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The importance of forest foods for diet quality: A case study from 
Sangthong District, Laos 
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A B S T R A C T   

Forests can make important contributions to the diet quality of forest proximate people for example through the 
direct provision of food. However, ongoing deforestation and forest degradation influence the availability of 
forest food – potentially decreasing the diet quality of people relying on forest food. Using a combination of food 
frequency questionnaires, wealth questionnaires, interviews, principal component analysis and land cover maps, 
this study examines the importance of forest food for diet quality in the two villages of Houay Tom and Mai-
paksang, Sangthong District, Laos (N = 49 households). We found that 71% of the respondents consumed forest 
food in the past week – and that a decrease in the forest area appears to have affected local people’s diet quality 
negatively. Overall, forest food contributed to the consumption of six different food groups, and food sourced 
from the forest resulted in the consumption of minimum one additional food group for 48% of the respondents. 
Specifically, we found a significant positive association between forest food consumption and the consumption of 
more meat, poultry, and fish. Also, our findings suggest that the forest was most important for people belonging 
to the bottom wealth group. That is, this group exhibited higher consumption frequencies of forest food and 
forest food contributed more to their mean dietary diversity score and total consumption frequency compared to 
the upper- and middle wealth groups. Finally, the diet quality of households in the bottom wealth group might be 
more negatively affected by deforestation because these households typically are less engaged in various income- 
generating activities. These results point to the need of integrating forests into food and nutrition security and 
agriculture development policies.   

1. Introduction 

Globally, more than 1.6 billion people live within 5 km of a forest – of 
which more than two-thirds reside in low- and middle-income countries 
(LMIC) (Newton et al., 2020). This population includes approximately 
250 million (40%) of the world’s extreme poor who often rely directly 
on the goods and services that forests and trees provide (IUFRO, 2020). 
Forests provide materials such as firewood, housing materials, 
high-value products that can be sold, and food – all contributing to 
household well-being (IUFRO, 2020). Yet, forests also provide 
non-material aspects such as community relations and trust, culture and 
spirituality (IUFRO, 2020). While forest food may have a relatively 
limited role in terms of supplying calories, they provide nutritious foods 
for many rural, food-insecure populations. Specifically, wild food 
products are often rich in fats, proteins, vitamins and minerals – and 
forest foods are estimated to contribute to the diets of around 1 billion 
people living in forested regions (FAO, 2020). The contribution of 

forests to nutrition have recently become more widely acknowledged 
(Gergel et al., 2020). Previous studies investigating linkages between 
forests and nutrition have, for example, shown that forest food can make 
important contributions to dietary diversity and increase the nutrient 
density of local diets by providing under-consumed food groups essen-
tial for a nutritionally balanced diet (Powell et al., 2013a; Sunderland 
et al., 2013; HLPE, 2017). Furthermore, forests can affect food con-
sumption and nutrition in a number of other ways, including (a) pro-
vision of income that can be used to purchase nutritious food (Powell 
et al., 2013a; Angelsen et al., 2014), (b) provision of fuelwood (Baudron 
et al., 2019), (c) safety net functions key for households during slack 
periods with limited food availability (Powell et al., 2013a; Wunder 
et al., 2014) , (d) provision of ecosystem services essential for agricul-
tural production (Vira et al., 2015; HLPE, 2017; Baudron et al., 2019; 
IPBES, 2019), and (e) increasing resilience to e.g. climate variability 
(HLPE, 2017). Despite the importance of forests for local diets, current 
debates about how to feed the world’s growing population focus on 
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yields and calories placing pervasive emphasis on agriculture and thus 
resulting in forests and trees rarely being integrated into food security, 
nutrition and agricultural development strategies (Gergel et al., 2020). 
Only in recent years has attention been devoted to the actual extent 
forest food contributes to food consumption and how changes in forest 
cover affect the food security of forest dependent people. For example, 
Powell et al. (2013b) examine the extent to which wild foods contribute 
to local people’s dietary quality in Tanzania. Moreover, a growing body 
of evidence links tree cover to dietary diversity (e.g. Ickowitz et al., 
2014; Rasolofoson et al., 2018; Hall et al., 2019; Rasmussen et al., 2019, 
2020). These studies focus on one point in time and do not look at 
changes over time. One of the few studies that do attend to changes over 
time is Galway et al. (2018). They document that prior forest loss is 
negatively correlated with dietary diversity of children across 15 
countries. Also, Johnson et al. (2013) find that children living in areas 
with net forest cover loss between 2000 and 2010 in Malawi were 19% 
less likely to have a diverse diet and 29% less likely to consume vitamin 
A-rich foods than children living in areas with no net change in forest 
cover. 

An improvement in our understanding of linkages between forests 
and diet quality can contribute to mainstreaming forests in e.g. food and 
nutrition security policies as well as agricultural development and forest 
management strategies. This paper contributes to improving existing 
knowledge on the importance of forests for diet quality, using Laos as a 
case study. Laos is well suited as a case study as the rural population 
(80% of the total population) relies heavily on the forests for food, fuel, 
income and shelter (MoNRE-IUCN, 2016). Using data on land cover 
changes as well as detailed local data on household characteristics, food 
consumption patterns and the contribution of forest food to diet quality 
in an area in Sangthong District, Laos (Fig. 1), we illuminate the 
importance of forest food for diet quality. 

