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Abstract 

Vaccination has been called one of the greatest public health success stories, and 

policymakers have adopted a variety of strategies to increase and keep coverage rates at 

socially optimal levels. While researchers have documented successful strategies for 

increasing coverage rates in children and adolescents, little is known about how to 

successfully increase adult vaccination rates – a fact that has been highlighted by the 

COVID-19 pandemic. Using data from the 2008-2019 National Health Interview Survey, 

we show that 60-year-olds – who were recommended by the Advisory Committee on 

Immunization Practices to receive the shingles vaccine – were no more likely to be 

vaccinated than their 59-year-old counterparts prior to the Affordable Care Act. After the 

ACA’s preventive services provision required insurance plans to cover recommended 

vaccines without patient cost-sharing, adults 60 or older were more likely to receive the 

vaccine, and we document a similar increase for 50-59-year-olds after the recommendation 

age was lowered to 50. Using both difference-in-differences and regression discontinuity 

identification strategies, we estimate that the ACA increased vaccine take-up of the shingles 

vaccine by 3.0-5.2 percentage points.  
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1. Introduction 

Vaccination has been called one of the greatest public health success stories, and throughout the 

20th century rising vaccination rates contributed to dramatic reductions in the incidence and burden 

of vaccine-preventable diseases (CDC 2020a). Recognizing the disconnect between the private and 

social benefits of vaccination, policymakers have adopted a variety of strategies to increase and 

keep coverage rates at socially optimal levels. Within the United States, this has included requiring 

vaccination for school attendance and funding vaccines for children whose families would 

otherwise be unable to afford them. While there is a sizable literature analyzing the efficacy of these 

youth-targeted initiatives (Abrevaya and Mulligan 2011; Lawler 2017; Carpenter and Lawler 2019; 

Lawler 2020), less is known about how to increase adult vaccination rates – a fact that has been 

highlighted by the COVID-19 pandemic.  

 In this paper, we provide novel evidence on how patient costs and age-targeted vaccine 

recommendations by the Centers for Disease Control and Prevention’s (CDC) Advisory Committee 

on Immunization Practices (ACIP), a federal panel of immunization experts, affected adult take-up 

of the herpes zoster vaccine (ZVL).2 This vaccine provides protection against shingles – a viral 

infection causing a painful rash with fluid-filled blisters that affects over 1 million individuals in 

the US each year (Mayo Clinic 2020; CDC 2021a). Approximately one in three people in the US 

develops shingles during their lifetime (Harbecke et al. 2021), and 10-50 percent of people with 

shingles (depending on age) will experience postherpetic neuralgia – a nerve pain persisting for 

weeks or even years after the blisters have subsided without any known effective disease modifying 

therapy (Thomas and Hall 2004; Cohen 2013; Forbes et al. 2016). Post-herpetic neuralgia can 

 
2 From 2006-2017, zoster vaccine live (ZVL) – sold under the tradename Zostavax – was the only shingles vaccine. In 

October of 2017, the FDA approved the first recombinant zoster vaccine (RZV) which is sold under the tradename 

Shingrix. For narrative purposes, we broadly refer to these vaccines as ‘shingles vaccines,’ except where the distinction 

in type is important.  
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interfere with sleep, activities of daily living, productivity, and result in loss of independent living 

(Cohen 2013). While there has been an effective shingles vaccine approved for adults since 2006, 

as of 2019 only 38 percent adults aged 60 or older in the National Health Interview Survey had 

received the vaccine. Yet in 2019 shingles vaccination comprised over 90 percent ($857 million) 

of Medicare Part D vaccine spending (MedPAC 2021, Table 7-5 Page 254). 

 Between 2006 and 2017, ACIP recommended routine use of ZVL for adults aged 60 or 

older, though with a list price between $160 to $195 per dose the vaccine was over ten times more 

expensive than a seasonal flu vaccine (NYT 2010). After the Affordable Care Act preventive 

services provision was implemented in September of 2010, ACIP’s recommendation meant that 

adults aged 60 or older became eligible to receive the vaccine without patient cost-sharing, and 

Figure 1 shows a larger increase in coverage for 60-year-olds than 59-year-olds coincident with the 

ACA. However, after ACIP lowered the recommended age to 50 – newly requiring that the vaccine 

be available at no cost to adults aged 50 to 59 – coverage jumped among 59-year-olds.3 Similarly, 

the grey circles in Figure 2 Panel A show that the likelihood of receiving the shingles vaccine varied 

smoothly through the recommendation threshold prior to the ACA. After the preventive services 

provision was implemented, the black triangles show a jump in vaccination at age 60.4  

 Using data from 2008-2019 National Health Interview Surveys (NHIS), we document 

several key findings: First, we do not find any evidence that 60-year-olds – who were recommended 

to receive the shingles vaccine – were more likely than their 59-year-old counterparts to be 

vaccinated prior to the ACA. Instead, using both difference-in-differences and regression 

 
3 ACIP lowered the recommended age for routine vaccination to 50 on October 25 th of 2017. New recommendations 

are required to be covered in the plan year that begins on or exactly one year after the recommendation’s issue date 

(KFF 2021).  
4 Appendix Figure 1 shows that the jump in vaccination at 60 was no longer present after adults 50 or older became 

eligible to receive the vaccine without cost-sharing.  
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discontinuity identification strategies, we find that the preventive services provision increased 

shingles vaccination by 2.7-5.9 percentage points, suggesting that age-targeted recommendations 

on their own were not enough to drive adult vaccine take-up. Using these same models exploiting 

the timing of required coverage of the shingles vaccine at no patient cost for different ages, we do 

not detect any changes for other vaccines which were made available to all adults regardless of age 

(tetanus and influenza) or only to those with risk factors (hepatitis A and hepatitis B), indicating 

that our estimates identify a relationship unique to the shingles vaccine. We then show that the 

increase was driven by those (i) with health insurance, (ii) reporting a recent doctor visit, and (iii) 

with the most to gain from vaccination due to a history of chickenpox.5 After accounting for the 

$6,000 medical and productivity savings associated with preventing a shingles episode 

(McLaughlin et al. 2015; Ozawa et al. 2016), back-of-the-envelope calculations imply adults would 

have to price the leisure costs of shingles at $48,000 per episode for the coverage increase to have 

been welfare neutral.  

  This paper contributes to several literatures. By providing the first quasi-experimental 

estimates on how prices affect adult vaccine take-up, we add to a larger literature on prices and 

health care utilization (Keeler and Rolph 1988; Newhouse et al. 1993; Chandra et al. 2010; 

Finkelstein 2012; Lipton and Decker 2015; Nilsson and Paul 2018; Han et al. 2020). We also build 

on prior work studying how ACIP’s age-targeted vaccine recommendations affected child and 

adolescent coverage rates (Lawler 2017; Lawler 2020), as well as a broader literature on the 

determinants of vaccination (Abrevaya and Mulligan 2011; Bradford and Mandich 2013; Ward 

2014; Walsh et al. 2016; Oster 2018; Carpenter and Lawler 2019; Richwine et al. 2019; Wen 2020; 

White 2021). Notably, we improve on prior work by disentangling the importance of 

 
5 Shingles is caused by a reactivation of the varicella-zoster virus which causes chickenpox (Mayo Clinic 2020).  
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recommendations and patient costs in driving coverage rates, and our estimates are likely of special 

interest to policymakers looking to increase adult vaccine take-up.  

The rest of the paper proceeds as follows: Section 2 describes the institutional background 

regarding which age groups were eligible and recommended to receive the shingles vaccine each 

year. It then summarizes the literature on methods to improve vaccine take-up, especially with 

regards to adult vaccination, as well as the literature on how cost affects utilization of preventive 

services. Section 3 explains the National Health Interview Survey data that we use throughout the 

analysis, as well as our complementary empirical strategies. Section 4 reports the results, and 

Section 5 summarizes their policy implications and suggests areas for future work. 

2. Background and Literature 

2.1 Clinical and Policy History  

Figure 3 presents a timeline of the relevant policy changes regarding vaccine approval, vaccine 

recommendations, and patient cost-sharing. Zoster vaccine live (ZVL), produced by Merck under 

the tradename Zostavax, was approved by the FDA for patients ages 60 or older in 2006 (Mitka 

2006), and ACIP began recommending routine vaccination for these individuals that same year 

(CDC 2006). The FDA then approved ZVL for adults 50-59 in 2011 (FDA 2011), though ACIP 

twice decided against lowering the recommended age – once in 2011 (MMWR 2011) and again in 

2013 (MMWR 2014).  

In October of 2017, the FDA approved the first recombinant zoster vaccine (RZV), 

produced by GlaxoSmithKline’s under the trade name Shingrix, for adults aged 50 or older 

(MMWR 2018). RZV provides greater protection than ZVL (CDC 2020b, 2021b).6 Further, the 

licensing of RZV expanded the population who could be vaccinated against shingles to people with 

 
6 ZVL reduced the risk of shingles by 51 percent. RZV – which is a 2-dose series – reduces the risk by 90 percent (CDC 

2020b, 2021b). 
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immunocompromising conditions and people for whom the live vaccine (ZVL) requirement to be 

stored at freezing temperatures challenged access (Harbecke et al. 2021).7 Five days after it was 

approved by the FDA, ACIP began recommending routine RZV vaccination for adults 50 or older, 

including for adults who had previously received ZVL (MMWR 2018). Merck discontinued 

Zostavax in 2020 (Merk 2020). Currently, adults 50 or older are recommended to receive two doses 

of RZV, and each dose costs approximately $200.  

 While the price of the shingles vaccine is considerably higher than that of other vaccines, 

the Affordable Care Act (ACA) requires private health insurance plans to cover recommended 

preventive services without cost-sharing. For vaccines, these recommendations are made by ACIP. 

