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Estimating excess mortality due 
to female genital mutilation
Arpita Ghosh 1, Heather Flowe 2 & James Rockey 3*

Globally, over 200 million women and girls have been subjected to Female Genital Mutilation (FGM). 
This practice, illegal in most countries, often happens in unsanitary conditions and without clinical 
supervision with consequent bleeding and infection. However, little is known about its contribution to 
the global epidemiology of child mortality. We matched data on the proportion of girls of a given age 
group subject to FGM to age-gender-year specific mortality rates during 1990–2020 in 15 countries 
where FGM is practised. We used fixed-effects regressions to separate the effect of FGM on mortality-
rates from variation in mortality in that country in that year. Using our estimated effect, we calculated 
total annual excess mortality due to FGM. Our estimates imply that a 50% increase in the number of 
girls subject to FGM increases their 5-year mortality rate by 0.075 percentage point (95% CI 0 · 065

–0 · 085 ). This increased mortality rate translates into an estimated 44,320 excess deaths per year 
across countries where FGM is practised. These estimates imply that FGM is a leading cause of the 
death of girls and young women in those countries where it is practised accounting for more deaths 
than any cause other than Enteric Infections, Respiratory Infections, or Malaria.

Female Genital Mutilation, defined by the World Health Organization as involving the partial or total removal 
of external female genitalia or other injury to the female genital organs for nonmedical reasons, is a human rights 
violation that has affected around 200 million girls and women alive  today1. FGM is known to lead to obstetric 
 complications2–4, reductions in sexual  function5, and other long-term physical health  problems6, as well as mental 
health  problems7,8. FGM is illegal in most countries where it is practised and partly because of this it typically 
takes place in a non-sanitary environment and is not performed by clinicians. The available evidence shows that 
it often leads to severe pain, bleeding, and  infection9, and sometimes  death2,10,11. Given that it is performed on 
so many girls and women the aggregate health impacts of these complications are likely to be large. The WHO 
estimate the aggregate cost of medical treatment for girls and women after FGM was $1.4 billion in  201812. But, 
there is no systematic evidence about the role of FGM in the global epidemiology of child mortality. This in part 
reflects measurement difficulties. Measurement is difficult because FGM is illegal in most countries, because it 
may not always be identified as the underlying cause, and because the countries in which it is common are low 
income and have limited state capacity. Our analysis is designed to circumvent these difficulties and provide 
evidence as to the scale of excess mortality due to FGM. Our main aim is to estimate the effect of FGM on overall 
mortality rates and to use these estimates to calculate total annual excess mortality due to FGM.

Our approach is simple and is similar in spirit to the approaches used in forensic  economics13,14. The key idea 
is that to the extent that FGM leads to death, this should be captured by increases in age-specific mortality rates. 
To compute these increases, we constructed a dataset combining information on the proportion of girls of a given 
age subject to FGM in each country with age-gender-year specific mortality rates. We used regression analysis to 
separate the effects of FGM from other country and year specific sources of mortality. We find that other things 
being equal, a country in which 50% more girls of a given age were mutilated would be associated with a 0.075 
percentage point (95% CI 0 · 065− 0 · 085 ) increase in their age-group-specific mortality rate, equivalent to an 
additional 44,320 girls dying a year.

It is important to understand the scale of previous research which has highlighted the many consequences 
of FGM for girls throughout their lives, something our analysis does not consider. One aspect of this litera-
ture is the direct consequences of FGM for women’s sexual pleasure and  relationships15–17. Communities in 
which FGM is common may impose costs on women and girls who are uncircumcised. For example recent 
 research18, documents the social pressure and punishment, including exclusion from community functions, faced 
by uncircumcised adult women in North-Eastern Uganda. A key social dimension of FGM is how it impacts 
on marriage markets. For example, FGM influences women’s marriage opportunities in Western Africa and 
these practices might persist due to patriarchal culture and  institutions19. Other research documents a causal 
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relationship between reductions in FGM and increased parental investment in girls’ education in Senegal which 
is  attributed to the reduced bride price of non-circumcised  women20. Other work finds, found that reductions 
in FGM prevalence reduce bride prices in  Egypt21.

Considered as a whole, this research suggests that the decisions about FGM may often reflect tradeoffs 
between perceived disadvantages of FGM such as pain, illegality, and expected benefits such reduced social 
sanctions and a higher bride-price. Our results suggest that higher mortality may also be part of that calculus.

Another stream of the literature explores if and how FGM practices have been decreasing in different regions 
in Africa, and how attitudes can be changed.  In Egypt, there is a large gender gap in the beliefs regarding FGM 
and boys are more supportive of these practices than  girls22. On the other hand, other research finds that majority 
of the variation in these practices are due to household and individual level  factors23. Women who have expe-
rienced FGM first-hand are more likely to support this practice. Similarly, even increased maternal education 
might not alter the probability of FGM on their  girls24. Research exploring the reasons behind the persistence 
of these practices, shows that marriage market pressures might result in high levels of FGM, but even weak 
regulations banning FGM can reduce  it25. Other recent research, provides theory and evidence for when there 
may be an FGM tipping point—that once rates of FGM fall below a certain level the practice rapidly dies  out26. 
Information seems to be a key mechanism for reductions in the prevalence of FGM , For example, there have 
been reductions in FGM rates in Egypt due to increased social media  reach27. Likewise, showing a movie about 
different views on FGM can alter attitudes towards  FGM28.