2. Study area and methods 

2.1. Study area 

Fieldwork was carried out in November 2019 in the two villages of 
Houay Tom (with a total of 131 households) and Maipaksang (with a 

Fig. 1. Location of the two villages of Houay Tom and Maipaksang in Sangthong District, Laos and changes in forest cover (%) and number of forest patches during 
the period 2001–2018 in the landscapes surrounding the two villages. 

M.N. Jendresen and L.V. Rasmussen                                                                                                                                                                                                       



Trees, Forests and People 7 (2022) 100166

3

total of 45 households) in Sangthong District, Vientiane Province 
(Fig. 1). Sangthong District is located 55 km northwest of Vientiane 
Capital, bordering the Mekong River and stretching northward. Part of 
the district is situated in the lowland flood plain of the Mekong, with 
northern areas being more mountainous (Sangthong District Narrative: 
Background, 2015). The district was officially deemed to be 
poverty-stricken until 2014 (Laos’ Sangthong district rolls out welcome 
mat for visitors, 2016) and it is one of the poorest rural districts of 
Vientiane Municipality (Boutthavong et al., 2016). The district covers a 
land area of approximately 800,000 ha and consists of approximately 
40% agricultural land, 50% forest, 6% wetland and 4% other land cover 
classes (Mori, 2015). The district includes 35 villages, 6400 households 
and a total population of 29,500 people (Lao Statistics Bureau, 2015). 
Official numbers of population size at the district level does not occur in 
earlier population censuses than 2015 but population numbers reported 
in case studies makes it evident that the population in Sangthong District 
has increased over time (Phimmavong and Chanthavong, 2009; 
Phaengsuwan, 2014; Sisongkham et al., 2015). Phaengsuwan (2014) 
and Sisongkham et al. (2015) argue that the population growth has 
likely led to declining forest cover in Sangthong District. Sisongkham 
et al. (2015) attribute the positive population growth rates to voluntary 
resettlement induced by economic opportunities brought about by the 
government support to lowland agricultural intensification. This sup-
port led to the expansion of agricultural areas and the conversion of 
forest areas into food production areas (Sisongkham et al., 2015). The 
types of crops associated with land-based investments in Laos include 
commodities like rubber, pulpwood, sugarcane, jatropha, cassava, palm 
oil, other oil crops, livestock, fruit, coffee, tea and grains (Nanhthavong 
et al., 2020). Fig. 1 also illustrates that forest cover in the landscape 
surrounding the study area in Sangthong District has declined during the 
period 2001–2018 and that the forest likely has become more 
fragmented. 

2.2. Measurement of forest cover and configuration 

We used the publicly available 30 m resolution global tree cover 
dataset from 2001 to 2018 (Hansen et al., 2013) to measure forest cover 
and configuration. To capture a reasonable distance that people were 

likely to travel for hunting and collecting forest foods (Layton et al., 
1991), we measured forest cover and configuration in a 10-km radius 
circle surrounding each village. Using Google Earth Engine, we imported 
the tile covering the spatial extent of the two villages and their sur-
roundings. The imported data show the percentage of tree cover 
(ranging from 0 to 100) in each pixel with trees defined as vegetation 
taller than 5 m. We derived tree cover in the years 2001, 2011, 2016, 
and 2018 by masking water, adding forest cover gain and subtracting 
forest cover loss from the base year 2000. We then added the 10 km 
radius circles and exported separate images for 2001, 2011, 2016, and 
2018 to Google Drive. To create a forest cover map, we imported images 
covering Vientiane Province for the years 2001, 2011, 2016, and 2018 
into ArcGIS and then classified each pixel to a binary forest/no forest 
classification, using a “forest” threshold definition of 30%. We also tried 
other forest threshold definitions (10% and 60%, based on thresholds 
used by the United Nations Food and Agricultural Organization and 
United Framework Convention on Climate Change (FAO, 2001; FAO 
2005) Yet, we chose 30% as it resulted in a forest cover map that best 
matched country-level land cover maps. Using the landmetrics R pack-
age, we extracted percentage forest and number of forest patches for 
each 10-km radius circle in each year (2001, 2011, 2016, 2018). The 
number of forest patches was chosen as a relevant metric as it provides 
insight on the degree of forest fragmentation. 

2.3. Construction of proxy indicators for diet quality 

Diet quality comprises four aspects: variety/diversity, adequacy, 
moderation and overall balance (FAO, IFAD, UNICEF, WFP and WHO. 
2020). The importance of a balanced and safe diet that includes suffi-
cient levels of macro and micronutrients has become more acknowl-
edged in the past decades - with micronutrient deficiency or inadequate 
nutrition being referred to as “the hidden hunger” (Kennedy et al., 
2013). At an individual level, dietary diversity can be considered a proxy 
for micronutrient adequacy of the diet (Arimond et al., 2010) and this is 
considered one aspect of dietary quality. Dietary diversity is defined as 
the number of food groups consumed over a fixed time period, typically 
ranging from 24 h to seven days. In this study, we constructed a modified 
dietary diversity score using the ten food groups recommended to 

