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Abstract 

Background: Sub-Saharan Africa is facing a dietary transition with both undernutrition and rising rates 
of non-communicable diseases. Adopting the reference diet proposed by the EAT-Lancet Commission can 
reduce both the environmental burden and improve health outcomes. However, whether this diet provides 
micronutrient adequacy in older adults in low-income settings has not been investigated. This study examines 
adherence to the EAT-Lancet diet and its association with micronutrient intake among older adults in the 
Gasabo district, Kigali, Rwanda.
Methods: This cross-sectional study involved 334 older adults aged 55–93 years from Kigali, Rwanda. Dietary 
intake was assessed using two non-consecutive 24-h recalls, and socio-demographic data were collected 
through interviews. Adherence to the EAT-Lancet diet was evaluated using a 42-point index based on food 
group consumption and micronutrient intake was analyzed in relation to adherence tertiles. Multivariable 
regression models, adjusted for age, sex, and energy intake, were used to assess associations between diet 
adherence and micronutrient intake.
Results: The EAT-Lancet adherence score ranged from 13 to 36, with a mean of 24. Higher adherence was 
associated with increased consumption of whole grains, vegetables, fish, and nuts, while red meat, dairy, and 
poultry intake declined. Adherence was positively associated with energy intake and intake of retinol-equiv-
alents, thiamine, niacin, folate, vitamins B12 and D, calcium, phosphorus, magnesium, iron, and zinc. 
When adjusting for energy intake, the association with zinc and potassium became non-significant and the 
association with riboflavin became negative.
Conclusion: Higher adherence to the EAT-Lancet diet was associated with higher intake of energy and several 
micronutrients important for healthy aging in this population of predominantly older, poor adults in Kigali. 

Popular scientific summary

• � What’s new: This study is the first to explore the relationship between adherence to the EAT-Lancet 
diet and dietary intake in older adults in sub-Saharan Africa, with a focus on Kigali, Rwanda.

• � Implications: Higher adherence to the EAT-Lancet diet improves micronutrient intake. The findings 
highlight the dual benefits of environmentally sustainable and healthy diets within low-income 
settings.

†Joint first authors.
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Many dietary patterns of today are harming both 
human health and environmental sustainabil-
ity. Globally, the food sector (including produc-

tion and consumption) accounts for 30% of greenhouse 
gas (GHG) emissions (1), with a significant portion orig-
inating from animal-based foods (2). In absolute terms, 
low- and middle-income countries (LMICs) have seen the 
sharpest rise in food-related emissions over recent decades 
– increasing by 53% in low-income countries and 12% in 
middle-income countries – compared to a 3% increase in 
high-income countries (HICs) (3). 

In LMICs, food-related environmental burden is driven 
by urbanization, population growth, and economic 
development, triggering a dietary shift from traditional 
plant-based diets toward Western diets, rich in meat and 
processed foods (4, 5). Sub-Saharan Africa (SSA) is one 
of the LMIC regions with the fastest-growing popula-
tion, and its population is expected to quadruple by 2100, 
reaching 4 billion (6, 7). The largest share of this pop-
ulation growth (80%) is also expected to occur in urban 
settings (8).

Like in other regions, the older population is also 
growing in LMICs, and the WHO estimates that over 
three-quarters of  older adults (aged ≥ 60 years) will be 
living in LIMCs by 2050 (9). This trend presents grow-
ing public health challenges, particularly in ensuring 
adequate nutrition for aging populations. Globally, 
over 2 billion people are still affected by undernutrition 
and micronutrient deficiencies (10, 11). SSA is dispro-
portionately affected, and it is the only region where 
dietary micronutrient density has declined during the 
last 50 years (10, 12). In SSA, the prevalence of  malnu-
trition is estimated to range from 6 to 54% among older 
persons (13). 

From dietary perspectives, micronutrient deficien-
cies can be addressed by the consumption of micronu-
trient-rich foods, such as animal-sourced foods (ASFs), 
which on the one hand have often higher micronutrient 
density and bioavailability, but on the other hand these 
foods have detrimental effects on the environment (14–17). 
It has been estimated that a high-meat diet has four times 
the environmental impact of a plant-based diet in terms 
of GHG emissions and land use, nearly triple the impact 
on biodiversity, and double the water use (18). 

