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Summary

 Background: There is a growing interest in examining death rates associated with different pregnancy outcomes 
for time periods beyond one year. Previous population studies, however, have failed to control for 
complete reproductive histories. In this study we seek to eliminate the potential confounding ef-
fect of unknown prior pregnancy history by examining mortality rates associated specifically with 
first pregnancy outcome alone. We also examine differences in mortality rates associated with ear-
ly abortion and late abortions (after 12 weeks).

 Material/Method: Medical records for the entire population of women born in Denmark between 1962 and 1991 and 
were alive in 1980, were linked to death certificates. Mortality rates associated with first pregnancy 
outcomes (delivery, miscarriage, abortion, and late abortion) were calculated. Odds ratios exam-
ining death rates based on reproductive outcomes, adjusted for age at first pregnancy and year of 
women’s births, were also calculated.

 Results: A total of 463,473 women had their first pregnancy between 1980 and 2004, of whom 2,238 died. 
In nearly all time periods examined, mortality rates associated with miscarriage or abortion of a 
first pregnancy were higher than those associated with birth. Compared to women who delivered, 
the age and birth year adjusted cumulative risk of death for women who had a first trimester abor-
tion was significantly higher in all periods examined, from 180 days (OR=1.84; 1.11 <95% CI <3.71) 
through 10 years (1.39; 1.22 <95% CI <1.61), as was the risk for women who had abortions after 
12 weeks from one year (OR=4.31; 2.18 <95% CI <8.54) through 10 years (OR=2.41; 1.56 <95% CI 
<2.41). For women who miscarried, the risk was significantly higher for cumulative deaths through 
4 years (OR=1.75; 1.34 <95% CI <2.27) and at10 years (OR=1.48; 1.18 <95% CI <1.85).

 Conclusions: Compared to women who delivered, women who had an early or late abortion had significantly 
higher mortality rates within 1 through 10 years. A lesser effect may also be present relative to mis-
carriage. Recommendations for additional research are offered.
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Background

Previous record based studies in Finland have shown that 
death rates within 1 year of a pregnancy event are significant-
ly higher for women who had a pregnancy loss compared 
to women who were not pregnant and to women who car-
ried to full term [1–4]. The results of a U.S. study revealed 
that elevated rates of death following a pregnancy loss per-
sisted for 4 years or more; but the researchers also found 
that the effects may be mitigated by successful delivery of 
subsequent pregnancies [5].

All existing studies of mortality rates associated with pri-
or pregnancy outcomes have been limited to pregnancies 
within an arbitrary range of women’s reproductive lives and 
have lacked information on the subjects’ complete repro-
ductive history. Therefore, one of the main purposes of this 
study is to eliminate the potential confounding effect of un-
known prior pregnancy history by examining mortality rates 
associated specifically with first pregnancy outcome alone.

An additional purpose of this study is to distinguish between 
mortality rates associated with early induced abortions versus 
later abortions, a subject that has not been previously addressed 
in any population register based studies. While there is well 
established consensus that late-term abortions are associated 
with more physiological risks and higher rates of maternal 
mortality in the short term compared to early abortions [6], 
very little is known regarding mortality rates beyond one year.

Material and Methods

The present investigation is a register based study using ex-
isting data from Statistic Denmark: the National Hospital 
Register (1977–2004) for information on miscarriages, ec-
topic pregnancies and other losses; the Fertility database 
(FTDB) for births and stillbirths; the National Board of 
Health Abortion Registry (1973–2004) for abortions; the 
Cause of Death Register; and the day of death from the CPR 
register (1980–2004). Data from all registers was linked us-
ing unique identification numbers assigned to all residents 
of Denmark. The study was approved by the National Board 
of Health and the Data Protection Agency.

The population includes all women in Denmark born over a 
30 year period, from 1962 through 1991, who were alive as of 
January 1, 1980 and did not die prior to age 16. The oldest wom-
en in this study population were 11 years-old in 1973 (when the 
abortion registry began), and 15 years-old in 1977 (when infor-
mation on miscarriages treated in hospitals became available).

