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Abstract

Background: Food insecurity remains a major public health challenge in many low- and
middle-income countries, where environmental and socioeconomic conditions influence
household access to adequate, safe, and nutritious food. Objectives: This study aimed to
evaluate the associations between environmental and socioeconomic factors and household
food security in Riobamba, Ecuador. Methods: A cross-sectional survey was conducted
among 382 households using the Latin American and Caribbean Food Security Scale
(ELCSA), complemented by structured and Likert-scale questions addressing agricultural
production practices, food handling, waste management, and food choice and dietary
diversity. Household food security status was classified according to the standard ELCSA
scoring procedure and subsequently grouped into categories representing adequate or
inadequate household food access and consumption. Binary Logit and Probit models were
estimated to identify factors associated with household food security. Results: The Probit
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), Sheck for updates ‘ Pseudo R? = 0.2729; LR x? = 143.94; p < 0.01). Household income was the strongest predictor

Academic Editor: Dominika Guzek of food security status (Logit coefficient = 1.1977; p < 0.01). Among the environmental
Received: 28 May 2026 variables, agricultural production practices (3 = 0.8649; p < 0.01), food handling practices
Revised: 2 July 2026 (B =0.3714; p < 0.05), and food choice and dietary diversity ( = 0.6479; p < 0.01) were
Accepted: 6 July 2026 positively associated with adequate household food access and consumption, whereas

Published: 9 July 2026 waste management practices were not significantly associated. Household size and gen-

Copyright: © 2026 by the authors.
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1. Introduction

Food insecurity remains one of the most important public health challenges worldwide,
affecting billions of people and compromising access to healthy diets, nutritional adequacy,
and overall well-being [1-4]. According to the Food and Agriculture Organization of the
United Nations (FAO), food security exists when all people, at all times, have physical,
social, and economic access to sufficient, safe, and nutritious food that meets their dietary
needs and food preferences for an active and healthy life [2]. Despite global advances
in food production, persistent socioeconomic inequalities, environmental pressures, and
disruptions in food systems continue to pose challenges to food security in many regions
of the world [1,3,5].

Food security is commonly understood through four interconnected dimensions: food
availability, food access, food utilization, and food stability [2,6]. Among these dimensions,
food access is particularly relevant because it is closely associated with household food
consumption patterns and the ability to obtain adequate and nutritious foods. Limited
access to safe foods may reduce dietary diversity and diet quality while increasing vulnera-
bility to adverse health outcomes [7-9]. In recent years, the concept of nutrition security
has expanded this perspective by emphasizing consistent access to safe, diverse, and nu-
tritionally adequate diets that support health and well-being [4,10,11]. Previous studies
have reported associations between food insecurity and lower dietary quality, reduced
consumption of nutrient-dense foods, micronutrient inadequacies, and a greater burden of
nutrition-related health conditions [8,9,12,13]. Environmental conditions have increasingly
been recognized as factors associated with food security and nutrition security. Climate
change, soil degradation, unsustainable agricultural practices, excessive use of agrochem-
icals, inadequate waste management, and poor food handling practices may be related
to agricultural productivity, food quality, food safety, and the sustainability of food sys-
tems [14-19]. These environmental conditions may also be associated with the availability
and accessibility of nutritious foods, particularly among households facing socioeconomic
constraints [20-23]. Consequently, examining environmental conditions alongside socioeco-
nomic characteristics may be linked to a more comprehensive understanding of household
food security.

In Latin America, food insecurity remains a major public health concern despite ad-
vances in agricultural production and social protection programs. Rapid urbanization,
socioeconomic inequalities, environmental degradation, and climate-related challenges
continue to shape food access and consumption patterns across the region [24,25]. Previous
studies have identified household income, family size, gender, and environmental condi-
tions as factors associated with food insecurity and nutritional vulnerability [26-28]. These
findings highlight the importance of examining the interaction between environmental and
socioeconomic conditions in urban populations, where food acquisition depends largely on
market access and household purchasing capacity.

The Latin American and Caribbean Food Security Scale (ELCSA) has become one of
the most widely used instruments for assessing household food insecurity in the region. Its
application has facilitated the identification of vulnerable populations and the examination
of factors associated with food insecurity across diverse socioeconomic and geographical
contexts. However, much of the available evidence has focused primarily on socioeconomic
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determinants, while environmental practices related to food production, food handling,
waste management, and food choice and variability have received comparatively less
attention, particularly in urban settings.

In Ecuador, food insecurity continues to represent an important social and public
health concern, especially among economically vulnerable households. Although previous
studies have documented the prevalence of food insecurity in different Ecuadorian popula-
tions, evidence regarding the association between environmental conditions and household
food access and consumption remains limited, particularly in intermediate urban cities such
as Riobamba [29]. Furthermore, few studies have simultaneously examined environmental
and socioeconomic factors using ELCSA-based measurements and econometric approaches
in urban Ecuadorian contexts.

Therefore, the present study sought to address the following research question: To
what extent are environmental factors associated with household food access and consump-
tion among households in the city of Riobamba, Ecuador?

Accordingly, the objective of this study was to evaluate the association between envi-
ronmental and socioeconomic factors and household food access and consumption in the
city of Riobamba, Ecuador, using the ELCSA and econometric modeling approaches. Based
on previous evidence, we hypothesized that environmental conditions and socioeconomic
characteristics would be significantly associated with household food security outcomes.
The findings may be linked to the development of public health, nutrition, and sustainabil-
ity policies aimed at improving household food security and well-being among vulnerable
urban populations.

2. Literature Review
2.1. Food Security and Nutrition Security

Food security and nutrition security are interrelated concepts that extend beyond food
availability and encompass access, utilization, stability, dietary quality, and nutritional
adequacy. Recent research has emphasized that food security should be assessed not only
in terms of caloric sufficiency but also through indicators reflecting diet quality, nutrient
adequacy, sustainability, and long-term health outcomes [30-32]. Consequently, nutrition
security has emerged as a complementary framework that recognizes the importance of
ensuring consistent access to safe, diverse, and nutritionally adequate foods capable of
supporting healthy and active lives [33-35].