A shift towards more sustainable diets, rich in plant-
based foods, might therefore mitigate the environmental 
impact from food and is a requirement for achieving the 
United Nations’ Sustainable Development Goals (SDGs) 
(19, 20). Given these health and environmental challenges, 
the EAT-Lancet Commission on healthy diets from sus-
tainable food systems introduced the ‘planetary health diet’ 
in 2019 for minimizing environmental impact, maintaining 
dietary adequacy and lowering the risk for non-communi-
cable disease (NCD) (16). Being a universal reference diet, 
the EAT-Lancet diet, emphasizes the intake of plant-based 
foods such as wholegrains, vegetables, fruits, legumes, nuts, 
and unsaturated oils, moderate amounts of fish and poul-
try, and restricts the intake of added sugar, dairy, and red 
meat. The diet has been shown to reduce climate impact 
and other environmental damage related to the human 
diet (21, 22). The diet has also been shown to be associated 
with positive health outcomes such as lowering the risk of 
mortality, diabetes, and cardiovascular disease in popula-
tions from HICs (21, 23–25). 

Although following dietary patterns such as the EAT-
Lancet diet has the potential to reduce NCDs and the 
diet-related environmental footprint, there are also con-
cerns that adopting such dietary patterns would aggravate 
nutrient deficiencies, including micronutrient deficiencies, 
in the population groups with higher nutritional require-
ments, such as the elderly, women of reproductive age, 
and young children (26, 27). Micronutrients are critical 
for healthy aging, supporting immune function, cogni-
tive health, bone integrity, and the prevention of (NCDs) 
(28). Older adults are especially susceptible to micronutri-
ent deficiencies due to physiological changes, diminished 
dietary intake, burden of chronic diseases, and restricted 
access to diverse foods. 

Despite these concerns, only few studies have examined 
the EAT-Lancet diet in populations from LMICs (29–32), 
and the studies focusing on micronutrient adequacy are, 
however, scarce, especially in older populations with 
low intake of ASFs. The Rwandan context provides an 
opportunity to evaluate the nutrient intake of the older 
population in relation to plant-forward dietary patterns, 
such as the EAT-Lancet diet, in SSA. The number of the 
older population is also growing in Rwanda due to ris-
ing life expectancy, which increased from 65 years in 2012 

However, the potential for nutrient gaps, particularly in riboflavin, highlights the need for context-specific 
dietary adaptations to ensure nutritional adequacy in older populations in Rwanda.
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to 70 years in 2022 (33). Like many other SSA countries, 
the dietary patterns of many Rwandans are also predom-
inantly plant-based (34). Therefore, this study aimed to 
assess the micronutrient intake in relation to adhering 
to the EAT-Lancet diet among older adults in Kigali, 
Rwanda. 

Methods

Study design and context 
This cross-sectional study was conducted in the Gasabo 
district of the City of Kigali in Rwanda, during November 
2021 and January 2022. This study was conducted as a 
part of a larger project investigating the impact of diets 
on healthy aging in SSA. The project focused on under-
standing the implications of replacing (or lacking) ASFs 
on the dietary intake and body composition of the older 
population. This goal aligns with recommendations such 
as the EAT-Lancet diet, which advocates for minimal to 
moderate consumption of ASFs (16). To achieve this, the 
project employed qualitative and quantitative (dietary 
survey) study designs to obtain insight into both quan-
titative measures of the diet and consumer perspectives 
(35, 36). 

Study population 
This study analyzed the data from the participants who 
were enrolled in the larger project. In the larger project, 
the sample size was computed based on the estimated dif-
ference in protein intake (9 g/d, standard deviation [SD]: 
36) between the older adults consuming plant-based diets 
and those consuming diets rich in ASFs (37). Considering 
alpha = 0.05 and power = 80%, the estimated sample size 
was 376 older adults, and the final targeted sample size 
was estimated to be 414 participants when considering a 
10% non-response rate. 

The participants were recruited from the Gasabo dis-
trict through a two-stage cluster random sampling pro-
cess. In the first stage, villages were randomly chosen using 
a list of villages and in the second stage, households with 
older adults from each village were randomly selected 
using a list of households compiled by the research team 
in collaboration with community health workers in the 
selected villages. If  more than one person per household 
was eligible, only one older adult was randomly chosen to 
participate. 

Inclusion criteria were individuals aged 55 years or 
older who had resided in the Gasabo district for at least 
6 months prior to the interview and were capable of pro-
viding informed consent. Trained nutritionists conducted 
the data collection, which included socio-demographic 
characteristics and dietary assessments. The socio-de-
mographic variables recorded were age, sex, education 
level, employment status, marital status, family size and 

composition, religion, and socioeconomic status. The 
socioeconomic status was assessed by asking participants 
to report on the respective socioeconomic categories of 
their households. This classification exists in Rwanda 
where it is known as Ubudehe (38), and the categorization 
is based on a combination of different indicators, includ-
ing household income, properties, and assets (38). This 
categorization has four levels designated as 1 = poorest, 
2 = poor, 3 = rich, and 4 = richest (38). 