Fig. 2. The percentage of food consumption frequencies across the 10 different food groups and broken down per wealth group and origin of the food (market, field, 
fallow, forest, other). Data were collected in the villages of Houay Tom and Maipaksang, Laos 2019 (N = 49 respondents). Note that food consumption refers to 
frequencies at which food items are consumed during seven days rather than total amount of consumption. A specific food item is counted one time per day only. 
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construct MDD-W (Minimum Diet Diversity of Women) (FAO and FHI 
360, 2016) but based on a recall of the past seven days. The ten food 
groups were: (1) grains, white roots and tubers, (2) pulses (beans and 
peas), (3) nuts and seeds, (4) dairy, (5) meat, poultry and fish, (6) eggs, 
(7) dark green leafy vegetables, (8) other vitamin A-rich vegetables and 
fruits, (9) other vegetables and (10) other fruits (FAO and FHI 360, 
2016). The dietary diversity score (DDS) results in an integer ranging 
from 0 to 10 where zero indicates that the respondent did not consume 
any food items from the food groups and a value of 10 indicates that the 
respondent consumed at least one food item from each of the ten food 
groups (FAO and FHI 360, 2016). Data on food consumption and the 
origins of the food consumed were collected for 49 individuals through 
seven days self-reported food frequency questionnaires (FFQ). During 
the data collection, we were accompanied by a local translator. We 
contacted all households in both villages, and we then randomly 
selected 60 households. Our translator explained in depth how the 
questionnaire should be filled out. This was followed by a few examples 
(e.g., a specific fruit item was consumed on day two) for which the 
respondent was then asked to fill out the questionnaire. Our translator 
provided his phone number so the respondent could contact him with 
any possible questions. The FFQs were collected after the seven days. To 
ensure data quality and avoid errors, we reviewed each FFQ on site to 
make sure that the information was filled out correctly by the respon-
dent. Some of the respondents had not filled out the questionnaires at all 
and some had not done it properly. Therefore, we ended up with 49 
questionnaires without missing data. The FFQ included a pre-defined 
food list with pictures illustrating each food item (see Fig. S5 for infor-
mation on which food items the respondents consumed). The food items 
were selected (1) by reviewing existing literature on dietary surveys 
from Laos (Sasaki et al., 2005; FAO, 2013), (2) from dietary assessment 
guidelines (FAO and FHI 360, 2016), and (3) from pilot testing the 
survey instrument with individuals from the target study sites. When the 
respondents filled out the FFQ, they were also asked to provide infor-
mation on the origin of the food item. Possible origins were: (1) the 
market, (2) fallow areas, (3) their fields or property, (4) the forest 
(including the river), and (5) other sources (including restaurants or if 
respondents dined at their friend’s house). 

Data from the food frequency questionnaires were accordingly used 
to calculate (a) a modified dietary diversity score for each respondent, 
and (b) food consumption frequencies. The measure of food consump-
tion frequencies in this study is different from the World Food Pro-
gramme’s (WFP) method to measure the food consumption score (FCS), 
which has been validated against the quantity dimension of food secu-
rity (INDDEX Project, 2020). Yet, the FCS does not account for whether a 
given respondent consumed 3 different food items from the same food 
group per day (which is generally better than consuming only one type 
of food from the food group). This is also mentioned by the WFP as an 
inherent weakness of the tool (WFP, 2008). We therefore use food 
consumption frequencies as a proxy for the energy dimension in diet 
quality. The food consumption frequency score does take the diversity of 
food items into consideration as it includes consumption of food items 
rather than food groups. In addition, a food frequency measure based on 
food items was a necessity as our aim was to examine the role of the 
forest (with regard to the contribution of forest food) for diet quality. 
Food consumption frequencies were measured by the sum of frequencies 
at which specific food items were consumed during a week. A specific 
food item was only counted one time per day. The total food con-
sumption frequency per respondent is thus the number of days the 
respondent consumed a particular food item during the past seven days, 
and then aggregated across the total number of foods consumed. 

In addition to the food diaries, we also conducted semi-structured 
interviews and wealth questionnaires with households with the aim of 
collecting information on various household characteristics, including 
ownership of various assets (Section 2.5). 

2.4. Assessing the importance of forest food for diet quality 

We examined the extent to which forest foods contribute to people’s 
food consumption patterns. Specifically, we calculated dietary diversity 
scores and food consumption frequencies both without and with the 
food sourced in the forest. In addition, we compared the forest food 
consumers’ (respondents who consumed food from the forest at least 
one time during the seven days of data collection) and non-forest food 
consumers’ (respondents who did not consume any forest food during 
the seven days of data collection) food consumption patterns using one- 
way ANOVA tests. 

2.5. Factors influencing forest food consumption and diet quality 

To compare forest food consumption across different wealth groups, 
we constructed an asset-based wealth score as a proxy for households’ 
long-term economic status. Data on households’ ownership of assets 
were collected through wealth questionnaires including 22 asset in-
dicators (see Table S1 for assets included in the index). The ownership of 
assets was recorded as a binary, with a value of “1′′ if one of the 
household-members owned the asset, and value “0′′ if this was not the 
case. A Principal Component Analysis (PCA) was then used to compute 
the wealth groups. Following Filmer and Pritchett (2001), the first 
principal component (PC) (which explains the largest part of the vari-
ation in the data) was chosen as the wealth index. In this analysis, the 
first PC explained 22.4% of the total variance and the second PC an 
additional 14.3%. We then classified households into three asset-based 
wealth groups, with the lowest 40% of the households classified as 
“bottom wealth”, the highest 20% as “upper wealth” and the rest as the 
“middle group” (Vyas and Kumaranayake, 2006). 