Despite substantial advances in global food production over recent decades, food
insecurity remains prevalent in many regions due to socioeconomic inequalities, social
vulnerabilities, and structural barriers limiting access to healthy diets [30-32]. Food in-
security is increasingly recognized as a multidimensional phenomenon that corresponds
with not only food access but also nutritional status, health outcomes, and overall well-
being [34,35]. Understanding the determinants of food insecurity and nutrition security,
therefore, remains a priority for public health and nutrition research.

2.2. Food Insecurity, Dietary Quality, and Health Outcomes

Food insecurity has been consistently associated with poorer dietary quality and
reduced consumption of nutrient-dense foods. Households experiencing food insecurity
often face economic constraints that limit their ability to purchase fruits, vegetables, dairy
products, whole grains, and other foods essential to maintaining adequate nutritional
status [36-38]. As a result, food-insecure populations frequently exhibit less diverse dietary
patterns and lower adherence to dietary recommendations [39].

Evidence suggests that food insecurity corresponds with both the quantity and quality
of food consumed. Individuals experiencing food insecurity may adopt coping strategies
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such as reducing meal frequency, decreasing portion sizes, or substituting nutrient-rich
foods with less expensive energy-dense products [36,40]. These behaviors may be linked to
inadequate nutrient intake and may strengthen the risk of nutritional deficiencies and poor
health outcomes.

A growing body of literature has found significant associations between food inse-
curity and a wide range of adverse health outcomes. Food insecurity has been linked to
obesity, cardiovascular disease, type 2 diabetes, hypertension, depression, anxiety, and
poorer self-reported health status [41-43]. Furthermore, chronic exposure to food insecurity
may negatively correspond with psychological well-being, social functioning, and overall
quality of life [42].

From a public health perspective, improving food security represents an important
strategy for promoting healthier dietary patterns and reducing nutrition-related health
disparities. Consequently, understanding the relationship between food insecurity, dietary
quality, and health outcomes is essential to the development of effective nutrition and
health policies aimed at vulnerable populations [43,44].

2.3. Socioeconomic Determinants of Household Food Security

Food insecurity is strongly associated with socioeconomic conditions that shape house-
holds” ability to access adequate and nutritious foods. Among these determinants, house-
hold income is consistently identified as one of the most important predictors of food
security because it directly corresponds with purchasing power and the capacity to ac-
quire diverse and healthy foods [45-47]. Households with limited financial resources are
more likely to experience food insecurity and face difficulties in maintaining nutritionally
adequate diets.

Educational attainment also plays a significant role in food security. Higher levels
of education are generally associated with greater employment opportunities, higher
income, support for food literacy, and healthier dietary behaviors [48,49]. Conversely,
lower educational attainment may strengthen vulnerability to food insecurity by limiting
access to economic resources and reducing the ability to make informed food choices.

Household composition is another important determinant of food security. Larger
households often experience greater pressure on available resources, which may strengthen
the likelihood of food insecurity, particularly when household income is insufficient to meet
the nutritional needs of all members [50,51]. Similarly, households headed by women may
face additional socioeconomic challenges related to employment opportunities, income
inequality, and caregiving responsibilities, all of which can influence food access and
consumption patterns [52].

Employment status and economic stability are also important factors influencing
household food security. Unemployment, precarious employment conditions, and eco-
nomic instability have been consistently associated with the potential to strengthen food
insecurity and reduced access to healthy diets [46,53]. In contrast, stable employment and
adequate income provide greater capacity to obtain nutritious foods and maintain food
security over time.

Given the multifactorial nature of food insecurity, understanding the association of
socioeconomic determinants is essential to designing effective interventions and public
policies aimed at reducing inequalities and promoting equitable access to healthy diets
among vulnerable populations [45,54].

2.4. Environmental Determinants of Food Security and Nutrition Security

Environmental conditions play a critical role in shaping food security and nutrition
security by influencing food production, food availability, food quality, and household
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access to nutritious foods. Climate change, environmental degradation, biodiversity loss,
soil depletion, and water scarcity have emerged as major challenges to the sustainability
of food systems worldwide [55-57]. These environmental pressures may reduce agricul-
tural productivity and compromise the availability of diverse and nutrient-rich foods,
particularly in vulnerable populations.

Climate-related events such as droughts, floods, heatwaves, and extreme weather
conditions can disrupt agricultural production systems and food supply chains, leading
to reduced food availability, and may strengthen food insecurity [58,59]. In addition
to corresponding with crop yields, climate variability may also be associated with the
nutritional quality of foods and may strengthen the vulnerability of households dependent
on local agricultural production [56,60].

Agricultural management practices are also important environmental determinants of
food security. Unsustainable farming methods, excessive use of agrochemicals, inadequate
soil management, and poor water resource utilization may be linked to environmental
degradation and negatively correspond with long-term food production capacity [61,62].
Conversely, sustainable agricultural practices have been associated with the resilience of
food systems and greater capacity to support food security under changing environmental
conditions [63].

Food handling and waste management practices may further be associated with food
availability and food quality throughout the food supply chain. Poor post-harvest handling,
food losses, and inadequate waste management systems can reduce the efficiency of food
systems and limit access to safe and nutritious foods [64,65]. Consequently, environmental
management strategies aimed at improving agricultural sustainability, reducing food losses,
and enhancing food system resilience are increasingly recognized as important components
of food security and nutrition security policies [66].

2.5. Food Insecurity in Latin America and Ecuador

Food insecurity remains a significant public health challenge across Latin America
despite important advances in agricultural production and economic development in
several countries. The region continues to experience substantial disparities in income
distribution, social protection, and access to healthy diets, which are linked to persistent
food insecurity among vulnerable populations [67,68]. Recent evidence indicates that
food insecurity in Latin America has been exacerbated by economic instability, climate-
related events, and disruptions in food systems, disproportionately affecting low-income
households and socially vulnerable groups [68,69].