Pregnancy histories were constructed from the fertility reg-
ister, abortion register, and hospital discharge registers. First 
pregnancy outcomes were segregated by live birth, miscar-
riage, early abortion, and late abortion. Only singleton births 
were included in the birth group, to eliminate the confound-
ing effects of cases of multiple births and situations includ-
ing both a live birth and pregnancy loss. Miscarriage data 
is only available for cases which included a record of hos-
pital treatment. Other losses, including ectopic pregnancy, 
still birth, and other products of conception were exclud-
ed from this analysis due to comparatively low numbers. 
Induced abortions were classified as late abortions if they 
occurred after the first twelve weeks of gestation.

Unadjusted death rates per 100,000 cases were calculated 
for (1) each of the first 10 years following the date of the 
pregnancy outcome, and (2) for cumulative periods from 
180 days, 1 to 5 years, 10 years, and for the full length of 
the data window. Chi-square tests for significance were con-
ducted for each time period using women who gave birth 
as the control group.

To control for the effects of time associated with changing 
medical technology and population health over the three 
decades examined, adjusted odds ratios were then calcu-
lated to control for the year of each woman’s birth and the 
woman’s age at the time of her first pregnancy outcome. 
These logistic regression analyses were conducted to yield 
odds ratios and 95% confidence intervals (95% CI) for the 
cumulative mortality rates associated with each of the three 
pregnancy loss groups compared to the single live birth 
group for periods of 180 days, 1 to 5 years, up to 10 years, 
and over the full length of the data window.

results

A total of 463,473 women who had at least one pregnancy 
between 1980 and 2004 were included in the study, 2,238 
of whom had died. The average year of birth for those who 
died (n=2,238) was 1966.45 (SD=4.33). First pregnancies in 
the population occurred at an average age of 24.69 years 
(SD=4.63). The average age at death was 27.4 (SD=7.3), 
with a range of 16 to 43 years of age.

Table 1 shows unadjusted death rates per 100,000 cases 
occurring within each year of the first ten years following 
each first pregnancy outcome. Death rates associated with 
birth were lower than those associated with all three types 
of pregnancy loss in every year. Chi-squared tests were run 
to compare death rates for miscarriage and early abortion 
to death rates for birth in each year. The difference between 
birth and early abortion groups was significant in 6 of the 
10 years; whereas the difference between birth and miscar-
riage was significant in 2 of the 10 years. Significance tests 
were not conducted for late abortion since there were few-
er than 5 deaths per year for that group, rendering any tests 
for significance unreliable.

Table 2 shows the unadjusted cumulative death rates dur-
ing periods of time from 180 days up to the full study period 
segregated by first pregnancy outcome. The table also shows 
the average age at first pregnancy and at death stratified for 
each pregnancy outcome. Compared to mortality rates of 
women who gave birth, the mortality rates associated with 
early abortion were significantly higher for every time peri-
od examined. The cumulative mortality rate associated with 
late abortion was significantly higher than for birth for every 
time period greater than one year. The cumulative mortal-
ity rate associated with miscarriage was not significantly dif-
ferent from the birth group except for the longest periods 
of time examined, for 10 years and for the full study period.

Results from the logistic regression analyses, controlling for 
age at first pregnancy and the year of the woman’s birth, 
are shown in Figures 1–3. These figures show the observed 
odds ratios for cumulative deaths occurring up to each iden-
tified period along with upper and lower 95% confidence 
intervals for each time period analyzed.
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Figure 1 shows the adjusted odds ratios associated with first 
pregnancies ending in early abortion compared to those 
ending in a live birth after adjusting for age at first preg-
nancy and year of the woman’s birth. The risk of death as-
sociated with an early abortion was significantly higher dur-
ing nearly all time periods examined.

