
Hospitalizations up to 8 years following delivery in ART-treated 
and subfertile women

Leslie V. Farland, ScD1,2, Chia-ling Liu, PhD, RN3, Hafsatou Diop, PhD3, Howard J. Cabral, 
PhD4, Stacey A. Missmer, ScD5,6, Charles C. Coddington, MD7, Sunah S. Hwang, MD8, Judy 
E. Stern, PhD9

1)Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of Public 
Health, University of Arizona

2)Department of Obstetrics and Gynecology, College of Medicine- Tucson, University of Arizona,

3)Massachusetts Department of Public Health, Bureau of Family Health and Nutrition, Boston, MA

4)Department of Biostatistics, Boston University School of Public Health, Boston, MA

5)Department of Obstetrics, Gynecology, and Reproductive Biology, College of Human Medicine 
Michigan State University, Grand Rapids, MI

6)Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA

7)Department of Obstetrics and Gynecology, Carolinas Medical Center/Atrium Health, Charlotte, 
NC

8)Department of Pediatrics, Section of Neonatology, University of Colorado School of Medicine, 
Aurora, CO

9)Department of Obstetrics and Gynecology, Dartmouth-Hitchcock, Lebanon, NH

Abstract

Objective: To investigate hospitalizations up to 8 years after livebirth among women who 

utilized ART or who were subfertile, compared to women who conceived naturally.

Design: Retrospective cohort

Setting: Massachusetts deliveries among privately insured women ≥18 years old between 2004–

2017 from state vital records were linked to the Society for Assisted Reproductive Technology 

Clinic Outcome Reporting System (SART CORS), and hospital observational/inpatient stays.

Patients: We compared patients with ART, medically assisted reproduction, and unassisted 

subfertile delivery to fertile delivery.

Intervention: NA
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Main Outcome Measured: Post-delivery hospitalization information was derived from ICD 

codes for discharges and were combined by type. The relative risks (RR) and 95% confidence 

intervals (CI) of hospitalization for up to the first 8 years post-delivery were modeled.

Results: Among 492,515 deliveries, 5.6% used ART, 1.6% used medically assisted reproduction, 

and 1.8% were unassisted subfertile. Compared to fertile deliveries, deliveries that utilized 

ART, medically assisted reproduction or were unassisted subfertile were more likely to have 

hospital utilization (inpatient or observational stay) for any reason for up to 8 years of follow-up 

(unassisted subfertile aRR:1.18 (1.12–1.25); medically assisted reproduction:1.20 (1.13–1.27); 

ART aRR:1.29 (1.25–1.34)). ART deliveries had an increased risk of hospitalization for 

conditions of the cardiovascular system(aRR: 1.31 (1.20–1.41)), overweight/obesity(aRR:1.30 

(1.17–1.44)), diabetes(aRR:1.25 (1.05–1.49)), reproductive tract(aRR:1.62 (1.47–1.79)), digestive 

tract(aRR:1.39 (1.30–1.49), thyroid(aRR:2.02 (1.80–2.26)), respiratory system(aRR: 1.13 (1.03–

1.24)), and cancer(aRR:1.40 (1.18–1.65)) up to 8 years after delivery. Deliveries with medically 

assisted reproduction and subfertility had similar patterns of hospitalization as ART deliveries.

Conclusion: Women who conceived through fertility treatment or who experienced subfertility 

were at an increased risk for subsequent hospitalization resulting from a variety of chronic and 

acute conditions.

Funding: NIH R01HD067270

Capsule:

Women who used fertility treatment or experienced subfertility were at increased risk for 

subsequent hospitalization up to 8 years after delivery resulting from a variety of chronic and 

acute conditions.
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Introduction:

Infertility is estimated to affect over 1.5 million couples each year in the United States (1, 

2) and utilization of fertility treatments including Assisted Reproductive Technology (ART) 

is common (3). Prior research has shown that deliveries to women who utilized fertility 

treatment and to women with underlying infertility are at greater risk of adverse pregnancy 

outcomes (4–6). There is increasing interest in understanding women’s long-term health 

outcomes following ART delivery and infertility, given the exogenous hormonal exposures 

associated with fertility treatment and physiology associated with infertility itself (7).

