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Abstract 

In Madagascar, food security among women of reproductive age remains a major public concern. Assessments vary 
depending on the indicators used, making it more difficult to identify effective entry points for action. This study 
examined the determinants of food security among women of reproductive age in Masindray. It aimed to characterize 
food-security levels through a multi-indicator assessment and respondents’ perceptions, and to identify the factors 
associated with these levels. The study used a cross-sectional quantitative survey of 396 women aged 15-49 years. It 
combined a multi-indicator diagnosis, an analysis of perceptions, and the identification of socioeconomic determinants 
associated with food security levels. Hierarchical cluster analysis (HCA), refined by discriminant factor analysis (DFA), 
generated three profiles using the Household Food Insecurity Access Scale (HFIAS), the Livelihood Coping Strategies 
Index (LCS), the Food Consumption Score (FCS), the Minimum Dietary Diversity for Women (MDD-W), and lean-season 
duration. A discourse analysis then informed a Program Evaluation and Review Technique (PERT) network, while 
benchmarking linked the profiles to 25 qualitative variables. The results show non-convergence across measures: 
anthropometric status and coping strategies often appear favorable, whereas the Minimum Dietary Diversity for 
Women (MDD-W) frequently indicates insufficient dietary diversity. The typology identifies an intermediate profile 
(58%), a food-insecure profile (35%), and a favorable profile (7%). Differences between profiles reflect combinations 
of access costs, domestic constraints, water access, human capital, and decision-making latitude. These findings support 
the value of a multi-indicator approach.  
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1. Introduction

In Madagascar, food security and nutrition remain major public concerns, with marked disparities among women of 
reproductive age. The lean season and price shocks affect food access, while access to productive resources and 
transaction costs shape both purchasing power and the ability to seek care [1]. The focus on women of reproductive age 
reflects their high nutritional requirements and their exposure to multiple forms of malnutrition. Intra-household trade-
offs and control over resources also influence consumption patterns [2]. 

Everyday material conditions also matter. Access to water, domestic energy, food preservation facilities, and services 
influences hygiene, morbidity, and the ability to stabilize dietary practices. This perspective is consistent with food 
systems and resilience approaches, which link access, assets, and local vulnerabilities [3]. In Madagascar, several studies 
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also highlight the importance of assets and income, land access, market accessibility, and seasonality in shaping food-
related vulnerabilities [4]. 

A methodological issue further complicates the analysis. Assessments vary depending on the families of indicators used, 
because these instruments capture different dimensions and respond over different time horizons. Multi-indicator 
comparisons often produce non-overlapping interpretations for the same population [5]. For women, the literature also 
shows that dietary diversity is shaped by specific constraints and cannot be inferred from a single indicator of food 
access or coping strategies [6].  

In this context, identifying the factors associated with women’s food security requires an analysis that takes into account 
both the plurality of measures and local socioeconomic conditions. The present study therefore examines the situation 
observed in Masindray. Its objective is to characterize the levels of food security among women of reproductive age 
through a multi-indicator approach and to identify the factors associated with these levels. 

The study addresses the following research question: which determinants explain the levels of food security among 
women of reproductive age in Masindray? Two sub-questions structure the analysis: what levels characterize food 
security among women of reproductive age in Masindray, and what factors determine these levels? Two hypotheses 
guide the study: first, that food security indicators distinguish different levels of food security; and second, that 
socioeconomic characteristics explain the food security levels of women of reproductive age. 

2. Material and methods 

2.1. Study area and sample 

This study was conducted in the rural municipality of Masindray, located in the district of Antananarivo Avaradrano, 
Analamanga Region, Madagascar (18° 58′ 13.06″ S; 47° 37′ 41.24″ E). The area presents contrasting access conditions, 
particularly to markets, services, and mobility, making it a relevant setting for analyzing the food situations of women 
of reproductive age. A cross-sectional survey design was adopted. Data were collected between May and July 2025. The 
target population consisted of women of reproductive age (15–49 years) residing in the study area. Respondents were 
allocated across fokontany, the smallest local administrative units, in proportion to their demographic weight. In each 
fokontany, households were visited along a predefined route, and one eligible woman of reproductive age was 
interviewed per selected household until the target number of respondents was obtained. The survey therefore 
followed a quota-based sampling approach. 

