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decline in maternal mortality. In terms of mechanisms, it also leads to an 8 to 11% increase 

in skilled birth attendance and a 6 to 11% increase in prenatal care utilization. We find 

reinforcing evidence from the period in which the United States experienced rapid declines 

in maternal mortality. The historical decline made feasible by the introduction of antibiotics 

was significantly greater in states that had longer exposure to women’s suffrage. 
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1 Introduction

Maternal mortality, defined as the death of women within 42 days of childbirth, remains a looming

global health problem well into the 21st century. It is estimated to account for 830 deaths per day, and

more than 216 deaths per 100,000 live births globally (Ceschia and Horton, 2016). Maternal mortality is

only the tip of an iceberg, the mass of which is maternal morbidity. In sub-Saharan Africa, the maternal

mortality ratio (MMR) exceeds the rate in developed countries a century ago (Alkema et al., 2016;

Loudon, 1992).1 Although maternal mortality has declined rapidly in the last two decades, it was a

late start, and there was massive variation in rates of decline.2 We leverage this variation to investigate

the hypothesis that political will plays a significant role, and that women have greater political will for

maternal mortality reduction. Since 1990, not only has MMR fallen by 44%, but the share of women

in parliament has risen from under 10% to more than 20% (Figure 1a). We study whether these trends

are causally related.

Persistence of high rates of maternal mortality is striking given that the knowledge and technology

needed to dramatically reduce it has been available for nearly a century, and costs of intervention are

relatively small (Cutler, Deaton and Lleras-Muney, 2006; Loudon, 1992). That there remains far from

universal coverage of reproductive health services suggests that addressing maternal mortality may be

a low priority in some countries. Since 99% of maternal mortality occurs in developing countries, a

natural question is whether income has been a significant constraint to progress. While income has a

positive association with each of female and male life expectancy, it exhibits only a weak relationship

with the ratio of female to male life expectancy, a crude proxy for excess deaths of women associ-

ated with reproduction (Appendix Figure A1).3 This suggests other factors at play, and we investigate

gendered policy preferences.4

1MMR is defined as deaths per 100,000 live births. In sub-Saharan Africa in 2015 it was 547; in the US in 1936 it was
555.

2In this period, MMR increased in a few countries, including the United States (MacDorman et al., 2016), which has
the highest MMR among developed countries (Kassebaum et al., 2016). In 2015, MMR was 26.4 in the USA compared
with 9.2 in the UK and 4.4 in Sweden per 100,000 live births. Research investigating the potential for women in politics to
reverse this trend is merited.

3Duflo (2012) notes: “other than pre-birth and in early childhood, women are most likely to be missing relative to men
in childbearing years.” Of the 6 million missing women each year, 21% are in their reproductive years (Wong, 2012).

4Our estimates show that GDP growth is MMR-reducing, albeit less effective than implementation of gender quotas.
Our purpose is to highlight that there remains considerable variation in MMR conditional upon income.
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Since the share of women in parliament has been rising fairly smoothly, it can be hard to isolate

its effects from those of other gradually evolving trends. We address this problem by exploiting the

abrupt legislation of parliamentary gender quotas sweeping through developing countries since 1990.

Figure 1b shows that trends in women’s share in parliament track trends in quota coverage. We merge

country-year quota implementation data with the first annualized estimates of MMR across countries,

released in 2016, and estimate event study style regressions showing conditional trends in MMR pre-

and post- quota adoption. We condition upon country and year fixed effects, income and indicators for

the quality of democracy. We scrutinize the assumption that quota implementation is quasi-random.

Our estimates show that passage of parliamentary gender quotas leads to an immediate 5 to 6%-

point (55 to 66%) increase in the share of parliamentary seats held by women, and a 9 to 12% decrease

in the maternal mortality ratio. These estimates are conditional on income and democracy, and not

significantly modified by these controls. The effects of quotas are increasing in the share of seats

reserved, and in time since implementation. There is no evidence of differential pre-trends, the estimates

are robust to controlling for potential predictors of quota implementation including an index of women’s

rights, and bounds on the IV estimates (following Conley, Hansen and Rossi (2012)) are negative.

Investment in key medical inputs appears to be an important mechanism. Gender quotas result in a

6.4 to 8.8%-point (7.7-10.6%) increase in skilled birth attendance and a 4.7 to 9.2%-point (5.7 to 11.1%)

increase in prenatal care utilization. The WHO recommends universal access to these inputs, and they

are widely promoted as tools for maternal mortality reduction (WHO, 2014; Jamison et al., 2013).5 We

find no significant increase in health spending, suggesting the operative channel was reallocation of

existing resources. Conditioning on health spending does not significantly alter the results. There is no

significant impact of quotas on tuberculosis mortality (which affects both genders) or male mortality

at reproductive ages. This indicates that women parliamentarians are effective in targeting women’s

health over and above any influence on overall health expenditures.

We further investigate the mechanism that investments in medical inputs increase when women are

involved in policy-making by studying the period when the United States experienced a sharp drop

in MMR following the introduction of antibiotics in 1937 that were effective in treating peripartum
5In the only causal study available, Pettersson-Lidbom (2014) estimates that a 1% increase in the share of midwife-

assisted home-births decreased MMR by 2% in 19th century Sweden.
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bacterial infections that accounted for a large share of maternal deaths (Jayachandran, Lleras-Muney

and Smith, 2010). In the early 20th century, variation in women’s influence on policy stemmed from

suffrage (Miller, 2008; Kose, Kuka and Shenhav, 2016). We find that MMR fell more quickly in early

suffrage states after 1937: 6 years after, it was 15% lower than the baseline difference. It seems plausible

that states in which women have voted for longer are more sensitive to policies that favor women. We

nevertheless also show that early suffrage states had a 1.8%-point larger share of women in Senate in

the post-antibiotic period, relative to a mean of 1.4%.