Our finding that FGM is associated with an increased mortality rate equivalent to around 44,320 excess 
deaths per year in the countries in our sample, shows how urgent and important the results of this literature are. 
They suggest that identifying strategies to reduce or eliminate FGM has the potential to save a great number of 
 lives11,29–34.

From a broader perspective, the high rate of excess mortality due to FGM in Africa can be seen as an example 
of the negative consequences of patriarchal institutions. Such institutions inherently have complex origins. In 
the case of FGM, recent research has drawn links between the historic Red Sea slave trade in the period 1400-
1900, the use of infibulation as a ‘guarantee’ of the virginity of girls being sold into harems, and FGM  today35. 
Beyond FGM, other recent work has related variation within Africa in attitudes towards, and the prevalence of, 
gender based violence to both pre-colonial differences in women’s economic role and marriage  practices36, and 
differences in colonial  experience37.

Data
Overview. There are no existing data that track the number of deaths due to FGM. Instead, we compute the 
excess mortality rate associated with FGM. In this section we detail the data and our method to infer excess mor-
tality due to FGM practices. We use the World Population Prospects  report38 to obtain the mortality data for girls 
and boys. For the FGM prevalence data in 15 countries, we use the Demographic and Health  Surveys39. These 
anonymized data were made available by the DHS following registration. At no point were non-anonymized 
data held, and all data were handled in accordance with the Declaration of Helsinki. Additionally, we use data 
from the Orchi d Proje ct as an alternative data source, which provides only the typical age at which FGM takes 
place, but provides data for nine further countries. The following subsections provide more details on the vari-
ables we use in this paper. More details are also provided in Appendix A in the supplementary materials.

Calculating mortality rates. We calculated (separately for girls and boys) the mortality rate at each age 
in each year. To do this we divide the number of age-gender specific deaths in a given year by the initial popula-
tion of that age and gender to obtain the mortality rate. For example, if the female population in 2012 aged 4 
was 1000, and there were 8 fatalities then this would then imply a mortality rate of 8/1000 = 0.8% for 4-year-old 
girls in 2012.

Inferring additional deaths due to FGM. The best available data on FGM is based on the Demographic 
and Health Surveys (DHS) programme. These surveys collect data not only on whether women have been sub-
jected to FGM but whether their daughters have been, how it was done, etc. Here we use these data to compute 
for each country the distribution of ages at which FGM occurs. The resulting data as percentages of those muti-
lated are reported in Table 1.

The data show that there is considerable variation across countries in the age at which FGM is performed. 
In Nigeria, for example, we can see that 93% of the time it is performed whilst the girl is younger than age five, 
while in neighboring Benin it is more common for it to take place when the girl is up to nine years old, or older. 
Such differences across neighbouring countries are common; for example Ethiopia and Kenya are quite differ-
ent in this respect, and there is no obvious pattern. This can be easily seen in Fig. 1 which maps, for Africa only, 
the countries in which FGM is practised and the modal age at which it takes place. This highlights the variation 
in the modal age both within and between East Africa and West Africa. In most West African countries FGM 
occurs by the age of 6–7, with it often happening to girls when they are infants. Moreover, as Table 1 makes clear 
there is variation in the distribution of ages at which FGM is performed beyond that captured by the mode.

Methods
To our knowledge there are no existing data that track the number of deaths due to FGM in the period following 
the procedure. Instead, we exploit variation in the number of girls and young women mutilated and the age at 
which it takes place to compute the excess mortality rate associated with FGM. To do this we use a linear regres-
sion model. Specifically, we run population weighted linear regressions with country and year fixed effects. That 

https://www.orchidproject.org
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is, we run linear regressions including vectors of binary variables for each country and year, or country-year pair. 
Our linear regression is of the following form:

Where a is age, c is country, and t is calendar year. Our outcome variable, Mort
g
act is the mortality rate for girls 

of age a, in country c, and year t; whereas Mortbact is the male mortality rate at age a, in country c, and year t. 
The key variable of interest FGMAgeac is the percentage of girls subject to FGM in age group a in country c as 
reported in Table 1. The idea is that, since we expect excess mortality associated with FGM to occur at the time 
of FGM, or in few months after, this variable will capture the additional mortality. We compute heteroskedastic-
ity robust standard errors.

So, in Chad where 1.7% of girls aged 0–4 are subject to FGM, FGMAge is equal to 0.017 for that age group, 
and 0.145 for the 10–14 age-group. We attribute all FGM beyond that age to the age group 15–19. This meth-
odology is appropriate because girls are married before the age of 20 and mutilation precedes marriage in the 
countries being  analysed40,41.

Girls’ mortality rates are in general lower than those of boys in the same country of the same age. However, 
both will vary depending on local conditions such as drought or the disease environment. Thus, including male 
mortality, Mortbact , will capture such variations which may disproportionately affect children in a given country 
and year of different ages differently. FGM will also lead to excess deaths during later  childbirth3,4, but this is 
difficult to account for and thus our estimates will be conservative in this regard. Likewise, any measurement 
error in FGMAgeac will attenuate our estimate of γ , also making our estimates conservative. Our estimate of γ is 
then the increase in mortality amongst girls of the age at which FGM is normal in a given country compared to 
girls of the same age in other countries where FGM is common but in which it tends to happen at a different age.

Our preferred specification tightens this comparison by also allowing for country-year specific variation in 
female mortality. The inclusion of �ct allows for variations in the average female-mortality rate in a given country 
in a given year. This means γ will also take into account the mortality rate of women and girls in that country 
in that year.

