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This dissertation consists of three chapters on health economics, two of which

focus on contraception and the third on vaccination. Chapter one examines the

impact of state-level contraception insurance coverage mandates on women’s fertility

outcomes. It utilizes variation in mandated insurance coverage for contraception

across states and over time to determine the causal impact of insurance coverage of

contraception on fertility outcomes, specifically abortion rates and birth rates. State-

level results indicate that a mandate decreases abortion rates by 6% in the year of

introduction and decreases birth rates by 3% two years following introduction, with

the magnitude of both effects remaining steady over the long run.

Chapter two utilizes longitudinal data on varicella (chicken pox) immuniza-

tions in order to estimate the causal effects of state-level school-entry and daycare-

entry immunization mandates within the United States.1 We find significant causal ef-

fects of mandates upon vaccination rates among preschool children aged 19-35 months;

these effects appear in the year of mandate adoption, peak two years after adoption,

1Co-authored with Jason Abrevaya
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and show a minimal difference from the aggregate trend about six years after adop-

tion. For a mandate enacted in 2000, the model and estimates imply that roughly

20% of the short-run increase in state-level immunization rates was caused by the

mandate introduction. We find no evidence of differential effects for different socioe-

conomic groups. Combined with the previous cost-benefit analyses of the varicella

vaccine, the estimates suggest that state-level mandates have been effective from an

economic standpoint.

Chapter three utilizes variations in access to emergency contraception (EC)

across states to determine the impact of over the counter access on abortion rates,

birth rates, and risky sexual behavior. Using state-level data, a flexible time specifi-

cation finds that giving individuals over the counter access to EC reduces births and

increases risky behavior, which is captured by STD rates. These effects are larger for

adults compared with teenagers, however, there are not significant differential effects

by race. Finally, the effects are increasing over time following the legislation.
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Chapter 1

Contraception and fertility: the role of insurance

mandates

Despite the Centers for Disease Control and Prevention (CDC) listing family

planning as one of the ten great public health achievements of the 20th century (CDC,

1999), the U.S. Department of Health and Human Services listed “increasing the

proportion of health insurance plans that cover contraceptive supplies and services”

as one of its goals for Healthy People 2010, highlighting a key lingering issue related to

family planning. In a study of 492 insurers across the U.S., Sonfield et al. (2004) found

that 78-97% of typical employer-based insurance plans in 2002 covered some form of

contraception, up from 32-59% in 1993. These estimates only include HMO, PPO,

and POS plans, and additionally the authors point out that “some lives, and perhaps

many, are not represented by these typical plans”. The Kaiser Family Foundation

(KFF) surveys employers annually regarding their health benefits, and their 2003

estimates indicate that 58-80% of small firms and 58-78% of large firms had insurance

plans which covered the five leading reversible contraceptives.1

In an attempt to increase insurance coverage for contraception, the Equity

in Prescription Insurance and Contraception Coverage Act (EIPCC) has been intro-

duced in Congress four times since 1997. Although the federal government has not

passed contraception coverage legislation, many states have passed EIPCC laws of

1The five leading methods are the diaphragm, one- and three-month injectibles, IUDs, and oral
contraceptives.
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their own, effectively mandating insurance coverage for contraception at the state-

level. These mandates require employer-provided insurance plans to cover contra-

ceptives if they provide prescription drug coverage. Based on the 2003 KFF surveys,

84-100% of small firms and 99-100% of large firms included prescription drug coverage

in their insurance plans.2 The disparity between prescription drug and contraception

coverage in insurance plans indicates that the mandates should lead to significant

increases in contraception coverage, at least in states with mandates.

The earliest contraception insurance coverage mandate was enacted in 1998,

with a total of 20 states passing mandates by 2002; currently 28 states have mandates,

and two others (Michigan and Montana) require contraception coverage as a result

of Attorney General opinions. Between 1998 and 2009, 61-69% of individuals in the

U.S. obtained insurance coverage through their employers, such that the contraception

coverage insurance mandates impact a significant proportion of the population. This

impact could in theory go in either direction. Since mandates work to decrease

the cost of contraceptives, we expect them to impact fertility outcomes among those

with employer-based insurance. Holding sexual activity fixed, pregnancy rates should

decrease, but the lower price of contraception is also likely to increase sexual activity.

Given that mandates operate through employer-provided insurance, they may

lead to greater disparities within the population. The most obvious disparity would

occur between employed and insured relative to unemployed and uninsured, mean-

ing disparities between certain demographic groups could arise due to their correla-

tion with insurance status. Based on estimates from the KFF, white individuals are

more likely to have employer-based insurance than black individuals (68.5-74% versus

51.4-58%), which implies mandates might have a larger impact on whites. Similarly,

2The estimates from Sonfield et. al. (2004) find similar levels of coverage (93-96%).
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individuals with more education are also more likely to have employer-based insur-

ance: 30.9% of individuals with less than a high school diploma receive insurance

through their employer, compared with 57.2% of high school graduates and 80.6%

of college graduates. Individuals who are 35-54 are more likely to have employer-

provided coverage, however, they are also outside of their prime childbearing years,

so it is unclear whether fertility levels or insurance levels will have the predominate

effect for various age groups. Higher income individuals are also more likely to re-

ceive insurance through their employer: 86.6% of individuals with incomes greater

than 300% of the poverty level have employer insurance, compared with 70.7% of

individuals with incomes between 200-299% of the poverty level. (Individuals with

incomes below 200% are more likely to be covered by Medicaid, which is required to

provide free contraception services.)

The majority of the existing research on health insurance mandates focuses on

the potential labor market costs of the mandates, measured in terms of decreases in

wage, employment, or the probability of insurance being offered. For example, Gruber

(1994) finds that regulations mandating benefits actually have very little effect on

firms dropping coverage for their employees, and postulates that this might be the case

because mandates are not binding (i.e., most firms already provided the mandated

benefits prior to legislation). Kaestner and Simon (2002) find little evidence that state

health insurance regulation, specifically mandated benefits, impacts labor market

outcomes such as wages or hours worked. A somewhat related branch of research

examines the impact of state-mandated insurance coverage of infertility treatments

on treatment utilization and birth rates. Bitler and Schmidt (2006) find no evidence

that the mandates increase treatment utilization, but Henne (2008) finds evidence to

the contrary. Schmidt (2007) finds that infertility coverage mandates lead to an eight

percent increase in birth rates among women over 35, but that the mandates do not
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reduce racial disparities in access to treatment.

While contraception-coverage mandates have not previously been studied in

the economics literature, there have been several studies looking at the effect of in-

surance coverage on contraception use and fertility outcomes. While their results

are not causal, Culwell and Feinglass (2007) use the 2002 Behavioral Risk Factor

Surveillance System and find insured women are more likely to use prescription con-

traceptives compared with uninsured women. Kearney and Levine (2009) find that

Medicaid waivers that increase income limits for eligibility increase the probability of

contraception use among sexually active women. Moreover, they find these waivers

decrease non-teen births by 2% and teen births by 4%. Postlethwaite et al. (2007)

utilize a change in insurance coverage for members of the Kaiser Foundation Health

Plan in California to determine the impact of providing 100% coverage (i.e., no co-

pays) for the most effective contraceptive types.3 The change in coverage was found

to be associated with an 132% increase in couple-year protection for IUDs and a 32%

increase in couple-year protection for injectibles.

The purpose of this study is to estimate the causal effect of state mandated

insurance coverage of contraception on fertility outcomes. It takes advantage of vari-

ation in mandated contraception coverage legislation across states over time to de-

termine the effect of mandated insurance coverage of contraception in the U.S. on

state-level abortion rates and birth rates. Additionally, this paper examines whether

there are differential effects across various age and race groups in an attempt to de-

termine whether mandates impact certain demographic subgroups disproportionately

which could potentially exacerbate disparities in fertility outcomes. In addition to

3These methods include intrauterine devices (IUD), injectibles, and implants. The implant was
discontinued in 2002, and so was excluded from the final analysis. Copays remained in place for
oral contraceptives in an attempt to incentivize switching to contraception methods with the lowest
failure rates.
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the aggregate data, individual-level analysis is performed with the NLSY and CPS

Fertility Supplement, which have the benefit of being able to link fertility outcomes

to other individual characteristics. Using a flexible time specification, in addition to

the effect in the year of mandate introduction, the effects in years subsequent to the

mandates are estimated.

The aggregate results indicate that mandates lead to a 6.3% (3.8%) decrease in

abortion (pregnancy) rates in the year of mandate introduction, and the magnitude

of these effects remain steady over the long run. Mandates lead to a decrease in

birth rates of 3% beginning two years following mandate introduction. The aggregate

results are used to make a back-of-the-envelope calculation of a lower bound estimate

of the impact of the Affordable Care Act, which effectively extends contraception

insurance mandates to all states. This legislation takes effect in August 2012, and is

estimated to result in approximately 108,000 fewer abortions and 37,000 fewer births.

The outline of the paper is as follows. Section 1.2 provides additional back-

ground on contraception and insurance coverage mandates. Section 1.3 describes the

data used for the analysis. Descriptive statistics for state-level fertility outcomes,

the CPS sample, and the NLSY sample (as well as mandate and non-mandate sub-

samples) are provided. Section 1.4 presents the estimation strategy. The effect of

mandates on fertility outcomes is initially modeled as a structural break and then

extended to a more flexible dynamic framework. Section 1.5 presents the results, and

section 1.6 concludes.

1.1 Background

1.1.1 Contraception

The availability of a wide range of contraception options allows women to

choose the method that best suits their needs. However, when the full range of
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options is not available or affordable, some women might choose less appropriate

methods or forgo birth control altogether, therefore increasing the probability of an

unplanned pregnancy. While the estimated out-of-pocket costs for birth control are

substantially less than pregnancy itself, they are not trivial. For example, Planned

Parenthood lists the following as cost estimates: the pill costs between $15-50 per

month, shots cost between $35-75 per injection and last three months, implants cost

between $400-800 up front but last three years, and IUDs cost between $500-1000 up

front but last twelve years (Planned Parenthood, 2011). None of these costs include

the exam fees which are needed to obtain birth control.

Ensuring prescription contraceptives are available and reasonably priced for

women is important since these methods of contraceptives provide the lowest fail-

ure rates under typical usage. Trussell (2011) estimates the percentage of women

experiencing unintended pregnancy under typical use of various types of contracep-

tion.4 He finds the unintended pregnancy percentages during the first year of use

are lowest for prescription contraceptives: 0.05% of women using implants experi-

ence an unintended pregnancy, 0.8% for IUDs, 6% for injectibles, and 9% for the

pill, patch, and ring.5 Non-prescription contraceptives have lower percentage of un-

intended pregnancy than no method (85%), but are less effective than prescription

methods: 18% of women using a condom experience an unintended pregnancy, 24%

for fertility awareness methods, and 28% for spermicides. Despite lower failure rates

for prescription contraception, approximately 14% of all women use non-prescription

contraceptives. The 2006-08 National Survey of Family Growth (NSFG) estimates

indicate that approximately 5% of women who discontinued use of contraceptives did

so because it was too expensive or their insurance did not cover it, which is similar

4Typical usage refers to actual use, which includes both inconsistent and incorrect use.
5Trussell’s estimates are derived using the 1995 and 2002 National Survey of Family Growth.
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to estimates found in Jones et al. (2002).

Table 1.1 shows contraception usage estimates from the NSFG by age groups.

Individuals who do not use contraception can be broken down into four types: women

who are sexually active, women who are either sexually inactive, women who actively

trying to become pregnant, or women who cannot become pregnant (but did not

get sterilized as a means of contraception). The last three types do not need to use

contraception (for birth control purposes) and are combined into a single category.

Overall contraception use has not changed much between 1995 and 2006-08, although

it has decreased slightly among 20-29 year olds. The percentage of individuals that

use prescription contraception has increased slightly between 1995 and 2006-08 among

all age groups, with the exception of women bewteen the ages of 20-24. The increase

(decrease) in prescription (non-prescription) use among teenagers was considerably

larger compared to other age groups between 1995 and 2002.6

1.1.2 Contraception Insurance Coverage Mandates

Maryland enacted the first contraception insurance coverage mandate in 1998,

and since then 27 other states have enacted mandates. Additionally, Michigan and

Montana require insurance coverage of contraception as a result of an Attorney Gen-

eral opinion. Table 1.2 gives full details year of mandate introduction and exemptions

by state.

These data were obtained from the National Conference of State Legisla-

tures (NCSL) as well as the Guttmacher Institute. The mandates apply only to

6I am unaware of any specific legislation that might have been responsible for such large changes
in the composition of teenage contraception use relative to adults, and determining whether changes
in social norms played a role is beyond the scope of this paper. The change in composition is mainly
driven by a decrease in condom usage coupled with an increase in pill and injectable usage.
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Table 1.1: Contraception use by age, 1995-2008

No Contraception
Year Age Group Prescription Non-Prescription Sterilization Sexually Active Other
1995 15-19 16.7 12.8 0.1 7.1 63.1

20-24 40.0 20.5 3.2 6.0 30.2
25-29 32.4 22.0 14.9 4.7 25.7
30-44 14.9 17.2 40.6 4.3 22.1

2002 15-19 21.6 9.9 0.0 6.9 61.6
20-24 40.1 18.1 2.7 8.4 30.9
25-29 34.5 20.4 13.1 8.0 24.1
30-44 17.7 14.3 37.7 7.1 23.1

2006-08 15-19 20.3 7.5 0.0 6.5 65.3
20-24 36.4 16.4 1.7 9.1 36.2
25-29 33.2 19.3 11.7 8.6 27.2
30-44 19.6 13.5 41.1 6.6 18.8

Source: Use of Contraception in the United States, 1995-2008, NSFG.

