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Abstract
Objective: To analyze the relative value of providing menstrual cups and sanitary pads to

schoolgirls in rural Kenya.

Methods: From a healthcare payer or government program perspective, program costs were
calculated for two interventions (provision of menstrual cups or sanitary pads) to girls (14-16
years old) in Kenya for one year. Cost-effectiveness analyses were conducted based on the health
effects — in terms of reductions in disability-adjusted life years (DALYs) — and education effects
— in terms of reductions in school absenteeism — of both interventions reported in a randomized
controlled feasibility study. The health and education benefits were summed and compared to

overall program costs.

Results: The cost of menstrual cups is estimated at $2,730 per year for 1000 girls, compared to
$22,420 for sanitary pads. The benefit of the menstrual cup program (1.4 DALY’ averted, valued
at $7,000) is higher than that of a sanitary pad program (0.48 DALY averted, valued at $2400).



However, the health effects of both interventions are not statistically significant, likely due to the
limited power of the feasibility study. The menstrual cup intervention may be cost-effective in
improving health outcomes ($2,000/DALY averted). The sanitary pad intervention has a cost-
effectiveness of $280/student-school year in reducing school absenteeism. Meanwhile,
combining health and education effects, the sanitary pad intervention is cost-saving with a net

benefit of $92,000.

Conclusions: The menstrual cup may provide a cost-effective solution for menstrual hygiene
management in low-income settings. Provisions of sanitary pads is a cost-saving policy when
considering health and education benefits jointly. This study outlines a methodology for future
CEA and CBA on menstrual hygiene interventions and highlights several methodological

challenges that need to be addressed before other similar analyses can be robustly conducted.



Introduction

Adolescent girls around the world are at risk of sexual and reproductive health harms due to poor
menstrual hygiene. Menstrual hygiene habits can impact incidence of sexually transmitted
infections (STIs) and reproductive tract infections (RTIs), school attendance and performance,
psycho-social health, and outcomes such as fear of leaking and shame, all of which can
contribute to the inability of girls to reach their potential (Hennegan et al. 2019; Mason et al.
2013; Montgomery et al. 2016; Phillips-Howard et al. 2016; Sivakami et al. 2019; Sommer 2010;
2013; Tegegne and Sisay 2014; Schoep et al. 2019). Providing sanitary interventions, such as

menstrual cups and sanitary pads, could mitigate these adverse effects.

Until recently, reusable menstrual cups have received little attention and have not been widely
used in comparison with single-use products such as sanitary pads. Evidence indicates menstrual
cups are a good option for menstrual hygiene management (MHM) (Eijk et al. 2019). However,
no comprehensive economic analysis that could aid in financially motivating programs providing
MHM products like menstrual cups has yet been undertaken. Cost-benefit (CB) and cost-
effectiveness (CE) analyses can help put the issue of MHM on the international public health

agenda and spur the scale-up of effective national and international policies.

We explore the costs and benefits associated with a randomized controlled feasibility study in
Siaya County in western Kenya that targeted primary school girls. In the feasibility study, the
interventions, which were randomly allocated at the school level, comprised of three treatment
arms: (i) sanitary pads provided monthly, (ii) a menstrual cup (one cup, which can be reused up
to 10 years), or (iii) control, where girls continued their usual menstrual care practices. Thirty
schools (10 per intervention arm) participated in the study; from these schools, all girls who were
14-16 years old, who had experienced at least three menses, and who had no disability
precluding their ability to participate were invited to participate. For ethical reasons, all students
in the program, including the control group, received soap and menstrual hygiene training, and
all schools received soap to put at their handwashing stations. However, no further investments

were undertaken regarding latrine quality.



Several papers have been published on the intervention, the results of which will provide the
backdrop for these CB and CE analyses. Further detail on the school sample and the latrine
quality can be found in Alexander et al. (2018), program compliance and attrition in Phillips-
Howard et al. (2016), safety of menstrual cups in Juma et al. (2017), adoption of the menstrual
cup in van Eijk et al. (2018), and school absenteeism behavior and psychosocial wellbeing in
Benshaul-Tolonen et al. (2019). To estimate program benefits, we use the estimated treatment
effects from previously published studies or working papers, relying on Phillips-Howard et al.
(2016) and Benshaul-Tolonen et al. (2019). The feasibility study was registered,
ISRCTN17486946 and was funded by the UK Medical Research Institute, Department for

International Development, and Wellcome Trust Global Health Trials.

The randomized feasibility study measured the effect of providing menstrual cups or sanitary
pads on three STIs — chlamydia, gonorrhea, and trichomoniasis — and two RTIs — bacterial
vaginosis (BV) and candidiasis (Phillips-Howard et al. 2016). In addition to causing acute
symptomatic infections, these STIs and RTIs in females can result in long-term sequelae,
including pelvic inflammatory disease (PID), ectopic pregnancy, and tubal infertility (European
Centre for Disease Prevention and Control 2020) and can facilitate acquisition and transmission
of HIV infection (Chesson and Pinkerton 2000; Kissinger 2015). BV prevalence is specifically
greatest in women in sub-Saharan Africa, and those with BV have a greater risk of having HIV,
chlamydia, gonorrhea, and PID (van de Wijgert and Jespers 2017). Therefore, the STIs and RTIs
measured in the study impose a significant health burden not only due to their widespread
prevalence but also due to their ability to result in serious long-term health effects. Furthermore,
it has been shown that a significant portion of the disease burden due to chlamydia and
gonorrhea is due to limited access to care and poor diagnostic tools (Aledort et al. 2006).
Therefore, possible interventions, such as sanitary pads or menstrual cups, that can improve
MHM and potentially reduce the incidence of such conditions will have significant health

benefits.

We estimate the health benefits due to the provision of menstrual cups or sanitary pads in terms
of disability-adjusted life years (DALYSs) averted through the reported reductions in STIs and

RTIs. The DALY is a measure of health burden commonly used in evaluating the benefits of



health interventions in cost-effectiveness and cost-benefit analyses (Kahn et al. 2012; Marseille
et al. 2014). Subsequently, to monetarily value the disease burden, we value the DALY averted
using a willingness-to-pay (WTP) approach (R. T. Edwards and MclIntosh 2019; Mclntosh et al.
2010; Brent 2014).

Secondly, using the impacts of the randomized controlled feasibility study interventions on
school attendance and performance reported in Benshaul-Tolonen et al. (2019), we calculate the
cost-effectiveness of menstrual cups or sanitary pads in increasing schooling by reducing
absenteeism. Drawing from the methodology of an analogous RCT that tested the effects of
deworming on school-age children in Kenya (Miguel and Kremer 2004), we monetize the
educational benefit of the menstrual cups and sanitary pads as the increase in the net present
value of future wages as a result of improved school attendance and performance, and we
compare this benefit to the program costs. Lastly, we consider the effects of the interventions on
the psychosocial wellbeing of the secondary school girls and the differences in environmental

waste produced between use of menstrual cups and sanitary pads.

Methods

Program costs to provide either menstrual cups or sanitary pads were estimated based on the
feasibility study’s costs. The improvements in health outcomes as a result of each intervention
were quantified in terms of DALYs and valued using a WTP approach. Previously reported
impacts on school attendance were also considered and valued using a HC approach. The cost-
effectiveness of each intervention in improving health or education effects was calculated.
Lastly, the valuations of the health and education effects were combined and compared to

program costs.



Table 1: Factors to consider in CB and CE analysis of menstrual hygiene interventions

Costs Outcomes

Material costs (cloth, pads, menstrual cup) Sexually transmitted infections
Education and training Reproductive tract infections
Soap and hygiene School dropout

Maintenance (cleaning costs, including firewood) School absenteeism
Environmental costs (disposal) School performance

Future wages and productivity

Psychosocial effects

A. Program costs

Based on the program costs for the feasibility study (outlined in Table 1), the cost of the control
group (provision of puberty education and soap in addition to usual practice of menstrual
hygiene management) for 1,000 individuals for one year was calculated. Subsequently, we
calculated the costs of a program providing menstrual cups or sanitary pads for 1,000 individuals
for one year. Program costs were calculated from the perspective of a government program or
healthcare payer providing these interventions, including the necessary logistics and personnel
for such a program (Mclntosh et al. 2010). Research administrative costs were not included,
making the costs align with potential future large scale programs. The cost of the two
intervention groups relative to the control group was compared with the health and education
benefits of each intervention relative to the control group. Costs were considered over a one-year
period, so no time discounting was required. Lastly, for all currency conversions between Kenya
Shilling (KES) and United States Dollar (USD), a conversion rate equating 1USD to 101KES

was used, reflecting the exchange rate at the time of writing (XE.com Inc. 2019)".

