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Plastic pollution is a global issue that endangers both human health and the ecosystem. Although interest in sustainable alternatives to single-use plastics has grown, their adoption has been insufficient, and menstrual products are no exception. Disposable menstrual products, such as sanitary napkins, continue to dominate over sustainable options like menstrual cups (MCs). Although studies on women’s perceptions and attitudes toward menstrual hygiene management have abounded, there is a lack of research on the development of promotional strategies for sustainable menstrual products. This study aims to fill this research gap by investigating consumers’ decision-making process in the face of a real-life option regarding menstruation products. In this comparative study, we conducted a labeled discrete choice experiment on consumers in Japan (n = 1,929), Indonesia (n = 2,031), and France (n = 2,067) to reveal their preferences for sanitary napkins, tampons, and MCs. The respondents from each country were divided into three groups (one control group and two treatment groups with information provided). The results showed that in all countries, the information regarding the cost-effectiveness of MCs (i.e., per-use cost) was unequivocally significant, whereas information about their health and environmental benefits was not. Access to free MCs can contribute to their adoption and alleviation of period poverty in all countries, with a relatively moderate acceptance in Japan. The results also showed variations across countries in consumer characteristics (attitude toward menstruation, innovation-friendliness, and green consumption) and the use and perceptions of MCs. Hence, tailored promotional strategies should be considered for each market.
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GRAPHICAL ABSTRACT
 



1 Introduction

Despite being an essential component of daily life, the production and use of plastics are often inefficient and unsustainable (Notaro et al., 2022). Given the numerous negative effects of plastics on the environment, it is now widely acknowledged that plastic pollution poses a serious threat to the environment globally (OECD, 2022a). Tackling plastic pollution involves significant economic costs, or inaction to tackle pollution leads to environmental costs (Cordier et al., 2024). Geyer et al. (2017) estimated that between 1950 and 2015, cumulative waste generation of primary and secondary (recycled) plastic waste accounted for 6.3 billion tons globally, with 79% of the waste winding up in landfills or being scattered in the surroundings. Based on the model developed by Cordier et al. (2021, pp. 2–6) to update this value, the cumulative plastic waste over 1950–2022 was estimated to be 7.7 billion tons. Increasing trends in plastic use and waste are projected to continue (OECD, 2022b). Therefore, limiting plastic pollution has become a worldwide policy priority. The Group of Twenty (G20) adopted The G20 Implementation Framework for Actions on Marine Plastic Litter (MPL) to prevent additional plastic waste from entering the ocean (MoEFCC, 2023). Although most plastic waste is detrimental to the environment, single-use plastics continue to be a particularly challenging problem to tackle (Schnurr et al., 2018). Plastics Europe (2019) reported that 359 million tons of plastic were produced globally in 2018, of which single-use plastic products accounted for 50% of the total production (Plastic Oceans International, 2020; Chen et al., 2021). The European Union (EU) implemented a directive targeting single-use plastic products to reduce the quantity of waste generated and promote circular approaches (EU, 2019).

Reusable alternatives have attracted attention as they eliminate single-use plastics and combat the overuse of disposable plastics (Schnurr et al., 2018). However, among single-use plastics that harm the environment, menstrual products have received relatively scant attention despite their substantial consumption and impact on the environment (Peberdy et al., 2019). The EU directive listed single-use menstrual products (e.g., sanitary napkins and tampons) as one of the 10 targeted single-use plastic products (EU, 2019). Every month, hundreds of millions of women worldwide experience the natural biological process of menstruation, which typically lasts 5–7 days (Kuhlmann et al., 2017; Kaur et al., 2018). According to previous research, a woman uses an average of 10,000 sanitary napkins and 15,000 tampons on average during their lifetime (Bharadwaj and Patkar, 2004; Garg et al., 2011). Moreover, advertised menstrual products such as tampons or sanitary pads are estimated to take approximately 500–800 years to decompose, constituting a staggering burden on the environment (Sathishkumar et al., 2019; Peter and Abhitha, 2021; Babbar and Garikipati, 2023; Khorsand et al., 2023). In addition to ecological predicaments, each sanitary napkin emits 2–3.7 g of non-biodegradable plastic, and given the prevalence of plastic in these products, their complete biodegradation remains elusive (Ando et al., 2023; Kumari and Muneshwar, 2023).

In response to pressing environmental concerns posed by the extensive disposal of single-use menstrual products, menstrual cups (MCs) are being promoted to achieve sustainable menstruation (Peter and Abhitha, 2021; Alva and Gowda, 2023; Ahuja and Singh, 2023a). MCs are products made from flexible, medical-grade silicone designed to be folded and inserted into the vaginal canal. It serves the purpose of collecting menstrual fluid throughout a monthly cycle, using a specifically designed receptacle with a volume capacity of 10–38 milliliters (Beksinska et al., 2015; van Eijk et al., 2019). Studies have shown that MCs have the capacity to collect more blood than other disposable menstrual products, such as tampons or sanitary pads (Beksinska et al., 2015; Kakani and Bhatt, 2017; van Eijk et al., 2019). MCs are available in a variety of sizes and forms to accommodate different vaginal and cervical shapes (Mouhanna et al., 2023). It is recommended that MCs should be emptied at intervals of 4–12 h, depending on the menstrual cup model and flow (van Eijk et al., 2019; Peter and Abhitha, 2021). For cleaning, it is sufficient to wash the cup with water and a gentle cleanser during the cycle and to sterilize it by boiling it for 20 min before and after use at the beginning and end of the menstrual cycle (Kakani and Bhatt, 2017). Due to the differences in the frequency of changing, some studies have reported that the use of menstrual cups even saved water by reducing leakage and the need for frequent washing of clothes (Stewart et al., 2010; Peter and Abhitha, 2021). Based on life cycle assessment, MC is considered the most sustainable alternative to other disposable menstrual products due to the fact that the impact of an MC used for 1 year on health and environment is 1.5% that of other disposable menstrual products (tampons and sanitary napkins) and it costs only 10% as much while lasting up to 10 years (Hait and Powers, 2019; van Eijk et al., 2019). Additionally, compared to other reusable menstrual products like menstrual panties and pads, MCs consistently have the lowest environmental impact across all indicators, as the other reusable options require a substantially large amount of water. This assessment covers their entire life cycle, from manufacturing to disposal, thereby establishing MCs as the most eco-friendly option for menstrual flow management (Fourcassier et al., 2022). In addition to their environmental superiority, MCs have an additional benefit over disposable options – the absence of harmful compounds such as dioxins, which are commonly found in sanitary napkins and tampons (DeVito and Schecter, 2002; Khorsand et al., 2023). A recent systematic review has asserted that MC is a safe option for menstrual management (van Eijk et al., 2019). By adopting sustainable menstrual practices throughout the menstrual cycle, individuals can significantly reduce the accumulation of plastic waste in oceans and landfills, thereby benefiting both human well-being and the environment (Hait and Powers, 2019). This suggests that the MC is a sustainable and cost-effective menstrual product. With a smaller ecological footprint and the ability to be reused frequently, MCs have the longest lifespan among menstrual products, effectively reducing waste. By these means, the use of menstrual cups can significantly contribute to achieving the Sustainable Development Goals (SDGs) such as SDG 3 (Good Health and Well-Being), SDG 6 (Clean Water and Hygiene), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate Action).