Figure 2 shows the adjusted odds ratios associated with late 
abortions compared to birth. The results should be inter-
preted cautiously, however, due to the low frequencies (only 
4 deaths occurred in the first year, and only 22 deaths in 
the 10 year window). But even with low numbers, the re-
sults were statistically significant for all time periods exam-
ined (lower 95% CI >1.0).

Figure 3 shows the adjusted odds ratios for deaths among 
women who had a miscarriage treated in a hospital com-
pared to women who successfully gave birth. The observed 
odds ratio was greater than 1 in all periods examined, but 
the results were only statistically significant (lower 95% CI 
>1.0) for cumulative periods beyond 4 years.

discussion

The results of our analyses support the hypothesis that 
first pregnancy prenatal loss is associated with higher mor-
tality rates compared to carrying to term, both within the 
first year and over a number of years to follow. The great-
est differences were observed within the first 180 days of 

the pregnancy outcome, but the higher rates of death per-
sisted well beyond the first year. These findings are consis-
tent with prior studies which were blind to the history of 
any prior pregnancies [1,3,5] but are an important addi-
tion to the literature because they eliminate the possibility 
that unknown prior pregnancy outcomes may account for 
the observed differences.

Statistically significant results were strongest in regard to 
both early and late abortions (after 12 weeks) compared to 
birth. Although the numbers of cases for late abortions is 
relatively low, resulting in very wide confidence intervals, it 
appears likely that both the short and long term death rates 
associated with late abortion are greater than those associ-
ated with early abortion.

The most reliable results are found relative to early abor-
tions and births, for which we have both a high number of 
cases and very complete records. The adjusted odds ratios 
indicate that compared to a first pregnancy ending in a live 
birth, an abortion prior to 12 weeks is associated with 80% 
higher risk of death within the first year and a 40% higher 
risk of death over 10 years.

Examination of death rates associated with abortion over 
longer periods of time is especially warranted by the need 
to more accurately identify abortion related deaths, which 
are defined by the Centers for Disease Control (CDC) in 
the United states as including deaths which may be due to 

First pregnancy 
outcome 1st yr 2nd yr 3rd yr 4th yr 5th yr 6th yr 7th yr 8th yr 9th yr 10th yr

Birth  17.9 (57)  20.7 (66)  22.0 (70)  22.0 (70)  21.3 (68)  22.9 (73)  22.9 (73)  28.2 (90)  21.7 (69)  19.8 (63)

Miscarriage  31.2 (8)  15.6 (4)#  31.2 (8)  27.3 (7)  39.0 (10)  54.6 (14)* 31.2 (8)  62.4 (16)* 27.3 (7)  15.6 (4)#

Early Abortion  33.8 (39)†  38.9 (45)‡  28.6 (33)  32.0 (37)  44.1 (51)‡  44.1 (51)‡  37.2 (43)* 28.6 (33)  38.9 (27)* 23.4 (27)

Late Abortion**  110.0 (4)#  55.0 (2)#  82.5 (3)# 27.5 (1)# 110.0 (4)#  55.0 (2)#  55.0 (2)# 55.0 (2)# 27.5 (1)# 27.5 (1)#

Table 1. Annual Mortality Rates per 100,000 (number of deaths). During each of first ten years following first pregnancy outcome.

# Cell counts <5; chi-square test for significance not reliable. * p<.05; † p<.01; ‡ p<.001; using birth as the control group.