The nutritional implications of food insecurity are particularly relevant in Latin Amer-
ica, where countries face a double burden of malnutrition characterized by the coexistence
of undernutrition, micronutrient deficiencies, overweight, and obesity [70]. Limited access
to nutritious foods, combined with increasing consumption of inexpensive energy-dense
products, has been linked to growing health inequalities and adverse nutrition outcomes
throughout the region [71].

In Ecuador, food insecurity continues to correspond with a substantial proportion
of households, particularly among populations experiencing economic vulnerability and
social disadvantage [72]. Previous studies have identified household income, educational
attainment, employment opportunities, and access to productive resources as important
determinants of food security conditions in Ecuadorian populations [73,74]. Environmen-
tal factors, including agricultural productivity, land management practices, and climate
variability, may further be associated with food availability and household food access [75].

Although previous research has examined individual socioeconomic and environmen-
tal determinants of food security in Ecuador, evidence regarding the combined association
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of these factors on household food access and consumption in urban populations re-
mains limited. In particular, few studies have focused on the city of Riobamba, where
environmental conditions and socioeconomic inequalities may interact to influence food
security outcomes. Consequently, further research is needed to better understand these
relationships and support the development of effective public health, nutrition, and food
security policies.

3. Materials and Methods
3.1. Study Design

A cross-sectional quantitative study was conducted among households in the urban
area of Riobamba, Ecuador, to evaluate the association of environmental factors with
household food access and consumption. This study was carried out in accordance with the
ethical guidelines established by the National University of Chimborazo and was approved
by the corresponding Research Ethics Committee on 8 February 2024 (approval code: 112-
DFCPAA-UNACH). Participation was voluntary, and informed consent was obtained from
all participants before data collection.

3.2. Data Collection and Study Population

Primary data were collected through household surveys administered in the city of
Riobamba. The questionnaire included items derived from the ELCSA, It was developed
by the Food and Agriculture Organization of the United Nations (FAO), together with
structured and Likert-scale questions designed to assess environmental factors potentially
associated with food access and consumption.

Secondary information was obtained from official statistical sources, scientific publica-
tions, books, and institutional reports to support the contextualization of the study.

The target population consisted of households located in the urban area of Riobamba.
According to the Territorial Development and Land Use Plan (PDOT) for 2023, the city had
188,891 inhabitants. Considering an average household size of four members, the estimated
number of households was 47,223.

The number of households was calculated as follows:

Population =N / AHS (1)

where:

e N = total population of Riobambea.
e AHS = average household size.

Therefore:
Population = 188,891 / 4 = 47,223 households.

The sample size was subsequently calculated using the finite population formula, re-
sulting in a final sample of 382 households. Households were surveyed through face-to-face
interviews conducted within the urban area of Riobamba. Eligible participants were adults
responsible for food purchasing, preparation, or household decision making. Participation
was voluntary and subject to informed consent. Although the sample size was calculated
using a finite population formula, the findings should be interpreted within the context of
the study population and the limitations inherent to cross-sectional household surveys.

3.3. Assessment of Household Food Security

Household food security was assessed using the ELCSA, a validated and widely
adopted instrument developed by the Food and Agriculture Organization of the United
Nations (FAO) for the assessment of household food insecurity in Latin American and
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Caribbean populations [76]. The ELCSA has been extensively applied in food security
research and public health studies throughout the region due to its reliability and ability to
identify different levels of household food insecurity [76].

The ELCSA consists of eight dichotomous questions that assess household expe-
riences related to food access constraints resulting from economic or social limitations.
Responses were coded following the standard ELCSA scoring guidelines, assigning a value
of 1 to affirmative responses and 0 to negative responses, as recommended for house-
hold food insecurity assessment, assigning a value of 1 to affirmative responses and 0 to
negative responses.

Total scores were obtained by summing affirmative responses and subsequently classi-
fied into four categories:

e  Food security (0 affirmative responses);

e  Mild food insecurity (1-3 affirmative responses);

e  Moderate food insecurity (4-6 affirmative responses);
e  Severe food insecurity (7-8 affirmative responses) [76].

To facilitate the econometric analysis, the original ELCSA categories were grouped
into a binary outcome representing adequate versus inadequate household food access
and consumption. Households classified as food-secure or mildly food-insecure were
included in the adequate access and consumption category, whereas households classified
as moderately or severely food-insecure were grouped into the inadequate access and
consumption category. This binary specification was adopted to facilitate interpretation
within the Logit and Probit modeling framework and to distinguish households with
relatively adequate versus compromised food access and consumption. For econometric
modeling purposes, the original ELCSA categories were grouped into a binary outcome
variable. Households classified as food-secure or mildly food-insecure were coded as 1,
representing the presence of food access and consumption. Households classified as moder-
ately or severely food-insecure were coded as 0, representing the absence of adequate food
access and consumption. This categorization facilitated the estimation of binary-response
econometric models and has been used in previous food security studies conducted in
Latin American populations.

Environmental Variables

Environmental variables were measured through structured questions and Likert-scale
items designed to assess four dimensions: agricultural production practices, food handling
practices, waste management practices, and food choice and variability. Responses were
coded according to predefined scales and subsequently incorporated into the econometric
analysis. Urban agricultural production refers to household practices associated with
small-scale food production activities, including cultivation, food production knowledge,
and related practices assessed through structured survey questions. Responses were coded
using Likert-scale categories and subsequently incorporated into the econometric models.

3.4. Reliability Assessment

To assess the reliability of the survey instrument, Cronbach’s alpha was calculated
for the overall questionnaire. The analysis yielded a Cronbach’s alpha coefficient of 0.796,
indicating acceptable internal consistency, as values above 0.70 are generally considered
satisfactory. The reported coefficient corresponds to the full questionnaire rather than to
individual subscales.
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3.5. Econometric Model Specification

To evaluate the association of environmental factors on household food access and
consumption, two binary-response econometric models were estimated: a Logit model and
a Probit model.