The local bulk order prices were used for MHM products. For the remaining costs, unit costs
were derived from the feasibility study. Sixteen sanitary pads (two packs) were estimated to be
required per month, representing an upper bound estimate. Alternatively, one reusable silicone
menstrual cup is predicted to last 10 years. Therefore, in calculating costs for a program

providing menstrual cups to 1,000 individuals for one year, one-tenth of the cost for a menstrual

! The exchange rate has been relatively stable over the past year (1USD to 100-107KES).




cup was considered. It is possibly naive to assume universal and perfect employment of a
menstrual cup for 10 years?. Further, the menstrual cup may have to be replaced if lost; therefore,
the menstrual cup replacement costs were calculated using the proportion of menstrual cups lost

in the feasibility study (van Eijk et al. 2018).

B. Health effects

DALYs were used in this analysis to measure the effects of the interventions in decreasing
disease burden, including both the initial infection and the future sequelae that may result from
an acute infection. Zero DALY indicates a year lived in perfect health, one indicates death, and
an intermediate value is the equivalent of a year of life lived in less than perfect health (Murray
1994; Sassi 2006). To calculate DALYs, the years of life lost (YLL) and years lost to disease

(YLD) were summed.

DALY = YLL+YLD = (N *R) + (I * D * L)

N is number of deaths, R the residual life expectancy at time of death, / the number of incident
cases, D the disability weight for the condition, and L the average time until remission or death
(Devleesschauwer et al. 2014a; Murray 1994). While more recent Global Burden of Disease
(GBD) studies use a prevalence-based approach to calculate YLD, the incidence-based approach
is still preferred to the prevalence-based approach specifically in studies considering infectious
diseases (James et al. 2018; Mangen et al. 2013). Furthermore, calculations of DALYSs in the
GBD studies originally applied age-weighting and time-discounting functions, though GBD
studies since 2010 have decided against the use of age-weighting or time-discounting (GBD
2013 DALYs and HALE Collaborators et al. 2015; Murray et al. 2012). Therefore, in this
analysis, we do not apply either age-weighting or time-discounting. We assume a life expectancy

of 86 years, consistent with GBD studies (Murray, Ezzati, et al. 2012).

In the feasibility study, the health effect of the MHM interventions was based on the reductions

in the number of individuals who contracted specific acute infections — chlamydia,

2 Menstrual cups come in different sizes, and the suitable size changes over the course of a woman’s lifetime and
with experiences of pregnancy and childbirth.



trichomoniasis, gonorrhea, bacterial vaginosis, and candidiasis (Phillips-Howard et al, 2016).
However, each of the acute infections can transition to new and more long-term health states
with different disability weights and durations and/or can increase the risk of acquiring other
infections. This issue is likely to be more acute in contexts with limited access to diagnostic and
curative health care and among more vulnerable populations, which could include sexually
active adolescents. We follow the progression of health states that can potentially result from
each pathogen in order to account for the overall disease burden associated with each prevented
case of an infection (Devleesschauwer et al. 2014b; Mangen et al. 2013). This approach has been
previously utilized in the Burden of Communicable Diseases in Europe (BCoDE) project by the
European Center for Disease Prevention and Control (Colzani et al. 2017) and a related study on
the infectious disease burden in the Netherlands (Bijkerk et al. 2014; Kretzschmar et al. 2012;
Mangen et al. 2013; van Lier et al. 2016).

The pathogen-based Markov disease models, including transition probabilities between and
durations of health states, for chlamydia and gonorrhea were adopted from the most updated
BCoDE toolkit (European Centre for Disease Prevention and Control 2020). The most updated
GBD disability weights for each sequelae were substituted into the disease models in place of
disability weights used in the BCoDE, which were elicited from a European population (James et
al. 2018). For trichomoniasis, bacterial vaginosis, and candidiasis, no validated disease model
outlining all long-term sequelae, transition probabilities, and durations could be found.
Therefore, DALY per trichomoniasis, bacterial vaginosis, and candidiasis case were estimated
by considering those infections’ resultant increase in the risk of chlamydia (Brotman et al. 2010),
gonorrhea (Brotman et al. 2010), and HIV (Mavedzenge et al. 2010; van de Wijgert et al. 2008).
However this method still overlooks other potential negative effects, such as pregnancy and birth
outcomes (Dingens et al. 2016) or effects on HIV transmission (Cohen et al. 2012)*. The baseline
risk of chlamydia and gonorrhea in this population was estimated by prevalence of each outcome
in control group of RCT (Phillips-Howard et al. 2016); baseline risk of HIV in this sample was
estimated by incidence of HIV in Kenya in the population aged 15-49 (National AIDS Control

Council 2018). While an incidence rate more specific to the study sample would have been

3 The DALY estimates for trichomoniasis, bacterial vaginosis, and candidiasis also do not include the burden of the
initial acute infections, which are negligible compared to the current estimate and do not have clear parameters in
the existing literature.



preferred, especially due to the higher risk of HIV among female adolescents compared to male
adolescents (Dupas 2011), this data could not be identified. Full details of health effects

calculation for all five outcomes are included in the Supplementary Information.

The intervention in this feasibility study only resulted in statistically significant reduction in
incidence for chlamydia. However, since there were some marginally significant health
outcomes due to study’s limited power, the prevalence ratios and confidence intervals for all five
health outcomes were considered, and the DALYs for all health outcomes were summed.
Additionally, the median length of follow-up of study participants in the feasibility study was
10.9 months (Phillips-Howard et al. 2016). Due to the lack of statistical power when limiting the
analysis to participants with 12 months of follow-up, the prevalence of health outcomes
including all participants was extrapolated to 12 months of intervention, assuming a linear

relationship between intervention duration and incidence.

To conduct a cost-effectiveness analysis, the total cost of an intervention program providing
either menstrual cups or sanitary pads to 1,000 individuals for one year was considered relative
to the cost of the control group. To find the cost per DALY averted, the relative cost was divided
by the number of DALY that would be averted through such a program. Further, to evaluate the
cost-effectiveness of the intervention, we compared cost-effectiveness to the threshold suggested
by WHO. Based on the 2001 Report of the Commission on Macroeconomics and Health, a
health intervention that averts one DALY at a cost up to three times the national GDP per capita
is suggested to be cost-effective (World Health Organization Commission on Macroeconomics
and Health 2001), and very cost effective if the cost is below the national GDP per capita. The
GDP per capita for Kenya in 2017 was $1,595 (current USD) (World Bank 2017).

Furthermore, in order to conduct a cost-benefit analysis, DALY's were valued monetarily using a
willingness-to-pay (WTP) approach (R. T. Edwards and McIntosh 2019; Mclntosh et al. 2010;
Brent 2014). While a willingness-to-pay (WTP) approach theoretically includes all three
categories of health benefits (direct savings from averted healthcare expenditures, indirect
savings from restored earnings, and intangible savings from averted pain and suffering), a human

capital (HC) approach only considers the indirect benefits of an intervention (Brent 2014).



Therefore, to value the averted DALY's in monetary terms, we used a WTP method previously
described by Hirth et al. (2000) to value a QALY. To estimate the value of an averted DALY,
the value of a statistical life (VSL) was divided by the average residual life expectancy of the
population for whom the VSL was estimated. The VSL used for Kenya was $230,000. This VSL
was estimated by Viscusi and Masterman (2017) by using a base US VSL of $9.6 million and

then adjusting that value using the relative GNI and income elasticity in Kenya.

As a result of the diversity of the approaches for calculating DALYs (application of age
weighting and time discounting), the differences in expert judgments on the threshold value for
the effectiveness of an intervention, and the different approaches used in valuing interventions
(human capital approach and willingness-to-pay approach), there is no standard valuation
method for a DALY. Previous valuations range anywhere from two-fifths to five times the GDP
per capita for a single DALY (C. Edwards 2011). Therefore, such an intervention may still be

beneficial for the target population regardless of the estimates here.

C. Education effects

Providing menstrual cups or sanitary pads to school-age girls had no statistically significant
effect on school dropout rates (Phillips-Howard et al. 2016). In addition, providing menstrual
cups had no effect school absenteeism; however, sanitary pads led to a 7.9% reduction in
absenteeism (Benshaul-Tolonen et al. 2019). A program providing sanitary pads to 1,000 school-
age girls for a one-year duration leads to an increase in attendance of 79 student-school years. To
evaluate the cost-effectiveness of sanitary pads as a means to improve school attendance, the
relative cost of a program providing sanitary pads to 1,000 school-age girls for one year was
divided by the increase in years of schooling across the same population as a result of the
intervention. The cost-effectiveness of menstrual cups as an intervention was not calculated

given that there was no statistically significant impact on attendance reported.