Table 1.2: Contraception Insurance Coverage Mandates, by State

State Year Exemption State Year Exemption
in Effect Allowed in Effect Allowed

Arizona 2002 X Montana 2006
Arkansas 2005 X Nevada 1999 X
California 1999 X New Hampshire 1999
Colorado 2010 New Jersey 2005 X
Connecticut 1999 X New Mexico 2001 X
Delaware 2000 X New York 2002 X
Georgia 1999 North Carolina 1999 X
Hawaii 1999 X Oregon 2007 X
Illinois 2003 X Rhode Island 2000 X
Iowa 2000 Texas 2001
Maine 1999 X Vermont 1999
Maryland 1998 X Virginia 2001
Massachusetts 2002 X Washington 2007
Michigan 2006 X West Virginia 2005 X
Missouri 2001 X Wisconsin 2009

Source: National Conference of State Legislatures and Alan Guttmacher Institute
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employment-based health plans, and employers who self-insure are exempt from the

legislation since they fall under federal jurisdiction, and EIPCC legislation has not

been passed at the federal level. These mandates still impact a significant portion

of the population with employer-based insurance: the KFF estimated that in 2011,

sixty percent of covered workers are employed by a firm that self-insures, compared

with fifty percent in 2000. Twenty states have some form of an exemption clause

(either allowing the employer to refuse to offer coverage or the insurer to refuse to

write a plan that includes coverage), most of which are religious. While these man-

dates still work to increase access to coverage among the affected population, the

insurance plans might still employ some form of cost-sharing, which may result in

inadequate decreases in out-of-pocket costs for some individuals. As an example, a

2010 study found that privately insured women using oral contraceptives whose plan

covered prescription drugs paid approximately half (53%) of the cost of pills (Liang,

et. al, 2010).

The potential effect of the mandates could be small under several scenarios: if

the majority of firms claim exemptions, if a majority of firms provided contraception

coverage prior to the mandates, or if the majority of individuals receive insurance

from an employer who self-insures. With respect to the religious exemptions, the

finding by Sonfield et al. (2004) seem to indicate that religious exemptions might not

be common since they find a large disparity between coverage of contraceptives in

mandate and non-mandate states in plans determined at the local level.7 Specifically,

they find 47-61% of plans in non-mandate states cover the five leading contracep-

tion methods, compared with 87-92% of plans in mandate states. The high level of

coverage in mandate states would likely not be present if a substantial amount of

7Differences for plans at the local level are used for comparison since plans determined at the
national level are more likely to adhere to state mandates.
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religious exemptions were claimed. Additionally, the wording of the exemption in the

legislation in the majority states is narrow enough such that many religious-based

organizations such as schools and hospitals are not eligibe for exemption.

Given estimates from the KFF employer insurance coverage survey, it is also

unlikely that mandates will not be binding in the sense that many plans already

provided coverage pre-mandate. Although the KFF estimates are not broken down

by state, their 1999 estimates (when only 10 states had mandates) find low coverage

levels for reversible contraception, ranging from 32-57% of small firms depending on

the plan type and ranging from 42-68% for large firms depending on plan type. These

numbers trended downward in 2001 and increased in subsequent years; slighly more

than half of the mandates were enacted prior to 2001, so it is unlikely that coverage

levels were high even in mandate states. The final concern for whether mandates

affected enough individuals to have a noticeable impact is that the mandates are

limited in the sense that they do not affect individuals who work for employers that

self-insure. As a conservative estimate, the mandates have the potential to impact at

least 24% of the total population in any given year since 40% of covered individuals

who have employer-based insurance (based on the low-end KFF estimates) and based

on 2009 CPS estimates, on average 61% of individuals receive insurance through their

employer in states with mandates.

1.2 Data

Aggregate data represent state-level data for the years 1993-2007. The two

dependent variables considered are the birth rate and abortion rate. Birth rates are

collected from the Center for Disease Control (CDC) vital statistics website, and can

be separated by various age and race categories. The birth rate is given as the number
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of births per 1000 women aged 15-44.8 The abortion rate represents the number of

abortions performed in a state per 1000 women aged 15-44 who reside in that state.

These data are collected annually by the CDC, however some states do not report

abortion statistics to the government.9 As with the birth data, abortion data can be

separated by various age and race categories. Population estimates from the Census

Bureau are used to calculate rates for subgroups since these data are reported in

totals rather than rates. Population-weighted averages for abortion and birth rates

for various mandate definition subsamples are given in Table 1.3.

Since mandates operate through employer-based insurance coverage, controls

for the percentage of the population in each state with employer-provided coverage

are added to the aggregate data. These estimates are obtained from the Bureau of the

Census. Unfortunately, state-level estimates do not separate the data by employers

who self-insure and those who do not.

The first individual-level dataset utilized in this analysis is the June Current

Population Survey (CPS) Fertility Supplement, which is available in 1995 and even

years between 1998 and 2010. The survey asks all women when their most recent child

was born, but this analysis limits the sample to women between the ages of 15 and 44

for consistency across aggregate and individual level data. This question is used to

construct an indicator variable for whether the individual has given birth in the past

year. The analysis also utilizes individual level controls, including race/ethnicity,

marital status, education, family income, employment status, and age. Summary

statistics are presented in Table 1.4.

8For regressions involving age or race subgroups, the rate is calculated as the number of birth
per 1000 women within that subgroup.

9Specifically, starting in 1998, California and New Hampshire do not report abortion statistics.
Alaska, Louisiana, Oklahoma, and West Virginia do not report in all years, but they report in a
majority of the years.
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Table 1.3: Abortion and Birth Rates (per 1000 women aged 15-44) by State Mandate
Status, 1993-2007 (CDC data)

Mandate
Full Sample No Mandate (Any Type)

Abortion Rate 17.6 18.0 16.6
(0.57) (0.71) (0.78)

Pre-Mandate 20.7
Abortion Rate (1.1)

Post-Mandate 16.6
Abortion Rate (0.80)

Difference -4.1***
(1.4)

Birth Rates 14.3 14.2 14.5
(0.09) (0.11) (0.15)

Pre-Mandate 14.7
Birth Rate (0.23)

Post-Mandate 14.5
Birth Rate (0.15)

Difference -0.23
(0.23)

Means are population weighted, with standard deviations in parenthesis.
The “Mandate” column defines mandates most broadly.
Significance — *: P < 0.10, **: P < 0.05, ***: P < 0.01
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Table 1.4: Descriptive statistics, CPS Fertility Supplement (1995-2010)

Full sample Did not give birth Gave birth in
in last year last year
subsample subsample

(mean) (mean) (mean)
Individual Gave Birth 0.093 0 1

Black 0.110 0.110 0.112
Hispanic 0.128 0.124 0.167
Other non-white race 0.067 0.067 0.071
White 0.695 0.699 0.649
Age (continuous) 30.05 30.25 28.11
Age: 15-19 0.163 0.170 0.091
Age: 20-29 0.304 0.285 0.488
Age: 30-39 0.347 0.343 0.385
Age: 40-44 0.185 0.201 0.036
Married 0.472 0.450 0.680
Single 0.528 0.550 0.320
Less than high school 0.206 0.208 0.180
High school graduate 0.264 0.262 0.280
Some college 0.291 0.294 0.268
College graduate 0.239 0.236 0.272
Employed 0.666 0.680 0.532
Private 0.524 0.535 0.415
Income: <$10K 0.083 0.080 0.113
Income: $10-20K 0.108 0.106 0.125
Income: $20-30K 0.129 0.127 0.139
Income: $30-40K 0.130 0.130 0.125
Income: $40-50K 0.100 0.101 0.091
Income: $50-60K 0.096 0.097 0.090
Income: >$60K 0.355 0.359 0.317

Mandate Type Any Mandate 0.367 0.368 0.363
No exemptions 0.070 0.070 0.069
Exemptions 0.264 0.264 0.259
No Mandate 0.633 0.632 0.637

Sample Size 200,993 182,116 18,817
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Table 1.5: Fertility Outcomes, NLSY (1997-2009)

Full Sample Mandate No Mandate
Abortion Rate 12.7 16.5 10.7
Birth Rate 77.4 99.0 66.5
Pregnancy Rate 98.5 122.9 86.2
Pregnancy Loss Rate 18.5 20.8 17.4
Sample Size 57,005 37,849 19,156

Rates are per 1000 women in the sample in the NLSY data.

The second individual-level dataset utilized in this analysis is the 1997 Na-

tional Longitudinal Survey of Youth (NLSY), which interviewed 4385 women aged 12

to 18 in 1997 and has reinterviewed them annually through 2009. The data provides

complete family histories which are used to construct whether a woman was preg-

nant, experienced a pregnancy loss, gave birth, or aborted a pregnancy for each year

between 1997 and 2009. The total number of abortions in the full sample is relatively

small (722 abortions over the fifteen year period), and additionally abortions are most

likely under-reported. Table 1.5 presents summary statistics for fertility outcomes in

the NLSY.

Comparing these rates to the aggregate level data, the abortion rate is lower

in the NLSY, which is attributable to under-reporting. The birth rate in the NLSY

is higher than in the aggregate data, which makes sense given the young age of the

NLSY sample. The rate is similar to the birth rate for 15-30 year olds as computed

using data from Vital Statistics. The number of pregnancies is slightly less than the

sum of births, losses, and abortions due to the fact that some women experience more

than one pregnancy per year. If a woman becomes pregnant and loses the pregnancy

and then becomes pregnant again in the same year but the second pregnancy results

in a birth, each outcome is recorded in the year, but only one pregnancy is recorded.

14



1.3 Estimation Strategy

A simple framework to determine the impact of the mandates is given by

Yst = βMandatest +Xstγ + θs + θt + εst (1.1)

where s indexes state, t indexes time, Yst represents the abortion rate or birth rate,

Mandatest is an indicator equal to one if there is a mandate present for contraception

insurance coverage in state s at time t, and Xst are state-level controls.10

The model in (1.1) implicitly assumes the effect of the mandates are captured

by a structural break. An effect on pregnancies and abortions might occur in the year

of the mandate itself, however, an outcome of a birth would be delayed such that an

impact on birth rates might not occur for at least one year following a mandate. The

model in (1.1) can confound pre-existing trends with the response of the outcomes to

contraception insurance coverage mandates. To address these issues, this paper also

estimates a flexible time specification as proposed by Wolfers (2006). Specifically, the

following model is estimated for aggregate outcomes:

Yst =
∑
k∈K

βkM
k
st +Xstγ + θs + θt + εst, (1.2)

where s indexes state, t indexes time, Yst represents the abortion rate, birth rate,

or pregnancy rate, Mk
st is a dummy equal to one in the kth period following the

contraception insurance coverage mandate (k = 0 implies the mandate introduction

took place that period), θt are year indicator variables, θs are state indicator variables,

and Xst are state-level controls. The state indicator variables (θs) allow for (time-

invariant) unobservable state characteristics to affect fertility outcomes, whereas the

10Controls include the percentage of the population that has employer insurance, median household
income, and whether emergency contraception is available over the counter.
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year indicator variables (θt) allow for a flexible specification of the aggregate trend in

fertility outcomes. βk is interpreted as the impact of a mandate for insurance coverage

for contraception in state s at time t on the abortion/birth rate k periods following

the mandate (relative to states without a mandate at time t). The set K indicates

the number of leads and lags included in the model. For the results presented below,

the set K = {−4,−3,−2,−1, 0, 1, 2, 3, 4, 5, 6, 7} is used.

Even with the dynamic specification in (1.2), there might still be concern

that states experiencing downward trends in fertility outcomes are more likely to

enact mandates, such that the estimates in (1.2) would simply be picking up the

pre-existing trends. To further rule out potential endogeneity of whether a state

enacts a mandate or the timing of mandates, models are estimated which regress

whether a state has a mandate on state characteristics as well as the trends in birth,

abortion, and insurance rates. Additionally, for states with mandates, I estimate a

model which regresses the year of mandate on state characteristics and the average

birth, abortion, and insurance rates in the years leading up to mandate introduction.

The only significant predictor of the presence of a mandate is the percentage of the

population that voted Democrat in the 1996 presidential election (significant at the

10% level), which should be captured by state-level fixed effects.11 Among states with

mandates, none of the variables were significant predictors of mandate timing. The

results from these regressions are shown in Table 1.6. While these results indicate

that pre-existing trends in fertility can be ruled out as a source of endogeneity, it is

not possible to rule out state-level shocks in a given year as a potential source of bias.