Together the inclusion of Mortbact and �ct means that the requirement for an alternative explanation, not 
captured by our specification, is demanding. Namely, that it (disproportionately) affects girls compared to boys 
of the ages when FGM takes place, but not girls of other ages.

Given our estimate of increased mortality, γ̂ , we can calculate what this implies in terms of total excess mor-
tality by multiplying the excess mortality by the population at risk as follows:

The number of Women and Girls at Risk of FGM is computed as the number of females in the population in 
each age group in each country multiplied by the percentage of women and girls subject to FGM at that age in 

(1)Mort
g
act = α + βMortbact + γ FGMAgeac + �ct + εact

(2)Deaths Due to FGM = Women and Girls at Risk of FGM × γ̂

Table 1.  Age at which FGM occurs by Country. Notes: Proportions are calculated using data from the FGC 
module of the DHS. In those countries where multiple survey waves are available, data for the most recent 
wave are reported. Population weights are used such that data are nationally representative in each case. Total 
frequency in the 8th column is absolute, unweighted, number of respondents. The row totals do not include 
Egypt and Sierra Leone as the individual level survey data were not available. For these countries data was 
instead obtained via the DHS Stat Compiler https:// www. statc ompil er. com/ en/ tool.

Country

Age groups

0–4 5–9 10–14 15–19 20–24 25+ Total
Women/girls
Circumcised (%)

Benin 32.7 56.6 9 1.6 0.1 0 478 7.3

Burkina Faso 59.8 36 3.6 0.5 0 0 3610 75.8

Cameroon 57.4 36 6.6 0 0 0 18 1.4

Chad 12.1 58.5 27.4 1.8 0.2 0 898 38.4

Cote D’Ivoire 50.9 32.5 14.3 2.3 0 0 357 38.2

Egypt 0.7 5.2 29.9 56.5 0 0 – 92.3

Ethiopia 64.8 21 10.3 3.7 0.3 0 6615 65.2

Guinea 18.7 64.2 15.9 1.1 0 0 5081 94.5

Kenya 2.9 42 38.3 16.4 0.4 0 971 21

Mali 77.8 18.3 3.6 0.2 0 0 9866 88.6

Niger 69.1 22.3 7.3 1.4 0 0 298 2

Nigeria 92.6 3.9 1.4 1.5 0.5 0.1 4138 19.5

Senegal 83.3 14.1 2.3 0.2 0 0 1745 25.2

Sierra Leone 0.3 4.8 16.7 61.2 0 0 – 83

Tanzania 34.5 26.2 26.1 12.5 0.6 0 727 10

Total 68.1 20.2 8.4 3.0 0.3 0.0 100 (34802) –

https://www.statcompiler.com/en/
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that country aggregated across all the countries we study. That is, the (estimated) number of women and girls 
directly affected by FGM. This is computed as follows:

Where Popgac is the population of women and girls in age group a in country c. Data from the UN Population 
 Division42 suggest that there were around 23.5 million women and girls affected in 2020, in the countries we study.

It is important to note that γ̂ is the average increase in mortality associated with FGM but, due to differences 
in the practice of FGM across countries, the increase may be different in different countries. In general γ̂ will 
not be the arithmetic average of the effect in individual countries, meaning that Eq. 2 may over- or under-state 
total excess mortality associated with FGM. To alleviate these concerns,  following43, in our preferred regression 
specification we weight by country population size. However, to the extent that the increase of mortality associ-
ated with FGM varies within countries, our estimate of γ̂ will be inaccurate, and thus our calculations should be 
seen as necessarily approximate. Moreover, given that γ̂ , like all estimates, has an associated confidence interval 
then this implies a confidence interval for the number of excess deaths which we report to convey the degree of 
statistical uncertainty.

Results
Table 2 presents estimates of Eq. 1. Moving from left to right the columns report increasingly demanding speci-
fications. To start with, column (1) represents a very simple specification only including the FGM and male 
mortality variables, and not weighting the data by population size. Column (2) shows the same specification, 
now weighting by population. Column (3) adds country and year additive fixed effects. That is, we now have 
binary variables for each country and each year. Column (4) is our preferred specification in which we allow 
for average female mortality to differ across countries and years in an unrestricted way. That is, in this case we 
include a binary variable for each country-year pair.

In all specifications excess mortality is positively correlated with FGMAgeac . As expected there is also a large 
positive correlation Mortbait reflecting that many causes of death do not discriminate. Likewise, the constant term 
is negative reflecting that mortality rates are, on average and in the absence of FGM, lower for girls than for 
boys. Weighting by population size as in column (2) reduces γ̂ by a factor of around two. This perhaps reflects, 
that in our sample, the average severity of FGM is lower in larger countries or in regions where suitable medical 
care is more available.

(3)Deaths Due to FGM =
∑

c∈C

∑

a∈A

(

FGMAgeac × Pop
g
ac

)

× γ̂ .