The human capital (HC) approach was adopted to monetize the benefit of an increase in school
attendance, similar to Miguel and Kremer (2004). The rate of return to education in Kenya is
estimated at 17% (16% return for females receiving education at a primary level, 18% return for

individuals at primary level in rural environments (Peter 2014), and earlier estimates places it at
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17% (Knight and Sabot, 1990). That rate of return is decomposed to a 7% return on each
additional year of primary school (Miguel and Kremer 2004). Consistent with Miguel and
Kremer (2004) methodology, we assume that each individual will earn wages for 40 years and
that wages are 60% of the output per worker. To calculate the net present value of the increase

in future wages, a discount rate of 5% is applied.

D. Cost-benefit analysis

The monetized valuations of the education effects were added onto the valuations of the health
effects to calculate the total benefit of each intervention. This total benefit was then compared to
the relative cost of each intervention. Even though the reductions in infections were monetized
using a WTP approach, which theoretically accounts for all effects arising from improvements in
health, the decrease in school absenteeism was assumed to be a result of a separate mechanism
than the reduction in infections, namely improvements in psychosocial well-being. This is
motivated by the relatively low prevalence of infections in the population compared to the
common narrative of fears surrounding the social stigmas attached to menstruation found in
qualitative studies (Sivakami et al. 2019; Mason et al. 2013; Sommer 2010). We argue that
improvements in psychosocial well-being — such as mitigating the fear of leaking, smelling, or
social stigma — of the individuals resulted in decreased absenteeism, rather than the reduction in

infections.

E. Environmental effects

The environmental cost of providing menstrual cups is the production of one cup per 10 years
that is put in waste (and potentially some cleaning costs, such as firewood). The environmental
footprint of single-use sanitary pads is assumed to be measurably larger than that of menstrual
cups because a woman may use as many as 2,080 pads over the course of 10 years, assuming 16
pads per menstrual cycle and 13 menstrual cycles (of 28 days) per year. It has been estimated
that a menstrual cup leads to 0.01kg of waste is per person per year (Weir 2015) compared to
1.3-2.7kg of waste when sanitary pads are used (Eijk et al. 2019). Additionally, disposing of used
sanitary pads can cause psychological stress if disposal mechanisms are lacking, a concern

expressed by one student in the pre-intervention focus groups (Mason et al., 2013) as well as lead
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to environmental contamination or high pressure on latrines where improperly discarded pads

can clog sanitation systems or quickly fill the available pits.

There are costs associated with keeping a menstrual cup clean. A menstrual cup may be used for
the duration of the menstrual period and cleaned by being boiled in water and dried at the end.
Users need to wash their hands with soap prior to handling the menstrual cup, such as during
insertion and emptying of the cup. We consider soap and boiling costs as private economic costs
and exclude them from the program costs. Additionally, there are the environmental costs
associated with the use of cloth, the most commonly used menstrual hygiene product according
to focus group discussions (Mason et al., 2013). Cloths need to be regularly washed and are
larger in volume, so resource use is likely higher than for a menstrual cup. Psychological costs
associated with drying menstrual cloths in the open because of stigma are not considered here
(Mason et al., 2013). Therefore, we assume that the environmental burden for menstrual cups,

sanitary pads and cloths, is the smallest for the menstrual cup.

F. Psychosocial wellbeing

MHM interventions can affect psychosocial wellbeing by making period management in school
and outside of school easier through reduced fear of leaking and smelling, and reduce shame
from observable acts such as cleaning, drying and disposing of materials. In addition to the
educational effects, Benshaul-Tolonen et al. (2019) discuss the implications that the program had
on psychosocial wellbeing by using the PedsQL 23 multifaceted indicators that capture physical,
emotional, social and school functioning. The program had positive, statistically significant
effects on physical wellbeing and improvements in other dimensions for subgroups, depending
on their menstrual cycle characteristics. We are not monetizing these effects because of lack of

mapping from the effect to DALY or to educational outcomes.

Results

A. Program costs

Based on the perspective of a government/healthcare program, the annual program costs for the
baseline scenario, including puberty education, disposal of usual practice MHM method, and

soap, was 4.19 USD per student (Table 2). In comparison, the annual program costs for the
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provision of menstrual cups and sanitary pads were 6.92 USD and 26.61 USD, respectively
(Tables 3 and 4). Private and environmental costs were not considered. Relative to the control
group, provision of menstrual cups costs 2.73 USD annually per student, and provision of

sanitary pads costs 22.42 USD annually per student (Table 5).

Table 2: Costs for control group in the feasibility study. Girls were provided puberty education
and soap but allowed to continue their usual MHM practice”.

Control Group
Item Annual cost per Notes/assumptions
student (USD)
Disposal 0.34 Based on average costs of pad disposal during
feasibility study
Soap for hygiene 1.50 1 soap required per term; total 3 terms per year
Training for nurses 0.58 3 hours of training required
Training for girls, 0.77 2 hours of class training plus travel time; 22
puberty education students on average per class
Training materials, 1.00
puberty education
TOTAL 4.19
Private costs Annual cost per Privately borne costs are not considered in the
student (USD) program costs.
Usual practice Varying Dependent on usual practice
Firewood/water Varying Dependent on usual practice. Cloths should be
washed regularly to be kept clean.

4 We value the cost of usual practice at 0 USD, acknowledging that there are private costs to usual practice.
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Table 3: Costs for a potential program providing menstrual cups for 1000 individuals for one year.

Intervention Group — Menstrual Cups

Item Annual cost per Notes/assumptions

student (USD)

Menstrual cups 0.80* Total cost 8USD; single cup lasts 10 years
*8USD was the price to acquire menstrual cups
in this study; the actual cost of the cups is
10USD. However, sensitivity analyses using the
higher cost do not change study conclusions.

Replacement for lost 0.05 6.3% of students lost their menstrual cups (van

menstrual cups Eijjk et al. 2018)

Soap for hygiene 1.50 1 soap required per term; total 3 terms per year

Training for nurses 0.58 3 hours of training required

Repeat training for 1.53 Two half-day class repeat trainings required

students by nurses annually; 22 students on average per class

Training for girls, 0.77 2 hours of class training plus travel time; 22

puberty education students on average per class

Training materials, 1.00

puberty education

Training for girls, 0.19 1 hour of class training in addition to puberty

menstrual cup usage education

Training materials, 0.5

menstrual cup usage

TOTAL 6.92

Private costs

Annual cost per

Privately borne costs are not considered in the

student (USD) program costs.
Firewood 0.15 Firewood for heating water to boil the menstrual
cup once per cycle.
Water 0.37 Water to boil the menstrual cup once per cycle

14




Table 4: Costs for a potential program providing sanitary pads for 1000 individuals for one year.

Intervention Group — Sanitary Pads

Item Annual cost per Notes
individual (USD)

Sanitary pads 24 1USD/pack; 2packs/month

Disposal 0.34 Based on average costs during feasibility study

Soap for hygiene 1.50

Training for nurses 0.58 3 hours of training required

Training for girls, 0.77 2 hours of class training plus travel time; 22

puberty education students on average per class

Training materials, 1.00

puberty education

TOTAL 26.61

Private costs Annual cost per Privately borne costs are not considered in the
student (USD) program costs.

- - No private costs identified

Table 5: Relative costs for a program providing menstrual cups or sanitary pads°.

Cost Comparison

Comparison

Cost per individual (USD)

Cost per 1000 individuals (USD)

Menstrual cups vs control

2.73

2,730

Sanitary pads vs control

22.42

22,420

B. Health effects

In the pilot feasibility study, the interventions of providing menstrual cups or sanitary pads had a

statistically significant effect on reducing the risk for chlamydia. However, since there were

multiple marginally significant health outcomes and limited statistical power in the feasibility

study, the prevalence ratios and confidence intervals for all five health outcomes were considered

to calculate the total health benefit, and the DALY's for all health outcomes were summed.

