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Definitions
• 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.

• 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.

• Pregnancy Associated Death – The death of a women while pregnant or 
within one year of termination of pregnancy, irrespective of cause.
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Decrease is less a reflection of 
improvement  and more a 
function of the difficulty in 
estimating the maternal 
mortality rate in the U.S.



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
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1951-1982
89% decline (75.0 to 7.9)



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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1982-1998
Basically no change

7.9 to 7.1



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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1997-2007
78% increase (7.1 to 12.7)



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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Note: The U.S. NCHS hasn’t reported and official 
maternal mortality rate since 2007 – led to our work

???



Last reporting (2007)of a maternal mortality rate by NCHS



Impetus for the Study
Maternal Mortality Ratios (per 100K births), 2000-2014, U.S. & Comparable Countries *
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OECD   25% 
Decrease

* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

Sources: OECD Health Data 2017; NCHS. 2009. Deaths, Final Data, 2007.



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



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

CDC and Pregnancy Related Mortality



Pregnancy Mortality Surveillance System



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.



Pregnancy Related Mortality, 
U.S., 1987-2013

Racial Disparities

Rates for 2011-12:

11.8   white women
41.1   black women
15.7   other races

Source: CDC. 
http://www.cdc.gov/rep
roductivehealth/matern
alinfanthealth/pmss.htm

http://www.cdc.gov/reproductivehealth/maternalinfanthealth/pmss.htm


U. S. Maternal Mortality & Pregnancy Related Ratios 
(per 100K), 2000-2013 
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Maternal Mortality

Pregnancy Related Mortality

Relying solely on 
“Pregnancy Related 
Mortality” does not allow for 
international comparisons –
more impetus for our study



Impetus for the Study
Maternal Mortality Ratios (per 100K births), 2000-2013, U.S. & Comparable Countries*
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* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

NOTE: 2008-2013 US 
rates unofficial^

Sources: OECD Health Data 2015; ^California Maternal Quality Care 
Collaborative (CMQCC) 2014; NCHS. 2009. Deaths, Final Data, 2007.

Two questions arise from 
the extension to 2013



Impetus for the Study
Maternal Mortality Ratios (per 100K births), 2000-2013, U.S. & Comparable Countries*
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* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

NOTE: 2008-2013 US 
rates unofficial^

Sources: OECD Health Data 2015; ^California Maternal Quality Care 
Collaborative (CMQCC) 2014; NCHS. 2009. Deaths, Final Data, 2007.

How did 
CMMQCC 
estimate 
the rates 

after 2007?

Was the U.S. Increase the 
Result of Improved Case 

Ascertainment?



Where CMQCC got their data – CDC Wonder



Underlying cause of death
Total maternal deaths (during pregnancy or within 42 days after the end of pregnancy) (A34, O00-O95, O98-O99)
Total direct obstetric causes (A34, O00-O92)
Pregnancy with abortive outcome (O00-O07)

Ectopic pregnancy (O00)
Hypertensive disorders (O10-O16)

Pre-existing hypertension (O10)
Eclampsia and pre-eclampsia (O11,O13-O16) 

Obstetric Hemorrhage (O20,O43.2,O44-O46,O67,O71.0-O71.1, O71.3-O71.4,O71.7,O72)
Pregnancy-related infection (O23,O41.1,O75.3,O85,O86,O91)

Puerperal sepsis (O85)
Other obstetric complications (O21-O22,O24-O28,O30-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,O75.0-O75.2,O75.4-O75.9,O87-O90,O92)

Diabetes mellitus in pregnancy (O24)
Liver disorders in pregnancy (O26.6)
Other specified pregnancy-related conditions (O26.8)
Obstetric embolism (O88)
Cardiomyopathy in the puerperium (O90.3)

Anesthesia-related complications (O29,O74,O89)
Total indirect causes (O98-O99)

Mental disorders and diseases of the nervous system (O99.3)
Diseases of the circulatory system (O99.4)
Diseases of the respiratory system (O99.5)
Other specified diseases and conditions (O99.8)

Obstetric death of unspecified cause (O95)
Late maternal causes (43 days-1 year after the end of pregnancy) (O96-O97)

Maternal Death 
ICD-10 Codes



That’s what these guys did as well



State rates by race/ethnicity 
2005-2014

Looks great, but doesn’t 
account for changes in 

measurement that occurred 
during this period.