Despite the human health and environmental benefits of MCs, their adoption is challenging. Women continue to believe that menstruation causes embarrassment (Khorsand et al., 2023). This is evidenced by the persistence of several menstruation taboos, such as the idea that women are impure, dirty, or sinful during menstruation (Little, 2011). These circumstances have created substantial barriers and difficulties for menstruation and the development of menstrual products. During their menstruation, most women use commercially available menstruation products such as sanitary napkins and tampons, especially with the advent of plastic applicators that attempt to ease product usage (Hait and Powers, 2019). Moreover, consumers presumably consider more factors than just the sustainability of a menstrual product when selecting one. Factors that are mostly connected to personal preferences, costs, and availability are also considered (Burt et al., 2016). According to Borowski (2011), the cost of a product is a vital factor for consumers, particularly those with low income. In addition to the environmental benefits that MCs provide, one of the highlights compared with other disposable menstrual products is their upfront cost (Khorsand et al., 2023). Additional factors include challenges related to their maintenance. Studies have indicated that in low- and middle-income countries, cleaning and storage of MCs pose significant obstacles to their adoption (APHRC, 2010; Hyttel et al., 2017). Furthermore, concerns have been raised regarding the practicality of emptying MCs in schools or public restrooms, which adds to the challenges associated with its use (Oster and Thornton, 2011). Additionally, it appears that people are still unaware of the environmental and health risks associated with disposable menstrual products. The decision to choose sustainable menstrual products such as MCs may involve navigating cultural norms and societal expectations, adding complexity to the consumers’ choice processes. Social norms and beliefs also hinder the widespread adoption of MCs, although accessibility may be a major factor leading to non-use (Stoilova et al., 2022; Valentin and Hechanova, 2023). According to research, non-users are reluctant to try MCs because they are afraid that it may break their hymen and lead them to losing their virginity, which contradicts social norms and jeopardizes various cultural values since women are traditionally expected to preserve their virginity until they are married (Pokhrel et al., 2021).

Although previous studies have identified factors that influence the selection of menstrual products, including a sustainable choice such as MCs, limited studies have examined how consumers incorporate these factors into their purchasing decision processes (Babbar and Garikipati, 2023). Listing barriers is insufficient to understand consumer decisions and develop effective promotional strategies for adopting MC. For instance, one study highlighted that social norms and perceived social costs may hinder the widespread adoption of MCs (Valentin and Hechanova, 2023). Thus, the decision to choose sustainable menstrual products such as MCs may involve navigating cultural norms and societal expectations, adding complexity to the consumer’s decision-making processes. However, the importance of these factors relative to other factors remains unclear. Because women compare different menstrual products, studies on how they compare them and choose MCs are required (van Eijk et al., 2019). Furthermore, because decision processes may differ in context, global studies comparing different contexts, such as developed and developing countries, are critical (van Eijk et al., 2019). A recent study in the Philippines indicated that despite a conservative culture, intentions to use MCs remain high, suggesting a potential balance between overall perceived benefits and societal norms (Valentin and Hechanova, 2023). In contrast, a study in India aimed to determine the knowledge, misconceptions, and acceptability of MCs revealed that many misconceptions regarding its use are still prevalent among potential users (Abraham et al., 2023). Subsequently, studies have investigated the impact of health perceptions on the attitude of women towards sustainable menstrual products (Ahuja and Singh, 2023a,b). Another study examined the relationship between sustainable menstrual product awareness and adoption (Ballal and Bhandary, 2020; Moon et al., 2020). This suggests that women express a desire to use these products, but lack of knowledge hinders their actual use. The current literature demonstrates a critical gap in understanding of the dynamics by which consumers incorporate diverse factors pertinent to sustainable menstrual products in their purchasing decisions. This lack of knowledge hinders the development of effective strategies to promote sustainable menstrual options and highlights the need for additional in-depth research in this area.

To address this research gap, this study aimed to investigate the stated preferences of consumers with varied characteristics in choosing menstrual products in different contexts to develop effective strategies that promote MC as a sustainable choice. To achieve this, we explored the following research questions by comparing consumers in Japan, Indonesia, and France to cover diverse contexts (Kuhlmann et al., 2017) and eliciting more general implications:


RQ1: What are the current uses and perceptions of menstrual products?

RQ2: How do information interventions influence consumers’ stated preferences for menstrual products?

RQ3: How do consumers’ characteristics affect their stated preferences for menstrual products?

RQ4: How can we promote the adoption of MC as a sustainable choice?
 

Online surveys were conducted to collect data to answer the research questions. A discrete choice experiment (DCE) was employed as a key analysis method (Aizaki et al., 2014), which elucidated consumers’ decision-making in choosing menstrual products among sanitary napkins, tampons, and MC. The respondents were women over 18 years old who were consumers of menstrual products in Japan, Indonesia, and France. Countries were chosen based on socioeconomic differences with the expectation that they could reveal similarities and differences, thereby providing generalized implications (Sesini et al., 2020). For each country, the respondents were split into three groups: a control group, treatment group 1 with information about the human health and environmental impact of menstrual products, and treatment group 2 with information about the cost-effectiveness of MC.



2 Materials and methods

We conducted online surveys on menstrual product consumers in Japan, Indonesia, and France. The respondents in each country were split into three groups using a treatment-control design to examine the impact of the information intervention (Grilli and Curtis, 2021). Therefore, a total of nine surveys were conducted.


2.1 Experimental design

A DCE and treatment-control design were employed to answer research questions 2, 3, and 4. DCE is a quantitative approach to assess the weight individuals assign to various factors when making decisions, which has risen to prominence as a common survey methodology for investigating a wide range of subjects, including marketing, environmental economics, and healthcare economics (Aizaki et al., 2014; de Bekker-Grob et al., 2019; Szinay et al., 2021; Lizin et al., 2022). Respondents are presented with choice sets containing multiple choices with varying levels of attributes and are asked to choose one of them or none if they do not find any choice attractive (i.e., opt-out option). DCE falls into two categories: unlabeled and labeled. In labeled DCE, options are named to enhance scenario authenticity and clarity, potentially yielding more accurate preference patterns and simplifying label-related effect analyses (de Bekker-Grob et al., 2010; Aizaki et al., 2014). We adopted a labeled DCE because it enables respondents to make choices based on easily identifiable attributes by their labels, making the choice task more realistic and less abstract, and ultimately enhancing the validity of results (de Bekker-Grob et al., 2010).

A treatment-control design reveals the impact of information intervention on consumer preferences by comparing treatment and control groups (Grilli and Curtis, 2021). This study prepared two treatment groups with human health and environmental information or cost-effectiveness information for different menstrual products. Information was provided before answering the DCE-related questions. To ensure their understanding of the information provided, respondents underwent comprehension tests. We excluded the respondents who failed to answer the test correctly twice in a row.

