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Abstract

This paper estimates the causal effect of a hcgtbmidwifery policy experiment on
maternal mortality, infant mortality, and stilldirtduring the period from 1830 to
1894 in Sweden. Exploiting sharp changes or “dinaities” across time and place
in the availability of trained and licensed midwsvas an exogenous source of
variation, | find that a doubling of trained midwi leads to a 20-40 percent
reduction in maternal mortality and to 20 percewmreéase in the uptake of midwife-
assisted homebirths. The results thus suggesathgtercent increase in the share of
midwife-assisted homebirths decreases maternalafitgrby as much as 2 percent,
which is a remarkable finding given that the midwifaining was only 6-12 months
at that time. The results from this study contrébtd current debate about the most
effective strategy for reducing the unacceptablghhmaternal mortality in many
developing countries, especially in low-resourdéirsgs.
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1. Introduction
About 800 women die everyday as a result of pregyan childbirth complications

around the world and almost all maternal deaths %9%occur in developing nations
(WHO 2014). In fact, a woman'’s lifetime risk of reatal death is 1 in 160 in developing
countries} as compared to 1 in 3700 in developed countriée difference between
maternal mortality in the developing world and tteveloped world is greater than that
of any other health indicator. Reducing the hightemaal mortality in the developing
world is therefore considered to be a key policsués Consequently, one of the United
Nations Millennium Development Goals is thus to n#figantly reduce maternal
mortality.

However, despite the important task of reducingemmati mortality in developing
countries, we know surprisingly little about whagpe of health intervention actually
works in these low-resource settings (e.g., Can@mel Graham (2006)). It has proven
to be extremely difficult to establish a causahtieinship between maternal mortality and
birth with a skilled birth attendant (e.g., midwifghysician, obstetrician, nurse, or other
health care professional) in any type of settingisTis perhaps not surprising since a
credible impact evaluation faces a number of sewtr@lenges. To begin with, the
absolute numbers of maternal deaths are smallexinemely large samples are therefore
needed to investigate the determinants of matemaitality (e.g., Ronsmans et al.
(2008)). As a result, randomized control trials [RCthe gold standard in impact
evaluation studies, are generally not feasible.addition, there is also a shortage of
reliable information on maternal mortality and tigpe of birth attendant that assisted the
birth (e.g., Graham (2002) and Ronsmans and Gral2®06))3 Although non-

experimental studies can overcome some of thesdagms? they still face the difficulty

1 In many sub-Sarahan countries, the lifetime risknaternal deaths could be as high as 1 in 20.

2 Jokhio et al. (2005) conduct a clustered RCT aiimgj of the training of traditional birth attendsimn
Pakistan. However, despite the fact that there wabkogit 10,000 births in both the treatment ancttirgrol
group, this RCT had very low power to detect arigaf on maternal mortality due to the small nundder
maternal deaths in both the treatment (27 deatisjtee control group (34 deaths). Thus, this stldsrly
illustrates the problem of sample size.

3 Attaran (2005) also argues: “that many of the nmgiortant MDGs, including those to reduce...maternal
mortality...suffer from a worrying lack of scientifily valid data.” Thus, he concludes that: “onergan
know if true progress towards these very importgals is occurring.”

4 See Sanson-Fischer et al. (2007) for a discussiamy it may be more attractive to use an obséevaat
study design rather than an experimental desigmwelaluating a population-based health intervention



of establishing a causal relationship since thegycglly do not make use of credible
research designs (e.g., Graham et al. (2001) aott &d Ronsmans (2009))n fact,
many observational studies show that giving birtthva health professional actually
increasesthe risk of dying in childbirth. This counterintivie finding strongly suggests
that these studies are plagued by a severe selebias, i.e., women with delivery
complications seek professional help. Studies based historical data are also
inconclusive, as noted by Loudon (1992) in his gtofl the determinants of maternal
mortality in various countries in the ®Sentury® Another problem in establishing a
causal relationship between birth with a healtifggsional and maternal mortality is that
health interventions aimed at reducing maternal tatioy usually consist of many
components (e.g., maternity clinic staffed by femmghysicians, system for referral and
transport of women with complications) and it isréfore difficult to disentangle the role
of the birth attendants in reducing maternal maytétom these other components (e.g.,
Maine et al. (1996)).

To make progress on the important problem of estaibg a causal relationship
between birth with a skilled health professionadl amaternal mortality, | will explore a
unique midwifery policy experiment in Sweden in tt&h century. With this new data,
| overcome most, if not all, of the impact evaloatiproblems discussed above. To start
with, Sweden is one of the few countries that hagé quality vital statistics at the local
level covering the universe of the Swedish popafafrom the 18 century on an annual
basis® The statistical analysis can thus be based ormely large sample sizes since
there were roughly 120,000 births and 500 matemhehths on a yearly basis.
Consequently, the analysis will be based on a tit8012,080 (live and still) births and
37,519 maternal deaths as the data covers thedpB8i80-1894. With this new data, it is

also possible to exploit exogenous sources of trans in one particular type of health

5 An exception is Fauveau et al. (1993) who anadymeaternity care program in Matlab, BangladeshyThe
find evidence that MMR is lower in the interventiarea as compared to a control area. However, this
result is questioned by Ronsman et al. (1997) whaeathat the control area is not comparable to the
treatment area.

6 Loudon writes “it is extremely difficult to findatistical evidence that trained midwives lowereel t

MMR of any country or any region in the nineteeogmtury” (p. 414)

"1 have collected this data myself from the Swedisiional Archives and other sources. See the web
appendix for further information.

8 See Hogberg and Wall (1986) and the referencesithfor a discussion of the Swedish historicahlvit
statistics.



intervention. At the time, Sweden had a midwiferyligy consisting of home-based
intrapartum care by trained and licensed midwigsecifically, two distinct empirical
research designs can be implemented. One desidaitsxgharp time-varying regional
changes or “discontinuities” in the availability hined midwives due to the severely
restricted supply of educated and licensed midwiaeshe national level. The other
design makes use of the opening of the new midwgehool which greatly increased the
supply of trained midwives in those areas closeshé school. In other words, this paper
uses two types of quasi-experimental designs tmatt thecausaleffect of midwives on
maternal mortality. Here it is important to strésat midwife-assisted homebirth was not
confounded by the availability of doctors or ankiettype of health referral system. Put
differently, Swedish midwives were in charge of &bmebirths, including any
complications associated with the deliveries. Apothdvantage of the Swedish data is
that it is possible to estimate the relationshipMeen midwife-assisted homebirths and
maternal mortality. This is related to the factttitavas recorded whether a birth was
attended by a trained midwife or not for the urseeof births since 1860. On average,
the share of midwife-assisted births was 57 perdmrit the regional variation was
extremely large, i.e., from 5 to almost 100 peréent

The result of this paper indicates that a doublmthe number of trained midwives
led to a 20-40 percent reduction in the MMR durting period 1830-1894. However, the
effect is nearly twice as large for the period &ft860, which is consistent with the fact
that midwives in the later time period had much enmidwifery training. | also estimate
the uptake of the midwifery policy for the perioitea 1860. | find that a doubling of the
number of midwives led to a 20 percent increasténtake-up of the midwifery policy.
As a result, a one percent increase in the shamadwife-assisted homebirths decreased
maternal mortality by about two percéhtwWhile the effect may seem large, it should be

kept in mind that the (counterfactual) comparisemwith respect to having a traditional

® Worldwide, about one third of births take plac¢haut the assistance of skilled health personnel.
However, only about one in two births in sub-Sahak&ica and South Asia are attended by a skilled
provider.

10 |nterestingly, my estimated effect is of similaagmitude as those produced from a modelling approac
by Homer et al. (2014). They show that scalingnigwifery could help reduce maternal mortality, eve
in resource constrained environments. For exanaplecurrent 5-year increase of 10 percent coveshige
the interventions delivered by midwives would I¢ac 27 percent drop in maternal mortality.



birth attendant (TBA) assisting the homebirth. Thitsis a well-known fact that
traditional practices may include harmful healthhecdehavior during pregnancy and
childbirths, such as improper use of drugs, puslmnghe abdomen to hasten delivery
and even the use of certain surgical procedure<évtby and Maine 1992}. In other
words, the impact effect is the difference betweepotentially deleterious treatment
(TBA) and a much safer treatment (trained and Beedmmidwives).

