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ABSTRACT 

 

To date, the federal government has paid $35 billion in incentive payments to eligible hospitals 

who adopt electronic health records (EHRs) and meet certain criteria on EHR implementation 

and use, as part of what is called the meaningful use program. One such criteria is that hospitals 

provide patients with the ability to view, download, and transmit information about a hospital 

admission, also called VDT. Hospitals are penalized if too few patients view, download, or 

transmit their information after discharge. This study seeks to identify and quantify factors that 

affect whether or not a patient accesses their health information online by matching county level 

demographic data with the nation’s 1,423 critical access hospitals and VDT data from the subset 

of 1,062 CAHs participating in the meaningful use program. A Heckman selection model was 

run to address CAHs non-random selection into the meaningful use program. Correcting for 

hospital and county-level variables, I found that both the length of meaningful use program 

participation and the percent of patients provided the ability to VDT are positively associated 

(p<0.01) with the percentage of patients who view, download, or transmit their health 

information. More specifically, a 1 percentage point increase in the number of patients offered 

the ability to view download and transmit their health information within 36 hours after 

discharge is associated with a 2.03% increase in the percent of patients who do in fact view, 

download, or transmit their health information. Holding all other independent variables constant, 
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an additional year of participation in the meaningful use program is associated with an 11% 

increase in the percent of patients who view, download, or transmit their health information. The 

results of this study suggest that requiring hospitals to offer VDT to a higher percentage of 

patients would, independently of any change to the VDT percentage requirement, increase the 

percent of patients who VDT. While the study does not allow us to distinguish between possible 

explanations for why additional years of program participation increase VDT rates, it is 

encouraging that despite constant CMS thresholds, patient engagement increases with years of 

participation.  
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INTRODUCTION 

In 2008 the federal government released the first ever national strategic plan for health 

information technology, with the goal of extending access to electronic health records (EHRs) to 

the majority of Americans by 2014.1 At the time only 15 percent of acute care hospitals had 

electronic health records, and only 7 percent of patients had used the web to access their health 

information.2 The report stressed the importance of individual access, and argued that armed 

with information, patients would make better choices and health care would become more 

efficient and cost effective. Along with the report came a $35 billion taxpayer investment in 

health information technology as part of the government spending package enacted in 2009. 

Eligible hospitals that applied for the funding agreed to meet certain criteria on EHR 

implementation and use, as part of what is called the meaningful use program. 

EHR adoption has increased significantly since the plan’s release and infusion of funds, 

and by 2014, 97% of hospitals had a certified EHR system, and 95% of patients could 

electronically view their health information online.3 Patient access to and engagement with 

health information remains a major objective of the federal government. In fact, the first goal of 

the most recent (2015-2020) Federal Health IT Strategic Plan is to “advance person-centered and 

self-managed care.”4 Broadly, the strategic plan seeks to move from the existing process-based 

measures under the meaningful use incentive program, to those based on health outcomes and 

requiring a modern interconnected health IT system. The plan maintains that patient engagement 

leads to improved outcomes, and that federal policies must “support the accessibility and use of 

electronic health information by individuals, caregivers, providers, and researchers across 

products and organizations, in a timely and reliable way that protects personal privacy and 

upholds individual autonomy.”4 Additionally, through the Medicare payment system, the United 
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States Department of Health and Human Services (HHS) continues to both incentivize and 

penalize hospitals based on their use of health information technology. Specifically, the 

meaningful use incentive program requires hospitals to, “provide patients with the ability to view 

online, download, and transmit information about a hospital admission.”5 This ability is also 

referred to as VDT. 

Given the government’s objective, it is important to understand both the hospital-level 

and patient-level factors that influence whether or not a patient accesses their health record. 

Public policy related to physician reimbursement, or patient computer literacy, for example, may 

be relevant for patient online access to health records and ultimately improved health care 

outcomes.  

