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Abstract

Objectives—We aimed to examine the extent to which health plan expenditures for infertility 

services differed by whether women resided in states with mandates requiring coverage of such 

services and by whether coverage was provided through a self-insured plan subject to state 

mandates versus fully-insured health plans subject only to federal regulation.

Methods—This retrospective cohort study used individual-level, de-identified health insurance 

claims data. We included women 19–45 years of age who were continuously enrolled during 2011 

and classified them into three mutually exclusive groups based on highest treatment intensity: in 

vitro fertilization (IVF), intrauterine insemination (IUI), or ovulation-inducing (OI) medications. 

Using generalized linear models, we estimated adjusted annual mean, aggregate, and per member 

per month (PMPM) expenditures among women in states with an infertility insurance mandate and 

those in states without a mandate, stratified by enrollment in a fully-insured or self-insured health 

plan.

Results—Of the 6,006,017 women continuously enrolled during 2011, 9199 (0.15%) had claims 

for IVF, 10,112 (0.17%) had claims for IUI, and 23,739 (0.40%) had claims for OI medications. 

Among women enrolled in fully insured plans, PMPM expenditures for infertility treatment were 

3.1 times higher for those living in states with a mandate compared with states without a mandate. 

Among women enrolled in self-insured plans, PMPM infertility treatment expenditures were 1.2 

times higher for mandate versus non-mandate states.
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Conclusions for Practice—Recorded infertility treatment expenditures were higher in states 

with insurance reimbursement mandates versus those without mandates, with most of the 

difference in expenditures incurred by fully-insured plans.
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Introduction

Infertility, commonly defined as the inability of couples become pregnant after 12 months 

of trying, is a disease that is estimated to affect between 6.0 and 15.5% of reproductive 

aged women in the U.S. (Chandra et al. 2013; Thoma et al. 2013). The use of medical 

interventions to overcome infertility has become increasingly common over time with 

approximately 6.9 million U.S. women 25–44 years of age reporting having ever used 

infertility services between 2006 and 2010 (Chandra et al. 2014). Infertility treatments can 

be costly, depending on the frequency and intensity of services used and the degree to 

which the treatments are covered by health insurance. Findings from one study indicated that 

median out-of-pocket expenses (i.e., those not paid by health insurance) for an 18-month 

period were $912 for couples using medications only, $2623 for those using intrauterine 

insemination (IUI), and $19,324 for those using in vitro fertilization (IVF) (Katz et al. 

2011).

Historically, insurance coverage of infertility treatments has been limited because such 

procedures were not considered medically necessary (Neumann 1997; Johnston et al. 2014). 

Indeed, data from a 2005 survey indicated that, among US employers with 500 or more 

employees, only 37% covered ovulation-inducing (OI) medications, and 19% covered IVF 

(William M Mercer, Inc. 2006). To expand access to infertility services, 15 states enacted 

an infertility insurance mandate between 1977 and 2001 (Henne and Bundorf 2008; Bitler 

and Schmidt 2012). The scope of the mandates varies widely across states, with some states 

requiring that insurers provide coverage for certain types of infertility treatments and others 

only requiring that insurers offer health plans that include some type of infertility benefit 

(Henne and Bundorf 2008; Martin et al. 2011; Bitler and Schmidt 2012). Furthermore, state 

insurance laws do not apply to most self-insured employers because the federal Employee 

Retirement Income Security Act (ERISA) pre-empts state regulation of such plans (Jensen 

and Morrisey 1999). Large employers are typically self-insured, with health plans merely 

administering claims, whereas smaller employers usually purchase coverage from fully-

insured health plans. In 2011, approximately 58% of U.S. workers in the private sector 

who were enrolled in employer-sponsored health insurance were enrolled in self-insured 

plans (Agency for Healthcare Research and Quality 2011). In addition, some self-insured 

employers are in the public sector, and state insurance mandates may apply to self-insured 

health plans covering state employees (Barry et al. 2017).