11This result is similar if an indicator for blue states is included instead of the percentage of the
votes in the 1996 presidential election.
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Table 1.6: Endogeneity Check: Mandate Presence

Dependent variable = 1 Dependent variable = year
if state ever has mandate of mandate introduction

Variable Estimate Std. Error Estimate Std. Error
population (hundred thousands) -0.001 0.002 0.014 0.011
pct. with high school diploma 0.015 0.017 0.243 0.161
pct. with college degree 0.025 0.031 -0.006 0.394
household income -0.00001 0.00002 -0.0001 0.0003
pct. vote for Clinton in 1996 0.033* 0.020 0.023 0.094
trend in birth rate 1.945 1.444
trend in abortion rate 0.332 0.398
trend in pct. insured 0.161 1.132
average lagged birth rate -0.394 0.528
average lagged abortion rate -0.138 0.101
average lagged insurance rate -0.112 0.098

The variables are averages for the 1990s. Results are similar using data from the 2000s. The first regression
includes all 51 states, and the second regression only includes the 30 states with mandates. The lagged rates
are calculated as the average rates of the three years prior to mandate introduction. Results are similar
using various combinations of years to generate lagged rates.

1.3.1 Individual-level models

For both the CPS and NLSY datasets, linear probability models are estimated

that are analogous to the model in (2) augmented with individual controls:

Pr(Yi = 1|Xi, s(i), t(i)) =
∑
k∈K

αkM
k
s(i) +Xiγ + δt(i) + δs(i), (1.3)

where i indexes individuals, Yi is an indicator variable for abortion, birth, pregnancy,

or pregnancy loss (for the NLSY data) or an indicator equal to one if the individual

has given birth in the past year (for the CPS data), Xi is a vector of individual

controls, s(i) is individual i’s state, and t(i) is the year in which individual i was

sampled.12 Due to the small sample size of the NLSY leading to the relatively small

number of outcomes, this analysis does not exploit the panel nature of the data, but

rather pools all available observations.

12Similar results are obtained using Probit estimation.
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Table 1.7: Effect of contraception insurance coverage mandates on state-level out-
comes

Aggregate Teenager Aged 20-29 Aged 30-39
Abortion Rate -1.38*** -0.37* -2.23*** -0.50***

(0.34) (0.14) (0.65) (0.18)

Baseline 19.80 5.30 30.70 10.10
Implied pct. 6.96 6.94 7.27 4.98

Birth Rate -0.44** -0.19 -4.36* 0.14
(0.22) (0.24) (2.25) (0.59)

Baseline 14.20 13.01 111.3 59.20
Implied pct. 3.11 1.43 3.92 0.23

Each cell represents the coefficient on an indicator of whether a mandate is
in place. State and year fixed effects are included, as well as controls for
the percentage of the population within each state that obtains insurance
through their employer, median income, and whether emergency contraception
is available over the counter. Estimates are reported in rates per 1000. The
regressions are population-weighted, and standard errors are clustered at
the state level. Significance — *: P < 0.10, **: P < 0.05, ***: P < 0.01

1.4 Results

The mandate indicator Mandatest is defined as equal to one if state s has any

form of a mandate requiring insurance coverage for contraceptives at time t. This

broad definition of mandates leads to the inclusion of both Michigan and Montana

as states with mandates, even though their mandated coverage was enacted through

Attorney General opinion. Several definitions of mandates were used as a robustness

check, but the results do not change much by how broadly mandates are defined.

The state-level estimation results for the single mandate indicator specification are

presented in Table 1.7. The table also includes the baseline abortion and birth rates

for each subgroup, as well as the implied percentage change in the abortion and birth

rates.

The mandate decreases abortion rates for all subgroups, with the mandate

18



leading to a 6.9% decrease in abortion rates relative to baseline.13 Mandates also

decrease birth rates, however these effects are only significiant at the aggregate level

and for women between the ages of 20 and 29. The decrease in birth rates at the

aggregate level (20-29 age group) is approximately 3.1% (3.9%) compared to baseline.

(The effect for adults is also significant, but this is being driven primarily by the 20-29

year olds.)14

The results for the flexible time specification and subsample estimations are

presented in Tables 1.8 and 1.9.

At the state-level (i.e., for the full sample), there is evidence that mandates

have an effect on fertility outcomes beyond the initial year of introduction, however

the timing of these effects is slightly different depending on the outcome. The effect on

the abortion rate occurs immediately following the mandate enactment and remains

steady over time. Not surprisingly, the impact of births does not appear until two

years following the mandate.15 For the year of mandate introduction, the causal effect

is calculated as the difference from the average effect of the 2nd-4th years leading up

to the year of introduction estimate, which is an approximately -1.249 decrease in the

abortion rate, or 6.3% from baseline. The post-mandate effects are not cumulative.

Therefore, the 1-year post-mandate estimate of -1.324 represents an additional 0.075

decrease in the abortion rate relative to the initial year effect.

13The baseline fertility outcomes are calculated as the average in 1997, which was the year prior
to the first mandate introduction. The baseline abortion (birth) rate is 19.8 (14.2).

14Additionally, following Levine et al. (1996), models were estimated using the “pregnancy rate”
as the outcome variable. The pregnancy rate is a constructed measure defined as the sum of the
abortion rate and the birth rate, and serves as an approximation to the number of pregnancies per
1000 women aged 15-44. The results are very similar to results using abortion and birth rates as
outcome variables, and are available upon request.

15A test of the null that the effects on the abortion rate are constant over time cannot be rejected
at any level of significance. The same null for birth rates can be rejected at the 10% level of
significance.
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To determine whether mandates requiring insurance coverage for contracep-

tives had differential effects on various age subgroups, estimation was conducted using

various age subsamples. Four age categories are considered: teenagers (defined as be-

tween the ages of 15 and 19), adults (defined as between the ages of 20 and 44), adults

in their twenties, and adults in their thirties. Mandates decrease abortion rates across

all age subgroups, and with the exception of women in their thirties, the effects of

mandates remain significant until five years following the year of introduction. The

effects are slightly higher for women in their twenties, with mandates leading to a

7.5% decrease in the abortion rate in the year of introduction, compared to 6.5% and

6.2% for teens and women in their thirties, respectively.

1.4.1 CPS Fertility Supplement Results

The individual-level model includes all the controls listed in Table 1.4. While

the coefficients on these controls are not of direct interest and therefore not reported,

it is worth nothing that the probability of giving birth in the past year is lower among

individuals with higher levels of education, higher levels of income, single individuals,

employed individuals, and white individuals. Given these results, models are esti-

mated with interaction terms to determine whether mandated insurance coverage for

contraception impacts certain demographic groups disproportionately. Specifically,

the models estimate differences between whites and non-whites, non-college gradu-

ates and college graduates, married and single individuals, individuals less than 30

years old and individuals greater than or equal to thirty, and low income and high

income households (defined as households earning greater than $50,000 per year.)

The results for the CPS estimation are presented in Table 1.10.

Since the CPS data is only available in even years, the flexible time speci-

fication includes indicator variables pooled over two years rather than an indicator
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variable for each year. The effects for the CPS results are marginal effects multiplied

by 1000, which can be interpreted as the effect on the birth rate. For example, in the

first cell, the effect would be interpreted as the mandate leading to a 2.8 decrease in

births per 1000 women in the past year (although this effect is insignificant). Similar

to the aggregate results, the effect of mandates on the birth rate does not become

significant until 2-3 years following the mandate introduction, and remains relatively

stable in the long run. Since more years of data are available in the CPS, the model

is able to identify lag terms 8-10 years post-mandate (as opposed to 7 years post-

mandate in the aggregate model). The estimates for 8-10 years post-mandate are

insignificant, which indicates that once more recent data become available at the

aggregate level, it is worth estimating updated models to determine whether the ag-

gregate effects disappear after more than 7 years post-mandate. Given that the birth

rate in the full CPS sample is 92.2, the effect 2-3 years following the mandate repre-

sents a 7.1% change in the birth rate. While this result is slightly more than double

the effect found using aggregate data, it represents a two-year effect. Columns two

through seven present differences in effects for various demographic subgroups. For

the most part, there are not significant differences by subgroup. Consistent with the

aggregate results, the difference between women under the age of 30 and women 30 or

older is significant, but this does not show up until 6-7 years following the mandate

introduction.

1.4.2 NLSY 1997 Results

Table 1.11 presents the results from the NLSY data. Given the relatively small

sample size, only the model with the single mandate indicator is estimated. Reported

results represent the marginal effects multiplied by 1000, which can be interpreted as

the effect on the rate (per 1000 women in the sample).
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Table 1.11: Effect of contraception insurance coverage mandates on fertility outcomes,
NLSY

Abortions Births Pregnancies Pregnancy losses
Mandate 2.601 -1.575 1.351 -1.819

(2.82) (5.36) (6.78) (3.13)
Mandate 5.002 -17.73** -9.182 -3.168

(4.27) (8.39) (10.4) (5.16)
Insurance Status -3.881 22.58*** 38.74*** -2.396

(2.83) (5.86) (7.15) (3.49)
Mandate * Insurance Status -1.140 12.56 19.70** 5.721

(3.93) (7.77) (9.28) (4.62)

All specifications include state and year fixed effects as well as controls for age, education, race
marital status, number of children, urban residence, income-to-poverty ration, mother’s education,
and employment status. Estimates are marginal effects multiplied by 1000. Standard errors are in
parentheses. Significance — *: P < 0.10, **: P < 0.05, ***: P < 0.01.

The results indicate that mandates had no significant effect on any of the

fertility outcomes for the NLSY sample in the model with a single mandate indicator.

In the model that includes an interaction term between the mandate indicator and

insurance status, it appears that pregnancies increased for women who report having

insurance. Interpretation of this result is difficult in the context of mandates since

the NLSY does not distinguish between different insurance types. In the model that

includes the insurance interactions, mandates decreased birth rates, but the difference

between individuals with and without insurance is not significant.

1.4.3 Policy Extension: Affordable Care Act

The Affordable Care Act (ACA) is the health care reform legislation which

was passed in 2010. A major part of the reform was making preventive care more ac-

cessible and affordable. More specifically under the ACA, beginning August 1, 2012,

women’s preventive health care services are covered with no cost sharing — this
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includes prescription contraceptive drugs and devices.16 This legislation effectively

extends the existing contraception insurance mandates to the twenty states that do

not currently have mandates, and also extends coverage to all employer-based insur-

ance plans (including employers that self-insure).

The estimates from the flexible time specification are used to make back-of-

the-envelope calculations of a lower bound effect of the Affordable Care Act in the

twenty states that do not currently have mandates. These estimates are a lower bound

for several reasons. The first reason is that the current mandates still allow for cost-

sharing, while the ACA will remove cost-sharing from plans.17 Secondly, employers

that fully insure are impacted by the current mandates, whereas both employers that

fully insure and employers that self-insure will be impacted by the ACA. As with

the current mandates, the ACA has limited religious exemptions, but the language

is similar to current exemptions, such that exemptions should not have an increased

impact under the new legislation.

The aggregate estimates from the flexible time specification are used to make

the calculations, but to keep the estimates conservative, only the initial year effect is

used (rather than the full seven year effect). The mandates decrease abortions (births)

by approximately 6.3% (3%), which implies the ACA will result in approximately

108,000 fewer abortions and 37,000 fewer births (in a single year) in the twenty states

that do not currently have contraception insurance mandates.

16Sterilization procedures and patient education and counseling are also included under the new
coverage laws; the law does not include coverage of abortifacient drugs.

17In an effort to give insurers the flexibility to control costs, certain forms of cost-sharing will be
allowed, specifically if a generic brand is available for certain contraceptives, the insurance company
can charge cost-sharing for the branded drug.
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1.5 Conclusion

This paper examines the effect of insurance coverage mandates for contra-

ception on fertility outcomes. Using aggregate state-level data from 1993-2007 and

a flexible mandate-effect model, I find the mandates decrease abortion and birth

rates. These effects remain stable over the long run, which extends seven years post-

mandate. The effect on abortions is larger than the effect on births: in the year of

mandate introduction, abortions decrease by 6.3% and births decrease by 3%, but

the initial effect is delayed since births are not an immediate outcome. These es-

timates may be somewhat understated due to spillover effects caused by insurance

companies that determine policies at the national level (recall that 58% of insurance

companies in Sonfield et al. (2004) reported determining rates at the national level).

Coverage mandates have been successful at decreasing fertility outcomes across all

demographics: individual level estimates do not indicate that differential effects exist

by demographic characteristics other than age.