5 Relative cost calculated by subtracting cost of control group from cost of treatment group.
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Prevalence of each infection was linearly extrapolated to a study period of 12 months (Table 6,
column 3). Utilizing the pathogen-based disease model, transition probabilities, and health state
durations for chlamydia and gonorrhea suggested by the BCoDE (European Centre for Disease
Prevention and Control 2020) through a review of epidemiological literature as well as the most
updated GBD disability weights (James et al. 2018), the total DALY's per infection (symptomatic
or asymptomatic) of chlamydia and gonorrhea were calculated to be 0.0081 and 0.033 years,
respectively (Table 7, column 2). This calculation encapsulates the long-term sequelae that can
result from these infections. For trichomoniasis, bacterial vaginosis, and candidiasis infections,
the DALYs averted per prevented infection was calculated considering the effect of each
infection on the subsequent risk of contracting chlamydia®, gonorrhea, and HIV. DALY per case
of trichomoniasis was 0.012 years, bacterial vaginosis was 0.011 years, and candidiasis was

0.011 years (Table 7, column 2) (calculations detailed in Supplementary Information).

Considering the baseline prevalence of each infection in the control group and the prevalence
ratio of infections in the treatment groups (Table 6), the reductions in each infection and DALY's
averted were calculated for a potential program providing menstrual cups or sanitary pads to
1000 individuals for one year (Table 7, column 3-4). For a program providing menstrual cups,
the greatest reduction in infections and DALYs averted was for bacterial vaginosis, 65 fewer
infections per 1000 individuals provided intervention and 0.75 DALYS averted. For a program
providing sanitary pads, the greatest effect was for chlamydia, 33 fewer infections per 1000
individuals provided intervention and 0.27 DALY averted. These estimates do not consider the
long-run reduction in infection rates among non-study participants (externalities); averted

infections in the target population reduce transmissions and, hence, downstream cases.

Cost-effectiveness analysis of health effects

Considering that the relative cost of providing menstrual cups to 1,000 participants in Kenya for
one year would be $2,730 (Table 5) and that such a program would result in 1.4 DALY averted
(95% CI: -4.3, 3.1) (Table 7, column 4), the point estimate for the cost-effectiveness of this

¢ Though reductions in chlamydia and gonorrhea measured within the program are also included in the calculations,
the risk of overestimating the benefits is minimal since we used the hazard ratio of developing chlamydia or
gonorrhea at a time point subsequent, not simultaneous, to the original bacterial vaginosis infection. Therefore, there
is limited overlap with incident chlamydia or gonorrhea cases already captured in the feasibility study.
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intervention for reducing infection is $2,000 per DALY averted (Table 9). Analogously, the cost
of providing sanitary pads to 1,000 school-age girls in Kenya would be $22,420 (Table 5), and
such a program would result in 0.48 DALYs averted (95% CI: -4.2, 2.3) (Table 7, column 4).
The cost-effectiveness of this intervention for reducing infection is $47,000 per DALY averted
(Table 9). GDP per capita in Kenya is $1,595, and the WHO’s Commission on Macroeconomics
and Health suggests that an intervention is cost-effective up to a value three times GDP per
capita, $4,785 in Kenya. Thus a menstrual cup program would cost only 42% of WHO’s
recommended value, suggesting that it may be cost-effective. A sanitary pad program would cost

14-fold higher. However, there are multiple limitations to this analysis discussed later.

Valuation of health effects

The value of a DALY in Kenya was estimated using the willingness-to-pay approach explained
in Brent (2014). Given that Viscusi and Masterman (2017) estimate a VSL of $230,000 in
Kenya, the median age in Kenya is 20 years (Central Intelligence Agency 2018), and the life
expectancy is 67 years (World Bank, 2017), 47 DALYs are valued at $230,000 in Kenya.
Therefore, each DALY is $4,900. Given that provision of menstrual cups to school-age girls was
calculated to result in 1.4 DALYs averted per 1,000 individuals treated, the benefit of the health
effects would be $7,000 per year (95% CI: -$21000, $15000) (Table 7, column 5). A similar
program providing sanitary pads to school-age girls would result in 0.48 DALYs averted per
1,000 individuals treated, valued at $2,400 per year (95% CI: -$21000, $1100) (Table 7, column
5). While the menstrual cup seems to improve health outcomes more than the sanitary pad, the
health effects of both interventions are not statistically significant, likely due to the limited

power of the feasibility study.
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Table 6: Health endpoints by intervention group. Prevalence extrapolated to 12 months of

intervention.
(1) Pathogen (2) Intervention | (3) Scaled prevalence | (4) Prevalence ratio! | (5) P-value!
(infection) group of infection (95% CI)

cups 2.3% 0.46 (0.14, 1.49) 195
C. trachomatis

pads 1.6% 0.33 (0.12, 0.86) 024
(chlamydia)

control 5.0%

cups 1.8% 0.36 (0.11, 1.28) 115
T. vaginalis

. | pads 2.5% 0.65 (0.21, 2.02) 457

(trichomoniasis)

control 5.0%

cups 0.71% 1.07 (0.10, 11.56) 956
N. gonorrhea

pads 0.51% 0.77 (0.08, 7.24) 816
(gonorrhea)

control 0.66%

cups 16% 0.71 (0.47, 1.08) 110
Bacterial

pads 22% 0.97 (0.65, 1.44) .864
vaginosis

control 23%

cups 8.4% 0.92 (0.35,2.43) 871
C. albicans pads 10% 1.14(0.61,2.13) | .682

didiasi

(candidiasis) control 9.1%

'Adopted from Phillips-Howard et al, 2016.
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Table 7: Health effects and value of reductions in infections due to MHM intervention.

M o 3) @) )
Pathogen Reductions in infections/ DALYs averted/ Valuation of DALY's averted/
) i DALYS/ infection' o ) o ) o )
(infection) 1000 provided intervention? 1000 provided intervention 1000 provided intervention
Cups vs Pads vs
Cups vs control | Pads vs control Cups vs control Pads vs control
control control
27 33 0.22 0.27 $1100 $1300
C. trachomatis (chlamydia) 0.0081
(-24,43) (6.9, 44) (-0.20, 0.34) (0.056, 0.35) (-$960, $1700) (8270, $1700)
32 17
T. vaginalis (trichomoniasis) 0.012? 0.40 (-0.17, 0.55) 0.22 (-0.63, 0.49) $1900 (-$850, $2700) $1100 (-$3100, $2400)
(-14, 44) (-51,39)
-0.46 1.5 -0.015 0.051 -$76 $250
N. gonorrhea (gonorrhea) 0.033
(-70, 5.9) (-41,6.1) (-2.3,0.20) (-1.4,0.20) (-$11000, $970) (-$6700, $990)
) o 65 6.8 $3700 $380
Bacterial vaginosis 0.0113 0.75 (-0.21, 1.4) 0.077 (-1.1, 0.90)
(-18, 120) (-99,79) (-$1000, $6700) (-$5600, $4400)
i 7.3 -13
C. albicans 0.011° 0.079 (-1.4,0.64) | -0.14(-1.1,0.39) | $390 (-$6900, $3100) -$680 (-$5500, $1900)
(candidiasis) (-130,59) (-100, 36)
14 0.48
TOTAL $7000 (-$21000, $15000) | $2400 (-$21000, $11000)
(-4.3,3.1) (-4.2,2.3)

Values in parentheses include 95% confidence intervals. Dark green cells are significant at 95%.

'Infection refers to both symptomatic and asymptomatic infections.

*Calculated using prevalence ratios from Table 1.
’The DALY s/infection for T. vaginalis, bacterial vaginosis and C. albicans only consider the increased risk of contracting chlamydia, gonorrhea,
and/or HIV as a result of the initial infection. This is in contrast to C. trachomatis and N. gonorrhea that include all potential long term effects of

the infections.
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C. Education effects

Cost-effectiveness analysis

Given relative program costs of $22,420 (Table 5) to provide sanitary pads to 1000 school-age
girls for one year and the expected increase of 79 student-school year equivalents as a result of
such a program (Benshaul-Tolonen et al. 2019), the cost-effectiveness of a sanitary pad
intervention is estimated to be $280/student-school year (Table 9). However, provision of
sanitary pads is more cost-effective than many previous trials providing subsidies and cash
transfers to improve attendance (J-PAL Policy Bulletin 2017). The cost-effectiveness of
menstrual cups in improving school attendance was not calculated since Benshaul-Tolonen
(2019) did not report statistically significant improvements in attendance in the treatment group

receiving that intervention.

Valuation of education effects

Assuming no wage growth and wages as 60% of GDP per capita, the annual wage of an
individual in Kenya is $957. Using a 7% return for each additional year of schooling, the result
of the average 0.079 years of schooling per individual gained with the sanitary pad intervention
is a $5 increase in the annual wage to $962 per year (Table 8, column 2). As calculated according
to the human capital approach, the increase in the net present value (NPV) of wages over the
course of 40 years (discounted 5% annually) as a result of one-year provision of sanitary pads is,
on average, $92 per individual (Table 8, column 4). Therefore, the monetized benefit of a

program providing sanitary pads to 1,000 school-age girls for one year is $92,000.