N 
(deaths)

Avg 
age preg 

(SD)

Avg 
age death

(SD)

Time period 

180 days 1 yr 2 yrs 3 yrs 4 yrs 5 yrs 10 yrs Full study 
period

Birth 318,646
(1,240)

25.89
(4.07)

32.58
(5.61)  7.8  17.9  38.6  60.6  82.5  103.9  219.4  389.1

Miscarriage 25,648
(147)

24.80
(4.60)

31.61
(5.61)  19.5  31.2  46.8  78.0  105.3  144.3  335.3‡  573.1‡

Early 
abortion

115,543
(809)

20.99
(3.94)

29.81
(6.5)  19.0*  33.8†  72.7‡  101.3‡  133.3‡  177.4‡  349.7‡  700.2‡

Late 
abortion

3,636
(42)

20.46
(4.73)

28.98
(6.73)  55.0#  110.0#  165.0‡  247.5‡  275.0‡  385.0‡  605.1‡  1155.1‡

Table 2. Cumulative deaths per 100,000 women from within specified time period from date of pregnancy outcome to end of time period.

# Cell counts < 5; chi-square test for significance not reliable. * p<.05; † p<.01; ‡ p<.001; using birth as the control group.
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aggravation of preexisting psychological or physiological 
conditions “regardless of the amount of time between the 
abortion and death” [6]. Previous research has revealed 
that without data linkage to complete pregnancy and abor-
tion records, 73% of all pregnancy associated deaths could 
not be identified from death certificates alone [7]. This is 
why the CDC recommends identification of “pregnancy as-
sociated deaths” (without regard to cause) as a precursor 
to efforts to identify “pregnancy related deaths” (which are 
contributed to by the pregnancy) [8]. Given the difficulties 
inherent in determining cause of death and identifying full 
pregnancy history, securing measures of deaths associated 
with pregnancy outcome is an essential step in the process 
of defining future research priorities.

Extra caution should be applied to interpreting our findings 
regarding miscarriage. Our data on miscarriages was limit-
ed to only miscarriages treated in hospital settings. The ob-
served effects may not represent those associated with very 
early and uncomplicated miscarriages. Secondly, while the 

observed odds ratios were consistently higher, and of a mag-
nitude similar to that observed for early abortions, the re-
sults were not statistically significant until after five years.

Readers may notice that the adjusted odds ratio for the full 
study period, especially in Figure 1, are trending downward. 
This is likely due to the fact that over longer periods of ob-
servation the odds ratio will necessarily trend toward 1.0 
precisely because everyone dies. By the end of the study pe-
riod women born in 1962, for example, are beginning to 
die at higher rates regardless of their reproductive history, 
a fact that begins to erase differences that would otherwise 
be observed when the 1962 cohort were all 30 years of age.

Limitations

Our analysis did not consider the possible impact of subsequent 
pregnancy outcomes. Prior research has shown that different 
pregnancy outcomes for multiple pregnancies are associated 
with different mortality rates. For example, during an 8 year 
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Figure 1.  Odds ratio for cumulative mortality rates 
associated with early abortion compared 
to birth – adjusted for woman’s year of 
birth and age at first pregnancy.
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Figure 2.  Odds ratio for cumulative mortality 
rates associated with abortion after 12 
weeks compared to birth – adjusted for 
woman’s year of birth and age at first 
pregnancy.
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period examined among low income women in California, the 
mortality rate for women who had a delivery following abor-
tion was 462 per 100,000, significantly lower than for women 
who had only abortions during the same time frame, 854 per 
100,000 [5]. Subsequent pregnancy outcomes may therefore 
be an important mediating factor in mortality rates

Another limitation is that our analysis does not control for 
socioeconomic factors, marital status, psychological histo-
ry, or other factors prior to first pregnancy which may af-
fect the subsequent risk of death.

Still another limitation of our study is that all causes of death 
were analyzed together. Previous studies have shown that el-
evated risks of death associated with perinatal loss were most 
pronounced relative to external causes of death (suicide, ho-
micide, accidents) [2,4,5]. But higher rates of deaths from 
natural causes [3,5], including significantly higher mortal-
ity rates from circulatory and cerebrovascular disease [5], 
have also been observed. Additional research is necessary 
to determine how first pregnancy outcome may be associ-
ated with specific causes of death.