Estimation of food intake 
Food intake data were collected through repeated 24-h recall 
interviews on randomly selected non-consecutive days. The 
selected days included both weekdays and weekends, with 
at least 15 days between recalls. All interviews were con-
ducted in the local language (Kinyarwanda). Participants 
were asked to list all foods and beverages consumed the 
day before from waking up, until waking up on the day of 
the interview. Details about ingredients, preparation meth-
ods, mealtimes, brand names, quantities consumed, and 
any leftovers were recorded. Participants used household 
measurements such as plates, cups, and spoons to demon-
strate portion sizes. Solid food portions were estimated by 
the interviewer using a kitchen scale (Clas Ohlson Kitchen 
Scale, Model: CFC2028), while liquid portions were mea-
sured with graduated cups. When participants had dif-
ficulty estimating portion sizes, a Kenyan food atlas (39) 
was also used for reference due to its similarity to Rwandan 
foods and the absence of a specific Rwandan tool. 

Estimation of nutrient intake 
During the study, there was no available Food Composition 
Table (FCT) for Rwanda. Therefore, an FCT was com-
piled primarily based on the Kenyan Food Composition 
Table (40). For foods not covered by the Kenyan database, 
other reliable food databases were consulted (41–44). The 
average of the 2-day dietary recalls was used to com-
pute nutrient intake. The nutrient calculations were con-
ducted in the Compl-EAT software (version 1.0) from 
Wageningen University and Research, The Netherlands. 

The EAT-Lancet diet index (score) 
The recorded food intake was assigned to the food groups 
in the EAT-Lancet diet (Supplemental tables 1 and 2). 
If  there was uncertainty about which group to catego-
rize the food in, it was discussed and consented among 
the authors (T.H. and A.S.). Based on the recorded food 
intake, we evaluated adherence to the EAT-Lancet diet 
using the score from Stubbendorff  et al. (Supplemental 
Table 3) (23). This score has performed well in a system-
atic comparison to other EAT-Lancet scores in cohorts 
from Denmark, Sweden, and Mexico (22). Fourteen 
different food groups were assigned 0–3 points, result-
ing in a total score between 0 and 42 points. The tertiles  
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(T1, T2, and T3) were created from the raw scores using 
the ‘xtile’ command in STATA. These raw scores and their 
corresponding tertile categories were then analyzed in 
relation to the intake of 13 micronutrients. 

Statistical analyses 
The EAT-Lancet index was used as an indicator of the 
level of adherence to the EAT-Lancet recommenda-
tions. The EAT-Lancet index was modelled as a contin-
uous variable and as tertiles. The baseline characteristics 
present the initial data of all participants and are cate-
gorized as tertiles based on their adherence to the EAT-
Lancet diet. Continuous variables were summarized as 
means with SDs, and categorical variables were expressed 
as numbers (percentages). Following the guidelines for 
reporting descriptive statistics (45, 46) significance tests 
were omitted when describing the variability of partici-
pant characteristics. 

Multivariable regression analyses were conducted, 
adjusting for the confounding variables of age and sex in 
model 1. In model 2, we further adjusted for total energy 
intake. Linear regression was applied for estimation of 
the marginal means for various nutrient intakes across the 
tertiles of adherence, and beta values and P-values were 
reported for the continuous variable (0–42 points) of the 
EAT-Lancet diet adherence scale. 

The analyses were conducted using STATA Software 
(version 18.0, StataCorp, USA). A two-sided P < 0.05 was 
considered statistically significant.

Ethical approvals
The study was conducted in accordance with Declaration 
of Helsinki principles for the research involving human 
subjects. The study received ethical approval from the 
Institutional Review Board (IRB) of the College of 
Medicine and Health Sciences, University of Rwanda (Ref. 
No: 291/CMHS IRB/2021), and the Regional Committee 
for Medical Research Ethics Western Norway (Ref. No: 
163823). Additionally, permission to conduct the study 
was obtained from the authorities in Gasabo District (Ref. 
No: 1999/070102/2021). The study’s purpose was clearly 
explained to all participants, who then provided written 
informed consent.

Results

Characteristics of participants and adherence to the EAT-Lancet 
diet
A total of 334 older adults were included in the study 
(Supplemental Fig. 1). Participants’ ages ranged from 55 
to 93 years, with a mean age of 67 years (Table 1). The 
majority lived with others, only 13% (n = 42) lived alone. 
Family sizes varied from 1 to 15 members, with a median 
size of four individuals. Over one-third (33%, n = 112) of 

the participants had no formal education, 42% (n = 139) 
had completed primary school, and 25% (n = 83) had sec-
ondary education or higher. The majority, 71% (n = 238) 
were unemployed. More than half  of the participants 
(56%, n = 186) were in the poorest or poor wealth cat-
egories, while the remaining 44% (n = 148) were classi-
fied in the middle-income and only very few in the richest 
category. 