Table 2.  The impact of FGM on female mortality rates. Notes: The dependent variable is the female death 
rate amongst those in age a in country i in year t. FGMAgeac is the percentage of girls subject to FGM in age 
group a in country i. Mortbait is the male mortality rate in age-group a in country i in year t. C + Y  denotes 
that the regression model additionally includes country and year specific binary variables. C × Y  denotes 
that the model includes a binary variable for each country year combination. The main FGM measure is the 
percentage of girls subject to FGM in age group a in country i subject to FGM based on the DHS surveys (15 
countries). Orchid represents that we use data from the Orchid Project instead of the DHS. Orchid+ denotes 
that we additionally include those countries for which there are Orchid Project data but not DHS data on FGM 
(9 additional countries). Age Controls indicates that binary variables for each age are additionally included. 
Weighted denotes that countries are weighted by populations such that the results are representative of the 
population as a whole. Robust standard errors in parentheses. Excess FGM CI UL (LL) is the upper (lower) 
limit of the 95% confidence interval of the number of excess deaths due to FGM. ∗p < 0.1 ; ∗ ∗ p < 0.05 ; 
∗ ∗ ∗p < 0.01 . Data are from 1990 to 2020 for mortality.

(1) (2) (3) (4) (5) (6) (7)

FGMAgeac
0.0036*** 0.0015*** 0.0021*** 0.0021*** 0.0006*** 0.0007*** 0.0011***

(0.0001) (0.0001) (0.0001) (0.0002) (0.0002) (0.0001) (0.0001)

Mortmait

0.8886*** 0.8714*** 0.8666*** 0.8664*** 0.8922*** 0.8662*** 0.8664***

(0.0009) (0.0019) (0.0017) (0.0017) (0.0056) (0.0018) (0.0016)

α
– 0.0007*** – 0.0000*

(0.0000) (0.0000)

Country and Year Effects No No C + Y C × Y C × Y C × Y C × Y

Weighted No Yes Yes Yes Yes Yes Yes

FGM Measure Main Main Main Main Main Orchid Orchid+

Age Effects No No No No Yes No No

Excess FGM Deaths 74.35 31.31 44.31 44.32 12.82 29.11 42.19

Excess FGM CI UL 79.25 36.84 50.33 50.40 19.34 18.57 24.71

Excess FGM CI LL 69.45 25.79 38.29 38.23 6.29 12.13 19.79

Adjusted R square 0.99 0.99 0.99 0.99 0.99 0.99 0.99

Observations 42315 42315 42315 42315 42315 42315 67704
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As we introduce country and year, or country-year fixed effects the estimate increases reflecting the more 
precise comparison. In our preferred specification in column (4) it is around 0.0021 (95% CI 0 · 0019− 0 · 024 ) 
implying that, other things being equal, a country in which 50% more girls of a given age were mutilated would 
be associated with a 0.5× 0.0021 = 0.1 percentage point (95% CI 0 · 095− 0 · 12 ) increase in their mortality 
rate. The magnitude of this number is reflected in the associated total number of excess deaths in the countries 
we study calculated using Eq. 2. Specifically, we have:

The implied associated 95% confidence interval is between 38,230 and 50,400 excess deaths a year.
Columns (5)–(8) present a number of robustness checks. Column (5) additionally includes binary variables 

for each age group allowing for age-specific differences in average female mortality rates. We do not include this 
in our preferred specification as we expect it in part to be determined both on average, and in a given country, by 
FGM and thus is a so-called bad control44. Including these controls, the estimated effect of FGM falls by around 
two thirds. This is unsurprising as the age controls will be capturing some of the variation due to FGM. But, the 
implied number of excess deaths due to FGM is still large at over 11,000 per year.

The remaining columns address concern about possible measurement error in FGMAgeac . While the sys-
tematic nature of the DHS surveys means that we believe those data are to be preferred, in particular because 

(4)23, 520, 938× 0 · 0021 = 44, 320

Figure 1.  Modal age (for DHS sample) at which FGM occurs in countries in our analysis. Notes: This map was 
created with spmap  package59 in Stata  16 MP8 by the authors, using shapefiles from openA frica. This map only 
shows the 15 countries from DHS samples in colours and modal age groups.

http://www.stata.com
https://open.africa
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they provide precise data on the age at which FGM happens and prevalence which is crucial to our approach, 
we also report results using alternative data from the Orchid Project. These provide coverage of some additional 
countries but require us to assume that all FGM happens at the same age in a given country. Thus, for example, 
if 24% of women and girls have suffered FGM then we assume that that happened for all of them, at say, age 14 
if that is the most common age.

Column (6) shows that using these alternative data for the same set of countries we obtain similar results; 
our estimate of γ is around 50% smaller than in our preferred specification and there is an associated reduction 
in implied excess fatalities per year. Column (7) reports results for all the countries covered by the Orchid Pro-
ject data, additionally including Central African Republic, Eritrea, Ghana, Guinea-Bissau, Liberia, Mauritania, 
Somalia, Sudan, and Togo. Now the estimate of gamma is larger than in column (6) but still smaller than in 
column (4). The implied number of excess fatalities is similar, at around 42,000 women and girls per year. This 
reflects a reduction in the estimated increase in mortality, but also the increased at risk population since here we 
also include the additional nine countries for which the Orchid Project data are available, which are not covered 
by the DHS. Table B1 in the Supplementary Materials presents the results of the specifications in columns (2), 
(3), and (4) using the Orchid Project data for the DHS countries and for all countries covered by the Orchid 
Project in turn. As a further robustness check, Figure B1, in the Supplementary Materials, presents estimates 
omitting one country at a time to demonstrate that our results are not driven by any one country. One reason 
this is important is because the practice of FGM varies by country, with more severe forms of FGM, such as 
infibulation, being more common in some countries than  others45.

