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Am J OBGYN. 1954; 68:29-37

Detailed studies of all maternal deaths in the state of Minnesota have been carried out in 1941-1942 and 
continuously since 1950. All women who died of whatever cause while pregnant or in the following three 
months arc included in these studies. Cases are found through death certificates, reports from hospitals and 
physicians, from a variety of other occasional sources, and by cross-matching all death certificates of women 
aged 15 to 45 years with birth certificates. One of a group of three well-trained obstetricians who hold clinical 
appointments at the U of Minn Med School goes as soon as possible to the site of the death and collects all 
pertinent data from the physician, hospital, and pathologist concerned and, when necessary, from the patient’s 
relatives and from other physicians or hospitals. These data are formally put together, summarized, and 
critically evaluated for the determination of, among other things, accuracy, completeness, reality of cause of 
death, responsibility for death, and preventability. All of this is then presented to a common meeting of the 
members of a Maternal Mortality Committee of the Maternal Welfare Committee of the Minnesota State 
Medical Society. This Maternal Mortality Committee makes final decisions on policy and on such matters as 
cause of death, responsibility for death, and preventability. A detailed report is published once a year. The three 
investigators are paid a sufficient amount approximately to defray their expenses. All other personnel serve 
without remuneration. www.birthbythenumbers.org
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Minnesota Context

• 4th lowest age-adjusted death rate overall

• 12th lowest overall IMR (2015-2017)
• 7th for white IMR; 

• 4th for NHB IMR; 

• 9th for Hispanic IMR

• 23rd in Home Births

• 32nd in births attended by “other” midwives

• 13th in CNM Births

• 11th lowest cesarean dates

www.birthbythenumbers.org



Cesarean Rates 1990-2018
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CNM Attendance at Birth, 1990-2018
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CNM Attendance at Birth, 1990-2018
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“Other” Midwives Attendance at Birth, 
1990-2018
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“Other” Midwives Attendance at Birth, 
1990-2018
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Home Births in the U.S. and Minnesota, 
1990-2018
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Home Births in the U.S. and Minnesota, 
1990-2018
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What we’ll be discussing 

1. Some background – how did we get here?

2. The crisis in measuring maternal mortality

3. Five key points concerning maternal mortality
• The persistence of racial disparities 
• The U.S. in a comparative context
•Maternal mortality is a public health problem more than 

a clinical one
• The problem is much bigger than maternal deaths 
•Potential policy solutions

www.birthbythenumbers.org



First, some 
background



Three Definitions (in the U.S.) 
• Pregnancy Associated Death – The death of a women while pregnant or 

within one year of termination of pregnancy, irrespective of cause. (WHO calls 
these “pregnancy related”). Starting point for analyses.

• Maternal Mortality Ratio – the death of a woman while pregnant or 
within 42 days of termination of pregnancy, irrespective of the duration and site 
of the pregnancy, from any cause related to or aggravated by the pregnancy or 
its management but not from accidental or incidental causes. Typically reported 
as a ratio per 100,000 births. Used in international comparisons. 

• Pregnancy Related Death – the death of a woman during pregnancy or 
within one year of the end of pregnancy from a pregnancy complication, a chain 
of events initiated by pregnancy, or the aggravation of an unrelated condition by 
the physiologic effects of pregnancy. Used by CDC for U.S. trends. 

www.birthbythenumbers.org



Pregnancy 
Associated 
Mortality
(1 year)

Clarifying Definitions:
Pregnancy Associated Mortality

All Deaths 
women of 

reproductive 
age

pregnancy to 
1 year ppm
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Pregnancy 
Related 
Mortality
(1 year)

Pregnancy 
Associated 
Mortality
(1 year)

All Deaths 
women during 

pregnancy, 
birth and up to
1 year ppm & 
Related to the 

pregnancy

Clarifying Definitions:
Pregnancy Related Mortality
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Maternal 
Mortality 
(42 days)

Pregnancy 
Related 
Mortality
(1 year)

Pregnancy 
Associated 
Mortality
(1 year)

All Deaths 
women during 

pregnancy, 
birth and up to 

42 days ppm 
Related to the 

pregnancy

Clarifying Definitions:
Maternal Mortality

www.birthbythenumbers.org

NOTE: WHO defines pregnancy 
related term



Timeline of Maternal Mortality Definitions

Pregnancy

Birth

42 days PPM to 1 year

Week 
after 
Birth

42 days 
PPM

PPM – postpartum –period after the birth

WHO Definition of Maternal Death
WHO Maternal Mortality

CDC Pregnancy Related

Pregnancy Associated

www.birthbythenumbers.org



U.S. Maternal Mortality (per 100,000 live births), 

1951-2007
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Source: NCHS. Deaths: Final Data. Annual Reports. 
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U.S. Maternal Mortality (per 100,000 live births), 