The required sample size was calculated using the standard formula for estimating a proportion: 

𝑛 =  
𝑧2 𝑃̂ ( 1 − 𝑃̂)

𝑒2
 

where  

• z is the standard normal deviate corresponding to the desired confidence level (1.96 for 95% confidence),  
• p is the expected proportion (0.5),  
• and e is the margin of error (0.05).  

After adjustment for anticipated non-response, a total of 400 women were surveyed. Four questionnaires were 
incomplete and were excluded, leaving 396 completed questionnaires for analysis. Participation was voluntary. 

2.2. Description of food security indicators 

Each indicator was recoded into four ordered qualitative levels (Table 1). These levels were derived from the 
standardized classifications specific to each indicator. They were then harmonized onto a common scale ranging from 
the least favorable (level 1) to the most favorable (level 4). The harmonization into four ordered levels did not imply a 
strictly symmetrical recoding across indicators. Recoding was based on the substantive interpretation of each 
indicator’s threshold categories and their relative position along a least favorable to most favorable continuum. For 
some indicators, no category corresponded to one of the intermediate levels. The distribution of respondents was finally 
expressed as percentages and presented as stacked bar charts. 
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The indicators included body mass index (BMI), mid-upper arm circumference (MUAC), the reduced Coping Strategies 
Index (rCSI), the Household Food Insecurity Access Scale (HFIAS), the Livelihood Coping Strategies Index (LCS), the 
Food Consumption Score (FCS), and the Minimum Dietary Diversity for Women (MDD-W). 

Table 1 Recoding of food security indicators into levels 1 to 4  

Indicator Category Recoded level 

BMI 

Undernutrition < 18.5 Level 1 

Normal 18.5–24.9 Level 4 

Overweight 25–29.9 Level 3 

MUAC 

Acute undernutrition < 210 Level 1 

At risk 210–229 Level 2 

Normal ≥ 230 Level 3 

HFIAS 

Food secure Level 4 

Mild food insecurity Level 3 

Moderate food insecurity Level 2 

Severe food insecurity Level 1 

LCS 

No coping strategy Level 4 

Stress Level 2 

Crisis Level 1 

Emergency Level 1 

rCSI 

Low Level 4 

Medium Level 2 

High Level 1 

FCS 

Poor 0–21 Level 1 

Borderline 21.5–35 Level 2 

Acceptable > 35 Level 4 

MDD-W 
Not achieved Level 1 

Achieved Level 4 

Lean season duration 

None Level 4 

Short 1-2 months Level 3 

Medium 3-4 months Level 2 

Long > 4 months Level 1 

2.3. Ranking of determinant factors based on women’s perceptions 

Determinant factors based on women’s perceptions were identified through discourse analysis. Each respondent’s 
answers were treated as documents, after which segmentation was used to extract a vocabulary of terms. A frequency 
matrix was then constructed, followed by a term-correlation matrix computed in XLSTAT. The significance of an 
observed correlation rij was assessed at the α = 0.05 level using a critical threshold rc defined as: 

𝑟𝑐 =
𝑡1−𝛼/2,  𝑛−2

√(𝑛 − 2) + 𝑡1−𝛼/2,  𝑛−2
2
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where n denotes the number of observations and 𝑡1−𝛼/2,  𝑛−2 the Student’s t quantile with n − 2 degrees of freedom. A 

binary matrix B was then constructed, with Bij = 1 if |rij| > rc, and Bij = 0 otherwise. 

The ranking of variables was performed in Excel. For each variable j, the degree of significant connection within the 
network was defined as Sj = ∑ᵢ Bij. At each iteration, the variable with the lowest Sj was removed, and the matrix was 
then updated by deleting the corresponding row and column, until all variables had been exhausted. The elimination 
order provided an inverse ranking: the first variables removed were the least connected, whereas the last were the most 
interdependent, thereby yielding an interpretable hierarchy of determinants. 