Discussion
FGM is a leading cause of death in the countries where it is practiced. Our estimate that 44, 320 girls and young 
women die each year due to FGM is suggestive that FGM belongs in the first rank of causes of death in Africa. 
As a comparison, there were around 968,000 combat deaths in Africa over the 20 years from 1995, but that there 
were more than 3.4 times as many excess infant deaths associated due to armed conflict, suggesting around 
165,000 deaths per  year46.

In the countries we study, Malaria and other neglected tropical diseases accounted for the deaths of around 
130,000 women girls under the age of 20 in 2019. Notably, however, restricting our attention to those aged 5–19 
there were around 12,000. Figure 2 compares total annual deaths, in the countries we study, due to FGM (the 
dashed horizontal line) with all other causes of death (note, that these totals will include deaths due ultimately to 
FGM). The leading causes of death in the countries in our sample are Enteric infections, Respiratory infections, 
and Malaria. Our estimates imply however, that FGM is responsible for more deaths of girls than any other cause 
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Figure 2.  Other Causes of Death. Notes: The figure reports the total annual number of deaths, in the countries 
we study, by different causes. Total annual deaths due to FGM are depicted as the horizontal dashed line. Data 
are from the Institute for Health Metrics and Evaluation Global Burden of Disease database.
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including HIV/AIDS, Measles, Meningitis, starvation (nutritional deficiencies), injuries, or whooping cough. On 
this basis it may be regarded as an urgent social and medical issue alongside its status as a human rights violation.

Limitations. There are some important caveats associated with this analysis. First, we cannot be sure that 
the excess deaths are caused by FGM. It could be that there is some other cause that has a very similar pattern 
across countries and age groups. However, we do not believe this is likely given the robustness of our finding to 
a range of specifications, data sources, and to leaving out one country at a time. Second, our results are likely an 
under-estimate. This is because we do not consider consequent obstetric complications and because FGM will 
be measured with statistical error attenuating the estimated coefficient. Third, there is some evidence that FGM 
has become less common as NGOs and governments work to discourage  it30,47–52. While we use the best and 
most recent data on FGM prevalence, our results describing historic rates of excess mortality associated with 
FGM may be higher than current rates. On the other hand, rapid population growth and slow cultural change 
may alternatively mean current rates are in fact higher. Moreover, there is evidence that COVID-19 has led to 
a resurgence of  FGM47. Indeed, the UN  estimates53 an additional 2 million cases of FGM that would otherwise 
have been prevented if not for Covid-19. In this context, our coefficient estimates suggest these additional cases 
will be associated with 4000 additional deaths.

An important caveat is that our estimate of the total number of excess deaths is based on the average relation-
ship across the countries studied. While we use population weights to minimise this concern, it does mean that 
our estimates can only be seen as approximate. In future work it would be valuable to conduct analyses at the 
sub-national level to alleviate this concern. It would also be very valuable, were such data to become available, 
to use time-series variation in the rate of FGM, and the age at which it occurs, in each country.

Conclusions
Our results suggest FGM is a leading cause of death amongst girls and young women in countries where it is 
practised. This is further evidence of how important the work of those civil-society organisations, governments, 
and international agencies that seek to eliminate FGM is. However, as the increase in the number of FGM cases 
during Covid-19 suggests, lasting change will require changing attitudes towards FGM in the communities where 
it is practised. On one hand there is cause for optimism: work on non-communicable diseases shows that effec-
tive interventions are  possible54. On the other, change in patriarchal attitudes have often lagged other societal 
 change55. Experience to date suggests that, whilst progress is being made, it has often been  slow56. FGM remains 
legal in five of the 28 countries where it is most commonly  practiced57. An important first step would be for FGM 
to be made illegal in those countries, given that legal change can lead to cultural  change58.

Directions for future research. Our analysis has focussed on variation at the national level. Yet, the prev-
alence of FGM often varies a great deal within countries. It would be valuable for future research to study how 
excess mortality varies within countries between areas in which FGM is differentially prevalent. The key diffi-
culty in undertaking such research would be to assemble suitably precise data on both FGM and mortality rates. 
Likewise, as work continues by governments and NGOs to reduce the prevalence of FGM it would be valuable to 
study the impact of the consequent reductions in FGM on mortality. Finally, in this paper we have treated FGM 
as a single practice. In reality the practice of FGM varies, and in future work, if the data allowed, it would be valu-
able to understand whether the different forms of FGM are associated with different rates of excess mortality.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary 
information files].

Received: 12 February 2023; Accepted: 6 July 2023

References
 1. UNICEF. Mutilation/cutting: A global concern UNICEF. New York (2016).
 2. Adam, T. et al. Estimating the obstetric costs of female genital mutilation in six African countries. Bull. World Health Organ. 88(4), 

281–288. https:// doi. org/ 10. 2471/ blt. 09. 064808 (2010).
 3. Berg, R. C. & Underland, V. The obstetric consequences of female genital mutilation/cutting: A systematic review and meta-analysis. 