We used the information collected through semi-structured in-
terviews with the households included in the FFQ to assess differences in 
household characteristics (number and type of income sources, number 
and type of cultivated crops, ownership of a field, and size of the field) 
(Table 3) across the wealth groups and forest food consumers/non-forest 
food consumers. We then used one-way ANOVA tests to examine asso-
ciations between (a) household characteristics (e.g. the number of 
different income sources, whether people own a field, and their wealth 
index) and dietary diversity scores, and (b) household characteristics 
and food consumption frequencies (Table 2). We also examined if the 
frequency of forest food consumption was associated with DDS and 
consumption of specific food groups, controlling for household charac-
teristics. Given that the DDS was a discrete variable bounded between 
one and ten (no households consumed zero food groups within the past 
seven days), we used maximum likelihood estimation of Poisson 
regression models (see full model specification in Supplementary 
Material). 

Associations between household characteristics (other than wealth) 
and the asset-based wealth groups were examined through Fishers exact 
tests. 

3. Results 

3.1. Basic demographics, household characteristics and food consumption 
patterns 

Of the 49 respondents, 45 were Lao and four were Khamu (Table S2). 
Thirty-two respondents were females and 17 were males (Table S2) 
(with no statistically significant differences between women and men in 
relation to DDS and wealth groups, but with women having a statisti-
cally significant higher mean food consumption frequency than men (p 
= 0.022)). 80% (n = 39) of the households owned a field, with the 
average field size being 4.3 ± 3.8 hectares. Yet, 8% (n = 3) of the 
households who owned a field had nothing on the field. Rice was 
cultivated by the majority of households (41%), closely followed by 
rubber (39% of households). Other crops grown were grass, bamboo, 
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cassava, vegetables and fruits (Fig. S1). 8.2% of households reported 
having livestock. On average, the households cultivating crops culti-
vated 1.06 different crop types, with a maximum of three different crops 
(Fig. S2). The majority of households received income from bamboo 
activities (45%) (Fig. S3). This included sale of bamboo handicraft, 
driving bamboo products and making small bamboo pieces. Almost a 
quarter of the households received income from their rubber plantation 
and one fifth of the households received income from other paid jobs (e. 
g., teacher, doctor, engineer, and soldier). Additional income sources 
mentioned were sale of rice production, fish from the river (not from 
aquaculture, but fish sourced from the river), livestock and weaved 
products; as well as paid employment (e.g. employment as hired field 
worker) and owning a restaurant or shop (Fig. S3). On average, house-
holds received income from 1.5 different income sources with a 
maximum of three different sources (Fig. S4). 

In total, 79 different food items were consumed across all households 
(Table S3) and respondents consumed on average 26.6 different food 
items during the seven days of data collection. The average DDS was 4.9 
± 1.5 and the average food consumption frequency was 62.3. The 
highest consumption frequencies were observed in the food group 
“Meat, poultry and fish” (20.7%) followed by food from the groups; 
“Grains, white roots and tubers” (18.7%), “Other vegetables” (17.2%); 
“Other vitamin A-rich fruits and vegetables” (13%); “Dark green leafy 
vegetables” (11.4%); “Other fruits” (8.8%); “Eggs” (4.8%); “Dairy” 
(3.6%); “Pulses” (1%); and “Nuts and seeds” (0.9%) (Fig. S5). All re-
spondents consumed food from the food groups “Grains, white roots and 

tubers” and “Dark green leafy vegetables” during the seven days of data 
collection (Fig. S6), whereas only 27% of the respondents consumed 
“Nuts and seeds” during the seven days (Fig. S6). The bottom wealth 
group had the lowest mean DDS (4.9 ± 1.5) and food consumption 
frequency (55.9 ± 34.13) compared to the middle- (DDS = 5.1 ± 1.5, 
consumption frequency = 61.2 ± 31.06) and upper wealth group (DDS 
= 5.0 ± 1.1, consumption frequency = 69.9 ± 43.32) (Table 2). For the 
food group “Dairy”, we observed a statistically significant difference 
across wealth groups, with the upper wealth group having a mean of 
4.5% of their food consumption frequencies being Dairy compared to 
3% in the middle wealth group and 1.9% in the bottom wealth group. 
Comparing the magnitude of the estimated coefficients revealed that 
being in the highest wealth group was associated with a consumption 
frequency of dairy that was 5 times higher than for people in the bottom 
wealth group, holding other factors constant (Table S6). 

No other statistically significant associations were found between the 
asset-based wealth groups and consumption frequencies across the 
different food groups (Table S4). 

3.2. The contribution of forest food to dietary diversity 

Respondents consumed food from both the market, their fields/ 
property, fallow areas, the forest and from other sources. In total, 20 out 
of the 79 food items recorded were sourced from the forest (Table 1). 
Across our sample, 71% of the respondents reported consuming forest 
food at least one time during the past seven days. Forest food 

Table 1 
List of forest food items consumed (n = 20 out of a total of 79 different food items consumed). Also shown is the contribution of each forest food to a) total consumption 
frequency of the specific food item (including non-forest derived items), and b) the corresponding food group (10 groups from the MDD-W, FAO and FHI 2016). Data 
were collected in the villages of Houay Tom and Maipaksang, Laos 2019 (N = 49 respondents).  