So, when the preventive services provision became effective on September 23, 2010, health 

insurance plans became required to cover the shingles vaccine for adults 60 or older. 8 The provision 

requires that plans begin covering newly recommended vaccines by one year after the ACIP 

recommendation date (Fed. Reg. Vol. 80 No. 134 pg. 41318), so new insurance plans became 

required to cover the vaccine for adults 50 or older without cost-sharing starting October 25, 2018 

with the overwhelming majority of new plans beginning on January 1, 2019.9 

2.2 Existing Literature 

Given the social benefits associated with widespread vaccination, policymakers have experimented 

with a myriad of policies intended to increase vaccine take-up, especially among children and 

 
7 While ZVL is contraindicated in immunocompromised patients, it has been administered to many 

immunocompromised adults with few serious adverse events. Clinical trials for RZV, however, did include 

immunocompromised individuals and was deemed safe in this population (Harbecke et al. 2021).  
8 While some plans were grandfathered and thus exempt from the preventive services provision, we do not expect that 

having a grandfathered plan would differ by our narrow age groups of treatment and comparison cohorts, described in 

the empirical strategy below. In 2011, the year following enactment of the ACA, 56 percent of workers at firms offering 

health benefits were enrolled in grandfathered plans (KFF 2011). In 2018, this rate was 16 percent (KFF 2018). 
9 According to Paul Fronstin, the director of health research at the Employee Benefit Research Institute, it is most 

common for employer-sponsored plans to start on January 1st because of the fall open enrollment period (Marketplace 

2017). Private insurance plans purchased during the traditional HealthCare.gov open enrollment period start on January 

1st (KFF 2021).  
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adolescents. Perhaps most well-known are policies requiring children to receive certain 

vaccinations as a condition for school attendance. Indeed, the United States has a long history of 

school vaccine requirements stretching back to the late 19th and early 20th centuries, and Holtkamp 

(2020) found that these early smallpox vaccination mandates were successful in reducing 

infections, especially during epidemics. In a more recent setting, Abrevaya and Mulligan (2011) 

used the 1996-2007 National Immunization Survey (NIS) – Child data and found that school entry 

varicella (chickenpox) mandates increased vaccine take-up by 3-6 percentage points. Using the 

2008-2013 NIS – Teen data and a difference-in-differences identification strategy, Carpenter and 

Lawler (2019) showed that middle school Tdap booster requirements increased the share of teens 

receiving a Tdap booster by approximately 14 percentage points, and Churchill (2021) showed that 

Washington, DC’s 2014 HPV vaccine school requirement increased the probability that teen girls 

(boys) received the HPV vaccine by 11 (20) percentage points.  

 Researchers have recently begun examining policies allowing parents to opt their children 

out of school vaccine requirements due to personal or religious objections. In a working paper, 

Richwine et al. (2019) found that California SB 277 – which repealed all non-medical vaccine 

exemptions – reduced non-medical exemptions by 3.4 percentage points. However, the authors also 

found a 2.1 percentage point increase in medical exemptions, suggesting that vaccine-hesitant 

parents may have successfully found physicians willing to grant their children exemptions. 

Examining disease incidence, Bradford and Mandich (2013) found that states making it more 

difficult for parents to opt their children out of vaccination had lower incidence of pertussis.  

  Several recent papers have explored adult-targeted vaccine mandates, though these have 

largely been limited to health care settings (Carrera et al. 2021). Wen (2020) used a difference-in-

differences identification strategy to show that state laws requiring nursing home residents to 
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receive the influenza vaccine increased vaccine take-up by 6 percent and reduced the probability of 

an influenza-like illness by 20 percent. She also found suggestive evidence that laws requiring 

health care workers to receive the influenza vaccine reduced the incidence of influenza among 

nursing home residents. Exploiting county-level variation in influenza mandates for health care 

workers in California, White (2021) documented a 14 percent increase in vaccination and a 20 

percent reduction in the number of influenza diagnoses during seasons with an effective vaccine. 

Anderson et al. (2020) exploited a policy in the United Kingdom prioritizing influenza vaccination 

for those aged 65 or older. Using a regression discontinuity identification strategy, the authors 

documented a 19.3-22.8 percentage point increase in the likelihood of receiving the flu vaccine at 

the cutoff. However, they did not detect any change in hospitalizations or mortality. 

 Along with the reviewed literature on vaccine mandates, there have been several studies 

within the economics literature examining how vaccine recommendations affected vaccine take-

up, while this literature is limited to recommendations for children and adolescents. For example, 

Lawler (2017) exploited spatial and temporal variation in the timing when children were 

recommended by ACIP to receive the hepatitis A vaccine. She found that strong recommendations 

increased vaccine take-up by 20 percentage points. Similarly, Lawler (2020) found that age-targeted 

meningococcal vaccine recommendations increased vaccine take-up in the targeted group by 133 

percent relative to their baseline mean. We are unaware of any comparable paper assessing adult 

vaccine recommendations, though these effects are likely of interest to policymakers given that 

adults traditionally have lower coverage rates than children and are generally not bound by vaccine 

mandates.  

 Our paper also relates to a large economics literature on how patients respond to changes in 

the price of health care. Analyzing data from the RAND Health Insurance Experiment, which 
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randomly assigned families to 14 different insurance plans (Newhouse et al. 1993), Keeler and 

Rolph (1988) found that coinsurance reduced health care utilization. Similarly, leveraging variation 

induced by a lottery whereby some uninsured low-income adults were given the chance to apply 

for Medicaid as part of the Oregon Health Insurance Experiment, Finkelstein et al. (2012) showed 

that lottery winners were more likely to become insured and had higher health care utilization rates. 

Examining a policy change increasing copayments for retired public employees in California, 

Chandra et al. (2010) found copayment increases reduced elderly individuals’ use of office visits 

and prescription drugs. More recently, Nilsson and Paul (2018) exploited a county-level change in 

Sweden which first lowered the age at which copayments became required from 20 to 7 before 

returning it back to 20. The authors found that free health care increased adolescent doctor visits by 

5-10 percent, especially among low-income individuals. Using a similar regression discontinuity 

framework, Han et al. (2020) found that increased cost-sharing reduced children’s use of outpatient 

care in Taiwan.  

 There is mixed evidence on whether lowering the cost of vaccines increases vaccine take-

up. Using the 1995-2013 NIS-Child data, Walsh et al. (2016) found that racial and ethnic coverage 

disparities shrank coincident with the introduction of the Vaccines for Children Program which 

provides free vaccinations to uninsured children. Yet Mulligan et al. (2018) did not find evidence 

that state policies purchasing and distributing vaccines free of charge to vaccine providers increased 

vaccine take-up. Studying the Ontario Universal Influenza Immunization Campaign which 

recommended and subsidized the influenza vaccine for all ages, Ward (2014) concluded that the 

program reduced influenza-pneumonia hospital admissions by 48 percent in years with an effective 

vaccine. In a working paper, Hoffman et al. (2019) conducted a field experiment in partnership with 

a major Ecuadorian bank. They found that offering a discount for the influenza vaccine to the lowest 
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earners did not affect vaccine take-up. However, they found that assigning employees to get 

vaccinated during the work week – when they were permitted to take time off to receive the vaccine 

– increased take-up by 112 percent compared to those assigned to receive the vaccine on Saturday. 

Considering COVID-19 vaccination amidst highly politicized discourse on the importance of the 

vaccine, Chang et al. (2021) used a randomized controlled experiment to examine effects of $10 or 

$50 financial incentives and report in their working paper that these financial incentives had no 

effects on vaccine up-take among a sample of Medicaid managed care beneficiaries. 

Leveraging spatial and temporal variation in state requirements that private health insurers 

cover childhood vaccinations and using the 1995-1996 NIS-Child data, Chang (2015) documented 

a 1.8 percentage point increase in the share of children up-to-date with their 4:3:1 vaccine series.10 

Perhaps most related to our current study, Lipton and Decker (2015) used data from the 2008-2012 

National Health Interview Surveys to test how the combination of the ACA preventive services and 

dependent coverage provisions affected human papillomavirus (HPV) vaccination among young 

women. The HPV vaccine costs around $250 per shot (CVS 2020), and at the time of their study 

the vaccine was a three-dose series. Comparing coverage rates among 19-25-year-old women with 

those of 18- and 26-year-olds before and after the ACA was implemented, the authors found that 

these two provisions increased HPV vaccine take-up by 7.7 percentage points.  

 
10 The 4:3:1 series indicates that a child has received four doses of DTaP (to protect against diphtheria, tetanus, and 

pertussis), three doses of the polio vaccine, and one dose of the MMR vaccine (to protect against measles, mumps, and 

rubella).  
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3. Data and Methodology 

3.1 Vaccination Data: National Health Interview Surveys 

We obtain data on shingles vaccination from the 2008-2019 National Health Interview Surveys 

(NHIS).11 The NHIS are continuously operating cross-sectional household surveys monitoring 

health behaviors and outcomes of the non-institutionalized civilian US population. Interviews are 

conducted face-to-face and contain detailed information on demographic and socioeconomic 

characteristics. These data have been widely used within the economics literature to analyze various 

determinants of health, including health insurance eligibility (Currie and Gruber 1996; Miller 2012; 

Lipton and Decker 2015), income (Snyder and Evans 2006; Cawley et al. 2010), tobacco use (Pesko 

et al. 2020), and alcohol consumption (Carpenter and Dobkin 2009). 

First, we examine impacts of the ACA preventive services provision mandating zero patient 

cost-sharing for ACIP-recommended vaccines. Figure 1 plots shingles vaccination rates for two 

comparable groups: 60-year-olds and 59-year-olds. These groups had similar vaccination rates prior 

to the ACA, even though the vaccine was only approved and recommended for those 60 or older. 

However, in 2011 the shingles vaccine was newly approved for adults aged 50-59, and the ACA 

began requiring private insurance plans to offer the vaccine free of charge to those 60 or older. 

While vaccination increased slightly for 59-year-old adults coinciding with expanded FDA 

approval, there was a disproportionate increase for 60-year-old adults who were now entitled to 

receive the vaccine without patient cost-sharing. Though ACIP lowered the recommended age to 

 
11 While the 2008-2018 NHIS data used the same questionnaire design, in 2019 the questionnaire was redesigned to 

improve measurement and reduce the burden on respondents. In 2018, the NHIS question of interest stated, “Shingles 

is an illness that results in a rash or blisters on the skin, and is usually painful. There are two vaccines now available 

for shingles; Zostavax®, which requires 1 shot, and Shingrix®, a new vaccine which requires 2 shots. Have you had a 

vaccine for shingles?” In 2019, the question was “Have you had a vaccine for shingles?” and the interviewer was 

prompted to only read the explanation about the shingles vaccine if necessary. While it seems unlikely that this change 

would differentially affected individuals based on whether or not they were 60 or older, we test the robustness of our 

estimates to excluding the 2019 data. 
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50 in October 2017, there was no visual change in vaccination for 59-year-old adults until they 

became entitled to receive the vaccine without cost-sharing the following year. 