1951-2007
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U.S. Maternal Mortality (per 100,000 live births), 

1951-2007

0

10

20

30

40

50

60

70

80

1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

1997-2007
78% increase (7.1 to 12.7)

Source: NCHS. Deaths: Final Data. Annual Reports. 
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U.S. Maternal Mortality Ratio , 1951-2007
The dual problem: substance & measurement 
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ratio for U.S. since 2007
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How did the U.S. get to the point 
where they stopped publishing a 

maternal mortality rate? 

Efforts to avoid poor case 
ascertainment led to over-

ascertainment
www.birthbythenumbers.org



Last reporting (2007)of a maternal mortality rate by NCHS
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Revised (2003) U.S. Standard 
Certificate of Death 
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To improve case identification:

U.S. Standard Pregnancy Question, 2003 (sort of)
Checkbox format:

IF FEMALE:

Not pregnant within past year

Pregnant at time of death

Not pregnant, but pregnant within 42 days of death

Not pregnant, but pregnant 43 days to 1 year before 
death

Unknown if pregnant within the past year

Meant to solve 2 
problems: 
(1) Most states had 

no such question; 
and

(2) Different 
questions used in 
different states

www.birthbythenumbers.org



Am J Prev Med 2000;19(1S):35-39. 

16 States 
already had a 

checkbox as far 
back as 1991-
1992, but with 

different 
wording 
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Time periods used:
42 days;
6 weeks;

3 months; 
90 days;
12 mos;

“last year”

Source: Hoyert . Maternal Mortality 
and Related Concepts. NCHS. Vital 
Health Stat 3(33). 2007. p.12. 

www.birthbythenumbers.org



Delays in Adoption of the U.S. 
Standard Pregnancy Question 

among States  

* Note:  Some states adopted change 

in the middle of the calendar year.  

New Adopters* Total

2003 4 4

2004 7 11

2005 7 18

2006 4 22

2007 2 24

2008 7 31

2009 0 31

2010 4 35

2011 2 37

2012 4 41

2013 1 42

2014 5 47

2015 2 49

2016 1 50

2017 1 51

Specific State

California 2003

New Hampshire 4/2004

Connecticut 2005

Minnesota 3/2011

Wisconsin 9/2013

Massachusetts 9/2014

www.birthbythenumbers.org



Our Analysis
We did an analysis that examined data by 
state, modeled for whether or not they were 
using the new item, and came up with national 
estimates. 

Not enough cases to do single state analyses, 
but could look at some of the larger states.

www.birthbythenumbers.org
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Grouping the States
• Group 1 – 24 states & D.C. that did not have an unrevised pregnancy question and 

adopted the U. S. standard question by January 2013 

• Group 2 – 14 states that had an unrevised pregnancy question with a timeframe 
longer than the U.S. standard

• Group 3 – 7 states that had not revised by late 2013 with either no pregnancy 
question or a nonstandard pregnancy question on their unrevised death certificate.

• Group 4 – 3 states that had an unrevised pregnancy question consistent with the 
U.S. standard.

California and Texas are unique – each in their own ways

www.birthbythenumbers.org
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Note:  Includes 24 states that did not have a pregnancy question on their unrevised death certificate and which adopted the U.S.
standard question upon revision:  Arkansas, Arizona, Connecticut, Delaware, Georgia, Idaho, Kansas, Maine, Michigan, Montana, 
New Hampshire, Nevada, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, South Carolina, South Dakota, Tennessee, Utah, 
Vermont, Washington, and Wyoming.   

Group 1 states (had no question & added Standard)

Correction Factor: 1.93

Was this a more accurate representation of 
state ratios or an overestimation? 
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Wisconsin revised in late 2013 and their data were excluded from the 2013 data point.) Group 4 includes 3 states (Alabama, Maryland and New Mexico) 
who had an unrevised pregnancy question consistent with the U.S. standard. 

Analysis group 3; slope=0.19

Analysis group 4; slope=0.42

Group 3 (7 states– no question & no revision by 2013) & 
Group 4 (3 states no revision & had same question) 

No Correction Factor
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Adjusted MMRs, Texas, 2000-2014
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Is the Problem Over Ascertainment??
•Research into the cause of death category finds much of the 

increase is coming from less specific ICD-10 codes. 