Prior to the surveys, three focus groups (FGs) were conducted to explore the decision factors underlying consumer preferences for menstrual products and verify the DCE design in the surveys (Blamey et al., 2000; Louviere et al., 2000); FG participants were asked about the relevance of the choice set, confirming whether the attributes reflected their interest in selecting menstrual products and assessing the realism of the levels. Moreover, the FGs aimed to explore a comprehensive understanding of the topic, including social norms and insights beyond the quantifiable data of the DCE study. Consumers of menstrual products aged 18–49 in Japan, Indonesia, and France were recruited through snowball sampling, a survey method that relies on referrals from the initially sampled respondents (Sedgwick, 2013; Johnson, 2014). On June 12th, 2023, eight participants were recruited for the Indonesian FG, eight were recruited for the French FG on June 16, 2023, and five were recruited for the French FG on July 9, 2023. A participant size of 5–10 was the recommended choice for preference studies (Louviere et al., 2000). In this study, a female researcher presided over all the FGs through an online meeting platform and recorded them. Informed consent was obtained from all participants. Prior to the FG, questionnaires were distributed as supplementary tools as an additional means for participants to express their thoughts, experiences, and opinions.



2.2 Questionnaire design

Three versions of the questionnaire were prepared for the three groups: one for the control group and two for the two treatment groups. They were translated into Japanese, Bahasa, and French and were finalized by the authors, whose first language was one of the three. Sample questionnaires in English have been provided in the Supplementary material S1.


2.2.1 Questionnaire structure

The three versions shared the same questions except that those for the treatment groups included an additional part for the information intervention. All questionnaires included a screening question for those who menstruated; sociodemographic characteristics; preferences and experiences with menstrual products; perceptions of menstrual products; DCE choice sets; intention to adopt MCs if they were free; and three psychological scales measuring perceptions related to menstruation as disgusting or shameful (MDS), innovation-friendliness, and green consumption value (GCV). Apart from DCE for analyzing consumers’ preferences for menstrual products, a question about intention to adopt free MCs was included to address “menstruation equity” and “period poverty” (Critchley et al., 2020) which can contribute to sustainable development goals 1 and 5 (United Nations, n.d.). The questionnaires for the treatment groups included information about human health, the environment, and cost-effectiveness.



2.2.2 Psychological scales

The MDS, innovation-friendliness scale, and GCV were measured using a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). While the items were drawn from the literature, some adjustments were made after the pre-test. The final version included seven items for the MDS and six items for innovation friendliness and GCV; all items are listed in SM1. The MDS was adopted to explore potential correlations between preferred menstrual products, social norms, and degree of social stigma using items obtained from Roberts (2004). Cultural and social factors can affect product preferences (Pokhrel et al., 2021; Ganz et al., 2022). The innovation-friendliness scale was used to investigate whether preferred menstrual products were associated with individuals’ willingness to switch to new, untried products; the scale was obtained from the innovation-friendly items of Scherer et al. (2017) and Klein et al. (2020). GCV measures the connection between preferred menstrual products and consumers’ environmental consciousness using items from Paço et al. (2019), as previous research suggests that environmentally conscious consumers lean towards sustainable options (Schwepker and Cornwell, 1991; Schuhwerk and Lefkoff-Hagius, 1995; Uehara et al., 2023a).



2.2.3 Labeled DCE design

The choice sets comprised three menstrual products, each characterized by two attributes, reusability and price, as shown in Table 1. This study selected sanitary napkins, tampons, and MCs as labels for two reasons. First, these products were widely utilized and popular among the target demographics, ensuring that the study’s findings were applicable to the intended population of the study. Sanitary napkins and tampons, which are acknowledged for their widespread use were selected (Ahuja and Singh, 2022). Simultaneously, we incorporated MCs, aligning it with the growing interest in sustainable alternatives, and recognized it as the most sustainable menstrual product (Peberdy et al., 2019; Peter and Abhitha, 2021). Second, product selection encompassed items used similarly across the three countries targeted in this study. This helps to ensure the comparisons and analyses made in the study are relevant and consistent across these different cultural and geographical contexts.



TABLE 1 Attributes and levels for the labeled discrete choice experiment.
[image: Table1]

The reusability attribute had one level for all products based on the nature of the product: single-use/disposable or reusable. Meanwhile, price reflects the economic expenditure value, often referred to as sacrifice value (Borowski, 2011; Van Loo et al., 2020). Consequently, it was anticipated to exhibit an inverse relationship with consumer purchase intention, with higher prices indicating reduced purchase possibilities. These attributes act as terminal points that directly influence consumer utility functions (Boyd and Krupnick, 2009). The selection of these attributes and levels were determined through a market analysis of available products and were further validated through FGs. Participants in the FGs confirmed that these attributes and their respective levels accurately reflected their preferences when selecting menstrual product, ensuring the attributes were both relevant and reasonable.

The initial choice sets employed in DCE encompassed 27 distinct combinations. Nonetheless, by adopting an orthogonal main-effect design, a substantial reduction was achieved, resulting in nine combinations, obviating the need to partition respondents into separate blocks (Lorenzen and Anderson, 1993). The optimized composition of the choice sets was intended to enhance the efficacy and manageability of the decision-making process for respondents while preventing them from being overwhelmed by options (Aizaki et al., 2014). Figure 1 shows a sample of the DCE questions presented to the respondents.

[image: Figure 1]

FIGURE 1
 Example of a discrete choice experiment question.


Before the DCE questions, the treatment groups were provided with information about the human health and environmental impact of menstrual products (for Group 1) or the cost-effectiveness of MCs (for Group 2). We then tested their comprehension to ensure that they understood the information provided. The respondents in treatment group 1 were presented with a figure illustrating the relative human health and environmental impacts of menstrual products based on their life cycle assessments (Figure 2). Subsequently, the respondents were asked to assess their comprehension of the figure. Based on Figure 3, the participants were required to select the correct sequences from [1], [2], and [3]. If respondents failed to choose the correct answer, they were given the same information and retested. Those who failed the second round were subsequently omitted from the DCE analysis.

[image: Figure 2]

FIGURE 2
 Human health and environmental information intervention for the treatment group. The figure was adopted and modified from Hait and Powers (2019).


[image: Figure 3]

FIGURE 3
 Illustration used to test the comprehension of the environmental impact of each menstrual product. The figure was adopted and modified from Hait and Powers (2019).


Information related to the cost-effectiveness of each menstrual product was provided to treatment group 2. A comprehensive description of this information is provided to ensure clarity and understanding (Table 2). Same as the first treatment group, respondents were asked to correctly sequence [1], [2], and [3] for sanitary napkin, tampon, and MC based on Table 3. Those who failed the second round were subsequently omitted from the DCE analysis.



TABLE 2 Cost-effectiveness information intervention for treatment group 2.
[image: Table2]



TABLE 3 Illustration used to test the comprehension of process per use of each menstrual product for the treatment group 2.
[image: Table3]



2.2.4 Pre-test

Prior to the main survey, a pre-test involving 200 respondents was conducted on August 7, 2023. The pre-test aimed to evaluate the overall logic and comprehensiveness of the questionnaire. For instance, in the control group survey, the average usage duration of MC was initially presented as “5.25 years” to signify reusability. However, to provide a more realistic scenario, the average usage duration of MC was provided exclusively to the cost-effectiveness information treatment group during the main survey. The pre-test also led to refinements of the measurement scales. For example, one item was added to the MDS scale and two items within the innovation-friendliness scale were rephrased.