Table 1 reports the average vaccination rates for the treated and comparison groups before 

and after the policy changes, noting differences in these unadjusted rates. Panel A shows that while 

vaccination among those 60 or older increased by 9 percentage points after the ACA was 

implemented, it only grew by 2.2 percentage points for those under 60 during this same period. The 

unadjusted 2 × 2 difference-in-differences comparison indicates that the ACA was associated with 

a 6.8 percentage point increase in shingles vaccination. Panel B presents a similar story for the 2019 

policy change entitling those 50 or older to receive the vaccine without patient cost-sharing. While 

vaccine take-up increased by 5.6 percentage points for 50-59-year-old adults after this change, it 

was essentially unchanged for older adults, yielding a difference-in-differences estimate of 4.3 

percentage points.  

3.2 Empirical Strategy: Difference-in-Differences & Regression Discontinuity 

We empirically test how mandated coverage without cost-sharing affected take-up of the shingles 

vaccine using the following difference-in-differences specification:  

VACCiart = α + β∙REQUIRED COVERAGE FOR SHINGLES VACCINE iat  

                                                                                                                                                                     + Xiat’γ + θr + τt + εiart 

(1) 

where VACC is an indicator for whether adult i age a in region r during period t had received the 

shingles vaccine. The independent variable of interest, REQUIRED COVERAGE FOR 

SHINGLES VACCINE, is an indicator for whether the respondent was entitled to receive the 

shingles vaccine without cost-sharing. Thus, it takes on the value of 1 for those 60 or older starting 

in Q4 of 2010 and for those 50 or older beginning in 2019.12 Because the policy change requiring 

 
12 We observe data at the year-quarter level, and we define treatment as the first full quarter during which individuals 

were eligible to receive the shingles vaccine without cost-sharing. Because the ACA was implemented on September 

23rd of 2010 (Q3 of 2010), we classify adults 60 or older as treated starting in Q4 of 2010. Similarly, because ACIP 
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insurance to cover the shingles vaccine without patient cost-sharing did not occur concurrently with 

FDA approval or ACIP’s recommendation, this indicator identifies the relationship between 

shingles vaccination and the cost of the vaccine.13 To reduce the possibility that our estimates are 

contaminated by retirement-related changes in health behaviors and outcomes (Coe and Zamarro 

2011; Shoven and Slavov 2014; Hallberg et al. 2015; Bloeman et al. 2017; Fitzpatrick and Moore 

2018), we limit our sample to adults 50-61-years-old.  

 The vector X includes indicators for each age (50-60 with 61 omitted as the reference 

group), race/ethnicity (white, Black, Hispanic, Asian, with ‘other’ omitted), educational attainment 

(less than high school, high school degree, some college, with college graduate omitted), and health 

insurance status (covered with no coverage omitted). We include four Census region fixed effects 

to account for time-invariant location-specific attitudes toward vaccination, as well as  year-by-

quarter fixed effects to account for location-invariant secular changes in vaccine take-up. Standard 

errors are clustered at the group-by-year-by-quarter level (Abadie et al. 2017), and for inference we 

report wild bootstrapped p-values (Cameron et al. 2008; Cameron and Miller 2015). 

 The coefficient of interest, β, measures the unique change in vaccination among adults 

newly eligible to receive the vaccine without cost-sharing compared to those not experiencing a 

policy change. Our identifying assumption is that after including the covariates and fixed effects, 

vaccine take-up among the treated and comparison groups have evolved similarly in absence of the 

policy change. We assess the validity of this assumption using the following dynamic event study 

specification:  

 
recommended adults 50 or older receive the vaccine on October 25th of 2017 (Q4 of 2017) – and new recommendations 

are required to be covered for plans beginning one year after the recommendation date – we classify 50-59-year-olds 

as treated starting in Q1 of 2019. Our results are robust to instead defining treatment at Q3 of 2010 and Q4 of 2018. 
13 Adults aged 60 or older were always approved and recommended to receive the shingles vaccine. They became 

entitled to receive the vaccine without patient cost-sharing in September 2011. Adults 50-59-years-old were approved 

to receive the vaccine starting in March 2011 and were recommended to receive the vaccine starting in October 2017. 

This latter group became entitled to receive the vaccine with beginning in January 2019.  
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VACCiart = α + ∑ β
j36

j=-44, j≠-1 ∙Qj
iat + Xiat’γ + θr + τt + εiart (2) 

where the independent variables of interest, Q, are indicators for respondent i being j quarters away 

from becoming eligible to receive the shingles vaccine free of charge due to the ACA.14 This 

specification allows us to test the descriptive patterns in Figure 1 showing that treated individuals 

were not experiencing a differential pre-trend in vaccine take-up. Because the small number of 

clusters and relatively small cell sizes at the group-by-year-by-quarter level, we employ a wild 

bootstrap procedure that precludes us from easily calculating interpretable standard errors. 

However, we report the p-values from hypotheses tests of whether the pre- and post-ACA 

coefficients are statistically different from zero.  

 Second, we distinguish effects from ACIP’s recommendation with and without mandated 

zero patient cost-sharing. The grey circles in Figure 2 Panel A show no evidence of a jump in 

shingles vaccination at age 60 during the years when ACIP recommended the vaccine for those 60 

or older but they were not entitled to receive the vaccine free of charge. However, after the ACA 

was implemented, there was a clear increase in coverage at age 60, and Panel B shows that the 

increase from 59 to 60 was larger than for any other ages.15 We formally test this pattern with the 

following regression discontinuity specification:  

VACCiart = α + β∙SIXTY OR OLDERia + π∙Age + Xiat’γ + θr + τt + εiart (3) 

where the independent variable of interest, SIXTY OR OLDER, is an indicator for being at or above 

the recommended age. To disentangle the importance of cost and ACIP’s recommendation, we 

divide the sample into the pre- and post-ACA periods. In the pre-ACA period, the regression 

 
14 We estimate the full set of event study coefficients, but we only report the coefficients estimated within a balanced 

event window to ensure that our estimates are not driven by a change in which groups contribute to identification. 

Because we only observe individuals treated in 2010 starting in 2008, we have at most 11 pre-periods in a balanced 

window. Similarly, because our sample ends in 2019, we have at most 4 balanced post-periods.  
15 Appendix Figure 1 shows that this discontinuity was eliminated when adults 50 or older became eligible to receive 

the shingles vaccine without cost-sharing.  
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discontinuity estimate will capture the effect of ACIP’s recommendation on vaccine take-up, while 

the estimate in the later period will include both the effects of ACIP’s recommendation and 

eligibility to receive the vaccine without cost-sharing.  

While we include the same race/ethnicity, educational attainment, insurance status, and 

fixed effects as in equation (1), we now allow age to smoothly affect vaccine take-up. To compare 

changes immediately around the recommendation age, we restrict the sample to adults 58-61 years 

old, though we test the robustness of the results to employing a data-driven bandwidth selection 

procedure and report bias-corrected standard errors (Calonico et al. 2014, 2015). We report 

heteroskedastic robust standard errors.16  

4. Results 

4.1 Vaccination 

We begin by exploring how ACA’s preventive services provision affected vaccine take-up. The 

dependent variable in Table 2 is an indicator for reporting shingles vaccination and the columns 

report the coefficient of interest estimated using equation (1). Standard errors, shown in 

parentheses, are clustered at the group-year-quarter level, and we report wild bootstrapped p-values 

in brackets. In the sparsest specification including only indicators for age and time, column 1 shows 

that the preventive services provision increased shingles vaccination by 5.9 percentage points. The 

point estimate and statistical significance are essentially unchanged after including the additional 

 
16 We note that the public use NHIS data only include integer age and not exact birth date, which precludes us from 

more granularly assessing the discontinuity at the month level similar to Carpenter and Dobkin (2009).  
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covariates in column 2. After employing the sample weights in column 3, we continue to find a 

statistically significant 5.2 percentage point increase in vaccination.17,18     

 While Figure 1 does not show any evidence of a differential pre-trend in vaccine coverage, 

Figure 4 empirically tests this by plotting the event study estimates obtained from equation (2). 

There was an increase in the likelihood of vaccination in the quarters following when the ACA 

required plans to cover the vaccine without cost-sharing. In contrast, the pre-coverage point 

estimates are smaller in magnitude and mostly negative, though we are unable to conclude that 

either the pre- or post-ACA coefficients are jointly different from zero at such a granular level (pPre 

= 0.757 and pPost = 0.735).  However, when viewed alongside the annual trends in Figure 1, the 

quarterly event study coefficients in Figure 4 support the increase in vaccine take-up being limited 

to the post-coverage period. 

 Next, Table 3 tests the sensitivity of the relationship to defining the sample using alternative 

age ranges. Column 1 reprints the preferred specification examining 50-61-year-old adults from 

Table 2. Column 2 expands the sample to include those aged 50 to 64, thereby including some 

individuals over the Social Security early retirement age. In contrast, column 3 limits the sample to 

58-61-year-old adults who are perhaps most similar. However, because those aged 58 and 59 might 

opt to forgo the vaccine until they are eligible to receive it without patient cost-sharing, column 4 

 
17 In studying the effects of minimum legal drinking ages on alcohol consumption and mortality, Carpenter and Dobkin 

(2009) note that the NHIS sample weights “reduce the precision of the regressions significantly as the weights vary 

substantially across observations.” Accordingly, we follow Solon et al.’s (2015) advice and “[report] both the weighted 

and unweighted estimates.” 
18 In Appendix Table 2 we perform a similar analysis on data from the 2009-2019 Behavioral Risk Factor Surveillance 

System. Unlike in the NHIS data where we know exact age, over our sample period the BFSS data report age in 5-year 

groups (50-54, 55-59, 60-64, etc.). Analyzing a sample of 50-64-year-olds, we continue to find that the ACA preventive 

services provision increased shingles vaccination by 6.9-10.7 percentage points. 

 

Because the NHIS data underwent a survey redesign in 2019, Appendix Table 3 Panel A reports results from estimating 

equation (1) using data from 2008-2018 – thereby exploiting only the first policy change in September of 2010. 