•Other specified pregnancy-related conditions (O26.8)

•Other obstetric complications (O21–O22, O24– O41.0, O41.8–O43.1, O43.8–O43.9,O47–O66, 

O68–O70, O71.2, O71.5,O71.6, O71.8, O71.9, O73–O75.2,O75.4–O75.9, O87–O90, O92)

•Other specified diseases and conditions (O99.8)

•Obstetric death of unspecified cause (O95)

www.birthbythenumbers.org



Assessing the impact of ill-defined causes on maternal 
deaths and mortality rates by cause of death,

27 states and DC, 2008-2009 to 2013-2014



Over-ascertainment Results of a 4 state study 
(Georgia, Louisiana, Michigan, and Ohio)

72%

21%

7%

Pregnancy Checkbox Accuracy

Pregnant Not Pregnant Unable to confirm
Source: A. Daymude. Checking the pregnancy checkbox: Evaluation of a four‐state quality assurance pilot. Birth 2019 online

In 28% of cases with 
pregnancy checkbox 
checked, not certain 
woman was pregnant

www.birthbythenumbers.org



Impact of the Checkbox – Better and Worse 
Ascertainment

• While the checkbox contributed to errors, the Four Committee data 
show that the checkbox also improved identification of pregnancy-
related deaths. Without the pregnancy checkbox, approximately:

• 50% of pregnancy-related deaths that occurred during pregnancy 

• 11% of pregnancy-related deaths that occurred within 42 days of 
the end of pregnancy, and 

• 8% of pregnancy-related deaths that occurred within 43 days to 1 
year of the end of pregnancy 

would have been missed. www.birthbythenumbers.org



So has there been any way to 
monitor maternal death since 2007?

CDC and Pregnancy Related 
Mortality

www.birthbythenumbers.org



Three Sources of U.S. Maternal Death Data
• National Vital Statistics System (NVSS). This is the source of the official maternal 

mortality ratio for the United States and is based on “…information from death certificates filed in the 50 states and 
the District of Columbia that are subsequently compiled into national data….. Physicians, medical examiners, and 
coroners are responsible for completing the medical portion of the death certificate.” These state data are compiled 
by NCHS into a national data system.  

• Pregnancy Mortality Surveillance System (PMSS). This system was 
established by CDC. It is based on reports from 52 areas (50 states, Washington, D.C. and 
New York city) which submits to CDC “… deidentified copies of death certificates for females 
12–55 years who died during or within 1 year of pregnancy from any cause; when available, 
linked birth or fetal death certificates are also sent. Additional sources include computerized 
searches of Lexis Nexis, reports by public health agencies, including state-based maternal 
mortality review committees, professional organizations, and individual health care 
providers.” The records are reviewed by specially trained clinicians to determine whether or 
not a death was pregnancy related.

• Maternal Mortality Review Information Application (MMRIA). State 
interdisciplinary committees do case reviews of maternal deaths. CDC building a data system 
to compile data from MMRCs. Project got a major boost in recent federal legislation.   

www.birthbythenumbers.org



Pregnancy Mortality Surveillance System
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Data for CDCs Pregnancy Related Mortality System 
Each year, CDC requests the 52 reporting areas (50 states, New York 
City, and Washington DC) to voluntarily send copies of death 
certificates for all women who died during pregnancy or within 1 
year of pregnancy, and copies of the matching birth or fetal death 
certificates, if they have the ability to perform such record links. All 
of the information obtained is summarized, and medically trained 
epidemiologists determine the cause and time of death related to the 
pregnancy. Causes of death are coded by using a system established 
in 1986 by the American College of Obstetricians and Gynecologists 
and the Centers for Disease Control and Prevention Maternal 
Mortality Study Group.

www.birthbythenumbers.org



Our best existing measure
Pregnancy Related Mortality, U.S., 1987-2016
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Source: CDC. Adapted from Creanga. Pregnancy-Related Mortality in the United States. Obstet Gynecol 2017 & Petersen E. et al. Vital Signs: Pregnancy-Related Deaths, U.S., 2011–2015,.
MMWR .vol.68. May 7, 2019. 1-7 & Petersen E et al. Racial/Ethnic Disparities in Pregnancy Related Deaths – U.S. 2007-’16. MMWR 9/6/19. 
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Timing of Maternal Deaths