The dependent variable was defined as

Y = Food Access and Consumption

where:

e Y =1,if adequate food access and consumption exist;
e Y =0, otherwise.

The Logit model can be expressed as:
In(P;i/(1 = Py)) = o + B1Xq + B2Xz + B3X3 + BaXy )

The empirical specification of the model is:

Y = (X1, X2,X3,X4) 3)
where:
e  Xj = agricultural production;
e Xjp =food handling;
e X3 = waste management;
e Xy =food choice and variability.

The Probit model was estimated using the cumulative normal distribution function:
P(Y =1|X) = &(Bo + B1X1 + B2X2 + B3X3 + BaXy) 4

where @ represents the cumulative standard normal distribution function.

Both models were estimated and compared to identify the specification with the
best predictive performance and classification accuracy. The final specification included
environmental variables (agricultural production, food handling, waste management, and
food choice and variability) and socioeconomic covariates (gender, age, marital status,
monthly income, and household size).

3.6. Variable Definition

The dependent and independent variables included in the econometric models were
selected based on the literature regarding food security, nutrition security, and environmen-
tal determinants of household food access and consumption. The dependent variable was
derived from the ELCSA classification and subsequently transformed into a binary out-
come variable to facilitate the estimation of the Logit and Probit models. The independent
variables were designed to capture environmental dimensions potentially associated with
household food security, including agricultural production practices, food handling, waste
management, and food choice and variability.

Table 1 presents the coding scheme adopted for the dependent and independent
variables included in the econometric analysis. Table 2 provides a detailed description of
each variable, including its conceptual definition and measurement scale.
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Table 1. Variable coding.
Variable Parameter Type Coding
. Access and Consumption = 1;
Food access and consumption Y Dependent No Access and Consumption = 0
Agricultural production X1 Independent Yes =1;No=0
Very Good = 4; Good = 3; Neither
Food handling X5 Independent Good Nor Bad = 2;
Bad =1; Very Bad =0
Very Suitable = 4; Suitable = 3;
Waste management X3 Independent Neutral = 2; Inadequate = 1;
Very Inadequate = 0
Every day = 4; Almost Every
Food choice and variability Xy Independent Day = 3; Occasionally = 2;

Almost Never = 1; Never = 0

Note: Own elaboration based on data collected during the study in 2024.

Table 2. Description of variables.

Variable Type Description
Food access and Household food security status measured using ELCSA and
. Dependent A .
consumption categorized into binary outcomes

Agricultural production Independent Agricultural practices related to fertilizer use, soil recovery,

and crop management
Food handling Independent Food handling practices 1nclud%ng. storage, transportation,

and commercialization
Waste management Independent Household waste management and classification practices

Food choice and variability Independent Diversity and frequency of food consumption patterns

Note: Own elaboration, 2024.

The final econometric models included four environmental variables (agricultural
production practices, food handling practices, waste management practices, and food
choice and variability) together with five socioeconomic covariates:

Gender was coded as 0 = male and 1 = female.

Age was categorized according to the survey classification.

Marital status was entered using married/cohabiting as the reference category.
Monthly household income was coded into the categories reported in Table 3.

Household size was included as a categorical variable according to the number of
household members.

Table 3. Descriptive characteristics of respondents and households.

Variable Category n %
Gend Female 232 60.73
ehaet Male 150 39.27
18-30 years 115 30.10
31-43 years 123 32.20
Age 44-56 years 102 26.70
57-69 years 40 10.47
>70 years 2 0.52

https:/ /doi.org/10.3390/nu18142247


https://doi.org/10.3390/nu18142247

Nutrients 2026, 18, 2247 10 of 25
Table 3. Cont.
Variable Category n %
Married 171 44.76
. Single 148 38.74
Marital status Divorced 58 15.18
Widowed 5 1.31
<USD 449 152 39.79
USD 450-749 113 29.58
Monthly income USD 750-1049 71 18.59
USD 1050-1349 25 6.54
>USD 1350 21 5.50
2—4 members 259 67.80
. 5-7 members 107 28.01
Household size 8-10 members 15 3.93
>11 members 1 0.26
Agricultural production Yes 186 48.69
knowledge No 196 51.31
Very good 50 13.09
Good 167 43.72
Food handling knowledge Neutral 142 31.17
Poor 21 5.50
Very poor 2 0.52
Very suitable 21 5.50
Suitable 160 41.88
Waste management Neutral 119 31.15
Inadequate 82 21.47
Very inadequate 0 0.00
Every day 41 10.73
Almost every day 116 30.37
Food choice and variability Occasionally 186 48.69
Almost never 37 9.69
Never 2 0.52

Note: Values are presented as frequency (1) and percentage (%). Total sample size = 382 households.

As shown in Tables 1 and 2, the selected variables encompass key environmental
dimensions potentially associated with household food access and consumption. These
variables were subsequently incorporated into the Logit and Probit models to evaluate
their association with the probability of adequate household food access and consumption
among households in Riobamba, Ecuador.

3.7. Statistical Analysis

Descriptive statistics were calculated for all study variables. Binary Logit and Pro-
bit regression models were estimated to identify environmental factors associated with
household food access and consumption.

Model performance was evaluated using goodness-of-fit indicators and classification
accuracy measures. The model with the highest predictive performance was selected for
interpretation. Marginal effects were subsequently estimated to assess the magnitude and
direction of the association of each explanatory variable on the probability of household
food access and consumption.
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4. Results
4.1. Descriptive Characteristics of Households

A total of 382 households participated in the study. The sociodemographic and
environmental characteristics of the respondents are presented in Table 3. Most respondents
were female (60.73%), while males represented 39.27% of the sample. The most frequent
age group was 31-43 years (32.20%), followed by 18-30 years (30.10%). Regarding marital
status, 44.76% of respondents were married. Most households reported a monthly income
below USD 449.00 (39.79%), whereas 29.58% reported an income between USD 450.00
and USD 749.00. Household size was predominantly composed of two to four members
(67.80%), followed by households with five to seven members (28.01%).