Obstet. Gynecol. Int.https:// doi. org/ 10. 1155/ 2013/ 496564 (2013).
 4. Berg, R. C., Odgaard-Jensen, J., Fretheim, A., Underland, V. & Vist, G. An updated systematic review and meta-analysis of the 

obstetric consequences of female genital mutilation/cutting. Obstet. Gynecol. Int.https:// doi. org/ 10. 1155/ 2014/ 542859 (2014).
 5. Berg, R. C. & Denison, E. Does female genital mutilation/cutting (FGM/c) affect women’s sexual functioning? A systematic review 

of the sexual consequences of FGM/c. Sex. Res. Soc. Policy 9(1), 41–56. https:// doi. org/ 10. 1007/ s13178- 011- 0048-z (2011).
 6. Berg, R. C., Underland, V., Odgaard-Jensen, J., Fretheim, A. & Vist, G. E. Effects of female genital cutting on physical health out-

comes: A systematic review and meta-analysis. BMJ Open 4(11), e006316. https:// doi. org/ 10. 1136/ bmjop en- 2014- 006316 (2014).
 7. Abdalla, S. M. & Galea, S. Is female genital mutilation/cutting associated with adverse mental health consequences? A systematic 

review of the evidence. BMJ Global Health 4(4), e001553. https:// doi. org/ 10. 1136/ bmjgh- 2019- 001553 (2019).
 8. Mulongo, P., Martin, C. H. & McAndrew, S. The psychological impact of female genital mutilation/cutting (FGM/c) on girls/

women’s mental health: A narrative literature review. J. Reprod. Infant Psychol. 32(5), 469–485. https:// doi. org/ 10. 1080/ 02646 838. 
2014. 949641 (2014).

 9. Iavazzo, C., Sardi, T. A. & Gkegkes, I. D. Female genital mutilation and infections: A systematic review of the clinical evidence. 
Arch. Gynecol. Obstet. 287(6), 1137–1149. https:// doi. org/ 10. 1007/ s00404- 012- 2708-5 (2013).

 10. Dare, F. O. et al. Female genital mutilation: An analysis of 522 cases in South-Western Nigeria. J. Obstet. Gynaecol. 24(3), 281–283. 
https:// doi. org/ 10. 1080/ 01443 61041 00016 60850 (2004).

 11. Burki, T. K. Defying traditions and empowering girls. Lancet Child Adolesc. Health 4(3), 183 (2020).

https://doi.org/10.2471/blt.09.064808
https://doi.org/10.1155/2013/496564
https://doi.org/10.1155/2014/542859
https://doi.org/10.1007/s13178-011-0048-z
https://doi.org/10.1136/bmjopen-2014-006316
https://doi.org/10.1136/bmjgh-2019-001553
https://doi.org/10.1080/02646838.2014.949641
https://doi.org/10.1080/02646838.2014.949641
https://doi.org/10.1007/s00404-012-2708-5
https://doi.org/10.1080/01443610410001660850


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:13328  | https://doi.org/10.1038/s41598-023-38276-6

www.nature.com/scientificreports/

 12. World Health Organization. Female genital mutilation, (2022). https:// www. who. int/ news- room/ fact- sheets/ detail/ female- genit 
al- mutil ation. [Online; posted 21-January-2022].

 13. Zitzewitz, E. Forensic economics. J. Econ. Lit. 50(3), 731–69. https:// doi. org/ 10. 1257/ jel. 50.3. 731 (2012).
 14. Dell, M. Trafficking networks and the Mexican drug war. Am. Econ. Rev. 105(6), 1738–1779. https:// doi. org/ 10. 1257/ aer. 20121 637 

(2015).
 15. Catania, L. et al. Pleasure and orgasm in women with female genital mutilation/cutting (FGM/C). J. Sex. Med. 4(6), 1666–1678 

(2007).
 16. Alsibiani, S. A. & Rouzi, A. A. Sexual function in women with female genital mutilation. Fertil. Steril. 93(3), 722–724. https:// doi. 

org/ 10. 1016/j. fertn stert. 2008. 10. 035 (2010).
 17. Fahmy, A., El-Mouelhy, M. T. & Ragab, A. R. Female genital mutilation/cutting and issues of sexuality in Egypt. Reprod. Health 

Matt. 18(36), 181–190 (2010).
 18. Kalengo, N., Musinguzi, L. K. & Twikirize, J. M. you must cut that long and stinking thing’’: Uncovering the lived experiences of 

uncircumcised pokot women in North-Eastern Uganda. BMC Women’s Health 22(1), 433. https:// doi. org/ 10. 1186/ s12905- 022- 
02005-4 (2022).

 19. Howard, J. A. & Gibson, M. A. Is there a link between paternity concern and female genital cutting in west Africa?. Evolut. Hum. 
Behav. 40(1), 1–11 (2019).

 20. Hombrados, J. G., & Salgado, E. Female genital cutting and education: Causal evidence from Senegal. World Bank Economic Review, 
forthcoming, (2018).

 21. Khalifa, S. Female genital cutting and bride price. Mimeo (2022).
 22. El-Gibaly, O., Ibrahim, B., Mensch, B. S. & Clark, W. H. The decline of female circumcision in Egypt: Evidence and interpretation. 

Soc. Sci. Med. 54(2), 205–220 (2002).
 23. Bellemare, M. F., Novak, L. & Steinmetz, T. L. All in the family: Explaining the persistence of female genital cutting in west Africa. 

