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Abstract
This study examines food consumption patterns in Indonesia across urban, rural, and forested areas with varying levels 
of tree cover loss (TCL). Using household food consumption data from the National Socio-economic Survey in 2008 and 
2017, and data from the Global Forest Watch website, we identify differences in food consumption patterns in urban, 
rural, and forested areas with high and low TCL. The results indicate a dietary transition is occurring in Indonesia, char-
acterized by increased consumption of wheat, chicken, fish, sugar-sweetened beverages, processed, ultra-processed, and 
ready-to-eat foods, and a decline in the consumption of green leafy vegetables and fresh legumes across all area categories. 
Diet quality is declining in all area categories, however, urban areas showed the most accelerated decline, with declining 
dietary diversity, decreasing consumption of healthy foods, while increasing consumption of less healthy foods and the 
highest consumption of ultra-processed foods. Furthermore, foods consumed more in urban (vs. rural) and high-TCL (vs. 
low-TCL) areas, such as wheat, broiler chicken, dairy, and packaged foods, are associated with modern diets and sourced 
from farther away, indicating accelerated modernization and delocalization of diets. Conversely, foods consumed more in 
rural and low-TCL areas, such as traditional staple foods, free-range eggs, and dark green leafy vegetables, are considered 
more locally sourced and traditional. We conclude that dietary transitions occur across all regions, but the modernization 
of diets is more accelerated in urban and high-TCL areas. Given the mixed health consequences of modern diets, policies 
should anticipate negative impacts while preserving positive aspects.
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1  Background

Worldwide, dietary patterns are changing, characterized by 
a higher intake of animal-source foods, fats and sweets, and 
less fiber. This shift is widely known as the dietary transi-
tion, sometimes referred to as the modernization of diets. 
Modern diets are typically high in fat, added sugar, animal-
source foods, refined carbohydrates, and low in fresh veg-
etables, legumes, and coarse grains (Popkin, 2006; Popkin 
et al., 2012). Modern diets are also linked to multiple pro-
cessing stages involving modern food processing machinery 
(Monteiro et al., 2019). Many of the foods associated with 
modern diets in Asia are sourced from subnational, national, 
and international trade (Baker & Friel, 2016). Popkin et al. 
(2012) describe a modern dietary transition and its associ-
ated health implications as a global pandemic in low- and 
middle-income countries (LMIC). However, while a dietary 
transition is a generally accepted phenomenon in LMICs, it 
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has not been comprehensively studied in Indonesia, one of 
the largest LMICs in Asia.

As the world’s largest archipelagic nation, Indonesia is 
comprised of 17,001 islands, spread across 514 regencies 
in 37 provinces (Statistics Indonesia, 2023a). Many of its 
diverse regions boast their own unique dietary and culinary 
traditions (Nurhasan et al., 2022). A nationally representa-
tive study showed that there was a shift in dietary prefer-
ences of Indonesians towards ‘Western food’ among people 
who moved to Jakarta, the capital city, but not in the gen-
eral population (Colozza & Avendano, 2019). Another study 
showed that children and adolescents living in urban areas 
in Indonesia more frequently consumed sugar-sweetened 
beverages and foods, caffeinated soft drinks, energy drinks, 
fatty fried foods, refined carbohydrates, and preserved meats 
than those who lived in rural areas (Nurwanti et al., 2019). 
A study in West Sumatra suggested that people still retain 
their preference for traditional diets; however, consumption 
of sugar and vegetable oils is increasing due to increasing 
purchasing power (Lipoeto et al., 2004). Similarly, Pawera 
et al. (2020) found in the same region that traditional foods 
are still preferred over western foods, although there is ris-
ing availability and consumption of sweets and fatty foods. 
In West Papua Province, a recent study found that a dietary 
transition is happening towards higher consumption of rice, 
broiler chicken, tofu, tempeh, along with ultra-processed 
foods, and foods consumed away from home (Nurhasan 
et al., 2022). Thus, the current evidence seems to point 
towards similar changes across different populations in dif-
ferent geographies but does not provide an overall picture 
of what is happening in the country. Moreover, most of the 
studies also rely on consumption frequency and expenditures 
rather than directly on quantities of foods consumed which 
is a more accurate method of measurement to assess dietary 
changes.

The specific patterns of dietary transitions differ glob-
ally based on geography and socio-economic factors (Kan-
dala & Stranges, 2014; Quintero-Lesmes & Herran, 2019). 
Urban populations tend to consume more calories with a 
lower proportion of these calories coming from cereals, 
carbohydrates, and fats. Urban populations also consume 
more protein, especially meat and have a higher prevalence 
of overweight among children in 55 of 80 low-income coun-
tries (Hawkes et al., 2017). Evidence from Tanzania shows 
that moving to urban from rural areas changed the composi-
tion of diets significantly in that country but did not increase 
total calorie intake (Cockx et al., 2019). Evidence from India 
suggests that rural-to-urban migration can have both positive 
impacts, such as higher consumption of fruits and vegeta-
bles, and negative impacts, such as increased consumption of 
energy and fat (Bowen et al., 2011). Although less studied, 
some evidence shows that landscape changes can also result 
in dietary changes (Broegaard et al., 2017; Ickowitz et al., 

2021). Rasolofoson et al. (2018) found that forests were 
positively associated with several aspects of children’s diets 
in a sample from 27 developing countries. Another study 
suggests that the replacement of more natural landscapes 
with cultivated ones can result in loss of wild foods, while 
the replacement of polycultural landscapes with monocul-
tures can reduce agrobiodiversity impacting the diversity of 
diets (Ickowitz et al., 2019; Mehraban & Ickowitz, 2021). 
Herforth and Ahmed (2015) note that changes in livelihood 
activities can affect the time allocated to food production for 
people who heavily depend on nearby food sources, particu-
larly those living in forested regions (Rowland et al., 2022). 
This can result in less time allocated to gathering, hunting, 
or preparing traditional meals, with impacts on food security 
and nutrition.

Indonesia’s landscapes are distinguished by extensive for-
est cover, accounting for more than half of the country’s land 
area. Consequently, forests can play important roles in local 
food systems (Ickowitz et al., 2016) with forest foods con-
tributing substantially to dietary adequacy in forest-adjacent 
communities (Rowland et al., 2017). In some areas with high 
forest cover, such as in Central Kalimantan Province, local 
people recognize forests as a ‘free supermarket’ (Tempo, 
2020). Wild products are not exclusively collected by those 
living in remote rural areas. In West Papua Province, even 
residents near urban centers frequently visit forests to col-
lect wood fuel and food (Nurhasan et al., 2022). However, 
this pattern varies by context. For instance, among the 
Punan indigenous people in East Kalimantan, Indonesia, a 
study observed less reliance on forest resources for dietary 
needs as the proximity to urban areas increased (Dounias 
et al., 2007). Despite their important contributions to foods, 
landscape changes involving reductions in forest cover are 
sometimes considered necessary for development and food 
security (Ministry of Environment and Forestry, 2020). 
Between 2008 and 2017, Indonesia lost 16.9 million hec-
tares of tree cover, 37 percent of which occurred in primary 
forests (Turubanova et al., 2018). Efforts by the Indonesian 
government towards sustainable forest management led to a 
reduction in primary forest loss by 2021, reflecting progress 
in forest conservation (Weisse & Goldman, 2022). As forests 
are also important for direct food acquisition and indirect 
food provisioning ecosystem services to forest-adjacent peo-
ple (HLPE, 2017), it is important to assess the impact of 
deforestation on the food security and nutrition of people 
living in areas where this is occurring.