Revised (2003) U.S. Standard 
Certificate of Death 



BirthByTheNumbers.org

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



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

16 States 
already had a 
checkbox as 
far back as 
1991-1992, 

but with 
different 
wording 



BirthByTheNumbers.org

Time periods used:
42 days;
6 weeks;

3 months; 
90 days;
12 mos;

“last year”



Maternal Mortality Rates (per 100,000) in States 
with & without a checkbox, 1996-2003
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So adopting the checkbox will solve the problem of under ascertainment & 
we can report a more accurate national rate after 2003?  

Source: Hoyert DL. Maternal mortality and related concepts. National Center for Health Statistics. Vital Health Stat 3(33). 2007. 



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

New England
New Hampshire 4/2004
Connecticut 2005
Rhode Island 2006
Vermont 7/2008
Maine 2010
Massachusetts 9/2014



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.





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



Correcting for Impact of Adding Pregnancy Box

Also did tests involving 1 year and 3 year periods with little change
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Slope=0.33
18.2

22.8

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.   

25 Group 1 states (had no question & added Standard)

Correction Factor: 1.93
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Note:  Includes 13 states that had a pregnancy question asking about a longer timeframe on their unrevised death 
certificate and which adopted the U.S. standard question upon revision: Florida, Illinois, Indiana, Idaho, Kentucky 
Louisiana, Mississippi, Minnesota, Missouri, Nebraska, New Jersey, New York, and North Dakota.   

Slope=0.44

18.4

14 Group 2 states (had different question & then standardized)

Correction Factor: 2.07
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8.0

10.4

14.0

19.9

Note: Group 3 includes 8 states who did not have a pregnancy question on their unrevised death certificate (Alaska, 
Colorado, Hawaii, North Carolina, Massachusetts, West Virginia, and Wisconsin) or who had a pregnancy question 
with a longer timeframe (Virginia) and had not revised as of late 2013.( 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



Unadjusted combined maternal and late 
maternal mortality ratios, California, 2000-2014
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15.1

Incudes deaths within 1 year of pregnancy.  California revised their death cert. in 
2003 to a non-standard question that asks about deaths within 1 year of pregnancy.  
Before 2003, California did not have a pregnancy question on their death certificate.    

Slope= -0.5821.5



Adjusted MMRs, Texas, 2000-2014

0

5

10

15

20

25

30

35

40

2000 2005 2010 2014

Ra
te

 p
er

 1
00

,0
00

 li
ve

 b
irt

hs

Slope=0.1217.4
18.6

35.8

Slope=0.93
33.0

Texas revised to the U.S. standard pregnancy question in 2006. The 
unrevised question asked about pregnancies within the past 12 months. 
Analysis group 2 correction factor was used to adjust unrevised data. 



Estimating a Combined, Adjusted MMR,
for 48 states and DC, from 2000-2014

• California excluded because only reports deaths at <1 
year.  Texas excluded because of divergent trend. 

• First, computed the weighted average of the slopes of 
the regression lines from Analysis Groups 1-4, 
weighted by the total number of live births in each 
group from 2000-2014.  Weighted slope=0.357.  

• Then computed a combined 2014 MMR for the 44 
states and DC with standard pregnancy question.  

• Used the combined slope to back-estimate MMRs back 
to 2000.  



Estimated MMRs, 48 states* and DC, 2000-2014
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2014
*Excludes California and Texas.

27% increase 2000-2014

How might this compare internationally? 



Maternal Mortality Ratios, OECD* Countries, 
2014
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Source: OECD Health Data 2016
* 2013
# 2012
^U.S. from MacDorman et al. 

* Organization for Economic and Cooperation and Development



U.S. MMR* Compared to Countries with 
300,000+  births, 2014, using WHO Estimates
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* Maternal Mortality per 100,000 births
Source: Maternal Mortality: 1990 to 2015 Estimates by WHO, UNICEF, UNFPA, World Bank Group & UN Population Division. Geneva: 2015.  

If we limited the US ratio to white 
mothers only, the U.S. would still 
rank behind all other countries 
except perhaps South Korea



UK and Ireland 
Confidential Enquiries 
into Maternal Deaths
and Morbidity 2009–14



Cause-specific proportionate pregnancy-
related mortality: United States, 1987–2010.

Source: Creanga. Pregnancy-Related Mortality in the United States. Obstet Gynecol 2015.