Regarding environmental factors, 51.31% of respondents reported limited knowledge
regarding food production practices, whereas 48.69% indicated familiarity with food culti-
vation methods. Good food handling practices were reported by 43.72% of respondents,
while 41.88% indicated adequate food waste management practices. Occasional consump-
tion in the food choice and variability category was the most frequently reported pattern
(48.69%), followed by consumption almost every day (30.37%).

4.2. Household Food Security Status

The distribution of households according to food security status is presented in Table 4.

Table 4. Household food security status according to ELCSA classification.

Food Security Category Frequency (%)
Food security + mild food insecurity 53.66
Moderate + severe food insecurity 46.34

Note: Household food security status was classified according to the ELCSA scale and grouped into two categories
for analysis. Own elaboration based on study data collected in 2024.

Based on the ELCSA classification presented in Table 4, 53.66% of households were
classified as food-secure or mildly food-insecure and were therefore considered to have
adequate food access and consumption. In contrast, 46.34% of households were classified as
moderately or severely food-insecure, indicating inadequate food access and consumption.

These findings suggest that nearly half of the surveyed households experience signifi-
cant difficulties in obtaining sufficient and appropriate food, highlighting the persistence
of food insecurity in the study population.

4.3. Logit and Probit Model Results

The results of the Logit and Probit estimations are presented in Table 5.

Both models were statistically significant (LR x?, p < 0.001) and showed similar ex-
planatory power, with pseudo R? values close to 0.27. As shown in Table 5, the Probit model
achieved slightly higher classification accuracy (73.56%) than the Logit model (73.30%),
showing slightly higher classification performance than the Logit specification. Conse-
quently, the Probit specification was selected for further interpretation and estimation of
marginal effects.

The results revealed that gender, household income, household size, agricultural
production, food handling, and food choice and variability were significantly associated
with household food access and consumption. In contrast, age, marital status, and waste
management were not statistically significant predictors.
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Table 5. Logit and Probit model estimation.

Variables Logit Probit
Gender —1.0869 *** —0.6321 ***
Age 0.1312 0.0835
Marital status 0.2480 0.1488
Income 1.1977 *** 0.7053 ***
Household members —0.9435 *** —0.5737 ***
Agricultural production 0.8649 *** 0.5097 ***
Food handling 0.3714 ** 0.2254 **
Waste management 0.2353 0.1380
Food choice and variability 0.6479 *** 0.3836 ***
Constant —1.6560 —1.0741
Pseudo R? 0.2721 0.2729
LR Chi? 143.51 *** 143.94 ***
Classification accuracy 73.30% 73.56%

Note: Dependent variable: household food access and consumption (1 = access and consumption; 0 = no access
and consumption). Coefficients correspond to Logit and Probit models. *** p < 0.01; ** p < 0.05. Own elaboration
based on study data collected in 2024.

4.4. Marginal Effects Analysis

The marginal effects derived from the Probit model are presented in Table 6.

Table 6. Marginal effects of the Probit model.

Variables Marginal Effect
Gender —0.1789 ***
Age 0.0236
Marital status 0.0421
Income 0.1996 ***
Household members —0.1623 ***
Agricultural production 0.1442 ***
Food handling 0.0638 **
Waste management 0.0390
Food choice and variability 0.1085 ***
C —1.0741
Pseudo R? 0.2729
LR Chi? 143.94 ***

Note: Marginal effects were calculated from the Probit model and represent the change in the probability of
household food access and consumption associated with a one-unit increase in each explanatory variable, holding
the other variables constant. *** p < 0.01; ** p < 0.05. Own elaboration based on study data collected in 2024.

As shown in Table 6, household income exhibited the strongest positive effect on food
access and consumption, indicating that higher income levels may substantially strengthen
the probability of adequate food access. Conversely, a larger household size reduced the
probability of adequate food access and consumption.

Among the environmental variables, agricultural production, food handling, and
food choice and variability showed significant positive effects. Greater knowledge of
agricultural production practices may strengthen the probability of adequate food access
and consumption by 0.1442 units. Similarly, better food handling practices may strengthen
this probability by 0.0638 units, while greater food choice and variability may strengthen the
probability by 0.1085 units. Although waste management presented a positive coefficient,
its effect was not statistically significant.
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4.5. Model Validation

The sensitivity and specificity curves of the selected Probit model are presented in
Figure 1.

Sensitivity/Specificity
0.50 0.75 1.00

0.25

0.00

0.00 0.25 0.50 0.75 1.00
Probability cutoff

|—0— Sensitivity —&— Speciﬁcityl

Figure 1. Sensitivity and specificity across probability cutoffs. Note: The graph shows the trade-off
between sensitivity and specificity across different probability cutoff values used in the binary logistic
regression model. The intersection point indicates the cutoff that balances both measures.

As shown in Figure 1, the model achieved a sensitivity of 74.15% and a specificity of
71.19%, indicating satisfactory classification performance.

The corresponding confusion matrix is presented in Table 7. Predicted probabilities
greater than or equal to 0.50 were classified as food-secure, whereas probabilities below
0.50 were classified as food-insecure.

Table 7. Confusion matrix and classification performance of the Probit model.

Observed Classification Predicted Accc?ss and Predicted No Ac-cess and Total
Consumption Consumption
Access and Consumption 152 53 205
No Access and Consumption 51 126 177
Total 203 179 382
Model Performance Indicators
Indicator Value (%)
Sensitivity 74.15
Specificity 71.19
Correct Classification Rate 72.77

Note: The confusion matrix compares observed and predicted classifications generated by the Probit model.
Sensitivity corresponds to the true-positive rate, specificity to the true-negative rate, and the correct classification
rate to the percentage of observations correctly classified. Own elaboration based on study data collected in 2024.