For the analysis, the list used was already reversed: Rank 1 grouped the variables with the highest number of significant 
correlations, and connectivity then decreased with increasing rank order. Based on the ordered list of variables and the 
binary matrix B, a Program Evaluation and Review Technique (PERT) diagram was constructed. It was used here as a 
graphical structuring tool to display hierarchical interdependencies among terms derived from respondents’ 
perceptions. For each term, the diagram retained a single incoming link from a more connected term, selected according 
to the highest absolute intensity; the sign of the correlation determined whether the line was continuous or dashed. 

2.4. Construction of food security profiles and determinant factors 

The typology was based on the HFIAS, LCS, FCS, MDD-W, and lean season duration. Hierarchical cluster analysis (HCA) 
produced three classes, and discriminant factor analysis (DFA) was then used to verify profile separation. 

The empirical profiles obtained were used as the grouping variable for a benchmarking DFA. The DFA mobilized 84 
qualitative variables distributed across 18 domains: land access, access to services, preservation and hygiene, food 
choice criteria, demographic data, drinking water, savings and decision-making, shortage management, education level, 
assets and finances, food preferences and constraints, animal products and livestock, nutrition awareness, energy 
sources, cropping system, time use and domestic workload, and other socioeconomic characteristics. 

The benchmarking procedure used all qualitative variables and their categories, with a one-dimensional examination 
based on tests derived from DFA. An additional significance-based selection reduced the representation of variables to 
a core set of 25 categories. This selection was based on the highest inter-profile contrasts, identified through extreme 
values, using the maximum and minimum values observed across profiles for each category. In the legend, the category 
most characteristic of a profile is indicated in green and the least characteristic in red. 

3. Results  

3.1. Food security levels 

After harmonizing each indicator into four ordered levels, from the least favorable to the most favorable, the distribution 
of observations was presented as stacked bar charts (Figure 1). The anthropometric indicators and coping measures 
were concentrated mainly in the favorable levels, whereas the Minimum Dietary Diversity for Women (MDD-W) more 
often indicated that minimum dietary diversity had not been achieved. Lean season duration was distributed across 
levels 1 to 3 (Figure 1).  
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Figure 1 Distribution of food security indicators across recoded levels 1 to 4 among women of reproductive age 

3.2. Women’s perceptions of food security determinants 

 

Figure 2 PERT network of determinant factors based on women’s perceptions 

The ranking procedure produced a hierarchy of connectivity between lexical units, which was used to construct a 
Program Evaluation and Review Technique (PERT) network. The diagram preserves rank order and, for each target 
term, retains the significant correlation with the greatest absolute value from a term at a higher connectivity level 
(Figure 2).  

Three entry points structured the network: “food,” “necessity,” and “energy.” The circuit associated with “food” followed 
two main branches, “buying” and “eating.” The “buying” branch passed through the nodes “in possession” and “hot 
season,” then extended toward “agriculture” and “many.” From “many,” one chain led to “color,” while another 
connected to “make,” “leftover,” and “sales.” The node “make” was negatively linked to “increase” (dashed line) and also 
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connected to “stock and savings” and “livestock.” The node “buying” was further linked to “create” and “fruits.” The 
“eating” branch connected “make” and “spending,” and a dashed link connected “eating” to “improvement,” with two 
additional dashed outputs toward “money” and the “healthy” dimension. From “money,” the network extended toward 
“seen,” “come in,” and “seek,” then toward “active” through a dashed link and toward “peace of mind.” The circuit 
associated with “energy” connected to the “body,” whereas the determinant linked to “necessity” was connected to 
“balanced.” 

3.3. Typology and determinant factors of food security 

3.3.1. Typology 

HCA, subsequently refined by DFA, distinguished three classes: an intermediate profile (Profile 1), a food-insecure 
profile (Profile 2), and a food-secure profile (Profile 3). 