When grouping the participants into tertiles (T1–T3) 
of adherence to the EAT-Lancet diet, there were no sub-
stantial differences in the baseline characteristics of the 
participants in the different tertiles, except that more 
women were in the highest tertile compared to men 
(Table 1). Also, there was a slight difference in religion, 
with religions other than Christianity being in the first or 
second tertile. The EAT-Lancet score ranged between 13 
and 36, with a mean score of 24.2 (± 3.1). For women, the 
mean score was 24.4 (± 3.1) and for men slightly lower at 
23.5 (± 3.1). The distribution of the score among men and 
women is outlined in Fig. 1. 

Adherence to the EAT-Lancet diet and nutritional characteristics 
of the diet
Adherence to the EAT-Lancet diet was associated with a 
noticeable increase in the consumption of whole grains 
and vegetables (Table 2). Conversely, the intake of roots 
and tubers, dairy, and red meat (including beef, lamb, and 
goat) decreased as adherence increased. The intake of fish 
and nuts also rose with higher adherence, indicating a shift 
towards these plant-based and aquatic protein sources in 
more adherent individuals. In contrast, the consumption 
of poultry and pork decreased, with nearly zero intake in 
the highest tertile. Legumes showed relatively stable intake 
across all tertiles, suggesting that they remain a consistent 
part of the diet regardless of adherence level. Additionally, 
the intake of unsaturated oils increased as adherence to 
the EAT-Lancet diet rose while the intake of added sugars 
remained relatively stable across all tertiles. Similarly, the 
participants had a low score in the EAT-Lancet index for 
the food groups roots/tubers, fish, nuts, whole grains, veg-
etables, fruit, and unsaturated oils (Fig. 2). They adhered 
most to the groups administered sugar, poultry, eggs, dairy, 
beef/goat/lamb, pork, and legumes.

Nutritional characteristics according to the EAT-
Lancet diet scores are presented in Table 3. Higher EAT-
Lancet scores were positively associated with energy 
intake. Dietary intake, measured in grams per day, showed 
a positive association between the EAT-Lancet score and 
protein (31 g/d in T1 vs. 36 g/d in T3), and fat (27 g/d 
in T1 vs. 50 g/d in T3). In contrast, carbohydrate intake 
exhibited a negative association although it was not signif-
icant (181 g/d in T1 vs. 169 g/d in T3). Measured as energy 
percentage (E%), there was a positive association with fat 
(9 E% in T1 vs. 15 E% in T3 vs.), a negative association 
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with carbohydrates (64 E% in T1 vs. 51 E% in T3), while 
no significant association was seen for protein. As adher-
ence to the EAT-Lancet diet increased, there was a notable 
rise in the intake in the majority of the studied micronu-
trients, and the association was stronger even after adjust-
ment for energy intake (Table 3). Retinol-equivalents 
intake was more than doubled from the lowest tertile to 
the highest tertile (480 μg/d; 1,041 μg/d), with a signifi-
cant association (β = 77.7, P < 0.001). Positive trends 
with higher intakes were also seen for thiamine, niacin, 
folate, vitamin B12, and vitamin C. No association with 
higher intake at higher adherence was seen for riboflavin. 
For minerals and trace elements, higher adherence to the 
EAT-Lancet diet was associated with a higher intake of 
calcium, phosphorus, magnesium, potassium, iron, and 
zinc. When further adjusted for energy intake (Table 3), 
we found that higher adherence to the EAT-Lancet diet 
was associated with a higher intake of retinol-equivalents, 

thiamine, folate, vitamin B12, vitamin C, calcium, phos-
phorous, magnesium, and iron. However, there was a 
negative association with riboflavin, though the difference 
was minor in magnitude. There were no significant associ-
ations for niacin, potassium, and zinc.

Discussion
This study assessed the adherence to the EAT-Lancet 
diet and its impact on micronutrients among older 
adults in Kigali, Rwanda. The study found that higher 
adherence to the EAT-Lancet diet was associated with 
higher intakes of  most micronutrients; retinol-equiva-
lents, thiamine, folate, niacin, vitamin B12, vitamin C, 
calcium, phosphorus, magnesium, potassium, iron, and 
zinc. These differences persisted even after adjustment 
for energy intake. Higher adherence to the EAT-Lancet 
diet might therefore reflect a more nutrient-rich diet in 
this population.