Food items Total consumption 
frequency 

Forest food 
consumption 
frequency 

Forest food consumption frequency in percent of 
total consumption frequency of that food item 

Forest food consumption in percent of total 
consumption frequency of the food group 

Food group: Meat, poultry 
and fish     

Fish 156 83 53.2% 13.2% 
Frog 30 8 26.7% 1.3% 
Rat 17 11 64.7% 1.7% 
Mouse 7 2 28.6% 0.3% 
Insect 32 8 25.0% 1.3% 
Bird 31 14 45.2% 2.2% 
Snake 7 4 57.1% 0.6% 
Squirrel 12 5 41.7% 0.8% 
Civet 1 1 100% 0.2% 
Total food group 631 136  21.6% 
Food group: Dark green leafy 

vegetables     
Horse Tamarind Young 28 3 10.7% 0.9% 
Leaf Green Amaranth 10 1 10.0% 0.3% 
Wild betal 41 1 2.4% 0.3% 
Tamarind Young Leaf 15 1 6.7% 0.3% 
Total food group 347 6  1.7% 
Food group: Other vitamin A- 

rich fruits and vegetables     
Passion Fruit 16 1 6.3% 0.3% 
Total food group 398 1  0.3% 
Food group: Other vegetables     
Bamboo 56 38 67.9% 7.3% 
Mushroom 16 2 12.5% 0.4% 
Banana Flower 39 9 23.1% 1.7% 
Horse Tamarind Seeds 25 1 4.0% 0.2% 
Total food group 519 50  9.6% 
Food group: Other fruits 

Banana 
89 3 3.4% 1.2% 

Total food group 259 3  1.2% 
Food group: Grains, white 

roots and tubers     
Yam 23 2 8.7% 0.4% 
Total food group 570 2  0.4% 

Note that food consumption frequencies are the sum of frequencies at which food items are consumed during seven days. A specific food item is counted one time per 
day only. 
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contributed to the consumption of six out of ten food groups, and for 
48% of the respondents, food sourced from the forest resulted in the 
consumption of minimum one additional food group in at least one of 
the past seven days. All the households who consumed additional food 
groups consumed “Meat, poultry and fish” sourced from the forest. One 
household also consumed “Other vegetables” as an additional food 
group. Both food groups were not compensated with other food items 
derived from other sources than the forests on that day. 

Forest food consumers had a mean DDS of 4.9 ± 1.5 and non-forest 
food consumers had a mean DDS of 4.8 ± 1.4. Also, food collected in the 
forest contributed on average with 6.5% to food consumption fre-
quencies. Yet, this is relatively small compared to the fact that 60.3% of 
the food items making up the food consumption frequencies were pur-
chased in the market and 30.6% came from respondents’ fields/prop-
erty. The food group with the highest percentage of consumption 
frequencies sourced from the forest was “Meat, poultry and fish”: 21.6% 
of the reported consumption frequencies were sourced in the forest. In 
addition, forest food consumers had a statistically significant higher 
food consumption frequency of animal-based food and dark green leafy 
vegetables (Table S5). When controlling for the households’ wealth, 
land size and whether they received income from bamboo activities or 
from rubber, one additional increase in the consumption frequency of 
forest products was significantly (p < 0.1) associated with the relative 
amount of animal-based food in the total consumption frequency 

(Table S6). The food group with the second highest percentage of con-
sumption frequencies sourced in the forest was “Other vegetables” 
(9.6% sourced in the forest). For all other food groups, the consumption 
frequencies of forest foods were low. 

When comparing the consumption of forest foods across wealth 
groups, we observed that the bottom wealth group exhibited higher 
consumption frequencies of forest foods (4.4) and that forest food also 
constituted a higher proportion of their total consumption frequencies 
(7.9%) compared to the upper- and middle wealth groups (4.2 and 6% in 
the middle wealth group and 3 and 4.9% in the upper wealth group) 
(Table 2). 

3.3. The perceived impacts of deforestation on food consumption patterns 

Our mapping of changes in forest cover during the period 2001–2018 
indicates that the forest cover has declined in the landscapes sur-
rounding the study area (from 65 to 60%) (Fig. 1). Also, the forest has 
likely become more fragmented as the number of forest patches has 
increased by a factor 1.6 (Fig. 1). We note that the actual decrease in 
forest cover might be higher than what our results suggest as the dataset 
used (Hansen et al., 2013) to measure forest cover is not ideal to 
distinguish between natural forests and plantations. With 39% of the 
sampled households reporting that they have a rubber plantation, a 
decrease of 5 percentage points is thus likely an underestimate. Despite 

Table 2 
Associations between household characteristics and proxy measures of diet quality. Data were collected in the villages of Houay Tom and Maipaksang, Laos 2019 (N =
49).  

