 3.476 (1.748) 3.587 (1.758) 0.49 4.152 (2.43)

Distance to the market (in walking 
minutes)

56.623 (48.376) 62.102 (54.287) 0.24 62.173 (57.272)

Household size (number of members) 9.377 (5.753) 9.851 (5.733) 0.36 11.370 (6.252)

Age of the household head 40.377 (12.616) 41.557 (13.249) 0.31 41.826 (15.035)

Tropical livestock index (TLU) 0.108 (0.207) 0.102 (0.233) 0.76 0.135 (0.228)

Amount of credit borrowed in CFA 31,172.42 (95,104.3) 31,723.4 (75,609.41) 0.94 23,260.87 (62,184.47)

Quality of the soil (Scale from 1–10)a 5.317 (2.063) 5.689 (1.924) 0.04 5.630 (1.678)

Rainfall (Scale from 1–10)b 5.480 (1.841) 5.366 (2.053) 0.52 5.022 (1.972)

Salary from off-farm employment in CFA 126,690 (633,453.1) 72,904.68 (319,484.4) 0.24 159,934.8 (646,533.5)

Hours worked off-farm 438.587 (1231.783) 318.315 (869.457) 0.22 301.043 (888.392)

Prevalence of disease or illness associated 
with nutrient in the household

41.67% 31.91% 0.03 34.78%

Literacy of the household head (1: liter-
ate; 0: illiterate)

41.27% 32.77% 0.05 30.43%

Table 2  Average treatment effects for the recommendation to 
eat less carbohydrates

*** p < 0.01, **p < 0.05, *p < 0.1

Recommendation to eat less 
carbohydrates (n = 298)

Coef. Std. Err.

ATE − 19.024* 10.950

ATT​ − 32.509* 17.420
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advice and eat on average fewer carbohydrates than their 
control counterparts.

Statistically significant differences between control and 
treated group were found for less carbohydrate consump-
tion. The recommendation for less carbohydrate intake 
had the anticipated sign—negative, which translates that 
households that were recommended to eat less carbohy-
drates, ate less carbohydrates. For the other macro (fat 
and protein)- and micro-nutrients (calcium, folate vita-
min A, B2, B3, B12, C, D, E and K) of this study, we could 
not find any statistically significant differences between 
the control and intervention group and hence excluded 
them from the results. In the next section, we will be 
comparing our findings to previous studies.

Discussion and policy implications
In this study, we analysed the effectiveness of a personal-
ised nutritional intervention via an application-based rec-
ommender system in rural Benin. We compared changes 
in the nutrient intakes of the control and intervention 
groups. The control group received a generalised recom-
mendation based on the Beninese healthy eating recom-
mendation table, while the intervention group received 
personalised recommendations based on the application-
based nutrient recommender system. Both control and 
intervention groups received nutritional advice in our 
study for ethical reasons and this was agreed upon during 
the ethical approval process by the Beninese authorities.

We observed a significant reduction of carbohydrate 
intake for the intervention group that received the rec-
ommendation to eat less carbohydrates. Thus, tailored 
recommendations through an application-based rec-
ommender system could potentially offer a significant 
improvement to the transitional diet, which is believed 
to include high amounts of sugar and fat [24]. Hence, 
moving from the traditional to the transitional diet, a 
successful intervention in reducing the consumption of 
carbohydrates could prevent obesity. However, for all 
other micro- and macro-nutrients we could not find sig-
nificant effects.

It is possible that the recommended food items that 
should have increased specific vitamins were not as 
easily available. Additionally, it is more complex to bal-
ance micronutrients than it is to balance carbohydrates. 

It might also not be enough to focus on a limited set 
on food items or a 24 h recall. There are many reasons 
why we did not see the intended effects, however, we 
still find this a promising idea which will require future 
research. The battle of malnutrition and obesity is 
ongoing and we still believe this approach to be prom-
ising. Further research may focus more on the avail-
ability of micronutrients in the diet and how to utilise 
them successfully. It would also be interesting to look 
into the food distribution between the household mem-
bers, as the personalised nutrition approach was very 
successful on an individual level in Europe. Individual 
demands, for instance, to differentiate between adults 
and children or between obese and undernourished 
members within the same household would be another 
pathway to look into.

The recommender system itself was solely focused 
on nutrition, and thus, a logical next step could be the 
development of a recommender system for nutrition-
sensitive agriculture with a food system approach. 
This enhanced recommender system could analyse the 
health–nutrition–agriculture relationship that is clearly 
present, and pursue improved agricultural production 
as well as food consumption patterns to achieve an 
optimal nutrient and energy intake combined with the 
most effective agricultural production.

The rising obese population in developing countries 
and all over the world poses a severe challenge for pol-
icy makers. The diseases associated with obesity and 
unhealthy diets will become a great threat on the future 
of many countries. For the increasing obese popula-
tion in Benin, and the rest of the world, the personal-
ised recommender system could be a useful tool. The 
idea of personalised nutrition could be one of the nec-
essary steps in the ongoing battle against obesity and 
unhealthy diets. The personalised application-based 
recommender system used in this study is highlighting 
a promising way for future research. Our study revealed 
that there could be a connection between personalised 
nutrition recommendations and obesity patterns and 
thus further research towards this direction could con-
tribute in the ongoing battle of malnutrition and obe-
sity that is a struggle all over the world.
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