2nd Article in Series

Obstet Gynecol 2017;129:811–8



Over Ascertainment??
• Research into the cause of death category finds much 

of the increase is coming from less specific 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)



Underlying cause of death
Total maternal deaths (during pregnancy or within 42 days after the end of pregnancy) (A34, O00-O95, O98-O99)
Total direct obstetric causes (A34, O00-O92)
Pregnancy with abortive outcome (O00-O07)

Ectopic pregnancy (O00)
Hypertensive disorders (O10-O16)

Pre-existing hypertension (O10)
Eclampsia and pre-eclampsia (O11,O13-O16) 

Obstetric Hemorrhage (O20,O43.2,O44-O46,O67,O71.0-O71.1, O71.3-O71.4,O71.7,O72)
Pregnancy-related infection (O23,O41.1,O75.3,O85,O86,O91)

Puerperal sepsis (O85)
Other obstetric complications (O21-O22,O24-O28,O30-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,O75.0-O75.2,O75.4-O75.9,O87-O90,O92)

Diabetes mellitus in pregnancy (O24)
Liver disorders in pregnancy (O26.6)
Other specified pregnancy-related conditions (O26.8)
Obstetric embolism (O88)
Cardiomyopathy in the puerperium (O90.3)

Anesthesia-related complications (O29,O74,O89)
Total indirect causes (O98-O99)

Mental disorders and diseases of the nervous system (O99.3)
Diseases of the circulatory system (O99.4)
Diseases of the respiratory system (O99.5)
Other specified diseases and conditions (O99.8)

Obstetric death of unspecified cause (O95)
Late maternal causes (43 days-1 year after the end of pregnancy) (O96-O97)

Maternal Death 
ICD-10 Codes



Maternal & late maternal deaths & mortality rates by cause of 
death, 27 states and Washington DC, 2008-2009 to 2013-2014
Underlying 
Cause of Death

Number of 
Deaths

% of total Rate 
(100K)

Number of 
Deaths

% of 
total

Rate 
(100K)

% 
Change

Total Maternal 
Deaths

780 100 20.6 907 100 25.4 23.3

Total Direct Causes 527 67.6 13.9 595 65.6 16.6 19.7

Total Indirect 
Causes

202 25.9 5.3 294 32.4 8.2 54.4

Obstetric Death of 
Unspecified Cause

51 6.5 1.3 18 2.0 0.5 -62.6

Late Maternal 
Causes

168 4.4 246 6.9 55.3

Source: Obstet Gynecol 2017;129:811–8. 



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



Maternal mortality rates by age for specific & 
nonspecific causes of death, 27 states & DC, 2008–2009 

and 2013–2014.

100%
81%

-6%



Sensitivity Analysis of Impact 
of 1% Random Miscoding





Impact of the Checkbox – Better and Worse 
Ascertainment

• The Four Committee data includes a total of 650 potentially pregnancy-
related deaths. Among these, 97 were determined to have no evidence of 
pregnancy within the year prior to the woman’s death (neither pregnancy-
related nor –associated; false positive pregnancy-associated deaths), and so 
were excluded from further analysis. The predominant reason for these 97 
false positives were errors on the death certificate from the pregnancy 
checkbox. 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 and 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. 



Disparities in Maternal Mortality
How do these trends 

compare  by race/ethnicity? 
2007 Official

MMR
2011-12 Pregnancy Related 

Mortality
Category Ratio Category Ratio
All 12.7 All 16.9
Non-Hispanic white 10.5 White 11.8
Non-Hispanic black 28.4 Black 41.1
Hispanic 8.9 Other Races 15.7
Black-White ratio 2.7 3.5



Maternal mortality rates by race and ethnicity, 27 states* 
and Washington D.C., 2008-9 and 2013-14

NH = non-Hispanic. n.s. = no significant change.  
* Arkansas, Connecticut, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Kansas, Michigan, 
Montana Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, North Dakota, Ohio, 
Oklahoma, Oregon, Rhode Island, South Carolina, South Dakota, Utah, Washington, and Wyoming.  

+21%

+24%
n.s. +29%

Black-White 
ratio  

2.8



Interracial Differences

Hispanic 15.8 (Lebanon 15/Turkey 16)

NH White 20.2 (Thailand 20/Chile 22)

NH Black 56.3 (Vietnam 56/Jordan 58)

Where would estimated rates leave the U.S. 
in international comparisons?  



Real potential for over-ascertainment, 
though unlikely it accounts for the increases 
which are seen across all settings and even 
the most conservative measures show the 

U.S. faring poorly in international 
comparisons. 



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007 by Race
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U.S. Infant & Maternal Mortality Black to 
White Ratios of 1980-2014
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FACEBOOK: www.facebook.com/BirthByTheNumbers
Twitter: @BirthNumbers

Email: birthbynumbers@gmail.com
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