A total of 278 out of 382 households were correctly classified according to their food
access and consumption status, resulting in an overall classification accuracy of 72.77%. The
model achieved a sensitivity of 74.15% and a specificity of 71.19%, indicating satisfactory
predictive performance.

The ROC diagnostic analysis is presented in Figure 2.
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Figure 2. ROC curve of the logistic regression model (AUC = 0.8304). Note: The ROC curve evaluates
the discriminatory performance of the logistic regression model. An AUC value of 0.8304 indicates
good predictive accuracy.

The area under the ROC curve (AUC) was 0.8304, indicating good discriminatory
capacity and satisfactory predictive performance.
The results of the Hosmer-Lemeshow goodness-of-fit test are presented in Table 8.

Table 8. Hosmer-Lemeshow goodness-of-fit test.

Statistic Value
Number of observations 382
Number of groups 10
Hosmer-Lemeshow 2 6.28
Prob > x2 0.6159

Note: The Hosmer-Lemeshow X statistic assesses the calibration of the Probit model by comparing observed and
expected frequencies across groups of predicted probabilities. The non-significant result (p = 0.6159) suggests no
evidence of lack of fit. Own elaboration based on study data collected in 2024.

The Hosmer-Lemeshow test produced a p-value of 0.6159, indicating no evidence of
poor model fit and suggesting that the model adequately represents the observed data.

4.6. Predicted Probability of Household Food Access and Consumption

Using the coefficients obtained from the Probit model, the probability of ade-
quate food access and consumption was estimated according to the cumulative normal
distribution function:

PY=11X)=®(Bg+ B1X1 + PoXp + -+ + PxXg) 5)

Based on the statistically significant environmental variables identified in the Probit
model, the estimated equation was:

P(Y =1 | X) = ®(—1.0741 + 0.5097X; + 0.2254X, + 0.3836X4) (6)

where:

e X =agricultural production;
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e X, =food handling;
e X4 =food choice and variability.
Substituting the observed values used in the simulation, we obtain:
P(Y =11 X) = ®[-1.0741 + 0.5097(0) + 0.2254(3) + 0.3836(2)] (7)
P(Y =1 1 X) = $(0.3693) (8)
P(Y=1 1 X)=0.64 )

The estimated probability of adequate food access and consumption was 0.64, indicat-
ing a 64% likelihood that households experience adequate food access and consumption
under favorable environmental conditions. This probability was derived from a hypotheti-
cal household profile characterized by positive conditions related to agricultural production,
food handling, and food choice and variability. Therefore, the reported value should be
interpreted as an illustrative example based on representative combinations of observed
household characteristics rather than as a prediction applicable to all household profiles.

These findings suggest that favorable environmental conditions are positively as-
sociated with household food security in Riobamba. In particular, sustainable practices
related to agricultural production, proper food handling, and greater diversity and choice
of foods appear to contribute to support food access and consumption outcomes. The
results support the study hypothesis that environmental determinants play a significant
role in household food security and highlight the importance of promoting environmentally
sustainable practices as a means of strengthening food security at the household level.

5. Discussion
5.1. Household Food Security and Environmental Determinants

The results indicate that agricultural production practices, food handling, and food
choice and variability were positively associated with household food access and con-
sumption in Riobamba, Ecuador. These findings are consistent with contemporary food
security frameworks, which recognize that food security encompasses not only food avail-
ability but also environmental sustainability, food safety, dietary quality, and food system
resilience [77-81]. Overall, the results suggest that environmental conditions may play an
important role in shaping household food security and nutrition-related outcomes.

The positive association observed for agricultural production practices is consistent
with evidence indicating that sustainable production systems may enhance food availability
and strengthen the resilience of local food systems [79-81]. In urban settings, these practices
may also reflect household engagement in food production activities that complement
conventional food acquisition strategies. Households involved in agricultural production
may have greater opportunities to diversify food sources, strengthen resource manage-
ment capacities, and increase their engagement with local food systems. In some cases,
small-scale food production may contribute to household food availability and reduce
dependence on market purchases. However, given the cross-sectional nature of this study,
these potential mechanisms should be interpreted as plausible explanations rather than
causal pathways.

Food handling was also positively associated with food access and consumption.
Previous studies have highlighted the importance of appropriate food handling practices in
preserving food quality, reducing food losses, and supporting food safety throughout the
food supply chain [82,83]. Improved food handling may therefore contribute to maintaining
the availability and quality of foods consumed by households, thereby supporting food
security outcomes.
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Similarly, food choice and variability were associated with better food access and
consumption outcomes. Dietary diversity is widely recognized as a key component of
nutrition security and has been linked to improved nutrient adequacy and overall dietary
quality [84,85]. In the present study, food choice and variability should be interpreted as
indicators of dietary diversity and food selection practices rather than as direct measures
of food security. Nevertheless, the observed association suggests that households with
more diverse food choices may be better positioned to achieve adequate food access
and consumption.

Consistent with previous research, the findings suggest that food security is influenced
by multiple environmental, social, and economic factors operating simultaneously [86-88].
However, waste management practices were not significantly associated with food access
and consumption. This lack of association may reflect measurement limitations or the fact
that waste management in urban areas is largely determined by municipal infrastructure
and collective service provision, thereby reducing variability at the household level. Conse-
quently, differences in household waste management behaviors may not directly translate
into observable differences in food access and consumption outcomes.

Overall, these findings support the importance of considering environmental deter-
minants when examining household food security. The observed associations may help
inform food security strategies that integrate environmental sustainability, food safety, and
dietary diversity, while recognizing the complex interactions among environmental, social,
and economic factors that influence household food access and consumption.

5.2. Socioeconomic Determinants of Food Access and Consumption

In addition to environmental variables, household income, household size, and gender
were significantly associated with household food access and consumption, highlighting
the multidimensional nature of food insecurity.