From a food and nutrition perspective, dietary transitions 
can be problematic as modern diets are linked to overweight, 
obesity (Popkin & Ng, 2021; Popkin et al., 2012), and non-
communicable diseases (Malik & Hu, 2019). Evidence from 
the Indonesian Basic Health Study (RISKESDAS) 2018 
shows that the frequency of consumption of fatty food, food 
with preservatives, seasoned food, and soft drinks have 
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significant influence on non-communicable diseases (NCDs) 
among people aged 15–54 in Indonesia (Arifin et al., 2022). 
In the three decades, from 1990 to 2016, disability adjusted 
life-years (DALYs) at birth in Indonesia increased about 
8.0 years (95% UI 7.3–8.8), from 63.6 years (63.2–64.0) to 
71.7 years (71.0–72.3), while total DALY lost from NCD 
also increased (Mboi et al., 2018). The significant increase 
of DALYs lost in the three decades was mainly from dia-
betes (157.1%), ischemic heart disease (113.9%), and lung 
cancer (113.1%) (Directorate General of Disease Prevention 
& Control, 2020).

Modernization involves a shift from local autonomy to 
dependence on a global system of resource allocation and 
political power, which is characterized by pervasive delo-
calization (Pelto & Vargas, 1992). This means that food, 
energy, and services that were once available locally are 
now transformed into commodities exchanged in markets, 
often sourced from regions outside the local area. Pelto and 
Vargas (1992) uses the term delocalization to describe this 
shift, and refer to the definition of delocalization by Pog-
gie and Lynch (1974), as “a chain of complex events that 
result when food, energy, and services that had formerly 
been provided within the local setting are transformed into 
market exchange commodities, with the bulk of these origi-
nating from sources outside the local region” (p. 363). At 
an individual and household level, delocalization means that 
an increasing portion of the daily diet comes from distant 
places usually through commercial channels (Pelto & Pelto, 
1983). It is important to distinguish between delocalization 
and modernization in the context of Indonesia. The term 
‘modern foods’ does not have a uniform meaning across all 
regions of Indonesia due to the country’s diversity and size. 
Therefore, the association of certain foods with modernity 
can originate from their production and consumption pat-
terns in regions that are more economically developed, and 
not necessarily ‘Western foods’ that are normally described 
as modern. For example, in West Papua, Indonesia, there has 
been a transition from traditional staple foods such as sago 
(and tubers) to rice, which is the main staple food in Java and 
Sumatra, Indonesia (Nurhasan et al., 2022). Whether or not 
rice can be categorized as part of a modern diet in Indonesia 
may be arguable; however, because rice is historically not 
widely consumed nor cultivated in West Papua province, the 
increased consumption of rice can definitely be considered 
as part of a process of delocalization of the Papuan diet.

Given the considerable diversity in diets across Indonesia, 
patterns of dietary transition can vary significantly from one 
region to another. Moreover, there is a scarcity of studies 
examining dietary changes in forested areas of Indonesia, 
which are particularly relevant given the substantial changes 
in the natural environment of these regions over the past 
decades. Therefore, the research questions that this study 
seeks to answer are: How have food consumption patterns in 

Indonesia’s urban and rural areas, as well as in forested areas 
with high and low tree cover loss (TCL), changed from 2008 
to 2017, and what are the comparative patterns in each of 
those years? To address these questions, the study analyzes 
dietary transition from two perspectives: 1) the moderni-
zation of diets, defining modern diets as those high in fat, 
added sugar, animal-source foods, refined carbohydrates, 
ultra-processed foods and low in fresh vegetables, legumes, 
and coarse grains; and 2) delocalization of diets defining 
delocalized diets as those that rely on foods sourced from 
outside the region where it is consumed.

2  Methods

Using two rounds of weekly household food consumption 
data from the National Socio-Economic Survey (Survey 
Sosial Ekonomi Nasional (SUSENAS) 2008 (Statistics 
Indonesia, 2008) and 2017 (Statistics Indonesia, 2017), we 
explored differences in food consumption patterns between 
people living in urban and rural, and in high-TCL and low-
TCL areas. The unit of analysis used was regency (kabu-
paten), because the sampling design of the SUSENAS sur-
veys is representative to this level. These data are limited to 
the food procured (purchased and produced) by households 
for food consumption, but do not include recall of intake for 
individual household members.

To compare differences in food consumption in urban 
and rural areas, we used categories of urban and rural areas 
in Indonesia based on data from SUSENAS 2008 and 2017 
(Statistics Indonesia, 2008, 2017). To compare differences 
in food consumption in forested areas, we examined food 
consumption in rural areas with the highest natural forest 
cover in Indonesia based on forest cover data from 2010. 
We selected 2010 as the baseline due to the availability 
of datasets on forest extent indicators as reported by the 
Global Forest Watch website (Hansen et al., 2013). Among 
the most forested regencies, we then selected 50 regencies 
characterized by high tree cover loss and 50 regencies char-
acterized by low tree cover loss occurring between 2008 
and 2017 from the dataset. This period was selected to 
align with our socio-economic data from SUSENAS and 
to offer a temporal analysis of TCL. By examining TCL 
over nearly a decade, we aimed to capture significant trends 
that could potentially impact food consumption patterns 
in these areas. For high and low tree cover loss data, we 
focused on households in rural areas of the regencies as 
we believe that these are the households most likely to 
be impacted by changes in forest food systems. The rural 
areas with high tree cover loss are designated as high-TCL 
areas, while those with low tree cover loss are referred to 
as low-TCL areas.
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To understand the dietary patterns in 2008 and 2017, 
and the differences in these patterns between areas, we 
regrouped foods listed in the SUSENAS 2008 and 2017 
datasets and analyzed them for each year and area category 
(urban, rural, high-TCL, and low-TCL). Our analysis aimed 
to assess changes in diets, in ways that could indicate the 
origins of the foods and changes in diet quality, measured 
with various indicators.

1) General changes (measured as percent change) in food 
consumption patterns over time assessed by regrouping 
the SUSENAS food list based on the FAO guidelines 
for household and individual dietary diversity (Kennedy 
et al., 2013) as presented in Supplementary Table A1. 
The daily per capita consumption data is obtained by 
dividing the household consumption amount by the num-
ber of household members, regardless of age and gender.

2) Changes in diet quality are measured with the below 
indicators:

a) Changes in household access to diverse foods over time 
were assessed using the Household Dietary Diversity 
Score (HDDS). We based our food groups on the 12 food 
groups in the FAO guidelines (Kennedy et al., 2013). 
SUSENAS data has been used for HDDS assessment in 
previous studies like Nurhasan et al. (2022). Similarly, 
Mehraban and Ickowitz (2021) used seven-day house-
hold food consumption data from the Indonesian Family 
Life Survey (IFLS) to construct a HDDS. Fongar et al. 
(2019) showed that HDDS based on household level 
seven-day food recall data can be used as a proxy for 
aspects of individual dietary quality.

b) Changes in household consumption of healthy and less 
healthy foods over time were assessed using the Global 
Dietary Recommendation (GDR) score. This score 
merges two subcomponents: GDR-Healthy (a positive 
value based on recommendations for healthy food con-
sumption) and GDR-Limit (a negative value based on 
recommendations for limiting certain foods, here also 
referred to as ‘less healthy’ foods). These reflect global 
recommendations for consumption of healthy and ‘less 
healthy’ foods respectively (Herforth et al., 2020). The 
GDR score has been validated against the diet quality 
standard (HDI-2020) as an index of WHO global dietary 
recommendations for chronic disease prevention. A lower 
Total GDR score, lower GDR-Healthy score, and higher 
GDR-Limit score indicate poorer diet quality (Wang et al., 
2022).

c) Changes in individual consumption of ultra-processed 
foods were assessed using the NOVA classification sys-
tem. This system categorizes food into four groups based 
on their level of processing: fresh and minimally pro-
cessed foods (Group 1); processed culinary ingredients 

(Group 2); processed foods (Group 3); and ultra-pro-
cessed foods (Group 4) (Monteiro et al., 2019). Changes 
in the consumption levels of different food groups can 
indicate shifts in the composition of modern diets. An 
increase or decrease in the consumption of ultra-pro-
cessed foods (UPF) can reflect broader trends in dietary 
habits, such as the incorporation of more processed and 
convenience foods and a shift away from traditional eating 
patterns.

d) Changes in the consumption of ready-to-eat foods were 
assessed using the Classification of Individual Con-
sumption According to Purpose (COICOP) Division 11 
(United Nations, 2018). COICOP is an internationally 
recognized system for classifying household expendi-
tures, providing a framework for categorizing goods and 
services based on their purpose. COICOP Division 11 
encompasses services provided by restaurants, cafés, and 
similar establishments.

e) Macronutrient intake was assessed by calculating the 
total energy/calories (kcal), protein (grams), fat (grams), 
and carbohydrate (kcal) content of the consumed food. 
The macronutrient content of each food consumed was 
provided by the SUSENAS dataset.