The majority of existing literature on patient barriers to EHR access is based on analysis 

of survey data. Few randomized control trials exist, and those that have been done rely on 

relatively small sample sizes. Similarly, while researchers have been able to compare patient 

level data and patient access to the portal, such work is limited to a single hospital system. To my 

knowledge, there has not been a study using national, provider-level meaningful use data on 

view, download, and transmit (VDT) rates. 

In this thesis, I use information from the CMS EHR Incentive Program reports and the 

CMS Provider of Services Current Files for all critical access hospitals (CAHs) in the United 

States to evaluate the relationship between hospital-reported variables and VDT rates. I also 

match each CAH with county level demographic information to control for and evaluate the 

relationship between patient level factors and provider level VDT rates. Critical access hospitals 

are by definition located in rural areas more than 35 miles from the nearest hospital or CAH. The 
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study provides a unique look at the challenges facing smaller rural hospitals, and allows for more 

appropriate matching with county level data than do regional hospitals systems. 

This research adds to the literature by providing a more comprehensive picture of the 

factors that policymakers and health care providers should consider when attempting to improve 

patient engagement with their health information at critical access hospitals. 

 

INSTITUTIONAL BACKGROUND 

The Health Information Technology for Economic and Clinical Health (HITECH) Act 

was enacted into law as part of The American Recovery and Reinvestment Act of 2009.6 The law 

is a $35 billion taxpayer investment in the nation’s health information technology, delivered to 

eligible hospitals and providers through incentive payments.7 The law codified the Office of the 

National Coordinator (ONC) in statute, and authorized broader health information technology 

rulemaking authority and coordination efforts. The payment incentives are awarded in “stages” 

to providers that demonstrate “meaningful use” of approved health information technology. The 

first stage of meaningful use, which began in 2011, sought to increase provider adoption of 

health IT and the specific requirements focused on the collection and storage of patient health 

information.8 Specific to individual access, and aligned with the ONC’s strategic plan, Stage 1 

requires providers to provide an electronic record of a patient’s health information upon request, 

discharge instructions after hospital visits, and a clinical care summary after office visits.9 

Today, most providers are required to attest to Stage 2 of the meaningful use program, 

which contains 16 core objectives including more advanced requirements, and several types of 

information sharing. The rule builds on Stage 1 by requiring hospitals to “provide patients with 

the ability to view online, download, and transmit information about a hospital admission,” 



 4 

called VDT.5 Specifically, the rule requires that eligible providers make such information 

available online within 36 hours of discharge from an inpatient or emergency department. The 

rule also requires that more than 5% of patients actually view, download, or transmit the 

information. The number of non-federal acute care hospitals that provide patients the ability to 

view, download, and transmit their health information has increased rapidly under Stage 2, from 

10% in 2012 to 69% in 2015.3 There are a smaller number of providers who, in 2015, were still 

attesting to Stage 1 of meaningful use. They are required to report on “modified” Stage 1 criteria, 

which include the same VDT requirement as those attesting to Stage 2.  

While the meaningful use incentive program attempts to expand patient access to health 

information using web-based technology, an individual’s right to their record precedes HITECH. 

The Health Insurance Portability and Accountability Act of 1996 (HIPPA) Privacy rule, created a 

national standard to ensure privacy and security, while also giving patients the right to request 

and obtain a copy of their own health information.10 The HITECH act kept these protections in 

place, and requires hospitals to adopt additional security and privacy requirements related to 

online information, while expanding the patient’s right to have that information delivered 

electronically. 

 

LITERATURE REVIEW 

The purpose of this literature review is to examine the research behind the U.S. federal 

government’s objective of improving patient access to their medical records, and to evaluate 

existing research on barriers to such access.  
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Patient Engagement and Outcomes 

 The federal government, both in aspirational documents like the Federal Strategic Plan 

and in explanatory documents for the VDT requirement in meaningful use, reports that patient 

engagement improves outcomes and care delivery.3,4,11 There is literature to support this claim. 