Household income showed the strongest positive association with food access and
consumption, consistent with extensive evidence identifying income as a key determinant of
food security [89-91]. Higher income levels may generally strengthen purchasing capacity
and facilitate access to a wider variety of foods, whereas limited resources may constrain
food choices and dietary quality [92,93].

Household size was negatively associated with food access and consumption. This
finding agrees with previous studies showing that larger households often face greater
pressure on available resources, which may reduce per capita food availability and may
strengthen vulnerability to food insecurity [94,95].

Gender was also significantly associated with food access and consumption. Previous
research suggests that gender-related differences in access to economic resources, employ-
ment opportunities, household decision making, and caregiving responsibilities may be
associated with food security outcomes [96,97].

Together, these findings reinforce evidence that food security is closely associated with
broader socioeconomic conditions, including economic resources, household composition,
and social inequalities [98,99]. Therefore, interventions addressing food insecurity should
consider both environmental and socioeconomic dimensions.

5.3. Implications for Nutrition Security and Public Health

The findings of the present study have important implications for nutrition security
and public health. While food security has traditionally focused on ensuring access to
sufficient quantities of food, increasing attention has been directed toward nutrition security,
which emphasizes regular access to safe, nutritious, and diverse foods that promote health
and well-being throughout the life course [100,101].

https:/ /doi.org/10.3390/nu18142247


https://doi.org/10.3390/nu18142247

Nutrients 2026, 18, 2247

17 of 25

The positive association identified between food choice and variability and household
food access and consumption reinforces the importance of dietary diversity as a funda-
mental component of nutrition security. Diverse diets are associated with support nutrient
adequacy, better overall diet quality, and a lower risk of micronutrient deficiencies [102,103].
Consequently, interventions aimed at improving food security should move beyond food
availability alone and promote access to nutritionally adequate diets capable of supporting
healthy lifestyles.

The results also highlight the importance of integrating environmental sustainability
into food and nutrition policies. Sustainable food systems are increasingly recognized as
essential to achieving both population health and environmental objectives. Agricultural
sustainability, food safety, dietary diversity, and responsible resource management are inter-
connected dimensions that be linked to healthier and more resilient food systems [104,105].

Food insecurity is also associated with a broad range of adverse health outcomes.
Previous studies have reported significant associations between food insecurity and poor
physical health, mental health disorders, psychological distress, reduced well-being, and
possibly increased healthcare utilization [106,107]. Therefore, improving household food
access and consumption may be linked not only to better nutritional outcomes but also to
broader support of population health.

These findings are particularly relevant in Latin American contexts, where food insecu-
rity frequently coexists with overweight, obesity, and other diet-related non-communicable
diseases. This double burden of malnutrition represents one of the major public health chal-
lenges facing the region and requires integrated approaches that simultaneously address
food access, dietary quality, nutrition education, and sustainable food systems [108].

Overall, the results suggest that food security interventions should incorporate
nutrition-sensitive and environmentally sustainable strategies. Such approaches may
be linked to healthier dietary patterns, support nutrition security, and better public health
outcomes among vulnerable populations.

5.4. Policy Implications

The findings of this study have important implications for the development of food
security, nutrition, and public health policies in Ecuador and other low- and middle-income
settings facing similar environmental and socioeconomic challenges. The results demon-
strate that household food access and consumption are associated with a combination of
environmental and socioeconomic determinants, highlighting the need for integrated and
multisectoral policy approaches.

First, interventions aimed at strengthening sustainable agricultural production should
be considered a priority. Policies that support climate-resilient agricultural practices, sus-
tainable land management, and environmentally responsible food production systems may
be linked to improving food availability while simultaneously enhancing environmental
sustainability [109,110]. Such strategies may also strengthen the resilience of local food
systems to environmental and economic shocks.

Second, the positive association observed between food handling practices and food
access highlights the importance of strengthening food safety and food loss reduction
initiatives. Investments in food storage infrastructure, transportation systems, food safety
education, and post-harvest management may support food quality and reduce losses
throughout the food supply chain [111]. These interventions may be particularly ben-
eficial in vulnerable populations where food losses can substantially reduce household
food availability.

Third, the significant role of food choice and variability suggests that nutrition-
sensitive policies should promote access to diverse and nutritionally adequate diets. Nutri-
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tion education programs, healthy food subsidies, school feeding programs, and initiatives
aimed at increasing the affordability of healthy foods may be linked to improving dietary
quality and nutrition security [112,113].

The results also emphasize the importance of addressing socioeconomic inequalities.
Policies designed to support household income, strengthen social protection systems,
and support economically vulnerable households may reduce barriers to food access
and be linked to support of food security outcomes [114]. Given the strong association
between income and food access identified in this study, economic interventions may have
substantial benefits for household nutrition and well-being.

In addition, integrated multisectoral actions involving local governments, public
health agencies, agricultural extension services, educational institutions, and community
organizations may further strengthen household food security. Coordinated interventions
could include expanding urban agriculture initiatives, promoting food safety and food
handling education, encouraging dietary diversity, and implementing targeted programs
to improve food access among vulnerable households. Such collaborative efforts may
contribute to addressing the multiple environmental, social, and economic factors that
influence household food access and consumption.

Finally, food security policies should be integrated within broader public health
and sustainable development strategies. The achievement of food security, nutrition
security, environmental sustainability, and health equity requires coordinated actions across
agriculture, health, education, social protection, and environmental sectors [115]. Such
integrated approaches may be linked to the development of more resilient food systems
and healthier populations.

Overall, the findings support the implementation of comprehensive policies that
simultaneously address environmental sustainability, socioeconomic vulnerability, and
nutrition security in order to support household food access and consumption.