Overall, using contemporary cross-country data across 25 years and historical cross-state data for

the US, both encompassing periods of dramatic decline in maternal mortality, we provide compelling

new evidence that raising women’s political participation can have substantial impacts on maternal

mortality. Reserving 20-30% of parliamentary seats for women results in an immediate decline of

17.7% and, averaging across countries including those with smaller quotas, the decline in MMR ten

years after implementation is 13%. This compares favorably with the global decline in MMR of 44%

over the 25 years to 2015.6 Efforts to reduce maternal mortality over this period focused on raising

access to trained birth assistance, prenatal care, contraception and women’s education (Grépin and

Klugman, 2013; Kruk et al., 2016). There has been more limited recognition of the relevance of the

political economy of resource allocation influencing these inputs. The 6 to 9%-point increase in birth

attendance and the 5 to 9%-point increase in prenatal care that we demonstrate occurs in a year from

quota passage compares well with the 12%-point and 13%-point increases achieved through the recent

25 years. Our findings show that giving political voice to women may be critical to effectively targeting

maternal mortality.

Theoretical models of politician behavior admit a role for politician identity (Besley and Coate,

1997). A growing literature documents that women have different preferences from men (Niederle,

2016) and, consistent with this, there is evidence that increasing the share of women politicians influ-

ences policy choices in favor of public goods or policies that align with the preferences of women

(Chattopadhyay and Duflo, 2004; Taylor-Robinson and Heath, 2003; Swers, 2005; Clots-Figueras,

2012; Kose, Kuka and Shenhav, 2016). Additionally, there is evidence that public health improves

6Our analysis period is the same, 1990-2015. However the estimated declines in this paper emerge from the 22 countries
mandating quotas.
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with women’s political participation (Miller, 2008; Bhalotra and Clots-Figueras, 2014). We make two

contributions. First, we study impacts of the recent wave of implementation of gender quotas across

countries and, second, we are the first to propose that gender quotas can be an effective policy tool for

maternal mortality reduction. This is important because the broader evidence on the success of quotas is

mixed (Coate and Loury, 1993; Besley et al., 2017; Pande and Ford, 2012; Niederle, 2016), and MMR

has been difficult to bring down, for instance, the decline of 44% since 1990 falls short of the MDG

target decline of 75% (Hogan et al., 2010; Kassebaum et al., 2014).7

Previous work has documented the importance of population health for economic growth, via life

expectancy and human capital accumulation.8 Reductions in maternal mortality have been argued to

favorably influencewomen’s human capital attainment, employment and growth (Albanesi andOlivetti,

2016, 2014; Jayachandran and Lleras-Muney, 2009; Bloom, Kuhn and Prettner, 2015).9

2 Gender Quotas

Since 1990, 22 countries have implemented constitutionally protected quotas reserving seats in

parliament for women. Their geographic spread and trend are described in Figures A2 and A3.10 The

impetus to adopt these policies was the unanimous signing of the Beijing Platform for Action by all UN

delegates at the Fourth World Conference on Women in 1995, after which quota adoption accelerated

(Inter-Parliamentary Union, 2015; Chen, 2010; Krook, 2010). The Beijing Platform set a 30% target

for participation of women in decision-making in its “agenda of women’s empowerment (UN Women,

1995) but many countries mandated smaller shares, see Figure A4. Later we identify country-specific

predictors of quota implementation. We merge quota dates with MMR data and the estimation sample

contains 174 countries, through 1990-2015. Summary statistics are in Table A1. Casual inspection sug-

7Also, we use recent MMR data. Prior to release of these data in 2016, there were no annual time series for a com-
prehensive set of countries. This has no doubt contributed to maternal mortality being vastly understudied relative to, say,
infant mortality.

8E.g. Soares (2005); Well (2007); Ashraf, Lester and Weil (2009); Bloom, Canning and Sevilla (2004).
9Although see Bhalotra, Venkataramani and Walther (2018) for contrasting evidence showing increases in fertility and

reductions in labor force participation.
10The countries in the sample are: Afghanistan, Algeria, Bangladesh, Burundi, China, Djibouti, Eritrea, Haiti, Iraq,

Jordan, Kenya, Morocco, Niger, Pakistan, Rwanda, Saudi Arabia, South Sudan, Sudan, Swaziland, Tanzania, Uganda and
Zimbabwe. Samoa implemented quotas in 2016 after the MMR data became available, and we do not have data for Kosovo,
Somalia and Taiwan, which have implemented quotas. Uganda is the only country which reserved seats before 1990, in
1989.
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gests support for our hypothesis. Comparing country pairs with similar p.c. GDP in 1990, selecting one

which implemented quotas before 2010 and one which did not, we found that the quota-implementing

country typically witnessed a larger decline in maternal mortality in 1990-2010. Thus, Rwanda did

better than Malawi, Kenya did better than Zimbabwe and Niger did better than the DRC.11

2.1 Empirical Strategy

To examine impacts of passage of gender quotas without restricting the timing of effects, we esti-

mate an event study style regression:

Yct = α +
∑10+

l=2 β
lead
l Quotac × 1{leadt = l}+

∑10+
k=0 β

lag
k Quotac × 1{lagt = k} (1)

+Xctγ + µt + ϕc + εct.

The variation is across country c and year t, the outcome Yct is either the proportion of women in

parliament or the maternal mortality ratio. Quotac is 1 if a country ever adopted a quota, and this is

interacted with a full set of leads and lags with respect to the year the quota was adopted. We include

10 lags and leads, the tenth term including all years greater than 10, and the first lead is omitted as the

base category. The βlag coefficients capture the impacts of interest and the βlead coefficients test the

identifying assumption of no differential pre-trends. We include country and year fixed effects (ϕc and

µt respectively), and cluster standard errors at country level (Bertrand, Duflo and Mullainathan, 2004).