2.3 Data collection

We recruited 6,027 respondents aged 18–49 via survey companies (n = 1,929 from Japan; n = 2,031 from Indonesia; n = 2,067 from France). Individuals who failed to answer a trap question were removed during recruitment to maintain data quality (Liu and Wronski, 2018). The survey for the French group was conducted using Cint1 from September 20 to October 16, 2023; the survey for the Indonesian group was conducted using Populix2 from August 26 to August 30, 2023; and the survey for the Japanese group was conducted using iBRIDGE3 from August 17 to August 18, 2023. The questionnaire contained two eligibility requirements: (1) they must be 18–49 years old, and (2) they must be consumers of menstrual products in Japan, Indonesia, or France. For DCE analysis, respondents in the treatment groups who failed to correctly answer the comprehension assessment were removed, the passing rates were 90.5–97.3% (Supplementary Tables S1, S2). Informed consent was obtained from all respondents after explaining the purpose of the study and their rights. Data used in the study is available in the Supplementary material S2.



2.4 Data analysis

Under random utility theory, we applied a conditional logit model to analyze the data obtained from DCE (Aizaki et al., 2014). While the mixed logit model, which is a more flexible model, is being increasingly adopted (McFadden and Train, 2000; Hensher et al., 2015), we did not use it because our choice design did not include the attributes to be tested for heterogeneity. Price, the only attribute that varied across the choices in our design, was not specified as a random parameter. The systematic component of the utility for respondent n for alternative [image: image], [image: image] (Equation 1), can be expressed as

[image: image]

where ASC is an alternative-specific constant, [image: image] is the main effect associated with price, and the last three terms are two-way interaction terms between [image: image] and covariates reflecting respondents’ psychological scales, and [image: image] to [image: image] are the interaction effects (Hensher et al., 2015). The systematic component of utility for the “none of these” option was set to zero.

Based on the conditional logit model estimates, we computed the marginal willingness to pay (MWTP), and the Krinsky and Robb method was employed to compute the 95% confidence interval of the MWTP (Aizaki et al., 2014). Data were analyzed using statistical software R, version 4.3.1 (The R Foundation, Vienna, Austria).




3 Results


3.1 Sample description

A total of 6,027 respondents were recruited (1,929 from Japan, 2,031 from Indonesia, and 2,067 from France). Table 4 presents the respondents’ sociodemographic characteristics. While the age distributions of the Japanese and French respondents were similar to those of the population, the Indonesian respondents’ age distribution was not because of the limitations of the sampling method, which might have affected sample representativeness.



TABLE 4 Sociodemographic characteristics of the respondents (%).
[image: Table4]

Figure 4 depicts a comparison of the psychological scales, MDS, innovation friendliness, and GCV. Cronbach’s alphas for all scales, except the MDS for Japanese and Indonesian respondents, were above 0.70, indicating the reliability of the scales (Bland and Altman, 1997; Tavakol and Dennick, 2011). Since the 95% confidence intervals of MDS for the Japanese (0.66, 0.71) and Indonesian respondents (0.67, 0.71) were 0.70, we considered them acceptable. While the Japanese respondents had a higher mean MDS (3.31) than the Indonesian (2.95) and French respondents (3.07), they had a lower mean innovation (2.96) and GCV (2.89) than the Indonesian (3.57, innovation-friendliness, 3.74 for GCV) and French respondents (3.49 for innovation, 3.61 for GCV). While the values for the Indonesian and French respondents were similar to those of the Japanese respondents, they differed significantly for all three scales. Detailed information, including confidence intervals, has been mentioned in Supplementary Figure S1.

[image: Figure 4]

FIGURE 4
 Comparison of psychological scales. Error bars indicate 95% confidence intervals.




3.2 Current use and perceptions of menstrual products

Sanitary napkins are the most regularly used menstrual products in all countries, as shown in Figure 5. However, the reasons for this varied across countries (Supplementary Tables S4, S10, S16). While price and familiarity were common primary reasons for the respondents from all countries (>40%), functions (absorbency, leakage resistance, and comfort) were primary reasons (>40%) only for Indonesian and French respondents. Only the Indonesian respondents chose wide availability or accessibility (51%) as their primary reason. While the French respondents did not think convenience was the reason (19%), the Japanese and Indonesian respondents thought convenience was the primary reason (48 and 67%, respectively). Tampon use was the highest in France (18.9%) and the lowest in Indonesia (0.2%). The use of MC was limited in all countries but relatively higher in France than in the other two countries (3.2% of the French sample compared to 0.7% of the others). Comparing the reasons for choosing MC with those for the other two products, environmental consciousness was highly valued (38% for the Japanese, 86% for the Indonesian, and 52% for the French respondents). Similar to the reasons for using other products, price, leakage resistance, comfort, and convenience were also considered reasons. However, unlike with sanitary napkins, familiarity was not a reason for this finding. Additionally, a portion (4.7%) of French respondents used other menstrual products, such as menstrual panties and reusable towels.

[image: Figure 5]

FIGURE 5
 Menstrual product usage among respondents.


Figure 6 illustrates respondents’ familiarity with MC. Most respondents knew what MCs are to some extent (75.6% of the Japanese respondents to 91.7% of the Indonesian respondents). Japanese respondents demonstrated relatively limited familiarity compared to the other two countries, with 13% indicating moderate or good familiarity. Indonesian respondents were relatively familiar with MC. French respondents fell between these two.

[image: Figure 6]

FIGURE 6
 Familiarity with MC.


Figure 7 illustrates the perceived barriers to MC adoption. While “Unfamiliarity and limited knowledge” was the most significant barrier for the Japanese (67%) and French respondents (46%), “Concern about comfort” (65%) was the one for the Indonesian respondents. “Unfamiliarity and limited knowledge” (67%) relatively stood out for the Japanese respondents compared to other barriers. On the contrary, while “Unfamiliarity and limited knowledge” was also a concern for the French respondents (46%), it was less than those of the Japanese and Indonesian respondents and as equally critical as “Concern about leakage” (46%) and “Hygiene and maintenance” (43%). In addition to “Unfamiliarity and limited knowledge,” “Concern about leakage” and “Hygiene and maintenance” were common concerns in the three countries (>30%). The Indonesian respondents were concerned more about MC in most aspects than the Japanese and French respondents; notably, “Impractical” (35%), “Limited availability or accessibility” (30%), and “Cultural or social stigma surrounding MCs” (15%), were roughly more than double of those of the Japanese and French respondents.

[image: Figure 7]

FIGURE 7
 Barriers to the adoption of MC.


Figure 8 illustrates the respondents’ willingness to adopt MC if it is free. Free MC is certainly an effective measure but is not equally effective across countries. Most Indonesian and French respondents expressed willingness to adopt free MC (63.9 and 61.1%, respectively), whereas Japanese respondents exhibited a lower level of willingness (27.4%).

[image: Figure 8]

FIGURE 8
 Respondents’ willingness to adopt free MC.




3.3 Conditional logit model results

Table 5 presents the model estimates without the interaction terms. All coefficients of menstrual products across Japanese and French respondents were statistically significant. The price attribute consistently demonstrated a negative coefficient, indicating that an increase in price is associated with a decrease in the probability of choosing a product, aligning with the economic theory of consumer behavior (Louviere et al., 2000). However, the coefficients of tampons were not statistically significant for the Indonesian respondents, except for the price coefficient of the control group.