- Profile 1 (intermediate profile, 58%): it showed two peaks for the HFIAS and lean season duration. The FCS and 
LCS remained secondary, while MDD-W was located at the lowest level. 
- Profile 2 (food insecurity profile, 35%): it was located at the lowest level across all food security indicators. 
- Profile 3 (food security profile, 7%): it showed high values across all indicators, with dominant levels for LCS, 

MDD-W, and FCS, followed by high values for HFIAS and lean season duration. 

3.3.2. Determinant factors 

DFA based on the 84 qualitative variables confirmed overall differences between profiles, with Wilks’ lambda = 0.1205 
and p < 0.0001. In total, 74 categories were significant; the presentation focuses on a core set of 25 categories with high 
contrasts (Figures 3 to 5). 

Profile 1 was mainly associated with land rental (V4) and lower mobility (V55), together with a longer lean season and 
more frequent failure to achieve minimum dietary diversity among women (Figure 3). Profile 2 combined formal land 
rights (V1) with low perceived land security (V6), more precarious water access (V22), a low contribution from livestock 
(V32), and agricultural sales decisions controlled by the spouse or father (V38), together with lower educational capital 
(V69, V73) (Figure 4). Profile 3 was associated with safer water access (V21, V23), longer food preservation (V18), 
mobility (V55), and greater budget flexibility (V58), along with higher income and education levels (V60–V63, V68, V71) 
(Figure 5). 

 

Figure 3 Determinant factors of food security - Profile 1: Intermediate profile 
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Figure 4 Determinant factors of food security - Profile 2: Food insecurity profile 

 

  

Figure 5 Determinant factors of food security - Profile 3: Food security profile 
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the limited use of severe coping strategies do not guarantee either sufficient dietary diversity or a favorable perception 
of deprivation. 

Two mechanisms may explain this apparent dissociation. The first relates to the priority given to staple foods: the basic 
ration is more easily maintained, which supports body mass index (BMI) and mid-upper arm circumference (MUAC), 
whereas dietary diversity deteriorates rapidly when prices increase or cash flow tightens. The second relates to 
adjustment margins: limited coping may reflect lower pressure, but it may also indicate that the options for activating 
coping strategies are already constrained, leaving the household “locked” into a monotonous diet. Studies conducted in 
contexts comparable to Madagascar and Burkina Faso describe this type of dissociation and emphasize that coping 
strategies document a response rather than nutritional status [7]. Here, MDD-W acts as an indicator of dietary quality: 
women’s dietary diversity varies with access to non-staple foods, control over resources, and intra-household trade-
offs. This sensitivity is consistent with studies conducted in Madagascar linking dietary diversity to resource control 
and the health environment, with marked gradients across social groups [8]. 

Multi-indicator readings often lead to partially discordant classifications, depending on the recall window and the 
classification rule used. This finding supports a cautious interpretation of levels and the analytical use of profiles, 
especially under strong seasonality and coping constraints [9, 10]. 

4.2. Perceived determinants of food security 

4.2.1. Food and economic access 

The food circuit unfolds along two branches, buying and eating. The buying branch connects in possession, hot season, 
agriculture, and then many, with extensions toward sales, stock and savings, livestock, and fruits. This sequence places 
monetary access and livelihoods at the forefront. In the discourse, the act of buying links with a portfolio of activities 
and assets. This structure is consistent with the livelihoods framework. It also corresponds to analyses that distinguish 
availability, access, and utilization as separate sources of vulnerability. The HLPE framework identifies access and 
stability as distinct dimensions in their own right [1]. 

4.2.2. Seasonality, production, and adjustment strategies 

The presence of the hot season, followed by livelihood, indicates seasonal tension followed by practical responses. The 
many block connects to make, leftover, and sales, which reflects trade-offs between stocks, consumption, and market 
transactions. The negative link between make and increase suggests a perception of constraint. Greater effort does not 
necessarily correspond to perceived improvement. The resilience literature interprets these adjustments as 
constrained responses rather than as a direct pathway out of insecurity [11]. 