Table 8: Effect of sanitary pad program on earnings as a result of decreased absenteeism.

(1) Group (2) Annual wage (3) Total wages over 40 (4) Difference in
(per individual) years (per individual), NPV of wages
discounted at 5% per year | (per individual)
No intervention | $957 $16,680
Sanitary pad $962 $16,773 +$92
intervention

20



C. Cost-benefit analysis

Given that there were no measured education effects, in terms of reduced absenteeism, for
providing menstrual cups, the total benefit of a program providing menstrual cups for 1,000
individuals for one year was estimated to be $7000 (95% CI: -$21000, $15000), and the total
relative cost of the program was estimated to be $2,730. Therefore, the net benefit would be
$4270 (95% CI: -$23730, $12270) (Table 9). Whether this intervention is cost-saving is unclear,
primarily due to the limited power of the feasibility study. A larger study is needed to clarify

these results.

Considering both the health and education effects, a program providing sanitary pads to 1,000
individuals for one year will have an estimated benefit of $94400 ($71000, $103000), with
almost all arising from the increase in schooling (reduced absenteeism). Factoring in the relative
program costs of $22420, such a program would have a net benefit of $71980 ($48580, $80580)
and would be cost saving (Table 9). However, there are multiple issues that complicate both

calculations, and they are discussed later.

21



Table 9: Summary of costs and benefits (USD) of providing menstrual cups or sanitary pads to 1,000 school-age girls for one year.

Relative Health effects Education effects Combined
program
cost
DALYs CEA Valuation of averted CEA (USD/student-school Valuation of increased CBA
averted (USD/DALY DALYs (using WTP year) student-school years (using
averted) approach) HC approach)
Menstrual cups $2,730 1.4 $2000/DALY $7000 No significant effects of No significant effects of Benefits: $7000
program (1000 (-4.3,3.1) | averted (-$21000, $15000) menstrual cup provision on menstrual cup provision on | (-$21000,
ind.) absenteeism absenteeism $15000)
Net: +$4270
(-$23730,
$12270)
Sanitary pads $22,420 0.48 $47000/DALY $2400 $280/student-school year $92,000 Benefits: $94400
program (1000 (-4.2,2.3) | averted (-$21000, $11000) (871000,
ind.) $103000)
Net: +$71980
($48580, $80580)
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Discussion

Review of main findings

The program costs of providing menstrual cups are significantly lower than the costs of
providing sanitary pads: the cost of menstrual cups is estimated at $2,730 per year for 1000 girls,
compared to $22,420 for sanitary pads. The health impacts of the menstrual cup program, in
terms of DALYs averted due to reductions in STIs and RTIs, were greater compared to the
health effects of the sanitary pad program (menstrual cup program: 1.4 DALY averted, valued
at $7000; sanitary pad program: 0.48 DALYs averted, valued at $2400). The health benefits of
both interventions, however, are not statistically significant, likely due to the limited power of
the feasibility study; we encourage future more well-powered research to confirm more precise
effect sizes. However, using the point estimates for the health benefits, the cost-effectiveness of
menstrual cups was $2000 per DALY averted compared to $47000 per DALY for sanitary pads,
suggesting that menstrual cups may be cost-effective compared to commonly used thresholds.
Menstrual cups still appear to be less cost-effective than deworming treatment, which has an
estimated cost of $5/DALY (Miguel and Kremer 2004). However, 76% of the DALY reduction
from deworming treatment was due to the externality benefits of school-wide deworming
treatment, and such externalities were not measured in our randomized controlled feasibility
study. In contrast, menstrual cups appear to be similar in cost-effectiveness to interventions for
children focused on constructing piped water supply and sewer connections to improve
sanitation, distributing cholera and typhoid vaccines, and treating obstructed labor with

Caesarean delivery (Horton et al. 2017).

Lastly, considering the effects of the interventions on improving school attendance, the cost-
effectiveness of the sanitary pad intervention would be $280/student-school year, while we
estimate no positive impact on the menstrual cup treatment arm. For comparison, the cost-
effectiveness of a mass deworming campaign is estimated to be $3.50/additional year of school
participation (Miguel and Kremer 2004). Adding the education effects of the sanitary pad

intervention to the health effects indicates that such a program would be cost-saving’.

7 While menstrual cups may be cost-effective in improving health outcomes, sanitary pads are cost-saving. This is
due to the significant effect of sanitary pads on school absenteeism, which menstrual cups do not show. When the
education effects are valued and summed with the health benefits, sanitary pads are cost-saving.
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Limitations

We note several important methodological limitations. Importantly, the cost and benefit analyses
are based on previously published results from a pilot study, and future studies must increase the
reliability of the effect sizes that form the basis for this analysis. Currently, there are numerous
challenges in calculating the total DALYs averted as a result of the two interventions in the
feasibility study. First, improving MHM has multiple health effects. In this study, five STIs and
RTIs were tracked. Therefore, it is possible that there were health effects that were not accounted

for in the study.

Second, we could not identify any disease progression models for trichomoniasis, bacterial
vaginosis, and candidiasis, which resulted in us not being able to calculate the DALY averted
due to all potential future sequelae for those infections. Instead we only consider the increased
risks for contracting other infections as a way to include a portion of the longer-term health
impact of these three conditions; regardless, the longer-term health impact of these outcomes will
be underestimated in our analysis. For example, BV has been associated with an increased risk of
HIV, chlamydia, gonorrhea, and (van de Wijgert and Jespers 2017; van de Wijgert et al. 2009;
Bautista et al. 2016). For instance, a study among HIV-uninfected women in Zimbabwe and
Uganda found that 17% of new HIV cases were attributable to BV (van de Wijgert et al. 2009).
Furthermore, BV has shown to increase the risk of female-to-male HIV transmission (Cohen et

al. 2012).

Third, the transition probabilities between health states and the duration of each health state were
taken from a European model (BCoDE) since a comprehensive study providing transition
probabilities and durations in rural Kenya was not found. Therefore, it is likely that the DALY
parameters (based mostly on European populations) are underestimating the benefits of
infections averted due to differences in access to prognosis and curative health care, as well as
screening, for example during pregnancy, between the European and Kenyan populations. The
following calculations must be interpreted acknowledging the differences in the environments
between the European model and this current analysis and the potential effect on parameters
used. A study published in Nature in 2006 finds that STIs, such as chlamydia, have high costs in

terms of morbidity and mortality in developing countries with low access to diagnostic tools
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(Aledort et al. 2006). More importantly, in this aforementioned disease burden calculation, the
evaluation also considers transmission of STIs in a sexually active population and includes
DALYs resulting from downstream cases of certain STIs. Considering a population of
commercial sex workers in sub-Saharan Africa, the study calculates the DALY's saved from each
treated gonorrhea and chlamydia case to be 5.08, which is significantly higher than our
calculation and the BCoDE calculations. Using this DALY estimate in our evaluation, both
menstrual cups and pads would be cost-effective at $23/DALY and $18/DALY, respectively, and
cost-saving with net benefits of $590,000 and $720,000, when considering solely the benefits

from reductions in chlamydia.

Fourth, though we calculate program costs for one year in our analysis, individuals in the
feasibility study were tracked for various durations — median 10.9 months (IQR 6.1-12.5 months)
(Phillips-Howard et al. 2016). Individuals with greater than nine months follow-up showed
significantly higher health benefits than those with less than nine months of follow-up. However,
due to the small sample sizes in this feasibility study, we calculate the prevalence estimates with

all study participants but linearly scale estimates to a hypothetical one year of intervention.

Furthermore, educational and psychosocial wellbeing improvements of the program are
underestimated. A recent study of US women aged 15-45 years old found that the productivity
loss while present at school or work during menstruation was up to seven times greater than the
loss due to missing work or school (Schoep et al. 2019). This suggests that there is a significant
educational benefit in addition to school absenteeism, which was measured previously
(Benshaul-Tolonen et al. 2019) and valued in this study. Future studies should measure academic
learning (as an indicator for productivity) and include such effects in the evaluation. Moreover,
we did not place a value of improvements in PedsQL, despite measuring positive treatment
effects on girls” physical functioning both in the menstrual cup and the sanitary pad group

(Benshaul-Tolonen et al. 2019).

One limitation is pertaining to representativeness of the sample. The schools included in the
study were not fully representative as they included 30 schools in the district that met a latrine

per pupil ratio. Therefore, some schools with worse latrine availability were excluded, alongside
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a few schools that declined participation. Schools with worse baseline latrine conditions may be

the schools in which such a program would have the largest benefits.