A number of specification checks lends support toaasal interpretation of my
findings. Most importantly, | test whether my scaiaf identifying variation—the sharp
changes in the availability of midwives across tiamel place—is “as good as random”. |
find no relationship between these “discontinuities midwife availability and other
potentially important confounding factors such esility, female mortality (from other
causes than maternal mortality) and various proafesconomic development and types
of economic shocks (e.g., harvest failure). In ¢hgpirical design, it is also possible to
control simultaneously for time-invariant omitteacfors as well as a lagged dependent
variable—the lagged MMR—uwithout introducing any diaince the number of time
periods is very large. Importantly, controlling fine lagged MMR has no impact on the
estimated effects. | also follow the suggestiorSofon et al. (2013) of comparing un-
weighted with weighted estimations as a useful tasinst model misspecification.
Reassuringly, there is no difference between theeighted and the weighted models.
Finally, and perhaps the most convincingly, | fthdt the timing of the sharp changes in
the availability of midwives lines up with the spachanges in MMR and that both
negative and positive supply shocks to midwife laglity produces identical impact
estimates. In other words, the sharp changes @omlisiuities in the availability of
midwives are arguably unrelated to any other comfiing factor, such as the demand for
midwives, which are likely to be much more slow-nmay

| argue that my finding, that home-based intrapartare by midwives with only 6-
12 months of formal training had a large effectreducing MMR in 19 century in
Sweden, has important implications for thinking @bdhe most effective health

intervention for reducing the currently very highMR in low resource settings. This

11 McCarthy and Maine (1992) discuss that traditidreadlers in northern Nigeria make “Gishiri cuts”
(incisions in the vagina) on women who are not mgkirogress in labor. In Sweden, both Romlid (1998)
and Lundqyvist (1940) provide many historical exaespdf the malpractices of TBA (“hjalpgummor”).



follows from the fact that T9century Sweden was a poor agrarian society anahaimy
respects, similar to many developing countries yodéh a high MMR, a high infant
mortality rate, a low life expectancy, and a hightifity rate!> Moreover, the fact that
many of the major causes of maternal mortalityhsas hemorrhage, are similar across
these two settings also supports external validiya result, it is possible to argue that
having a skilled attendance at home can be a pitdestrategy in low-resource settings
since home births may increase the coverage oledkdttendance in rural areas and
respond to women’s demand for home-based care.dvergtraining, deployment, and
retention of midwifes are crucial tools for breakinthrough supply barriers.
Consequently, a home-based care approach withrarsidwifery training program may
be an attractive strategy as it is easier to retnese midwives because it requires fewer
educational criteria. It is also easier to retaiwives with a short midwifery course
since they have fewer attractive alternatives. IBinthis type of birth attendants may be
more acceptable to women than other health prafesls, such as doctors, because of
the smaller cultural distance from the women whbaytserve.

In this paper, | also analyze whether infant mastalnd stillbirth were affected by
the availability of midwives using the exact sammpe@ical design as previously
discussed. Perhaps surprisingly, | find that missivhad no effects on these two
outcomes. However, regarding the absence of thectetbn infant mortality, it is
important to note that during the f1@entury, most infant deaths occurred after that fir
month of birth, at a time when all midwives hadeably left their newly delivered
women. Thus, this finding raises the important toasif different types of health
interventions are required in the developing wadday if both infant and maternal
mortality are to be simultaneously reduéédiVhen it comes to stillbirths, it is also
important to realize that there is a current delatéhe medical literature of whether
perinatal mortality can be used as a proxy for mafemortality and maternal health care
status (e.g., Campbell et al. (1995) and Alkalimlef{1997)). The result from this study

12 See also Graham (2001), Hogberg (1985, 2004) anddn (2000) for related and other arguments for
the benefits of using historical data in ordergarh how to reduce maternal mortality in the depielp
world today.

13 Loudon (1992) also finds little or no relationshigtween maternal mortality and infant mortalitythie
historical data and therefore, he concludes: “déar that measures designed to reduce materdahfamt
mortality required quite different approaches”.



shows that stillbirth cannot be used as a proxynfaternal mortality, at least not in the
19" century context.

This paper is related to several literatures ifiedgnt fields. In economics, Miller
(2008) uses a similar type of identifying strateégyevaluate the impact of an historical
public health intervention, as induced by changewoman suffrage laws in the U.S. in
the early 28 century, on cause- and age-specific mortality. Totlber examples in
economics are Jayachandran et al. (2010), whiclyzegthe impact of the sulfa drug on
maternal mortality in the U.S., and Jayachandrad Bleras-Muney (2009) which
estimates the impact of the decline in maternaltatioy (due to various public health
interventions) on women’s human capital investmentSri Lanka'* There is also a
large literature in the medical sciences analyzimg impact of various public health
interventions, such as deployment of midwives, atamal mortality (e.g., Fauveau et
al. (1993), Jokhio et al. (2005) and Ronsmans .e2807)). Moreover, there is also a
literature using historical data to investigate tedationship between midwives and
maternal mortality (e.g., Loudoun (1992, 2000), biég et al. (1986, 1988) and Hogberg
(2004))> This paper is also related to the current poliepate on the best way of
preventing maternal mortality (e.g., The Lancetanal survival seriesy.

The rest of the paper is structured as followsti&e@ provides background and
discusses the data. Section 3 presents the enbtpoEsigns and results for the
relationship between midwife availability and matdr mortality. Section 4 provides
evidence for the relationship between midwives stiltbirths while Section 5 concludes

the paper.

14 Two other related studies are Miller (2006) ang€zd et al. (2013). In contrast to this study, ¢hes
studies compare the outcomes between births assigtmidwives with those assisted by physicianagisi
data from developed countries.

15 Hogberg et al. (1986) and Hogberg (2004) alsoyaeahe relationship between MMR and midwife-
assisted births using historical Swedish data. Hewehey only compute the preventive fractions of
maternal deaths for a small area and without ctimigafor any confounders. As a result, this tyge o
epidemiological approach can therefore not conwiglgiidentify any causal relationships. In addition
these studies have also been criticized on otlmemgls. One issue concerns the fact that they exclud
maternal deaths due to puerperal fever from thesareaof MMR, which is a serious problem accordimg t
Loudon (1992). In sharp contrast, this study use®dible identification strategy and includesnaditernal
deaths.

16 1n 2006, The Lancet had a series of papers ohdkeway of reducing the burden of maternal maytali
in developing countries. Four types of health styis were discussed: (i) health center intrapacaire,
(ii) skilled attendance at home, (iii) communityalté workers at home and (iv) relatives or tradiéibbirth
attendance at home. The recommendation was tdadeetilth center intrapartum care strategy since
skilled attendance at home was not consideredevaption.



2. Background and Data

In this section, | provide information about theisas of maternal mortality, the Swedish
midwifery policy and the data used in the empiriealalysis. However, before this
discussion, it is useful to briefly describe thengel economic and social setting in the
19" century in Sweden. In the mid-19th century, Sw&l&@DP per capita was more
than 20 times smaller than today. The share of lpaeprking in the agricultural sector
was about 80 percent and the share of the rurallgopn 90 percent. During the period
1800-1850, the crude birth rate was 30-36 per todisvhile the crude death rate was
25-30 per thousand. The average life expectancyalast 40 years and the fertility rate
was 4.5 children per woman. The maternal mortakityo was about 600 deaths per
100,000 births in the beginning of the period whiie infant mortality was higher than
150 deaths per 1,000 live births. This short desiom makes it very clear that Sweden in
the 19th century was a very poor agrarian society & many respects, similar to many

developing countries today, especially those ity V@w-resource settings.

2.1 Maternal mortality
The maternal mortality ratio is defined as the nandf maternal deaths per 100,000 live

births. The current definition of a maternal deatlsludes both direct and indirect
obstetric causes within 42 days after birtfl.oday, the vast majority of maternal deaths
(75 percent) are due to direct obstetric complicatidue to (i) hemorrhage (uncontrolled
bleeding): 27 percent, infections (sepsis or puatdever): 11 percent, (iii) hypertensive
disorders (eclampsia): 14 percent, (iv) obstrutaédr/raptured uterus: 9 percent, and (v)
complications from abortion: 8 percent (e.g., Sale (2014), McCarthy and Maine
(1992)). It is important to stress that there carcbnsiderably overlap among these direct
causes. For example a hemorrhage may result frauptared uterus, or a life-threatening
infection could be due to a prolonged and obstdutdbor. Thus, this makes it is hard to
unambiguously classify the direct causes of mateteaths. It is also important to note

that many of these birth complications occur amwedj-nourished and well-educated

17 Maternal death is the death of a woman while paagor within 42 days of termination of pregnancy,
irrespective of the duration and site of the pregyafrom any cause related to or aggravated by the
pregnancy or its management but not from accidemtedcidental causes (WHO).



women receiving adequate prenatal and delivery @adecan generally not be predicted
(e.g., Gabrysch and Campbell (2009) and Paxtoh €G05)).