TABLE 5 Conditional logit model estimates without interaction terms.
[image: Table5]

Figure 9 lists the MWTP values for menstrual products across the control and treatment groups by product type and country. The respondents in treatment group 2 (the group that received information on the cost-effectiveness of MC) in all countries showed a statistically significantly higher MWTP for MCs than the control and treatment group 1 (the group that received information on the impact of menstrual products on human health and the environment). Furthermore, no statistically significant difference was observed between the control and treatment group 1 regarding the MWTP for MCs. No statistically significant differences were observed in the MWTP for sanitary napkins and tampons across the groups of Japanese and French respondents. However, the MWTP for sanitary napkins for treatment group 2 of Indonesian respondents was significantly lower than that of the other two groups.

[image: Figure 9]

FIGURE 9
 MWTP comparisons for menstrual products across treatment and control groups.


Table 6 presents the conditional logit model estimates with the interaction terms. The estimates are for control groups to focus on the influence of psychological factors (i.e., MDS, innovation friendliness, and GCV). The coefficient of the interaction term in the estimates (e.g., ASC1: MDS) explains how a psychological factor (MDS) affects the respondents’ MWTP for a menstrual product (sanitary napkins). While the Japanese respondents with high MDS preferred tampons less compared to the overall respondents, Indonesian and French respondents with high MDS preferred sanitary napkins and tampons, or all of them. Respondents with high innovation friendliness in all countries preferred tampons and MCs more than the overall respondents. Japanese respondents with high innovation friendliness also preferred sanitary napkins. The GCV demonstrated differences only in French respondents; French respondents with a high GCV preferred MCs more and tampons less than the French respondents overall.



TABLE 6 Conditional logit model estimates with interaction terms for control groups.
[image: Table6]




4 Discussion

We investigated the current uses and perceptions of menstrual products (RQ1); the impacts of health, environment, and cost-effectiveness information on product preference (RQ2); the influence of consumer characteristics on preferences (RQ3); and strategies to encourage MC adoption in the target countries (RQ4).


4.1 Current use and perceptions of menstrual products (RQ1)

Sanitary napkins were the predominant choice across Japan (92.8%), Indonesia (98.7%), and France (73.1%, Figure 5). Our study revealed commonalities and differences in the reasons for choosing sanitary napkins across countries (Supplementary Tables S4, S10, S16). While Japanese respondents focused on prices, familiarity, and convenience, Indonesian and French respondents also cared about functions (absorbency, leakage resistance, and comfortability). This may mean that function is not a significant issue in the quality of menstrual products in the Japanese market or for Japanese consumers. For example, previous studies revealed that price is the main consideration for Japanese consumers (Tokunaka et al., 2018; Kigawa, 2023; Nakao et al., 2023). The availability of products was the primary reason for Indonesian respondents, implying a difference in the markets of Indonesia, Japan, and France. For example, the low use of tampons among Indonesian respondents can be directly attributed to the fact that tampons are mostly imported and less accessible, leading to a clear preference for sanitary napkins (Martin and Stuart, 2017; VanLeeuwen and Torondel, 2018).This aligns with the study by VanLeeuwen and Torondel (2018), who noted the high accessibility and affordability of sanitary napkins as pivotal factors in their widespread use. In France, while sanitary napkins were predominantly used, MCs were more widespread. These results coincide with those of a survey conducted in France (Petruzzi, 2022). Notably, environmental consciousness was highly valued compared to other products by the respondents, indicating that environmentally conscious consumers generally choose MCs. Therefore, the widespread use of MCs among French respondents may represent French consumer openness to environmentally friendly products (Fusaro, 2016; Trouillard and Dodman, 2020). The GCV was high for the French respondents. Although the GCV was also high for Indonesian respondents, there were other reasons for not choosing MCs, as discussed below. Price, leakage resistance, and comfort were also commonly chosen, indicating that consumers using MCs knew its cost-effectiveness and functions. Hence, lack of knowledge could be one of the primary reasons for not using MCs.

Overall, while regular MCs use was limited in all countries, the respondents were aware about MCs to some extent, highlighting a discrepancy between knowledge and actual use. However, some differences were observed. For example, despite the relatively high familiarity among Indonesian respondents, MCs usage was observed to be low. This aligns with the findings of Shelby and Puspitasari (2022) which suggests that familiarity alone does not ensure adoption, particularly in Indonesia. In Japan, the low knowledge level about MCs might be due to a lack of open dialogue about menstruation, as highlighted by Itaya et al. (2022). This absence of open dialogue hinders the understanding and acceptance of alternative menstrual products, potentially limiting informed choices and perpetuating reliance on conventional options (Peter and Abhitha, 2021).

Although the respondents in all countries were aware about MCs to some extent, “unfamiliarity and limited knowledge” remained relatively critical barriers to the adoption of MCs in all countries, indicating the importance of information strategies (Figure 7). In particular, “unfamiliarity and limited knowledge” stood out among others in the Japanese respondents. Singh et al. (2022) argued that non-acceptability issues stem from a deficiency in the awareness and understanding of menstrual products. Pokhrel et al. (2021) claimed that a detailed understanding of their use, upkeep, and associated hygiene practices may not be widespread. Moreover, Ahuja and Singh (2023b) have shown that adequate knowledge about sustainable menstrual products correlates with positive perception, thereby increasing their acceptability. This lack of detailed knowledge could explain why despite high awareness, the actual utilization of MCs remained relatively low. Additionally, “concerns regarding leakage” hindered adoption across all countries, with many women favoring the perceived reliability of sanitary napkins and tampons for leak prevention (van Eijk et al., 2019; Gharacheh et al., 2021).

In comparison, the Indonesian respondents raised more barriers in most aspects than the Japanese and French respondents, notably “Impractical” (35%), “Limited availability or accessibility” (30%), and “Cultural or social stigma surrounding MCs” (15%). This reluctance may stem from Indonesia’s conservative cultural context, where intravaginal insertion required by MCs challenges norms related to fertility and virginity (Harris, 2020; Pokhrel et al., 2021). Several studies in Indonesia have highlighted how religious and social norms can deter the adoption of MCs and similar products (Harris, 2020; Sato et al., 2021). As the world’s second-largest Muslim population, Indonesian sociocultural practices are significantly shaped by Islamic perspectives (Tempo.co, 2024). Within this community, virginity (often symbolized by an intact hymen) is esteemed as a marker of sexual purity and familial honor (Rashid and Michaud, 2000; Shalhoub-Kevorkian, 2005).