31.3%

16.9%
18.6%

21.4%

11.7%

Before Delivery

Day of Delivery

42-365 Days PPM

7-41 Days PPM

1-6 Days PPM

Source: Petersen E. et al. Vital Signs: Pregnancy-Related Deaths, United States, 2011–2015, and Strategies for Prevention, 13 States, 
2013–2017. MMWR .vol.68. May 7, 2019. 1-7. www.birthbythenumbers.org



Timing of Maternal Deaths

31.3%

16.9%
18.6%

21.4%

11.7%

Before Delivery

Day of Delivery

42-365 Days PPM

7-41 Days PPM

1-6 Days PPM

If 11.7% of the pregnancy related 
deaths occur at 42+ days, then 
the maternal mortality ration 
should be approximately 88.3% 
of the pregnancy related 
mortality rate. 

Source: Petersen E. et al. Vital Signs: Pregnancy-Related Deaths, United States, 2011–2015, and Strategies for Prevention, 13 States, 
2013–2017. MMWR .vol.68. May 7, 2019. 1-7.
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Based on assumption of 11.7% of deaths ppm 
Estimated Maternal Mortality, U.S., 1987-2016
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E. et al. Vital Signs: Pregnancy-Related Deaths, United States, 2011–2015,. MMWR .vol.68. May 7, 2019. 1-7..
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Racial Disparities (2015-16):

11.7   White women
36.0   Black women 
10.2   Hispanic   
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Five key points concerning maternal mortality

1. The persistence of racial disparities

2. The U.S. in a comparative context

3. Maternal mortality is a public health problem more 
than a clinical one

4. The problem is much bigger than maternal deaths

5. Potential policy solutions
www.birthbythenumbers.org



1. The persistence of racial 
disparities
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U.S. Maternal Mortality (per 100,000 live births), 

1951-2016* by Race
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* Rates from 2008-2016 blend two year averages and based on Petersen E. MMWR .vol.68.No. 35 Sept. 6, 
2019. 762-765 with pregnancy related rates adjusted for timing of deaths 
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(1) The Persistence of Racial Disparities
U.S. Infant & Maternal Mortality 
Black to White Ratios, 1915-2016
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Source: NCHS. Maternal Mortality and Related Concepts. Vital & Health Statistics. Series 33; #3. & annual data reports. 1915-1960 data from NCHS. Vital Statistics 
Rates In The  United States 1940-1960. NOTE: Shifts in measurement (e.g. not all states were part of registration system prior to 1933; infant race was based on race 
of the child until 1980 & then race of the mother post 1980) accounts for some of the variation over time. 2007-2016 based on 2 year estimates of the pregnancy 
related mortality rate: Petersen E. MMWR.9/6/19.
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Manifestation of Racial Disparities
Leading Underlying Causes of Pregnancy- Related 

Deaths, by Race-Ethnicity
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2. Now that we have a reliably 
estimated maternal mortality 

rate, how does the U.S. 
compare internationally? 
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Maternal Mortality Ratios, 2017
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Putting the Problem in Context
U.S. MMR* Compared to Countries with 

300,000+  births, 2016-7
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* Maternal Mortality per 100,000 births;   # Estimated from 2016 U.S. Pregnancy Related Mortality. 
WHO estimates U.S. as having an MMR of 19. 
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Sources: Maternal Mortality: 2000 to 20157 Estimates by WHO, UNICEF, UNFPA, World Bank Group & UN Population Div.. Geneva: 2019; U.S. 
adapted from data in Petersen E. MMWR .vol.68.No. 35 Sept. 6, 2019. 762-765.. by adjusting for timing of deaths . 



Putting the Problem in Context
U.S. MMR* Compared to Countries with 

300,000+  births, 2016-7
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Sources: Maternal Mortality: 2000 to 20157 Estimates by WHO, UNICEF, UNFPA, World Bank Group & UN Population Div.. Geneva: 2019; U.S. 
adapted from data in Petersen E. MMWR . MMWR .vol.68.No. 35 Sept. 6, 2019. 762-765.. by adjusting for timing of deaths . 

Racial Disparities (2015-16):

11.7   White women
36.0   Black women 
10.2   Hispanic   
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* Countries with 300,000+ births (2015): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

Sources: OECD Health Data 2019; NCHS. 2009. Deaths, Final Data, 2007 and adapted from Creanga. Obstet Gynecol 2017 & 

Petersen, MMWR, 2019. ..