The effects found in this study are similar to other studies which examine the

impact of various public policies on fertility outcomes. For example, Mellor (1998)

finds expanding Medicaid access to family planning services leads to a 7.2% decrease

in the probability of giving birth, and Kearney and Levine (2009) find income-based

Medicaid expansions decrease non-teen births by 2%. Levine et al. (1996) finds that

adding Medicaid funding restrictions on abortion leads to about a 3% reduction in the

abortion rate but does not impact birth rates once state trends are added. This result

is of particular interest from a policy standpoint since abortion funding restrictions

have been used as a primary policy tool for decreasing abortions. The decrease

in the abortion rate approximately doubles when women are given better access to

contraception as opposed to restricting abortions, which suggests providing better

contraception access may be a more effective policy tool.
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While controls for percentage of individuals with employer-based insurance are

included in the models, more detailed insurance data would allow for better identifica-

tion of the groups affected by mandates. Additionally, data linking contraception use

or expenditures with detailed insurance status or coverage information would provide

a means of determining what specific channels are driving the results, specifically

whether individuals who had no coverage are obtaining coverage, or if individuals are

gaining coverage of additional contraception types. Determining how mandates affect

the mix of contraceptives being used by women would give insight into whether the

policy is successful in encouraging women to use more effective contraception meth-

ods (and therefore having a better chance of avoiding an unintended pregnancy). If

mandates do not induce women to use the most effective contraception methods, it

might be necessary to pair mandates with a second policy tool (such as increased

information about contraception effectiveness) to further decrease unintended preg-

nancies. Finally, in providing more access to contraception, these mandates have the

potential to go beyond impacting fertility outcomes. Future research could examine

how increased access to contraception through insurance mandates impacts education,

marriage, and labor market outcomes, as well as maternal behavior during pregnancy

(such as obtaining prenatal care).
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Chapter 2

Effectiveness of state-level vaccination mandates:

Evidence from the varicella vaccine

When the Centers for Disease Control and Prevention (CDC) released its list

of the “Ten Great Public Health Achievements” of the 20th century, vaccination

was at the very top of the list (CDC, 1999).1 Vaccines have been instrumental in

eradicating deadly diseases like smallpox and polio and dramatically decreasing the

incidence of diseases like measles and mumps. Once the safety and efficacy of a

vaccine has been established, the biggest challenge facing public-health authorities is

ensuring that at-risk populations become immunized. The public-health community

attempts to achieve “herd immunity,” a level of immunization within the population

that effectively eliminates the risk of an outbreak of the disease. Unfortunately,

achieving widespread vaccination can be difficult since immunization involves costs

for individuals such as potential side effects, possibly direct monetary costs, etc. and

is subject to a classic free-rider problem since greater immunity arises from others

being immunized. Moreover, in the absence of a vaccination registry, monitoring is

extremely difficult.

Historically, the United States has ensured adequate levels of childhood immu-

nization through the use of immunization mandates.2 To deal with the monitoring

1Substantial portions of this chapter are published in an article coauthored by Jason Abrevaya
and Karen Mulligan: “Effectiveness of state-level vaccination mandates: evidence from the varicella
vaccine.” Journal of Health Economics. 30(2011), 966-976.

2Other countries have used different approaches for childhood immunization: in Canada, vacci-
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problem, immunization records have been required for school entry, and more re-

cently, daycare entry. While vaccine regulation is overseen by federal authorities in

the United States, the authority to mandate vaccinations rests with the individual

states. The earliest school-entry immunization laws arose in response to outbreaks

of smallpox in the 19th century, with Massachusetts, New York, Connecticut, and

Pennsylvania the first states to require smallpox vaccinations for school entry (Hodge,

Jr. and Gostin, 2001). Subsequent to the mandates for smallpox vaccinations, state-

level school-entry mandates were instituted for several other immunizations, including

those for measles, mumps, pertussis, and polio.

Currently, the Food and Drug Administration (FDA) is the agency within

the United States responsible for evaluating the safety and efficacy of new vaccines.

Subject to FDA approval, the CDC, as well as other groups, including the American

Academy of Pediatrics (AAP), provides recommendations pertaining to the use of

a new vaccine.3 These recommendations include the appropriate subpopulations for

immunization, immunization schedules, dosage, and cost effectiveness. Following the

approval of a new vaccine, individual states may institute a mandate for school and/or

daycare entry or leave the immunization decisions to individuals. In the case of the

varicella vaccine, which was recommended for children by both the CDC and AAP in

1995, the response by individual states varied. Six states instituted a school- and/or

daycare-entry mandate prior to 2000, and most other states followed suit within a few

years; as of the end of 2009, only Idaho and Wyoming remained without a varicella-

vaccine mandate.

nations are not mandated but are provided as part of universal health care coverage; in Mexico,
there are national immunization weeks held several times throughout the year (National Network
for Immunization Information (2010)).

3The National Network for Immunization Information (2010) provides additional details on the
vaccination approval/recommendation process and the advisory groups involved.
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Even in the presence of an immunization mandate, children may be “ex-

empted” from the mandate for medical reasons, religious reasons, or philosophical

reasons.4 Every state allows exemptions for medical conditions that make the vac-

cine unsafe for the child. According to the National Conference of State Legisla-

tures (2010), every state but Mississippi and West Virginia currently allows religious

exemptions and 20 states currently allow philosophical exemptions.5 In addition to

exemptions, poor enforcement of the mandates can limit their effectiveness. Enforce-

ment often takes place locally at daycare centers and schools and relies on accurate

record-keeping and truthful immunization records.

Despite the importance of state-level immunization mandates within the United

States, there has been extremely limited research focused on the effectiveness of these

mandates. A practical obstacle to this research has been the availability of national

data on immunizations. While such data are now available, specifically, the National

Immunization Survey (NIS) used in this paper, these data are too recent to analyze

the effectiveness of most state-level mandates since these mandates pre-dated the im-

munization data. An exception is the varicella vaccine, whose introduction in 1995

coincides with the earliest NIS samples. As mentioned above, states reacted differen-

tially to the introduction of the varicella vaccine with mandates rolled out at different

times in different states. The variation in state-level mandate timing allows us to use

longitudinal data in order to estimate the causal effect of a mandate.

While it may not be surprising to find that states with mandates also have

high immunization rates, others have pointed to the inherent difficulty of separating

correlation from causation. According to Hodge, Jr. and Gostin (2001), for instance,

4Malone and Hinman (2003) discuss the legal issues surrounding immunization exemptions.
5A religious exemption allows a parent to claim an exemption if immunization contradicts one’s

religious beliefs. Philosophical exemptions vary from state to state, but these exemptions are not
restricted to religious beliefs.
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“...[w]hether these desired health effects are the direct result of school vaccination

requirements is more difficult to ascertain.” We are aware of only one other study,

Davis and Gaglia (2005), that has formally looked at the association between state

mandates and immunization levels. Using cross-sectional NIS data from 2002, Davis

and Gaglia (2005) establish a significant correlation between existence of a state man-

date and varicella vaccination rates among children aged 19-35 months, controlling

for child and parental characteristics. Davis and Gaglia (2005) do find that earlier

mandates lead to higher vaccination rates, but they are unable to investigate the

dynamics of the mandate effects with a single year of immunization data.

In contrast, using an approach proposed by Wolfers (2006) for longitudinal

data, we are able to estimate mandate effects in the year of mandate introduction

as well as subsequent years, while controlling for unobserved state characteristics.

Through the use of a model with flexible time effects, we are able to disentangle ag-

gregate immunization trends from mandate effects. Importantly, we can also formally

check whether mandates have an “effect” prior to their introduction; if we see such

an effect, it would indicate that the mandate introduction itself is related to existing

trends in vaccination rates.6

The outline of the paper is as follows. Section 2.1 provides background in-

formation on the varicella vaccine and details on the available immunization and

mandate data. Descriptive statistics for the NIS sample, along with vaccinated and

unvaccinated subsamples, are provided. Section 2.2 presents the main results of the

paper. Using both state-level and individual-level data from the NIS, we find signifi-

cant causal effects of mandates upon vaccination rates among preschool children aged

6Alternatively, it could be that vaccinations begin rising in anticipation of the mandate introduc-
tion. As a preview of the results, the state-level findings in Section 2.2 suggest no such pre-mandate
effects, so neither explanation seems to be a particularly important factor for varicella vaccination
rates.
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19-35 months. These effects appear in the year of mandate adoption, peak two years

after adoption, and exhibit a minimal difference from the aggregate trend about six

years after adoption. For a mandate enacted in 2000, the model and estimates imply

that 22% of the increase in state-level immunization rates was caused by the mandate

introduction. To examine whether mandates have differential effects depending on so-

cioeconomic status, we also conduct the analysis separately for subgroups based upon

race, education, and income. We find no evidence that varicella mandates contributed

to a change in the health-status gap between individuals of different socioeconomic

backgrounds. The results provide some evidence of differential effects in the year of

mandate introduction, consistent with the idea that individuals with higher socioeco-

nomic status are quicker to obtain and act upon information about mandates. Finally,

using the estimated causal impacts of state mandates in conjunction with previous

cost-benefit analyses of the varicella vaccine, we provide back-of-the-envelope calcula-

tions that suggest that the state mandates make sense from an economic standpoint.

The mandate benefit is estimated to be $5.70 per child. Section 2.3 concludes.

2.1 Background and data sources

In 1995, the United States introduced a universal childhood varicella vaccina-

tion program, with recommendations that all children between the ages of 12 months

and 12 years receive one dose of the varicella shot.7 Prior to the availability of the

vaccine, approximately 4 million cases (15-16 per 1000 population) of varicella oc-

curred annually nationwide (Wharton, 1996). Although varicella is considered by

many to be a relatively mild childhood disease, approximately 270 per 100,000 cases

7There remains significant debate internationally over the need for universal childhood varicella
vaccination. While several countries have adopted vaccination programs, there are many European
countries that have delayed implementation of such programs (Bonanni et al., 2009).
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required hospitalization between 1988 and 1995 (Galil et al., 2002), and approxi-

mately 2.6 per 100,000 cases resulted in death between 1990 and 1994 (Meyer et al.,

2000). The District of Columbia enacted the first varicella immunization mandate in

1997. By 2000, 19 states had either daycare- or school-entry mandates. As of the end

of 2009, Idaho and Wyoming were the only remaining states without a daycare- or

school-entry mandate.

Evidence exists of decreased varicella incidence since the introduction of the

vaccine. Varicella is not a nationally reportable disease, which poses challenges to

determining true disease incidence on a national level. However, in 1995 with the

introduction of the vaccine, the CDC instituted active surveillance of varicella in three

cities to better track varicella cases. Seward et al. (2008) report a decline in varicella

cases between 1995 and 1996 and another decline in cases in 1999. Figure 2.1 presents

the number of cases by age reported in one of the active surveillance sites between

1995 and 2000.8 While varicella incidence declines for all age groups, the decline is

largest for children between the ages of one to nine, who were specifically targeted by

vaccine recommendations. Although uncommon, death is the most serious potential

outcome of contracting varicella. In addition to decreasing the incidence of varicella,

another goal of the vaccine is to reduce the severity of the disease if contracted.

Nguyen, Jumaan, and Seward (2005) report that death rates due to varicella have

declined since the universal vaccination program began, from 124 deaths in 1990 to

26 deaths in 2001, with the largest decline seen for adults.

Information regarding state varicella mandates was obtained from the Immu-

nization Action Coalition. The complete list of mandate introduction dates, for both

daycare-entry and school-entry mandates, is provided in Table 2.1. A daycare-entry

8Data taken from Seward et al. (2008). Incidence rates are for Antelope Valley, CA, one of the
designated surveillance sites for varicella following the introduction of the vaccine.
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Figure 2.1: Incidence of varicella from a surveillance site, 1995-2000

(school-entry) mandate requires that children be immunized prior to entry into a

daycare (school) facility. While both types of mandates are often enacted at the

same time by states, there are several instances where (i) states do not enact these

mandates simultaneously (e.g., Missouri had a daycare mandate in 2001 and a school

mandate in 2005) or (ii) states have enacted only one type of mandate (e.g., Nevada

has a school mandate but no daycare mandate).

For data on immunizations, we use state and individual-level data from the

1996-2007 National Immunization Survey (NIS). The NIS is an annual survey con-

ducted by the CDC. An unfortunate limitation of the NIS data is that immunization

data are gathered only for children aged 19 to 35 months. Using the individual-level

immunization survey data from the NIS, the National Center for Health Statistics

constructs state-level varicella vaccination rates for children aged 19 to 35 months.

The sample covers all 50 states and the District of Columbia.
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Table 2.1: Varicella vaccination mandates, by state

Year in Effect Year in Effect
State Daycare Elementary State Daycare Elementary
Alabama 2000 2001 Montana 2006
Alaska 2001 Nebraska 2004 2004
Arizona 2005 2005 Nevada 2003
Arkansas 2000 2000 New Hampshire 2003 2003
California 2001 2001 New Jersey 2004 2004
Colorado 2000 2000 New Mexico 2000 2002
Connecticut 2000 2000 New York 2001 2003
Delaware 2002 2003 North Carolina 2002 2006
Dist. of Columbia 1997 1997 North Dakota 2004 2004
Florida 2001 2001 Ohio 2006
Georgia 2000 2000 Oklahoma 1998 1998
Hawaii 2002 2002 Oregon 2000 2000
Idaho Pennsylvania 1997 2002
Illinois 2002 2002 Rhode Island 1999 1999
Indiana 2003 2004 South Carolina 2000 2001
Iowa 2004 2004 South Dakota 2000
Kansas 2009 2004 Tennessee 1999 2002
Kentucky 2001 2001 Texas 2000 2000
Louisiana 2003 2003 Utah 2008 2002
Maine 2002 2003 Vermont 2008
Maryland 2000 2001 Virginia 1997 2002
Massachusetts 1998 1999 West Virginia 2000
Michigan 2000 2002 Washington 2006 2006
Minnesota 2004 2004 Wisconsin 2001 2001
Mississippi 2002 2002 Wyoming
Missouri 2001 2005

Source: Immunization Action Coalition. Note: A blank cell indicates no mandate as of 2009.
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Trends in immunization rates between 1996 and 2007 are shown in Figure 2.2.