This has been observed in other developing countries such as India (Meenakshi, 2020). Although some studies claim the importance of stigma and shame in developed countries (Grose and Grabe, 2014), Japanese and French respondents did not show this tendency. Moreover, the limited availability of MC in Indonesia is a significant barrier to their adoption. Consumers prefer easily accessible and familiar menstrual products, often opting for affordable and practical disposable sanitary napkins (Philipp, 2022; Kamira and Rizkalla, 2023). Furthermore, the perception of “Impractical” indicates that a proportion of Indonesian respondents found MCs to be challenging to incorporate into their menstrual hygiene routines. This perception of impracticality may encompass various factors, including difficulties in use, inconvenience, compatibility with lifestyle, potential learning curve, and maintenance requirements, which align with the findings reported by Stewart et al. (2009). Further illustrating these practical challenges, participants in the FG expressed apprehension regarding the proper technique for washing and sterilizing the cups, particularly given the time investment necessary. Despite being aware of the environmental benefits, the trade-off between the perceived time or effort and the sustainability advantages did not favor the adoption of menstrual cups. These differences in perceived barriers highlight the need for tailored promotional strategies to encourage MC adoption in diverse cultural contexts.



4.2 Impact of information on consumers’ preferences for menstrual products (RQ2)

Across all countries, the MWTP for the treatment group with information about the cost-effectiveness of MCs was significantly higher than that of the control group; those for the treatment group with information on human health and the environmental impact of menstrual products were not statistically different from the control group (Figure 9). This suggests that cost-effectiveness is a compelling message for encouraging MC adoption, whereas health and environmental impacts are not as persuasive. This also implies that the cost-effectiveness of MCs is not perceived well. Consumers may focus on the upfront price per piece, which is shown in the price tag, rather than the long-term per-use cost, which is crucial when comparing MCs to disposable alternatives like sanitary napkins and tampons. The relatively low importance of the cost of MCs as a barrier seems contradictory (Figure 7). A recent French survey revealed that only 6.6% chose cost as the reason for not using MCs (Parent et al., 2022). However, this means that respondents had little sense of price in the first place. The insignificance of human health and environmental impacts was not expected, given that environmental awareness is a strong predictor of green purchases (Testa et al., 2020), and positive health perceptions favor sustainable menstrual products (Peberdy et al., 2019; Moon et al., 2020; Ahuja and Singh, 2023a). Gölbaşı Koç et al. (2023) also noted that knowledge of the environmental effects of single-use menstrual products might raise the demand for reusable options. In summary, given the inherent importance of pricing considerations for environmentally friendly and sustainable products, our results show that providing consumers with tangible data on the long-term cost-effectiveness of MCs can raise awareness and enhance the perceived value of these sustainable products.

While previous studies have indicated the economic advantages of MCs (Burt et al., 2016; Hyttel et al., 2017; Popović et al., 2019; Pokhrel et al., 2021; Khorsand et al., 2023), interestingly, prior studies of adopting sustainable menstrual products have often overlooked the cost-related aspect, focusing instead on other factors such as comfort, health risks, and psychological factors. For example, a systematic review and meta-analysis of MC uses identified barriers to adopting MC mostly about usability such as “Difficult to remove” and “Uncomfortable to wear” (van Eijk et al., 2019). Gharacheh et al. (2021) emphasized product functions and health risks, leaving economic analysis largely unexplored. Valentin and Hechanova (2023) investigated consumers’ intentions to use MCs by applying an extended theory of planned behavior. However, previous studies asserted that affordability is a decisive factor in the purchase of sustainable products (Martinho et al., 2015; Kushwah et al., 2019; Sultan et al., 2021). Consumers often undervalue the higher production costs of environmentally friendly products (Bissinger, 2019) while equating lower-priced goods with better value (Ghali and Toukabri, 2019). Providing cost-effectiveness information led to an observed increase in the MWTP for MCs, which is reasonable as respondents who were informed about the cost per use of menstrual products recognized that MCs represent a more economical choice over time than disposable menstrual products.

Notably, the MWTP for sanitary napkins in Indonesian respondents with cost-effectiveness information about MCs was significantly lower than that of the rest, those patterns were not observed in Japanese and French respondents. A possible explanation is that Indonesian consumers, potentially because of varying economic conditions, might exhibit greater price sensitivity, thus showing heightened responsiveness to information that underscores cost savings. Our study showed that the Indonesian respondents raised the prices as one of the primary reasons for adopting sanitary napkins (60%) and MCs (46%), as shown in the Supplementary Tables S21–S23 in SM1. Aligning with this observation, Boobalan and Nachimuthu (2020) highlight that consumer in developing economies tend to prioritize cost as a decision-making factor more than those in developed economies.



4.3 Psychological factors affecting consumers’ preferences for menstrual products (RQ3)

The Japanese respondents with high MDS preferred tampons less, indicating a reduced preference for tampons, possibly an indication of their inclination away from menstrual products that require internal use. MC requiring internal use was not significant, probably because they did not know about it in the first place. In contrast, Indonesian respondents with high MDS preferred tampons and sanitary napkins. More knowledge, particularly concerning to MCs (Figure 7), could explain their relative preference for MCs. Interestingly, French respondents with high MDS scores preferred all available options. A possible explanation is that they preferred to choose these three products rather than buying nothing (i.e., opt-out option) to better manage menstruation. Notably, the MCs might be preferred by the respondents with high MDS because of their perception of lower health risks posed by them (Parent et al., 2022); 66% of the survey respondents chose “Less harmful/dangerous to health” as a reason for using MCs. The French FG in our study also showed sensitivity to health risks.

Respondents with high innovation friendliness in all countries preferred tampons and MCs over sanitary napkins. Because people with high innovation friendliness are more receptive to experimenting with and adopting novel products, this inclination can be attributed to their attraction to the novelty and unfamiliar nature of these menstrual products. Notably, despite their high innovation friendliness, Japanese respondents also showed a significant preference for sanitary napkins, potentially due to their high ‘Uncertainty Avoidance’ (Hofstede Insights, 2019) and extensive marketing innovations within this product, dampening their incentive to explore unfamiliar products. Although no objective data were available, we observed various TV commercials appealing to their innovative menstrual products.

We observed a significant relationship between GCV and menstrual product choice among French respondents, with those exhibiting a high GCV showing a pronounced preference for MCs and a negative preference for tampons. The lack of knowledge and experience in MCs among Japanese and Indonesian respondents with high GCV (Figures 5, 6) could explain why people with high GCV did not show distinctive preferences for MCs. They did not know much about their environmental benefits. More French respondents used MCs regularly (Figure 5).



4.4 Implications for promoting MC (RQ4)

Disseminating cost-effective information is a promising measure for promoting sustainable menstrual products for any type of consumer in any country, given that it was significant across all three countries in our study. It can be disseminated through various paths such as health professionals, information campaigns, companies, and media (Parent et al., 2022). Installing informational displays adjacent to MCs may be very effective; hence, at the point of purchase, the strategy is called simplification and framing, one of the nudges that can change people’s behavior without overt coercion (Uehara et al., 2023b). Because the target is price, adding per-use cost information to the price tag can be both convenient and effective. A recent study adding the true costs comprising negative social and environmental costs of a product demonstrated its effectiveness as a nudge (Wilken et al., 2024). In countries such as Japan and France, where digital price tags, including per-unit costs, are common, the additional cost of the strategy may not be prohibitive. Conversely, in countries like Indonesia, where digital price tags are less common, manual pop-ups can be used by stores.