It can be challenging to study the relationship between infertility, fertility treatment, 

and maternal health outcomes because of the need for detailed information on both 

the exposures: fertility treatment and infertility history, and the outcomes of interest: 

the incident diseases under study. Moreover, given the timescale of chronic disease 

development, a sufficient duration of follow-up is needed between fertility treatment 

utilization/subfertility and incident chronic disease diagnosis. Indeed, prior research from 
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our team found a similar level of non-delivery hospitalizations for women who did and 

did not utilize ART, however follow-up was limited to within one year after delivery (8). 

Prior research from other investigators has suggested that women with infertility and who 

utilized infertility treatment may have a greater risk of cardiovascular disease (9), type II 

diabetes (10), and breast cancer (11), however these findings have not been replicated across 

all studies (12). An additional complexity in this research area is that characteristics related 

to parity, which are inherently linked to infertility, are known to be associated with risk 

of certain chronic diseases (13). For example, later age at first birth and nulliparity are 

associated with greater risk of ovarian cancer and breast cancer (14, 15). Understanding the 

intersection between fertility treatment utilization as well as underlying infertility and risk 

of adverse health outcomes among the mothers may have important implications for patient 

counseling, as well as possibly disease screening recommendations. Therefore, the objective 

of this study was to investigate the risk of non-delivery hospitalizations during eight years 

of follow-up comparing ART-deliveries, deliveries conceived using non-ART medically 

assisted reproduction, and deliveries to women with indicators of subfertility but no 

assistance for conception compared to women with fertile deliveries. We hypothesized that 

parous women who utilized fertility treatment or who were subfertile would have greater 

risk of non-delivery hospitalization during follow-up for specific conditions compared to 

fertile women.

Study Design:

Cycles of ART reported in the Society for Assisted Reproductive Technology Clinic 

Outcome Reporting System (SART CORS) that were performed in the state of 

Massachusetts to privately-insured women ≥ 18 years old between 2004 and 2017 were 

linked to delivery records (birth certificates and fetal death records) and delivery hospital 

discharge records linked in the Pregnancy to Early Life Longitudinal (PELL) data system to 

create the Massachusetts Outcome Study of Assisted Reproductive Technology (MOSART) 

database. A detailed description of the linkage methodology and development of MOSART 

has been described previously (16). Briefly, in-state resident deliveries between July 1, 2004, 

and December 31, 2017, were linked to SART CORS cycles using mother’s first and last 

name, father’s last name, mother’s date of birth, and date of delivery. When in doubt, we 

further validated baby’s sex, birthweight, and mother’s zip code to adjudicate potential 

links. For 2004–2017, the linkage rates were 91.5% overall and 94.9% for deliveries in 

which both ART cycle patient zip code and treatment clinic were located in MA. Deliveries 

were excluded if they were to mothers <18 years of age (n=13,716), were paid by public 

insurance, self-pay, or uninsured (n=426,793), or were on or after July 1, 2017 (n=17,461) 

leaving 492,515 deliveries to women ≥18 years in Massachusetts between July 1, 2004 until 

June 30, 2017. A Memorandum of Understanding was executed among SART, the Principal 

Investigators on the grant that funds the research, and the entities that participate in the 

PELL project. The study had IRB approvals from the Massachusetts Department of Public 

Health, Boston University, and Dartmouth-Hitchcock Health.

SART CORS data are collected by SART to provide national-level data on ART under the 

Fertility Clinic Success Rate and Certification Act of 1992 (Public Law 102–493) and to 

report these data to the Centers for Disease Control and Prevention (CDC). SART CORS 
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data are annually validated 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 are 

compared with information recorded in patients’ charts. In 2017, the 10 data fields selected 

for validation were found to have discrepancy rates of ≤5% (17).