Table 1.  Baseline characteristics according to the tertiles of the EAT-Lancet diet score

  Tertiles of EAT-Lancet score Total

T1: 13–23 T2: 24–25 T3: 26–36

n 100 (29.9%) 125 (37.4%) 109 (32.6%) 334 (100%)

Gender

  Male 31 (31.0%) 31 (24.8%) 18 (16.5%) 80 (24.0%)

  Female 69 (69.0%) 94 (75.2%) 91 (83.5%) 254 (76.0%)

Age 66.4 (± 8.3) 66.9 (± 8.6) 66.4 (± 9.0) 66.6 (± 8.6)

Marital status

  Single/separated/divorced /widowed 41 (41.0%) 52 (41.6%) 37 (33.9%) 130 (38.9%)

  Cohabiting/Married 59 (59.0%) 73 (58.4%) 72 (66.1%) 204 (61.1%)

Family conditions 

  Live with other people in the HH 89 (89.0%) 106 (84.8%) 97 (89.0%) 292 (87.4%)

 Alone in the household 11 (11.0%) 19 (15.2%) 12 (11.0%) 42 (12.6%)

  Presence of other older adults in the HH

 Without any older adults 74 (74.0%) 86 (68.8%) 77 (70.6%) 237 (71.0%)

  Living with other older adults 26 (26.0%) 39 (31.2%) 32 (29.4%) 97 (29.0%)

Education

  Never attended school 66 (66.0%) 85 (68.0%) 71 (65.1%) 222 (66.5%)

 Attended school 34 (34.0%) 40 (32.0%) 38 (34.9%) 112 (33.5%)

Currently employed or working

  No 66 (66.0%) 87 (69.6%) 85 (78.0%) 238 (71.3%)

 Yes 34 (34.0%) 38 (30.4%) 24 (22.0%) 96 (28.7%)

Religion

  Christian 93 (93.0%) 122 (97.6%) 109 (100%) 324 (97.0%)

  Muslim 6 (6.0%) 1 (0.8%) 0 (0%) 7 (2.1%)

  Others 1 (1.0%) 2 (1.6%) 0 (0%) 3 (0.9%)

Wealth category

  Category1/poorest 22 (22.0%) 36 (28.8%) 24 (22.0%) 82 (24.6%)

  Category2/poor 31 (31.0%) 40 (32.0%) 33 (30.3%) 104 (31.1%)

  Category3/middle income 45 (45.0%) 47 (37.6%) 52 (47.7%) 144 (43.1%)

  Category4/rich 2 (2.0%) 2 (1.6%) 0 (0%) 4 (1.2%)
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Our study is the first to study the relationship between 
the adherence to the EAT-Lancet diet and micronutrient 
intake in the older population in a sub-Saharan setting. 
We observed that even participants in the highest tertile 
of adherence to the EAT-Lancet diet still did not meet 
the recommendations of the EAT-Lancet reference diet, 
as expressed by the overall mean score of 24.4 for women 
and 23.5 for men, with 42 points expressing full adher-
ence. The EAT-Lancet diet, designed for global targets, 
has been criticized as being low in micronutrients. Thus, 
the nutritional adequacy of this diet, which emphasizes 

plant-based foods and significantly restricts animal prod-
ucts, remains a subject of debate. There is ongoing dis-
cussion about whether this diet can adequately meet the 
nutritional needs of diverse populations (47–49), and only 
a limited number of studies have explored this issue. 

The findings of this study highlight specific dietary 
sources of key micronutrients within the context of EAT-
Lancet diet adherence. Low intake of riboflavin might 
be related to the limited dairy intake in this population. 
Furthermore, reported thiamine and niacin intakes were 
far below the dietary reference intake levels, even though 
both increased with greater adherence to the EAT-Lancet 
diet. This underscores the need for expanded research 
on micronutrient status beyond vitamin A and iron in 
sub-Saharan African populations, particularly for nutri-
ents less frequently studied, such as riboflavin, thiamine, 
and niacin. Interestingly, while riboflavin initially showed 
no significant association with adherence to the EAT-
Lancet dietary pattern, a modest negative association 
appeared after adjusting for energy intake. This shift pri-
marily highlights differences in nutrient density, as higher 
adherence tends toward a plant-focused dietary pattern, 
naturally lower in certain animal-based riboflavin sources 
like dairy. These findings suggest a valuable opportunity 
for optimizing the EAT-Lancet dietary recommendations 
by intentionally incorporating riboflavin-rich plant-based 
foods or fortified alternatives. Doing so can enhance nutri-
tional adequacy while maintaining the recognized health 
and environmental benefits of the EAT-Lancet diet, par-
ticularly in regions like Rwanda, where traditional diets 
heavily depend on plant-based foods for specific nutrients. 
Similarly, niacin, potassium, and zinc, which initially had 

Fig. 1.  Distribution of the EAT-Lancet diet score among 80 men and 254 women in Kigali, Rwanda, based on data from repeated 
24 h recalls. The maximum number of points was 42 indicating excellent adherence, and the score in this study population ranged 
from 13 to 36 with a median of 24.2. The score was categorized into three categories in the analyses (≤ 23, 24–25, ≥ 26).
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Table 2.  Daily food intake according to the adherence to the 
EAT-Lancet diet in mean (SD) g/day

