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Abstract

OBJECTIVE: To compare incidence, risk factors, and etiology of women’s deaths in fertile, 

subfertile and ART- treated women in the years after delivery.

DESIGN: Retrospective cohort

SETTING: University Hospital

PATIENTS: Women who had delivered in MA

INTERVENTIONS: This study used data from the Society for Assisted Reproductive Technology 

Clinic Outcome Reporting System (SART CORS) linked to vital records, hospital stays and the 

Massachusetts death file. Mortality of patients delivered from 2004–2013 was evaluated through 

2015. The exposure groups, determined on the basis of the last delivery, were ART-treated (linked 

to SART CORS), subfertile (no ART but with indicators of subfertility including birth certificate 

checkbox for fertility treatment, prior hospitalization for infertility (ICD9 628 or V23), and/or 

prior delivery with checkbox or ART), or fertile (neither ART nor subfertile). Numbers (per 

100,000 women years) and causes of death were obtained from the Massachusetts death file.

MAIN OUTCOME MEASURES: Mortality of women after delivery in each of the three fertility 

groups and the most common etiology of death in each.

RESULTS: We included 483,547 women: 16,429 ART, 11,696 subfertile, and 455,422 fertile 

among whom there were 1,280 deaths with 21.1, 25.5, and 44.7 deaths respectively per 100,000 

women years. External causes (violence, accidents, and poisonings) were the most common 
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reasons for death in the fertile group (p< 0.05). Deaths occurred on average 46 months after 

delivery. When external causes of death were removed, there were 19.1, 17.0, and 25.6 deaths per 

100,000 women years and leading causes of death in all groups were cancer and circulatory 

problems.

CONCLUSIONS: The study presents reassuring data that death rates within 5 years of delivery in 

ART-treated, and subfertile women do not differ from those in fertile women.

Capsule:

The study presents reassuring data that rates of death within 5 years of delivery in ART-treated, 

and subfertile women do not differ from those in fertile women.
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Introduction:

Assisted reproductive technology (ART) has enjoyed a dramatic success because of 

improvements in stimulation, retrieval, and laboratory services. From the most recent article 

on the state of ART, it was noted that from 2006–2014 (which was the latest data at the time) 

there were over 1.1 million IVF babies in the United States (US) and this comprised over 

1.5% of all deliveries in the country (1). The numbers of live births have continued to rise 

from 2014–2016: 65,175 in 2014; 67,818 in 2015 (greater than 4%) and 71,296 in 2016 

(greater than 5% rise from the previous year) (2). These numbers are projected to continue to 

grow. However, the long-term risk of ART is still in question.

Death of mothers during and following delivery is considered by leaders in obstetrics and 

gynecology in the United States to be on the rise (3–4). Several reviews have supported the 

perspective that studies need to be done to understand and counter this trend (5–7). Two 

previous reports have studied maternal mortality (mortality within 42 days of delivery) and 

mortality in the years following ART and have suggested that ART pregnancies and 

deliveries have reduced overall mortality compared to the fertile population (6,7). However, 

these studies did not adjust for confounders such as underlying infertility, health, or socio-

demographic variables nor did they deal with the possible heterogeneity within the ART 

population itself (5). Since patients undergoing ART are screened for disease and potential 

complications, it is possible that the ART population was a healthier patient population. 

Vassard et.al. summarized their results in which lower mortality over the time period 1994–

2009 in the ART group compared with a sampling from routinely delivered patients may 

have resulted from differences in care, in which patients treated for infertility may have 

changed health habits (stopped smoking, lost weight, or had psychological counseling) prior 

to pregnancy. For their study, they evaluated all–cause mortality to see if it was related to 

biological or selection mechanisms. (5) In addition, having planned a pregnancy was 

associated with reduced mortality risk in another study (6).

The goal of the current study was to evaluate mortality in women for the years following 

delivery in ART-treated and subfertile women and to compare mortality in the years 
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following delivery in these groups to women with no identified history of subfertility or 

fertility treatment. Using the Massachusetts Outcome Study for Assisted Reproductive 

Technology (MOSART), which links clinical ART history, birth certificates, and hospital 

stays, our primary objective was to determine whether the ART and subfertile women were 

at a greater risk of mortality than fertile women in the years following delivery. The 

secondary objective was to determine the risk factors for mortality and etiologies for death 

in each fertility group.