Household characteristics Mean DDS P value P value between groups Mean consumption frequencies P value 

Wealth group      
-Upper (N = 10) 5 ± 1.15 .559  61.2 ± 31.06 .572 
-Middle (N = 19) 5.1 ± 1.51   69.9 ± 43.32  
-Bottom (N = 20) 4.9 ± 1.48   55.9 ± 34.13  
The degree to which forest food contributes to proxy measures of diet quality                

-Upper (N = 10) 0.1 (2%) .054*¤ Upper-bottom:.392 3 (4.9%) .15¤¤ 
-Middle (N = 19) 0.1 (2%)  Upper-middle:.796 4.2 (6%)  
-Bottom (N = 20) 0.3 (6.5%)  Middle-bottom:.045** 4.4 (7.9%)  
Consumption of forest food 4.89 ± 1.47 .825  63.56 ± 39.7 .563 
-Forest consumers (N = 35) 
-Non-forest consumers (N = 14) 4.78 ± 1.42   56.93 ± 32.9  
Number of income sources      
- 1 sources (N = 29) 4.91 ± 1.63 .580  66.03 ± 45 .702 
- > 1 source (N = 20) 4.75 ± 1.25   56.9 ± 22.58  
Number of different crops cultivated      
- 0 crops (N = 13) 4.27 ± 1.38 .242  49.46 ± 27.87 .383 
- 1 crop (N = 22) 4.86 ± 1.66   66.24 ± 48.69  
- > 1 crops (N = 14) 5.27 ± 1.12   67.93 ± 26.16  
Income from bamboo      
- Yes (N = 22) 4.79 ± 1.45 .285  59.59 ± 32.25 .311 
- No (N = 27) 4.92 ± 1.46   64.52 ± 41.61  
Income from rubber      
- Yes (N = 12) 5.25 ± 1.74 .367  69.83 ± 55 .370 
- No (N = 37) 4.7 ± 1.37   59.86 ± 29.74  
Cultivation of rubber 

- Yes (N = 19) 
- No (N = 30) 

4.95 ± 1.15 
4.77 ± 1.64 

.991  62.84 ± 27.5 
61.97 ± 43 

.761 

Cultivation of rice 
- Yes (N = 20) 
- No (N = 29) 

5.28 ± 1.4 
4.55 ± 1.4 

.439   
67.15 ± 33.71 
58.97 ± 40 

.804 

Owning a field  
- Yes (N = 39) 
- No (N = 10) 

5.09 ± 1.46 
3.75 ± 1.1 

.006***  64.85 ± 30.49 
46.6 ± 25.5 

.082* 

Field size more hectares than average      
- Yes (N = 12) 5.35 ± 1.79 .123  71.92 ± 55.14 .081* 
- No (N = 27) 4.76 ± 1.32   59.19 ± 29.39  

¤ One-way ANOVA is based on the number of units that food from the forest contributed with to the dietary diversity score in each wealth group. 
¤¤ One-way ANOVA is based on the percentage of the total food consumption frequencies that was sourced in the forest in each wealth group. 
P-values are given for One-way ANOVA and post-hoc tests. *, **, *** Statistically significant at the 10%, 5%, and 1% level, respectively. 
Note that food consumption frequencies are the sum of frequencies at which food items are consumed during seven days. A specific food item is counted one time per 
day only. 
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the decrease of forest cover in our study area, other areas in Laos have 
experienced increases in forest cover in recent years as it appears that 
the proportion of forest cover in Laos has increased with an annual in-
crease of 1.3% between 2010 and 2015 (MoNRE-IUCN, 2016). Yet, there 
has been a steady decrease in the area of primary forest, likely accom-
panied by a decrease in the quality of forest ecosystems. Between 2010 
and 2015, dense forests with a canopy cover of over 70% decreased from 
29.1% to 8% of total forest area, while open forest (<40% canopy cover) 
increased from 16.3% to 28.9% (Koch, 2017). This suggests that the 
overall increase in forest cover between 2010 and 2015 could be due to 
the Government of Laos’ forestry sector plans and efforts to attract in-
vestments. The Forestry Strategy 2020 envisages 500.000 hectares of 
tree plantations and calls for development of production forest area 
management plans (Thomas, 2015). 

When trying to link the landscape changes illustrated in Fig. 1 to 
people’s food consumption patterns, two main observations deserve 
attention. Firstly, the majority (87%) of the sampled households re-
ported that they nowadays consume less forest food than they did in the 
past. Secondly, the villagers mainly pointed to deforestation and forest 
degradation as reasons for the decrease in their use of forest food. All 
households who used the forest less nowadays than in the past reported 
that because of the declining reliance on forest food, they are now more 
dependent on income to purchase food in the market. Specifically, 87% 
of the households reported that the limited availability of forest food 
was a motivation for either having a plantation or a field, or for example 
engaging in bamboo activities. This suggests that forest loss has fueled a 
suite of new strategies as people seem to have found alternative ways to 
maintain consumption of foods previously sourced in the forest. How-
ever, it is also possible that it is the opportunity to engage in other in-
come activities that has led to forest loss. 

When looking at potential linkages between households’ agricultural 

strategies as well as their income sources and their food consumption 
patterns, our data revealed a number of interesting findings. First, a one- 
way ANOVA test showed that respondents from a household owning a 
field were significantly more likely to have a higher DDS (mean of 5.1 
compared to 3.8 for respondents from households without a field, p =
0.006). Second, we likewise observed higher DDS for respondents 
belonging to those households who either (1) cultivated more different 
crops, (2) received income from rubber, (3) cultivated rubber and/or 
rice, or (4) owned a bigger field area than the average (4.3 ha). In 
contrast, belonging to a household receiving income from bamboo- 
activities was negatively associated with the DDS. Although these as-
sociations are not statistically significant (Table 2), our findings suggest 
that being engaged in multiple activities – rather than just bamboo ac-
tivities - might put the households in a better position to maintain their 
dietary diversity when/if forest loss is occurring. 