National rates are plotted along with the average immunization rates for states that

enacted a school-entry mandate prior to 2001, the average for states that enacted a

school-entry mandate after 2003, and the average for states that had not enacted a

mandate prior to 2007.9 The average vaccination rates for states with mandates prior

to 2001 are higher than the national rate in 1999 through 2002. Although the average

vaccination rate for states that enacted mandates after 2003 trailed the national rate

since the introduction of the vaccine, the vaccination rate is roughly equivalent to

the national rate in 2007 and also the average rate for states with mandates prior

to 2001. In contrast, in 2007, the average vaccination rates for states that had not

enacted a mandate by 2007 are about 10% lower than the national rate. Table A1 in

the Appendix provides additional state-level vaccination rates in selected years.

Descriptive statistics for the NIS individual-level data are reported in Ta-

ble 2.2, also broken down into subsamples based upon vaccination status. Of the full

sample of 324,553 children, 64.8% have received the varicella vaccine, and for the sub-

sample from 1999-2007, 4.8% have contracted varicella with a higher 13.2% among

unvaccinated children.10 Hispanic children have higher vaccination rates (69.1%)

than whites (64.9%) and blacks (63.4%). Vaccination rates increase with mother’s

age: 65.6% for mothers younger than 20, 68.3% for mothers between 20 and 29, and

71.3% for mothers 30 and older. As expected, the vaccination rate is also higher

for more educated mothers. The vaccination rate for children whose mothers have a

college education is 69.3%, roughly 6-8 percentage points higher than the other edu-

cation categories. All income levels below $50,000 have vaccination rates of around

60%, while the highest income bracket has a vaccination rate of 70.6%. At the time

9The reported averages are simple averages over the states, not population-weighted averages.
10The question for whether the child had contracted varicella became available in the NIS begin-

ning in 1999.
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Figure 2.2: Varicella vaccination rates in the United States, 1996-2007
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Table 2.2: Descriptive statistics, National Immunization Survey (1996-2007)

Full sample Vaccinated Unvaccinated Fraction of
subsample subsample category

(mean) (mean) (mean) vaccinated
Child Vaccinated 0.648 1 0 1

Had varicella∗ 0.048 0.026 0.132
Female 0.488 0.488 0.489 0.648
Male 0.512 0.512 0.511 0.649
Black 0.150 0.147 0.156 0.634
Hispanic 0.179 0.190 0.157 0.691
Other non-white race 0.073 0.077 0.066 0.682
White 0.598 0.586 0.620 0.635
Age: < 24 months 0.397 0.298 0.294 0.651
Age: 24-29 months 0.353 0.356 0.346 0.655
Age: 30-36 months 0.351 0.346 0.359 0.640

Mother Age: < 20 0.023 0.023 0.023 0.656
Age: 20-29 0.382 0.402 0.344 0.683
Age: 30+ 0.595 0.574 0.633 0.713
Less than high school 0.113 0.110 0.121 0.626
High school graduate 0.279 0.262 0.311 0.609
Some college 0.213 0.207 0.224 0.630
College graduate 0.394 0.421 0.344 0.693
Income: <$10K 0.109 0.102 0.121 0.608
Income: $10-20K 0.141 0.135 0.153 0.619
Income: $20-30K 0.141 0.130 0.160 0.599
Income: $30-50K 0.219 0.208 0.239 0.617
Income: >$50K 0.390 0.424 0.326 0.706

Mandates Daycare 0.496 0.605 0.295 0.791
Elementary 0.442 0.543 0.256 0.796
No Mandate 0.481 0.369 0.687 0.498

Sample Size 324,553 210,461 114,092
∗“Had varicella” item available only in years 1999-2007.

of their interview, 49.6% (44.2%) of children live in a state with a daycare-entry

(school-entry) mandate in effect; 48.1% live in a state with no mandate in effect.

Note that the no-mandate observations tend to be earlier within the sample, which

partly explains the much lower vaccination rate of 49.8%.
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2.2 Models and results

2.2.1 State-level regression model

In order to capture the full dynamic effect of school-entry mandates on vaccina-

tion rates, this paper follows the estimation strategy of Wolfers (2006).11 Specifically,

the following model is specified for state-level vaccination rates:

Vst =
∑
k∈K

βkM
k
st + θs + θt + εst, (2.1)

where s indexes state, t indexes time, Vst is the vaccination rate, Mk
st is a dummy

equal to one in the kth period following the enactment of the mandate (k = 0 implies

the mandate is enacted that period), θt are year indicator variables, and θs are state

indicator variables. The state indicator variables θs allow for time-invariant unob-

servable state characteristics to affect vaccination rates, whereas the year indicator

variables θt allow for a flexible specification of the aggregate trend in vaccination

rates. βk is interpreted as the impact of a mandate in state s at time t on the vac-

cination rate k periods following the mandate relative to states without mandates

at time t. The set K indicates the number of leads and lags included in the model.

For the results presented below, the set K = {−2,−1, 0, 1, 2, 3, 4, 5, 6, 7} requiring ten

indicator variables is used.12

As pointed out by Wolfers (2006), the specification in (2.1) is preferred to a

specification with a single mandate indicator since the results from the latter specifica-

tion can confound pre-existing trends with the response of the vaccination rates to the

11Wolfers (2006) considered the effect of state-level unilateral divorce laws on divorce rates. See
also Friedberg (1998). Divorce laws in his context are analogous to immunization mandates here,
and divorce rates in his context are analogous to immunization rates here.

12Different choices for K yield very similar results, available upon request from the authors. The
pre-mandate (negative k) indicator variables turn out to be insignificant regardless of the specifi-
cation of K, whereas post-mandate (positive k) indicator variables die out in significance past the
fourth year.
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vaccination mandates. Additionally, the dynamic effects of the policy are likely not

captured by treating the policy as a structural break. To further assess the possible

endogeneity of mandate introduction, we examined the relationship between intro-

duction date and several state characteristics. Specifically, one might think that that

states with low initial vaccination rates, high population density, a more educated

population, or higher average income might implement mandates sooner compared

with other states. In two regressions, one using measures from the 1990 Census and

one using measures from the 2000 Census, we found that only high-school-diploma

percentage was statistically significant in predicting earlier mandates. Since this vari-

able should be well-captured by state fixed effects and also by individual mother data,

we are not particularly concerned by this source of endogeneity.13 Of course, we can

not rule out the possibility of bias arising from state-level shocks in a given year, for

example a widely publicized series of chickenpox deaths.

2.2.2 Individual-level regression model

The NIS individual-level data does not constitute a traditional panel dataset

since each individual is interviewed only once. Nevertheless, we can still adopt the

approach from the previous section in modeling individual-level vaccination since

we can deal with unobserved state-level characteristics by including state indicator

variables. Augmenting the specification in (2.1) with individual control variables Xi

and using a linear-probability specification for the binary vaccination variable Vi, we

specify the following model:14

Pr(Vi = 1|Xi, s(i), t(i)) =
∑
k∈K

γkM
k
s(i) +Xiα + δt(i) + δs(i), (2.2)

13Detailed results are available from the authors.
14Probit estimation of the same model yields extremely similar results to the linear probability

model. The latter has been used for greater ease of interpretation for marginal effects.
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where i indexes individuals, s(i) is individual i’s state, and t(i) is the year in which

individual i was sampled. Like the state-level model, the specification in (2.2) allows

for unobserved state heterogeneity, a flexible aggregate trend in vaccination rates, and

a flexible dynamic specification for the state-level mandate effects. The vaccination

indicator Vi is equal to one if individual i has ever received a varicella vaccination.

The wording of the question regarding varicella vaccination in the survey is such that

the data only records whether an individual has ever received a varicella vaccine.

This might raise concerns that a portion of the individuals were vaccinated prior to

mandate enactment and, therefore, the decision to vaccinate could not have been

a consequence of the mandate. This limitation in the question wording should not

impact the results substantially given the young ages in the sample (19-35 months)

coupled with the fact that varicella vaccinations are not administered before a child

is one year old.

2.2.3 Results

2.2.3.1 Regression analysis

Given the high correlation between daycare-entry and school-entry mandate

enactment, we define the mandate indicator variables as equal to one if either of the

two possible mandate types are in place.15 The main estimation results are presented

in Table 2.3. For all regressions, standard errors have been clustered at the state

level. The first two columns present unweighted and population-weighted state-level

results, and the last two columns present the individual-level results with a full set of

control variables and only state/year controls. Note that all estimates are reported

in percentage-point terms; for example, looking at the first column, the effect in the

15Specifications which defined the mandate indicator variables (i) using only school-entry man-
dates, (ii) using only daycare-entry mandates, and (iii) jointly using both school entry and daycare
entry mandates were also estimated. Results are available upon request.
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Figure 2.3: Effect of mandates on vaccination rates

year of mandate introduction is a 3.87 percentage-point increase in the vaccination

rate.16 To help visualize the effects, the population-weighted state-level estimates and

the full-control individual-level estimates are also plotted in Figure 2.3.

For the state-level regressions, there is no evidence of statistically significant

pre-mandate effects, and the mandate effects appear in the year of the mandate

introduction. For the individual-level regression, the one-year pre-mandate effect is

marginally significant at the 10% level. Given that most states announce vaccination

requirements at least one year in advance, this effect might indicate that individuals

vaccinate one year prior to the mandate in anticipation of the upcoming school year.

Even with the one-year pre-mandate effect, the mandate effect is significantly larger

16For the individual-level results, the effects are interpreted as percentage-point effects on an
individual’s vaccination probability.
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in the year of the mandate introduction (p-value < 0.01). The mandate effects remain

statistically significant for six years post-mandate for state-level regressions and four

years post-mandate for individual-level regressions. The overall pattern evident in

Figure 2.3 is an inverted U-shape, with the magnitude of the effects peaking 1-2

years after mandate introduction and weakening six to seven years after mandate

introduction.

For the discussion of the magnitude of the effects, we focus upon the population-

weighted state-level model (second column of Table 2.3). For the year of the mandate

introduction, the causal effect is given by the change from the 1-year pre-mandate

estimate (β̂−1 = 1.08) to the year-of-introduction estimate (β̂0 = 3.63), which is an

effect of a 2.55 percentage-point increase in the vaccination rate in the initial mandate

year. Note that the post-mandate effects provided in the table are not cumulative;

each estimate represents the difference from the overall trend in that given year. So,

the 1-year post-mandate estimate of 4.85 percentage points (above trend) represents

an additional 1.22 percentage-point increase relative to the initial-year effect. The

2-year-post-mandate effect, the peak, represents an additional 1.16 percentage-point

increase in vaccination rates.

For the full-control specification of the individual-level model, the estimates

associated with the non-mandate control variables, denoted Xi in equation (2.2), are

reported in the Appendix in Table A2. As expected from the descriptive statistics in

Section 2.2, vaccination is more likely among Hispanics and among children of more

educated and wealthier mothers. Turning to the mandate effects in Table 2.3, the

pattern of significance mirrors that of the state-level estimates. The estimates are

significant at the 5% level in the year of mandate introduction and in each of the

four years after mandate introduction. Although the magnitudes for the 5-year and

beyond estimates are similar to those found in the state-level regressions, statistical
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significance disappears due to slightly higher standard errors for the individual-level

regressions.

2.2.3.2 Effects of a hypothetical mandate

Since varicella immunization rates experienced a rapid increase across the

United States during this time period even in states without mandates, it is important

to determine how much of the increase in mandate states can be attributable to the

mandates themselves. Given that the immunization-rate increases were steeper soon

after the vaccine introduction between 1995 and 2000 relative to the post-2000 period,

we consider the effects of hypothetical mandates at two different times. The results

are summarized in Table 2.4, for a hypothetical mandate introduced in 1998 and a

hypothetical mandate introduced in 2000.17 The “State-level results” are based upon

the population-weighted state-level results in Table 2.3, whereas the “Individual-level

results” are based upon the individual-level results with full controls in Table 2.3. The

estimated changes are reported using the year prior to mandate as the baseline, with

the percentage of the overall increase attributable to the mandate also reported. To

provide a complete view of both the short-run and long-run importance of mandates,

the estimated effects are calculated for time horizons extending to seven years after

mandate introduction.

The state-level estimates indicate that for a hypothetical 2000 mandate, 22.0%

of the initial-year increase in vaccination rate is attributable to the mandate. The

analogous estimate for a hypothetical 1998 mandate is 12.9%. The cumulative effects

of the mandate for the first three years following the mandate are 15.0% for the

2000 introduction and 8.1% for the 1998 introduction. Overall, the results indicate

17Given that our mandate indicators were defined as either type of mandate, we make no distinc-
tion whether the hypothetical mandate is daycare-entry or school-entry.
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that the impact of the mandate is a short-run phenomenon. The importance of the

mandate effect relative to the aggregate time trend, measured by the percentages

in Table 2.4, is cut by more than a half by the fourth year after the mandate and

disappears completely approximately six to seven years after the mandate.