Often cited is a 2012 Health Affairs Policy Brief.12 The editors find, based on a review of 

existing literature, substantial evidence that patient engagement can lead to better health 

outcomes. However, “patient engagement” and “patient activation” do not have an agreed upon 

definition, and the terms can refer to policies ranging from direct patient education, to shared 

decision making, to simply accessing a health record online. 

 Dr. Judith Hibbard, a leading researcher in this field uses a “Patient Activation Measure” 

to assign a score between 0 and 100 to quantify a patient’s beliefs, knowledge, and confidence in 

managing their health care.13 Using data from a large hospital system in Minnesota and a cross-

section analysis, Dr. Hibbard evaluated the relationship between Patient Activation Measure 

scores and billed health care costs. Controlling for patient demographics and overall health, she 

finds that low patient activation scores are predictive of high costs. She has also conducted 

similar research, using the data from the same hospital system, finding a strong relationship 

between health outcomes and patient activation.14,15 However, a key limitation of these studies is 

that they fail to identify the specific types of engagement and activation most predictive of lower 

costs and improved health outcomes. 

However, the ONC policy related to provider VDT rates is based not just on data that 

patient engagement improves outcomes, but that patient access to their medical records is a 

critical component of increasing engagement. Studies that specifically evaluate the relationship 

between access to patient records and health outcomes have more mixed results.  
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In their book, Grando et al. review a wide range of research on the connection between 

patient engagement through health information technology and health outcomes.16 Their review 

finds encouraging evidence that access to health records has the potential to improve outcomes, 

satisfaction, and efficiency. However, while the authors seem convinced on the potential of 

health IT, they note that there is still limited data, and different types of engagement with the 

information are likely to produce different outcomes. 

The results of a systematic review by Giardina et al. of 27 relevant PubMed articles from 

1970 to 2012 did not identify encouraging results.17 The authors found mixed outcomes, even 

among the small number of existing randomized control trials, on the relationship between 

access to personal health information and health outcomes. The authors also looked at literature 

on the relationship between access and satisfaction and were unable to identify trends, calling for 

additional research on the topic. An issue here is the inclusion of old studies which may no 

longer be relevant in the age of online information and widespread technology use. However, a 

2015 systematic review by Kruse et al. used only studies since 2011 and found similar results.18 

While 37% of the studies in their review found improvements in one or more AHRQ quality 

indicator, none of the studies were randomized control trials. 

Similarly, prior to expansion of the Veterans Health Administration EHR, the agency 

conducted its own systematic review seeking to identify the “association between patient access 

to their own medical record and health outcomes, patient satisfaction, adherence, efficiency, or 

utilization, and attitudes about access.”19 The authors reviewed relevant literature between 1999 

and 2010, ultimately evaluating 31 studies related to patient access of medical records. They did 

not find strong evidence that a patient’s access to their own record improves outcomes, 

medication decisions, patient attitudes, or utilization rates. The authors concluded that while 
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there is limited evidence of a direct relationship between access to the record and outcomes, 

access could be a piece of the larger goal to engage and activate patients.  

In summary, there is relatively strong evidence that patient engagement can improve 

outcomes and weaker evidence that it can reduce costs. However, at issue is the type of 

engagement. There is little evidence that access to one’s medical record improves health 

outcomes or increases satisfaction with the care he or she receives. Still, such access remains a 

goal of the federal government and is likely a necessary component of a more targeted approach 

to improve patient engagement and outcomes.   

Barriers to Online Patient Access 

Given that the federal government is currently evaluating and potentially penalizing 

hospitals on whether or not their patients access their online medical record, it is important to 

understand the possible barriers to access. Such information will help the government know 

where to target funds and how to implement new policy. Similarly, knowing these variables will 

inform additional research on the effect of access on health care outcomes, costs, and other 

issues. 