In Swedish historical data, a maternal death wemed as a death of a woman
caused by complications of pregnancy, labor, orrgereum. Thus, this definition
basically means that only direct obstetrics matedeaths should be recorded. Hogberg
and Brostrom (1986) investigate the causes of malkenortality in the 19 century in
Sweden using individual data from 7 of about 2,5@@shes. In their sample, they find
that 69 percent of all known maternal deaths were td direct obstetric complications.
Of these direct cases, only 11 percent were dugdotions while the others were due to
difficult labor, eclampsia, and hemorrhage.

To summarize, the comparison of death causes afrnatmortality between the
developing countries today and Sweden in th& déntury suggests a high degree of

comparability between the two settings.

2.2 Sweden’s midwifery policy 19
Sweden has had a long tradition of thorough trgirand close regulation of midwives

since the 18th century. During the early 19th csntthe Swedish health authorities
started to deploy trained midwives in places witbesere shortage of midwives, i.e., in
parishes with no midwives. The capacity to train @ertify midwives was, however,
limited, since it had been decided that only omgglsi midwifery school, which was
placed in Stockholm (the capital), should supplhdwives to all 24 Swedish regions
except two?® The key determinant of how many midwives that ddug trained annually
was the number of women giving birth at the LyingHospital of Stockholm. For
example, during the period 1821-1840, only, on agey 230 women gave birth annually
at that hospital. For this reason, only about 38wives graduated annually from the
Stockholm midwifery school. In 1856, a new midwyfeschool was put into place in the

city of Gothenburg, increasing the total supplytadined midwives to about 80. In

18 For the period after 1860, infections are repotteconstitute nearly 50 percent of all maternatts.
However, it is very difficult to know how many dfe cases were only due to infections and not a
consequence of any of the other direct causes td#rmad deaths such as obstructed labor since #rere
considerably overlap among the causes as notecabddgberg and Brostrom (1986) argue that the
diagnosis puerperal fever was likely not confoundgdeptic abortions during the 19th century.

19 This section is based on Hogberg (2004), Romia®6l 1998) and Lundqvist (1940).

20 The regions of Malmohus lan och Kristianstad lad their own-midwifery school in Lund. On average,
less than 10 midwives graduated annually from Ldudng the 19 century.



addition, to further boost the supply of midwives rural areas with a shortage of
midwives, the Swedish health authorities paid tlenances for 18-24 midwife students
conditional on them being deployed in places wihartage of midwives.

Figure 1 shows the increase in the total numbenidfvives in Sweden during the
period 1830-1894. In 1830, the number of midwivess @88, which had increased to
2,585 in 1894. The level and the trend in the totanber of midwives can also be
compared to the total number of doctors: in 18k@rd were 379 doctors, which had
increased to 964 in 1894. However, it is importennote that the numbers of doctors
available to the general public (i.e., “provinsi&thre”) were much fewer. There were
only 94 such doctors in 1820 and 138 in 1894. Thaesetors were employed by the
Swedish central government while the midwives wengployed by one of the about
2,500 parishes.

The requirement to qualify for the midwife-trainifggogram was that women
should have a basic knowledge in reading and wgffirFrom 1819, the formal training
period was 6 months and from 1840, the trainingoplewas 9 months. The basic training
included the manual removal of placenta, extraciiorbreech presentation, internal,
external and combined versions. Midwives were dlstned to reduce postpartum
bleeding with the practice of aortic compressiod aompression of the uterus. From
1819, qualified midwives could receive 3 monthsadtlitional training on how to use
obstetrical instruments (delivery forceps, sharg bllnint hooks, and perforators).

Midwives were basically in charge of all deliverisgnce home births constituted
close to 100 percent of all births. For examplelydh8 percent of all births were
delivered in hospitals as late as 1894. Moreoveet were no referrals of women with
obstetric complications to hospitals or doctorcsimany of the midwives were trained
and certified to do obstetrical operations. Howedetivery forceps were only used 200-
600 times per year. Thus, there were very few wetaions since they constitute less than
0.5 percent of all deliveries. Moreover, sharp teoakd perforators were only used 5-32
times per year for the entire country. The avemrag®ber of deliveries per midwife and

year in the rural areas was about 37 during therskdalf of the 19 century. This

21 It was not until 1842 that Sweden introduced coisqny basic education but it took a long time to
implement. Moreover, there were no requirementtherminimum formal years of schooling which
implied that many children still received little oo education even after 1842.



number may seem low, but it is important to sttbas midwives were required by law to
care for the mother and the newborn as long asa# required and this explains why a
midwife could only attend a limited number of bsteach year. The share of midwife-
assisted births constituted 36 percent in 1861enthié share had increased to 78 percent
in 1894.

2.3 Data
My data set includes information on the universehef total number of births (both still

and live) during the period 1830 to 1894. At theioval level, there were altogether
7,770,239 live births and 241,841 stillbirths dgrithis period. There were also 37,519
maternal deaths which implies an average of 482 Md#er the whole period. The
number of female deaths from other causes thanrnatmortality was 2,408,397. The
number of infants dying before the age of one w@62,413, i.e., implying an infant
mortality ratio (IMR) of 133. The age distributiai mothers was as follows: 2.1 percent
under the age of 21, 14.4 percent for ages 21-3%, fercent for ages 26-30, 26.2
percent for ages 31-35, 20.5percent for ages 38@@, percent for ages 41-45, and 1.5
percent for ages 46-50.

In the empirical analysis, yearly data on 25 geplgical regions will be used.
Figure 2 shows a map of these regions. It is ingpdrto stress that these regions are
sufficiently large to get a reasonable estimateM®R since the average number of
yearly births is about 5,000 and with an average2®f maternal deaths. There is
considerable variation in both the cross-sectioth tye time-series in these regions for
MMR, the number of midwives and the share of migvatsisted births. For example, in
the first year of our sample, 1830, the mean of MM&S 622 with a maximum of 1,274
and a minimum of 296. At the end of the sample 4189 mean MMR was 288, where
the highest MMR was 458 while the lowest was 144gufe 3 shows the yearly variation
in the MMR for all regions over the investigatedripd 1830-1894. The MMR is
expressed in logarithmic form to make it consistesth the empirical specification
discussed below. For midwives, the average numberidwives in a region was 40 in
1830 with a minimum of 5 and a maximum of 202. BB4, the average number of
midwives had increased to 103 where the minimum 48and the maximum was 346.

Figure 4 displays the yearly variation in the numbemidwives, i.e., the explanatory
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variable of interest. Again, the variable is expsgs in logarithmic form to make it
comparable with the empirical specification in nesdction. The average share of
midwife-assisted births was 57 percent but thiseslcauld be as low as 5 percent and as

high 99 percent. Table 1 displays the summaryssiegiof the regional data.

3. The empirical designs and results
Absent a randomized controlled trial (RCT), estim@atthe impact of a public health

intervention, such as the availability of midwivea maternal mortality, one would

ideally estimate an equation of the following form
(2) log(MMRy) = a + (midwife availabilityy) + vgt,

where the dependent variableg(MMRyy), is the natural log of the maternal mortality
ratio (number of maternal deaths per 100,000 Birthsregion g in yeart.?? The
independent variable would preferably be a meastunedwife availability, i.e., a supply
shock, that is uncorrelated with the demand for wiuds, i.e., unrelated to the
unobserved factors in the error tevgn In this case, the paramefewould be the causal
effect of midwife availability on MMR and it can lmnsidered as an intention-to-treat
effect, which is one parameter of interest in arpeexnental design with partial
compliance with the treatment protocol. The hypsitds that when the supply of
midwives increases; MMR falls, i.¢8<0.