The individual-level estimates in Table 2.4 are quantitatively similar to the

state-level estimates, although the implied short-run mandate effects are slightly

larger. For instance, the 2000 mandate is estimated to be responsible for 27.7% of the

vaccination increase in the year of introduction relative to the state-level estimate of

22.0%.

The estimates imply that mandate effectiveness is a short-run phenomenon

that lasts only a few years. Empirically, the aggregate time trends are substantially

more important over a horizon of six years or more. These aggregate time trends re-

flect nationwide trends, specifically a greater acceptance of the safety and effectiveness

of the varicella vaccine and also incorporation of the vaccine into standard pediatric

care. These latter effects, even in the absence of mandates, appear to account for

nearly all of the increased vaccination rates at a longer time horizon.

2.2.3.3 Implications for health equity

To supplement our model estimates based upon the full individual sample,

we consider estimates based upon various subsamples in order to determine whether

varicella vaccination mandates have contributed to health-quality disparities. The de-

scriptive statistics of Section 2.2 indicate that certain socioeconomic groups (Hispanic,

high income, high education) have higher vaccination rates. An important question

is whether or not vaccination mandates have had a differential impact on different

socioeconomic groups. Whether mandates would widen or narrow the health-status

gap is ex ante unclear. If fully enforced, mandates could narrow the health-status gap
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by forcing individuals to obtain vaccinations when they would not have previously.

Mandated vaccines are recognized as the medical standard of care, which makes them

eligible for private insurance coverage, and many clinics administer the vaccine at low

cost or free. Additionally, low income children have access to the Vaccines for Chil-

dren (VFC) program, which provides vaccines at no cost to children who might not

otherwise be vaccinated due to inability to pay. On the other hand, the mandates

may widen the health-status gap if certain groups are more affected by them. Such

a differential effect could arise if a group is more likely to utilize day care and be

subject to the day-care mandate. Also, if mandates are not well enforced, certain

groups may be more likely to ignore the mandate.

To look at the possibility of differential effects due to socioeconomic or de-

mographic status, we consider three different splits of the sample: (i) white versus

non-white, (ii) low-income versus high-income households (using a $50,000 cutoff

for household annual income), and (iii) non-college educated mothers versus college-

educated mothers. The subsample estimates in Table 2.5 are presented as hypothet-

ical mandate estimates, similar to the full-sample results in Table 2.4. The results

do not indicate substantial differences between the effects for the various subsamples,

especially after the year of mandate introduction. There are some differences that

arise in the year of the mandate introduction, with slightly higher vaccination take-

up rates for the white, more educated, and higher income subsamples. For instance,

the college-educated mother subsample has a 3.09 percentage-point increase in vac-

cination in the year of mandate introduction as compared to a 2.44 percentage-point

increase for the non-college-educated mother subsample; for the 1998 hypothetical

mandate, the mandate accounts for 18.2% of the vaccination increase experienced by

the college-educated mother subsample as compared to 13.3% for the non-college-

educated mother subsample.
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The results provide some evidence of differential effects in the year of mandate

introduction, which is consistent with the idea that individuals with higher socioeco-

nomic status are quicker to obtain information about mandates and also to act upon

this information. Overall, however, the results do not indicate that the vaccination

mandates led to a significant widening or narrowing of the health-status gap in the

years following mandate introduction.

2.2.3.4 Estimated benefit of the mandates

While the results above provide strong evidence that vaccination mandates

were indeed effective at raising vaccination rates, an economic justification for vac-

cine mandates requires that the associated costs are outweighed by the associated

benefits. To provide a back-of-the-envelope analysis of the benefits associated with

the vaccination mandates, we combine the estimated causal effects from above with

previous cost-benefit estimates for the varicella vaccine. Our vaccine cost-benefit es-

timates are based upon Zhou et al. (2008), as it is the most recent and comprehensive

study available.18

We consider the economic benefit associated with a mandate for a single na-

tionwide birth cohort, assumed to be 4.1 million individuals as in Zhou et al. (2008).

For the mandate’s causal effect, we use the year-of-mandate estimate of 2.7 per-

centage points for the individual-level regression with full controls.19 This mandate

differential of 2.7 percentage points is assumed to persist throughout the lifetime.

The following additional assumptions are made:

18Results based upon the earlier Zhou et al. (2005) are quantitatively similar, but Zhou et al. (2008)
has the advantage of breaking down costs and benefits into disease-related and vaccine-related cat-
egories.

19From Table 2.3, this estimate is obtained by subtracting the 1.76 1-year-pre-mandate estimate
from the 4.45 year-of-mandate estimate.
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• The pre-mandate vaccination rate is 88%, the national vaccination rate in 2005.

• 15.5% of the vaccinated population contracts varicella (the median rate in the

twenty studies reviewed by Marin et al. (2008)).

• 99.62% of the unvaccinated population contracts varicella (based upon Zhou et

al. (2008) and consistent with Wharton (1996)).

• The varicella contraction rates are the same with and without the mandate.

This assumption will lead to a conservative benefit estimate as it ignores po-

tential herd-immunity effects with increased vaccination rates.

• The cost per varicella case is $439.98 (Zhou et al., 2008). This amount includes

direct costs, such as hospitalization, drug claims, and outbreak management

costs, and indirect costs, such as value of life lost and work-days missed.

• The cost per vaccination is $159.14 (Zhou et al., 2008). This amount includes

the actual cost of the vaccine, travel time, and possible medical complications.

Table 2.6 presents a summary of the estimated benefits associated with the varicella

mandate for a single birth cohort. For a nationwide mandate, we estimate a net

decline of 93,121 varicella cases within the cohort. While the vaccine-related costs

increase by over $17.62 million due to the increase in vaccinations, these costs are

more than offset by the decline in disease-related costs of $40.97 million. The net

benefit associated with the mandate for this cohort is estimated to be $23.35 million

or $5.70 per child.

While there are no data available on the costs of state-level mandate imple-

mentation, the mandate-benefit calculation provides an upper bound on costs that

would make such a mandate economically worthwhile. If one applies the per-child
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Table 2.6: Benefits of a varicella mandate for a single birth cohort

Pre-Mandate Post-Mandate Change
Cohort size 4,100,000 4,100,000
Vaccination rate 88.0% 90.7% +2.7%
Total vaccinated 3,608,000 3,718,700 +110,770
Total varicella cases 1,049,370 956,250 −93,121

Cases in vaccinated population 559,240 576,399 +17,159
Cases in unvaccinated population 490,130 379,851 −110,279

Cost of varicella cases $461,701,989 $420,730,681 −$40,971,307
Cost of vaccinations $574,177,120 $591,793,918 +$17,616,798
Decrease in costs due to mandate $23,354,509
Decrease in costs due to mandate (per child) $5.70

The mandate effect of 2.7 percentage points is based upon the individual-level results in Table 2. Varicella
contraction probabilities of 99.62% and 15.5% for unvaccinated and vaccinated individuals, respectively,
are assumed. The cost-per-case and cost-per-vaccine values of $439.98 and $159.14 are based upon
Zhou et al. (2008).

benefit of $5.70, the benefit for California, with roughly 550,000 births in 2005, is

roughly $3.1 million whereas the benefit for Maine, with roughly 14,000 births in

2005, is roughly $80,000. Recall that these estimates are for a single birth cohort.

Given that an administrative infrastructure already exists in every state for other vac-

cination mandates, the only costs associated with the varicella-vaccine mandate are

those required to change the school-entry forms and to inform the medical community

and public about the new requirement.20 These costs are short-term costs, whereas

the benefits accruing to the mandate can apply to successive birth cohorts. If the

same benefit applied to five cohorts, for instance, the benefit to California would be

roughly $15.5 million and the benefit to Maine roughly $400,000. It seems likely that

the marginal cost of mandate implementation is quite a bit less than these estimates.

Moreover, the benefit estimates should be viewed as conservative since they ignore

possible herd-immunity effects and are based only upon data from 19-35 month-old

children.

20Costs due to increased vaccinations are already part of the mandate benefit calculation above.
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2.3 Conclusion

This study is the first to formally estimate the causal effects of state-level vac-

cination mandates upon immunization rates within the United States. Using longi-

tudinal immunization data and the differential timing of state-mandate introduction,

we establish that state-level mandates were indeed successful at increasing varicella

immunization rates, above and beyond the aggregate upward trends in immunization

rates observed throughout the country after introduction of the varicella vaccine in

1995. The mandate effects are, however, somewhat short-lived with the peak effec-

tiveness occurring roughly two years post-mandate; after about six years, the causal

impact of mandates dies out.

It is worthwhile to compare our causal mandate-effect estimates with the re-

sults in Davis and Gaglia (2005). For cross-sectional NIS data in 2002, Davis and

Gaglia (2005, Table 4) report roughly a 7-9 percentage-point higher immunization

probability for children in mandate states than children in non-mandate states. This

“raw” difference can be compared to the individual-level mandate effects reported in

Table 2.4, in which we find that the short-run causal effects of the mandates are on

the order of 2-4 percentage points. The mandates themselves, therefore, account for

a little under half of the observed difference in 2002 immunization rates.

There are a few limitations to the current study. First, the results are specific

to the varicella vaccine. Although we would expect the pattern of the mandate ef-

fects to be similar for other childhood vaccines, the magnitude of mandate effects for

a specific vaccine will depend on several factors, including parents’ perceptions of the

relative costs and benefits of the vaccine for their child. Whereas many parents viewed

varicella as a relatively mild affliction and may have been hesitant to vaccinate their

child without a mandate, more serious diseases like the recent H1N1 influenza virus

might not require mandates. Second, although we have identified significant effects
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from state mandates, we do not know the channels by which this effect is transmitted.

Mandates could be effective by raising public awareness or doctors’ awareness even

in the absence of the compulsory nature. Insurance companies might react to man-

dates by offering coverage for newly mandated vaccines. In addition to examining the

specific channels that influence mandate effectiveness, future research could take a

more detailed look at the extent to which local enforcement practices and exemption

policies affect mandate effectiveness. Finally, a more convincing cost-benefit anal-

ysis of vaccine mandate effectiveness will require more detailed information on the

costs associated with mandate implementation. State-level data on such costs would

complement the mandate-benefit estimates that we have provided.
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Chapter 3

Access to Emergency contraception and its impact

on fertility and sexual behavior

Half of all pregnancies in the United States are unintended — in 2001, 3.1

unintended pregnancies occurred (Finer, 2006). Although Emergency Contraception

(EC) is not as effective as regular birth control methods, the availability of EC in the

United States provides women with the opportunity to prevent unindented pregnan-

cies in the absence of regular birth control or if regular birth control fails. Despite its

availability through prescription, changing EC to non-prescription status has been a

contentious issue in the US. The debate regarding over the counter status and the

FDA’s reluctance to approve over the counter access was the catalyst for the Cen-

ter for Reproductive Rights filing a suit in 2005 against the FDA claiming that the

agency’s failure to approve Plan B for over the counter access impermissibly denied

women access to EC. Indeed, the judge’s opinion in the case, stating that the FDA had

“acted in bad faith and in response to political pressure” highlights how politically

charged the issue has been.1

To date, the impact of access to EC has primarily been studied through ran-

domized control trials (RCT). Raymond et. al. (2007) provide a review of all stud-

ies related to EC, with particular emphasis on studies that examine the impact of

increased access. Across 23 separate studies, 14 of which were RCT, there is no evi-

1Much of the political debate stems from the misconception that EC causes an abortion, such
that EC gets swept up with the abortion debate.
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dence of differences between intervention and control groups in pregnancy or abortion

rates, however, there is consistently evidence of higher EC use among intervention

groups. Girma and Paton (2006, 2011) examine the impact of the introduction of lo-

cal pharmacy schemes in which EC is provided over-the-counter (OTC) to teenagers

by pharmacies in England. Using both matching techniques (2006) and difference

in difference (2011), they find no causal link between free OTC access to EC and

teen conception rates. However, they do find evidence that introduction of free EC

schemes is positively related to sexually transmitted infection (STI) diagnoses among

teenagers.

This study takes advantage of variation in EC legislation across states over

time to determine the effect of over the counter access to EC in the United States

on state-level abortion rates, birth rates, and risky sexual behavior, which is mea-

sured by sexually transmitted disease (STD) rates. Additionally, the paper examines

whether there are differential effects across various age and race groups — effects for

teenagers are of particular interest since currently individuals must be 17 or older to

obtain EC without a prescription in the majority of the US. In addition to aggregate

data, individual-level analysis is performed with the NLSY, which has the benefit of

being able to link sexual behaviors to other individual characteristics such as income,

marital status and education. The expected effect of less restrictive access to EC on

pregnancies is ambiguous. Over the counter access to EC can be thought of as an

additional form of insurance against contraceptive failure or non-use. As a result,

individuals might engage in increased levels of risky sexual behavior. The decision

whether to actually use EC following risky sex may be different than the individual

expected to take when deciding to engage in risky sex. Therefore, it is possible that

easier access to EC might actually increase pregnancies.