Methods:

This was a retrospective cohort study that used Massachusetts ART data linked to state vital 

records and hospitalizations.

Patients:

The study included Massachusetts women ≥ 18 years of age who had an in-state live birth or 

fetal death delivery between July 1, 2004 and December 31, 2013. All women who delivered 

were part of the study with the exception of those who had acted as gestational carriers. For 

women with multiple deliveries during the study period, we used her last delivery to define 

her fertility group (ART, subfertile, fertile) even though prior hospitalizations, prior ART, 

and other information from prior deliveries were considered in developing the 

categorizations for the final delivery. We excluded women whose death records were 

missing date of death (n=3) and any whose date of death was recorded as prior to the last 

delivery (n=1).

Data Sources:

Data were obtained from 1) the Society for Assisted Reproductive Technology Clinic 

Outcome Reporting System (SART CORS), which is a national registry containing cycle-

based ART data from the majority of US ART clinics and 2) the Massachusetts Pregnancy to 

Early Life Longitudinal (PELL) data system, which is an ongoing population-based data 

system that compiles information from birth certificates, fetal death records, and hospital 

utilization data. The study took place under a Memorandum of Understanding between 

SART, the Massachusetts Department of Public Health (MDPH) and the project principal 

investigators. Human subject’s approval was obtained from MDPH and the Committee for 

the Protection of Human Subjects at Dartmouth College.

The SART CORS contains demographic, ART diagnosis, ART cycle treatment, and 

pregnancy and delivery data from over 90% of US ART clinics. Data are entered by 

individual clinics throughout the country and reported to the Centers for Disease Control and 

Prevention (CDC) in compliance with the Fertility Clinic Success Rate and Certification Act 

of 1992 (Public Law 102–493). All Massachusetts clinics reported data to SART CORS 

during the study period. The data in the SART CORS are validated annually with some 

clinics having on-site visits for chart review based on an algorithm for clinic selection. 

During each visit, data reported by the clinic were compared with information recorded in 

patients’ charts. Ten out of 11 data fields selected for validation were found to have 

discrepancy rates of ≤5% (8).
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The PELL data system links information on over 98% of Massachusetts births and fetal 

deaths to corresponding hospital utilization data for individual women and their children. 

The MDPH and the Massachusetts Center for Health Information and Analysis are the 

custodians of the PELL data.

Linkage of databases:

The population based MOSART database was constructed by linking the SART CORS and 

PELL data systems for all Massachusetts resident women delivering in Massachusetts 

hospitals between July 1, 2004 and December 31, 2013. The starting date was chosen based 

on the availability of SART CORS data (January 1, 2004 cycle starts with first deliveries 

occurring in July). A deterministic five phase linkage algorithm methodology was used with 

matching based on mother’s date of birth, her first name and last name; father/partner’s last 

name, baby’s date of birth, plurality, and infant gender (9). Our linkage rate for 2004–2013 

data was 90.2% overall and 94.5% for deliveries in which both mother’s zip code and clinic 

were located in Massachusetts. Birth records from MOSART database were further linked to 

the Massachusetts death file using names, zip code and woman’s date of birth.

Exposure Groups:

Exposure groups were defined according to the last delivery for each woman. As we have 

reported previously (10), women were classified as ART-treated if the delivery was linked to 

an ART cycle in the SART CORS database. ART cycles in SART CORS include all of those 

cycles in which oocytes were obtained and cultured outside of a woman’s body. Cycles 

include all fresh and frozen embryo transfers using both autologous and donor oocytes with 

the exception of gestational carrier cycles which cannot accurately be linked to birth 

certificates. ART cycles do not include intrauterine insemination or other fertility enhancing 

treatments. They were classified as subfertile if the birth certificate for the delivery included 

a checked box that indicated that they had received fertility treatment but the delivery was 

not also linked to an ART cycle in SART CORS or if they had either a prior diagnosis of 

infertility (ICD9 628.9 or V23) in any hospitalization prior to the index delivery or if they 

had had a prior ART delivery. Women were classified as fertile if they did not fall into the 

ART-treated or subfertile groups.