Meanwhile, Panel B limits the sample to 2011-2019 to exploit only the second policy change whereby 50-59-year-olds 

became eligible to receive the shingles vaccine without cost-sharing. In both cases, we continue to find that the ACA 

increased shingles coverage.  
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drops these individuals from the preferred specification. Regardless of the ages included in our 

sample, we find a statistically significant 5.2-6.6 percentage point increase in shingles 

vaccination.19  

As an additional robustness test, Table 4 presents the regression discontinuity estimates 

obtained from equation (3).20 Columns 1 and 2 limit the sample to the period in which the vaccine 

was recommended for adults 60 or older but prior to when the ACA required insurance plans to 

cover the vaccine without cost-sharing. Columns 3 and 4 then examine the period in which adults 

60 or older were eligible to receive the vaccine without cost-sharing. Regardless of whether we use 

OLS or a data-driven approach to determine age bandwidths for comparison, we do not detect 

evidence of a discontinuity at age 60 prior to the ACA. However, in the post-ACA period we find 

estimates that turning 60 increased the likelihood of vaccination by 3.0-4.1 percentage points, 

providing further evidence that it was the ability to receive the vaccine without cost-sharing that 

increased coverage.21  

 Table 5 presents several falsification tests to build confidence that the detected increase in 

shingles vaccination was attributable to the ACA, instead of a general change in vaccine-

sentiment.22 The dependent variable in column 1 is an indicator for whether the respondent reported 

having a tetanus shot during the prior 10 years. Notably, one tetanus booster has been covered for 

all adults since the ACA was implemented in September of 2010, so we would not expect to observe 

 
19 Appendix Table 4 tests whether our results may have been driven by compositional changes associated with policy 

change. Reassuringly, we do not detect any evidence that our sample was more likely to be insured in the post-period. 

Nor do we detect changes in sex, educational attainment, or race/ethnicity. 
20 Appendix Table 6 shows that the observable righthand side characteristic varied smoothly through the discontinuity.  
21 We also explored a difference-in-discontinuities specification whereby we interacted the post-ACA variable with the 

righthand side variables from equation (3). Consistent with Table 3, we did not find any evidence that turning 60 was 

associated with any change in shingles vaccination during the pre-ACA period (β̂ = 0.003 with p = 0.836). However, 

in the post-period we estimated that turning 60 increased the probability of shingles vaccination by 2.7 percentage 

points, though the estimate was not statistically significant at conventional levels (p = 0.116). 
22 Of course, it is possible that the ACA may have had spillovers onto other vaccines if it changed adults’ engagement 

with the health care system. In this instance, we would expect to detect increases for these other vaccines.  
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differential increases based on whether adults were above or below 60-years-old. Similarly, the 

dependent variables in columns 2 and 3 are indicators for ever having received the hepatitis A or B 

vaccines, both of which are only covered for adults with certain risk factors. Finally, the dependent 

variable in column 4 is an indicator for having received the flu vaccine during the past 12 months, 

and influenza vaccination has been covered for all adults since the preventive services provision 

was implemented. Across all four columns, the point estimates are smaller in magnitude than our 

main finding and statistically insignificant, supporting our interpretation that the increase in 

shingles vaccination was not part of a general trend in vaccine take-up.  

Table 6 explores whether the ACA preventive services provision had differential effects on 

shingles vaccination based on observable demographic characteristics. Each column reports the 

coefficients of interest from a modified version of equation (1) whereby we fully interact all the 

righthand side variables with a group-specific indicator. In column 1, the group indicator denotes 

whether the respondent had a college degree, in column 2 whether the respondent was male, and in 

column 3 whether the respondent was white. Column 1 shows that the ACA increased shingles 

vaccination by 4.8 percentage points for adults without a college degree. Meanwhile, those with a 

college degree saw an additional 3.3 percentage point increase for 8.1 percentage points total. In 

contrast, column 2 does not indicate any difference in vaccine take-up based on the respondent’s 

sex. Column 3 shows that the ACA increased shingles vaccination by 3.7 percentage points for non-

white respondents. While the point estimate suggests an additional 3.0 percentage point increase in 

vaccine take-up for white respondents, this latter relationship is not statistically significant after 

adjusting for the small number of clusters (p = 0.128).23  

 
23 Appendix Table 6 shows that these patterns remain after restricting the sample to those with health insurance.  
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4.2 Mechanisms 

We next explore the possible channels through which the ACA may have increased shingles 

vaccination. Table 7 again fully interacts the righthand side variables from equation (1) with a 

group-specific indicator. Because the preventive services provision required health insurance plans 

to cover the vaccine without patient cost-sharing, we would expect the effect to be driven by insured 

individuals.24 Consistent with this prediction, column 1 shows a statistically insignificant 1.9 

percentage point increase in vaccine take-up among those without health insurance and an 

additional statistically significant 4.3 percentage point increase for those with insurance. Column 2 

then shows that the increase was driven by those more connected to the health care system, as 

proxied by respondents reporting a recent doctor visit. Finally, column 3 explores whether the effect 

varied by the potential benefit of vaccination. While the ACA requires insurance plans to cover 

recommended preventive services free of charge, there are still non-monetary costs associated with 

taking the time to get vaccinated. Because shingles is caused by reactivation of the varicella zoster 

virus (chickenpox), those with a history of chickenpox have the most to gain from vaccination. 

Indeed, we find that adults with a history of chickenpox were 7.8 percentage points more likely to 

get the shingles vaccine after the ACA was implemented compared to a 3.0 percentage increase for 

those without a history of chickenpox.25   

 
24 The NHIS asks about whether individuals ever received the shingles vaccine and their current health insurance status. 

So, it is possible that some individuals reporting current coverage were recently uninsured or those reporting no 

coverage recently had insurance. However, by limiting our sample to those at most 61-years-old, we expect most 

individuals’ current coverage to reflect their coverage when they were 60. 
25 Those without a history of chickenpox can receive the vaccine. Indeed, the ACIP recommendation stated, “Before 

administration of zoster vaccine, patients do not need to be asked about their history of varicella (chickenpox)…” (CDC 

2008). However, some physician groups recommend vaccination only among those previously exposed to chickenpox 

(Johns Hopkins Medicine 2021).  
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5. Conclusion 

The COVID-19 pandemic has highlighted the difficulties policymakers face when trying to increase 

vaccine take-up, especially among adults. Over the last year, public health officials have 

experimented with numerous strategies designed to increase vaccine coverage, including offering 

recommendations and entering vaccinated individuals into lotteries for cash prizes (Dave et al. 

2021). In this paper, we provide the first quasi-experimental evidence that vaccine 

recommendations alone were not enough to increase adult take-up of the shingles vaccine. Instead, 

we show that once individuals who were recommended to receive the vaccine became eligible to 

do so free of charge, coverage increased by 5.2 percentage points, underscoring the importance of 

cost in adult vaccine decisions.  

 It is worth quantifying the welfare implications of increased shingles vaccination. Of first 

note, because shingles is not a communicable illness and managing symptoms typically does not 

require informal caregiving, the benefits of vaccination are largely internalized. Among the 

recommended age group, adults aged 60 or older, the annual incidence of shingles was 10.46 per 

1,000 people in 2011 (Johnson et al. 2015). The available vaccine, ZVL, reduced the risk of 

acquiring shingles by 51 percent and offered protection for five years (Oxman et al. 2005; CDC 

2020). The expected benefit to a vaccinated individual in the age-recommended population is then 

a reduced risk of shingles infection by 5.3 per 1,000 people (0.01046 × 0.51). Assuming a per case 

cost of shingles of $6,000, including medical and productivity costs (McLaughlin et al. 2015; 

Ozawa et al. 2016),26 the expected benefit of reduced risk of infection is worth $32 per vaccinated 

individual (0.0053 × $6,000). Meanwhile, the shingles vaccine is expensive, with Medicare Part D 

spending $857 million on shingles vaccination in 2019 for an average price of $150 per dose 

 
26 Note that the estimated cost of shingles includes approximately $2,000 in medical costs and $4,000 in productivity 

(McLaughlin et al. 2015). It does not include leisure time costs.  
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(MedPAC 2021, Table 7-5 Page 254). Thus, the vaccine cost exceeds the value of the expected 

benefit and accumulates across individuals induced to receive the vaccine through the preventive 

services provision mandating zero patient cost-sharing. According to data from the National Cancer 

Institute’s Surveillance, Epidemiology, and End Results (SEER) Program, there were 57 million 

adults aged 60 or older in 2010, and our estimates imply that the ACA led approximately 3 million 

more of these people to receive the shingles vaccine (57 million  × 0.052). Thus, at a loss of $118 

per vaccinated individual ($32 – 150), then accumulated over 3 million people, there was a social 

loss of $354 million at the vaccine’s $150 price.27 The vaccine would have to be priced at $32 for 

vaccination to be welfare neutral. If the vaccine was 100% effective, a price of about $63 would 

lead to welfare neutrality (0.01046 × 1.00 × 6,000). Put another way, the value of a prevented 

shingles case would have to be $46,864 for vaccination to be welfare neutral at a price of $150 per 

vaccinated individual (250 / (0.01046 × 0.51)). Considering that medical and productivity costs 

have been estimated at $6,000 per shingles case (McLaughlin et al. 2015; Ozawa et al. 2016), adults 

aged 60 or older would have to place a disutility of $40,864 on the experience of shingles infection 

in order for vaccination to be welfare neutral (at the $150 price).  

 Overall, our study highlights the importance of cost in driving adult vaccine take-up, though 

it is subject to some limitations. First, self-reported vaccination status – which we use throughout 

the paper – may differ from actual vaccination. While this issue is common to papers utilizing the 

National Health Interview Surveys, we cannot rule out the possibility that the ACA changed the 

likelihood that individuals reported being vaccinated. However, this explanation would require 

differential responses for those above and below 60 coincident with the period when the ACA 

 
27 The current vaccine, RZV, is a 2-dose series costing $150-$200 per dose. In 2010, the shingles vaccine, ZVL, was 

a single shot. However, ZVL was similarly priced at $150 per shot (NYT 2010). Because RZV offers almost twice as 

much protection at double the cost, the welfare implications are qualitatively similar. 
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required insurance plans to cover the vaccine without cost-sharing for these groups. Additionally, 

while shingles can cause substantial pain and lead to subsequent complications, shingles-related 

mortality is relatively low, and the cost of the vaccine is relatively high. As such, our results may 

not generalize to other vaccines which protect against diseases which are communicable or have 

higher mortality rates. Despite these limitations, our results provide the first quasi-experimental 

evidence that the ACA increased take-up of the shingles vaccine. These results suggest that 

policymakers looking to improve adult vaccination rates should be mindful of the role of cost in 

driving vaccination decisions. 