Deliveries in our study were classified into four mutually exclusive groups based on fertility 

treatment history and utilization for the index delivery which have been described previously 

(18). Women could contribute multiple deliveries to the analysis and each delivery was 

classified individually. Deliveries were defined as having used ART, if the index delivery 

was linked with SART CORS. Deliveries were considered “non-ART medically assisted 

reproduction” (MAR) if the birth certificate for the index delivery indicated having used 

fertility treatment but the delivery was not linked to SART CORS. Deliveries were 

categorized as “unassisted subfertile” (USF) if the woman had a prior ICD code for 

infertility, prior ART, or prior other fertility treatment. Lastly, a delivery was classified as 

“fertile” if the woman did not fall into any of the above categories. Women could contribute 

person-time following each delivery until the minimum of the following events: follow-up 

ceased, eight years of follow-up, or a new delivery was reported.

Information on live birth was based on MA birth certificate data. Hospitalizations were 

identified via ICD-9 and ICD-10 codes, as has been done by our group previously (8). For 

up to eight years of follow-up, the non-delivery discharge codes that were most-frequently 

reported 6 months following index delivery in our data were categorized into groups 

based on organ system influenced (Supplemental Table 1). Categories for inpatient or 

observational hospitalizations included: Cardiovascular including hypertension, Infection, 

Overweight/Obesity, Anemia, Reproductive tract, Digestive tract, Thyroid, Respiratory 

including asthma, Breast (excluding breast cancer), Diabetes, Cancer, Psychiatric, Substance 

use disorder, and Other.

Analyses were conducted on the delivery-level, and a woman could contribute multiple 

deliveries to the analysis. Generalized estimating equations with a log link, Poisson 

distribution, and exchangeable correlation structure were used to take into account multiple 

deliveries per woman and estimate the relative risk of hospitalization overall and for specific 

conditions with the 95% confidence interval. To take into account varying lengths of follow-

up, person-months of follow-up was used as the offset term in Poisson models. We modeled 

follow-up durations of 1 year, 3 years, 5 years, and 8 years. Not all participants were 

followed for 8 years, therefore, women contributed data to the follow-up duration which they 

fulfilled. Models were a priori adjusted for maternal age, parity, year of delivery, plurality, 

chronic hypertension prior to pregnancy, and chronic diabetes prior to pregnancy.

Results:

In total, there were 492,515 deliveries (506,346 infants) to privately-insured women between 

July 1, 2004 and December 31, 2017 in the state of Massachusetts; the majority of deliveries 

were to fertile women (91.0%) with 27,802 (5.6%) deliveries utilizing ART, 7,811 (1.6%) 

deliveries that utilized MAR, and 8,675 (1.8%) deliveries to unassisted subfertile women 

(Table 1). Women were followed for up to 8 years with a median follow-up time of 50 
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months. Compared to fertile deliveries, deliveries to women with subfertility or who utilized 

fertility treatment, the mothers were older and more likely to be non-Hispanic white, college 

graduates, married, and have preexisting hypertension and diabetes. Deliveries to women 

with subfertility or who utilized fertility treatment were also more likely to be twins or 

higher order multiples and to have lower birth weight compared to fertile deliveries.

Compared to fertile women at up to 8 years post follow up, women whose delivery utilized 

ART (aRR:1.29, 95% CI: 1.25–1.34), or MAR (aRR: 1.20, (1.13–1.27), and who were 

subfertile (aRR: 1.18, 95% CI: 1.12–1.25) were at greater risk of hospitalization for any 

condition. However, when investigating hospitalization for specific conditions and time 

since delivery, some variability was observed. Compared to deliveries to fertile women, 

deliveries to women who used ART were more likely to have inpatient or observational 

hospitalizations for a variety of conditions at up to 8 years of follow-up including conditions 

of the cardiovascular system (aRR:1.31 95% CI: 1.20–1.41), infection (aRR: 1.36 95% 

CI: 1.18–1.56), overweight/obesity (aRR:1.30 95% CI: 1.17–1.44), anemia (RR:1.24 95% 

CI: 1.09–1.41), reproductive tract (aRR:1.62 95% CI: 1.47–1.79), digestive tract (aRR:1.39 

95% CI:1.30–1.49), thyroid (aRR:2.02 95% CI:1.80–2.26), respiratory including asthma 

(aRR:1.13 95% CI:1.03–1.24), diseases of the breast (aRR:1.39 95% CI:1.14–1.69), diabetes 

(aRR:1.25 95% CI:1.05–1.49), and cancer (aRR: 1.40 95% CI: 1.18–1.65) (Table 2).