Infertility insurance mandates have been shown to increase use of infertility services in 

studies using the Society for Assisted Reproductive Technologies (SART) clinical data 
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reported to the Centers for Disease Control and Prevention and the National Survey 

of Family Growth (Henne and Bundorf 2008; Bitler and Schmidt 2012; Hamilton and 

McManus 2012). However, while several studies assessed expenditures associated with IVF 

(Collins et al. 1995; Griffin and Panak 1998; Chambers et al. 2009; Katz et al. 2011; Wu et 

al. 2014) and other types of infertility treatments (Katz et al. 2011; Wu et al. 2014) from a 

societal perspective, the extent to which health plan expenditures differ for women residing 

in states with and without a mandate has not been studied. Therefore, the purpose of our 

study was to examine the magnitude by which infertility treatment expenditures incurred 

by health plans are higher in states with mandates requiring coverage of such services 

differentially for fully-insured plans subject to state mandates and self-insured health plans 

which in principle are subject only to federal regulation. We aimed to use claims data from 

a large employer sponsored health insurance claims database to compare aggregate and 

per-member-per-month (PMPM) costs by mandate status for fully-insured and self-insured 

plans. Claims data are uniquely suited to assess that question, and as far as is known, this is 

the first study to use claims data for this purpose.

Methods

The data used for this study were derived from the 2011 Truven Health MarketScan 

Commercial Claims and Encounters Databases. These administrative data are composed 

of individual-level, de-identified health insurance claims from employers across the U.S. that 

offer private health insurance to employees as well as their spouses and dependents. Medical 

claims for inpatient and outpatient services are linked to outpatient prescription drug 

claims and person-level enrollment information. Individuals can be tracked longitudinally 

using unique identifiers. A variety of insurance plan types are represented, including 

fee-for-service, preferred provider organizations, and capitated health plans. In 2011, the 

MarketScan Commercial Databases contained information on more than 52 million insured 

individuals with employer-sponsored insurance with data contributed by over 150 self-

insured employers and 21 fully-insured health plans.

We restricted the analysis to women 19–45 years of age with information on prescription 

drug claims who were continuously enrolled (≥ 11 months) during 2011. Women < 19 

years and > 45 years of age were excluded due to low frequency of IVF use. We classified 

the women into three mutually exclusive groups based on the highest level of infertility 

treatment intensity reported on claims filed during the calendar year: IVF, IUI, or OI 

medications. Accordingly, if a woman had claims for both OI medications and IUI, she 

would be included in the IUI group. IVF treatments were identified by the presence of an 

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 

code for an IVF visit (V26.81) or a current procedural terminology (CPT) code for oocyte 

retrieval (58970) or embryo transfer (58974, 58976) on an outpatient service claim. IUI 

treatments were identified by an ICD-9-CM code for an IUI visit (V26.1) or a CPT code 

for artificial insemination (58321, 58322) on an outpatient service claim. We used outpatient 

prescription claims data to ascertain the use of OI medications including clomiphene citrate, 

follicle stimulating hormone, luteinizing hormone, human chorionic gonadotropin, human 

menopausal gonadotropin, gonadotropin releasing hormone (GnRH), GnRH agonists, GnRH 

antagonists, aromatase inhibitors, metformin, estradiol, and progesterone. The medication 
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claims were detected using National Drug Codes associated with the generic product names 

(S1 Table); all formulations were included. To reduce potential misclassification in the group 

of women using OI medications without any corresponding report of IVF or IUI treatments 

during a given calendar year, we only included those women with report of an infertility 

diagnosis (ICD-9-CM codes 628.0–628.4, 628.8, 628.9) or infertility testing (ICD-9-CM 

code V26.21) in the 6 months prior to first filled prescription. In addition, women with one 

or more filled estradiol prescriptions but no other OI medication claim were only included if 

there was a concomitant claim for progesterone 6 weeks before or after the estradiol claim as 

progesterone alone may be used for indications other than infertility. Women with claims for 

progesterone only were not included.

To characterize the study population, we examined the distribution of age, infertility 

diagnosis, use of infertility testing, insurance type (comprehensive, preferred provider 

or exclusive provider organization, health maintenance organization or capitated point-of-

service, non-capitated point-of-service, and consumer driven health plan or high deductible 

health plan), health plan type (fully-insured or self-insured), and region of residence for each 

of the infertility treatment groups and for women without claims for infertility treatment. We 

also assessed the proportion of women living in a state with an infertility insurance mandate 

(Arkansas, California, Connecticut, Hawaii, Illinois, Louisiana, Maryland, Massachusetts, 

Montana, New Jersey, New York, Ohio, Rhode Island, Texas, and West Virginia) and those 

living in states without a mandate. All state mandates were enacted by 2005. Data were 

missing for ≤ 1% of all characteristics except insurance type (5%).