Finally, we found that a statistically significant higher proportion of 
households in the upper- and middle wealth groups (1) owned a field, 
(2) cultivated and received income from rubber, and (3) cultivated more 
different crops than households in the bottom wealth group (Table 3). In 
contrast, we observed a statistically significant higher proportion of 
households in the bottom wealth group engaged in bamboo activities for 
income than in the upper wealth group – the only activity measured to 
be negatively associated with dietary diversity scores and food con-
sumption frequencies (Table 3). 

These findings suggest that households in the bottom wealth group 
might be more negatively affected by deforestation than households in 
the upper- and middle wealth groups as the poorest households gener-
ally engage in fewer activities. Also, forest food constituted a higher 
percentage of the consumption frequencies in the diets of the poorest 
households and contributed more to their dietary diversity scores. 

Table 3 
Associations between household characteristics and asset-based wealth groups. Data were collected in the villages of Houay Tom and Maipaksang, Laos 2019 (N = 49).  

Household characteristics Upper wealth 
group 

Middle wealth 
group 

Bottom wealth 
group 

P value P-value, upper- 
bottom 

P-value, upper- 
middle 

P-value, middle- 
bottom 

Consumption of forest food        
-Forest consumers (N = 35) 80% 68.4% 70% 0.845    
-Non-forest consumers (N = 14) 20% 31.6% 30%     
Number of income sources        
- 1 sources (N = 29) 

- > 1 source (N = 20)  

Number of different crops 
cultivated 

70% 47.4% 65% .452    
30% 52.6% 35%            

- 0 crops (N = 13) 0% 5% 60%     
- 1 crop (N = 22) 50% 53% 35%     
- > 1 crops (N = 14) 50% 42.1% 5% .004*** .013** .714 .013** 
Income from bamboo        
- Yes (N = 22) 10% 42.1% 65% .015** .020** .16 .205 
- No (N = 27) 90% 57.9% 35%     
Income from rubber        
- Yes (N = 12) 60% 31.6% 0% <0.001*** .001*** .236 .012** 
- No (N = 37) 40% 68.4% 100%     
Cultivation of rubber 

- Yes (N = 19) 
- No (N = 30) 

80% 
20% 

52.6% 
47.4% 

5% 
95% 

<0.0001*** <0.0001*** .234 .001*** 

Cultivation of rice 
- Yes (N = 20) 
- No (N = 29) 

40% 
60% 

52.6% 
47.4% 

30% 
70% 

.392    

Owning a field  
- Yes (N = 39) 
- No (N = 10) 

100% 
0% 

100% 
0% 

50% 
50% 

<0.0001*** .016** 1 .001*** 

Field size more hectares than 
average        

- Yes (N = 12) 40% 36.8% 10% .269    
- No (N = 27) 

Mean land area¤ 
60% 
6.35 

65.2% 
4.48 ha 

90% 
2 ha 

.032** 0.25 .379 .189 

¤Households not owning a field are not included in the calculation of amount of hectares land owned. 
P-values are given for Fishers Exact tests and post-hoc tests. *, **, *** Statistically significant at the 10%, 5%, and 1% level, respectively. 
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4. Discussion and concluding remarks 

This empirical study from Laos has shown that forest food is 
important for the diet quality of local people as 71% of the respondents 
consumed forest foods over the past seven days. Importantly, we also 
found that forest loss has likely impacted households’ diet quality 
through decreasing the availability of forest food, thereby affecting 
peoples’ possible ways of securing both enough and nutritious food. 
Lastly, deforestation is portrayed as most negative for the diet quality of 
the households in the bottom wealth group as (1) forest food contribute 
most to their food consumption frequencies, (2) forest food contribute 
most to their dietary diversity scores, and (3) they do not appear to have 
the same opportunities to adapt to the shrinking forest area as the upper- 
and middle wealth groups have. 

Our findings advance existing knowledge on associations between 
forests and nutrition in three main ways. 

1. Forest foods contribute to the consumption of multiple food 
groups 

First, our results suggest that forest foods contribute to the con-
sumption of six out of the ten food groups included in the MDD-W (FAO 
and FHI 230 2016). These results are in line with Powell et al. (2011) 
and Sunderland et al. (2013) describing that forest foods most often are 
vegetables, fruit and animal source foods. We also found that forest food 
contributes to the dietary diversity score of 48% of the respondents and 
that forest food is specifically important for the consumption of 
animal-based food. The most direct way that the forest can contribute to 
the consumption of animal-based foods is by housing animals for 
hunting and by contributing fodder for livestock (Baudron et al., 2017). 
Also, fish from forests is a key animal source food item in local diets – the 
river closest to the villages went through the forest, however some lo-
cations of the river might not be classified as forest. If there was no forest 
at all around the river, it could thus affect the nutrition of local people. 
Forests positively influence the diversity of freshwater fish communities 
in the tropics via increased heterogeneity in physical structure and food 
material in freshwater habitats (Lo et al., 2020). The substitutability of 
such forest foods with food items from other origins might be chal-
lenging - especially for households in the bottom-wealth group with 
limited purchasing power as animal source foods can be expensive. 