Outcome Measures:

Deaths were ascertained through record linkage to the Massachusetts death file. Women 

were followed from the date of their last delivery in MOSART until death or the end of 

follow-up on December 31, 2015 whichever came first. Information on date of death and 

underlying cause of death was obtained from the Massachusetts death file. The death file 

compiles information from death certificates, the most accurate available source to identify 

deaths. Causes of death were classified according to the International Classification of 

Disease, ICD10 categories established by the world health organization (See Supplemental 

Table 1). The primary outcomes were death from all-causes and death excluding external 

causes (ICD10 codes: V01-Y98) at any time after last delivery until end of follow-up. 

External causes of mortality were defined as deaths as a result of poisonings, accidents, 

suicide, homicide or unintentional injuries.
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Potential confounding variables: Socio-demographic covariates were obtained from 

the birth/death certificates. Medical history was determined from a combination of birth 

certificates and hospital records (inpatient or outpatient hospital stays or emergency room 

visits). Data included date of last delivery, mother’s age, race/ethnicity, education, marital 

status, insurance at delivery, any history of chronic diabetes and hypertension, and history 

pre-eclampsia. Any history of chronic hypertension was defined as a woman ever having an 

ICD9 code 401–405 on hospital records or the checkbox for chronic hypertension on the 

birth certificate. Any history of chronic diabetes is defined as a woman ever having an ICD9 

code 250 or 648.0 on hospital records or checkbox for chronic diabetes on the birth 

certificate. Pregnancy hypertension/eclampsia/pre-eclampsia is defined as a woman having 

an ICD9 code of 642, 642.4, 642.5, 642.6, or 642.7 on hospital records or checkbox for pre-

eclampsia, eclampsia, or pregnancy hypertension on the birth certificate on her last delivery 

record.

Statistical Analyses:

Women’s survival times were calculated with women-years of follow-up defined as time 

between date of last delivery in MOSART, and death or end of follow-up (December 31, 

2015). We reported the incidence of all-cause mortality rates (Table 1) as number of deaths 

per 100,000 women years. The numbers can be interpreted as follows: given a mortality rate 

of 19.1 per 100,000 women-years in one group, incidence of mortality will occur, on 

average, 19.1 times in 10,000 mothers over 10 years (10,000 times 10=100,000) or in 

100,000 mothers over 1 year (100,000 times 1=100,000).

We used Poisson regression to examine differences in rates across fertility groups. Socio-

demographic and health characteristics among fertility groups were evaluated using χ2- 

tests for categorical variables, with p-values ≤0.05 noted as significant (Table 2). Cox 

proportional hazard models were used to assess the hazard ratios of select maternal 

characteristics with mortality, as well as the hazard ratios for mortality among ART-treated, 

subfertile, and fertile women (Table 3). Crude (HR) and adjusted hazard ratios (aHR) and 

95% confidence intervals (CI) are reported. We performed Cox models for a subset of the 

sample excluding external causes of death. The adjusted models were controlled for fertility 

group, maternal age, race/ethnicity, education, marital status, insurance at delivery, any 

history of chronic diabetes and hypertension, and pregnancy hypertension/eclampsia/pre-

eclampsia in the last pregnancy. The proportional hazards assumption was assessed via plot 

of the cumulative martingale residuals for each of the covariates.

All analyses were performed using the SAS software, version 9.3 (SAS Institute, Cary, NC).

Results:

The study sample included 483,547 women: 16,429 ART, 11,696 subfertile, and 455,422 

fertile. There were 21 deaths in the ART group, 18 deaths in the subfertile group and 1,280 

deaths in the fertile group. (Table 1). The incidence rate was 21.2, 25.5, and 44.7 per 

100,000 women years for the ART, subfertile and fertile group, respectively.
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The average follow-up time was 5.6– 6.0 years for all women after the last delivery. The 

average age for women who died in each group at time of death was: 46.6 ± 4.5 years for 

ART; 42.5 ± 6.2 years for subfertile; and 37.5 ± 7.2 years for fertile women, the fertile group 

being younger than the others (Supplemental Table 2).