It is also important to estimate the causal effectmidwife-assisted births on

maternal mortality. In this case, we would estinetegression of the following form
(2) log(MMRgyy) = a+ b( share of midwife-assisted birtfst ngt,

where b is the coefficient measuring the causal effectnoflwife-assisted births on
MMR. In order to estimate this parameter, we neechéasure the take-up of the policy,
l.e., the share of midwife-assisted births. Thue, veed to estimate an equation of the

form

22 Here, | follow the conceptual framework laid oytdayachandran et al. (2010) for estimating the
relationship between the availability of the sufag and MMR.
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3 log(share of midwife-assisted birtfjs= a + 7Kmidwife availability) + ngt,

where the parameteris the effect of the take-up of midwifery polichhe estimate of
the causal effect of midwife-assisted births on MMR,, the coefficienb, will therefore
be equal to the ratio of the reduced form effécaind the first-stage effect;

It is important to stress that estimating the chweftect of the public health
intervention—the availability of midwives—on matatrmortality and the take-up of the
midwifery policy only requires that the interventics as good as random (e.g., Duflo et
al. (2008)). In contrast, estimating the causaafbf midwife-assisted births on maternal
mortality also requires an exclusion restrictioamrely that the midwifery policy only
affected maternal mortality via midwife deliverietn my context, the exclusion
restriction seems plausible since there was (ijeferral system in case of complications
during delivery; and (ii) a licensed midwife wasslzally not allowed to perform any
important medical treatments other than delivediesddition, below | provide empirical
support for that the exclusion restriction is k&b hold since both negative and positive
supply shocks to the availability of midwives yieddnilar impact estimates, which is
analogous to an overidentifying restriction test.

The general idea of my empirical approach is thatan estimate the relationship
between midwife availability and maternal mortality using institutional features of the
supply side of the Swedish health system, i.e.,ude of supply-side variables to help
resolve identification problems on the demand sidthe health market. In this paper, we
make use of two sources of exogenous variatioheratailability of midwives. The first
design is based on supply shocks or sharp “dismoities” in the availability of
midwives across time and place as induced by thplguestriction at the national level.
The second design makes use of the opening of@wenmdwifery school in the city of
Gothenburg in 1856 which dramatically increasedsingply of midwives in that part of

Sweden. Below we describe the two empirical desigrdetail.
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3.1 Design 1: Supply shocks in the availability of midwives
The idea of this design is to isolate local or oegl supply shocks in the availability of

midwives that is arguably uncorrelated with the dathfor midwives. To implement this
design, | will make use of a difference-in-diffeces study with region-specific time
trends. With this particular setup it is possilded¢lax the common trend assumption in a
standard difference-in-differences destgiClearly, the common trend assumption is not
likely to hold in this setting because the dataszean extensive long time period, i.e., 65
years (1830-1894), with recurrent regional supplycks throughout the whole period. In
other words, it is unlikely that all regions wilate similar trends in MMR in absence of
the public health interventions. In sharp contrasta model that includes a region-
specific time trend, the identification of the calusffect is based on sharp deviations
from otherwise smooth trends, even where trendsnatecommon. This particular
empirical strategy is essentially a type of a regi@n discontinuity design (RD) with
time as the forcing variable as noted by Lee anthr5¢2011). Consequently, the
identification relies on is on the appearance apel af a “jump” in the outcome (MMR)
at the time of the public health intervention, ,i.the shock to the availability of
midwives. In other words, if the intervention doex induce a sharp deviation from trend
the identification fails (e.g., if the causal etfeenerges only gradually). More formally, |

will estimate regressions of the form:

(4) log(MMRy) = plog(midwivesgy) + ag+ At+ mgf(t) + Vgt
0=1,2..,25., ant=1830,1831,..,1894,

whereMMRis the maternal mortality ratiag is a region-specific effect; is a time-fixed
effect andzgf(t) is a region-specific time trend, i.e., the “forcingriable” in a RD
design?* The parameter of interestfisand it measures the effect of midwife availabijlity
the number of midwives, on MMR. Thug,is an intent-to-treat effect. The impact is

measured as an elasticity since both the outcontk the explanatory variable is

23 In a conventional difference-in difference dedligere are typically only a few years before andradt
policy change making the assumption of common sendch more plausible.

24 This is similar to the type of identification segy used by Miller (2008). The only differencatiat his
treatment is binary (the introduction of femalefsage laws) while the treatment here is multi-value
(number of midwives).
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expressed in logarithmic form. In the followingwill discuss a number of important
specification issues concerning equation (4) amaua specification checks.

Starting with the functional form of the region-sgie trendf(t), both a linear and
a quadratic specification will be used (see Talesnd 5 for the results). Effectivelit)
will control for smooth changes in the outcome whthe explanatory variable—
log(midwiveg)— is going to captures any discontinues effectshie availability of
midwives. Consequently, there must be sharp chargedliscontinuities in the
availability of midwives at the regional level te lable to estimate the parameger
Naturally, there will be both large positive andgagve shocks to the availability of
midwives at the regional level on an annual bases t the fact that the capacity to train
and license midwives was limited as discussed abGlearly, as long as these large
regional supply shocks are uncorrelated with tlvalldemand for midwives, both types
of variations are permissible for identifying th#eet . Arguably, any change in the
local demand for midwife-assisted births is likédybe much smoother than any sharp
change in the regional availability of midwives. &sesult, the timing of the causal effect
must correspond closely with the sharp changefienavailability of midwives if this
design is going to be credible. A distributed lggedfication, i.e., including lags of
log(midwiveg), can be used to probe the timing issue (see Tafdethe result). Ideally,
the causal effect should appear immediately wittelor no dynamic effects, otherwise
the supply shocks may be correlated with slow-mgvalhanges in the demand for
midwife-assisted births. Moreover, a causal intetgtion would also be strengthened if
the results are similar for both sharpsitiveandnegativechanges in the availability of
midwives (see Table 7 for the result). The basgait that if these sharp changes in the
supply of midwives are unrelated to the demandfimiwife-assisted births, the estimates
of g should be more or less the same.

Turning to the functional form assumption of Eqoiat (4), the log-log
specification is useful for a number of reasonsstFit encompasses a number of other
reasonable ways of expressing the relationshipdetvmidwife availability and maternal

mortality, at least as long as fertility, i.e., (pgmber of births), is included as a covariate
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in the specificatior® Then, it is possible to express the dependenablas as MMR or
as the number of maternal deaths and the independerable as the number of
midwives or as a ratio of midwives to births withathanging the estimator of the
parameters. Second, a log-log specification narrows the raimgéhe variables which
makes the estimates less sensitive to extreme @igers. This is of importance here
since both MMR and the number of midwifes vary d¢desably. For example, Table 1
shows that MMR varies between 0 and 4,048 while rinmber of midwives varies
between 5 and 377. Third, it seems reasonablecta lzg-log specification given that the
identification strategy is based on “matching” disttnues or non-linearities in the
explanatory variable with potential discontinuitiesthe outcome variable. Thus, in this
case, we match largeercentagechanges in the number of midwives with potentially
largepercentagechanges in maternal mortality.

It is important to note that equation (4) is a gred data regression or a pseudo
panel, i.e., aggregated data from repeated cras®se at the region-year level. Pseudo
panels typically raise a number of econometricasssuch as measurement errors (e.g.,
Deaton 1985). However, there are little or no messent errors in these averages since
the grouped data covers the universe of birthsthadaverage number of yearly births
within a region is largé® i.e. almost 5,000 (see TableZI)More importantly, however,
there is little or no measurement error in the kegyressor of interest, i.e., the number of
regional midwives, which does not vary at the imdlinal level but only at the group level,
28 ji.e., the region-year level. As result, a biashie estimated effect due to measurement

error problems is likely to be negligible since theasurement error problem is only in

25 Controlling for fertility raises the important iss of whether one should control for such a vaeaiihce
it may be endogenous (e.g., a risk averse womandeeige to give birth depending on the availabihity
midwives) and therefore considered to be a badabfingrist and Pischke 2009). However, the indos
of this variable will only cause a bias in the estie off if fertility is related to the availability of
midwives. Below we empirically test for such a tedaship and the result strongly suggests thaetieno
relationship between the number of births and timalver of midwives.

26 Even if one has data from the entire populatiba,dtandard errors can be justified using a geimatiain
of randomization inference (Abadie et al. 2014pkKing the perspective that the regression fundgdon
intended to capture causal effects.

27 Devereux (2007) argues that group sizes, i.e. beurof annual regional births, should be largentha
2,000 to avoid the problem with measurement eiropseudo panels.