We also present a parametric difference-in-difference (DD) specification where the independent

variable is defined as one for all years following the implementation of a quota for implementing coun-

tries, and zero before. It is set to zero for all countries that do not implement quotas in the sample

period. As income and democracy are potentially correlated with both quotas and MMR, we include as

time-varying covariatesXct log GDP per capita, and a democracy score. In a specification check, we

drop the 47 high income countries from the sample so that the control group is more homogeneous. Al-

though we provide a direct test of the parallel-trends assumption, we implement further checks showing

11Since 1990 the number of countries with candidate list quotas for women has also risen sharply, from 1 to 46. We have
no data for Palestine but using the other 45 countries we found no impacts of list quotas on MMR. This may be because
they have smaller impacts on women in parliament (we confirmed this), or because they were implemented mostly in Latin
America where MMR was already low and possibly harder to bring down.
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bounds on IV estimates that allow for failure of the exclusion restriction (Conley, Hansen and Rossi,

2012), and testing robustness to including potential predictors of quota legislation as controls in both

estimating equations.

As the countries in the sample vary considerably in population size, we re-estimated the equation

weighting by this. Solon, Haider and Wooldridge (2015) argue that this affords a test of model mis-

specification. Since MMR varies considerably across countries, proportional changes implied by using

logarithms will exaggerate achievements in countries with lower baseline rates (Deaton, 2006). We

therefore replaced the logarithm with the level of MMR. We also investigate intensive margin effects,

exploiting variation in quota size, and we document how impacts evolve with duration.

We motivated the analysis by arguing that women policy-makers are likely to be more effective

in targeting women’s health problems, but an alternative interpretation of our findings is that women

cause generalized improvements in population health. To investigate this, we replace MMR with the

log of malemortality for adult males. This mirrors the age profile of MMR but isolates men.12 We also

produce estimates for tuberculosis mortality.

2.2 Results

Estimates of equation 1 are in Figure 2. Panel A shows a discrete jump in women’s parliamentary

representation in the year after quotas are implemented. Panel B also shows a break in the coefficient

series, with maternal mortality falling more rapidly in quota implementing countries. The drop is appar-

ent in the year after implementation and becomes significant two years after. The lead coefficients allay

concerns about endogeneity of policy adoption. Dropping high income countries produces essentially

identical estimates (Figure A5).

See Table A2 for the DD estimates. Following Figure 2, we allow a one year lag for the share

of women in parliament , and an additional year for impacts on maternal mortality. As the share of

women can only change at the next election, we identified for every country, the years between quota

legislation and election. The mode and median are zero years, the mean is 1.3. Once women are

12Mean MMR is 233 per 100,000 births, with range, 3 to 2890. The width of the range demonstrates the potential for
reduction. Notice that mean male mortality in the reproductive ages is 238 per 1000 male population, with range 58.8 to
689 (Table A1).
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in parliament, it seems plausible that it takes a year for any changes they induce to have discernible

population-level impacts on maternal mortality.13 We find significant effects of gender quotas on the

proportion of women in parliament of 5-6%-points which, relative to the average in 1985-1990 of 9%,

is 55 to 66%.14 We also see a substantial reduction in MMR of 9-12%.

We have displayed estimates with and without population weights. Since China and India are out-

liers in population size, the weighted estimates exclude them.15 So as to isolate changes ensuing from

weighting from changes associated with removing these countries, we also show unweighted estimates

on the reduced sample. The point estimates are larger with China and India excluded, and again larger

when weighted. However, all changes in the sequence are not statistically meaningful. Table A2 also

shows that the estimates are robust to using level rather than log MMR. All estimates are conditional

upon income and democracy. However they are not sensitive to these controls; see Figures A9.

Democracy has direct impacts on both variables, increasing women in parliament and decreasing

maternal mortality, but only when the score is above the mean.16 It is notable that income has no impact

on the share of women in parliament, but it has a significant impact on MMR. A 1% increase in GDP

results in a 0.5% reduction in MMR. A crude back-of-the-envelope calculation assuming log-linearity

and holding democracy and quotas constant suggests that to achieve the estimated 9–12% reduction in

MMR due to quota adoption (on the same sample), GDP would have to increase by about 18–24%.

We observe increasing impacts over time as displayed in Figure 2b. By 10 years out, MMR was

13% lower in countries that passed quotas. Intensive margin impacts of reserved seats are in Table A3.

The estimates are rising in quota size, consistent with a “dose-response.” The unweighted estimates

indicate that quotas of less than 15% have no significant impact, quotas of 15 to 20% raise the share

of women in parliament by 5.5%-points and reduce MMR by 8.6% and the corresponding figures for

13The estimates are not sensitive to shrinking the lags since impacts endure.
14The median (mean) gender quota is 21% (20%). The estimated impacts are smaller. However, in quota implementing

countries the pre-quota share of women in parliament was not always zero, the average was 7.9%, rising to 20.9% post-
quota (median: 6.2 and 21.0%). Taking all countries, the mean was 14.1%, median 11.5% (see Figures A6-A7 for full
distributions). See Figure A8 for temporal variation by country. In Rwanda we see a jump in line with quota legislation
but from a high baseline, while Djibouti shows a sharp jump from zero to quota attainment. In some countries, it took time
from quota passage until fulfillment. In Niger, for instance, the quota was in 2000 but the next election in 2004.

15China implemented quotas, India did not.
16Democracy raises women’s share when the score is at least 6 on a scale 0-10, and directly impacts MMR when the

score is 9 or 10.
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quotas of 20-30% are 7.7%-points and 17.5% respectively.

Although the event study plots largely allay potential concerns about omitted trends, we directly

assess and address any bias in the regression coefficients associated with the possibility that when

quotas were adopted, the country was already adopting other measures favorable to maternal mortality

decline. To do this we estimate 2SLS regressions of MMR on the share of women in parliament,

instrumented with quota implementation. Now the concern about omitted trends translates to a concern

that the instrument is invalid, in particular, if quota implementation proxies a change in an omitted

variable then it does not satisfy the IV exclusion restriction. However, as quota implementation is

likely to be “plausibly exogenous” if not strictly so, we follow Conley, Hansen and Rossi (2012) and

provide bounds on the IV estimates. The first stage is in columns 1-3 of Table A2.17 The second stage

estimates are in Table A4. These provide the scaled impact of women’s parliamentary representation

among compliers. They indicate that a 1%-point increase in women’s share in parliament is associated

with a 1.8% decrease in MMR. In estimating bounds on the 2SLS estimates, we allow the adoption of

quotas to have a direct impact on maternal mortality of up to -1% over and above its impact on MMR

via increasing women in parliament. The estimated bounds are informative, indicating a 0.1% to 3.2%

reduction in maternal mortality for a 1%-point increase in the share of women in parliament (Table A4).