For each treatment type, we calculated adjusted annual estimates of mean health plan 

expenditures per women with ≥ 1 relevant claim. We included all outpatient service claims 

with ICD-9-CM codes for IUI or IVF visits and claims with CPT codes for procedures 

specific to IVF or IUI (S2 Table). We estimated medication expenditures by assessing filled 

outpatient prescription medication claims for all aforementioned OI medications, including 

progesterone. Claims for outpatient visits were aggregated by date of service. Expenditures 

included total net payments for a particular service and represented plan or employer 

liability; expected out-of-pocket payments and coordination of benefits were excluded. 

We used generalized linear models with a log-link function and gamma distribution to 

estimate adjusted mean and aggregate estimates of annual expenditures, after controlling 

for patient age and region of residence. Per member per month (PMPM) expenditures were 

calculated by dividing aggregate annual expenditures by the total number of continuously 

enrolled women 19–45 years of age multiplied by 12. We also calculated the unadjusted 

mean number of treatment visits and medication claims and 95% confidence intervals for 

infertility treatments. We stratified all estimates according to the presence or absence of a 

state mandate and by enrollment in a self-insured or fully-insured health plan.

Among states with mandates, only eight (Arkansas, Connecticut, Hawaii, Illinois, Maryland, 

Massachusetts, New Jersey, and Rhode Island) require that plans cover IVF treatment; in 

addition, the amount of coverage differs substantially among states. To further examine 

differences in IVF-related claims, we restricted the study population to women in the IVF 

group that lived in any of the eight states with mandated IVF coverage. We compared IVF 

expenditures for women living in Illinois, Massachusetts, New Jersey and Rhode Island, 
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states with a comprehensive mandate that require coverage of at least four IVF cycles, with 

those for women living in the remaining four states with more limited IVF mandates. These 

estimates were also calculated separately for fully-insured and self-insured health plan types.

We used Pearson chi-squared tests to compare the distribution of patient characteristics 

among the infertility treatment groups. Because the infertility expenditure data were right 

skewed, we used the Wilcoxon rank-sum test to assess differences in the distributions 

between states with and without an infertility insurance mandate for each infertility 

treatment group. An alpha of 0.05 was used to determine statistical significance. All 

analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC) and Stata 14 (College 

Station, TX). Because the MarketScan data are de-identified, this study was determined to 

be exempt from review by the Center for Disease Control and Prevention’s institutional 

review board.

Results

A total of 6,006,017 women 19–45 years of age were continuously enrolled during 2011; 

of those, 48.1% were enrolled in fully-insured plans. Within the population of continuously 

enrolled women, 9199 (0.15%) had one or more IVF claims, 10,112 (0.17%) had one or 

more IUI claims, and 23,736 (0.40%) had one or more claims for OI medications (Table 1). 

Approximately 2.2% of women in the IVF group were 19–25 years of age, compared with 

3.6% and 7.9% in the IUI and OI medication groups, respectively. Infertility of unspecified 

origin was the most commonly reported diagnosis for all treatment types. Anovulation was 

reported more frequently in the OI medication group than the IUI or IVF group (26.3% vs. 

19.2% and 13.2%, respectively).

Less than one-third of women in each treatment group had an infertility testing claim during 

2011. The most common type of benefit plan was a preferred provider or exclusive provider 

organization; however, a greater proportion of women in the IUI and OI medication groups 

were enrolled in capitated plans than women in the IVF group (17.7% and 16.3% vs. 

8.1%, respectively). About 60% of women receiving infertility treatment were covered by 

a self-insured plan, compared with 52% of all women. Nearly 65% of women in the IVF 

group lived in a state with an infertility insurance mandate, compared with 59% of women in 

the IUI group and 49% of women in the OI medication group.