28 Since the regressor only varies at the group Jékieh equation (4) weighted by the group size is
identical to OLS on the micro data.
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the dependent variable and that the measurements as most likely of the classical
form.

There is also the question of whether one shoutonate the grouped data
regression (4) by weighted least squares, WLS,glwted by size of the regional birth
cohort) in order to return to the micro data relaship, i.e., the underlying microdata set
with nearly 8 million births during the period 182894. However, this is an open
question since an argument can be made that anigitee analysis of aggregates is to
be preferred (Angrist and Pischke 2009). Nonetlkel8slon et al. (2013) recommend
reporting both the weighted and unweighted estismdkecause the contrasts between
OLS and WLS estimates can be used as a diagnastianbdel specification or
endogenous sampling (see Tables 3 and 4 for th#gEs

Another specification issue concerns the fact thatwives were likely to be
placed in regions with an already high maternaltaiity (e.g., due to the absence of

midwives)®i.e.,

log(midwiveg)= zlog(MMRyt-1)+ ag+ At+ mgf(t) + vt

Thus, the deployment of midwives depends on pastRMMne way of dealing with this
issue of a feedback from MMR to future values otlwife availability is to include a
lagged dependent variableg(MMRy:.1), into equation (4). However, this introduces a
bias in a panel data model with fixed effects (I¢i€k981)3' Nonetheless, the bias of
fixed-effect estimator is of the order . Thus, since the number of years is very large,
T=65, the bias is likely to be minimal (See Table5the result)?

As a final comment concerning regression equa#ons that the standard errors

will be clustered at the regional level to addrpssblems with serial correlations in the

2% Under exogenous sampling and correct specificatfahe conditional mean, both OLS and WLS are
consistent estimators for the regression coefftsien

30 The estimate of is highly statistically significant. Thus, log(MMR not strictly exogenous but it fulfills
sequential exogeneity since there is no laggedress. .

31 Alternatively, if one interprets equation (4) apresenting a pseudo-panel regression rather thrae a
panel data equation it is possible to control ftagged dependent variable without introducing liss
discussed by Wooldridge (2009). In other wordsupdsepanel data makes it possible to work with aehod
that includes both lagged dependent variables antiserved group fixed effects

32 See Wooldridge (2002, p. 302).s
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errors within clusters. Importantly, Hansen (208@$ shown that the clustered standard
errors works well even if the number of clustdxsjs fairly small as long as the the
number of time periodsT, is sufficiently large, which is the case herecsii=65 and
N=2533

Next we turn to the results of estimating equat®n However, before we present
these results, we start by testing whether the ipuialth intervention the sharp
changes in midwife availability! is as good as randomly assigned. We conduct thst “t
of balance” by checking whether there any discaiitigs in any other of the potential
confounders conditional on the key conditioninganates3i.e., region-fixed effectag,
time-fixed effectslt and region-specific time trenagf(t). Thus, to perform this test, we

therefore estimate regressions of the followingrfor

(5) Wgi= Alog(midwivesgy) + agt At + mgf(t) + vgt,

wherewg: is a candidate confounder. We expect the estiofatdo be zero if the sharp
changes in the availability of midwives, i.e. thgoply shocks, are as good as randomly
assigned.The confounders we use are the following: the log(ber births), log(total
female deaths except for maternal deaths), lagfinfleaths), log(number of doctors),
log(female emigration), seven variables capturing &ge distribution of mothers and
seven indicators for harvest yield where O corredgoto complete harvest failure.
Finding that these sets of important confoundegsnat associated with the placement of
midwives would greatly bolster the credibility dfet research design. It is also important
to note that this set of covariates has a stroedigtive power for MMR since thig? is
28 percent from a regression of MMR on only thisaderariables.

Table 2 displays the results from this test. Itvehdhat there is only 1 out of 19

estimates that is statistically significant at thepercent level. However, this is to be

33 Clustering on both region and time, i.e., two-vehystering, does not affect the results.

34 See also the discussion in Pischke and Schwa@#itfabout the different ways of testing the
identifying assumption. They write “The confoundan be added as a control variable on the rightl han
side of the regression. The identifying assumpisoctonfirmed if the estimated causal effect of iegt is
insensitive to this variable addition. Alternatiyethe candidate confounder can be placed on thedad
side of the regression instead of the outcome biria zero coefficient on the causal variableréiest
confirms the identifying assumption. This is analag to the balancing test typically carried outgsi
baseline characteristics or pre-treatment outcamasandomized trial.”
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expected since if 20 specifications were to beetgsit is likely that one would be
statistically significant by chance. Moreover, moétthe estimates in Table 2 are also
small and ofiifferentsigns. Thus, these results provide strong suppothe fact that the
sharp changes in the availability of midwives cancbnsidered as good as random and
therefore not related the demand for midwivess Iparticularly noteworthy that fertility
(i.e., a demand-side variable), infant mortalite.(ia measure of economic development
and population health) and female mortality (ieemeasure of population health) are not
associated with the sharp changes in the availabilimidwives.

Table 3 displays the results for the reduced foetationship between MMR and
midwives, i.e., specification (4). All specificatie are unweighted OLS regressions. The
estimate in column 1, without any controls for aamiders, is 0.192 and statistically
significant at the 5 percent level. Since bothdependent and the independent variables
are expressed in logarithmic forms, the interpretadf the estimated coefficient is that a
doubling of the number of midwives would lead td@ percent reduction in MMR.
Adding the confounders has little or no impact ba ¢stimated effect, as can be seen in
Columns 2-6. This is also what should be expecaterh fthe previous finding, i.e. that
these sets of confounders are not related to thevifieiry policy conditional on region-
fixed effects, time-specific effects and regionsfie time trends. The estimated effect is
also little affected if a quadratic region-spectfioe trend is added in Column 7.

Table 4 presents exactly the same specificationgh aBable 3, with regressions
weighted by the size of the regional birth cohdihe results from WLS are almost
identical to the unweighted estimates in Table Iusl reassuringly weighting does not
matter for our understanding of the effect of migsion MMR.

Another specification check is controls for a lagjgbependent variable since one
could argue that the midwifery policy followed aaségy of placing midwives in regions
with a previously high MMR. Table 5 present thessuits for both the OLS (Columns 1-
3) and WLS specifications (Columns 4-6). For eakeamparison, Columns 1 and 4
restate the results from the specifications witHagged MMR as displayed in Tables 3
and 4. The estimated effect is little affected dgiag lagged outcomes. The estimate of
the first order lag is also rather small (0.08-0.@%4ile the second is very close to zero

and not significantly different from zero. Theseadimrestimates imply that the lagged
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MMR has only limited predictive content for futuk&MR, which is also consistent with
the findings in the medical literature that mosstefric complications occur around the
time of delivery and cannot be predicf&d.

Yet an additional specification check is to estienatdistributed lag model, i.e., lags
of log(midwive$, to investigate timing issues of the causal effd@able 6 shows the
results for a one and two-lag specification forhbohweighted and weighted regressions.
Importantly, there are no dynamic causal effeatgesithe coefficients on both the first
and second lag dbg(midwive3 are close to zero and not significantly differémtm
zero. Thus, the causal effect of midwives on MMIRies immediately.

A final specification check is to test whether tiesults are similar for botpositive
and negativechanges in the availability of midwives. Table iBpthys these results.
Reassuringly, both types of variation yield striddinsimilar results.

To sum up, all specification tests suggest that énepirical strategy, i.e., a
differences-in-differences design with region-spedime trends, is compelling

Having estimated the intent-to-treat effect, we tnexn to the estimate of the
relationship between MMR and midwife-assisted kirthhis estimate requires that we
can measure the take-up of the midwifery policg,, ithe share of midwife-assisted
births. These were only recorded for part of theestigated period, namely the years
1861 to 1894. Thus, we can only estimate this patanior this shorter period.