 The Veterans Health Administration’s systematic review referenced earlier in the paper, 

while not finding evidence of a relationship between health record access and outcomes, found 

moderate evidence that low literacy and education levels were a barrier to patient portal access.19 

Similarly, the study found lower rates of patient portal use among African Americans. 

 The vast majority of research on barriers to patient access comes from survey data, and 

specifically from research on patient portals. Gordon et al. sent surveys to a stratified random 

sample of approximately 2,000 seniors (out of approximately 200,000 in the administrative data 

set) aged 65-79 who were members of the Kaiser Permanente Northern California health plan.20 
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The results found that across all racial groups, older seniors were less likely than those aged 65-

69 to register for the patient portal or access it at least once. Black and Latino seniors were less 

likely than whites and Chinese seniors to create and access an account. The survey found that 

approximately 80% of non-Hispanic whites reported being able to use the Internet, compared 

with 64.4% of blacks and 58.2% of Latinos. However, among those that did not use the patient 

portal, 56.6% did not use the Internet. Education also played a role, as those with a high school 

degree or less were nearly 30 percentage points less likely to use the patient portal. The authors 

cautioned that the use of eHealth, without being aware of these barriers, could actually increase 

health disparities. 

 The ONC’s most recent report on trends in consumer access to health information found 

that in 2014 38% of individuals reported being offered access to their online record, a 10 

percentage point increase from 2013.21 Among those who were offered, 55% accessed their 

record at least one time during the year and 81% considered the information useful. Among those 

who did not access the record, 77% said they did not have a need, 18% had privacy concerns, 

17% could not access it online, and 16% had difficulty using the website.   

 Kruse et al. conducted a systematic review of 27 studies between 2004 and 2014 that 

evaluated patient and provider attitudes toward patient portals in chronic disease management.22 

Many of their conclusions are out of the scope of this analysis, however, the authors reviewed 

barriers to access, and found evidence that age and digital literacy were related to portal use. A 

more thorough and targeted systematic review by Irizarry et al. reviewed 120 studies published 

between 2006 and 2014 related to patient portal use.23 The authors broke down studies into 

several categories, finding mixed levels of evidence that language, race, age, socioeconomic 

status, and patient activation were related to adoption of a patient portal. The authors did not 
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make broad conclusions, but rather suggested that providers be aware of the many factors that 

may affect implementation of patient portals at their institution. 

 Wallace et. al. used information on patient portal access in the Oregon Community 

Health Network in the first 12 months after it was made available in May 2012.24 The sample 

was large (36,549), and the data contained patient level sociodemographic characteristics and 

health and hospital visit information. Like the studies above, the authors found that white, 

English speaking, young, and female individuals were more likely to access their record. 

Uninsured individuals, or those with public insurance were less likely to create an account, but 

surprisingly, those that did create an account were more active users. Yamin et al. used a similar 

study design and data from Partners HealthCare to identify similar barriers.25 

 

CONCEPTUAL MODEL AND METHODOLOGICAL APPROACH 

 This study seeks to identify and quantify factors that affect whether or not a patient 

accesses their health information online. I use hospital-level information from the CMS Provider 

of Services Current Files for all critical access hospitals in the United States, hospital-level 

reporting on health IT related measures for those critical access hospitals participating in the 

meaningful use program, and county-level demographic data corresponding to the locations of 

each of the hospitals.  

 Critical access hospitals are by definition located in rural areas more than 35 miles from 

the nearest hospital or CAH.26 Because a CAH is the sole medical provider in a large geographic 

area, county demographics likely mirror the characteristics of the population the hospital serves. 

This is in contrast to a large research institution or children’s hospital, which cares for patients 
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from all over the state and country. Additionally, critical access hospitals serve diverse 

populations that face unique challenges, providing an ideal case study. 