2. Owning a field mediates the importance of forest foods 
Second, our analysis allows us to provide insight on the factors that 

might mediate how deforestation affects local people’s dietary diversity. 
One of these potential factors is owning a field. The statistically signif-
icant positive association between owning a field and dietary diversity 
illustrates that households with a field might be in a better position to 
maintain their dietary diversity when/if the forest area declines as they 
either (a) have food items available in their fields, (b) gain an income 
from growing non-food crops that in turn can be used to purchase 
diverse food items, or (c) have a combination of (a) and (b). Anderman 
et al. (2014), Sibhatu et al. (2015) and Ochieng et al. (2017) have 
likewise pointed to the positive linkages between owning a field and 
dietary diversity, yet without a specific focus on the role of forest food. 
These findings might indicate that maintaining forests could actually 
influence dietary diversity in a negative way - if it prevents farmers from 
engaging in other activities that are more profitable, like rubber culti-
vation. However, it might only be the wealthier households that have 
the means to change land use and benefit from it (Baird, 2010; Thong-
manivong and Vongvisouk, 2006). Yet, increased income from e.g. 
rubber should not be seen as a blanket solution for better dietary quality 
as noted in previous studies from Laos: “increasing incomes from inten-
sified agriculture alone will not necessarily lead to reduced hunger or 
improved nutrition because many people, particularly those with limited land, 
capital, and food market-access, may be unable to shift to reliance on markets 
for suitable and affordable food, and instead continue to rely on access to a 
diversity of local resources” (Broegaard et al., 2017). Powell et al. (2013a) 
also argue that the process of transitioning from traditional diets to diets 
with more purchased foods can have negative impacts on the nutritional 

quality of diets and people’s health. Furthermore, income from cash 
crop production is found to mainly be spent on household assets such as 
scooters, tractors and telephones in addition to being invested in chil-
drens’ education, and for the wealthier households placed as savings 
(Broegaard et al., 2017). Households who are more dependent on the 
market for their food consumption are also more exposed to price fluc-
tuations (Sneyd, 2013). 

3. The importance of forest food varies between wealth groups 
Third, our findings show differences in the importance of forest food 

for diet quality between wealth groups. Yet, given the multitude of 
wealth measures applied in various studies and contexts, more context- 
specific research is needed to tease apart linkages between agriculture, 
wealth, forests and diets. In particular, we need a more nuanced 
approach sensitive to local contexts and specific food preferences in the 
attempt to understand how wealth might interact with agricultural 
strategies and market opportunities in shaping forest-diet linkages 
(Ickowitz et al., 2019; Nandi et al., 2021). 

In summary, we argue that forests and agriculture should be 
considered in tandem when making efforts to achieve better nutrition in 
rural forest proximate areas of low-and middle-income countries - as 
both agricultural land and forests are important for people’s nutrition. 
This argument is further supported by the fact that forests provide 
ecosystem services essential for agricultural production (Vira et al., 
2015; HLPE, 2017; Baudron et al., 2019; IPBES, 2019). Forests play a 
critical role in the hydrological cycle at local and global levels (HLPE, 
2017); forests contribute directly to organic matter accumulation in the 
soil that is directly exploited by swidden agriculture (Wood and Bau-
dron, 2018) and forests contribute to soil formation, protection and 
nutrient circulation (HLPE, 2017). IPBES (2019) describes that loss of 
pollination services due to deforestation and land degradation has 
reduced productivity in 23% of the global terrestrial area, and between 
$235–577 billion in annual global crop output is at risk as a result of 
pollinator loss. The decline in pollinator diversity is challenging the 
production of more than 75% of global food crop types and some of the 
most important cash crops such as coffee, cocoa and almonds, which rely 
on pollination. Pollinator loss will likely have a larger impact on human 
health in areas with micronutrient deficiencies such as Southeast Asia, 
where 50% of the production of plant-derived sources of vitamin A re-
quires biotic pollination (IPBES, 2019). In sum, there are many reasons 
for considering forests and agriculture in tandem when making efforts to 
improve nutrition – and the benefits of recognizing synergies, rather 
than tradeoffs, between nutrition and biodiversity conservation must be 
acknowledged (Gergel et al., 2020; Sunderland and Vasquez., 2020). 

5. Potential biases and limitations 

Finally, we acknowledge a number of potential biases and limitations 
of our study. First, the MDD-W indicator is developed for assessing the 
dietary diversity of women of reproductive age (15–49 years). Not all 
our respondents were women aged 15–49. This should be accounted for 
in the interpretation of the results. Yet, modified versions of MDD-W 
(similar to our 10-point score) have likewise been used in a number of 
other studies (e.g. Rasmussen et al., 2019). Second, the FFQ only 
included the opportunity to note the primary origin of the food item. The 
contribution of the food consumption frequencies from different origins 
might thus be skewed as it is possible to consume the same food item 
various times during 24 h, but from different sources. Yet, capturing a 
potential secondary origin of the consumed food items would require a 
more complicated food diary – and previous experiences have shown 
that respondents struggle filling these out when the food consumption is 
self-reported. Third, our sample size is small and it is a cross sectional 
study. The results provide valuable insights on the relationship between 
forests and diet quality in the specific area at one point in time, but 
longitudinal research addressing changes in both diet quality and forest 
cover is needed (Gergel et al., 2020). For example, investigating the diet 
quality of people in the transitioning from a forest-food diet to a 
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market-based diet could enlighten whether the households spend their 
money on nutritious foods or focus on other investments. In sum, 
complex interactions among forests, market access, income and nutri-
tion are yet to be well understood. 
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