Table 8 displays the results: Panel A shows thanasts of the take-up of the
midwifery policy, Panel B the estimates of the nite-treat effect (or the reduced-form
policy effect) and Panel C the treatment effeet, ithe relationship between MMR and
the share of midwife-assisted births where the nia&w policy is used as the
instrumental variable. We use the same specificasi® previously (i.e., region-fixed
effects, time-specific effects and region-spedifice trends) with the important extension
that we can now also control for two additional foomders: the number of female
emigrants and the number of doctors where botralblas are expressed in logarithmic
form. We are also going to control for the laggesiiRl

Panel A shows that a doubling of midwives leada i® percent increase in the take-
up of midwife-assisted births. This estimate iskstgly robust since it is completely

35 See Gabrysch and Campbell (2009) and Paxton &04l5).
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insensitive to adding the confounding factors (@uis 2-8), weighting by the number of
births (Columns 9 and 11) or controlling for thgdad MMR (Columns 10 and 11). It is
also noteworthy that the estimate of the lagged MigRlose to zeré® which again
suggests that it is very hard to predict future Midigsed on previous MMR. Moreover,
the cluster robust first-stagE-statistic is in the range 13-15 in all specifioas
suggesting that this instrument is not weak simeefirst-stage--statistic is larger than
10 (Staiger and Stock 199%).

Panel B displays that the estimates of the intesitdat effect (or the reduced form
policy effect) are in the range —0.34 to —0.40, mmeg that a doubling of midwives leads
to a 34-40 percent reduction in MMR. Once more, dbémated effect is insensitive to
adding confounding factors, weighting and contngjlifor the lagged MMR. It is also
noteworthy that the estimated effect is larger tthencorresponding estimates in Table 3
and 4 for the whole period 1830-1894. That thenestiéd policy effect is larger in the
later period is not surprising, however, since ¢hesidwives had a more extensive
training as previously noted.

Next, we turn to the results from estimating theisead effect of midwife-assisted
births on MMR. Here we use the midwifery policy @s instrumental variable for the
share of midwife-assisted births as previously uBsed. Panel C shows that the effect,
l.e., the elasticity, is about -2, i.e., a 1 petdeorease in the share of midwife-assisted

homebirths would decrease maternal mortality byuaBgercent.

3.2 Design 2: The opening of the new midwifery scho ol
In this design, | explicitly exploit the opening afnew midwifery school in the city of

Gothenburg in the southwest of Sweden in 1856 Fsgere 2). With this design we can
only estimate the policy effedt parameteg in equation (1)l and not the causal effect
of midwife-assisted births on MMR. This is relatedthe fact that the take-up of the
midwife policy is only recorded from 1861, i.e.taf the opening of the midwifery
school. Nonetheless, this design nicely complemtr@previous strategy based on data
after 1860 since both these designs make use afiation in the availability of midwives

36 For example, the estimate in Column 10 is —0.Gh wistandard error of 0.04.

87 Olea and Pflueger (2013) argue that one shoulasathe critical value in the case of heteroscétist
serial correlation and/or clustering. However, thi@uld lead to a much more conservative approach in
testing for a problem with weak instruments sifeedritical value is 23.
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after 1860. In other words, one would expect thhesedesigns to produce similar results
about the policy effect unless one of them is campsed.

In this design, it is possible to define treatmand control groups based on the
geographical closeness to the midwifery school ath&nburg. Thus, the treatment group
is defined based on the areas closest to the nadwgchool, i.e., the six regions of
Goteborg, Alvsborg, Halland, Jonkoping, Skarabong &armland, while the control
group consists of all other Swedish regions, sithee midwives were placed in these
regions. This type of design is therefore a conveat difference-in-difference set-up.
Thus, the reduced form effect of the opening of thiewifery school on maternal
mortality can be estimated using the following esgion

(6) log(MMR)=pl[treatment group and year>1855§g+ At + Vgt

whereMMR is the maternal mortality ratieg is a region-fixed effect; is a time-fixed
effect and 1[.] is an indicator variable taking edue of 1 after 1855 in the treatment
group. The parametgrmeasures the reduced form effect of the newly apemdwifery
school on MMR. However, to estimate the midwife ippleffect—parameters in
equation 1—we need to re-scale the reduced forettkeftith the first-stage effect. We

can estimate the first-stage effect using the ¥alg specification

(7) logmidwived= zl[treatment group and year>18554t+ A+ Vgt,

where the parameteris the first-stage effect. The effect of the mifhy policy is then
the ratio of the estimated reduced form with thienested first-stage effect which can be
estimated using a standard two-stage least sqoaras instrumental variable approach
where the instrument is the indicator variableredtment group and year>1855].

Table 9 reports the results from this design. Ingb&d, we report estimates of the
first-stage effect, i.e., parametein equation (7). In Panel B, we report the estenaif
the reduced form effect, i.e., parametein equation (6) and in Panel C we report the
policy effect, the ratio of the first-stage effeahd the reduced form, using an

instrumental variable approach. We control forshee set of confounders as those used
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in the previous approach. Thus, we control forthimber of births in Column 2, Column
3 includes infant deaths, Column 4 controls foradler female deaths except maternal
deaths, Column 5 includes the age distribution offvars while Column 6 controls for a
full set of indicators of harvest yield.

Panel A shows that the first-stage estimate ishm tange 0.44-0.48, which
implies that the treatment group—the regions clogetthe midwifery school in
Gothenburg—has increased its midwives by 55-62cpet as compared to the control
group?® Figure 3 clearly illustrates this result sincelibws that the treatment group has
much fewer midwives than the control group beftwe dpening of the midwifery school
in 1856 which is followed by a sharp increase i@ #vailability of midwives such that
the two groups have the same number of midwive$8ir2. The estimated first-stage
effect is also highly statistically significant senthe cluster robust-statistic is between
10 and 12.

Panel B displays that the reduced form estimabet&een —0.13 and —0.15 and it
is statistically significant at the 5 percent lewrelall specifications. Thus, this suggests
that the opening of the midwifery school reduced MIMR by 12-14 per cent in the
treatment areas as compared to the control arepger provides additional support for
this finding since the treatment areas have cardist higher MMR than the control
areas before the opening of the midwifery schooll®b6 and that this difference in
MMR between the treatment and control areas largisigppears shortly after 1856.

Panel C shows the estimate of the midwife polidgafusing an instrumental
variable approach where the policy effect is theraf the reduced form effect and the
first-stage effect. The policy effect is about -@).Be., a doubling of midwives leads to a
30 percent reduction in MMR. The size of this estiis in the same ballpark as those in
Panel B of Table 5. In other words, this bolstesthbinternal and external validity since
we get similar results from two different reseadesigns.

To further probe the identifying assumption in thiéerence-in-difference design,
we test whether the treatment and control groupe Iparallel trends in their outcomes
before the intervention, i.e., the opening of thielmifery school in 1856. To conduct

such a test, | create the following eight indicatmariables 1[Treatment

38 The exact estimate is computed as [exp(paramstienae) —1].
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group*Year=1855], 1[Treatment group*Year=1854]1[Treatment group*Year=1848)].
With these eight indicator variables, | can tesethler there is an effect of the treatment
up to 8 years before the actual treatment in 18&6le 10 reports the results from adding
all these indicators to the difference-in-differenspecifications reported in the last
column of Table 9. Column 1 in Table 10 shows tlstneate from the first-stage
specification. The estimate in the first row is timepact effect which is 0.40. This
estimate thus differs little from the correspondegjimates in Panel A of Table 9. In
addition, all other eight “placebo” estimates arecin smaller and all of them are also
negative. Thus, this clear change in the sign efestimated effects strongly suggests that
there is a “structural break” in the first-stagéatienship after 1855. Turning to the
reduced form relationship in Column 2, the samestgb switch in the sign of the
estimated effect can be noticed. While the actdf@ceis —0.10, all the other eight
placebo effects except one is positive. These @a#terns in the signs of the placebo
effects suggest that the treatment and controlphaddivergingtrends in the number of
midwives and MMR before 1856 amdnvergingtrends thereafte¥ This finding is also
consistent with graphical evidence from Figuresn8 6. Figure 5 shows the first-stage
relationships for the treatment and control growpsle Figure 6 displays the reduced
form relationship. Importantly, Figure 6 revealsttithe reduced form effect comes
immediately after the opening of the midwife schooll856 since there is a large and
sharp decrease in the MMR for the treatment gréupther words, the treatment group
has on average a much larger MMR than the controum before 1856, but this
difference in MMR disappears immediately after 1&46ce both groups then has both

similar levels and trends in MMR.