Interpretation of results

There are at least three theories which may explain the dif-
ferences in mortality rates observed. The first theory may be 
called the ”healthy pregnant woman effect” [3,9]. This the-
ory suggests that healthier women are more likely to be able 
to concieve and carry a pregnancy to term. Conversely, wom-
en who are unhealthy may be unable to concieve or may be 
more likely to have a spontaneous or therapuetic abortion.

The second theory is that pregnancy, especially one carried 
to term, produces health benefits which reduce the risk of 
death. For example, carrying a pregancy to term is associ-
ated with physiological changes associated with a reduced 
risk of breast [10], ovarian [11], and endrometrial cancers 
[12]. Live births may also contribute to psychological ben-
efits, or at least behavioral changes and lifestyle choices as-
sociated with being a parent which improve health and/or 
reduce unhealthy or risk-taking behaviors.

The third theory is that pregnancy loss may contribute to 
physiological or psychological effects which increase risk of 
death. For example, abortion is associated with an increased 
risk of suicide [4], substance abuse [13], post-traumatic stress 
disorder [14], and a lower assessment of general health [15]. 
In addition, it is notable that the elevated rates of mortality 
associated with pregnancy loss observed in this study are on 
the same order of magnitude as the elevated rates of mortali-
ty among women who experience the death of a child under 
18 years of age [16]. Factors common to both experiences 
may explain the effect observed in both groups.

All three theories, and other factors not yet identified, may 
contribute to the effects revealed by our analyses. Further re-
search is necessary to tease out both any positive health effects 
of childbirth and any negative health effects of pregnancy loss.

Recommendations regarding future research

As discussed in the limitations section above, a very large 
number of additional factors should be explored to better 

understand the effects observed. Subsequent pregnancies, 
prior physical and mental health, relationship status, and so-
cioeconomic factors are all likely to have effects on mortali-
ty rates. Many of these factors likely have interdependencies 
and serial correlations which seriously complicate regression 
analyses. In particular, both the occurrence and outcome of 
subsequent pregnancies may be correlated with earlier preg-
nancy outcomes. For example, pregnant teenagers are 4 to 
6 times more likely to abort if they have already had a pri-
or abortion than teens without a prior history of abortion 
[17]. To most carefully explore interactions relative to multi-
ple pregnancies, we recommend that future research exam-
ine results stratified by all combinations of earlier pregnan-
cy outcomes. For example, mortality rates for each second 
pregnancy outcome should be stratified relative to whether 
the first pregnancy ended in birth, miscarriage or abortion.

A good deal of insight might also be gained by case-control 
studies which are carefully designed [18]. In addition to se-
lecting control groups relative to year of the woman’s birth, 
age at first pregnancy, marital status, and socioeconomic sta-
tus, cases should be matched to controls with similar psy-
chiatric histories prior to the year of the first pregnancy.

An important objective of future research should be to iden-
tify which subgroups of women experiencing a pregnancy 
loss may benefit the most from additional health care or 
counseling services. For example, it is hypothetically possi-
ble that most of the observed effects occur among low in-
come women with a history of depression. But until addi-
tional research narrows the subgroups of the population 
most at risk, this and previous studies [2,4,5] clearly dem-
onstrate that both voluntary and involuntary pregnancy loss 
are at least markers for increased risk of death, both in the 
short term and the longer term. We therefore repeat our 
previous recommendation that clinicians should routinely 
inquire about a history of pregnancy loss as a step toward 
inviting discussion of any unresolved issues relative to a pri-
or abortion or miscarriage which patients might hesitate to 
reveal without a specific invitation to discuss it [19]. This 
information may help to alert general practitioners, gyne-
cologists, mental health workers, and others, to offer infor-
mation, treatments, and referrals which may avoid or mit-
igate any increased risks for negative outcomes associated 
with pregnancy loss.

conclusions

Compared to women who delivered, women who had an 
early or late abortion had significantly higher mortality rates 
within 1 through 10 years. A lesser effect may also be pres-
ent relative to miscarriage. Recommendations for addition-
al research are offered.
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