22 

 

6. References 

 

Abadie, Alberto, Susan Athey, Guido W. Imbens, and Jeffrey Wooldridge (2017). “When Should 

You Adjust Standard Errors for Clustering?” NBER Working Paper No. 24003. 

 

Abrevaya, Jason and Karen Mulligan (2011). “Effectiveness of State-Level Vaccination Mandates: 

Evidence from the Varicella Vaccine,” Journal of Health Economics, 30(5): 966-976. 

 

Anderson, Michael L., Carlos Dobkin, and Devon Gorry (2020). “The Effect of Influenza 

Vaccination for the Elderly on Hospitalization and Mortality,” Annals of Internal Medicine, 

172: 445-452. 

 

Bloeman, Hans, Stefan Hochguertel, and Jochem Zweerink (2017). “The Causal Effect of 

Retirement on Mortality: Evidence from Target Incentives to Retire Early,” Health 

Economics, 26(2): e204-e218. 

 

Bradford, W. David and Anne Mandich (2013). “Some State Vaccination laws Contribute to 

Greater Exemption Rates and Disease Outbreaks in the United States,” Health Affairs, 

Accessed at: https://doi.org/10.1377/hlthaff.2014.1428.  

 

Calonico, Sabastian, Matias D. Cattaneo, and Rocío Titiunik (2014). “Robust Nonparametric 

Confidence Intervals for Regression-Discontinuity Designs,” Econometrica, 82: 2295-

2326. 

 

Calonico, Sabastian, Matias D. Cattaneo, and Rocío Titiunik (2015). “Optimal Data-Driven 

Regression Discontinuity Plots,” Journal of the American Statistical Association, 110: 

1753-1769. 

 

Cameron, A. Colin and Douglas L. Miller (2015). “A practitioner’s guide to cluster-robust 

inference,” The Journal of Human Resources, 50(2): 317-372. 

 

Cameron, A. Colin, Jonah B. Gelbach, and Douglas L. Miller (2008). “Bootstrap-based 

improvements for inference with clustered errors,” The Review of Economics and Statistics, 

90(3): 414-427. 

 

Carpenter, Christopher S. and Carlos Dobkin (2009). “The Effect of Alcohol Consumption on 

Mortality: Regression Discontinuity Evidence from the Minimum Drinking Age,” 

American Economic Journal: Applied, 1(1): 164-182. 

 

Carpenter, Christopher S. and Emily C. Lawler (2019). “Direct and Spillover Effects of Middle 

School Vaccination Requirements,” American Economic Journal: Economic Policy, 11(1), 

95-125. 

 

Carrera, Mariana, Emily C. Lawler, and Corey White (2021). “Population Mortality and Laws 

Encouraging Influenza Vaccination for Hospital Workers,” Annals of Internal Medicine, 

https://doi.org/10.7326/M20-0413.  

https://doi.org/10.1377/hlthaff.2014.1428
https://doi.org/10.7326/M20-0413


23 

 

 

Cawley, John, John Moran, and Kosali Simon (2010). “The Impact of Income on the Weight of 

Elderly Americans,” Health Economics, 19(8): 979-993. 

 

CDC (2006). “CDC’s Advisory Committee Recommends “Shingles” Vaccination,” Accessed at: 

https://www.cdc.gov/media/pressrel/r061026.htm.  

 

CDC (2008). “Prevention of Herpes Zoster: Recommendations of the Advisory Committee on 

Immunization Practices (ACIP),” Accessed at: 

https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5705a1.htm.  

 

CDC (2020a). “Vaccine Safety: Overview, History, and How the Safety Process Works,” Accessed 

at: https://www.cdc.gov/vaccinesafety/ensuringsafety/history/index.html. (October 2021). 

 

CDC (2020b). “What Everyone Should Know about Zostavax,” Accessed at: 

https://www.cdc.gov/vaccines/vpd/shingles/public/zostavax/index.html (November 2021). 

 

CDC (2021a). “Shingles (Herpes Zoster),” Accessed at: https://www.cdc.gov/shingles/index.html. 

 

CDC (2021b). “Shingles Vaccination,” Accessed at: 

https://www.cdc.gov/vaccines/vpd/shingles/public/shingrix/index.html.  

 

Chandra, Amitabh, Jonathan Gruber, and Robin McKnight (2010). “Patient Cost-Sharing and 

Hospitalization Offsets in the Elderly,” American Economic Review, 100(1): 193-213. 

 

Change, Lenisa V. (2015). “The Effect of State Insurance Mandates on Infant Immunization Rates,” 

Health Economics, 25(3): 372-386. 

 

Chang, Tom, Mireille Jacobson, Manisha Shah, Rajiv Pramanik, and Samir B Shah (2021). 

“Financial Incentives and Other Nudges Do Not Increase COVID-19 Vaccinations among 

the Vaccine Hesitant.” Working Paper. Accessed at: https://www.nber.org/papers/w29403 

 

Churchill, Brandyn F. (2021). “How Important is the Structure of School Vaccine Requirement 

Opt-Out Provisions? Evidence from Washington, DC’s HPV Vaccine Requirement,” 

Journal of Health Economics, 78 https://doi.org/10.1016/j.jhealeco.2021.102480. 

 

Coe, Norma B. and Gema Zamarro (2011). “Retirement Effects on Health in Europe,” Journal of 

Health Economics, 30(1): 77-86. 

 

Cohen, Jeffrey I. (2013). "Clinical Practice: Herpes Zoster," New England Journal of Medicine, 

369(3), 255-263. 

 

Currie, Janet and Jonathan Gruber (1996). “Health Insurance Eligibility, Utilization of Medical 

Care, and Child Health,” Quarterly Journal of Economics, 111(2): 431-466. 

 

https://www.cdc.gov/media/pressrel/r061026.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5705a1.htm
https://www.cdc.gov/vaccinesafety/ensuringsafety/history/index.html
https://www.cdc.gov/vaccines/vpd/shingles/public/zostavax/index.html
https://www.cdc.gov/shingles/index.html
https://www.cdc.gov/vaccines/vpd/shingles/public/shingrix/index.html
https://www.nber.org/papers/w29403
https://doi.org/10.1016/j.jhealeco.2021.102480


24 

 

Dave, Dhaval, Andrew I. Friedson, Benjamin Hansen, and Joseph J. Sabia (2021). “Association 

Between Statewide COVID-19 Lottery Announcements and Vaccinations,” Journal of the 

American Medical Association Health Forum, 2(10): e213117. 

 

FDA (2011). “FDA Approves Zostavax Vaccine to Prevent Shingles in Individuals 50 to 59 Years 

of Age,” Accessed at: 

https://web.archive.org/web/20110327063156/https://www.fda.gov/NewsEvents/Newsroo

m/PressAnnouncements/ucm248390.htm.  

 

Federal Register (2015) Volume 80 No. 134 pg 41318. 

 

Finkelstein, Amy, Sarah Taubman, Bill Wright, Mira Bernstein, Jonathan Gruber, Joseph P. 

Newhouse, Heidi Allen, Katherine Baicker, and the Oregon Health Study Group (2012). 

“The Oregon Health Insurance Experiment: Evidence from the First Year,” Quarterly 

Journal of Economics, 127(3): 1057-1106. 

 

Fitzpatrick, Maria D. and Timothy J. Moore (2018). “The Mortality Effects of Retirement: 

Evidence from Social Security Eligibility at Age 62,” Journal of Public Economics, 157: 

121-137. 

 

Forbes, Harriet J., Krishnan Bhaskaran, Sara L. Thomas, Liam Smeeth, Tim Clayton, Kathryn 

Mansfield, Caroline Minassian, and Sinéad M. Langan (2016). “Quantification of Risk 

Factors for Postherpetic Neuralgia in Herpes Zoster Patients,” Neurology, 87(1): 84-102. 

 

Hallberg, Daniel, Per Johansson, and Malin Josephson (2015). “Is an Early Retirement Offer Good 

for Your Health? Quasi-Experimental Evidence from the Army,” Journal of Health 

Economics, 44: 274-285. 

 

Han, Hsing-Wen, Hsien-Ming Lien, and Tzu-Ting Yang (2020). “Patient Cost-Sharing and 

Healthcare Utilization in Early Childhood: Evidence from a Regression Discontinuity 

Design,” American Economic Journal: Economic Policy, 12(3): 238-278. 

 

Harbecke, Ruth, Cohen, Jeffrey I., & Oxman, Michael N. (2021). "Herpes Zoster Vaccines," The 

Journal of Infectious Diseases, 224(Supplement_4), S429-S442. 

 

Hoffmann, Manuel, Roberto Mosquera, and Adrian Chadi (2019). “Vaccines at Work,” SSRN 

Working Paper. Accessed at: http://dx.doi.org/10.2139/ssrn.3330631. 

 

Holtkamp, Nicholas (2020). “The Human Capital Benefits of Vaccination: Evidence from the 

United States’ Earliest School Vaccination Mandates,” Working Paper. Accessed at: 

https://static1.squarespace.com/static/5a3b4dcb18b27d4562eebb1b/t/60060411076d375c0

15c8d6e/1611006996728/Holtkamp%2C+Nicholas.+JMP.pdf.  

 

Johns Hopkins Medicine (2021). “Ask the Expert: Should You Get the Shingles Vaccine?” 

Accessed at: 

https://web.archive.org/web/20110327063156/https:/www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm248390.htm
https://web.archive.org/web/20110327063156/https:/www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm248390.htm
http://dx.doi.org/10.2139/ssrn.3330631
https://static1.squarespace.com/static/5a3b4dcb18b27d4562eebb1b/t/60060411076d375c015c8d6e/1611006996728/Holtkamp%2C+Nicholas.+JMP.pdf
https://static1.squarespace.com/static/5a3b4dcb18b27d4562eebb1b/t/60060411076d375c015c8d6e/1611006996728/Holtkamp%2C+Nicholas.+JMP.pdf


25 

 

https://www.hopkinsmedicine.org/suburban_hospital/about_the_hospital/news_publicatio

ns/ask_the_expert_archive100419/shingles_vaccination.html.  