As discussed earlier, a number of studies have identified patient-level barriers to online 

medical record access. These include race, age, education, literacy, and language. There are a 

number of ways these variables conceivably influence patient access. For example, older 

individuals are less likely to use web-based services overall, and may not have the skills or 

equipment to access their record even if they desired to do so. Education levels, shown in 

previous studies to affect access, may directly influence an individual’s ability to navigate the 

online system and the information within it, and indirectly affect socioeconomic status and in-

home broadband access.  

In addition to patient level variables, this study attempts to account for the overall “health 

IT culture” of a hospital. The dependent variable – patient view, download, and transmit rates – 

gives us an isolated picture of the hospital’s activities. Certain hospitals may be engaging in 

outreach activities and encouraging patients to view their digital health records while others may 

not. The hospitals may hire dedicated staff, or to the contrary, be too small to hire the type of 

personnel needed to have a robust health IT infrastructure. Because of these types of factors, I 

add additional hospital-level measures in an attempt to analyze hospital activities and resources 

related to the dependent variable.  

Both an ordinary least squares (OLS) regression and a Heckman selection model are used 

to evaluate the relationship between hospital and county-level variables and the hospital’s view, 

download, and transmit rate. The Heckman model is used to address potentially nonrandom 

selection into the meaningful use program. By simply running an OLS regression of the effect of 

several variables on VDT percentage, the analysis would only include those hospitals 
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participating in the meaningful use program and therefore reporting their VDT percentage. The 

OLS regression excludes those critical access hospitals that are not in the meaningful use 

program, but whose reasons for doing so may be relevant to the overall analysis. In this study, 

the types of hospitals that choose to receive incentive payments and implement health IT may be 

different than those that do not. If this were the case, OLS results would be biased and 

inconsistent.  The Heckman selection model minimizes potential bias through two steps, the first 

of which is a selection model. By selecting a variable (or several) that are associated with 

whether or not one selects for treatment (participating in the meaningful use program) but not 

associated with the dependent variable (VDT percentage), the model helps to reduce or eliminate 

selection bias.  

 

Regression Equations (Heckman Selection Model): 

Patient VDTPct | VDT=1 = β0 + β1VDTProvidedPct + β2PaymentYearNumber + 

β3PovertyAllAgesPct2014 + β4Nonmetro2013 + β5LowEducation2015 + 

β6LowEmployment2015 + β7Age65AndOlderPct2010 + β8WhiteNonHispanicPct2010 + 

β9BlackNonHispanicPct2010 + β10AsianNonHispanicPct2010 + 

β11NativeAmericanNonHispanicPct2010 + β12HispanicPct2010 + β13ForeignBornPct + 

β14NonEnglishHHPct + β15FemaleHHPct + β16ProviderSum + β17NonproviderPersonnel 

 

VDT = β0 + β1VDTProvidedPct + β2PaymentYearNumber + β3PovertyAllAgesPct2014 + 

β4Nonmetro2013 + β5LowEducation2015 + β6LowEmployment2015 + 

β7Age65AndOlderPct2010 + β8WhiteNonHispanicPct2010 + β9BlackNonHispanicPct2010 + 

β10AsianNonHispanicPct2010 + β11NativeAmericanNonHispanicPct2010 + 
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β12HispanicPct2010 + β13ForeignBornPct + β14NonEnglishHHPct + β15FemaleHHPct + 

β16ProviderSum + β17NonproviderPersonnel + β18AfltdPrvdrCnt + β19CrtfdBedCnt + β20 

OffsiteLctnCnt + β21OprtgRoomCnt 

 

DESCRIPTION OF DATA 

 The complete dataset is composed of three merged files: the CMS Provider of Services 

Current Files, the CMS Medicare EHR Incentive Program Eligible Hospitals Public Use File, 

and the United States Department of Agriculture Atlas of Rural and Small-Town America.   