To further evaluate the medical causes of death in the three fertility groups, deaths by 

external causes (N=555) were removed (Table 1). The numbers of deaths in the ART group 

was reduced to 19, subfertile to 12 and fertile group to 733. These decreases led to there 

being 19.1 deaths per 100,000 women years in the ART group;17.0 deaths per 100,000 

women years in the subfertile group; and 25.6 deaths per 100,000 women years in the fertile 

group. There was no difference in mortality between these three groups once the external 

causes were removed (Table 1). Follow-up times are 2.8–4.3 years for women who died and 

5.6–6.1 years for women who did not die (Supplemental Table 2). Among women who did 

not die the women in either the ART (42.4 ± 5.5) or the subfertile (41.2 ± 5.5) group were 

older than women those in the fertile group were younger (36.5 ± 6.7 years) (Supplemental 

Table 2).

Demographic and maternal characteristics at time of delivery among the women who died 

and did not die, with and without external causes of mortality are shown in Table 2. Both 

with and without external causes of death removed, those who died were in women <35 

years of age, non-Hispanic white, less likely to be married and less likely to have had 

college or post graduate education. There was no difference in plurality (not shown in table, 

P=0.61) although those who died had increased parity. Higher mortality was seen in the 

public payer source group. A greater percentage of the women who died had chronic 

diabetes mellitus, chronic hypertension, and pre/eclampsia/eclampsia or hypertension during 

pregnancy compared to those who did not die (Table 2).

Table 3 presents crude HRs and aHRs for associations between selected characteristics and 

all-cause mortality and mortality excluding external causes of death. Adjusting for maternal 

characteristics, risk of all-cause mortality was higher for mothers aged 30 years and older 

(aged 30–34: aHR: 1.31 [95% CI: 1.11–1.55]; aged 35–39: aHR: 1.68 [95% CI: 1.40–2.01; 

aged ≥40: aHR: 1.81 [95% CI: 1.41–2.32]) relative to mothers younger than age 25 years. 

Those who were not married had higher risk of mortality compared to married women 

(aHR: 2.38 [95% CI: 2.06–2.73]), and those who had public insurance compared with 

private (aHR: 1.84 [95% CI: 0.58–2.14]). Risk of all-cause mortality was also significantly 

higher for mothers with history of chronic hypertension (aHR: 2.43 [95% CI: 2.06–2.86]), or 

history of chronic diabetes (aHR: 1.92 [95% CI: 1.54–2.38]).

The risk of all-cause mortality was significantly lower for mothers who were Hispanic aHR: 

0.34 [95% CI: 0.28–0.41]), non-Hispanic blacks aHR: 0.54 [95% CI: 0.45–0.65]), Asian/

Pacific Islanders aHR: 0.48 [95% CI: 0.36–0.65]), and American Indians/Other: aHR: 0.64 

[95% CI: 0.45–0.93]) compared to non-Hispanic white mothers. Mothers with bachelors or 

more years of education had a significantly lower risk compared with those who had less 

than a high school education or high school education (aHR: 0.54 [95% CI: 0.45–0.64]).
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Similar patterns were observed in the subset of the population where we excluded external 

causes of death. Mothers who were older, with a history of chronic diabetes, chronic 

hypertension, public insurance, or unmarried had a higher risk of mortality. Mothers who 

were Hispanic, non-Hispanic black, or Asian had a significantly lower risk compared to non-

Hispanic white, and those with a bachelors or more education had significantly lower risk of 

mortality compared to those with less than high school or high school education (Table 3). In 

the adjusted models, neither pregnancy hypertension nor fertility group was associated with 

death. ART-treated women compared to fertile women had an aHR of 0.48 (95%CI: 0.75, 

0.48– 1.18) while or among subfertile women compared to fertile women had an aHR of 

0.89 (95%CI: 0.56– 1.42) (Table 3).