5.5. Strengths and Limitations

This study presents several strengths that be linked to the understanding of food
security determinants in urban Ecuadorian households. First, the study simultaneously
examined environmental and socioeconomic factors associated with household food access
and consumption, providing a more comprehensive perspective on food security than
approaches focused exclusively on economic determinants. Second, the use of the ELCSA,
a widely used and validated instrument for assessing food security in the region, enhances
the comparability of the findings with previous studies conducted in Latin America. Third,
the application of both Logit and Probit econometric models allowed for the evaluation
of the robustness and consistency of the estimated associations. Finally, the inclusion of
environmental variables related to agricultural production, food handling, waste man-
agement, and food choice and variability can be linked to the growing literature linking
environmental sustainability, food systems, and nutrition security.

Despite these strengths, several limitations should be acknowledged. The cross-
sectional design of this study does not allow causal relationships to be established between
the explanatory variables and food access and consumption. Consequently, the observed
associations should be interpreted as correlational rather than causal. In addition, this
study relied on self-reported information, which may be subject to recall bias and reporting
bias. Furthermore, detailed information regarding item-level missing responses and non-
response patterns was not available in the original dataset. Consequently, the potential
influence of missing data on the reported associations could not be formally evaluated.
Another limitation is that the present research study was conducted exclusively in the city
of Riobamba; therefore, the findings may not be fully generalizable to other regions of
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Ecuador with different socioeconomic, cultural, and environmental characteristics. The
binary classification of food security simplified the interpretation of household food ac-
cess outcomes and facilitated estimation using Logit and Probit models. However, this
approach may have reduced information regarding differences between moderate and
severe food insecurity. Consequently, the findings should be interpreted as reflecting
broader patterns of household food access rather than distinctions across all levels of food
insecurity. Although classification accuracy exceeded 73%, a proportion of households
remained incorrectly classified. Consequently, the models should be interpreted primarily
as explanatory tools for examining associations rather than as instruments for individual-
level targeting or prediction. In addition, the original analytical database did not permit
recalculation of reliability indicators such as Cronbach’s alpha or the implementation of
additional psychometric analyses for individual questionnaire dimensions. Therefore, the
measurement properties of specific constructs could not be reassessed within the scope of
the present study.

Furthermore, although this study incorporated several relevant environmental and
socioeconomic determinants, other factors potentially associated with household food
security—such as food prices, market accessibility, educational attainment, dietary behav-
iors, social support networks, household nutritional knowledge, employment conditions,
and access to credit—were not available in the original dataset and therefore could not
be included in the econometric models. Similarly, the probability simulations presented
in this study were intended for illustrative purposes and were based on representative
combinations of observed household characteristics. Consequently, they should not be
interpreted as predictions applicable to all household profiles. Future studies should ex-
plore these dimensions and consider longitudinal approaches to better understand the
dynamic relationships between environmental conditions, socioeconomic factors, and food
security outcomes. Additional model comparison statistics such as AIC and BIC could not
be recalculated because the original analytical database was unavailable.

Nevertheless, this study provides valuable evidence regarding environmental and
socioeconomic factors associated with household food access and consumption in an
urban Ecuadorian context and offers useful insights for the development of food security,
nutrition, and public health policies. Future longitudinal and prospective studies are
needed to better understand the temporal relationships between environmental conditions,
socioeconomic characteristics, and household food security outcomes. Additional research
incorporating broader socioeconomic variables, psychometric validation procedures, and
alternative modeling approaches may further strengthen our understanding of household
food security dynamics in Ecuadorian urban settings. The urban focus of this study should
also be considered when interpreting the findings. Household food access dynamics in
Riobamba may differ from those observed in rural or other urban contexts with distinct
socioeconomic, cultural, and environmental conditions. Consequently, the generalizability
of the results beyond the study area may be limited.

Additionally, the reliance on self-reported information may have introduced recall
bias, reporting bias, and social desirability bias. These factors may affect the accuracy of
responses related to environmental practices and household food access.

Finally, the possibility of omitted-variable bias cannot be excluded. Variables such as
educational attainment, market accessibility, employment conditions, access to credit, food
prices, and nutrition knowledge were not available in the original dataset and therefore
could not be incorporated into the econometric models. As a result, some observed
associations may partially reflect the influence of unmeasured factors.
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6. Conclusions

This study examined the association of environmental and socioeconomic factors on
household food access and consumption in the city of Riobamba, Ecuador. The findings
suggest that both environmental and socioeconomic factors are significantly associated
with household food security outcomes.

Among the environmental factors, agricultural production practices, food handling,
and food choice and variability were positively associated with household food access
and consumption, highlighting the importance of sustainable food system components
in supporting food security. In addition, socioeconomic factors, particularly household
income, household size, and gender, were significantly associated with food access and
consumption, emphasizing the multidimensional nature of food insecurity.

The results reinforce the growing recognition that food security extends beyond food
availability and should be considered within broader frameworks that incorporate nutrition
security, dietary quality, environmental sustainability, and social equity. Households expe-
riencing favorable environmental conditions and supportive socioeconomic circumstances
were more likely to achieve adequate food access and consumption, suggesting that inte-
grated interventions are required to address the multiple determinants of food insecurity.

From a public health perspective, the findings underscore the importance of promoting
sustainable agricultural practices, improving food handling and food safety conditions,
supporting dietary diversity, and reducing socioeconomic inequalities. Such actions may be
linked not only to support of food security but also to better nutrition outcomes, healthier
dietary patterns, and enhanced population well-being.

Overall, this study provides evidence that environmental sustainability and socioeco-
nomic development are closely interconnected with household food security. The findings
support the implementation of multisectoral policies that simultaneously address environ-
mental, nutritional, economic, and social determinants to strengthen food security, nutrition
security, and public health outcomes in Ecuador and similar settings.

Future research should explore these relationships using longitudinal designs and
broader geographic coverage to further understand the complex interactions between
environmental conditions, socioeconomic factors, and food security outcomes. A key
contribution of this study is the simultaneous examination of environmental and socioe-
conomic factors associated with household food security in an urban Ecuadorian context
using ELCSA-based measures and econometric modeling.
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