4.2.3. Consumption, health, and mental burden 

The eating branch connects make and spending. A negative link connects eating to improvement, then to money and the 
healthy dimension. The network expresses tension. The search for better food relates to financial and health constraints 
rather than to simple preference. This articulation corresponds with right-to-food frameworks that require both 
economic accessibility and nutritional adequacy. From money, the chain seen – come in – seek leads to active through a 
negative link and to peace of mind. The discourse therefore links income with continuous searching and mental burden. 
Studies on food crises and food-security information systems show that numerical indicators do not capture these lived 
dimensions [12, 13].  

4.2.4. Balance, bodily energy, and links with standardized measures 

The node necessity connects to balanced, and energy connects to the body. These associations anchor food security in 
concrete nutritional references such as dietary balance and physical capacity. They correspond with frameworks linking 
food security, nutrition, and the food environment [14]. The relevance is strong for women of reproductive age. 
Methodologically, interpretation of lexical chains becomes stronger when integrated into triangulation with empirical 
profiles and standardized indicators. Construct validity then relies on partial convergence while leaving room for 
interpretable divergences [15]. Indicator comparisons also show that each measure captures a specific facet of 
insecurity. The perception network provides a complementary entry point centered on language and stated priorities. 
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4.3. Empirical profiles and determinants of food security 

4.3.1. Three profiles and their dominant vulnerabilities 

Profile 1 combines a less favorable lived experience (HFIAS) and a longer lean season with lower female dietary 
diversity (MDD-W). This profile suggests strongly seasonal vulnerability: pressure on availability and prices increases 
perceived insecurity and first reduces dietary quality, while meal volume may remain more stable because of staple 
foods. Two mechanisms appear plausible: a trade-off that preserves quantity at the expense of variety, followed by a 
cash-flow constraint that limits the purchase of non-staple foods during the lean season. Profile 2 lies closer to the 
factorial center and accumulates less favorable values across all dimensions, without a marked break on a single 
indicator. This configuration points to diffuse vulnerability: limited endowments, reduced adjustment margins, and the 
accumulation of modest deficits, bringing the situation closer to a chronic constraint than to an identifiable seasonal 
episode. Profile 3 groups the most favorable values for consumption (FCS), dietary diversity (MDD-W), and LCS, 
followed by HFIAS and lean season duration. The small size of this group (n = 26) indicates that such conditions remain 
uncommon; this profile mainly serves as an analytical benchmark for identifying a set of conditions compatible with 
more favorable outcomes. 

The observed profiles confirm partial overlap among lived experience, coping, consumption, and dietary diversity. The 
typology therefore helps describe configurations rather than a single order of “security” [16]. At the same time, a multi-
country study shows that typologies remain sensitive to the choice of components and to multiple grouping rules, which 
supports using profiles analytically rather than treating them as fixed entities [10]. 

4.3.2. Determinants of food security 

Productive base, security of access, and diversification potential 

Land-related variables describe the productive base and room for maneuver. Profile 2 is associated with formal land 
rights (V1) while more often reporting low perceived land security (V6), pointing to uncertainty that may reduce 
investment and planning. Profile 1 is more closely associated with rental arrangements (V4), which increases the 
reversibility of access and exposure to shocks. The literature on land and food security reports links through production, 
income, and own consumption, with heterogeneous effects depending on investment capacity, market integration, and 
price volatility in Nigeria [17]. 

Profile 3 is more often associated with the absence of agricultural activity (V3) and with a combination of assets, 
mobility, and human capital (V55, V68, V71), consistent with stronger integration outside agriculture. Food crops and 
fruit crops (V7, V9) may broaden availability, subject to intra-household trade-offs. The literature on income 
diversification supports this interpretation: protection rarely rests on a single pillar, but rather on a combination of 
income, assets, and access [18, 19]. 

Studies conducted in Mali also confirm a frequent association between production diversity and consumption diversity, 
mediated by control over resources and decision-making within the household [20]. In the Malagasy context, dietary 
quality remains sensitive to the combination of income, livestock, and access, including among specialized producers 
[21]. 

Daily constraints 

Short cooking time (V11) is associated with Profile 2 and may indicate meal simplification, especially when access to 
dietary diversity remains costly. Qualitative approaches in Europe describe a reorganization of routines under stress, 
with a narrowing of the meal repertoire [22]. 