With external causes of death removed, the leading causes of mortality in each group were 

neoplasm and circulatory in all three groups being respectively 63% and 21% in the ART-

treated women, 58% and 25% in the subfertile women and 40% and 14% in the fertile 

women (Figure 1: The reasons for death without external causes of mortality removed are 

shown in Supplemental Figure 1). It was noteworthy that when external causes of death are 

removed the fertile group had an increased number of deaths due to mental/behavioral issues 

(9%); whereas, the ART and subfertile groups had no deaths due to this etiology.

Discussion:

In this retrospective population-based study of mortality in three fertility groups, ART-

treated, subfertile, and fertile, we found that using an unadjusted model that included all 

deaths, there were significantly fewer deaths in the ART and subfertile than in the fertile 

group and that the most common cause of death for fertile women was non-medical external 

causes (accidents, violence and poisonings). When results were adjusted and/or when 

external causes of death were removed from consideration, there was no difference in deaths 

per 100,000 women years in the three fertility groups and the most common causes in each 

group were neoplasia and circulatory abnormalities.

Comparing our results to those of others demonstrated similarities and differences in 

outcomes for mortality but differences in study design. Our study found no differences in 

adjusted rates of mortality among the three fertility groups, these rates ranged from 17–19.1 

deaths per 100,000 women years. These findings are in agreement with the studies of 

Vassard (5) who compared ART treated with untreated women and found no difference HR 

=0.92 (95% CI 0.79,1.07). However, Venn et. al (6) compared the ART-treated population 

with the general population and found that mortality was lower in the ART group (age 

standardized mortality ratio 0.58, 95% CI 0.48–0.69) and that the mortality rate occurring 

within one year of the end of ART pregnancy was 11.7 (95% CI 2.9–46.8) deaths per 

100,000 women years. Braat et. al (7) also found lower rates for ART: 31 per 100,000 

women as compared with general population norms of 71 per 100,000 women. Even when 

results were similar, there were notable differences in study design. For example, both the 

Venn and the Braat studies followed patients from initiation of the ART cycle while we were 

only able to follow patients from delivery because we relied on the birth certificates for 

identification of the study cohorts and were thus unable to identify pregnant patients who did 

not deliver. These prior investigations also had different follow-up time from our study. We 
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had a median follow-up of 6 years while Venn (6) and Braat (7) both followed patients out to 

one year. Nevertheless, in all cases even with long intervals, there were only a small number 

of deaths.

Studies of ART have often used a fertile population as the comparison group and have 

ignored untreated subfertile individuals. In this study we used a subfertile comparison group 

in addition to the fertile comparison group. The subfertile group had numerous 

characteristics (e.g. age, race/ethnicity. education, insurance) that were more similar to the 

ART group than those of the fertile group. This, and the fact that underlying infertility, in 

addition to ART treatment, may contribute to mortality makes the subfertile group an 

important addition. Our study found that mortality rates did not differ in the ART, subfertile 

and fertile groups but did so only after adjustment or when external causes of death were 

removed. Also with regard to demographics, although we saw differences in rates of death 

by race further analysis of these differences are outside the scope of this paper.

It is possible, as suggested by Schmidt et al. (12), that, since infertility is a disease that 

manifests over time, there is a contribution from life–style changes involving health 

improvement by those who choose ART that could reduce the effect of co–morbid 

conditions (diabetes, hypertension) and might therefore decrease the chance of death. 

Denmark, Australia, and Holland where several prior studies were performed, have social 

and medical systems that provide comprehensive medical care (5–7, 12). This is not 

available to our population, despite the fact that Massachusetts has an infertility insurance 

mandate (13). In our study, where the main causes of death in the full (all cause) fertile 

group were accidental, intentional, and unintentional injuries we found that the risk for these 

types of deaths were driven primarily by having no private insurance, single marital status, 

and less education, suggesting that these causes are related to socioeconomic status and lack 

of adequate healthcare. A lack of care driven by lack of insurance may, as suggested by 

Howell et.al. (11), have resulted in differences in treatment of chronic diseases such as 

hypertension and chronic diabetes thereby resulting in higher mortality. Of note, however, 

we also found that hospital type (e.g. primary vs. secondary vs. tertiary) did not vary by 

fertility group suggesting that it was unlikely that the hospital care itself in the fertile group 

would have led to higher morbidity.