As the determinants of quota legislation are of substantive interest and previous work does not

provide any clear quantitative analysis, we investigated them directly by acquiring country-year panel

data on predictors that have been discussed in the political science literature, typically with reference

to case studies (Krook, 2010; Baines and Rubio-Marin, 2005); see Table A5.18 We include all of the

potential predictors, including changes in women’s rights, as controls in the estimated equations. If the

predictors of quota legislation rather than the passage of the legislation drive impacts on MMR then

this would be revealed in the coefficient on quota legislation becoming insignificantly different from

zero. Our estimates are, however, robust to these controls (Table A6).

17We note that the instrument does not always pass a weak instrument test, but present these as ancillary estimates.
18The predictors include evolving norms of equality and representation and accelerating movements for women’s rights,

pressure from international organizations (which can be proxied with overseas development assistance), and occasions
of broader constitutional reform including transitions into democracy and post-conflict reconstruction (including peace-
keeping forces). Using cross-country panel data methods, we find some evidence that transitions from autocratic rulers to
democracy, recent changes in women’s economic rights, and exposure to international organizations predict quota legisla-
tion.
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The availability and quality of MMR data may be endogenous if surveillance and tracking are cor-

related with preferences in favor of addressing MMR decline. However, any bias this creates in the

coefficient of interest will render our estimates conservative. Finally, we find small or imprecisely

estimated impacts of gender quotas on tuberculosis and male mortality (Table A7). As discussed, this

suggests that the documented impacts on maternal mortality engage a mechanism over and above any

positive impacts of women politicians on health expenditures, something we directly investigate in the

next section.

2.3 Mechanisms

Having shown that increasing the share of women in parliament leads to more rapid declines in

maternal mortality, we now seek to identify underlying mechanisms. As discussed earlier, we consider

the health care interventions that the WHO recommends. See Figure 3, which shows an immediate

rise in the share of women attending prenatal care and a lagged rise in the share of attended births.

The DD estimates in Table A8 use a lag of 2 years on the quota variable (similar to the lag allowed

for MMR), and demonstrate robustness to controls, to exclusion of India and China, and to population

weights. The passage of gender quotas is associated with a statistically significant increase of 6.4 to 8.8

percentage point increase in skilled birth attendance and a 4.7 to 9.2 percentage point increase in the

share of women using prenatal care.19 We find no significant impact of quotas on health spending. We

nevertheless show in Figure A10 that the impact of quotas on maternal mortality is robust to including

health expenditure as an additional control.20 In the next section, we investigate mechanisms further,

using historical data for the United States.21

3 Women’s Suffrage

While changes in women’s political participation in developing countries today are closely linked to

gender quotas, in the era in which today’s richer countries achieved steep declines in maternal mortality,

19Crude regressions of MMR on these inputs using our analysis sample and conditioning on GDP and democracy show
that a 1 percentage point increase in the share of attended births or women receiving prenatal care is associated with a 3.4
and 2.3% decline in MMR respectively.

20As health expenditure is only available for a subset of the sample (years 1995-2013), introducing it as a control creates
compositional effects. This is why it is not included in the main estimates.

21There may be other mechanisms at play, for instance, the increased visibility of women politicians may raise women’s
aspirations and education (Beaman et al., 2009), which may positively impact maternal health (Bhalotra and Clarke, 2013).
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much of the variation in women’s voice in policy-making stemmed from dates of adoption of women’s

suffrage. To complement the preceding analysis, we identify the year in which maternal mortality in

the United States showed a precipitous decline, and we analyze state variation in the size of this decline

as a function of years since women’s suffrage. To aid interpretation of our findings, we investigate

whether early suffrage predicts the share of women in government in the period of rapid MMR decline.

3.1 Background

Adoption of Women’s Suffrage. While the 19th amendment to the US Constitution, ratified in

1920, established women’s suffrage nationwide, a number of states implemented women’s suffrage

prior to thismandate (FigureA11). Previouswork has shown that state-level implementation ofwomen’s

suffrage was associated with a sharp, 40% rise in voter turnout in both the gubernatorial (Lott Jr. and

Kenny, 1999) and presidential elections (Kose, Kuka and Shenhav, 2016), and an increase in the weight

of women in policy making (Miller, 2008). We attempt to ratify one important channel for this by look-

ing at whether early suffrage states had more women in government in later years, after all states had

implemented it. We collected data by state and year on the proportion of women in the House of Repre-

sentatives (HoR) and the National Senate (Figure A12 and Table A9). In early adoption states relative

to late adoption states (late being 1920), the share of women in Senate is a statistically significant 1

%-point (110%) higher in 1920-1960 and 1.8 %-points (125%) higher in 1937-1943, the latter being

the period of rapid maternal mortality decline within the analysis sample. The share of women in the

HoR is 47% higher in 1937-43, but this estimate is not precisely determined.

The drivers of differential timing of women’s suffrage across states are reviewed in Miller (2008)

and Kose, Kuka and Shenhav (2016). We summarize the relevant points here. States in the “wild west”

were the first to extend suffrage, all during the late 19th century. Some historians attribute this to harsh

frontier conditions making it more difficult to sustain traditional gender roles (Brown, 1958; Grimes,

1967) but the quantitative literature has found no robust correlates of adoption dates (Cornwall et al.,

2007). Importantly, there is no evidence that implementation of other gender-progressive policies that

may have had direct impacts on maternal mortality decline was correlated with suffrage adoption. This

includes regulation governing alimony and divorce, mother’s pension, women’s maximum work hours,
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women’s minimum wages, prohibition, worker’s compensation, child labor, compulsory schooling,

and state attributes such as literacy rates and prevailing wages (Miller, 2008). We will nevertheless

investigate women’s labor force participation as a control.