Compared to deliveries to fertile women, deliveries to women with a history of MAR and 

subfertility had similar patterns of hospitalization as ART deliveries and were found to be 

at an increased risk of infection, overweight/obesity, conditions of the reproductive tract, 

conditions of the digestive tract, conditions of the thyroid, and diabetes (Table 2). Across 

all time points, a greater risk of hospitalization for conditions of the cardiovascular system 

was consistently observed among ART and MAR-treated women. Whereas a greater risk 

of psychiatric conditions was only observed among ART and subfertile women. A greater 

risk of cancer and anemia across all time points was only observed among women who had 

utilized ART for an index pregnancy compared to fertile women. Risk of hospitalization 

was greatest including up to 8 years of follow-up for diabetes, respiratory conditions, and 

psychiatric conditions, but there was no statistically significant risk for these conditions after 

one year of follow-up.

Discussion:

Overall, deliveries to women who utilized fertility treatment to conceive or who 

had experienced subfertility prior to conception were at greater risk of inpatient and 

observational hospitalization for any reason after up to eight years of follow-up compared 

to those with fertile deliveries. Specifically, deliveries to women who utilized ART to 

conceive or who had experienced subfertility prior to conception were at risk for a 

greater number of inpatient or observational hospitalizations for cardiometabolic conditions 

(i.e., cardiovascular system, diabetes), cancer and non-malignant pre-cancerous conditions, 

conditions of the thyroid, digestive tract, respiratory tract, and reproductive tract, and 

psychiatric conditions. These observed associations may be due to causal as well as non-

causal mechanisms. Heterogeneity was observed across fertility treatment utilization and 

time contributing to follow-up.
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We observed that women who conceived via ART, other fertility treatment (MAR), or 

who were subfertile but did not receive fertility treatment to conceive, were at greater 

risk of inpatient or observational hospitalization for cardiometabolic conditions including, 

cardiovascular disease, hypertension, and diabetes, or overweight/obesity after 8 years. 

Among women who utilized ART, the risk of hospitalization for cardiovascular conditions, 

including hypertension, was modest or not statistically significant after one year of follow-

up (RR:1.14) however the relative risk of hospitalization for cardiovascular conditions 

increased with increasing duration of follow-up compared to fertile women (RR 8 years: 

1.31). These findings are supported by prior research on infertility and risk of cardiovascular 

conditions (9, 10, 19, 20). Within the Swedish Medical Birth Register, women with 

subfertility ≥5 years were found to have 20% greater risk of cardiovascular disease 

compared to women without a history of infertility (median follow-up=12 years) (9). 

However, these authors were unable to account for fertility treatment in their analysis. The 

Framingham Heart Study also supports this overall trend and reported that pre-menopausal 

women with a history of infertility (n=282) may have greater risk of type 2 diabetes (odds 

ratio:1.96 (95% CI:0.86–4.49)), but they had limited statistical power and therefore their 

findings were not statistically significant (10).

There are several potential mechanisms to support the observed associations of an increased 

risk of cardiometabolic diseases among women with infertility. Certain infertility diagnoses 

(i.e., polycystic ovary syndrome, endometriosis) and associated phenotypes, such as 

menstrual irregularity and excess adiposity, have been found to be associated with an 

adverse cardiometabolic profile (21–25). However, we were unable to separate those specific 

gynecologic conditions in this analysis. While information on body mass index (BMI) was 

not available for most years in our data sources, all analyses were adjusted for prevalent 

maternal hypertension and diabetes at delivery. Moreover, our research group and others 

have reported pregnancy-induced hypertension, preeclampsia, and gestational diabetes is 

more common in ART-treated deliveries (26). These conditions of pregnancy are known to 

increase risk of cardiovascular disease as well as diabetes later in life (27, 28), and therefore 

may mediate the association between fertility treatment and risk of adverse cardiometabolic 

health (29). However, we observed that risk of hospitalization for cardiometabolic conditions 

was greater among both deliveries to women who utilized fertility treatment and deliveries to 

women with subfertility.