Our study of the etiologies of mortality within the three fertility groups revealed that once 

external causes of death were removed, there was no difference in reason for death among 

the three fertility groups, and the most common causes in all the groups were neoplasm and 

circulatory. Venn et.al. (6), also found that deaths due to neoplasm and specifically breast 

cancer were no more prevalent in the ART group than in their fertile group. Our fertile 

group, however, had a noteworthy percentage of deaths from mental health and behavioral 

disorders (9%); whereas, the ART and subfertile groups had none. This aspect was not 

studied further because it was not part of our objective, but it does suggest that an 

association with increase in preconception care may reduce this cause of death as it may 

enhance the ability to identify these problems and thus encourage treatment (14,15,16).

This study has both strengths and limitations. The strengths lie in the fact that we have been 

able to evaluate population mortality in a large cohort that linked ART deliveries to birth 
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certificates and hospitalizations due to the availability of both the SART CORS and PELL 

databases. The dataset that was generated with the SART CORS and PELL combination 

(2004–2013) contained over 480,000 patients and is the largest population evaluated on this 

subject to date. Nevertheless, as with any retrospective study using large databases, some 

important data may be missing or inaccurately recorded. Limitations include that treatment 

exposure could only be identified from 2004 onwards due to unavailability of the SART 

CORS data prior to this date. Further, the fertile group could contain some subfertile women 

who possibly were not identified by our methods. Nevertheless, the direction of bias is such 

that the larger numbers in the fertile group would lessen the magnitude of the effect of this 

inclusion. We unfortunately, could not evaluate deaths during pregnancy because our linked 

data only identified patients who had delivered. One author who did study this timeframe 

noted there was increased morbidity and mortality (combined) in the infertility group (which 

did not separate ART and subfertile), but their number of mortalities (six) was very low (17). 

Further, small numbers of deaths in the ART and subfertile groups and MDPH regulations 

requiring suppression of low numbers of cases, made it impossible for us to report on some 

details of the causes of mortality or on maternal mortality occurring within 42 days of 

delivery. An additional limitation was possible immigration or out-migration of patients to or 

from Massachusetts during the study period. This could have resulted in a death occurring in 

another state and thus not being captured in our records. We also did not evaluate the time 

from pre-pregnancy diagnoses to first pregnancy and diagnoses out of hospital were not 

included in our dataset. A final limitation is that the study population was from a single US 

state which might not be representative of all states and countries.

In summary, our results show a crude mortality rate that is elevated in the fertile group as 

compared with the ART–treated or subfertile group when all causes of death were included; 

however, when all-cause rates were adjusted or when the external causes of death were 

excluded, there was no significant difference among the three fertility groups, suggesting 

that subfertile women, regardless of treatment with ART, are not at a higher risk of mortality 

than the fertile group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Primary Causes of Death in MOSART Cohort excluding external causes of mortality, by 

Fertility Group (n=764).

The figure represents the relative number of etiologies of death in the ART-treated, 

subfertile, and fertile groups with external causes removed. Additionally, it revealed that 

Mental and Behavioral etiology of death was present in 9% of the fertile group and 0% in 

subfertile and ART groups.

† Other includes: Infectious and parasitic diseases; In situ, benign or unknown behavior 

neoplasm ;Diseases of the blood and blood-forming organs and disorders involving the 

immune mechanism Endocrine, nutritional and metabolic diseases; Diseases of nervous 

system ;Diseases of the respiratory system Diseases of the digestive system; Diseases of the 

musculoskeletal system and connective tissue; Diseases of the genitourinary 

system ;Pregnancy, childbirth and the puerperium; Congenital malformations; Abnormal 

clinical and laboratory findings, not elsewhere classified
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