Maternal Mortality Decline. Sulfonamides, the first antibiotics, were effective in treating peripar-

tum infections that accounted for about 40% of maternal deaths (Albanesi and Olivetti, 2016). Prior to

their arrival, MMR in the U.S. was as high as Sub-Saharan Africa today, and penicillin did not arrive

until 1942. There was an unprecedented and sharp drop in maternal mortality upon the introduction of

sulfa in 1937. Importantly, the trend break in maternal mortality occurred at more or less the same time

(in 1937 or 1938) in all states (Jayachandran, Lleras-Muney and Smith, 2010). However, we estimate

that the post-1937 decline varied considerably across the states and investigate whether this was asso-

ciated with variation in women’s influence on policy making. Browsing cases suggests it might have

been.22

3.2 Empirical Strategy

The hypothesis of interest is that, once a technology that could bring about large declines in maternal

mortality became available, it was deployed more effectively in states that adopted women’s suffrage

earlier. The analysis sample is 1925-1943, a short window around 1937, in which there were few large-

scale public health interventions. We estimate an event study style regression in which we interact

an indicator for early suffrage adoption states with a set of leads and lags surrounding the arrival of

sulfonamide drugs in 1937:

ln(MMR)st = γ0 +
12∑
j=2

γlead
j EarlySufs × 1(Year = 1937− j)t (2)

+
6∑

k=0

γlag
k EarlySufs × 1(Year = 1937 + j)t + ϕt + θs + υst

22For instance, Colorado extended the franchise to women in 1893, 27 years before neighboring New Mexico or Al-
abama did in 1920. In 1936, MMR in Colorado, New Mexico and Alabama was similar, at 710, 740 and 740 respectively.
By 1950, MMR in Colorado had fallen to 80, just below the US average of 86, while in New Mexico and Alabama it was
still about double the US average at 150 and 170 respectively (national-level summary statistics are in Table A10). In con-
temporary America, Colorado ranks 4th in women’s political representation, while Alabama ranks 46 and these differences
are persistent. While NewMexico ranks 14 now, it ranked 34 in 1975. See http://www.cawp.rutgers.edu/state_fact_sheets/.
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where s indexes states, t indexes years, EarlySufs indicates states that legislated women’s suffrage

prior to the 19th amendment, and θs and ϕt represent state and year fixed effects. Standard errors are

clustered at the state level. We also show the corresponding DD style regression in which we interact

an indicator for early adoption states with an indicator for the post-antibiotic years, allowing for trend

as well as level differences by including a further interaction with year. As tracking maternal mortality

is potentially a political choice, we re-estimate the model restricting the sample to a balanced panel so

as to account for any correlation between data on maternal mortality and women’s suffrage. We also

investigate sensitivity of the results to weighting the regressions with state population.

We interpret early suffrage as a proxy for the strength of women’s voice in policy making as it is

plausible that this increases with years of exposure to women being able to vote, and we show that in

addition it is associated with more women being in government, which gives them more of a direct

handle on policy making. An alternative interpretation may be that early adopters of suffrage had an

underlying tendency to be gender progressive, and that they would have had faster declines in MMR

irrespective of any influence of women in policy making. First, we cited results from Miller (2008)

that undermine this concern. Second, we nevertheless control for women’s labor force participation,

interacting it with the post-antibiotic dummy. Third, it would show as a differentially steeper pre-trend

inMMR in early vs late suffrage states, a test of which is provided by the significance of the γlead terms.

As discussed for the quota case, an interpretation of our findings is that women’s political partic-

ipation was associated with better public health provision in general, but not necessarily focused on

women. This would still be interesting, but our thesis is more specific. So as to be able to make this

differentiation, we estimated an equation similar to equation 2 for infant pneumonia mortality as this

was (a) treatable with sulfa drugs (Jayachandran, Lleras-Muney and Smith, 2010), and (b) affected both

genders. Among children (the age group with the highest infection rates) it affected boys more than

girls (Bhalotra and Venkataramani, 2014).

3.3 Results

The event study plot is in Figure 4a. Maternal mortality fell sharply in 1937 and five years later

the average decline was 50%, with state-specific declines varying between 6 and 80%. We show that
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some of this variation is explained by duration of exposure to women’s suffrage. We find that MMR

declined more rapidly in states that adopted suffrage early. The early adopters had lower levels ofMMR

in the pre-antibiotic era and, after 1937, the gap between early and late adopters widened. Pre-1937,

MMR in early adopting states was lower than in late adoption states by 11%. Six years later, this gap

had widened to 26%, resulting in an estimated impact of a 15% reduction. However there was no

statistically significant difference in the trend in MMR in the pre-antibiotic era between the two groups

of states, that is no differential pre-trends. Our findings are robust to including interactions of baseline

women’s labor force participation with the post-sulfa dummy, year, and the interaction of post and year.

They are also robust to to restricting the sample to a balanced panel to account for endogenous tracking

of maternal mortality, and to weighting by state population (see Figure A13).

The DD style regression is in Table A11. We see a similar pattern of results with and without

state population weights, but the estimates are larger and more precise with weights. They indicate

that the level drop in MMR was 8.5% larger in early adopting states (coefficient on early adoption

times post-antibiotic), and that the trend decline was 1.5% faster (coefficient on early adoption times

post-antibiotic times year). The event study for pneumonia mortality (Figure 4b) shows that although

there were large declines in pneumonia following the introduction of antibiotics (Jayachandran, Lleras-

Muney and Smith, 2010; Bhalotra and Venkataramani, 2014), there was no significant difference in the

post-sulfa rates of decline in early vs late suffrage adopting states.