For women receiving reimbursement for services through fully-insured plans, health plan 

expenditures for all types of infertility treatments per woman with a relevant claim were 

higher for women living in a state with an infertility insurance mandate compared with their 

counterparts in states without a mandate (Table 2). For example, the adjusted annual mean 

expenditures for IVF treatment among women living in the mandate states were $12,664 

compared with $9791 for women living in states without a mandate.

PMPM expenditures estimate the impact of the mandate on insurance plans and account 

for potential differences in enrollment between women living in mandate states and those 

living in non-mandate states. For all infertility treatments, there was a threefold difference 

in the PMPM expenditures ($3.10 vs. $1.01) associated with residency in a mandate state. 
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The PMPM expenditures for IVF were 5.5 times higher for women living in a state with a 

mandate compared with women living in states without a mandate.

The average expenditures for infertility treatments per woman with a relevant claim were 

also higher for women covered by self-insured plans living in a state with a mandate 

compared with their counterparts living in states without a mandate (Table 3). The adjusted 

annual mean expenditures for IVF treatment for women living in the mandate states was 

$12,337 compared with $11,422 for women living in states without a mandate. The PMPM 

expenditures were 1.4 times as high for those living in mandate versus non-mandate states 

and the ratio did not differ considerably according to the type of treatment received. The 

ratio of PMPM expenditures for fully-insured versus self-insured plans varied by treatment 

intensity with the largest difference observed among women undergoing IVF (5.5 vs. 1.4). 

Average expenditures for infertility treatments per woman with a relevant claim were 

slightly higher for women living in a state with a comprehensive mandate compared with 

women living in a state with a limited mandate (16,508 vs. 13,874, respectively) (Table 4). 

No differences by mandate type were observed for women covered by self-insured plans.

Among women undergoing any infertility treatment, the mean numbers of visits and 

medication claims were consistently higher for those living in states with a mandate versus 

those in states without a mandate, regardless of plan type. In addition, differences were more 

pronounced in the fully-insured group (Fig. 1).

Discussion

We found that infertility treatment expenditures per enrollee, particularly for IVF, were 

higher for women living in states with a mandate compared with those living in states 

without a mandate. This finding is consistent with other studies of the effect of mandates 

that used other types of data to assess expenditures on covered infertility services (Collins et 

al. 1995; Griffin and Panak 1998; Chambers et al. 2009; Katz et al. 2011; Wu et al. 2014). 

Similarly, we observed increased numbers of infertility treatment visits and medication 

claims for women living in mandate states compared with their counterparts in non-mandate 

states.

Our finding of larger differences in PMPM infertility treatment expenditures for fully-

insured plans than for self-insured plans was as expected. However, this finding has not 

been previously reported because previous studies of state infertility mandates were not 

able to distinguish between women enrolled in self-insured versus fully-insured employer-

sponsored health plans. This disparity was most pronounced for women undergoing IVF 

and likely reflects low levels of coverage for this treatment among fully-insured private 

health plans in the absence of a mandate. Although some observed differences in average 

expenditures overall between mandate and non-mandate states might be explained by 

variations in standards of care across states or other state-level factors, such factors would 

not be expected to result in differences in expenditures by type of plan.

Higher per-enrollee infertility treatment expenditures for self-insured employers in states 

with mandates could be either causal or artifactual. The latter could result from confounding 
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by differences between states in the demand for infertility services leading to the adoption of 

mandates (Bitler and Schmidt 2012). For example, it is possible that a subset of self-insured 

employers in states with higher demand for infertility services might have voluntarily 

covered such services prior to the adoption of mandates and that those employers might 

not have opposed the adoption of mandates in those states. Insurance mandates could have 

a causal or spillover effect on expenditures by fully-insured plans for two reasons. First, 

self-insured plans that cover state employees may be required by states to pay for infertility 

treatments despite those plans not being subject to state regulation. This finding has been 

documented in a study of the impact of state autism services insurance mandates (Barry 

et al. 2017). That is technically not a spillover effect although it would appear as such 

in studies like ours that are unable to distinguish state employee plans from self-insured 

private employers. Second, some self-insured private employers in mandate states may opt 

to include coverage for infertility services in order to avoid complaints from employees.