  For each of these indicators, we reported the average 
quantity of food consumed, intake or scores from food con-
sumption within a year in these categories. Additionally, we 
analyzed the differences in consumption between years and 
areas, along with the statistical significance of these differ-
ences based on a two-sample independent t-test.

3) The relative food consumption pattern in urban vs. 
rural and high-TCL vs. low-TCL areas was assessed 
by running a series of regressions with the quantity of 
foods from the relevant food groups or the food quality 
scores as the dependent variables. The control variables 
included non-food expenditures (used as a proxy for 
income), household size, province, and area categories 
(urban/rural or high-TCL/low-TCL). We report the coef-
ficients, standard errors, and significance levels for the 
area categories and non-food expenditures.

3  Results

3.1  The Selected Regencies

For the national samples, we included all urban and rural 
regencies existing in 2008 and 2017. For the 2008 data, 
the study included 101,240 households in urban areas 
and 181,147 in rural areas. For the 2017 data, it included 
127,690 households in urban areas and 169,586 in rural 
areas. For the sample of forested areas, we identified 100 for-
ested regencies in Indonesia, comprising 50 regencies with 
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high tree cover loss (high-TCL) and 50 with low tree cover 
loss (low-TCL). For the 2008 data, the study included 24,814 
households in rural high-TCL regencies and 19,990 in rural 
low-TCL regencies. For the 2017 data, it included 21,278 
households in rural high-TCL regencies and 18,288 in rural 
low-TCL regencies. Figure 1 depicts these regencies, differ-
entiated by their deforestation patterns from 2008 to 2017. 
The map shows Indonesian territory in white, forest cover in 
2010 in green, and areas of tree cover loss from 2008–2017 
in red. Tree cover is defined as areas with a canopy den-
sity greater than 30% (Hansen et al., 2013). Regencies in 
the high-TCL category are outlined in pink, while those in 
the low-TCL category are marked with yellow lines. For a 
complete list of the regencies under each category, refer to 
Supplementary Table A2.

3.2  Trends in food consumption patterns 2008–
2017

Analysis of food consumption trends from 2008 to 2017 
reveals that all area categories (urban, rural, high-TCL, and 
low-TCL) experienced an increase in the consumption of 
processed-preserved-prepared-outside home (POH) meat, 
snacks & crackers, organ meat, liquid dairy, fresh avian 
meat,1 sugar-sweetened beverages, vitamin A-rich fruits, 

processed legumes, other vitamin A-rich vegetables, wheat-
based staples, fresh fish and other aquatic animals (OAA), 
edible fats, and spices. Conversely, there was a decrease 
in the consumption of rice-based staples, dark green leafy 
vegetables, fresh legumes and nuts, sugar, preserved fish 
OAA, salt, beverage ingredients, and ‘other’ fresh meat in 
these categories. Figure 2 illustrates the trends in food group 
consumption in urban and rural areas (2a) and in high- and 
low-TCL areas (2b). The detailed values of average food 
consumption amounts (mean ± SD) are listed in Supplemen-
tary Table A3 for urban and rural areas, and in Supplemen-
tary Table A4 for high-TCL and low-TCL areas.

Between 2008 and 2017, there was an increase in total 
calorie intake across all area categories, with the exception 
of low-TCL areas. In urban areas, this increase in calorie 
intake was particularly pronounced, rising from 1,917 kcal to 
2,143 kcal. This significant rise is attributed to the increas-
ing trend in the consumption of all macronutrients. Con-
versely, in low-TCL areas, the total calorie intake remained 
relatively unchanged. This stability is due to a slight-yet-sig-
nificant increase in protein and fat intake, counterbalanced 
by a decrease in carbohydrate intake. In rural and high-TCL 
areas, a similar pattern was observed with a decrease in car-
bohydrate intake. The increase in total calorie intake in these 
areas was driven by increased intake of fats and proteins. 
Figure 3 illustrates these changes in macronutrient intake.

Between 2008 and 2017 in Indonesia, the analysis 
showed a consistent increase in HDDS for both 12 and 7 
food groups across all area categories, except urban (Fig. 4a). 

Fig. 1  Map of the selected regencies. Note: The primary forest cover data in Indonesia are from Margono et al. (2014) and tree cover loss data 
from Hansen et al. (2013) and Turubanova et al. (2018) which were accessed through the Global Forest Watch website

1 The term ‘avian’ is used here to include both domesticated and 
non-domesticated birds.
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GDR-Healthy score also decreases in urban areas, from 4.6 
to 4.3, while all the other area categories saw an increase, 
trends that are also depicted in Fig. 4a. GDR-Limit scores 
rose in both urban and rural areas, from 4.5 to 5.1 and 3.8 
to 5, respectively, contributing to a decrease in Total GDR 
scores in these regions, as shown in the same figure. Addi-
tionally, Fig. 4b illustrates a universal and significant shift 
towards higher consumption of processed and ultra-processed 
foods under NOVA 3 and 4 categories, along with a marked 
increase in ready-to-eat food intake across all area categories.

3.3  Comparing within year relative food 
consumption patterns in urban vs. rural 
with patterns in high‑TCL vs. low‑TCL areas

In addition to analyzing food consumption trends within area 
categories from 2008 to 2017, we also investigated the patterns 
arising from the amounts of food consumed in urban vs. rural 
areas, and in high-TCL vs. low-TCL areas, during the same 
period. We use information from Figs. 4 and 5 to illustrate the 
difference between area categories in diet quality indicators 

Fig. 2  National food consumption trends in urban and rural areas 
(a) and in high-TCL and low-TCL areas (b) from 2008 to 2017. 
Notes:  Measured as percent change (%). Abbreviations used in the 
figure; TCL for tree cover loss; OAA for other aquatic animals; POH 
for processed-preserved-prepared-outside-home;—ns stands for not 
statistically significant. To ensure balanced proportions in the pres-
entation of the bars, we limited the highest percent change to a maxi-
mum of 100% and a minimum of -50%. Bars representing changes 
higher than 100% and lower than -50% were as follows: POH meat 
in urban (268%) and rural areas (446%), as well as in high-TCL area 

(627%); liquid dairies in urban (168%) and rural areas (120%); snacks 
& crackers in high- and low-TCL areas consecutively (118%, 117%); 
organ meat in rural (175%) and in high-TCL areas (160%); sugar-
sweetened beverages and fresh avian meat in rural area consecu-
tively (102%, 101%); vitamin A-rich fruits in high-TCL area (104%); 
legumes and nuts in low-TCL areas (-59%); and other fresh meat in 
urban (-100%) and low-TCL areas (-60%), consecutively. Statistically 
significant difference *** P < 0.001; ** at 0.001 ≤ P ≤ 0.01; and * at 
0.01 < P ≤ 0.05
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and food consumption, while Table 1 and Supplementary 
Table A7 present the results from regression models.