4 Conclusion

Our findings suggest that neither increases in country income nor advances in medical technology

are sufficient for the realization of potential improvements in maternal mortality. The new evidence we

provide, documenting that women’s involvement in policy-making can effect more rapid maternal mor-

tality decline has implications for the recently launched Global Health 2035 report, and the ambitious

Sustainable Development Goals. The MDG target was not met and the SDG target is more ambitious,

so we clearly need some policy innovation. In fact this paper shows that SDG 3.1 for reducing maternal

mortality is complementary to SDG 5.5 for raising the share of women in parliament. Given recent evi-

dence from analysis of close elections in India which shows that replacing men with women legislators
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would incur no cost in terms of compromised economic growth (Baskaran et al., 2015), gender quotas

may be both a powerful and low-cost means to modifying public health priorities and improving mater-

nal health. Despite significant progress, especially since 2000, preventable maternal mortality remains

high. The lifetime risk of maternal mortality is 1 in 41 women in low income countries. Despite a wave

of gender quota implementation, 130 countries in the world have none. There is thus substantial room

for maneuver.
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Figures and Tables

Figure 1: Trends in gender quotas, women in parliament and maternal mortality

(a) Women in parliament and ln(maternal mortality ratio)
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Figure A2: Reserved seat quota coverage: 1990-2015

No Reserved Seats
Reserved Seats

Quota Type

Notes: Geographic distribution of countries implementing a quota for reserved seats in parliament. Data compiled from Dahlerup (2005)
and updated with information for recent years from the online quotaproject.org database developed and maintained by the International
Institute for Democracy and Electoral Assistance (IDEA), the Inter-Parliamentary Union, and Stockholm University. This database was
consulted on 19th of July, 2016.

Figure A3: Reserved seat quota timing: 1990-2012
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Notes: Timing of the implementation of reserved seats by geographic area. Additional notes in Figure A2.
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Figure A4: Reserved seat quota sizes
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Notes: This histogram describes the quota size for each country which adopts a reserved seat quota. Each country (quota) is included as
a single observation.

Table A1: Summary statistics for reserved seat analysis

N Mean Std. Dev. Min Max

% Women in Parliament 4170 14.10 10.47 0.00 63.80
Maternal Mortality Ratio 4170 232.94 325.80 3.00 2890.00
Reserved Seats 4170 0.06 0.23 0.00 1.00
Male Mortality Rate (15-49) 4084 238.38 117.23 58.80 688.96
ln(GDP per capita) 4170 8.90 1.22 5.51 11.82
Polity IV Democracy score 3211 5.60 3.86 0.00 10.00
Percent of Pregnancies Receiving Prenatal Care 659 84.10 17.84 15.40 100.00
Percent of Births Attended by Skilled Staff 1191 83.42 24.22 5.00 100.00
Health Expenditure as a % of GDP 3139 6.23 2.39 0.72 17.10
Notes: Refer to Data Appendix A for a full description of each variable and its source. The Maternal Mortality Ratio
is measured as deaths per 100,000 live births. For comparison, the male mortality rate for 15-60 year-olds is expressed
as per 1,000 male adults. Reserved seats is a binary variable taking one for each country and year pair where a quota
was implemented, and 0 otherwise.
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Figure A6: Proportion of women in parliament in countries with reserved seats
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Notes: Density plots for the proportion of women in parliament in countries which at some point adopt a reserved seat quota. Plots are
based on each country by year observation in the women in parliament data.

Figure A7: Proportion of women in parliament in all countries
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Notes: Density plots describe the proportion of women in parliament in all countries and years under study.
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Figure A9: Alternative specification of quota event study
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(c) Women in parliament with GDP control only
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(d) ln(MMR) with GDP control only
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(e) Women in parliament with democracy control only
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(f) ln(MMR) with democracy control only
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Notes: Alternative specifications of the event study shown in Figure 2. Specifications are shown with and without included controls, and
with only GDP or only democracy controls. Results are robust to population weights, and additionally controlling for health spending
per capita. Additional notes in Figure 2.
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Table A5: The passage of reserved seat legislation

No Country Fixed Effects Country Fixed Effects

(1) (2) (3) (4) (5) (6)

Overseas Development Assistance 0.002 -0.007 -0.021 -0.026 -0.021 -0.034
[0.016] [0.020] [0.029] [0.020] [0.031] [0.036]

Peace Keepers 0.002 0.015 0.018 0.003 0.017 0.020
[0.001] [0.008] [0.010] [0.001] [0.008] [0.010]

Change in Women’s Rights 0.006 0.006 0.006 0.006 0.006 0.006
[0.003] [0.003] [0.004] [0.003] [0.003] [0.003]

Right Wing Executive -0.001 -0.001 -0.001 -0.001 -0.000 -0.001
[0.001] [0.002] [0.002] [0.001] [0.001] [0.001]

Left Wing Executive -0.002 -0.002 -0.002 -0.002 -0.003 -0.002
[0.002] [0.002] [0.002] [0.002] [0.003] [0.002]

Years in Power -0.000 -0.000 -0.000 -0.001 -0.001 -0.001
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Herfindahl Index -0.001 -0.003 -0.003 -0.003 -0.004 -0.004
[0.005] [0.005] [0.005] [0.006] [0.007] [0.008]

Vote Share Opposition -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Transitioning Regime 0.006 0.007 0.008 0.007 0.009 0.010
[0.005] [0.005] [0.006] [0.006] [0.007] [0.008]

First Lag (ODA) 0.025 0.003 0.004 -0.009
[0.030] [0.030] [0.029] [0.028]

First Lag (peace keepers) -0.015 -0.021 -0.015 -0.022
[0.008] [0.015] [0.008] [0.015]

First Lag (∆Womens Rights) 0.001 0.000 0.001 0.000
[0.002] [0.002] [0.002] [0.002]

Second Lag (ODA) 0.038 0.020
[0.029] [0.024]

Second Lag (peace keepers) 0.004 0.006
[0.007] [0.008]

Second Lag (∆Womens Rights) -0.001 -0.001
[0.004] [0.004]