Water access also differentiates the profiles: Profile 2 is associated with unprotected wells (V22), whereas Profile 3 is 
more closely associated with safer sources (V21, V23), reflecting the water-hygiene-morbidity nexus. Recent work in 
Toliara on parasites and anemia strengthens the idea of a link between health constraints and nutritional vulnerabilities 
[23]. Long preservation duration (V18) characterizes Profile 3 and may support greater stability under seasonal 
conditions. 

Transaction costs and effective access to services 

Within the core set, mobility is a clear marker of differentiation, with overrepresentation in Profile 3 (V55). Mobility 
reduces transaction costs, facilitates smaller and more frequent purchases, and supports access to care. Low mobility 
makes trade-offs more rigid, especially under cash-flow and time constraints. Empirical reviews on market access 
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frequently report a positive association between access and dietary diversity, through mechanisms that vary according 
to relative prices, local supply, and income [24]. This point reinforces the idea that an isolated asset rarely explains the 
typology; combinations are what matter. 

Animal products, the role of livestock, and dietary quality 

Variables related to animal products condense purchasing power, access, norms, and availability. The core set retains a 
low share of food derived from livestock, strongly associated with Profile 2 (V32). This category suggests more indirect 
access to animal products, more exposed to price effects, and it combines with other vulnerabilities that also appear in 
the core set for Profile 2, particularly exposed water access, lower educational capital, and decision constraints (V22, 
V69, V73, V38). This pattern is consistent with broader evidence that dietary diversity depends on access to diverse 
food sources [21, 25]. 

Intra-household decision-making, preferences, and shortage management (V34–V53) 

Agricultural sales decisions controlled by the spouse or father (V38) characterize Profile 2 and suggest more limited 
decision-making latitude for women, with a risk of weaker protection of women’s diets under constraint. Choice criteria 
and preferences also confirm access-related trade-offs: ease of access (V44) is more strongly associated with Profile 3 
(Figure 5), whereas Profiles 1 and 2 more often express tension between the aspiration to diversify and actual access. 
Responses regarding shortages also evoke prioritization of children, at the cost of restriction among adults. This logic 
echoes work on coping strategies and the gradual erosion of capacities [26]. 

Assets, food budget, income, and human capital 

Profile 3 is associated with higher mobility (V55), a lower share of the budget devoted to food (V58), and more favorable 
signals of income and human capital (V60–V63, V68, V71). The literature confirms associations between diversification, 
own income, and food protection, mediated by agency, in Uganda as well as in multi-country comparisons [27, 19]. 
Profile 2 is associated with lower education levels (V69, V73) and a more constrained family trajectory (V67), which 
may reinforce vulnerability when access and assets remain limited. The literature links education, income 
diversification, and food security through access to employment, information, and service use in Ethiopia [18, 28]. 

5. Conclusion 

This study examined food security among women of reproductive age in Masindray using a multi-indicator approach 
combined with an analysis of perceived determinants. The results show that food security indicators capture different 
dimensions and time horizons of food insecurity, which explains the lack of convergence toward a single diagnostic and 
supports the relevance of a multi-indicator interpretation. The typology identified three distinct profiles: an 
intermediate profile, a food-insecure profile marked by stronger and more seasonal constraints, and a food-secure 
profile associated with more favorable conditions. These profiles correspond to specific combinations of socioeconomic 
conditions, including access to markets and services, household-level constraints, economic resources, and intra-
household decision-making margins. The analysis of perceptions complemented these findings by highlighting a 
network of determinants organized around food, necessity, and energy, showing how access to food is closely linked to 
livelihood strategies, seasonal constraints, and daily living conditions. 
 
Future research could examine the stability of these profiles across seasons and compare different rules for aggregating 
food security indicators in order to better understand the conditions under which different indicators converge or 
diverge. By improving the understanding of how socioeconomic conditions and local constraints shape women’s food 
security, this study provides evidence that can support more targeted policies and future research aimed at 
strengthening nutritional resilience in vulnerable populations. 
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