We observed that deliveries to women who utilized ART and unassisted subfertile women 

were at greater risk of inpatient or observational hospitalization for cancer compared to 

fertile women. This risk was greatest after 1 year of follow-up (ART RR:1.66; Unassisted 

Subfertile RR:1.69) and attenuated over the remaining follow up periods (ART RR 8 

years:1.40; Unassisted Subfertile RR 8 years:1.18). Research into the relationship between 

infertility, fertility treatment, and risk of cancer has been mixed (12, 15, 30–39). Research 

from Norway registry data observed a 30% higher risk of breast cancer among women 

treated with ART (11). However, a recent study of national data from the SART CORS 

found that after 4.9 years of follow-up, women who utilized IVF treatments had a lower 

risk of breast cancer (Standardized Incidence Rate:0.83 (95% CI:0.75–0.91))(12). A meta-

analysis on ovarian cancer observed an elevated risk of ovarian cancer among women who 

underwent ART compared to the general population controls, but not when compared to 
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other infertile women, suggesting that both treatment and underlying fertility may influence 

risk (40). Moreover, later age at first pregnancy and number of pregnancies are known 

to be associated with some types of breast cancer (14, 41, 42) and ovarian cancer (15) 

and age at first pregnancy and number of pregnancies are associated with infertility and 

fertility treatment utilization. Additionally, pregnancy contributes to greater acute risk 

of breast cancer and this elevated risk of breast cancer following pregnancy has been 

suggested to peak approximately 5 years after delivery (43). Unfortunately, our analyses 

could not differentiate inpatient or observational hospitalization by cancer type. Women who 

experience subfertility or who utilize fertility treatment may also be better connected with 

the medical system compared to the fertile women and therefore may be more likely to be 

regularly screened and subsequently diagnosed with in-situ cancer. Indeed, we observed that 

women with subfertility or who utilized fertility treatment for delivery were at a greater risk 

of diseases of breast compared to fertile women. Diseases of the breast included infections 

as well as other benign disorders of the breast which may be more likely to be identified 

through regular screening and connection with the medical system.

Deliveries to women who utilized fertility treatment or with subfertility were more 

likely to have inpatient or observational hospitalization for conditions of the thyroid 

and reproductive tract. These conditions included hypothyroidism, thyroiditis, uterine 

leiomyoma, amenorrhea, and pain associated with the female reproductive tract. There has 

been limited prior research on these conditions as long-term health outcomes associated 

with infertility; these associations may be influenced by reverse causation given that the 

temporality of these conditions in relation to infertility/fertility treatment is not known due 

to the structure of the study. Therefore, it is possible that less severe phenotypes of these 

conditions were present prior to conception and led to women experiencing subfertility 

and/or utilizing fertility treatment. Indeed, women who utilized fertility treatment or who 

experienced subfertility were at a similar magnitude of risk for conditions of the thyroid 

and reproductive tract starting after 1 year of follow-up and continuing through 8 years of 

follow-up, suggesting that risk for these conditions does not increase with longer duration of 

follow-up. Additionally, diagnosis of these conditions may be influence by connection with 

medical system and education level which may be higher among women who accessed care 

and who received a diagnosis of infertility (44).

We observed that women with a history subfertility or who utilized fertility treatments 

were at a modest risk of inpatient or observational hospitalization for psychiatric conditions 

and conditions of the respiratory and digestive tracts. In our study, common psychiatric 

conditions included depressive disorders, anxiety disorders, and episodic mood disorders. 

Respiratory conditions included asthma, and digestive disorders included appendicitis, 

disease of the esophagus and gallbladder, diverticulitis, obstructions, and other non-specified 

digestive disorders. There has been limited prior research on these associations and they 

could be attributed to a variety of causal and non-causal mechanisms. Women who 

experience infertility may have other underlying risk-factors and/or health conditions that 

could influence both their fertility status and their risk of other chronic conditions later in 

life. All models were adjusted for prevalent maternal hypertension and diabetes, however 

there may be other unmeasured conditions which influence infertility and disease risk. 