J. Dev. Econ. 116, 252–265 (2015).
 24. De Cao, E. & La Mattina, G. Does maternal education decrease female genital cutting?. In AEA Papers and Proceedings, vol. 109, 

100–104 (2019).
 25. Chesnokova, T. & Vaithianathan, R. The economics of female genital cutting. BE J. Econ. Anal. Policyhttps:// doi. org/ 10. 2202/ 

1935- 1682. 2565 (2010).
 26. Novak, L. Persistent norms and tipping points: The case of female genital cutting. J. Econ. Behav. Organ. 177, 433–474 (2020).
 27. Modrek, S. & Liu, J. X. Exploration of pathways related to the decline in female circumcision in Egypt. BMC Public Health 13(1), 

1–13 (2013).
 28. Vogt, S., Mohmmed Zaid, N. A., El Fadil Ahmed, H., Fehr, E. & Efferson, C. Changing cultural attitudes towards female genital 

cutting. Nature 538(7626), 506–509 (2016).
 29. Mackie, G. Ending footbinding and infibulation: A convention account. Am. Sociol. Rev 61, 999–1017 (1996).
 30. Berg, R. C. & Denison, E. A tradition in transition: Factors perpetuating and hindering the continuance of female genital mutila-

tion/cutting (FGM/C) summarized in a systematic review. Health Care Women Int. 34(10), 837–859. https:// doi. org/ 10. 1080/ 07399 
332. 2012. 721417 (2013).

 31. Efferson, C., Vogt, S., Elhadi, A., El Fadil Ahmed, H. & Fehr, E. Female genital cutting is not a social coordination norm. Science 
349(6255), 1446–1447. https:// doi. org/ 10. 1126/ scien ce. aaa79 78 (2015).

 32. Hamilton, A. & Kandala, N.-B. Geography and correlates of attitude toward Female Genital Mutilation (FGM) in Sudan: What 
can we learn from successive Sudan opinion poll data?. Spat. Spatio-Temporal Epidemiol. 16, 59–76. https:// doi. org/ 10. 1016/j. sste. 
2015. 12. 001 (2016).

 33. Kandala, N.-B., Ezejimofor, M. C., Uthman, O. A. & Paul, K. Secular trends in the prevalence of female genital mutilation/cutting 
among girls: A systematic analysis. BMJ Global Health 3(5), e000549. https:// doi. org/ 10. 1136/ bmjgh- 2017- 000549 (2018).

 34. Šaffa, G., Zrzavỳ, J. & Duda, P. Global phylogenetic analysis reveals multiple origins and correlates of genital mutilation/cutting. 
Nature Hum. Behav. 6(5), 635–645 (2022).

 35. Ferrara, E.L., Corno, L., & Voena, A. Female Genital Cutting and the Slave Trade. Mimeo (2020).
 36. Alesina, A., Brioschi, B. & La Ferrara, E. Violence against women: A cross-cultural analysis for Africa. Economica 88(349), 70–104 

(2021).
 37. Guarnieri, E. & Rainer, H. Colonialism and female empowerment: A two-sided legacy. J. Dev. Econ. 151, 102666 (2021).
 38. The United Nations. World population prospects 2022. Data retrieved from World Population Prospects 2022, Department of 

Economic and Social Affairs Population Division, https:// popul ation. un. org/ wpp/ (2022).
 39. The DHS Program. Demographic and health surveys, 2022. data retrieved from the DHS Program, https:// dhspr ogram. com.
 40. Morgan, J. Working towards an end to FGM. The Lancet 385(9971), 843–844. https:// doi. org/ 10. 1016/ s0140- 6736(15) 60471-8 

(2015).
 41. Karumbi, J., & Jacinta, M. Exploring the associations between FGM/C and early/child marriage: A review of the evidence. Female 

Genital Mutilation/Cutt., 75 (2017).
 42. UNUnited Nations. World population prospects 2022. Data retrieved from United Nations, https:// popul ation. un. org/ wpp/ Downl 

oad/ Stand ard/ MostU sed/ (2022).
 43. Solon, G., Haider, S. J. & Wooldridge, J. M. What are we weighting for?. J. Hum. Resour. 50(2), 301–316 (2015).
 44. Angrist, J. D. & Pischke, J.-S. Mostly Harmless Econometrics: An Empiricist’s Companion (Princeton University Press, Princeton, 

2009).
 45. Unicef, et al.Female Genital Mutilation/cutting: A Global Concern. UNICEF’s Data Work on FGM/C. Unicef, (2016).
 46. Wagner, Z. et al. Armed conflict and child mortality in Africa: A geospatial analysis. The Lancet 392(10150), 857–865. https:// doi. 

org/ 10. 1016/ s0140- 6736(18) 31437-5 (2018).
 47. Editorial: The Lancet Public Health. COVID-19 hindering progress against female genital mutilation. The Lancet Public Health, 

6(3), e136 (2021). https:// doi. org/ 10. 1016/ s2468- 2667(21) 00030-x.
 48. Ameyaw, E. K., Tetteh, J. K., Armah-Ansah, E. K., Aduo-Adjei, K. & Sena-Iddrisu, A. Female genital mutilation/cutting in sierra 

Leone: Are educated women intending to circumcise their daughters?. BMC Int. Health Hum. Rightshttps:// doi. org/ 10. 1186/ 
s12914- 020- 00240-0 (2020).

 49. Batyra, E., Coast, E., Wilson, B. & Cetorelli, V. The socioeconomic dynamics of trends in female genital mutilation/cutting across 
Africa. BMJ Global Health 5(10), e003088. https:// doi. org/ 10. 1136/ bmjgh- 2020- 003088 (2020).

 50. Berg, R. C. & Denison, E. Effectiveness of interventions designed to prevent female genital mutilation/cutting: A systematic review. 
Stud. Family Plann. 43(2), 135–146. https:// doi. org/ 10. 1111/j. 1728- 4465. 2012. 00311.x (2012).