4. Midwives and stillbirths

In this short section, | will analyze the relatibipsbetween midwives and stillbirths. As
noted above, it has been argued that perinatalafitprimay be used as a proxy for
maternal mortality (e.g., Campbell et al. (2005ince perinatal mortality is defined as
stillbirths plus early neonatal deaths of less tlsawen days, we can basically use

stillbirths as a measure for perinatal mortalityab®™ 11 shows the reduced form

39 fail to reject that the two groups have paraitehds because the standard errors are so large.
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relationship using the same empirical strategidsefsre, but where we use the logarithm
of the stillbirth rate as the dependent variablelu@ins 1 and 2 show the results from the
first design while Column 3 displays the resultsnirthe second design. There is no
evidence that the availability of midwives is reldtto stillbirths since none of the three
estimates are significantly different from zeroabfdition, even the signs differ across the
specifications. Thus, the conclusion must be thilbisths cannot be used as a proxy for
maternal mortality. In other words, to estimate thiee a public health intervention had

an impact on maternal mortality one must have dat&IMR.

5. Discussion and conclusions
In this paper, | have estimated the causal efféet public health intervention—home-

based intrapartum care by midwives—in th& t@ntury on MMR, infant mortality, and
stillbirth. 1 find a large effect on MMR but no effts on infant mortality and stillbirths. |
argue that my finding that midwives with only 6-f#nths of formal training had a large
impact on reducing MMR in 19th century Sweden hateqtially important implications
for the most effective health strategy of redudimg currently high MMR in low resource
settings. Specifically, the results from this ststiggests that having a skilled attendance
at home can be a preferable strategy in low-regoagsttings since home births may
increase the coverage of skilled attendance inl rareas and respond to women’s
demand for home-based care.
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Data Appendix
| have constructed the data set myself from sewenaices:

* The regional data for the period 1830-1859 for mmatledeaths, infant deaths, the
age distribution of mothers, and female deaths sofmem Tabellverket, the
predecessor of Statistics Sweden.

* The regional data for the period 1860-1894 for mmetledeaths, infant deaths, the
age distribution of mothers, and female deathskern from Statistics Sweden’s
publication BISOS A.

* The regional data on midwives is collected fromiaas sources. For the period
1850-1894, | have collected data from the publwetiBISOS K and Sundhets-
Collegii underdaniga berattelser om medicinal-verkéket. For the period 1830-
1849, | have also collected data from the Natigxrahives. Christina Romlid has
also generously shared her data on midwives wtoahmecfrom other sources than
mine. There are only minor discrepancies betweerahé my data on midwives.
However, Romlid recommends that | should use hea da a personnel
communication.

* The regional harvest data for the period 1830-1878ken from Hellstenius
(1871). The data for the period 1871-1894 is tdkem BISOS N and converted
to the same scale (0-6) as the Hellstenius index.

Hellstenius, J., (1871), Skordarna i Sverige odlaslgerkningar, Statistisk Tidskrift 29:e
haftet, 77-127.
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Table 1 Regional averages for the period 1830-1894

Mean St. Dev Min Max Obs.

Number of maternal deaths 23 15 0 116 1,625
MMR 489 285 0 4,048 1,625
Number of midwives 68 59 5 377 1,610
Number of live births 4,782 2,087 827 10,827 1,625
Number of stillbirths 149 72 12 361 1,625

Number of female deaths excluding 1,505 654 259 4,171 1,625
maternal deaths

Number of infant deaths 654 286 60 1576 1,625
Harvest yield 4.0 1.2 0 6 1,625
Percentage of mothers aged below 21 15 0.6 0.4 6.71,625
Percentage of mothers aged 21 to 25 14.5 2.4 8.7 .3 201,625

Percentage of mothers aged 26 to 30 25.0 1.9 19.72.8 3 1,625
Percentage of mothers aged 31 to 35 25.5 1.3 21.30.0 3 1,625
Percentage of mothers aged 36 to 40 20.6 1.9 15.05,5 2 1,625

Percentage of mothers aged 41 to 45 11.1 1.9 55 .9 151,625
Percentage of mothers aged 46 to 50 15 0.5 0.3 3.L,625
Number of midwife assisted births 3,043 2,063 236 0,820 850
Share of midwife-assisted births 0.58 0.25 0.05 90.9 850
Number of female emigrants 395 441 0 2,185 850
Number of community based doctors 5 2 0 9 850
(“Provinsiallakare”)

Total number of doctors 25 25 4 199 850
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Table 2: Test of conditional randomization

1) (2 3 (4) ) (6) (7)
Panel A: Time varying confounding factors
log (births) log(female log(infant log(doctors) log
deaths) deaths) (emigrants)
log(midwives) —-0.034 0.010 -0.074 0.035 —0.068
(0.038) (0.044) (0.052) (0.063) (0.302)
Panel B: Age distribution of mothers
Age<=20 Age 21-25 Age 26-30 Age 31-35 Age 36-40 e Ad-45 Age 45-50
log(midwives) 0.002 —0.004 0.000 —0.005** 0.002 0.004 0.002
(0.009) (0.004) (0.003) (0.003) (0.003) (0.003) (0.001)
Panel C: Indicators of harvest yield: 0-6
Harvest=0 Harvest=1 Harvest=2 Harvest=3 Harvest=4 Harvest=5 Harvest=6
log(midwives) 0.003 0.026 0.015 0.042 -0.022 0.005 —0.069
(0.034) (0.024) (0.029) (0.076) (0.077) (0.056) (0.067)

Notes: Each entry is a separate regression. Atispations include a full set of region and tinmireld effects together with region-specific timengle Standard
errors, clustered at the regional level, are witiarentheses. Coefficients significantly differrotn zero are denoted by the following system: pgbcent, **5

percent, and ***1 percent.



Table 3.The relationship between MMR and the number of nmrde/ (unweighted estimates)

1) 2) 3) (4) (5) (6) (7)
log(midwives) —0.19** —0.21** —0.20** —0.19** —0.18** —0.18** —0.20**
(the-intent-to treat effect) (0.08) (0.08) (0.07) (0.07) (0.07) (0.07) (0.07)
Births Yes Yes Yes Yes Yes Yes
Infant mortality Yes Yes Yes Yes Yes
Female deaths Yes Yes Yes Yes
Age distribution Yes Yes Yes
Harvest indicators Yes Yes
Region-specific time trends Linear Linear Linear indar Linear Linear Quadratic
Number of observations 1,608 1,608 1,608 1,608 81,60 1,608 1,608

Notes: All specifications include a full set of reg and time-fixed effects together with region-gfie time trends The dependent variable is log(MMR) where
MMR is the maternal mortality ratio. Standard estarlustered at the regional level, are within ptreses. Coefficients significantly different fraero are
denoted by the following system: *10 percent, *#rqgent, and ***1 percent.

Table 4.The relationship between MMR and the number of nrde, weighted least squares estimates (WLS)

1) 2) 3) (4) () (6) (7)
log(midwives) —0.19** —0.20** —0.19** —0.19** —0.17** —0.17** —0.21%**
(the-intent-to treat effect) (0.08) (0.08) (0.07) (0.07) (0.07) (0.07) (0.07)
Births Yes Yes Yes Yes Yes Yes
Infant mortality Yes Yes Yes Yes Yes
Female deaths Yes Yes Yes Yes
Age distribution Yes Yes Yes
Harvest indicators Yes Yes
Region-specific time trends Linear Linear Linear indar Linear Linear Quadratic
Number of observations 1,608 1,608 1,608 1,608 81,60 1,608 1,608

Notes: All specifications include a full set of reg and time-fixed effects together with region-afie time trends The dependent variable is log(MMR) where
MMR is the maternal mortality ratio. The estimates weighted by the size of the yearly regionghbiohort. Standard errors, clustered at the regjievel,
are within parentheses. Coefficients significaxif§erent from zero are denoted by the followingteyn: *10 percent, **5 percent, and ***1 percent.
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Table 5. Controlling for the lagged MMR

Unweighted estimates

Weighted estimates

1) (2) (3) (4) (5) (6)
log(midwives) —0.20** —0.18** —0.18** —0.21** —0.19** —0.19**
(the-intent-to treat effect) (0.07) (0.08) (0.08) (0.07) (0.07) (0.07)
log(MMR.1) 0.09*** 0.09*** 0.08*** 0.08***
(0.03) (0.03) (0.03) (0.03)

log(MMR:2) 0.01 0.00
(0.03) (0.03)

Control variables Yes Yes Yes Yes Yes Yes

Observations 1,608 1,581 1,554 1,608 1,581 1,554

Notes: All specifications include a full set of reg and time-fixed effects together with region-gfie quadratic time trend and a full set of cohtrariables,

i.e., births, infant mortality, female deaths, aggtribution and harvest indicatorBhe dependent variable is log(MMR) where MMR is thaternal mortality
ratio. Standard errors, clustered at the regianadl| are within parentheses. Coefficients sigaiftty different from zero are denoted by the foilogvsystem:

*10 percent, **5 percent, and ***1 percent.
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Table 6. Distributed lag models

Unweighted estimates

Weighted estimates

1) (2) (3) (4) (5) (6)
log(midwiveg —0.18** -0.17~* -0.18* —0.19** -0.20** -0.20**
(the-intent-to treat effect) (0.08) (0.09) (0.08) (0.07) (0.08) (0.08)
log(midwives:) -0.02 0.02 0.02 0.06
(0.10) (0.12) (0.09) (0.09)
log(midwivesy) -0.01 -0.04
(0.08) (0.06)
Control variables Yes Yes Yes Yes Yes Yes
Observations 1608 1581 1554 1608 1581 1554

Notes: All specifications include a full set of reg and time-fixed effects together with region-gfie quadratic time trend, a lagged dependentalde and a

full set of control variables i.e., births, infanbrtality, female deaths, age distribution and batindicatorsThe dependent variable is log(MMR) where MMR
is the maternal mortality ratio. Standard errohsstered at the regional level, are within paresdéise Coefficients significantly different from zex@ denoted

by the following system: *10 percent, **5 perceand ***1 percent.
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Table 7. Samples with increasing and decreasindphidy of midwifes

Increasing availability of midwives Decreasing#ability of midwives
Unweighted estimates Weighted estimates Unweighted estimates Weighted estimates
1) (2) ©) (4)
log(midwifes) -0.22 -0.19 -0.18* -0.18*
(the-intent-to treat effect) (0.15) (0.14) (0.120) (0.09)
Control variables Yes Yes Yes Yes
Observations 769 769 812 812

Notes: All specifications include a full set of reg and time-fixed effects together with region-gfie quadratic time trend and a lagged dependaritizle and

a full set of control variables i.e., births, infamortality, female deaths, age distribution and/gst indicatorsThe control variables included are number of
births. The dependent variable is log(MMR) where Rl the maternal mortality ratio. Standard errolgstered at the regional level, are within paneses.
Coefficients significantly different from zero adenoted by the following system: *10 percent, *&gent, and ***1 percent.
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Table 8. Estimates of the take up rate of the nfiedw policy, the intent-to-treat effect and thskriof dying in childbirth

1) (2) ®3) (4) () (6) () (8) 9) (10) (11)

Panel A: The relationship between midwife-assi$ieiths and the midwifery policy

The take-up effect 0.19***  0.19** 0.19** 0.19** 0.19** 0.19%* 0.19*** 0.19** 0.19%* 0.18** 0.19***
(first-stage) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

Panel B: The relationship between MMR and the mienyipolicy

The intent-to-treat -0.38*** -0.38%* -0.39** -0.40*** -0.39"* -0.36** -0.37*** -0.37*** -0.34%* -0.38** -0.35***
effect (reduced form) (0.13) (0.13) (0.13) (0.13) (0.12) (0.12) (0.12) (0.11) (0.11) (0.11) (0.11)

Panel C: The relationship between MMR and midwssisted births

Treatment effes -1.99**  -2.04* -2.10** -2.11** -2.09* -1.94** -1.93** -1.99** -1.77* -2.09* -1.81*

(IV estimate) (0.90) (0.91) (0.93) (0.94) (0.88) (0.86) (0.86) (0.88) (0.77) (0.88)  (0.78)
Births Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Infant mortality Yes Yes Yes Yes Yes Yes Yes Yes Yes
Female deaths Yes Yes Yes Yes Yes Yes Yes Yes
Age distribution Yes Yes Yes Yes Yes Yes Yes
Harvest indicators Yes Yes Yes Yes Yes Yes
Emigration Yes Yes Yes Yes Yes
Doctors Yes Yes Yes Yes
Lagged MMR Yes Yes
Weighted Yes Yes
First-stagd--statistic 15 15 15 14 15 15 15 14 14 14 13
Observations 848 848 848 848 848 848 842 842 842 0 84 840

Notes: All specifications include a full set of reg and time-fixed effects together with a lineagion-specific time trendrhe dependent variable in Panel A is
the share of midwife-assisted births in logarithfieicn. The dependent variable in Panels B andt@easnaternal mortality ratio (MMR) in logarithmiorin.
Panel C is the IV or the Wald estimator, the ragbween the reduced form effect and the first-sesgienate. Standard errors, clustered at the ragievel, are
within parentheses. Coefficients significantly diént from zero are denoted by the following syst&tl percent, **5 percent, and ***1 percent.
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Table 9. Results from the opening of a new midwifshool in 1856 on midwife availability and MMR

1) (2) (3 (4) 5) (6)
Panel A: The effect of opening a new midwifery sahun the availability of midwives
First-stage effect 0.44%*** 0.47%** 0.47*** 0.48*** 0.44%** 0.44%**
(0.13) (0.13) (0.13) (0.14) (0.14) (0.14)
Panel B: The effect of opening a new midwifery sstlan MMR
Reduced form effect —0.13** —0.15** —0.14** —0.14** —0.14** —0.13**
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
Panel C: Instrumental variable estimates of thecefdf midwives on MMR
Treatment effect -0.31* —0.33* —0.31** —0.30** —-0.31* —0.30*
(0.18) (0.17) (0.16) (0.15) (0.18) (0.18)
Births Yes Yes Yes Yes Yes
Infant mortality Yes Yes Yes Yes
Female deaths Yes Yes Yes
Age distribution Yes Yes
Harvest indicators Yes
First-stagd--statistics 11 12 12 12 10 10
Number of observations 1,608 1,608 1,608 1,608 81,60 1,608

Notes: All specifications include a full set of reg and time-fixed effectsThe dependent variable in Panel A is the numbenidivives in logarithmic form.
The dependent variable in Panels B and C is thenmaltmortality ratio (MMR) in logarithmic form. Ral C is the Wald estimator, the ratio between the
reduced form effect and the first-stage estimatdard errors, clustered at the regional level yathin parentheses. Coefficients significantlffetient from
zero are denoted by the following system: *10 pet,c&5 percent, and ***1 percent.
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Table 10. Test of parallel trends

First-stage Reduced form
1[Treatment group=1 & year>1855] 0.40** -0.10*
(0.15) (0.06)
1[Treatment group=1 & year=1855] -0.10 -0.05
(0.11) (0.16)
1[Treatment group=1 & year=1854] -0.10 0.09
(0.11) (0.14)
1[Treatment group=1 & year=1853] —0.06 0.11
(0.13) (0.15)
1[Treatment group=1 & year=1852] -0.11 0.26
(0.13) (0.16)
1[Treatment group=1 & year=1851] -0.15 0.15
(0.10) (0.15)
1[Treatment group=1 & year=1850] -0.15 0.05
(0.09) (0.12)
1[Treatment group=1 & year=1849] —0.15* 0.09
(0.08) (0.20)
1[Treatment group=1 & year=1848] —-0.10* 0.06
(0.05) (0.18)
Observations 1610 1608

All specifications include a full set of region atiche-fixed effects and the same control variablem
Table 7. Coefficients significantly different fronero are denoted by the following system: *10 petrce

**5 percent, and ***1 percent.



Table 11. Estimates of the reduced form relatignbletween the logarithm of the stillbirth rate anidwives

Desigr 1: Design 1 Design :
1830-1894 1861-1894 1830-1894
€Y (2 3
Reduced-form effect -0.02 -0.04 0.04
(0.02) (0.05) (0.03)
Controls Yes Yes Yes
Observations 1,608 842 1,608

Notes: Se notes from previous tables.



Figure 1. Total number of midwives in Sweden 18804

(]

o

2 -~

Al

(4
...00
L
[ J

S o
o N ®
2 Ll
= ®
ke [
£ ..0'

T

@
.f :

o [_J

S -~

En T T T T T

1820 1840 1860 1880 1900



Figure 2. Regions (Lan) of Sweden
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Figure 3. Regional variation in MMR over the perit880-1894
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Figure 4. Regional variation in the number of mitdsiover the period 1830-1894

© -

Inmidwives

T T T T T
1820 1840 1860 1880 1900
year

Note: The number of midwives is expressed in ldgeric form

42



Figure 5. Number of midwives in the treatment aontw| groups 1830-1894
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Figure 6. MMR for the treatment and control grodpsing 1830-1894
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