Furthermore, three main positive externalities were not included in either the health effects or
education effects valuations. 1) Improved menstrual hygiene management is predicted to have
positive externalities for the household members of the individuals treated as a result of
improved household hygiene. However, this pilot study did not collect any data on household
hygiene; therefore, this benefit is not evaluated here. 2) The health estimates do not consider the
long-run reduction in infection rates among non-study participants (externalities) due to a lower
infection rate in the population. 3) There is significantly lower waste produced when menstrual
cups are used. This is a difference between the two interventions that is not included in the
valuations. Moreover, because of lack of data on private costs, they are not fully considered

within the program. We encourage future studies to better reflect externalities and private costs.

The menstrual cup adoption rate was slow over time, such that treatment effects may be
significantly underestimated in the timeframe for which data was collected. Additionally, it is
fair to assume less than universal uptake of the menstrual cup; while 96% of study participants
verbally reported using the menstrual cup after 9 months of enrollment, a usage rate of 70.8% of
menstrual cups was verified using observations to record discoloration over time (van Eijk et al.
2018). These less-than-perfect adoption rates are already considered in the estimation of the
health and education benefits, as they rely on regression estimates so called intent-to-treat,
considering the program effects of the individuals that received the menstrual cup regardless of
whether they used them. Due to the limited study duration, if usage increases over time, after the
end of the study, the analysis will underestimate the long-run benefits. Long-run adoption rates

and treatment effects should be considered in future analyses.

Conclusions

Overall, though the statistical power of the feasibility study was limited, this analysis provides
initial evidence that interventions to improve MHM may have substantial cost-effective benefits
on health and education. First, this study finds that menstrual cups could be provided at a

significantly lower cost than sanitary pads within the context of a menstrual health policy. The
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menstrual cup provides a safe (van Eijk, 2019), environmentally sustainable, and low-cost
solution to menstrual hygiene management challenges faced by adolescent girls in developing
countries. Evidence from this randomized controlled feasibility study in Kenya and from a pilot
study in Nepal show high levels of adoption of the cup among adolescent girls over time
(Phillips-Howard et al., 2016; Oster and Thornton, 2011) in line with meta-analysis results
provided by van Eijk et al., (2019), highlighting its potential as an effective public health policy.

Three aspects must be considered when comparing the cost-effectiveness and cost-benefit of
sanitary pads versus menstrual cups. First, both the sanitary pad treatment and the menstrual cup
treatment led to health improvements, though these results need to be confirmed by larger
studies. Second, the sanitary pad program had positive benefits on school attendance. We may,
however, not be able to detect a treatment effect of the menstrual cup on school attendance given
the delayed adoption of the menstrual cup and that menstruation-related absenteeism is rare.
Third, the environmental footprint, while not monetized in the analysis, is substantially smaller
for the reusable menstrual cup compared with sanitary pads. Further analysis should confirm —
using a longer treatment period and a larger sample size — the benefits of the menstrual cup,
which may be an economically, logistically and environmentally sustainable solution to
adolescent girls’ menstrual health needs. We note that reusable sanitary pads may be an
economically and environmentally efficient alternative solution, but no evaluations on their

health and education effects have been undertaken so far.

While we outline a methodology for future CEA and CBA on menstrual hygiene interventions,
our study highlights several methodological challenges. While this study does not provide a
definite conclusion, it does lay the framework for which future analyses of MHM evaluations
and exposes the gaps in understanding that need to be addressed before other similar analyses

can be robustly conducted.

Acknowledgements

This manuscript and underlying research papers were supported by the Medical Research
Council/Department for International Development/Wellcome Trust Global Health Trials

scheme (G1100677/1). Prof. Benshaul-Tolonen is thankful for support from the Barnard College

27



Presidential Award. The funders had no role in study design, data collection and analysis,
decision to publish, or manuscript preparation. The authors thank Prof. Robert Brent for
guidance on the cost-benefit analysis. The manuscript was reviewed and approved by the Kenya

Medical Research Institute Director.

28



References

Aledort, Julia E., Allan Ronald, Maria E. Rafael, Federico Girosi, Peter Vickerman, Sylvie M.
Le Blancq, Alan Landay, et al. 2006. “Reducing the Burden of Sexually Transmitted
Infections in Resource-Limited Settings: The Role of Improved Diagnostics.” Nature 444
Suppl 1 (November): 59-72. https://doi.org/10.1038/nature05447.

Alexander, Kelly T., Garazi Zulaika, Elizabeth Nyothach, Clifford Oduor, Linda Mason, David
Obor, Alie Eleveld, Kayla F. Laserson, and Penelope A. Phillips-Howard. 2018. “Do
Water, Sanitation and Hygiene Conditions in Primary Schools Consistently Support
Schoolgirls” Menstrual Needs? A Longitudinal Study in Rural Western Kenya.”
International Journal of Environmental Research and Public Health 15 (8).
https://doi.org/10.3390/ijerph15081682.

Bautista, Christian T., Eyako Wurapa, Warren B. Sateren, Sara Morris, Bruce Hollingsworth,
and Jose L. Sanchez. 2016. “Bacterial Vaginosis: A Synthesis of the Literature on
Etiology, Prevalence, Risk Factors, and Relationship with Chlamydia and Gonorrhea
Infections.” Military Medical Research 3: 4. https://doi.org/10.1186/s40779-016-0074-5.

Benshaul-Tolonen, Anja, Zulaika Garazi, Elizabeth Nyothach, Clifford Oduor, Linda Mason,
David Obor, Kelly T Alexander, Kayla F Laserson, and Penelope A Phillips-Howard.
2019. “Pupil Absenteeism, Measurement, and Menstruation: Evidence from Western
Kenya,” Columbia Center for Development Economics and Policy, , March.

Bijkerk, Paul, Alies van Lier, Scott A. McDonald, Jacco Wallinga, and Hester E. de Melker.
2014. “Appendix: State of Infectious Diseases in the Netherlands, 2013.” Report
150205001. The Netherlands: National Institute for Public Health and the Environment.
https://www.rivm.nl/bibliotheek/rapporten/appendix150205001.pdf.

Brent, Robert. 2014. Cost-Benefit Analysis and Health Care Evaluations: Second Edition.
https://doi.org/10.4337/9781781004593.

Brotman, Rebecca M., Mark A. Klebanoff, Tonja R. Nansel, Kai F. Yu, William W. Andrews,
Jun Zhang, and Jane R. Schwebke. 2010. “Bacterial Vaginosis Assessed by Gram Stain
and Diminished Colonization Resistance to Incident Gonococcal, Chlamydial, and
Trichomonal Genital Infection.” The Journal of Infectious Diseases 202 (12): 1907-15.
https://doi.org/10.1086/657320.

Central Intelligence Agency. 2018. “Africa :: Kenya — The World Factbook - Central
Intelligence Agency.” The World Factbook. December 3, 2018.
https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html.

Chesson, H. W., and S. D. Pinkerton. 2000. “Sexually Transmitted Diseases and the Increased
Risk for HIV Transmission: Implications for Cost-Effectiveness Analyses of Sexually
Transmitted Disease Prevention Interventions.” Journal of Acquired Immune Deficiency
Syndromes (1999) 24 (1): 48-56. https://doi.org/10.1097/00126334-200005010-00009.

Cohen, Craig R., Jairam R. Lingappa, Jared M. Baeten, Musa O. Ngayo, Carol A. Spiegel, Ting
Hong, Deborah Donnell, et al. 2012. “Bacterial Vaginosis Associated with Increased Risk
of Female-to-Male HIV-1 Transmission: A Prospective Cohort Analysis among African
Couples.” PLoS Medicine 9 (6): e1001251.
https://doi.org/10.1371/journal.pmed.1001251.

Colzani, Edoardo, Alessandro Cassini, Daniel Lewandowski, Marie-Josee J. Mangen, Dietrich
Plass, Scott A. McDonald, Alies van Lier, et al. 2017. “A Software Tool for Estimation
of Burden of Infectious Diseases in Europe Using Incidence-Based Disability Adjusted
Life Years.” PLOS ONE 12 (1): e0170662. https://doi.org/10.1371/journal.pone.0170662.

29



Devleesschauwer, Brecht, Arie H. Havelaar, Charline Maertens de Noordhout, Juanita A.
Haagsma, Nicolas Praet, Pierre Dorny, Luc Duchateau, Paul R. Torgerson, Herman Van
Oyen, and Niko Speybroeck. 2014a. “Calculating Disability-Adjusted Life Years to
Quantify Burden of Disease.” International Journal of Public Health 59 (3): 565—69.
https://doi.org/10.1007/s00038-014-0552-z.