For both 2008 and 2017, the average per capita daily 
consumption of processed foods, ultra-processed foods, 
and ready-to-eat foods contributed more calories in urban 
areas than in rural areas, and in high-TCL areas than in 
low- TCL areas. In contrast, the average per capita daily 
consumption of least processed foods contributed more 
calories in rural areas than in urban areas, and in low-TCL 
areas than in high-TCL areas (see Fig. 4b). After control-
ling for non-food expenditures, province, and household 

size, this pattern remains consistent for urban versus rural 
areas but loses significance in forested areas (see Table 1 
and Supplementary Table A7). Additionally, non-food 
expenditures are positively associated with the consump-
tion of these foods in all areas, suggesting that independ-
ent of geographical location (urban vs. rural, high-TCL vs. 
low-TCL), higher income also increases the consumption 
of processed, ultra-processed, and ready-to-eat foods in 
Indonesia.

In 2008 and 2017, average scores of HDDS and GDR-
Healthy were higher in urban than in rural areas, and in 

Fig. 3  Macronutrient intake in 
all areas observed in 2008 and 
2017, based on total calories/ 
energy (a), carbohydrate (b), 
protein (c), and fat (d) content 
of food consumed. Notes: 
Abbreviations used in the 
figure: TCL for Tree Cover 
Loss. Statistically significant 
difference *** P < 0.001; ** 
at 0.001 ≤ P ≤ 0.01; and * at 
0.01 < P ≤ 0.05

Fig. 4  Diet quality indicators in all areas observed in 2008 and 2017, 
based on Household Dietary Diversity Score  (HDDS) and Global 
Dietary Recommendation (GDR) (a), and NOVA Classification (b). 
Notes: Abbreviations used in the figure: HDDS for Household Die-
tary Diversity Score, GDR for Global Dietary Recommendation, TCL 
for Tree Cover Loss. HDDS 12 includes cereals, tubers, vegetables, 
fruits, meats, eggs, fish, legumes, dairy, oils and fats, spice-condi-
ments and beverages ingredients, sweets (including ultra-processed 
foods and ready-to-eat foods); HDDS 7 includes vegetables, fruits, 
meats, eggs, fish, legumes, dairy (excluding ultra-processed foods). 

GDR-Healthy includes dark green leafy vegetables, vitamin A-rich 
orange vegetables, roots and tubers, other vegetables, vitamin A-rich 
fruits, citrus fruits, other fruits, legumes, nuts and seeds, whole 
grains; GDR-Limit includes sugar-sweetened beverages, baked grain-
based sweets, other sweets, salty packaged snacks, unprocessed red 
meat, processed meat, deep-fried foods, food from fast-food restau-
rants or instant noodles; Total GDR score is the sum of GDR-Healthy 
and GDR-Limit, with the addition of 9 scores at the end of the cal-
culation. Statistically significant difference *** P < 0.001; ** at 
0.001 ≤ P ≤ 0.01; and * at 0.01 < P ≤ 0.05
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Table 1  Results from regression models: Each row represents a model for quantities consumed of different food groups or diet quality indicators 
for 2008 and 2017-coefficients with standard errors in  parentheses1–7

No Dep Variables: Food groups and 
Diet quality indicators

Independent Variables

Area  categories3 Non-food  expenditures4

National Forested areas National Forested areas

A. Foods which are consumed more in urban vs. rural areas and in high-TCL vs. low-TCL areas in 2008
 1 Wheat-based staples 4.06***(0.09) 8.97***(0.75) 2.22***(0.03) 5.18***(0.15)
 2 Fresh fish and OAA 5.73***(0.23) 8.07***(2.13) 6.27***(0.09) 10.85***(0.42)
 3 Fresh avian meat 2.74***(0.08) 5.20***(0.71) 2.97***(0.03) 5.21***(0.14)
 4 Eggs 5.73***(0.13) 3.92**(1.47) 2.58***(0.05) 6.23***(0.29)
 5 Layer's eggs 6.00***(0.13) 6.81***(1.47) 2.21***(0.05) 5.77***(0.29)
 6 Processed legumes 7.17***(0.17) 13.69***(1.01) 2.18***(0.07) 4.57***(0.2)
 7 Snacks & crackers 5.95***(0.16) 20.06***(0.97) 3.00***(0.06) 7.09***(0.19)
 8 Processed ingredients 0.43***(0.03) 2.89***(0.19) 0.53***(0.01) 0.93***(0.04)
 9 Sugar-sweetened beverages 15.20***(0.33) 37.25***(2.2) 9.34***(0.13) 18.18***(0.44)
 10 Energy from fat 8.43***(0.86) 79.86***(7.18) 38.07***(0.33) 70.14***(1.42)
 11 NOVA 3 (moderately processed) 35.95***(0.65) 33.25***(3.77) 14.95***(0.25) 28.51***(0.75)
 12 NOVA 4 (ultra-processed foods) 41.56***(0.61) 67.12***(4.19) 24.75***(0.23) 43.27***(0.83)
 13 RTE (ready-to-eat foods) 102.93***(1.24) 79.78***(5.44) 26.55***(0.47) 41.70***(1.08)
 14 GDR healthy score 0.25***(0.01) 0.55***(0.04) 0.20***(0.00) 0.40***(0.01)
 15 GDR limit score 0.43***(0.01) 0.44***(0.05) 0.18***(0.00) 0.38***(0.01)
 16 HDDS  121 0.26***(0.01) 0.48***(0.05) 0.22***(0.00) 0.42***(0.01)
 17 HDDS  72 0.25***(0.00) 0.50***(0.04) 0.15***(0.00) 0.32***(0.01)
B. Foods which are consumed more in rural vs. urban areas and in low-TCL vs. high-TCL areas in 2008
 1 Traditional staples –31.95***(0.48) –39.85***(5.70) –2.62***(0.18) –12.15***(1.13)
 2 Preserved fish and OAA –3.23***(0.05) –8.63***(0.44) –0.09***(0.02) 0.13(0.09)
 3 Fresh red meat –0.32***(0.05) –3.82***(0.56) 1.02***(0.02) 1.10***(0.11)
 4 Free-range-eggs –0.31***(0.02) –0.48***(0.13) 0.12***(0.01) 0.12***(0.03)
 5 Edible fats –0.32***(0.08) –6.93***(0.67) 1.87***(0.03) 3.67***(0.13)
 6 Salt –1.05***(0.02) –0.72***(0.12) 0.00(0.01) 0.00(0.02)
 7 NOVA 2a (edible oil) –2.36***(0.59) –50.65***(4.77) 12.63***(0.23) 25.89***(0.95)
C. Foods which are consumed more in urban vs. rural areas and in high-TCL vs. low-TCL areas in 2017
 1 Wheat-based staples 1.95***(0.09) 10.17***(0.84) 1.05***(0.02) 1.92***(0.08)
 2 Fresh avian meat 2.88***(0.10) 2.77**(0.95) 1.73***(0.02) 2.71***(0.08)
 3 Layer's eggs 3.59***(0.07) 1.95***(0.54) 0.66***(0.01) 1.21***(0.05)
 4 Processed legumes 4.53***(0.17) 9.34***(1.17) 0.82***(0.03) 2.08***(0.1)
 5 Processed ingredients 0.57***(0.03) 1.76***(0.19) 0.27***(0.00) 0.45***(0.02)
 6 Snacks & crackers 4.9***(0.19) 11.89***(1.52) 1.62***(0.04) 3.96***(0.14)
 7 Sugar-sweetened beverages 9.34***(0.37) 36.23***(2.82) 4.60***(0.07) 8.47***(0.25)
 8 Energy from fat 22.44***(0.81) 34.92***(6.92) 19.86***(0.15) 32.09***(0.62)
 9 NOVA 3 (moderately processed) 47.13***(0.71) 12.98*(5.15) 10.2***(0.13) 17.49***(0.46)
 10 NOVA 4 (ultra-processed foods) 36.78***(0.70) 41.41***(5.44) 12.97***(0.13) 19.11***(0.48)
 11 RTE (ready-to-eat foods) 124.07***(1.40) 52.35***(8.53) 16.97***(0.26) 27.57***(0.76)
D. Foods which are consumed more in rural vs. urban areas and in low-TCL vs. high-TCL areas in 2017
 1 Rice-based staples –32.63***(0.37) –12.40***(3.50) –0.63***(0.07) 1.70***(0.31)
 2 Traditional staples –24.3***(0.45) –16.33**(5.26) –0.03(0.08) –1.06*(0.47)
 3 Preserved fish and OAA –2.08***(0.04) –10.39***(0.38) –0.00(0.01) 0.14***(0.03)
 4 Fresh red meat –0.53***(0.04) –4.96***(0.43) 0.55***(0.01) 0.53***(0.04)
 5 Free-range-eggs –0.19***(0.01) –0.45***(0.11) 0.07***(0.00) 0.05***(0.01)
 6 Dark green leafy vegetables –5.73***(0.17) –8.48***(1.59) 0.28***(0.03) 0.62***(0.14)
 7 Other vegetables –9.75***(0.33) –13.46***(2.71) 2.71***(0.06) 4.87***(0.24)
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high-TCL than in low-TCL areas. Although urban and 
high-TCL areas had higher Healthy GDR scores, they 
also had worse limit GDR scores compared to rural and 
low-TCL areas, leading to a comparable total GDR score 
for all area categories (see Fig. 4a). When controlling for 
non-food expenditures and household size, rural areas had 
a higher total GDR score, with no significant difference 
between high and low TCL areas in 2017 (see Table 1 and 
supplementary Table A7). The results from the regression 
analysis indicate that this pattern was consistent in 2008, 
with non-food expenditure positively associated with 
HDDS and both GDR-Healthy and limit scores. However, 
this pattern shifted in 2017 when people in rural areas 
exhibited higher HDDS, GDR-Healthy, and worse limit 
scores than those in urban areas (see Table 1 and Sup-
plementary Table A7). In forested areas in both 2008 and 
2017, being in high-TCL areas was associated with higher 
HDDS, GDR Healthy, and GDR Limit scores than in low-
TCL areas, albeit with a diminishing influence of non-food 
expenditure from 2008 to 2017 (Table 1 and Supplemen-
tary Table A7).