In states with mandates to cover IVF, comprehensive mandates (those covering at least four 

IVF cycles) have been found to increase use of IVF while limited mandates have little or no 

effect (Henne and Bundorf 2008; Hamilton and McManus 2012). Although we were unable 

to evaluate access to IVF, we found that among women who used infertility treatments, 

the expenditures per enrollee did not differ substantially between states with comprehensive 

versus limited mandates for women enrolled in either fully-insured or self-insured plans. 

Thus, whereas per-enrollee expenditures were considerably higher for women living in 

mandate states compared with those living in non-mandate states, the type of mandate did 

not appear to influence IVF expenditures among women living in a state with a mandate.

The primary strength of our study is the use of a large sample of privately insured women 

with information on type of infertility treatments. However, our findings are subject to 

several limitations. The primary limitation of our study is that we were unable to account 

for state differences in factors that led to the adoption of mandates in some states and not 

others, differences which may confound our conclusions regarding mandate effects. That is 

because the mandates studied were adopted prior to the beginning of the claims data used 

in this analysis. Difference-in-difference statistical models using panel data typically use the 

change before and after a policy is adopted in some states with the same temporal period 

to control for confounding by differences between states. However, as noted previously, 

the heterogeneity of findings for fully-insured versus self-insured plans suggest that state 

characteristics do not fully explain our findings.

Another limitation is that we assessed infertility service use over a 12-month period, which 

may include multiple cycles of IVF, IUI and stimulation. Women may undergo multiple 

infertility treatments over a long period before achieving pregnancy; as such, our estimates 

do not reflect the total expenditures associated with a successful treatment outcome. Also, 

because we classified the groups according to highest level of treatment intensity, the IVF 

group included women who used both IVF and IUI, which accounted for 25.6% of the 

IVF group. In addition, because we only evaluated infertility treatments during a given 

calendar year, some degree of misclassification occurred if the treatment began in 1 year and 

continued into a subsequent year.
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Furthermore, our expenditure estimates will likely understate actual expenditures because 

we could not accurately ascertain claims for procedures that were related to the infertility 

treatment but were not coded as an infertility visit (e.g. baseline ultrasound, blood collection, 

cervical dilation, or hysteroscopy). In addition, we could not evaluate donor IVF cycles 

as a distinct group. In our study donor cycles were either classified as IVF (if a transfer 

was reported) or as OI only (if the patient paid out of pocket for transfer); however, 

donor cycles are often excluded from coverage and would not be captured in the database. 

Likewise, treatments for same sex couples would largely be excluded from our analysis. 

Our analysis was limited to expenditures related to infertility treatment and did not consider 

costs associated with neonatal outcomes such as multiple birth that occur more frequently 

in women using infertility treatments than the general population. Finally, due to missing 

claims information for patients that paid out-of-pocket for treatment, our analysis was 

necessarily limited to payments by health plans and do not reflect total gross payments for 

infertility services including out-of-pocket spending.

Conclusions

Not surprisingly, we found that average health plan expenditures for infertility treatments 

were higher in states with insurance mandates to cover infertility treatments. What is new 

in this study is that expenditures were higher for both fully-insured and self-insured plans, 

although to a lesser extent for the latter. The presence of a mandate is positively associated 

with infertility coverage even for employers that self-insure although the latter may include 

state employee health plans that are subject to state insurance mandates. There could also be 

a spill-over effect of the mandates or to the higher expenditures for self-insured plans could 

reflect confounding by state differences in both mandates and standards of care. The bulk 

of recorded expenditures on infertility services in states with mandates were incurred by the 

fully-insured plans that were known to be subject to the state mandates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

What is already known on this subject?

Use of infertility services is increased in states with an infertility insurance mandate 

compared with states without a mandate. Most self-insured employers are exempt from 

state insurance mandates whereas fully insured plans are subject to the mandate.

What this study adds?

For women enrolled in self-insured plans, infertility expenditures were 1.2 times higher 

for those living in states with versus without a mandate. In contrast, there was threefold 

difference for women enrolled in fully-insured plans, suggesting that these plans incur 

greater expenditures in the context of an insurance mandate.
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Fig. 1. 
Mean number of visits and medication claims and 95% confidence intervals for all types of 

infertility treatments by health plan type, mandate versus non-mandate states. Wilcoxon rank 

sum P value < .01 for all comparisons between mandate and no mandate groups
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