While some strategies can be applied to most countries (e.g., cost-effectiveness information), it is also important to tailor strategies reflecting the differences in consumers and markets in each country, as our study showed variations in consumer characteristics and preferences across the three countries. For example, strategies to enhance awareness and provide comprehensive knowledge about their benefits are particularly important for Japanese consumers, as the knowledge and experience of MCs are limited among Japanese respondents. Influencer marketing, which is anticipated to reach an expenditure of 74.1 billion JPY by 2023, offers a promising platform for educational initiatives (Statista, 2023). Influencers and key opinion leaders (KOLs) can effectively promote sustainable consumption (Tran and Uehara, 2023). Since psychological hesitation and apprehension about the initial use of MCs are key among Japanese consumers, as found in our study, which is also in line with a previous study (Itaya et al., 2022), KOLs can play a critical role in demystifying MCs and addressing common concerns through trusted endorsements. In line with this, recent studies have shown that education and mass media exposure significantly increase the likelihood of adopting menstrual cups (Babbar and Garikipati, 2023; Balkan and Koyucu, 2024). Furthermore, educating about menstrual cups aligns with Sustainable Development Goal (SDG) 5 by reducing the stigma around menstruation and fostering a more inclusive and equal society. Although such promotional strategies are equally important in Indonesia, it is essential to synchronize MC marketing with improvements in distribution, owing to the significant role of product availability and accessibility in shaping consumer choices. Strategic partnerships with Indonesian retail entities could extend MC’s reach while supporting the government’s initiative to fortify micro, small, and medium enterprises (MSMEs) through the promotion of locally produced MCs, thus enhancing both access and affordability (Coordinator of the Ministry of Economic Affairs of the Republic of Indonesia, 2022). Furthermore, integrating culturally tailored campaigns such as myth-busting initiatives and ensuring halal certification resonates with Indonesia’s socio-religious context, thereby enhancing the likelihood of widespread adoption (Septiani and Ridlwan, 2020). In the French market, comfort is highly valued, with a significant proportion of respondents (56%) ranking comfort as the primary factor in choosing menstrual products, whereas 46% cited comfort concerns as a barrier in adopting MCs. Hence, MCs marketing should highlight its ease of use and adaptability to active lifestyles. Moreover, detailed and clear communication about a product’s environmental benefits and waste reduction is essential to address the preferences for reliable information, as identified by Herbes et al. (2020). Additionally, assurances of quality and safety, supported by medical endorsements and third-party reviews, are vital to meet the health-oriented expectations of French consumers, who often depend on healthcare professional guidance when selecting menstrual products as raised in the French FG; a study also revealed that 91.2% of the respondents chose health professionals as desired sources of information on menstrual products (Parent et al., 2022).

The provision of free MCs is a promising approach. Although the respondents’ use of MCs ranged from 0.70 to 3.2%, the willingness to adopt free MCs among the respondents who did not regularly use them ranged from 27.4 to 63.9%. In addition to its effectiveness in promoting a sustainable solution, free provisioning could enhance menstrual health management, which eventually address period poverty globally. While period poverty has often been discussed in low- and middle-income countries (Critchley et al., 2020; Rossouw and Ross, 2021), developed countries are no exception. A survey with Japanese young women found that 35.9% of them had been hesitant to or were unable to buy menstrual products for economic reasons (Plan International Japan, 2021). A survey with Japanese junior and high school male and female students revealed that 40.6% of them knew or had heard of period poverty (Nishinomiya City Center for Gender Equality, 2021). As of 2022, the Japanese government and municipalities have initiated programs, such as providing free sanitary napkins (Gender Equality Bureau Cabinet Office, 2022). Similarly, in France, 30% of young women aged between 18 and 24 struggle to afford menstrual products (Nilsson-Julien, 2023). In response, the French government made reusable menstrual products free for people under 26 years of age (Service Public.fr, 2023). Although the Japanese respondents’ willingness was lower (27.4%), the adoption of reusable menstrual products, such as MCs, can be improved through their understanding and experience. They had limited knowledge compared with Indonesian and French consumers, which was a barrier to adoption (Figures 6, 7). Their impression of them also included limited knowledge and being afraid of using them (e.g., “I am worried because I have never used it before,” “Afraid”). Governments, including those in developed countries, have taken the initiative to provide free-period products to their citizens (Rodriguez, 2021). For instance, Scotland became the first country to offer free menstrual products to all students in schools, colleges, and universities, as part of its commitment to eradicate poverty. However, the predominant focus on disposable items, apart from a few exceptions such as France, highlights the urgent need to pivot towards sustainable alternatives. This not only provides a long-term solution for period poverty but also contributes to environmental sustainability. Although most initiatives have targeted certain populations, such as youth and college students, they offer good opportunities to learn and experience using MCs. Hence, this exposure could cultivate a preference for MCs among individuals once they transition to purchasing their menstrual products. Conversely, free distribution of MCs, although well-intended, might inadvertently restrict choice by presenting MCs as the sole viable option for individuals facing financial difficulties. This could potentially create a dynamic where economic necessity, rather than personal preference, dictates the uptake of menstrual products, questioning the ethics of choice and reinforcing existing social hierarchies. To truly address period poverty, these initiatives must ensure that the introduction of free MCs is accompanied by educational efforts to inform users about their benefits and maintenance requirements, highlighting the importance of personal choice and minimizing any potential stigma associated with their use (Michael et al., 2020; Schmitt et al., 2022; James et al., 2024).




5 Conclusion

The use and perceptions of MCs are limited in all countries, indicating the potential impact of information and experience with menstrual products on their promotion. The treatment-control design using a DCE revealed that in all countries, cost-effectiveness information about MCs was unequivocally key to promoting it, compared to human health and environmental information about menstrual products. While the former was expected, as price is key to purchasing decisions, the latter was not, as researchers have often focused on promoting pro-environmental behavior, including purchasing sustainable products. The variations among consumers in all three countries suggest that promotional strategies must be tailored for each market. For example, although price was a common concern, there were differences in the critical barriers to MCs adoption among the three countries. Their characteristics in terms of psychological factors (i.e., menstruation as disgusting or shameful [MDS], innovation-friendliness, and green consumption value [GCV]) and their impact on choosing menstrual products also varied. Finally, the strong willingness to adopt free MCs in all three countries indicates its global effectiveness. This will contribute to a sustainable society, not only by adopting sustainable MCs instead of disposable products, but also by alleviating period poverty.