 

Johnson, Barbara H., Liisa Palmer, Justin Gatwood, Gregory Lenhart, Kosuke Kawai, and Camilo 

J. Acosta (2015). “Annual Incidence Rates of Herpes Zoster among an Immunocompetent 

Population in the United States,” BMC Infectious Diseases, 15:502. doi: 10.1186/s12879-

015-1262-8.  

 

Kaiser Family Foundation (2011). “2011 Employer Health Benefits Survey.” Accessed at: 

https://www.kff.org/health-costs/report/employer-health-benefits-annual-survey-

archives/#2011. 

 

Kaiser Family Foundation (2018). “2018 Employer Health Benefits Survey.” Accessed at: 

https://www.kff.org/report-section/2018-employer-health-benefits-survey-section-13-

grandfathered-health-plans/. 

 

Kaiser Family Foundation (2021). “How Long After I Enroll in a Plan Will Coverage Take Effect?” 

Accessed at: https://www.kff.org/faqs/faqs-health-insurance-marketplace-and-the-

aca/how-long-after-i-enroll-in-a-plan-will-coverage-take-effect/.  

 

Keeler, Emmett B. and John E. Rolph (1988). “The Demand for Episodes of Treatment in the Health 

Insurance Experiment,” Journal of Health Economics, 7(4): 337-367. 

 

Lawler, Emily C. (2017). “Effectiveness of Vaccination Recommendations versus Mandates: 

Evidence from the Hepatitis A Vaccine,” Journal of Health Economics, 52: 45-62. 

 

Lawler, Emily C. (2020). “Giving Teens a Boost? Effects of Adolescent Meningococcal Vaccine  

Recommendations,” American Journal of Health Economics, 6(2): 251-287. 

 

Lipton, Brandy J. and Sandra L. Decker (2015). “ACA Provisions Associated with Increase in  

Percentage of Young Adult Women Initiating and Completing the HPV Vaccine,” Health 

Affairs, 34(5): 757-764. 

 

Markplace (2017). “Why Are Most Health Plans Tied to the Calendar Year?” Accessed at: 

https://www.marketplace.org/2017/12/26/deductible-fsa-hsa-health-care-costs-calendar-

year/.  

 

Mayo Clinic (2020). “Postherpetic Neuralgia: Symptoms & Causes,” Accessed at: 

https://www.mayoclinic.org/diseases-conditions/postherpetic-neuralgia/symptoms-

causes/syc-20376588.  

 

McLaughlin, John M., Justin J. McGinnis, Litjen Tan, Annette Mercatante, and Joseph Fortunate 

(2015). “Estimated Human and Economic Burden of Four Adult Vaccine-Preventable 

Diseases in the United States, 2013,” The Journal of Primary Prevention, 36: 259-273. 

 

https://www.hopkinsmedicine.org/suburban_hospital/about_the_hospital/news_publications/ask_the_expert_archive100419/shingles_vaccination.html
https://www.hopkinsmedicine.org/suburban_hospital/about_the_hospital/news_publications/ask_the_expert_archive100419/shingles_vaccination.html
https://www.kff.org/faqs/faqs-health-insurance-marketplace-and-the-aca/how-long-after-i-enroll-in-a-plan-will-coverage-take-effect/
https://www.kff.org/faqs/faqs-health-insurance-marketplace-and-the-aca/how-long-after-i-enroll-in-a-plan-will-coverage-take-effect/
https://www.marketplace.org/2017/12/26/deductible-fsa-hsa-health-care-costs-calendar-year/
https://www.marketplace.org/2017/12/26/deductible-fsa-hsa-health-care-costs-calendar-year/
https://www.mayoclinic.org/diseases-conditions/postherpetic-neuralgia/symptoms-causes/syc-20376588
https://www.mayoclinic.org/diseases-conditions/postherpetic-neuralgia/symptoms-causes/syc-20376588


26 

 

MedPAC (2021). “Report to Congress: Medicare and the Health Care Delivery System,” Accessed 

at: http://www.medpac.gov/docs/default-

source/reports/jun21_medpac_report_to_congress_sec.pdf.  

 

Merk (2020). “Product Discontinuation Notice: Zostavax (Zoster Vaccine Live),” Accessed at: 

https://web.archive.org/web/20200818193428/https://www.merckvaccines.com/wp-

content/uploads/sites/8/2020/06/US-CIN-00033.pdf.  

 

Miller, Sarah (2012). “The Impact of the Massachusetts Health Care Reform on Health Care Use 

among Children,” American Economic Review, 102(3): 502-507.  

 

Mitka, Mike (2006). “FDA Approves Shingles Vaccine,” Journal of the American Medical 

Association, 296(2): 157-158. 

 

Morbidity and Mortality Weekly Report (2011). “Update on Herpes Zoster Vaccine: Licensure for 

Persons Aged 50 Through 59 Years,” MMWR, 60(44): 1528. 

 

Morbidity and Mortality Weekly Report (2014). “Recommendations of the Advisory Committee 

on Immunization Practices for Use of Herpes Zoster Vaccines,” MMWR, 67(3): 103-108. 

 

Morbidity and Mortality Weekly Report (2018). “Update on Recommendations for Use of Herpes 

Zoster Vaccine,” MMWR, 63(33): 729-731. 

 

Mulligan, Karen, Julia Thornton Snider, Phyllis Arthur, Gregory Frank, Mahlet Tebeka, Amy 

Walker, and Jason Abrevaya (2018). “Examination of Universal Purchase Programs as a 

Driver of Vaccine Uptake among US States, 1995-2014,” Vaccine, 36(28): 4032-4038. 

 

New York Times (2010). “Why patients Aren’t Getting the Shingles Vaccine,” Accessed at:  

https://www.nytimes.com/2010/06/10/health/10chen.html.  

 

Newhouse, Joseph P. and the Insurance Experiment Group (1993). “Free for All? Lessons from the  

RAND Health Insurance Experiment,” Harvard University Press. 

 

Nilsson, Anton and Alexander Paul (2018). “Patient Cost-Sharing, Socioeconomic Status, and  

Children’s Health Care Utilization,” Journal of Health Economics, 59: 109-124. 

 

Oster, Emily (2018). “Does Disease Cause Vaccination? Disease Outbreaks and Vaccination 

Response,” Journal of Health Economics, 57, 90-101. 

 

Oxman, N.M, M.J. Levin, G.R. Johnson, K.E. Schmader, et al. (2005). “A Vaccine to Prevent 

Herpes Zoster and Postherpetic Neuralgia in Older Adults,” New England Journal of 

Medicine, 352: 2271-2284. doi: 10.1056/NEJMoa051016.  

 

Ozawa, Sachiko, Allison Portnoy, Hiwote Getaneh, Samantha Clark, Maria Knoll, David Bishai, 

H. Keri Yang, and Pallavi D. Patwardhan (2016). “Modeling the Economic Burden of Adult 

Vaccine-Preventable Diseases in the United States,” Health Affairs, 35(11): 2124-2132. 

http://www.medpac.gov/docs/default-source/reports/jun21_medpac_report_to_congress_sec.pdf
http://www.medpac.gov/docs/default-source/reports/jun21_medpac_report_to_congress_sec.pdf
https://web.archive.org/web/20200818193428/https:/www.merckvaccines.com/wp-content/uploads/sites/8/2020/06/US-CIN-00033.pdf
https://web.archive.org/web/20200818193428/https:/www.merckvaccines.com/wp-content/uploads/sites/8/2020/06/US-CIN-00033.pdf
https://www.nytimes.com/2010/06/10/health/10chen.html


27 

 

 

Pesko, Michael F., Charles J. Courtemanche, and Johanna Catherine Maclean (2020). “The Effects 

of Traditional Cigarette and e-Cigarette Tax Rates on Adult Tobacco Product Use,” Journal 

of Risk and Uncertainty, 60: 229-258. 

 

Richwine, Chelsea J., Avi Dor, and Ali Moghtaderi (2019). “Do Stricter Immunization Laws 

Improve Coverage? Evidence from the Repeal of Non-Medical Exemptions for School 

Mandated Vaccines,” NBER Working Paper No. 25847. 

 

Shoven, John B. and Sita Nataraj Slavov (2014). “The Role of Retiree Health Insurance in the Early 

Retirement of Public Sector Employees,” Journal of Health Economics, 38: 99-108. 

 

Snyder, Stephen E. and William N. Evans (2006). “The Effect of Income on Mortality: Evidence 

from the Social Security Notch,” Review of Economics and Statistics, 88(3): 482-495. 

 

Solon, Gary, Steven J. Haider, and Jeffrey M. Wooldridge (2015). “What Are We Weighting For?” 

Journal of Human Resources, 50(2): 301-316. 

 

Thomas, Sara L. and Andrew J. Hall (2004). “What Does Epidemiology Tell Us About Risk Factors 

for Herpes Zoster?” Lancet Infectious Diseases, 4(1): 26-33 

 

Walsh, Brendan, Edel Doherty, and Ciaran O’Neill (2016). “Since the Start of the Vaccines for 

Children Program, Uptake Has Increased, and Most Disparities Have Decreased,” Health 

Affairs, 35(2): 356-364. 

 

Ward, Courtney J. (2014). “Influenza Vaccination Campaigns: Is an Ounce of Prevention Worth a 

Pound of Cure?” American Economic Journal: Applied Economics, 6(1): 38-72. 

 

Wen, Katherine (2020). “Influenza Vaccination Requirements in Nursing Homes: Impacts on 

Vaccination, Illness, and Mortality,” Working Paper. Accessed at: 

https://www.katherinewen.com/wen_influenzaVax_nov2020.pdf (September 9th 2021). 

 

White, Corey (2021). “Measuring Social and Externality Benefits of Influenza Vaccination,” 

Journal of Human Resources, 56(3): 749-785. 

https://www.katherinewen.com/wen_influenzaVax_nov2020.pdf


28 

 

 

Figure 1: Shingles Vaccination Increased When Insurance Was Required to Cover 

the Vaccine Without Patient Cost-Sharing   

 

  
 

Source: National Health Interview Survey 2008-2019 

Note: The grey circles plot the share of 59-year-olds who report receiving the shingles vaccine over 

time. The black triangles plot the share of 60-year-olds who report receiving the vaccine. The vaccine 

was required to be covered without patient cost-sharing for those 60 or older beginning in 2011, while 

the vaccine was required to be covered for all those 50 or older beginning in 2019.
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Figure 2: The Discontinuity in Vaccination Appeared Only After Insurance Became 

Required to Cover the Vaccine for Adults 60 or Older Without Patient Cost-Sharing 

 

  
(A) 

 

 
(B) 

 
Source: National Health Interview Survey 2008-2019 

Note: The grey circles in Panel A denote the share of each age reporting that they had received the 

shingles vaccine during the period in which individuals 60+ were recommended to receive the 

vaccine but it was not yet required to be covered by health insurance. The black triangles denote the 

share when it was recommended for those 60+ and it was required to be covered by health insurance. 