Additionally, women who have access to fertility treatment or who receive a diagnosis of 
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infertility may have better access to the medical system (44) and therefore may be more 

likely to receive a diagnosis for other health conditions later in life; thus, these findings 

may be an artifact of detection bias. Indeed, there have been no clear data supporting strong 

mechanisms of association for these conditions, therefore future research should focus on 

these associations and on disentangling possible pathways of associations.

Despite this study’s large sample size, longitudinal follow-up, and breadth of subfertility 

diagnoses and chronic conditions assessed, there are also important limitations that should 

be considered. In this analysis, we are not able to infer whether the observed associations 

were causal. The analysis was unable to determine whether the indication for inpatient or 

observational hospitalization was from a condition that developed prior to subfertility or 

following delivery. Therefore, there may be chronic conditions or conditions that are hard 

to diagnose that influenced fertility status that are prevalent after delivery and are captured 

in this study design. We lacked information on specific infertility diagnoses in the non-ART 

groups, such as endometriosis and polycystic ovary syndrome, which have been associated 

with long-term health outcomes in prior research (45–48), and may be contributing to 

observed associations. Our analysis focused on the most common conditions associated with 

inpatient or observational hospitalization and therefore, may not be representative of the 

entire spectrum of diseases, especially those conditions that do not require hospitalization. 

Additionally, while we were able to follow some participants for up to eight years (Median 

follow-up: 50 months), that duration of time may be an insufficient time window for 

development of some conditions, especially those that develop or that are more prevalent 

later in life such as cardiovascular disease. Our analyses were restricted to deliveries to 

women in Massachusetts with private insurance and therefore, we may have excluded 

women with the most severe infertility phenotypes who were unable to conceive or who 

lacked access to fertility care. This population does reduce confounding by parity as all 

women included in our analysis have experienced a delivery. Moreover, Massachusetts has 

state-mandated fertility treatment coverage by private insurance. Given that information 

on MAR was defined by birth certificate data, there may be misclassification of this 

information (49), however we would expect any misclassification of infertility history to 

be non-differential with respect to our outcomes of interest. Our analyses adjusted for 

maternal age, parity, year of delivery, plurality, chronic hypertension, and chronic diabetes. 

We were unable to adjust for BMI which may be a confounder of the association as 

it is positively associated with both infertility and hospitalization (50, 51). Given the 

directionality of the confounding, we would expect that residual confounding by BMI 

would overestimate the association between infertility and hospitalization, however we were 

able to adjust for cardiometabolic conditions associated with BMI that may also serve as 

potential confounders (hypertension and diabetes). While our analyses were restricted to 

women who utilized private insurance for the index delivery, we could not account for other 

socioeconomic factors which may act as confounders of our association. We would expect 

that uncontrolled confounding of socioeconomic factors may lead to an underestimate of 

associations. Women who give birth to twins and higher order multiples have been shown to 

be at increased risk of adverse pregnancy outcomes (52), possibly leading to an elevated risk 

of long-term health outcomes, including cardiovascular disease (53). While we adjusted for 

plurality in multivariable adjusted regression models, multiple births may also mediate (29) 
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or modify (51) the associations of interest. However, in sensitivity analyses we observed no 

statistically significant effect modification by plurality. Future research with larger samples 

of multiple gestations should try to disentangle these complex associations.

In summary, Massachusetts women who utilized fertility treatment, including ART, to 

conceive and women who delivered with a history of subfertility were observed to be at 

greater risk of any inpatient or observational hospitalization for up to eight years of follow-

up compared to fertile women. Specifically, these women were more likely to have inpatient 

or observational hospitalizations for cardiometabolic conditions (i.e., cardiovascular system, 

diabetes), cancer and non-malignant conditions of the breast, conditions of the thyroid, 

digestive tract, respiratory tract, and reproductive tract, and psychiatric conditions. Future 

research should extend longitudinal follow-up and investigate incident disease diagnoses, 

possible pathways of association, and informative heterogeneity in chronic condition type 

and severity.
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