US  26% 
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US vs Comparable Countries
Estimated U.S. Maternal Mortality Ratios (per 100K births), 2000-2016, U.S. & 

Comparable Countries *
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3. Maternal mortality is a public 
health problem more than a clinical 
one
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Remember this chart? 
Timing of Pregnancy Related Deaths
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Source: Petersen E. et al. Vital Signs: Pregnancy-Related Deaths, United States, 2011–2015, and Strategies for Prevention, 13 States, 
2013–2017. MMWR .vol.68. May 7, 2019. 1-7.

Maternal deaths 
are a public 
health issue as 
much as a clinical 
care issue.
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(3) Moving to a Public Health Approach 
Cause-specific proportionate Pregnancy-Related 

mortality: United States, 1987–2013.

Source: Creanga. Pregnancy-Related Mortality in the United States. Obstet Gynecol 2017.

+67%+417% +96% +83%-60% -23%-60%-58% -92%-21%
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Moving to a Public Health Approach 
Leading Underlying Causes of Pregnancy- Related 

Deaths, by Timing of Death
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4. The problem is much bigger than 
maternal deaths
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Not just about maternal mortality
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Births in U.S. by Maternal Age, 2017
Age # Births %

<20 196,294 5.1%

20-24 764,780 19.8%

25-29 1,123,577 29.1%

30-34 1,091,917 28.3%

35+ 678,932 17.6%

Total 3,855,500 100%
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The Problem is Bigger than Maternal Mortality
Overall Deaths rates (per 100K), Females 25-34, 

by Race/Ethnicity, 2010-2017
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2010 13,067
2017        18,066

NOTE: Pregnancy related mortality rate increased by <1% 2010-2017 
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Ratio of Black/White Female Death Rates, 
Women 25-34, 2005-2017
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(4) Problem is Bigger than Maternal Mortality

Top 10 Causes of Death for Women 25-34 in 2017
Total Deaths % of total Rate per 100 

K
% Change in rate 

2010-2017
Proportion of  

2010-17 Increase

All causes 18,066 100.0 80.8 26.3% ---
Accidents (unintentional inj.) 6,668 36.9 29.8 61.1% 58.0%

Malignant neoplasms 1,926 10.7 8.6 -4.4% 1.8%

Intentional self-harm (suicide) . 1,600 8.9 7.2 35.8% 10.2%

Diseases of heart 1,232 6.8 5.5 12.2% 4.4%

Assault (homicide) 881 4.9 3.9 18.2% 3.9%

Pregnancy, childbirth & puerperium 512 2.8 2.3 27.8% 2.9%

Chronic liver disease and cirrhosis 367 2.0 1.6 23.1% 2.1%

Diabetes mellitus 352 1.9 1.6 23.1% 1.9%

Cerebrovascular diseases 254 1.4 1.1 -8.3% 0.0%

Septicemia 192 1.1 0.9 0.0% 0.2%

All other causes  (residual) 4,082 22.6 18.3 11.6%

Sources: Heron M. Deaths: Leading causes for 2010. National vital statistics reports; vol62 no 6. Hyattsville,MD: National Center for Health Statistics. 2013 
& 2017 data from CDC, NCHS, Underlying Cause of Death 1999-2017 on CDC WONDER Online Database, released December, 2018; Accessed 11/7/2019. 
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5. Potential policy solutions
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Need is for public health approaches involving 
improving access for women to preconception, 

prenatal and postpartum care. 
Three components
1. Expanded coverage for Medicaid to fund care – if 12% of the 

deaths are postpartum why not cover women out to a year?

2. Coverage doesn’t mean anything unless there’s someone to go 
see – vastly expand midwifery training opportunities in general 
and for women of color in particular. Likewise expand 
opportunities for certified doulas to help fill in gaps in the 
system.

3. Keep women in the system. Problem of loss from the system 
postpartum. 
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WHAT WILL DRIVE THE POLICY PROCESS?
POLITICAL WILL & MEDIA COVERAGE

PROPUBLICA’S LOST MOTHERS SERIES
Nothing Protects Black Women From Dying in Pregnancy &

Childbirth
Not education. Not income. Not even being an expert on racial 

disparities in health care.

www.birthbythenumbers.org

https://www.propublica.org/series/lost-mothers
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Urban-Rural 
Differences

Source: Maron, D. Maternal Health Care Is Disappearing in Rural 
America. Scientific America. 2/15/17 www.birthbythenumbers.org