.2014b. “DALY Calculation in Practice: A Stepwise Approach.” International Journal of
Public Health 59 (3): 571-74. https://doi.org/10.1007/s00038-014-0553-y.

Dingens, Adam S., Tessa S. Fairfortune, Susan Reed, and Caroline Mitchell. 2016. “Bacterial
Vaginosis and Adverse Outcomes among Full-Term Infants: A Cohort Study.” BMC
Pregnancy and Childbirth 16 (1): 278. https://doi.org/10.1186/s12884-016-1073-y.

Dupas, Pascaline. 2011. “Do Teenagers Respond to HIV Risk Information? Evidence from a
Field Experiment in Kenya.” American Economic Journal: Applied Economics 3 (1): 1—
34. https://doi.org/10.1257/app.3.1.1.

Edwards, Chris. 2011. “Social Cost-Benefit Analysis - Summarizing the Available Global
Evidence on Drinking Water Interventions.” In Valuing Water, Valuing Livelihoods:
Guidance on Social Cost-Benefit Analysis of Drinking-Water Interventions, with Special
Reference to Small Community Water Supplies, edited by John Cameron, Paul Hunter,
Paul Jagals, and Katherine Pond. London: IWA Publishing, World Health Organization.

Edwards, Rhiannon Tudor, and Emma Mclntosh. 2019. Applied Health Economics for Public
Health Practice and Research. First edition. Handbooks in Health Economic Evaluation
Series. Oxford, United Kingdom: Oxford University Press.

Eijk, Anna Maria van, Kayla F. Laserson, Elizabeth Nyothach, Kelvin Oruko, Jackton Omoto,
Linda Mason, Kelly Alexander, et al. 2018. “Use of Menstrual Cups among School Girls:
Longitudinal Observations Nested in a Randomised Controlled Feasibility Study in Rural
Western Kenya.” Reproductive Health 15 (1): 139. https://doi.org/10.1186/s12978-018-
0582-8.

Eijk, Anna Maria van, Garazi Zulaika, Madeline Lenchner, Linda Mason, Muthusamy Sivakami,
Elizabeth Nyothach, Holger Unger, Kayla Laserson, and Penelope A. Phillips-Howard.
2019. “Menstrual Cup Use, Leakage, Acceptability, Safety, and Availability: A
Systematic Review and Meta-Analysis.” The Lancet Public Health 0 (0).
https://doi.org/10.1016/S2468-2667(19)30111-2.

European Centre for Disease Prevention and Control. 2020. Burden of Communicable Diseases
Toolkit (version 2.0.0). Solna. https://www.ecdc.europa.eu/en/publications-data/toolkit-
application-calculate-dalys.

GBD 2013 DALYs and HALE Collaborators, Christopher JL. Murray, Ryan M. Barber, Kyle J.
Foreman, Ayse Abbasoglu Ozgoren, Foad Abd-Allah, Semaw F. Abera, et al. 2015.
“Global, Regional, and National Disability-Adjusted Life Years (DALYSs) for 306
Diseases and Injuries and Healthy Life Expectancy (HALE) for 188 Countries, 1990-
2013: Quantifying the Epidemiological Transition.” Lancet (London, England) 386
(10009): 2145-91. https://doi.org/10.1016/S0140-6736(15)61340-X.

Hennegan, Julie, Alexandra K. Shannon, Jennifer Rubli, Kellogg J. Schwab, and G. J. Melendez-
Torres. 2019. “Women’s and Girls’ Experiences of Menstruation in Low- and Middle-
Income Countries: A Systematic Review and Qualitative Metasynthesis.” PLoS Medicine
16 (5): €1002803. https://doi.org/10.1371/journal.pmed.1002803.

30



Horton, Susan, Hellen Gelband, Dean Jamison, Carol Levin, Rachel Nugent, and David Watkins.
2017. “Ranking 93 Health Interventions for Low- and Middle-Income Countries by Cost-
Effectiveness.” PLoS ONE 12 (8). https://doi.org/10.1371/journal.pone.0182951.

James, Spencer L., Degu Abate, Kalkidan Hassen Abate, Solomon M. Abay, Cristiana Abbafati,
Nooshin Abbasi, Hedayat Abbastabar, et al. 2018. “Global, Regional, and National
Incidence, Prevalence, and Years Lived with Disability for 354 Diseases and Injuries for
195 Countries and Territories, 1990-2017: A Systematic Analysis for the Global Burden
of Disease Study 2017.” The Lancet 392 (10159): 1789—1858.
https://doi.org/10.1016/S0140-6736(18)32279-7.

J-PAL Policy Bulletin. 2017. “Roll Call: Getting Children Into School.” Cambridge, MA: Abdul
Latif Jameel Poverty Action Lab.

Juma, Jane, Elizabeth Nyothach, Kayla F. Laserson, Clifford Oduor, Lilian Arita, Caroline
Ouma, Kelvin Oruko, et al. 2017. “Examining the Safety of Menstrual Cups among Rural
Primary School Girls in Western Kenya: Observational Studies Nested in a Randomised
Controlled Feasibility Study.” BMJ Open 7 (4): €015429.
https://doi.org/10.1136/bmjopen-2016-015429.

Kahn, James G., Nicholas Muraguri, Brian Harris, Eric Lugada, Thomas Clasen, Mark
Grabowsky, Jonathan Mermin, and Shahnaaz Shariff. 2012. “Integrated HIV Testing,
Malaria, and Diarrhea Prevention Campaign in Kenya: Modeled Health Impact and Cost-
Effectiveness.” PloS One 7 (2): €31316. https://doi.org/10.1371/journal.pone.0031316.

Kissinger, Patricia. 2015. “Trichomonas Vaginalis: A Review of Epidemiologic, Clinical and
Treatment Issues.” BMC Infectious Diseases 15 (August).
https://doi.org/10.1186/s12879-015-1055-0.

Kretzschmar, Mirjam, Marie-Josée J. Mangen, Paulo Pinheiro, Beate Jahn, Eric M. Févre, Silvia
Longhi, Taavi Lai, et al. 2012. “New Methodology for Estimating the Burden of
Infectious Diseases in Europe.” PLOS Medicine 9 (4): €¢1001205.
https://doi.org/10.1371/journal.pmed.1001205.

Lier, Alies van, Scott A. McDonald, Martijn Bouwknegt, Mirjam E. Kretzschmar, Arie H.
Havelaar, Marie-Josée J. Mangen, Jacco Wallinga, and Hester E. de Melker. 2016.
“Disease Burden of 32 Infectious Diseases in the Netherlands, 2007-2011.” PLoS ONE
11 (4). https://doi.org/10.1371/journal.pone.0153106.

Mangen, Marie-Josée J., Dietrich Plass, Arie H. Havelaar, Cheryl L. Gibbons, Alessandro
Cassini, Nikolai Miihlberger, Alies van Lier, et al. 2013. “The Pathogen- and Incidence-
Based DALY Approach: An Appropriated Methodology for Estimating the Burden of
Infectious Diseases.” PLOS ONE 8 (11): €79740.
https://doi.org/10.1371/journal.pone.0079740.

Marseille, Elliot, Aliya Jiwani, Abhishek Raut, Stéphane Verguet, Judd Walson, and James G.
Kahn. 2014. “Scaling up Integrated Prevention Campaigns for Global Health: Costs and
Cost-Effectiveness in 70 Countries.” BMJ Open 4 (6): e003987.
https://doi.org/10.1136/bmjopen-2013-003987.

Mason, Linda, Elizabeth Nyothach, Kelly Alexander, Frank O. Odhiambo, Alie Eleveld, John
Vulule, Richard Rheingans, Kayla F. Laserson, Aisha Mohammed, and Penelope A.
Phillips-Howard. 2013. ““We Keep It Secret So No One Should Know’ — A Qualitative
Study to Explore Young Schoolgirls Attitudes and Experiences with Menstruation in
Rural Western Kenya.” PLOS ONE 8 (11): €79132.
https://doi.org/10.1371/journal.pone.0079132.

31



Mavedzenge, Sue Napierala, Barbara Van Der Pol, Helen Cheng, Elizabeth T. Montgomery,
Kelly Blanchard, Guy de Bruyn, Gita Ramjee, and Ariane van der Straten. 2010.
“Epidemiological Synergy of Trichomonas Vaginalis and HIV in Zimbabwean and South
African Women.” Sexually Transmitted Diseases 37 (7): 460—66.
https://doi.org/10.1097/OLQ.0b013e3181cfcc4b.