This paper is the first to study the effect of increasing EC access for the
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United States on a population level.2 Indeed, in their review of existing EC studies,

Raymond et. al. (2007) point out that to date no study has showed that increased

access reduces unintended pregnancy or abortion rates on a population level. The

results are of particular interest from a policy standpoint since the importance of

over the counter access to EC in the US, particularly for minors, is still part of the

political debate.

The aggregate results indicate that over the counter access to EC decreases

births by 5.4% relative to baseline and increases STDs by 12.5% relative to baseline.

The higher STD rates indicate that individuals are engaging in more risky sexual be-

havior. The impact of over the counter access to EC is larger for adults compared with

teenagers: births (STDs) decrease (increase) by 4.6% (17.2%) for adults compared

with 1.5% (2.2%) for teenagers. The dynamic specification is consistent with EC leg-

islation having effects beyond the year of introduction: the effects on both birth rates

and STD rates remain significant four years following the over the counter switch.

Individual-level results using the NLSY also find an increase in various measures of

risky sexual behaviors as a result of over the counter EC legislation.

Section 3.2 provides a background on the institutions regarding EC, section

3.3 presents the data, section 3.4 presents the estimation strategy, section 3.5 presents

the results, and section 3.6 concludes.

3.1 Institutional Background

The first product specifically marketed as an emergency contraceptive in the

U.S. (Preven) received approval in the fall of 1998; the second EC product, Plan B,

2As I neared the completion of this chapter, it was brought to my attention that Zuppann (2011)
has a similar working paper. A comparison of our results can be found in the conclusion section.

58



became available in 1999. Initially, EC could only be obtained with a prescription.

EC has been shown to be most effective up to 72 hours following uprocteded sex,

but more recent evidence indicates some degree of effectiveness up to 5 days after

unprotected sex. The need for a prescription (which requires scheduling and visiting a

physician in addition to going to a pharmacy) can cause delay in access to EC following

unprotected sex, and therefore generates the potential for decreased effectiveness of

EC. In 2003, numerous medical groups including the American Medical Association

and the American College of Obstetricians and Gynecologists, indicated their support

for switching Plan B to OTC status to the FDA. By this time, non-prescription

access to EC was already available in many countries, including the United Kingdom,

Portugal, and Finland.

In December 2003, an FDA advisory committee voted to switch Plan B from

prescription to OTC status, but the FDA rejected the switch in 2004.3 In August

2005, the FDA announced Plan B was safe for OTC use by women 17 and older,

but they also announced they would delay a final decision indefinitely.4 The FDA

approved the switch of Plan B to OTC status for individuals aged eighteen and older

in August 2006; Plan B would be kept behind the pharmacy counter but would be

available without a prescription. The age restriction was decreased to seventeen in

2009.

While access to EC for minors is still by prescription only, minors still face

fewer barriers to access because they can legally have someone older than 17 purchase

EC for them. Prior to the FDA switching Plan B to OTC status in 2006, 9 states

3The vote tally was 23-4 in favor of the switch.
4No medical reasons necessitate EC to be prescription only products for individuals of any age.

The FDA cited the following issues for their delay: whether Plan B could be both prescription-only
and OTC depending on age, whether prescription and OTC versions of the same drug could be
marketed in the same package, and whether the age restriction could be enforced.
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Table 3.1: EC Legislation, by state

State Year in Effect
Washington 1998
California 2002
Alaska 2003
Hawaii 2003
New Mexico 2003
Maine 2004
Massachusetts 2005
New Hampshire 2006
Vermont 2006

Source: National Conference of State Legislatures, 2011.

passed initiatives which allowed individuals of any age to obtain EC directly from a

pharmacist without a prescription. In 1998, Washington was the first state to pass

such legislation, and eight other states subsequently passed legislation.5 Table 3.1

presents the states with over the counter EC legislation as well as the year the law

took effect.

3.2 Data

Data on state-level EC legislation were obtained from the National Conference

of State Legislatures (NCSL). Aggregate data represent state-level data for the years

1993-2007. Currently 2007 is the most recent year of data available for abortions

and STDs. The three dependent variables considered are the birth rate, the abortion

rate, and the STD rate, which is a measure of risky sexual behavior. Means for the

5State-level legislation supersedes the FDA ruling. As a result, minors in those states can still
obtain EC over the counter.
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aggregate outcomes are given in Table 3.2.

Birth rates are collected from the Center for Disease Control (CDC) vital

statistics website, and can be separated by various age and race categories. The birth

rate is given as the number of births per 1000 women aged 15-44.6 The abortion rate

represents the number of abortions performed in a state per 1000 women aged 15-44

who reside in that state. These data are collected annually by the CDC, however

some states do not report abortion statistics to the government.7 As with the birth

data, abortion data can be separated by various age and race categories. Population

estimates from the Census Bureau are used to calculate rates for subgroups, since

these data are reported in totals rather than rates. Data for select STDs (chlamydia,

gonorrhea, and syphilis) are collected by the CDC annually. The three rates are

combined to generate a composite STD rate (per 1000 women), which serves as a

measure of risky sexual behavior. STD rates can also be further broken down into

various age and race categories.

A placebo test is conducted using data from 1993-1997 (all years in the sample

prior to the first otc legislation). The “pre-otc” period includes 1993-1995, and the

“post-otc” period includes 1996-1997; results are shown in Table 3.3.8

3.2.1 Individual-level data: NLSY 1997

In order to further examine the impact of over the counter EC access on sexual

behavior, individual-level analysis is performed using the 1997 National Longitudinal

6For regressions involving age or race subgroups, the rate is calculated as the number of births
per 1000 women within that subgroup.

7Specifically, starting in 1998, California and New Hampshire do not report abortion statistics.
Alaska, Louisiana, Oklahoma, and West Virginia do not report in all years, but they report in the
majority of the years.

8The STD data is not available until 1996. A placebo test is conducted using 1996-1997 data, as
well as 1996-1998 data. The results from the 1996-1998 data are shown in the table.
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Table 3.2: Abortion, Birth, and STD Rates (per 1000 women aged 15-44) by EC
Legislation, 1993-2007 (CDC data)

Full Sample Pre-FDA States FDA States
Pre-OTC Post-OTC Difference Pre-OTC Post-OTC Difference

Abortion Rate 16.75 25.05 17.45 -11.48 16.29 15.74 -0.96***
(1.54) (5.94) (1.20) (6.91) (0.53) (1.16) (0.28)

Birth Rate 14.05 14.27 13.33 -0.789 14.04 14.20 0.04
(0.33) (1.07) (0.37) (0.456) (0.11) (0.26) (0.10)

STD Rate 6.76 3.95 5.71 2.01*** 6.75 8.06 1.35***
(0.29) (0.44) (0.75) (0.355) (0.11) (0.24) (0.11)

Means are population weighted with standard deviations in parenthesis. Pre-FDA states includes the nine
states that passed OTC EC legislation prior to the FDA ruling in 2006. FDA states includes the 42 states that
have not passed legislation but were affected by the FDA ruling. STD data is available beginning in 1996.
Significance — ∗: P < 0.10, ∗∗: P < 0.05, ∗∗∗: P < 0.01.

Table 3.3: Placebo Test: Abortion, Birth, and STD Rates (per 1000 women aged
15-44) by EC Legislation, 1993-1997 (CDC data)

Pre-FDA States FDA States
Pre-OTC Post-OTC Difference Pre-OTC Post-OTC Difference

Abortion Rate 32.1 31.4 -0.70 17.39 17.74 -0.35
(5.67) (5.39) (3.33) (1.68) (1.89) (1.89)

Birth Rate 16.1 15.6 0.50 14.3 14.16 0.14
(0.97) (0.87) (1.36) (0.3) (0.32) (0.79)

STD Rate 4.11 4.59 -0.48 5.57 6.36 -0.79
(0.31) (0.49) (0.89) (0.16) (0.35) (0.71)

Means are population weighted with standard deviations in parenthesis. Pre-FDA states includes the nine
states that passed OTC EC legislation prior to the FDA ruling in 2006. FDA states includes the 42 states that
have not passed legislation but were affected by the FDA ruling. STD data is available beginning in 1996.
Significance — ∗: P < 0.10, ∗∗: P < 0.05, ∗∗∗: P < 0.01.
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Table 3.4: Sexual Behavior Summary Statistics, NLSY 1997

Full Sample, 1997-2009:
Mean Std. Dev. Min Max N

Had sex ever 0.645 0.479 0 1 38,567
Had sex in past 12 mos. 0.728 0.445 0 1 31,890
No. of sexual encounters in past 12 mos. 128.7 208 0 999 25,431
No. of times used condom in past 12 mos. 33 98.5 0 999 24,627
Risky sex 0.003 0.054 0 1 28,151

Individuals in states with otc EC access:
Mean Std. Dev. Min Max N

Had sex ever 0.837 0.37 0 1 15,630
Had sex in past 12 mos. 0.855 0.352 0 1 15,139
No. of sexual encounters in past 12 mos. 146.6 213.6 0 999 10,426
No. of times used condom in past 12 mos. 30.5 96.9 0 999 10,275
Risky sex 0.003 0.052 0 1 13,870

Statistics are calculated using sample weights. Individuals in states with otc EC access includes states
that passed legislation prior to the FDA ruling and state that did not. Risky sex is equal to one if the
individual has had sex with either an IV-drug user or someone with a stranger in the past 12 months.
Sample sizes vary by outcome due to variations in nonresponse.

Survey of Youth (NLSY). The NLSY interviewed 4385 women aged 12 to 18 in 1997

and has reinterviewed them annually through 2009. Five outcomes related to sexual

behavior are examined: whether the individual has ever had sex ever, whether the

individual has had sex in the past twelve months, the number of sexual encounters in

the past twelve months, the number of times the individual used a condom in the past

twelve months, and whether someone has had sex with either a stranger or an IV-

drug user in the past twelve months (denoted “risky sex”). Table 3.4 gives summary

statistics for the full NLSY sample as well as for the subsample of individuals in states

with over the counter EC access.
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3.3 Estimation Strategy

Since only nine states passed over the counter EC legislation prior to the FDA

ruling, the preferred dynamic specification (presented below) relies on nine states to

identify the estimates. In order to take advantage of more data for identification

(this includes both the nine states with legislation and the remaining states that were

affected by the FDA ruling), a simple framework is examined first:

Yst = βOTCst +Xstγ + θs + θt + εst (3.1)

where s indexes state, t indexes time, Yst represents the abortion rate, birth rate,

or STD rate, Mandatest is an indicator equal to one if there is over the counter EC

access in state s at time t, and Xst is a control for median state income.

In order to capture the full dynamic effect of changes in over the counter access

to EC, this paper follows the estimation strategy of Wolfers (2006). Specifically, the

following model is specified for state-level abortion rates, birth rates, and STD rates:

Yst =
∑
k∈K

βkOTC
k
st +Xstγ + θs + θt + εst, (3.2)

where s indexes state, t indexes time, Yst represents the abortion rate, birth rate,

or STD rate, OTCk
st is a dummy equal to one in the kth period following the switch

from prescription-only to OTC status for EC (k = 0 implies the switch took place

that period), Xst is a control for median state income, θt are year indicator variables,

and θs are state indicator variables. The state indicator variables (θs) allow for

(time-invariant) unobservable state characteristics to affect the outcome variable of

interest, whereas the year indicator variables (θt) allow for a flexible specification

of the aggregate trend in the outcome variable of interest. βk is interpreted as the

impact of a switch to OTC status in state s at time t on the abortion/birth/STD rate
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k periods following the switch (relative to states without OTC access at time t). The

set K indicates the number of leads and lags included in the model. For the results

presented below, the set K = {−4,−3,−2,−1, 0, 1, 2, 3, 4} (requiring nine indicator

variables) is used.9

As pointed out by Wolfers (2006), the specification in (3.2) is preferred to

a specification with a single prescription to OTC switch indicator since the results

from the latter specification can confound pre-existing trends with the response of

abortion rates to the OTC switch. Additionally, the dynamic effects of the policy are

likely not captured by treating the policy as a structural break. To further assess the

possible endogeneity of switching to OTC status, I examine the relationship between

the presence of OTC EC legislation and several state characteristics. For example,

one might think that that states with high abortion rates or high birth rates prior to

the availability of EC or a more educated population might make EC available OTC

sooner compared with other states. Results are presented in Table 3.5.