Observations 2786 2628 2472 2786 2628 2472
Number of Countries 165 164 164 165 164 164
R-Squared 0.019 0.037 0.040 0.018 0.035 0.038
Each column regresses a variable indicating whether a quota lawwas passed in a given year on potential predictors
of quota adoption suggested in the political science literature. Each specification includes year fixed effects and
standard errors are clustered by country. Overseas Development Assistance (ODA) measured as net inflows in
current US dollars divided by GDP in current US dollars is generated from the World Bank Data Bank. Peace-
keepers (measured in 1000s) are from the IPI Peacekeeping Database, changes in women’s rights refer to changes
in economic rights for women as compiled by the CIRI Human Rights Data Project, and political measures in-
cluding the orientation of leader’s party, the time in power, Herfindahl Index of parties, vote shares and regime
types and changes are recorded by the Database of Political Institutions. Additional lags of relevant variables are
included in columns 2 and 3, and 5 and 6.
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Table A6: Estimates including all potential quota predictors

ln(Maternal Mortality Ratio) % Women in Parliament

(1) (2) (3) (4)

Reserved Seats -0.088 -0.090 4.911 6.184
[0.050] [0.051] [2.220] [2.677]

Overseas Development Assistance 0.079 -4.154
[0.080] [4.181]

Peace Keepers -0.002 0.066
[0.002] [0.147]

Change in Women’s Rights 0.005 0.227
[0.005] [0.187]

Right Wing Executive 0.013 -0.356
[0.021] [0.418]

Left Wing Executive -0.054 0.429
[0.037] [0.605]

Years in Power 0.000 0.084
[0.001] [0.037]

Herfindahl Index -0.046 1.083
[0.043] [1.178]

Vote Share Opposition -0.001 -0.025
[0.000] [0.011]

Transitioning Regime -0.008 1.020
[0.013] [0.457]

First Lag (ODA) 0.052 -1.565
[0.051] [2.349]

Second Lag (ODA) 0.011 0.372
[0.074] [2.436]

First Lag (peace keepers) -0.000 -0.079
[0.003] [0.209]

Second Lag (peace keepers) -0.000 0.019
[0.004] [0.180]

First Lag (∆Womens Rights) 0.006 0.159
[0.006] [0.215]

Second Lag (∆Womens Rights) 0.001 0.180
[0.005] [0.162]

Observations 3212 2347 3212 2347
Number of Countries 156 152 156 152
R-Squared 0.596 0.597 0.475 0.494
Proposed Predictors N Y N Y
The regressions include country and year fixed effects and controls for log GDP and a democracy index. All
potential predictors of quotas, described in Table A5, are included as controls.
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Figure A11: Suffrage timing by state
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Notes: States declaring Suffrage in 1920 with the passing of the 19th Amendment (dark blue color) are “late suffrage” states. Suffrage
data is from Miller (2008).

Figure A12: Suffrage and subsequent women representatives in national legislature
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tives of the USA from 1912 to 1960 for each of the early (pre-Nineteenth Amendment) and late (post-Nineteenth Amendment) states.
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Table A9: Early suffrage and subsequent female representation

1920-1960 1937-1943

(1) (2) (3) (4)
Senate House Senate House

Early Suffrage 0.996 0.040 1.786 1.290
[0.265] [0.345] [0.786] [1.022]

Mean of Dep. Var. 0.902 2.329 1.429 2.746
Observations 2050 2050 350 350
R-Squared 0.005 0.000 0.011 0.003
We display the coefficients of a regression of the percent of a state’s rep-
resentatives in the National Senate and House of Representatives on the
state’s suffrage status (early vs late). The percent of representation is a
value from 0 to 100, and is calculated as the number of female repre-
sentatives of a state in a given year divided by the total number of seats
assigned to the state, multiplied by 100. For example, column 3 shows
that in the 1920-1960 period, states adopting suffrage early went on to
have nearly 1.8 % point more women representatives in the Senate than
states which adopted in 1920. The left-hand columns are for the entire
post-suffrage period up until 1960, and the right-hand columns are for
the post-antibiotic period under study in this paper, of 1937-1943.

Table A10: Summary statistics for suffrage/sulfa analysis

N Mean Std. Dev. Min Max

Maternal Mortality Ratio 868 539.57 206.35 70.00 1210.00
Infant Pneumonia Mortality Ratio 868 102.58 34.46 36.24 236.48
Year of Birth 868 1934.37 5.34 1925.00 1943.00
Post Sulfa 868 0.39 0.49 0.00 1.00
Early Suffrage Adopter 868 0.60 0.49 0.00 1.00
Female Labour Force Participation Rate 868 0.29 0.07 0.17 0.40
Notes: Maternal Mortality Ratio and Infant Pneumonia Mortality Ratio are measured as deaths per 100,000
live births. Sulfa drugs arrived in the US in 1937, and post-sulfa takes the value of one in all years including
and following 1937. The analysis sample consists of all years in 1925-1943.
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Figure A13: Alternative specification of sulfa/suffrage event study
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Notes: Alternative specifications of the event study shown in Figure 4. The balanced sample refers to states with mortality data in all years
under study, and the final two figures augment the event study specification in equation 2 with the following controls and interactions
to capture any differences in baseline women’s labor force participation: a post sulfa times FLFP interaction Post1937t × FLFPs, an
interaction between FLFP and time, yeart×FLFPs and an interaction between FLFP, time, and post sulfaPost1937t×yeart×FLFPs.
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A Data Appendix

MaternalMortality DataWe used recently released estimates of the maternal mortality ratio (MMR) per 100,000
live births produced by the Maternal Mortality Estimation Inter-Agency Group (MMEIG) and published in the
World Bank World Development Indicators (WDI, indicator SH.STA.MMRT). These data were made available
for the first time in the year 2016 and before that there were no reliable annual cross-country data on MMR. These
estimates were available for 183 countries annually for the period 1990-2015. Maternal mortality is identified
using ICD-10 codes O00-O99 (Pregnancy, childbirth and puerperium); the official definition is “the number of
women who die from pregnancy-related causes while pregnant or within 42 days of pregnancy termination per
100,000 live births.” These are widely considered the best MMR measures to date, as they address known mea-
surement difficulties in survey and vital statistics data on maternal mortality using Bayesian methods applied to
multiple, complementary data sources including vital statistics, special inquiries, surveillance sites, population-
based household surveys and census files (Alkema et al., 2016, 2017). The world distribution of average MMR
for the period of 1990-2015 is in Figure A14.