 51. Varol, N., Turkmani, S., Black, K., Hall, J. & Dawson, A. The role of men in abandonment of female genital mutilation: A systematic 
review. BMC Public Healthhttps:// doi. org/ 10. 1186/ s12889- 015- 2373-2 (2015).

 52. Weny, K., Silva, R., Snow, R., Legesse, B. & Diop, N. Towards the elimination of FGM by 2030: A statistical assessment. PLoS ONE 
15(10), e0238782. https:// doi. org/ 10. 1371/ journ al. pone. 02387 82 (2020).

 53. United Nations Population Fund. Millions more cases of violence, child marriage, female genital mutilation, unintended pregnancy 
expected due to the covid-19 pandemic, (2020) URL https:// www. unfpa. org/ news/ milli ons- more- cases- viole nce- child- marri age- 
female- genit al- mutil ation- unint ended- pregn ancies.

https://www.who.int/news-room/fact-sheets/detail/female-genital-mutilation
https://www.who.int/news-room/fact-sheets/detail/female-genital-mutilation
https://doi.org/10.1257/jel.50.3.731
https://doi.org/10.1257/aer.20121637
https://doi.org/10.1016/j.fertnstert.2008.10.035
https://doi.org/10.1016/j.fertnstert.2008.10.035
https://doi.org/10.1186/s12905-022-02005-4
https://doi.org/10.1186/s12905-022-02005-4
https://doi.org/10.2202/1935-1682.2565
https://doi.org/10.2202/1935-1682.2565
https://doi.org/10.1080/07399332.2012.721417
https://doi.org/10.1080/07399332.2012.721417
https://doi.org/10.1126/science.aaa7978
https://doi.org/10.1016/j.sste.2015.12.001
https://doi.org/10.1016/j.sste.2015.12.001
https://doi.org/10.1136/bmjgh-2017-000549
https://population.un.org/wpp/
https://dhsprogram.com
https://doi.org/10.1016/s0140-6736(15)60471-8
https://population.un.org/wpp/Download/Standard/MostUsed/
https://population.un.org/wpp/Download/Standard/MostUsed/
https://doi.org/10.1016/s0140-6736(18)31437-5
https://doi.org/10.1016/s0140-6736(18)31437-5
https://doi.org/10.1016/s2468-2667(21)00030-x
https://doi.org/10.1186/s12914-020-00240-0
https://doi.org/10.1186/s12914-020-00240-0
https://doi.org/10.1136/bmjgh-2020-003088
https://doi.org/10.1111/j.1728-4465.2012.00311.x
https://doi.org/10.1186/s12889-015-2373-2
https://doi.org/10.1371/journal.pone.0238782
https://www.unfpa.org/news/millions-more-cases-violence-child-marriage-female-genital-mutilation-unintended-pregnancies
https://www.unfpa.org/news/millions-more-cases-violence-child-marriage-female-genital-mutilation-unintended-pregnancies


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:13328  | https://doi.org/10.1038/s41598-023-38276-6

www.nature.com/scientificreports/

 54. Ezzati, M. & Riboli, E. Can noncommunicable diseases be prevented? Lessons from studies of populations and individuals. Science 
337(6101), 1482–1487. https:// doi. org/ 10. 1126/ scien ce. 12270 01 (2012).

 55. Doepke, M., Tertilt, M. & Voena, A. The economics and politics of women’s rights. Ann. Rev. Econ. 4(1), 339–372. https:// doi. org/ 
10. 1146/ annur ev- econo mics- 061109- 080201 (2012).

 56. United Nations Children’s Fund and Geeta Rao Gupta. Female Genital Mutilation/Cutting: A statistical overview and exploration 
of the dynamics of change. Reprod. Health Matt., 21(42), 184–190, (2013). ISSN 0968-8080.

 57. Muthumbi, J., Svanemyr, J., Scolaro, E., Temmerman, M. & Say, L. Female genital mutilation: A literature review of the current 
status of legislation and policies in 27 African countries and Yemen. Afr. J. Reprod. Health/La Revue Afr. de la Santé Reprod. 19(3), 
32–40 (2015).

 58. Bilz, K. & Nadler, J. L. Moral Attitudes, and Behavioral Change 240–267 (Oxford University Press, Oxford, 2014). https:// doi. org/ 
10. 1093/ oxfor dhb/ 97801 99945 474. 013. 0010.

 59. Pisati, M. Spmap: Stata Module to Visualize Spatial Data. (2018).

Author contributions
A.G.: data curation, formal analysis, methodology, writing - review & editing H.F.: writing -review & editing, 
J.R.: conceptualisation, formal analysis, methodology, writing - original draft, writing -review & editing.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 38276-6.

Correspondence and requests for materials should be addressed to J.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1126/science.1227001
https://doi.org/10.1146/annurev-economics-061109-080201
https://doi.org/10.1146/annurev-economics-061109-080201
https://doi.org/10.1093/oxfordhb/9780199945474.013.0010
https://doi.org/10.1093/oxfordhb/9780199945474.013.0010
https://doi.org/10.1038/s41598-023-38276-6
https://doi.org/10.1038/s41598-023-38276-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Estimating excess mortality due to female genital mutilation
	Data
	Overview. 
	Calculating mortality rates. 
	Inferring additional deaths due to FGM. 

	Methods
	Results
	Discussion
	Limitations. 

	Conclusions
	Directions for future research. 

	References