In order to rule out the dynamic model picking up pre-existing trends in fertil-

ity outcomes and risky sexual behavior, controls for the trends in the abortion, birth,

and STD rate are included in one specification, and a second specification includes

average levels of fertility outcomes and risky sexual behavior. The ’other birth con-

trol legislation’ variable refers to whether or not a state has mandated contraception

insurance coverage, which could be an indication of the importance a state places on

contraceptive legislation. None of the state-level characteristics are significant pre-

dictors of the presence of over the counter EC legislation, indicating that pre-existing

trends in fertility outcomes and risky sexual behavior can be ruled out as potential

9Different choices for K yield very similar results, which are available upon request from the
author. However, due to the limited number of observations, estimates of lag terms beyond K=4
are unreliable.
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Table 3.5: Endogeneity Check: EC Legislation Presence

Dependent variable = 1 if state has OTC EC legislation prior to FDA ruling
Variable Estimate Std. Error Estimate Std. Error
Pct. with high school diploma 0.014 0.016 0.01 0.017
Pct. with college degree 0.002 0.018 -0.001 0.018
Pct. vote Bush in 2000 -0.004 0.008 -0.013 0.008
Other birth control legislation 0.122 0.105 0.104 0.071
Trend in abortion rate 0.054 0.089
Trend in birth rate -0.869 0.534
Trend in STD rate -0.028 0.034
Average lagged abortion rate -0.008 0.008
Average lagged birth rate -0.005 0.031
Average lagged STD rate -0.022 0.019
The variables are averages for the 2000s. Results are similar using data from the 1990s. The first
regression examines whether trends in fertility outcomes predict the presence of legislation, and
the second regression examines levels of fertility outcomes.

sources of endogeneity. However, it should be noted that it is not possible to rule out

state-level shocks in a given year as a potential source of bias.

3.3.1 Individual-level models

For the NLSY dataset, models are estimated that are analogous to the model

in (3.1) augmented with individual controls:

Yi = βOTCs(i),t(i) +Xiγ + δt(i) + δs(i) + εs(i),t(i) (3.3)

where i indexes individuals, Yi is the sexual behavior outcome of interest, Xi is a

vector of individual controls, s(i) is individual i’s state, and t(i) is the year in which

individual i was sampled.10 Due to the small sample size of the NLSY in many of

the state-year cells, the dynamic specification is not estimated. Additionally, this

10For binary outcome variables, both OLS and probit estimation was conducted. Since results are
similar for both estimation techniques, LPM estimates are presented.
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analysis does not exploit the panel nature of the data, but rather pools all available

observations.

3.4 Results

Two specifications are estimated for the simple framework in (3.1): one which

defines the over the counter switch indicator as equal to one if a state has legislation,

and one which defines the over the counter switch indicator as equal to one if a state

has legislation or if the FDA ruling is in place. Estimation for both specifications is

performed on the following subgroups: teenagers, adults, individuals in their twenties,

individuals in their thirties, whites, and blacks. The state-level estimation results

for the single indicator model, as well as baseline outcomes and implied percentage

changes, are presented in Tables 3.6 and 3.7.

Over the counter access to EC increases abortions 0.49% in the specification

with states that have otc legislation and 1.19% for the specification with all states,

however these effects are not significant. (OTC access to EC does not significantly

affect abortion rates for any of the subgroups.) OTC access to EC has a relatively

large effect on births: births decrease by 5.39% in the specification that only includes

states with legislation, and births decrease by 4.2% in the specification with all states.

The effects are strongest for adults, particularly for women in their twenties. The

STD rate increases due to over the counter EC access, indicating that individuals

are exhibiting more risky sexual behavior. These effects are much larger for adults

(11.2%) compared with teenagers (2.6%). OTC access to EC does not significantly

affect any of the outcomes for teenagers, however they have the same sign as for

adults.

The results for the flexible time specifications are presented in Tables 3.8-3.11.
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The results from the flexible time specifications indicate that the over the

counter EC legislation has an effect beyond the year of introduction. To better

visualize the effects for adults compared to teenagers, the estimates are graphed in

Figure 3.1. The effect of EC legislation on the birth rate and STD rate is larger for

adults compared with teenagers.

For a discussion of the magnitude of the effects, I focus on the full sample birth

rate regression (the first column in Table 3.4. For the year of the over the counter

switch the causal effect is given by the year of otc switch estimate β̂0 = −0.194, which

is an effect of 0.194 fewer births per 1000 women in the year of the initial switch to

over the counter EC access. The post-switch effects are not cumulative; therefore,

the 1-year post otc-switch estimate of -0.536 represents an additional 0.342 decrease

in the birth rate relative to the intial year effect.

To determine whether OTC access to EC had differential effects on various

subgroups, estimation was conducted using various age and race subsamples. The

initial effect on abortions is largest for women in their twenties in the year of leg-

islation (abortions decreased 4.37% compared with 2.4% for teenagers). The effect

on abortions is also changing over time — by the third year following legislation,

OTC access has caused an increase in abortions. The effect of OTC access on births

is quite large, particularly for women in their twenties, and is increasing over time:

in the fourth year following legislation, births have decreased 14.5% for women in

their twenties. The effect of OTC access to EC is large for all age subgroups, but is

still larger for adults compared with teenagers. As with births, the effect on STDs

is increasing over time. The increasing effects for births and STDs might indicate

individuals are becoming better informed regarding EC access.
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Table 3.12: Effect of OTC EC legislation on sexual behaviors

Pre-FDA States All States
Probability of having sex ever 0.02 0.015

(N=32597) (0.012) (0.016)
Probability of having sex in the past 12 months 0.034** 0.046**

(N=26316) (0.013) (0.022)
Number of sexual encounters in past 12 months 13.798 12.729**

(N=21576) (8.67) (5.26)
Number of times used a condom in past 12 months -5.439* -8.732***

(N=20856) (3.257) (3.180)
Probability of having risky sex 0.603*** 0.001

(N=23376) (0.029) (0.002)

Each row shows estimates from effect of otc EC legislation on various sexual behavior outcomes.
Robust standard errors are clustered at the state level. Significance — *: P < 0.10, **: P < 0.05,

***: P < 0.01.

3.4.1 NLSY 1997 Results: Sexual Behaviors

Table 3.12 presents results from the sexual behaviors regressions using NLSY

data. All regressions include controls for age, education, marital status, race, whether

an individual lives in an urban area, mother’s education, and state and year fixed

effects.11 The number of sexual encounters is truncated at 999 in the NLSY sample;

estimates which limit the number of encounters in the past year to 365 are slightly

lower in magnitude, but not significantly different from the estimates shown.

As with the aggregate estimation, two specifications were estimated. The first

defines an OTC indicator equal to one if a state passed over the counter EC legislation;

the second defines an OTC indicator equal to one if a state passed over the counter

EC legislation or was affected by the FDA ruling. The effect of over the counter

EC access has the expected sign for all sexual behavior outcomes: individuals are

more likely to have sex (ever or in the past 12 months), have more sexual encounters,

11The coefficients on the controls are not of direct importance and so are not reported.
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use condoms less often, and are more likely to have “risky sex” (defined as having

sex with either a stranger or an IV-drug user). These results are consistent with the

aggregate findings of more risky sexual behavior resulting from over the counter EC

access.

3.5 Conclusion

This study is the first to formally estimate the causal effects of switching access

for EC from prescription-only to over-the-counter within the United States. Using lon-

gitudinal abortion, birth, and STD data and the differential timing of state-legislation

introduction, I find significant and relatively large effects of changing EC access from

prescription-only to over-the-counter. These effects are different for teenagers and

adults, especially with respect to decreases in birth rates. The difference in these ef-

fects might stem from education and information available regarding contraceptives.

The American College of Obstetricians and Gynecologists recommend that women

begin Pap test screening at age 21, be screened every 2 years through age 30, so

that older women who are more likely to receive a regular checkup might be better

informed regarding both regular contraceptives and EC compared with teenagers.

Despite slight differences in the actual legislation under consideration, it is

worthwhile to compare the estimates with the results in Girma and Paton (2006,

2011).12 In their 2006 paper, they do not find a significant effect of free access to EC

on teenage pregnancy rates. I estimated models (results not presented) which used a

constructed pregnancy rate (following Levine et. al. (1996)), and find no significant

12Girma and Paton examine the impact of free over-the-counter access of EC for teenagers in the
UK, whereas access in the US was switched from prescription-only to over-the-counter but was not
free. In fact, many individuals would have had cheaper access under the prescription-only scheme
since EC would be covered under insurance plans.
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impact of over the counter EC access on teenage pregnancy rates. In their 2011 paper,

they find no effect on conception rates but a positive effect on STI rates, indicating

riskier behavior among teenagers — these results are in line with the findings in

this paper. A very similar working paper by Zuppann (2011) examines the effect of

over the counter EC legislation on sexual and relationship outcomes. The findings in

this paper are consistent with his findings: over the counter access to EC decreases

birth rates and increases STD rates at the aggregate level, and increases risky sexual

behavior at the individual level (using the NLSY dataset).

This paper has several shortcomings that result directly from data availability.

Since the FDA ruling was in the middle of 2006, having data for 2008 and beyond

would provide a more clear cut “after” period. Additionally, although we can imply

that risky sexual behaviors are increasing as a result of easier EC access given the

increases in STD rates, it would be optimal to have population-level data on condom

use or multiple sexual partners to determine which channels are driving these results.

Additionally, it would be of interest to determine whether these behaviors are driven

primarily by men or women (or both). Future research could examine contraception

use (both regular and EC), and would allow us to gain further insight into whether

EC is being used as a substitute for regular contraception, or whether it is used more

frequently when available over the counter.
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Table A1: Varicella vaccination rates (children aged 19-35 months), by state in selected years

State 1996 2000 2005 2007 State 1996 2000 2005 2007
Alabama 7.7 75.7 93.5 92.0 Montana 11.4 54.3 75.5 78.5
Alaska 47.3 81.2 80.5 Nebraska 13.4 63.5 89.9 93.8
Arizona 10.9 65.3 83.6 86.0 Nevada 61.4 84.4 83.3
Arkansas 8.5 77.6 85.9 89.2 New Hampshire 11.6 66.0 82.9 95.2
California 16.1 76.0 89.5 93.2 New Jersey 19.4 67.8 83.8 92.5
Colorado 12.1 60.5 87.2 88.9 New Mexico 12.7 68.0 86.3 88.8
Connecticut 19.0 76.3 91.0 94.2 New York 12.4 70.6 87.6 88.4
Delaware 6.8 69.2 89.5 92.1 North Carolina 9.9 76.4 91.3 93.3
D. of Columbia 16.9 84.5 90.6 94.0 North Dakota 7.4 58.8 87.2 91.5
Florida 15.0 60.9 91.1 90.2 Ohio 12.6 60.2 86.3 89.1
Georgia 10.4 75.1 91.9 91.6 Oklahoma 11.9 72.4 85.8 89.7
Hawaii 11.3 77.5 89.4 95.5 Oregon 13.2 76.7 76.2 84.2
Idaho 38.0 77.4 75.5 Pennsylvania 24.9 74.4 89.2 91.9
Illinois 6.9 47.9 86.3 88.7 Rhode Island 12.9 81.6 96.2 92.1
Indiana 11.2 57.9 82.8 88.3 South Carolina 12.8 70.3 87.4 91.5
Iowa 5.8 50.9 83.4 88.2 South Dakota 39.7 85.7 85.3
Kansas 10.0 57.8 81.5 88.7 Tennessee 8.4 69.9 89.8 92.3
Kentucky 7.1 63.0 83.3 87.9 Texas 8.8 73.6 88.9 90.0
Louisiana 4.7 65.1 89.0 91.5 Utah 52.7 81.2 86.6
Maine 55.0 84.2 85.5 Vermont 12.0 57.3 68.5 77.6
Maryland 16.7 82.5 90.7 96.8 Virginia 18.7 77.6 89.9 87.8
Massachusetts 6.5 79.5 95.4 87.4 Washington 6.4 48.7 76.6 84.0
Michigan 8.3 69.6 93.4 89.5 West Virginia 6.9 59.9 81.1 89.2
Minnesota 21.5 61.4 86.7 89.1 Wisconsin 10.4 56.7 87.0 86.7
Mississippi 53.0 88.4 88.4 Wyoming 57.6 77.2 78.5
Missouri 10.7 59.9 87.9 89.4

Source: National Immunization Survey. Note: A blank cell indicates lack of state-level data availability.
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Table A2: Individual-level vaccination regressions

Variable Marginal Standard
effect error

Child Female -0.08 (0.16)
Hispanic 2.48∗∗∗ (0.49)
Black -0.50 (0.48)
Other non-white race 0.48 (0.45)
Age: < 24 months -0.87∗∗∗ (0.21)
Age: 24-30 months 1.38∗∗∗ (0.16)

Mother Age: < 20 -0.16 (0.93)
Age: 20-29 0.27 (0.25)
High school graduate 1.66∗∗∗ (0.29)
Some college 2.86∗∗∗ (0.37)
College graduate 5.01∗∗∗ (0.42)
Income: $10-20K 0.66∗∗ (0.27)
Income: $20-30K -0.52 (0.37)
Income: $30-50K 0.44 (0.34)
Income: >$50K 3.43∗∗∗ (0.43)

Notes: The omitted categories are white race, child’s age > 30 months, mother’s
age ≥ 30, education less than high school, and income less than $10K.
Estimates have been scaled by 100 to be intepretable as percentage points.
Significance — ∗: P < 0.10, ∗∗: P < 0.05., ∗∗∗:P < 0.01.
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