In Fig. 5, the average food consumption patterns across 
various area categories for the years 2008 (a) and 2017 (b) 
are presented. For both years under study, a notable pat-
tern emerges in both urban and high-TCL areas. In the top 

one-third of the figures, the dark blue bars representing 
urban areas and the dark orange bars representing high-
TCL areas are consistently longer than their counterparts, 
the light blue (rural) and light orange (low-TCL) bars. This 
indicates higher levels of food consumption in urban and 
high-TCL areas compared to rural and low-TCL areas. The 
middle one-third of the figures shows food groups whose 
consumption shows a reverse trend in urban and high-TCL 
areas. Here, the longer bars are light blue and light orange, 
suggesting higher food consumption in rural and low-TCL 
areas compared to urban and high-TCL areas. The lower 
third of the figures displays food consumption patterns that 
do not exhibit a similar trend.

Further insights are gained from Table 1, where a series of 
regression analyses were conducted, with the amount of food 
consumed as the outcome variable controlling for non-food 
expenditures (serving as a proxy for income), household 
size, and province. The beta coefficients from this analysis 
show consistent trends for 45 food groups for both urban vs. 
rural and high- vs. low-TCL comparisons, being either both 
positive or both negative in 2008 and 2017. Table 1 indicates 
that the consumption of most foods and food classification 
scores increase with non-food expenditure, except for tradi-
tional staples in 2008 for both area categories. In 2017, the 
influence and statistical significance of non-food expenditure 

Table 1  (continued)

No Dep Variables: Food groups and 
Diet quality indicators

Independent Variables

Area  categories3 Non-food  expenditures4

National Forested areas National Forested areas

 8 Edible fats –0.81***(0.09) –5.64***(0.74) 0.91***(0.02) 1.53***(0.07)
 9 Salt –0.85***(0.01) –0.72***(0.11) –0.01***(0.00) 0.02*(0.01)
 10 NOVA 2a (edible oil) –6.55***(0.61) –40.91***(5.31) 5.97***(0.11) 10.77***(0.47)
E. Foods with partially significant patterns across urban vs. rural and high-TCL vs. low-TCL areas in 2008
 1 Preserved POH meat 1.53***(0.03) 0.40(0.23) 0.8***(0.01) 0.68***(0.05)
 2 Organ meat 0.59***(0.02) 0.10(0.13) 0.28***(0.01) 0.34***(0.03)
 3 Liquid dairy 0.59***(0.05) 0.21(0.17) 0.78***(0.02) 0.18***(0.03)
 4 Rice-based staple –43.35***(0.45) –0.28(3.83) –1.61***(0.17) 4.61***(0.76)
 5 Other fresh meat –0.18***(0.03) –0.01(0.26) 0.06***(0.01) 0.13**(0.05)
 6 Sugar –3.09***(0.09) –1.09(0.78) 1.05***(0.03) 2.75***(0.15)
 7 NOVA 2b (sugar, salt) –11.39***(0.33) –3.95(2.83) 3.85***(0.12) 10.07***(0.56)
F. Foods with partially significant patterns across urban vs. rural and high-TCL vs. low-TCL areas in 2017
 1 Fresh fish and OAA 4.24***(0.22) 2.69(2.10) 3.45***(0.04) 4.66***(0.19)
 2 Preserved POH meat 3.09***(0.07) 0.48(0.51) 0.89***(0.01) 0.96***(0.05)
 3 Organ meat 0.58***(0.03) 0.36(0.19) 0.17***(0.00) 0.19***(0.02)
 4 Eggs 3.69***(0.07) 0.66(0.57) 0.87***(0.01) 1.50***(0.05)
 5 Liquid dairy 1.34***(0.06) 0.05(0.21) 0.83***(0.01) 0.17***(0.02)
 6 Other fresh meat –0.16***(0.02) –0.39(0.21) 0.01(0.00) 0.04(0.02)
 7 NOVA 1 (least processed) –153.86***(1.70) –10.52(15.55) 16.9***(0.31) 33.33***(1.39)
 8 GDR final score –0.06***(0.01) –0.04(0.06) –0.00(0.00) 0.01(0.01)
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on the consumption of traditional staples diminished both 
nationally and in forested areas; nonetheless, consumption 
remained higher in rural and low-TCL areas. The national 
consumption of rice-based staples in 2008 and 2017, pre-
served fish and OAA in 2008, and salt in 2017 were also 
negatively associated with non-food expenditure; however, 
the same association was not observed in forested areas. 
Detailed household expenditures (mean ± SD) in rural and 
urban areas are shown in Supplementary Table A5, while 
those in high- and low-TCL areas are presented in Supple-
mentary Table A6.

4  Discussion

Our analysis shows that Indonesia’s urban and rural, as 
well as high- and low-TCL areas, universally experienced 
increased consumption of processed and ultra-processed 
foods, food prepared away from home, wheat-based sta-
ples, total animal-source foods, fats, snacks and crackers, 
sugar-sweetened beverages, total energy, protein and fat, 
and decreased consumption of dark green leafy vegetables, 
fresh legumes and nuts and fresh and minimally processed 
foods. This trend follows the general changes in dietary 
patterns seen all over the world, where consumption of 
refined carbohydrates, added sweeteners, edible oils, and 
animal-source foods increased, and consumption of legumes, 

vegetables and fruits decreased (Popkin, 2004, 2015). There 
is an upward trend in HDDS and Healthy GDR scores across 
all areas except urban areas. Moreover, total GDR scores 
decreased universally, primarily due to the increased con-
sumption of ‘less healthy’ or ‘limit’ foods across all areas. 
This decline is notable in urban areas, where there was a 
marked decrease in the consumption of healthy foods and an 
increase in ‘limit’ food consumption. Overall, this suggests a 
decline in diet quality and an increased risk of non-commu-
nicable diseases all over Indonesia, especially in urban areas.