  Tertiles of EAT-Lancet score All

T1: 13–23 T2: 24–25 T3: 26–36

Wholegrains 44 (118) 103 (166) 134 (172) 95 (159)

Roots and tubers 437 (294) 320 (211) 275 (233) 340 (254)

Vegetables 97 (93) 147 (104) 255 (133) 167 (128)

Fruit 13 (52) 25 (61) 34 (79) 24 (65)

Dairy 126 (208) 78 (138) 72 (130) 90 (161)

Beef, lamb, goat 17 (42) 8.3 (26) 4 (16) 9.5 (29)

Pork 5.1 (32) 0 (0) 0 (0) 1.5 (18)

Poultry 4.1 (18) 2.7 (16) 0 (0) 2.2 (14)

Eggs 1.5 (11) 2 (11) 0.2 (2.4) 1.3 (9)

Fish 1.1 (8) 4.4 (13) 15 (32) 6.8 (21)

Legumes 113 (70) 134 (82) 137 (77) 128 (78)

Nuts 1.4 (5.6) 4.1 (8.9) 14 (28) 6.5 (18)

Unsaturated oils 7.2 (10) 18 (18) 27 (18) 18 (18)

Added sugar 7.7 (18) 7.1 (9.2) 6.9 (9.5) 7.2 (13)
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positive associations, became non-significant with energy 
adjustment. This shift suggests that the associations 
observed for these nutrients were largely influenced by 
overall energy intake rather than dietary adherence itself. 
Adjusting for energy intake may therefore highlight the 
fact that higher adherence to the EAT-Lancet diet does 
not necessarily guarantee increased intake of all individ-
ual micronutrients, pointing to a need for careful consid-
eration of specific nutrient sources within the diet. 

Indeed, a Swedish study has shown that adjusting for 
energy intake in dietary GHG emissions assessments sig-
nificantly alters associations with micronutrient intake, 
often reversing or weakening observed relationships (50). 
The EAT-Lancet diet is based on specific recommenda-
tions for absolute food intake amounts, and the implica-
tions of energy adjustments in studies on this topic need 
to be explored to a greater extent. The EAT-Lancet diet 
score used in this study assigns higher points for increased 
intake in seven food groups and deducts points for higher 
intake in another seven. As a result, higher adherence 
does not necessarily correspond to an increase or decrease 
in overall food intake.

To our knowledge, only two studies have studied micro-
nutrient intake in relation to the EAT-Lancet diet, based 
on observational data. A study by Kesse-Guyot et al. 
examined the environmental and nutritional impacts of 
adhering to the EAT-Lancet diet among French adults, 
using the EAT-Lancet Diet Index (ELD-I) as a scoring 
system (51). The findings highlighted significant improve-
ments in the intake of several key micronutrients among 
those with higher adherence to the diet. Participants with 
higher adherence to the EAT-Lancet diet demonstrated 
increased intake of vitamins such as vitamin C, folate, 
and vitamin E. The study also noted that while partici-
pants with higher adherence had better overall nutrient 
profiles, they consumed lower quantities of heme-iron, 
which is more readily absorbed by the body compared 
to non-heme iron found in plant sources. However, the 
study pointed out that despite the lower intake of heme-
iron, the overall iron intake among high adherents was 
still adequate due to the inclusion of plant-based sources 
of iron. Overall, the study concluded that adherence to 
the EAT-Lancet diet generally led to an improved intake 
of several important vitamins and minerals, especially 

Fig. 2.  Proportion of participants (n = 334) with different scores across the 14 food groups in the EAT-Lancet index. A score 
of 0 indicates no adherence to the EAT-Lancet recommendation for that specific food group, while a score of 3 indicates full 
adherence (total possible score ranges from 0 to 42 points).
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Table 3.  Nutrient intake across tertiles of EAT-Lancet score

 

 

EAT-Lancet diet score

Tertiles Continuous, 0–42 points

T1: 13–23 T2: 24–25 T3: 26–36 β P

Energy (kcal) 1,137 (855) 1,193 (762) 1,342 (820) 32.52 < 0.001

Carbohydrates g/day 180.6 (130.6) 167.5 (116.3) 168.6 (125.2) 0.12 0.924

Carbohydrates E% 63.8% (23.1%) 57.7% (20.6%) 50.8% (22.1%) -0.01 < 0.001

Fat g/day 26.7 (46.6) 36.9 (41.5) 50.4 (44.7) 3.00 < 0.001

Fat E% 9.2% (9.9%) 11.8% (8.8%) 14.8% (9.5%) 0.01 < 0.001

Protein g/day 30.8 (29.9) 30.3 (26.6) 35.5 (28.6) 0.46 0.112

Protein E% 10.7% (6.1%) 10.2% (5.4%) 10.8% (5.8%) 0.00 0.238

Animal-sourced protein g/day 11 (24.2) 6.4 (21.5) 7.1 (23.2) -0.77 0.001

Animal-sourced protein E% 3.4% (6.4%) 1.9% (5.7%) 2.1% (6.1%) 0.00 < 0.001

Plant based protein g/day 19.5 (16.4) 23.6 (14.6) 28.3 (15.7) 1.24 < 0.001

Plant based protein E% 7.2% (4.6%) 8.2% (4.1%) 8.7% (4.4%) 0.00 < 0.001

Model 1 (non-energy adj)