Panel B indicates the difference in the probability of receiving the vaccine at age A+1 compared to 

the probability of receiving the vaccine at age A during the period when the vaccine was 

recommended for those 60+ and it was required to be covered by health insurance.
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Figure 3: Timeline of Relevant Policy Dates 
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Figure 4: The Increase in Shingles Vaccination Was Limited to the Post-Period 

 

 
Source: National Health Interview Survey 2008-2019 

Note: The black circles plot the event study coefficients measuring how the probability of shingles 

vaccination changed relative to when health insurance was required to cover the vaccine without 

patient cost-sharing. The regression includes the full set of controls from equation (2). Because there 

are a small number of clusters, inference is conducted using a wild bootstrap approach, though 

standard errors are not easily obtained from this procedure. However, we are unable to reject the null 

hypotheses that the pre-period coefficients or the post-period coefficients are statistically different 

from zero (pPre = 0.757 and pPost = 0.735). 
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Table 1: People Entitled to Receive the Shingles Vaccine without Patient Cost-

Sharing Had Higher Vaccination Rates 

 (1) (2) (3) 

Panel A 
No Required 

Coverage 

Covered  

for Age ≥ 60 

Difference 

(2 – 1) 

     T. Age ≥ 60 0.057 0.147 0.090 

     C. Age < 60 0.030 0.052 0.022 

     Difference T - C 0.027 0.092 0.068 

Panel B 
Covered  

for Age ≥ 60 

Covered 

for Age ≥ 50 

Difference  

(2 – 1) 

     T. Age < 60 0.052 0.098 0.056 

     C. Age ≥ 60 0.147 0.150 0.003 

     Difference T - C -0.095 -0.052 0.043 
Source: National Health Interview Survey 2008-2019  

Note: In Panel A, row T lists the share of adults 60 or older receiving ZVL and row C the 

share of adults under 60 receiving the ZVL. In Panel B, row T lists the share of adults under 

60 receiving ZVL and row C the share of adults 60 or older receiving ZVL. In Panel A, 

column 1 lists the shares prior to the preventive services provision of the Affordable Care 

Act and column 2 the shares after ZVL was required to be covered for those 60 or older. In 

Panel B, column 1 lists the shares when ZVL was required to be covered for those 60 or older 

and column 2 when ZVL was required to be covered for all adults 50 or older. The bolded 

values indicate the difference-in-differences estimates. 
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Table 2: Insurance Coverage for the Shingles Vaccine without 

Patient Cost-Sharing Increased Shingles Vaccination 

 (1) (2) (3) 

Required Coverage 0.059*** 0.059*** 0.052*** 

    for Shingles Vaccine (0.011) (0.012) (0.011) 

 [0.009] [0.008] [0.006] 

    

R2 0.027 0.034 0.031 

Mean  0.065 0.065 0.065 

Observations 72,781 72,781 72,781 

Age & Time FE? Y Y Y 

Additional Covariates?  Y Y 

Survey Weights?   Y 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The estimates are obtained 

using the difference-in-differences specification shown in equation (1). 

Column 1 utilizes a sparse framework including only indicators for 

whether ZVL was required to be covered for the respondent without 

patient cost-sharing, age (50-60 with 61 omitted), and year-by-quarter 

fixed effects. Column 2 includes indicators for race/ethnicity  (white, 

black, Hispanic, Asian, with ‘other’ omitted), educational attainment 

(less than high school, high school degree, some college, with college 

degree omitted), and health insurance coverage (insured with uninsured 

omitted). Column 2 also includes time-invariant census region fixed 

effects. Column 3 utilizes the survey weights. Robust standard errors, 

shown in parentheses, are clustered at the group-year level. Wild 

bootstrapped p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 3: The Relationship between Insurance Coverage for the Shingles 

Vaccine without Patient Cost-Sharing and Shingles Vaccination  

is Robust to Alternative Sample Choices   

 (1) (2) (3) (4) 

Sample Ages →  50-61 50-64 58-61 
50-57,  

60-61 

Required Coverage 0.052*** 0.066*** 0.061*** 0.057*** 

    for Shingles Vaccine (0.011) (0.010) (0.006) (0.008) 

 [0.006] [0.000] [0.000] [0.000] 

     

R2 0.031 0.073 0.046 0.037 

Mean  0.065 0.092 0.101 0.064 

Observations 72,781 90,055 24,188 60,757 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent reported 

receiving the shingles vaccine. The columns use the controls and specification from 

Table 2 column 2. Column 1 reprints the estimate from Table 2 column 2. Column 2 

expands the sample to include 50-64-year-old adults. Column 3 limits the sample to 

include 58-61-year-old adults. Column 4 uses the preferred sample but drops adults 

aged 58 or 59 who may opt to forgo the vaccine until they turn 60. Robust standard 

errors, shown in parentheses, are clustered at the group-year level. Wild bootstrapped 

p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 4: The Discontinuity in Shingles Vaccination at Age 60 Was Only 

Present When the Those Individuals Were Entitled to the Vaccine 

without Patient Cost-Sharing 

 (1) (2)  (3) (4) 

Sample Period → 
No Coverage  

Requirement 

 Required Coverage  

for Age ≥ 60 

Specification → OLS CCT  OLS CCT 

1{Age ≥ 60} 0.003 0.014  0.030*** 0.041*** 

 (0.014) (0.013)  (0.010) (0.011) 

      

R2 0.025 -  0.043 - 

Observations 4,216 9,301  17,698 30,611 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent reported receiving 

the shingles vaccine. The independent variable of interest is an indicator for whether the 

respondent was 60 or older. Each column also allows age to affect vaccine take-up linearly 

and includes indicators for race/ethnicity  (white, black, Hispanic, Asian, with ‘other’ 

omitted), educational attainment (less than high school, high school degree, some college, 

with college degree omitted), health insurance coverage (insured with uninsured omitted), 

location-invariant year-by-quarter fixed effects and time-invariant region fixed effects. 

Columns 1 and 3 limit the sample to 58-61-year-old adults. Columns 2 and 4 utilize a data-

driven approach to select the bandwidth. Robust standard errors are shown in parentheses. 

Columns 1 and 3 estimate the model using ordinary least squares. Columns 2 and 4 use the 

local polynomial point estimators with robust bias-corrected confidence intervals and 

inference detailed in Calonico, Cattaneo, and Titiunik (2015).  

*** p < 0.01, ** p < 0.05, * p < 0.10 
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Table 5: The Vaccination Rate Increase Was Unique to the Shingles Vaccine 

 (1) (2) (3) (4) 

Outcome → 

Tetanus Shot  

within Past  

10 Years 

Ever Had the 

Hepatitis A 

Vaccine 

Ever Had the 

Hepatitis B 

Vaccine 

Flu Vaccine 

within Past 12 

Months 

Covered Under ACA → 
All  

Adults 

High Risk 

Groups 

High Risk 

Groups 
All Adults 

Required Coverage 0.015 -0.007 -0.010 0.000 

    for Shingles Vaccine (0.010) (0.005) (0.008) (0.013) 

 [0.411] [0.356] [0.525] [0.996] 

     

R2 0.044 0.028 0.036 0.057 

Mean  0.635 0.104 0.259 0.423 

Observations 65,075 62,934 63,717 73,489 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable in column 1 is an indicator for whether the respondent reported having 

a tetanus shot within the past 10 years, in column 2 ever having received the hepatitis A vaccine, in 

column 3 ever having received the hepatitis B vaccine, and in column 4 having received a flu vaccine 

during the prior 12 months. The independent variable of interest is an indicator for whether the shingles 

vaccine is required to be covered without patient cost-sharing. The columns use the controls and 

specification from Table 2 column 2. The sample is limited to 50-61-year-old adults. Robust standard 

errors, shown in parentheses, are clustered at the group-year level. Wild bootstrapped p-values are 

reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 6: The Increase in Shingles Vaccination Was  

Larger for College Educated Adults 

 (1) (2) (3) 

Group Indicator →  
College 

Degree 
Male White 

Required Coverage 0.048** 0.056** 0.037** 

    for Shingles Vaccine (0.011) (0.012) (0.011) 

 [0.014] [0.012] [0.032] 

    

Required Coverage for  0.033** 0.006 0.030 

    Shingles Vaccine × Group (0.012) (0.009) (0.013) 

 [0.025] [0.618] [0.128] 

    

R2 0.037 0.035 0.037 

Observations 72,781 72,781 72,781 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The independent variable of 

interest is an indicator for whether health insurance was required to 

cover the shingles vaccine for the respondent without cost-sharing. The 

estimates use a modified version of preferred specification from Table 

2 column 2 where the righthand side variables are fully interacted with 

an indicator for being a member of the group of interest. The indicator 

in column 1 indicates whether the respondent had health insurance, in 

column 2 whether the respondent had a college degree, in column 3 

whether the respondent was male, and in column 4 whether the 

respondent was white. The sample is respondents 50-61-years-old. 

Robust standard errors, shown in parentheses, are clustered at the 

group-year level. Wild bootstrapped p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 7: The Increase in Shingles Vaccination Was Larger for Those 

with Health Insurance, a Recent Doctor Visit,  

and a History of Chickenpox 

 (1) (2) (3) 

Group Indicator →  

Health 

Insurance 

Coverage 

Recent 

Doctor  

Visit 

Ever 

Had  

Chickenpox 

Required Coverage 0.019 0.018 0.030** 

    for Shingles Vaccine (0.011) (0.010) (0.006) 

 [0.164] [0.181] [0.025] 

    

Required Coverage for  0.043** 0.046*** 0.048** 

    Shingles Vaccine × Group (0.012) (0.010) (0.009) 

 [0.046] [0.007] [0.041] 

    

R2 0.037 0.038 0.039 

Observations 72,781 72,623 63,357 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The independent variable of interest is 

an indicator for whether health insurance was required to cover the shingles 

vaccine for the respondent without cost-sharing. The estimates use a modified 

version of preferred specification from Table 2 column 2 where the righthand 

side variables are fully interacted with an indicator for being a member of the 

group of interest. The indicator in column 1 indicates whether the respondent 

had health insurance, in column 2 whether the respondent reported a doctor visit 

within the prior 12 months, in column 3 whether the respondent reported a 

history of chickenpox. The sample is respondents 50-61-years-old. Robust 

standard errors, shown in parentheses, are clustered at the group-year level. 