Apart from the temporal trend towards diet moderni-
zation, the comparison of the relative amounts of food 
consumed in urban versus rural areas and in high-TCL 
versus low-TCL regions highlights a distinct pattern: cer-
tain foods are more consumed in high-TCL areas, which 
are also more prevalent in urban areas in both 2008 and 
2017. These foods include wheat-based staples, fresh avian 
meat, layer’s eggs, processed legumes, processed ingredi-
ents, caloric snacks, sugar-sweetened beverages, moder-
ately processed foods, ultra-processed foods, ready-to-eat 
foods, and foods that contributes to energy from fat. The 
consumption of these foods increases with higher income 
levels (inferred from non-food expenditures) and are higher 
in urban areas (than in rural areas) and high-TCL areas 
(than low-TCL areas). Conversely, we observed that certain 
foods are consumed more in low-TCL areas (compared to 
high-TCL areas), and similarly, more in rural areas (than 

Fig. 5  Amount of food consumed (grams/capita/day) in urban–rural 
and high-low TCL differences in the year 2008 (a) and 2017 (b). 
Notes:  Abbreviations used in the figure: TCL for Tree Cover Loss; 
OAA for other aquatic animals; POH for processed-preserved-pre-
pared-outside-home. The bars in the figures display the amount of 
food consumed (grams/ capita/ day) in urban (dark blue), rural (light 

blue), high-TCL (dark orange), and low-TCL (light orange). Symbol 
^ showing same pattern between urban (vs. rural) and high-TCL (vs. 
low-TCL); ^more in urban and high-TCL; ^^more in rural and low-
TCL; ^^^more in urban and low-TCL; ^^^^more in rural and high-
TCL
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in urban areas) in both 2008 and 2017. These foods are 
traditional staples, preserved fish and OAA, fresh red meat, 
free-range eggs, edible fats and oil, and salt. Most of the 
foods that are consumed more in urban (than rural) and 
high-TCL (than low-TCL) areas are associated with mod-
ern diets, and below we discuss the implications of these 
findings for Indonesia.

4.1  Foods consumed more in urban (vs. rural) 
and high‑TCL (vs. Low‑TCL) are associated 
with modern and delocalized diets

Processed ingredients, caloric snacks, sugar-sweetened 
beverages, fatty foods, and processed and ultra-processed 
foods, along with ready-to-eat foods, are typical of modern 
diets (Popkin et al., 2012). While many of such foods are 
highly associated with delocalization of diets, the next sec-
tion explains how in the Indonesian context, the consump-
tion of wheat-based staples, fresh avian meat, layer’s eggs, 
and processed legumes, are also associated with delocalized 
diets in Indonesia.

4.1.1  Wheat‑based staple foods

Consumption of wheat-based staples in Indonesia is posi-
tively associated with area categories; consumption is 
higher in urban (vs. rural) and high-TCL (vs. low-TCL) 
areas, consistent across both years studied. Wheat-based 
staple consumption is also positively associated with non-
food expenditure, indicating that those with higher incomes 
tend to consume more wheat-based staple foods. High con-
sumption of wheat-based foods in Indonesia reflects delo-
calized food systems, given that wheat is entirely imported. 
The introduction of wheat as part of a 1969 U.S. economic 
cooperation package led to its preference over locally avail-
able flour for various cuisines, despite Indonesia’s unsuit-
ability for wheat cultivation. This has resulted in Indonesia 
becoming one of the largest importers of wheat from the 
U.S. (Subejo, 2013).

Outside Java, many Indonesians traditionally consumed 
(and some still consume) sago, especially in regions like 
Kalimantan, Papua, Maluku, and Sumatra (Bintoro et al., 
2018; Wardis, 2014). Even in Java, historically known for 
rice production, locals included cassava and corn in their 
diets (Jesica et al., 2017; Purwidiani, 2017). The signifi-
cantly lower consumption of traditional staple foods in urban 
(vs. rural) and high-TCL (vs. low-TCL) areas in both years 
points to a more pronounced delocalization of diets in these 
areas. Interestingly, in 2008, higher non-food expenditure 
was associated with lower consumption of traditional staple 
foods nationally and in forested areas, suggesting higher tra-
ditional staple food consumption among low-income house-
holds. However, by 2017, this association was no longer 

statistically significant at the national level, likely due to 
the dramatic decrease in sago consumption in rural areas, 
and increase in corn and tubers consumption in urban areas. 
The decrease in sago consumption in rural areas is likely 
due to its reduced use as a staple food, while the increase in 
corn and tubers consumption in urban areas is likely due to 
their increased use as snacks, such as cassava crackers and 
sweet corn with cheese and condensed milk, a distinction 
that is not differentiated in the SUSENAS data. In forested 
areas, the association of non-food expenditure with tradi-
tional staple consumption also lessened, though it remained 
statistically significant. It should be noted that 25 out of 
the 50 low-TCL regencies are located in heavily forested 
areas of Maluku, Papua, and East Nusa Tenggara, known 
for retaining traditional staple foods. Therefore, it appears 
that staple food consumption in urban and high-TCL areas 
is more modern and delocalized compared to rural and low-
TCL areas, which maintained a higher consumption of tra-
ditional staples.

4.1.2  Fresh avian meats and layer’s eggs

The higher consumption of fresh avian meat and eggs in 
urban (vs. rural) and high-TCL (vs. low-TCL) areas is pri-
marily from broiler chicken and layer’s eggs. The regres-
sion results show that in Indonesia this consumption pat-
tern is positively associated with non-food expenditures 
and is more prevalent in urban and high-TCL areas, a trend 
consistent over both years studied. Indonesia ranks fourth 
globally in broiler chicken production, with almost 70% of 
this production concentrated in Java (Statistics Indonesia, 
2019). Similarly, 60% of the country’s layer’s egg produc-
tion is based in Java (Statistics Indonesia, 2023b). Nota-
bly, only one Java regency is classified as a low-TCL area, 
with none in the high-TCL category. This centralization 
in broiler chicken and layer’s egg production suggests that 
higher consumption in urban and high-TCL areas is indica-
tive of better access to delocalized diets. People in these 
areas likely have improved access to food transported from 
Java or other food production centers, compared to those in 
rural and low-TCL areas. Consistent with this, Putra et al. 
(2020) found that urban residents have higher consumption 
of eggs, milk, and meat, likely due to better market access 
to livestock products.

Interestingly, the consumption of eggs from free-range 
or local chickens, known locally as ‘ayam kampung’, shows 
an opposite pattern. These chickens are predominantly 
raised by small-scale farmers in a traditional free-range 
environment. In support of these local breeds, the Indone-
sian government issued Presidential Regulation No. 44 in 
2016, which restricts the farming of local breed chickens to 
small, medium, and micro enterprises, as well as coopera-
tives (Hadi et al., 2021). In contrast to other trends, rural and 
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low-TCL areas consume more eggs from free-range or local 
chickens than urban and high-TCL areas. This trend sup-
ports our previous conclusion that the higher consumption 
of layer’s eggs and broiler chicken in certain areas indicates 
a shift towards more delocalized diets. It also aligns with 
the observed decrease in the consumption of eggs from free-
range or local chickens, highlighting a significant change in 
dietary patterns.