Retinol-equivalents (μg) 480 (1,310) 666 (1,167) 1,041 (1,256) 77.7 < 0.001

Thiamine (mg) 0.44 (0.44) 0.52 (0.39) 0.59 (0.42) 0.02 < 0.001

Riboflavin (mg) 0.71 (0.94) 0.66 (0.84) 0.77 (0.9) 0.00 0.955

Niacin (mg) 6.52 (7.16) 6.69 (6.38) 8.59 (6.87) 0.26 < 0.001

Folate (μg) 201 (174) 231 (155) 272 (167) 9.85 < 0.001

Vitamin B12 (μg) 1.68 (8.22) 1.76 (7.33) 3.98 (7.88) 0.32 < 0.001

Vitamin C (mg) 66.2 (100) 72 (89.4) 97.3 (96.2) 4.97 < 0.001

Calcium (mg) 533 (718) 573 (640) 787 (689) 36.17 < 0.001

Phosphorus (mg) 757 (709) 796 (632) 994 (680) 32.0 < 0.001

Magnesium (mg) 236 (225) 283 (201) 345 (216) 15.8 < 0.001

Potassium (mg) 2,435 (1,782) 2,324 (1,588) 2,589 (1,709) 36.6 0.033

Iron (mg) 11.1 (11.3) 13.2 (10.1) 16.4 (10.9) 0.73 < 0.001

Zinc (mg) 5.4 (5.4) 5.3 (4.8) 6.6 (5.2) 0.14 0.010

Model 2 (energy adj)

Retinol-equivalents (μg) 533 (1,211) 686 (1,075) 970 (1,167) 58.56 < 0.001

Thiamine (mg) 0.47 (0.32) 0.53 (0.28) 0.55 (0.31) 0.01 0.012

Riboflavin (mg) 0.76 (0.82) 0.68 (0.72) 0.70 (0.79) -0.02 0.020

Niacin (mg) 7.03 (5.19) 6.88 (4.6) 7.91 (5) 0.07 0.203

Folate (μg) 212 (135) 236 (120) 256 (130) 5.67 < 0.001

Vitamin B12 (μg) 1.85 (8.1) 1.83 (7.19) 3.75 (7.81) 0.25 < 0.001

Vitamin C (mg) 70 (94) 73.4 (83.4) 92.2 (90.6) 3.62 < 0.001

Calcium (mg) 566 (648) 584 (575) 743 (625) 24.23 < 0.001

Phosphorus (mg) 803 (559) 812 (496) 934 (539) 15.23 0.006

Magnesium (mg) 250 (184) 288 (163.2) 326 (177) 10.95 < 0.001

Potassium (mg) 2,556 (1,342) 2,369 (1,191) 2,427 (1,293) -8.44 0.522

Iron (mg) 11.8 (9.7) 13.4 (8.6) 15.5 (9.3) 0.51 < 0.001

Zinc (mg) 5.7 (4.2) 5.4 (3.7) 6.2 (4) 0.00 0.969

Model is based on linear regression adjusted for age and sex, with estimated marginal means. The coefficient (β) represents the increase in nutrient 
intake for each 1-point increase in the EAT-Lancet diet score.
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those associated with plant-based foods. The second 
study, conducted in Germany, used yet another method 
for quantifying the adherence to the EAT-Lancet diet 
(52). In this study, higher adherence was associated with 
lower intake of protein, added sugar, and cholesterol, 
but higher fiber intake. There was a significant increase 
in magnesium, vitamin E, folic acid, and vitamin K with 
higher adherence.