Five limitations of our study should be noted to devise more comprehensive promotion strategies for adopting sustainable menstrual products. First, our findings were derived from a survey using the stated-preference method, which may not align with actual consumer actions; this can be corroborated by the implementation of a field experiment or the integration of psychological theories that explain consumer behavior, thereby enhancing the reliability and applicability of our findings. Second, more studies on the impact of free MCs are needed as our study underscores its potential effectiveness. While our research hints at the potential effectiveness of providing free MCs, further investigation is required to explore practical distribution methods and assess economic viability through cost–benefit analyses. Third, our study did not fully investigate the impact of information interventions on correcting the lack or misunderstanding of MCs. This can have a significant impact on the adoption of MCs, given consumers’ limited knowledge and experience. Fourth, the comparability of our cross-country survey results might be influenced by differences in demographic, cultural, and socioeconomic circumstances across the sample populations. Efforts to standardize survey methods were made, however inherent variances may potentially impact comparability. Finally, this study focuses on MCs as a sustainable alternative. However, given that the intravaginal insertion required by MCs is a challenge for some women and other sustainable alternatives such as menstrual panties and reusable towels were adopted among French respondents, these alternatives should also be considered.
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Japan Indonesia France

(n=1,929) (n=2,031) (n=2,067)
Characteristic Control ~ Treat.1  Treat 2 . Control  Treat1  Treat2 Pop. Control  Treat.1  Treat.2  Pop.
(n=556) (n=698) (n=675) > (n =575) (n =707) (n=749) dist.  (n=587) (n =734) (n=746)  dist.
Age 18-19 48 48 4.8 48 9.8 10.5 1L1 6.6 143 14.4 142 14.0
20-29 273 273 273 259 712 64.5 65.5 326 266 267 264 260
30-39 206 297 207 300 158 27 201 315 291 2.1 292 200
40-49 382 38.1 381 92 32 32 33 293 300 27 30.2 30.0
Education® Middle school 23 3.0 28 = 38 11 L1 - = = N B
High school 272 279 250 - 90 357 107 - - - - -
Vocational school 227 205 233 - 62 6.4 56 - - - = =
University 457 464 450 = 402 49.3 47.7 = = = = -
undergraduate
University 22 21 37 - 08 50 49 - 49.7 516 550 -
graduate
Monthly income** 1 340 343 343 - 318 313 26.8 - 210 20.0 217 -
2 317 319 269 = 318 295 30.7 - 409 405 36.7 =
3 225 2250 257 E 20.0 97 197 = 223 237 213 =
4 73 6.7 75 - 92 103 11.2 - 7.0 9.7 9.1 -
5 13 25 29 = 25 33 56 - 73 40 7.8 -
6 32 21 27 = 47 58 47 e 1S 22 34 =

For the DCE, respondents in the treatment groups who did not pass the understanding tests were excluded from the analysis. Population data were obtained from the Ministry of Internal Affairs and Communication for Japan, the United Nations World Population
Prospects o Indonesia, and Institut National de la tatistique et s Etudes Economiques (INSEE) for France. *Valid educational distributions for French respondents were not obtained because the questions were not compatible with the French educational system.
#* Monthly income scales (1 (the lowest) to 6 (the highest) differed by country. Supplementary material $1 contains further details regarding the same.
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Japan donesia

(n =556) (n=575)
ASCI 4685%4% 271944 0,605
0.773) (0.824) (0.416)
Pricel ~0.031%%% ~0.000% RESE
(0.009) (0.000) (0307)
AsC2 22395 ~6.063++% ~0.438
(0.957) (1.192) (0.451)
~0021% 0.000 ~0.882%
(0.009) (0.000) (0.309)
ASC3 ~2.659%* ~2.182% —3.925%%%
(1.095) (0.897) (0.526)
Price3 ~0.001%+% ~0.000%+% ~0061%+
(0.000) (0.000) 0.009)
ASCI: MDS ~0.100 05947 0.574%4%
(0.162) (0.221) (0.081)
ASC2: MDS —0.526%+% 0518¢ 049145
(0.190) (0:249) (0.087)
ASC3: MDS 0025 0064 0.464%5%
(0221) (0.230) 0.091)
ASCI: innovation 0.309% 0057 0139
(0.140) (0.206) (0.084)
ASC2: innovation 066244 1366+ 04394
(0.164) (0.259) (0.091)
ASC3: innovation 1186+ 174w 082205+
©191) (0.224) (0.105)
ASCL: GV ~0.295 0,004 ~0061
(0.151) (0.223) ©0.091)
ASC2:GCV ~0.263 ~0.191 -0243%
(0.175) (0.269) (0.09)
ASC3: GOV 0.089 0.089 0491455
(0209 (0.237) ©.110)
Adjusted R* 0.681 0681 0.238
AlC 442306 4583216 115514
BIC 452083 468149 125373
Log Likelihood -2196.53 ~2276.608 5562571
Num. events 5004 5175 5283
N 553 575 587

#*%p<0.001; **p<0.01; *p<0.05. ASC, alternative-specific constant; ASC1, sanitary napkins; ASC2, tampons; ASC3, MC. MDS, menstruation as disgusting and shameful. GCV, green
consumption value.
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(n =1,929) (n =2,031) (n =2,067)
Treatment Treatment Treatment Treatment
1 2 Control i 2 Control
ASCl 4375%8% 3906%+ 399155 4608%+ 389744 382085 2548%4% 3.160%4 2650+
(0.138) (0.106) (0.103) (0.158) (0.113) (0.000) (0.091) (0.093) (0.083)
Pricel —0030%% | ~0030%+* ~0032%% ~0.000% ~0.000% —0000%% | —1320%%% | 2087+ 186744
(0.004) (0.003) (0.003) (0.000) (0.000) (0.000) (0.303) (0.295) 0.277)
ASC2 17054+ 1748+ 16787+ ~0.158 0255 ~0.844 1639+ 18155+ 133450
(0.361) 0.319) (0.287) (0.646) (0.486) (0.623) (0.123) (0.132) (0.132)
Price2 -0020¢ ~0.030%* 0020+ 0.000% 0.000 0.000 —0875% —1392%% —1355%0
(0.009) (0.008) (0.007) (0.000) (0.000) (0.000) (0.308) (0331) (0.344)
ASC3 13824 L571e 133455 343108 2901%5 2631455 2105%%% 253804 2054%5%
(0.252) (0.167) (0.147) (0.199) (0.155) (0.121) (0.211) (0.200) (0.164)
Price3 —0001%%% | ~0.000%+* —0000%%% | =0.000%F | ~0.000%+ —0000%%% | —0057%F | ~0.063%* ~0.031%+
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.009) (0.008) (0.007)
Adjusted
R 0675 0579 0510 0644 0570 0475 0292 0292 0201
AlC 451408 6941.7 8029 51009 7207.5 9283.1 11,548 n733 1399852
BIC 4553.19 698184 8,069 51402 7247.8 93237 11,587 n7734 14039.03
Log
Likelihood 346485 ~4,008 -2544.5 ~3597.8 46356 -5767.9 58606 ~6993.261
Num.
events 5004 5919 5913 5175 6039 6372 5283 5976 6318
N 553 694 669 575 671 708 587 734 746

¥%%p<0.001; **p<0.01; *p<0.05. ASC, alternative-specific constant; ASC1, sanitary napkins; ASC2, tampons; ASC3, MC. Pricel: price of a sanitary napkin, Price2: price of a tampon, Price3:
price of a MC.
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Attribute Level Information Sources

Sanitary napkin Menstrual cup
Reusability Single use/disposable Single use/disposable Reusable Analysis of available products FGs
Price per piece 12)PY 32)pY 1,500 JPY Analysis of available products FGs
(Japan/Indonesia/France) 20JPY 40JPY 2400 JPY

40JPY 49JPY 4,000 JPY

800 IDR 7,000 IDR 109K IDR

1,375 IDR 8,750 IDR 150K IDR

3,000 IDR 10,000 IDR 250K IDR

03¢ 025¢€ 7€

0.2€ 030€ 256

035¢€ 050€ 27€

1 JPY =0.0066 USD, 1 IDR =0.000064 USD, 1 EUR=1.08 USD (as on February 24th, 2024).
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