Wild bootstrapped p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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7. Appendix 

Appendix Figure 1: There Was No Discontinuity in Shingles Vaccination at Age 60 

After Health Insurance Was Required to Cover Vaccination with No Patient Cost-

Sharing for Adults 50 or Older 

 

  
 

Source: National Health Interview Survey 2010-2019 

Note: The black triangles denote the share of each age receiving the shingles vaccine when the 

vaccine was required to be covered without patient cost-sharing for adults 60 or older. The grey 

diamonds indicate the share of each age reporting coverage during the period when the vaccine was 

required to be covered without patient cost-sharing for adults 50 or older.
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Appendix Table 1: Summary Statistics 

 (1) (2) (3) 

 
Full  

Sample 

No Required 

Coverage 

Required 

Coverage 

Shingles Vaccination 0.065 0.048 0.131 

Health Insurance 0.870 0.862 0.899 

Male 0.460 0.460 0.462 

Less than High School 0.123 0.127 0.109 

High School Degree 0.270 0.272 0.263 

Some College 0.306 0.306 0.307 

College Degree 0.300 0.295 0.322 

White 0.677 0.669 0.709 

Black 0.147 0.152 0.126 

Hispanic 0.119 0.122 0.106 

Asian 0.044 0.045 0.042 

Other 0.013 0.012 0.017 

Northeast 0.172 0.171 0.177 

Midwest 0.220 0.220 0.220 

South 0.364 0.364 0.361 

West 0.244 0.244 0.242 
Source: National Health Interview Survey 2008-2019 

Note: The summary statistics indicate the shares of the samples with each characteristic based 

on whether the adult was eligible to receive the shingles vaccine without patient cost-sharing. 
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Appendix Table 2: The ACA Preventive Services Provision 

Increased Shingles Vaccination in the BRFSS Data 

 (1) (2) (3) 

Required Coverage 0.107*** 0.105*** 0.069*** 

    for Shingles Vaccine (0.005) (0.005) (0.007) 

 [0.000] [0.000] [0.000] 

    

R2 0.085 0.097 0.079 

Mean  0.136 0.136 0.136 

Observations 280,081 280,081 280,081 

Age & Time FE? Y Y Y 

Additional Covariates?  Y Y 

Survey Weights?   Y 
Source: Behavioral Risk Factor Surveillance System 2009-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The estimates are obtained 

using the difference-in-differences specification shown in equation (1). 

Column 1 utilizes a sparse framework including only indicators for 

whether ZVL was required to be covered for the respondent without 

patient cost-sharing, age (50-60 with 61 omitted), and year-by-quarter 

fixed effects. Column 2 includes indicators for race/ethnicity  (white, 

black, Hispanic, Asian, with ‘other’ omitted), educational attainment 

(less than high school, high school degree, some college, with college 

degree omitted), and health insurance coverage (insured with uninsured 

omitted). Column 2 also includes time-invariant census region fixed 

effects. Column 3 utilizes the survey weights. Robust standard errors, 

shown in parentheses, are clustered at the group-year level. Wild 

bootstrapped p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Appendix Table 3: Both the 2010 and 2019 Policy Changes 

Increased Shingles Vaccination 

 (1) (2) (3) 

Panel A: Sample Years 2008-2018  

Required Coverage 0.068*** 0.068*** 0.061*** 

    for Shingles Vaccine (0.007) (0.007) (0.008) 

 [0.000] [0.000] [0.000] 

    

R2 0.026 0.033 0.031 

Mean  0.061 0.061 0.061 

Observations 66,510 66,510 66,510 

Panel B: Sample Years 2011-2019 

Required Coverage 0.042** 0.040** 0.030 

    for Shingles Vaccine (0.009) (0.009) (0.013) 

 [0.021] [0.027] [0.143] 

    

R2 0.025 0.033 0.031 

Mean  0.073 0.073 0.073 

Observations 57,739 57,739 57,739 

Age & Time FE? Y Y Y 

Additional Covariates?  Y Y 

Survey Weights?   Y 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The estimates are obtained 

using the difference-in-differences specification shown in equation (1). 

Column 1 utilizes a sparse framework including only indicators for 

whether ZVL was required to be covered for the respondent without 

patient cost-sharing, age (50-60 with 61 omitted), and year-by-quarter 

fixed effects. Column 2 includes indicators for race/ethnicity  (white, 

black, Hispanic, Asian, with ‘other’ omitted), educational attainment 

(less than high school, high school degree, some college, with college 

degree omitted), and health insurance coverage (insured with uninsured 

omitted). Column 2 also includes time-invariant census region fixed 

effects. Column 3 utilizes the survey weights. Panel A exploits only the 

first policy change by limiting the sample to 2008-2018. Panel B 

exploits only the second policy change by limiting the sample to 2011-

2019. Robust standard errors, shown in parentheses, are clustered at the 

group-year level. Wild bootstrapped p-values are reported in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Appendix Table 4: The Righthand Side Covariates Varied Smoothly through ACIP’s ZVL Recommendation Age of 60  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

 
Health 

Insur. 
Male 

Less 

than 

High 

School 

High 

School 

Degree 

Some 

College 

College 

Degree 
White Black Hispan. Asian Other 

Required Coverage 0.002 -0.010 -0.003 -0.009 0.001 0.011 -0.013 0.004 0.009 0.002 -0.002 

    for Shingles Vaccine (0.007) (0.009) (0.005) (0.009) (0.012) (0.012) (0.009) (0.007) (0.006) (0.003) (0.002) 

 [0.799] [0.371] [0.642] [0.402] [0.942] [0.470] [0.232] [0.607] [0.221] [0.611] [0.258] 

            

R2 0.013 0.001 0.003 0.001 0.001 0.003 0.010 0.006 0.005 0.002 0.002 

Observations 72,781 72,781 72,781 72,781 72,781 72,781 72,781 72,781 72,781 72,781 72,781 
Source: National Health Interview Survey 2008-2018 

Note: The dependent variable in column 1 is an indicator for health insurance coverage, in column 2 for being male, in column 3 for having less than 

a high school degree, in column 4 for having a high school degree, in column 5 for having some college education, and in column 6 for having a four-

year degree or more. The dependent variable in column 7 is an indicator for being white, in column 8 for being black, in column 9 for being Hispanic, 

in column 10 for being Asian, and in column 11 for being classified as ‘other.’ The independent variables include an indicator for whether the 

respondent was entitled to receive the shingles vaccine without patient cost-sharing, indicators for age, and year-by-quarter fixed effects. Robust 

standard errors, shown in parentheses, are clustered at the group-year level. Wild bootstrapped p-values are reported in brackets. 

*** p < 0.01, ** p < 0.05, * p < 0.10
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Appendix Table 5: The Righthand Side Covariates Varied Smoothly through ACIP’s ZVL Recommendation Age of 60  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

 
Health 

Insur. 
Male 

Less 

than 

High 

School 

High 

School 

Degree 

Some 

College 

College 

Degree 
White Black Hispan. Asian Other 

Age ≥ 60 -0.002 -0.017 -0.004 -0.011 -0.003 0.017 -0.007 -0.005 0.002 0.011* -0.001 

 (0.010) (0.017) (0.011) (0.015) (0.015) (0.015) (0.015) (0.011) (0.010) (0.006) (0.004) 

            

R2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Mean for 59-Year-Olds 0.889 0.464 0.119 0.257 0.313 0.301 0.711 0.141 0.099 0.036 0.012 

Observations 18,149 18,149 18,149 18,149 18,149 18,149 18,149 18,149 18,149 18,149 18,149 
Source: National Health Interview Survey 2010-2018 

Note: The dependent variable in column 1 is an indicator for health insurance coverage, in column 2 for being male, in column 3 for having less than 

a high school degree, in column 4 for having a high school degree, in column 5 for having some college education, and in column 6 for having a four-

year degree or more. The dependent variable in column 7 is an indicator for being white, in column 8 for being black, in column 9 for being Hispanic, 

in column 10 for being Asian, and in column 11 for being classified as ‘other.’ The independent variables include a continuous measure of age and 

an indicator for being above 60 years old. The sample period is 2010-2018 and the sample is limited to 58-61-year-olds. Robust standard errors are 

shown in parentheses.  

*** p < 0.01, ** p < 0.05, * p < 0.10
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Appendix Table 6: The Increase in Shingles Vaccination Was 

Larger for College Educated Adults Even After Limiting  

the Sample to Those with Health Insurance 

 (1) (2) (3) 

Group Indicator →  
College 

Degree 
Male White 

Required Coverage 0.051** 0.058** 0.042** 

    for Shingles Vaccine (0.011) (0.012) (0.011) 

 [0.015] [0.013] [0.031] 

    

Required Coverage for  0.033** 0.010 0.028 

    Shingles Vaccine × Group (0.011) (0.010) (0.013) 

 [0.026] [0.441] [0.134] 

    

R2 0.038 0.036 0.037 

Observations 63,291 63,291 63,291 
Source: National Health Interview Survey 2008-2019 

Note: The dependent variable is an indicator for whether the respondent 

reported receiving the shingles vaccine. The independent variable of 

interest is an indicator for whether health insurance was required to cover 

the shingles vaccine for the respondent without cost-sharing. The 

estimates use a modified version of preferred specification from Table 2 

column 2 where the righthand side variables are fully interacted with an 

indicator for being a member of the group of interest. The indicator in 

column 1 is an indicator for whether the respondent had a college degree, 

in column 2 whether the respondent was male, and in column 3 whether 

the respondent was white. The sample is respondents 50-61-years-old 

with health insurance. Robust standard errors, shown in parentheses, are 

clustered at the group-year level. Wild bootstrapped p-values are reported 

in brackets.  

*** p < 0.01, ** p < 0.05, * p < 0.10 