Despite the clear nutritional and environmental advan-
tages associated with the EAT-Lancet dietary pattern, 
concerns remain about potential conflicts between sustain-
ability objectives and micronutrient sufficiency, particu-
larly among vulnerable groups such as older populations 
in low-income settings. Animal-derived foods, reduced in 
EAT-Lancet diets, are traditionally key sources of bioavail-
able micronutrients like riboflavin, zinc, and heme-iron, 
which are especially crucial for older adults due to age-re-
lated changes in absorption and metabolism. Reducing 
these foods may thus exacerbate existing micronutrient defi-
ciencies unless careful planning and targeted interventions 
are implemented. However, it is important to recognize that 
this dietary shift also offers considerable opportunities for 
nutritional synergy. Plant-based diets, aligned with EAT-
Lancet recommendations, are typically rich in vitamins, 
minerals, dietary fiber, and bioactive compounds beneficial 
for chronic disease prevention and management. Moreover, 
promoting diverse, nutrient-dense plant foods and fortified 
alternatives can effectively mitigate potential deficiencies. 
This approach can align nutritional adequacy with envi-
ronmental sustainability goals, creating positive health 
outcomes alongside reduced environmental impacts. Thus, 
achieving optimal outcomes requires integrated strate-
gies, including education, targeted dietary guidance, and 
enhanced accessibility to nutrient-rich, sustainable food 
sources tailored to local contexts.

Strengths and limitations
This study has several strengths. Firstly, dietary intake 
was measured by two non-consecutive dietary interviews 
in the local language. This method also does not require 
the participants to be literate, and potential misinterpre-
tations are minimized, as participants can directly clarify 
their responses with the interviewer, reducing errors and 
missing data. The 24-h recall offers advantages, such as 
capturing a broader range of  foods that might be missed 
by a more restrictive questionnaire. Secondly, the study 
applied a sampling scheme that makes the selected popu-
lation representative. Thirdly, our study used a validated 
EAT Lancet score that has been shown to be robust in 
other LMICs also. The EAT-Lancet scoring system is 
widely regarded as an improvement over other tools like 
dietary diversity score that have been used to predict the 
adequacy of  micronutrient intake in LMICs by counting 
food groups (53). Unlike its predecessors, EAT-Lancet 

dietary pattern is 1) designed to meet the nutritional 
requirements of  both adults and young children older 
than 2 years, and 2) uses the quantity of  food consumed 
to predict nutrient adequacy while also considering 
environmental sustainability (23). Lastly, the associa-
tions between almost all micronutrients assessed and the 
EAT-Lancet diet score were robust when further adjust-
ing for energy intake of  the participants (22). However, 
the study also some limitations. Although macronutrient 
estimates obtained from 24-h recalls are generally more 
reliable, estimates for vitamins and minerals tend to be 
less consistent (54). This questionnaire also focused on 
dietary intake and no data were collected on micronutri-
ent supplementation. However, using the micro-nutrient 
supplement is not common among adults in Rwanda, 
and at the time of  data collection, there was no known 
micronutrient supplementation program among the 
older population in Rwanda. We cannot rule out misre-
porting or residual confounding. Data were obtained in 
one season and thus may not reflect seasonal variations 
in food intake. Moreover, the data presented in this study 
were also collected during the COVID-19 pandemic with 
intermittent lockdowns, and these factors might have 
also contributed to low quantity and diversity of  con-
sumed foods. Additionally, the use of  a Kenyan food 
database might not accurately reflect the nutritional 
intake, as a Rwandan food table. Analytically, the model 
did not include formal diagnostic tests for all assump-
tions of  linear regression as the study primarily focused 
on the associations rather than predictions. Lastly, given 
the generally low adherence to the EAT-Lancet diet in 
this cohort, our analyses focus on the linear associa-
tions between the adherence score and micronutrient 
intake, which reflect the relative ranking of  participants 
rather than strict adherence thresholds. This approach 
accounts for potential underreporting and highlights 
how incremental increases in adherence may influence 
nutrient intake.

Future studies
There is a need for studies that assess not only the micro-
nutrient intake of the population but also micronutrient 
status. It has been emphasized that both nutrient intake 
and status should be considered when evaluating food 
sustainability, especially given the lower bioavailability of 
micronutrients in plant-based foods (55). As an example, 
the EAT-Lancet diet, which is predominantly plant-based, 
may result in non-heme iron being the primary source of 
iron, a form with lower bioavailability. This is particularly 
important given the already high prevalence of anemia in 
the Rwandan population (56). Further, there should be 
more focus on understudied micronutrients, such as thia-
mine, riboflavin, and niacin, which had a very low intake 
in the current population. 

http://dx.doi.org/10.29219/fnr.v69.12174


Citation: Food & Nutrition Research 2025, 69: 12174 - http://dx.doi.org/10.29219/fnr.v69.1217410
(page number not for citation purpose)

Theogene Habumugisha et al.

Conclusion
The findings indicate that higher adherence to the EAT-
Lancet diet, which emphasizes plant-based foods and lim-
its animal products, is associated with a higher intake of 
key micronutrients such as retinol-equivalents, thiamine, 
folate, vitamin B12, calcium, and vitamin C among older 
adults in Kigali, Rwanda. The findings of this study also 
underscore the need for considering local dietary patterns 
and food availability when implementing global dietary 
guidelines like the EAT-Lancet diet. 
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