4.1.3  Processed legumes (tofu and tempeh)

Similar to broiler chicken and layer’s eggs, processed leg-
umes are consumed more in urban (vs. rural) and high-
TCL (vs. low-TCL) areas, and this consumption pattern 
is positively associated with higher income. In Indonesia, 
the most consumed legumes are tofu and tempeh, both 
made from fermented and processed soybeans. Soybean is 
the third most important crop in Indonesia, after rice and 
maize (Harsono et al., 2021). Tofu and tempeh are consid-
ered the most important plant-based proteins in Indonesia, 
as they are typically more affordable than animal-source 
foods, especially in Java (Harsono et al., 2021). Histori-
cally, the majority of tofu and tempeh consumers have 
been in Java, where tempeh originates and where most 
tempeh and tofu factories are located (Shurtleff & Aoyagi, 
2007). The higher consumption of tofu and tempeh out-
side of Java can be seen as part of the process of delo-
calization of diets, especially in heavily forested areas of 
eastern Indonesia. Reports indicate that about 65% of soy 
is imported (Ningrum et al., 2018), with some estimates 
even higher, exceeding 80% (Harsono et al., 2021). There-
fore, the consumption of tempeh and tofu outside of Java 
marks the expansion of non-local food, as regions selected 
for high-TCL and low-TCL were predominantly outside 
of Java (only one out of 100 selected forested regencies 
is in Java). This expansion could be influenced by trans-
migrants (Wirawan et al., 2018), who relocated to various 
places in Indonesia from Java. Studies have shown that 
tempeh and tofu consumption outside Java is dominated by, 
but not exclusive to, the trans-migrant population (Widati 
et al., 2019). The significantly higher consumption of pro-
cessed legumes in urban and high-TCL areas, compared to 
rural and low-TCL areas, in both years can be interpreted 
as a shift towards the delocalization of diets.

4.2  Implication of dietary transition to food 
security and nutrition in Indonesia

Dietary transitions are often described by nutritionists as 
having negative consequences (Popkin, 2012; Pressler 
et al., 2022). In the context of Indonesia, however, dietary 
transition encompasses a mix of both positive and negative 
aspects.

4.2.1  The ‘silver lining’ of modern diets for Indonesia

The modernization of diets is characterized by an increase 
in energy, fat, and protein consumption, which is especially 
beneficial in Indonesian regions where these nutrients have 
historically been low. In 2008, average energy intake in all 
area categories fell below adequate levels, and protein intake 
reached adequacy only in high-TCL areas. Fat intake in all 
areas was also very low. By 2017, there was a significant 
improvement, with average energy and protein intake in all 
areas meeting the adequacy levels of 2,100 kcal for energy 
and 57 g for protein, as per MoH 2019 guidelines. While our 
study did not specifically evaluate macronutrient intake with 
respect to age and sex, it’s important to note that the World 
Health Organization (WHO) advises that most adults should 
ensure adequate energy intake and essential fatty acids, as 
well as support the absorption of fat-soluble vitamins, by 
having a total fat intake that constitutes at least 15–20% 
of their total energy consumption. Additionally, they rec-
ommend limiting fat intake to 30% to reduce the risk of 
unhealthy weight gain (WHO, 2023). This recommendation 
was met across all area categories in 2017.

Inadequate energy intake can lead to both immediate and 
long-term health consequences. Acute energy deficiency 
manifests in the short term as weight loss, changes in body 
composition, and reductions in basal metabolic rate and 
physical activity, as described in studies by Kurpad et al. 
(2005). Chronic energy deficiency, a long-term condition, 
involves adaptations to reduced caloric intake, such as 
decreased total energy expenditure, often linked to smaller 
body size and reduced physical activity. These adaptations 
can be subtle and gradual, not necessarily resulting in imme-
diate weight loss. Therefore, the observed increase in calo-
rie, protein, and fat intake in modern diets, while presenting 
its own challenges, especially in urban areas where there 
is an increasing trend towards over-consumption, is a sig-
nificant step towards addressing the nutritional deficiencies 
that have been prevalent in various Indonesian communities.

Increased consumption of broiler chicken and layer’s 
eggs in urban and high-TCL areas, although a phenome-
non associated with the delocalization of diets, could also 
be viewed as positive from the perspective of food secu-
rity and nutrition, along with the increased animal-source 
foods consumption in all area categories. The consumption 
of animal-source foods, including broiler chicken and lay-
er’s eggs, is positively associated with human health out-
comes in low- and middle-income countries (LMICs) due 
to their high nutrient content. These foods provide a range 
of essential amino acids, fatty acids, and micronutrients 
that play a crucial role in child growth and adult metabo-
lism (Allen, 2013). Studies have shown that animal-source 
foods, particularly red meat, fish, and chicken, contain high 
levels of preformed vitamin A (retinol), vitamins B12, D 
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and E, riboflavin, calcium, iron, and zinc, which are better 
absorbed by the human body compared to those from plant 
sources (Allen, 2013). The lack of consumption of animal-
source foods has been associated with stunting and wasting 
(Darapheak et al., 2013). Children who consume a higher 
proportion of energy from animal-source foods have been 
found to be taller, heavier, and have better cognitive perfor-
mances compared to those with lower intake (Allen, 2013; 
Headey et al., 2018). Mustafa et al. (2020) found stunted 
and at-risk-of- stunting children who were given milk, egg 
and multiple micronutrient powder had better length-for-
age z scores. Stunting and wasting in Indonesia are still 
considered high. Almost one-third of Indonesian children 
under-five are stunted and one in ten children under-five are 
wasted (Ministry of Health, 2019). Improving consumption 
of animal-source foods is one of the important objectives of 
the stunting programs conducted by the Indonesian govern-
ment (BKKBN, 2022; Ministry of Health, 2023). As such, 
from a health perspective, increased consumption of fish, 
chicken and dairy is positive.

4.2.2  The trade‑offs of modern diets

The dietary transition in Indonesia has been characterized 
by a decrease in the consumption of nutrient-dense foods 
like fresh legumes, nuts, and dark green leafy vegetables. 
Legumes, in particular, are known for their high protein 
content, unsaturated fatty acids, fiber, and phytochemicals 
(Ros, 2010; Albuquerque et al., 2020), and have been associ-
ated with reduced risks of NCDs and obesity (Martini et al., 
2021). Despite Indonesia’s rich variety of legumes (Minis-
try of Environment and Forestry, 2006), their consumption, 
apart from processed soy products like tofu and tempeh, 
remains low. Promoting local legumes and nuts can ben-
efit food security, nutrition, and biodiversity conservation 
(Djaafar & Marwati, 2019).

Concurrently, there has been a significant increase in the 
intake of processed and ultra-processed foods, including 
ready-to-eat options. In all area categories, there has been 
a significant increase in the intake of sugar-sweetened and 
salted processed foods and beverages ingredients, but con-
sumption was higher in urban and high-TCL areas in both 
years. The observed increase in the consumption of these 
food groups is consistent with findings from Nurwanti et al. 
(2019). In their nationally representative study in Indonesia, 
it was found that children and adolescents living in urban 
areas consumed sugar-sweetened beverages and foods, caf-
feinated soft drinks, energy drinks, fatty fried foods, refined 
carbohydrates, and preserved meats more frequently than 
those in rural areas. The rise in ultra-processed and ready-
to-eat foods undermines the reliability of reduced sugar and 
salt usage in home-prepared foods as an overall intake indi-
cator. The Total Diet Survey in 2014 revealed that a notable 

percentage of Indonesians consumed excessive sugar and 
sodium (Ministry of Health, 2014), contributing to the 
country’s high NCD burden. The “Isi Piringku” campaign 
aims to promote healthier eating habits, but the increasing 
consumption of processed foods challenges these efforts. 
Furthermore, the analysis based on the NOVA classifica-
tion reveals a higher consumption of processed and ultra-
processed foods in urban and high-TCL areas. While food 
processing is essential for enhancing shelf life and edibility 
(Weaver et al., 2014), the consumption of ultra-processed 
foods is linked to negative health outcomes (Pagliai et al., 
2021). Thus, the modernization of diets can be seen as a 
double-edged sword, providing both benefits and potential 
harm.