Figure A14: Maternal mortality ratio: 1990-2015

(432,1254]
(93.8,432]
(21.4,93.8]
[3.8,21.4]
No data

MMR

Notes: Average rates by country for the period 1990-2015. Values are calculated as deaths per 100,000 live births, and are provided by
WHO, UNICEF, UNFPA, World Bank Group, and the United Nations Population Division.

Political Gender Quota Data We collated measures for each country of whether the country has a legislated
and binding reserved seat quota for women, its year of implementation, and the size of the quota measured as
number of seats divided by all seats in the uni- or bi-cameral chamber. To create the database, we started with
measures provided by Dahlerup (2005) and completed the most recent years from Global Database of Quotas for
Women database (available online at quotaproject.org), which is a repository developed and maintained by
the International Institute for Democracy and Electoral Assistance (IDEA), the Inter-Parliamentary Union, and
Stockholm University.

Women in Parliament DataWe used three distinct annual-level measures of women in parliament to construct
a comprehensive panel of the percentage of women occupying seats in the national parliament. These were the
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WDI indicator SG.GEN.PARL.ZS (“Proportion of seats held by women in national parliaments (%)”), The UN
Millennium Development Goals (MDG) Indicators (“Seats held by women in national parliament, percentage”),
and the Interuniversity Consortium for Political and Social Research (ICPSR) dataset compiled by (Paxton, Green
and Hughes, 2008) (“Women in Parliament, 1945-2003: Cross-National Dataset”). The first two of these datasets
had partially-complete coverage for the years 1990, and then 1997-2015, while the latter had partially-complete
yearly coverage for each year starting in 1945, and ending in 2003. In order to construct as comprehensive a
series as possible, we began with the WDI data, and then imputed missing years where available from the MDG
indicators, and Paxton, Green and Hughes (2008) data. When a missing WDI year was available in both the
MDG and the ICPSR dataset, we favored the MDG measure, which was estimated using the same sample and
year. Figures A6 and A7 present the distribution of the proportion of women in parliament pre- and post-quota
implementation in quota countries, as well as the full distribution of the proportion of women in parliament over
the period under study.

CovariatesWe adjusted for the natural logarithm of PPP adjusted GDP per capita measured in 2011 international
dollars, and a score for the level of democracy in the country, in all models. In additional sensitivity tests, we
also examined quota predictors as laid out in Krook (2010). These were the number of peacekeepers in a country
from The International Peace Institute, IPI Peacekeeping Database, Net Overseas Development Assistance (World
Bank Indicator DT.ODA.ODAT.CD), and a series of measures of political competition and landscape from (Beck
et al., 2001). Our measure of democracy was gleaned from the Polity IV project database. This database records
information on the political regime in 167 countries, between 1800 and 2014. The democracy indicator is avail-
able annually, and is a 0-10 scale based on measures of competitiveness of political participation, openness and
competitiveness of executive recruitment and constraints on executive powers. Higher values reflect more open,
democratic societies.

Health expenditure at the country-year level was taken from theWorld Health Organization the National Health
Accounts (NHA) data series. These provide a measure of total health expenditure as a percent of GDP, and are
available for the years 1995-2013.

For the women’s economic rights variable we exploit a previously under-exploited cross country rights data
from the Cingranelli, Richards and Clay (2013) data set, which provides data on three different variables measuring
Political, Economic and Social Rights of women, for the period of 1981 to 2011 for around 127 (in 1981) to 192
(in 2011) countries.

Maternal Care Inputs DataRecent data from theWorld BankData Bank allow us to examine the state of maternal
health care in a sub-set of countries and years. We use the two policy-relevant indicators measuring the percent
of pregnant women receiving prenatal care (indicator SH.STA.ANVC.ZS) and the percent of all births attended
by skilled health staff (indicator SH.STA.BRTC.ZS). These data are constructed and released by the World Bank
using comparable measures from each country: specifically data from UNICEF, the State of the World’s Children,
ChildInfo, and the Demographic and Health Surveys. As such, these measures are only available in years and
countries for which surveys were conducted, resulting in fewer observations than the yearly measures of maternal
mortality. In our analysis we use the full set of data released in the World Bank Data Bank.
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Placebo Outcomes Data on male mortality for adults are available in the World Bank Data Bank (indicator
SP.DYN.AMRT.MA), based onmeasures from theUnitedNations PopulationDivision,World Population Prospect
and University of California, Berkeley, and Max Planck Institute for Demographic Research. This is measured
as mortality between the ages of 15-60, per 1,000 male adults, and captures the likelihood that a male of age 15
dies by the age of 60. Tuberculosis mortality is measured as the number of deaths due to Tuberculosis among
HIV-negative people, and is measured per 100,000 population. The data are from the WHO and were downloaded
from: http://apps.who.int/gho/data/view.main.57020ALL?lang=en on the 17/03/2016.

Women’s Suffrage and Mortality Rates in the US. The state-specific adoption of women’s suffrage is taken
from Miller (2008), for 48 states and Washington D.C., Hawaii and Alaska had not been granted statehood during
the study period. State-year maternal mortality rates were obtained from Jayachandran, Lleras-Muney and Smith
(2010), collated from US vital statistics data. These data are available for all states but Alaska, Hawaii and Wash-
ington D.C. For 21 states these data are available for the entire period of 1920 to 1950. For the remaining states
mortality data is incomplete, and available only from a later year onwards.23 In Table A10 we provide summary
statistics for each relevant variable.

Women’s Representation in the Senate and US House of Representative. We created a state by year database
of the proportion of the proportion of women in seats representing each state of the United States for the National
Senate and the House of Representatives. A complete compilation of these data is available in Manning and
Brudnick (2018). We calculated the proportion of women representatives in each chamber of congress for each
state for the years 1917-1960. Prior to 1917, there were no female representatives in either body.

23For 4 states from 1921 onwards, for 3 from 1922 onwards, for 1 from 1925, for 2 from 1926, for 5 from 1927, for 3 from 1928, for
2 from 1929, for 1 from 1932 and finally for 1 from 1933 onwards.
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