Mclntosh, Emma, Philip Clarke, Emma J. Frew, and Jordan Louviere. 2010. Applied Methods of
Cost-Benefit Analysis in Health Care. Oxford, UNITED KINGDOM: Oxford University
Press, Incorporated. http://ebookcentral.proquest.com/lib/harvard-
ebooks/detail.action?docID=975570.

Miguel, Edward, and Michael Kremer. 2004. “Worms: Identifying Impacts on Education and
Health in the Presence of Treatment Externalities.” Econometrica 72 (1): 159-217.
https://doi.org/10.1111/j.1468-0262.2004.00481 .x.

Montgomery, Paul, Julie Hennegan, Catherine Dolan, Maryalice Wu, Laurel Steinfield, and
Linda Scott. 2016. “Menstruation and the Cycle of Poverty: A Cluster Quasi-Randomised
Control Trial of Sanitary Pad and Puberty Education Provision in Uganda.” PLOS ONE
11 (12): e0166122. https://doi.org/10.1371/journal.pone.0166122.

Murray, Christopher JL. 1994. “Quantifying the Burden of Disease: The Technical Basis for
Disability-Adjusted Life Years.” Bulletin of the World Health Organization 72 (3): 429—
45.

Murray, Christopher JL, Majid Ezzati, Abraham D Flaxman, Stephen Lim, Rafael Lozano,
Catherine Michaud, Mohsen Naghavi, et al. 2012. “GBD 2010: Design, Definitions, and
Metrics.” The Lancet 380 (9859): 2063—66. https://doi.org/10.1016/S0140-
6736(12)61899-6.

Murray, Christopher JL, Theo Vos, Rafael Lozano, Mohsen Naghavi, Abraham D. Flaxman,
Catherine Michaud, Majid Ezzati, et al. 2012. “Disability-Adjusted Life Years (DALYs)
for 291 Diseases and Injuries in 21 Regions, 1990-2010: A Systematic Analysis for the
Global Burden of Disease Study 2010.” The Lancet 380 (9859): 2197-2223.
https://doi.org/10.1016/S0140-6736(12)61689-4.

National AIDS Control Council. 2018. “Kenya HIV Estimates: Report 2018.” Kenya Ministry of
Health. https://nacc.or.ke/wp-content/uploads/2018/11/HIV-estimates-report-Kenya-
20182.pdf.

Peter, Janet M. 2014. “The Private Returns to Education in Kenya.” University of Nairobi.
http://erepository.uonbi.ac.ke/bitstream/handle/11295/75770/Peter The%?20private%20re
turns%20to%?20education%20in%20Kenya.pdf?sequence=3 &isAllowed=y.

Phillips-Howard, Penelope A., Elizabeth Nyothach, Feiko O. ter Kuile, Jackton Omoto, Duolao
Wang, Clement Zeh, Clayton Onyango, et al. 2016. “Menstrual Cups and Sanitary Pads
to Reduce School Attrition, and Sexually Transmitted and Reproductive Tract Infections:
A Cluster Randomised Controlled Feasibility Study in Rural Western Kenya.” BMJ Open
6 (11): e013229. https://doi.org/10.1136/bmjopen-2016-013229.

Sassi, Franco. 2006. “Calculating QALY's, Comparing QALY and DALY Calculations.” Health
Policy and Planning 21 (5): 402-8. https://doi.org/10.1093/heapol/cz1018.

Schoep, Mark E., Eddy M. M. Adang, Jacques W. M. Maas, Bianca De Bie, Johanna W. M.
Aarts, and Theodoor E. Nieboer. 2019. “Productivity Loss Due to Menstruation-Related
Symptoms: A Nationwide Cross-Sectional Survey among 32 748 Women.” BMJ Open 9
(6): €026186. https://doi.org/10.1136/bmjopen-2018-026186.

32



Sivakami, Muthusamy, Anna Maria van Eijk, Harshad Thakur, Narendra Kakade, Chetan Patil,
Sharayu Shinde, Nikita Surani, et al. 2019. “Effect of Menstruation on Girls and Their
Schooling, and Facilitators of Menstrual Hygiene Management in Schools: Surveys in
Government Schools in Three States in India, 2015.” Journal of Global Health 9 (1).
https://doi.org/10.7189/jogh.09.010408.

Sommer, Marni. 2010. “Where the Education System and Women’s Bodies Collide: The Social
and Health Impact of Girls’ Experiences of Menstruation and Schooling in Tanzania.”
Journal of Adolescence, Health and Development of Young People in Lower Income

Countries, 33 (4): 521-29. https://doi.org/10.1016/j.adolescence.2009.03.008.

. 2013. “Structural Factors Influencing Menstruating School Girls’ Health and Well-

Being in Tanzania.” Compare: A Journal of Comparative and International Education 43

(3): 323-45. https://doi.org/10.1080/03057925.2012.693280.

Tegegne, Teketo Kassaw, and Mitike Molla Sisay. 2014. “Menstrual Hygiene Management and
School Absenteeism among Female Adolescent Students in Northeast Ethiopia.” BMC
Public Health 14 (1): 1118. https://doi.org/10.1186/1471-2458-14-1118.

Viscusi, W. Kip, and Clayton J. Masterman. 2017. “Income Elasticities and Global Values of a
Statistical Life.” Journal of Benefit-Cost Analysis 8 (2): 226-50.
https://doi.org/10.1017/bca.2017.12.

Weir, Caitlin Shaye. 2015. “In The Red: A Private Economic Cost and Qualitative Analysis of
Environmental and Health Implications for Five Menstrual Products.” Dalhousie
University.

Wijgert, Janneke H. H. M. van de, and Vicky Jespers. 2017. “The Global Health Impact of
Vaginal Dysbiosis.” Research in Microbiology 168 (9—10): 859-64.
https://doi.org/10.1016/j.resmic.2017.02.003.

Wijgert, Janneke H. H. M. van de, Charles S. Morrison, Joelle Brown, Cynthia Kwok, Barbara
Van Der Pol, Tsungai Chipato, Josaphat K. Byamugisha, Nancy Padian, and Robert A.
Salata. 2009. “Disentangling Contributions of Reproductive Tract Infections to HIV
Acquisition in African Women.” Sexually Transmitted Diseases 36 (6): 357—64.
https://doi.org/10.1097/OLQ.0b013e3181a4{695.

Wijgert, Janneke H. H. M. van de, Charles S. Morrison, Peter G. A. Cornelisse, Marshall
Munjoma, Jeanne Moncada, Peter Awio, Jing Wang, et al. 2008. “Bacterial Vaginosis
and Vaginal Yeast, but Not Vaginal Cleansing, Increase HIV-1 Acquisition in African
Women.” Journal of Acquired Immune Deficiency Syndromes 48 (2): 203-10.
https://doi.org/10.1097/QAI1.0b013e3181743936.

World Bank. 2017. “World Development Indicators.” 2017. wdi.worldbank.org.

World Health Organization Commission on Macroeconomics and Health. 2001.
Macroeconomics and Health: Investing in Health for Economic Development. World
Health Organization.

XE.com Inc. 2019. “XE: Convert USD/KES. United States Dollar to Kenya Shilling.” May
2019.
https://www.xe.com/currencyconverter/convert/? Amount=1&From=USD&To=KES.

33



Supplementary Information

I. Chlamydia (C. trachomatis) health impact calculation

Figure S1: Pathogen-based disease model for chlamydia.

Table S1: Inputs used in calculating DALY's per chlamydia infection and associated long-term sequelae.
Table S2: DALY calculation per chlamydia infection and associated long-term sequelae.

II. Gonorrhea (N. gonorrhea) health impact calculation

Figure S2: Pathogen-based disease model for gonorrhea.

Table S3: Inputs used in calculating DALY's per gonorrhea infection and associated long-term sequelae.
Table S4: DALY calculation per gonorrhea infection and associated long-term sequelae.

III. HIV health impact calculation (*for use in health impact calculation for other infections)
Figure S3: Pathogen-based disease model for HIV.

Table S5: Inputs used in calculating DALY's per HIV infection and associated long-term sequelae.
Table S6: DALY calculation per HIV infection and associated long-term sequelae.

IV. Bacterial vaginosis (BV) health impact calculation
Table S7: DALY calculation per bacterial vaginosis infection as a result of increased risk for other health states.

V. Trichomoniasis (7. vaginalis) health impact calculation
Table S8: DALY calculation per trichomoniasis infection as a result of increased risk for other health states.

VL. C. albicans infection health impact calculation
Table S9: DALY calculation per trichomoniasis infection as a result of increased risk for other health states.
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