The impact of increasing consumption of food eaten 
away from home, often linked to non-communicable dis-
eases (NCDs) in high-income countries, is not so straight-
forward in some Asian countries such as Vietnam (Harris 
et al., 2020). Likewise, traditional food vendors in Indonesia, 
offering freshly prepared meals, are a vital part of the food 
landscape (Aprilianti & Amanta, 2020; Vermeulen et al., 
2019). Vietnam, a neighboring country to Indonesia, is a 
good example of a country that has been relatively success-
ful in avoiding some of the problems associated with the 
dietary transition and is one of the few countries globally 
that has not experienced a soaring obesity rate. In Vietnam, 
traditional food vendors typically offer diverse, healthy, 
affordable, convenient, varied, and nutritious options. A 
significant portion of the consumption of vegetables, meat, 
and grains is categorized under food eaten away from home; 
thus, they are not visible from the household food consump-
tion list (Harris et al., 2020). However, Vietnam has a lower 
presence of international fast-food chains compared to Indo-
nesia (Baker & Friel, 2016). In Indonesia, some local food 
vendors, especially those in urban areas, compete with the 
transnational fast-food sector, often pushing them to offer 
similar products at cheaper prices (Nurdiansyah, 2019).

Creative adaptations of government regulations, such as 
Indonesia’s Ministry of Health Regulation No. 30 of 2013 
on the inclusion of sugar, salt, and fat content as well as 
health messages on processed food and fast foods (Ministry 
of Health, 2013), require business owners to include infor-
mation on the sugar, salt, and fat content of their products. 
However, this regulation only applies to large-scale vendors 
with more than 250 outlets, offering little incentive for many 
smaller-scale food vendors to provide healthier options. The 
growing trend of consuming ready-to-eat foods in Indone-
sia could be an opportunity to promote healthier diets, or it 
could lead to significant health risks. Effectively managing 
and regulating traditional and modern food vendors of vari-
ous scales could be a strategic entry point to capitalize on 
the opportunity for promoting healthier diets and reducing 
health risks.
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4.2.3  Dietary transitions and diet quality indicators

The improvement in dietary diversity, as indicated by HDDS 
scores, persisted in rural areas, including the forested low 
and high TCL areas, even when the scoring method was 
adjusted to exclude less healthy foods. HDDS, serving as 
a proxy for the variety of nutrients available, along with 
GDR-Healthy scores, which reflect global recommenda-
tions on health-protective foods, showed a significant shift 
in their association with non-food expenditures and income 
over the years. By 2017, higher HDDS and GDR-Healthy 
scores were more prevalent in rural (than urban) and high-
TCL (than low-TCL) areas, with the influence of income 
on diet quality becoming negligible or even negative at the 
national level. This shift in dietary patterns is further eluci-
dated when examining the GDR-Limit scores, which reflect 
recommendations on dietary components to limit. In 2008, 
higher consumption of less healthy diets was associated 
with urban and high-TCL areas and was strongly linked to 
income. By 2017, this pattern had shifted, with rural areas 
showing higher consumption of less healthy foods, and the 
association with income turning insignificant. In forested 
areas, while less healthy food consumption remained higher 
in high-TCL areas, income became negatively associated. 
This evolution in dietary patterns underscores the complex-
ity of dietary transitions in Indonesia and highlights the need 
for targeted nutritional policies that address these nuanced 
changes, suggesting that higher income does not always 
equate to better diet quality but can also lead to increased 
consumption of less healthy foods, influenced by various 
factors including geographical location.

4.3  Limitations of the study

This study has several limitations. First, it is observational, 
implying that causality cannot be established, and only asso-
ciations between geographical areas and dietary patterns and 
trends can be described. Second, the SUSENAS surveys pri-
marily capture household-level food consumption and do 
not provide individual-level information or account for age 
and sex differences within households. Therefore, the data 
are not used as an actual intake reference but as reference 
values for comparing between the years 2008 and 2017, 
and between high-TCL and low-TCL areas. Additionally, in 
the regression analysis, we could not perform a panel data 
analysis since the respondents of the survey in 2008 and 
2017 were different. We also lack data on mothers’ educa-
tion and the gender of the head of the household, which 
are potentially important determinants of food consumption 
and diet quality. Lastly, cultural, and geographical factors 
in certain regions may influence dietary patterns and con-
found the results in low tree cover loss areas. For example, 
there are more regencies in the low-TCL category located in 

Papua Province, West Papua Province, East Nusa Tenggara, 
Maluku, and Sumatra regions bordering the Indian Ocean, 
and there are more regencies of the high-TCL group located 
in Kalimantan and Sumatra. Despite these limitations, our 
study provides valuable insights into the complex dynam-
ics of dietary transition in Indonesia’s diverse landscapes. It 
is the first to investigate this phenomenon using nationally 
representative quantitative data on food consumption over 
nearly a decade across different contexts, employing vari-
ous diet quality indicators and including aspects of locality 
(distance to food sources).

5  Conclusion

Our analysis reveals that from 2008 to 2017, Indonesia 
experienced significant shifts in food consumption patterns 
across urban and rural areas, as well as in regions with vary-
ing degrees of tree cover loss. In all area categories, diet 
quality, as indicated by Total GDR scores, was declining. 
All areas saw an increase in the consumption of less healthy 
foods, with urban areas experiencing a decrease in healthy 
food consumption, while rural and forested areas saw an 
increase in healthy food consumption. HDDS scores could 
not show the nuance of healthy and less healthy (limit) food 
consumption but similarly indicated an improvement in 
dietary diversity in rural and forested areas and a worsening 
in urban areas, as shown by the Healthy GDR scores. All 
area categories saw a marked increase in the consumption 
of processed, ultra-processed and ready-to-eat foods, wheat-
based staples, broiler chicken and fish, and sugar-sweetened 
beverages. There was also a decline in the consumption of 
nutrient-dense foods like green leafy vegetables and fresh 
legumes. These trends indicate a move towards more modern 
diets in all the categories we observed. The modernization of 
diets in Indonesia is a double-edged sword, with the positive 
health effects of increased consumption of animal-source 
foods and the negative impacts of increased consumption of 
processed, ultra-processed, caloric, and ready-to-eat foods.

The comparison of the relative amounts of food con-
sumed in urban versus rural areas and in high-TCL versus 
low-TCL regions within the same year found that foods 
consumed more in urban (vs. rural) and high-TCL (vs. low-
TCL) areas are associated with modern and delocalized 
diets. These foods include wheat-based staples, fresh avian 
meat, layer’s eggs, processed legumes, processed ingredi-
ents, caloric snacks, sugar-sweetened beverages, processed 
foods, ultra-processed foods, ready-to-eat foods, and foods 
that contributes to energy from fat. While dietary diversity 
in urban areas was higher than in rural areas, and simi-
larly, regions with high-TCL had higher dietary diversity 
than low-TCL (as measured by HDDS and Healthy GDR 
scores), this was also accompanied by higher consumption 
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of less healthy foods (as shown in higher scores of GDR 
Limit and NOVA 4). In contrast, rural and low-TCL areas, 
despite having lower dietary diversity initially, showed less 
pronounced shifts towards unhealthy dietary patterns. These 
findings underscore that while all areas exhibited some 
forms of dietary transition, different areas in Indonesia with 
different food system contexts experienced dietary transi-
tion differently. The diverse specific patterns we found in 
this study highlight the need for targeted nutritional policies 
and interventions that balance the benefits of modern dietary 
practices with the preservation of traditional, nutrient-rich 
food consumption. Future research should focus on the long-
term health outcomes of these dietary transitions and explore 
sustainable strategies to promote healthy eating habits across 
diverse Indonesian landscapes.
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