 The CMS Provider of Services (POS) Current Files dataset was used to identify the 1,423 

Critical Access Hospitals in the United States. For each of these hospitals, the file contains 

information on the number of affiliated providers, certified hospital beds, offsite locations, 

operating rooms, and staff as outlined in more detail in Table 1. 

 The POS file was then merged with the USDA Atlas of Rural and Small-Town America. 

The 1,423 hospitals in the dataset are each identified by a five-digit Federal Information 

Processing Standard (FIPS) code. The first two digits of the code identify the state the hospital is 

in, and the final three digits identify the county. The FIPS code is used to match each hospital 

with its respective county-level demographic data. Despite its name, the USDA dataset contains 

broad data on both rural and urban counties, compiled from a wide range of federal government 

sources. The complete list of county level variables included in the analysis is in the second part 

of Table 1. 
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Table 1: Description of Variables – All Critical Access Hospitals in Dataset 

VARIABLES DESCRIPTION 

  

Hospital-Level 

AfltdPrvdrCnt 

 

Number of affiliated providers 

CrtfdBedCnt Number of beds in Medicare and/or Medicaid 

certified areas within a facility 

OffsiteLctnCnt Total number of off-site locations 

OprtgRoomCnt Total number of operating rooms 

NonproviderPersonnel Number of “other” hospital staff, not directly 

responsible for the provision of health care services 

ProviderSum The total number of hospital staff directly 

responsible for the provision of health care services 

 

County-Level 

PovertyAllAgesPct2014 

 

Percent of county population living in families with 

cash income below half of the poverty threshold 

Nonmetro2013 Indicator equal to one for counties outside the 

boundaries of metro areas and with no urban areas 

of 50,000 or more 

LowEducation2015 Indicator equal to one if at least 20% of the 

residents age 25 to 64 did not have a high school 

diploma 

LowEmployment2015 Indicator equal to one if less than 65% of residents 

age 25-64 were employed. 

Age65AndOlderPct2010 Percent of county population 65 year of age or 

older in 2010 

WhiteNonHispanicPct2010 Percent of county population that self-identifies 

race only as white 

BlackNonHispanicPct2010 Percent Non-Hispanic African Americans in county 

in 2010 

AsianNonHispanicPct2010 Percent of county population that self-identifies 

race only as Asian Indian, Chinese, Filipino, 

Japanese, Korean, Vietnamese, or Other Asian 

NativeAmericanNonHispanicPct2010 Percent of county population that self-identifies 

race only as American Indian or Alaska Native 

HispanicPct2010 Percent Hispanic in county in 2010 

ForeignBornPct Percent of county population born outside the 

United States 

NonEnglishHHPct Percent of non-English speaking households of 

total households, 2010-2014 

FemaleHHPct Percent of county households headed by a female 

with no husband present 
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Finally, the file containing hospital and county-level data was merged with the CMS 

Medicare EHR Incentive Program Eligible Hospitals Public Use File which provides hospital-

level data on all hospitals participating in Stage 1 and Stage 2 of the Meaningful Use program in 

2015.27 The dataset includes hospital reported information on 15 required measures. The 

dependent variable of this study, “VDTPct,” is the percent of patients who view online, 

download, or transmit their health information after discharge from the inpatient or emergency 

department of an eligible Critical Access Hospital. While CMS requires that only one patient 

view, download, or transmit their record in order to meet the threshold, hospitals are required to 

report the total number of patients discharged from the inpatient or emergency department as 

well as the total number of patients who view, download, or transmit. A separate measure reports 

the total number of patients given the ability to view online, download, and transmit their health 

information within 36 hours of discharge. In order to meet this meaningful use criteria, a hospital 

or CAH must give such access to more than 50% of all patients discharged from the inpatient or 

emergency department. The list of variables along with descriptions is below in Table 2. For the 

regression analysis, a log of the dependent variable VDTPct is used because the values are 

clustered near 0, as shown in Figure 1. 

Table 2: Description of Variables – Meaningful Use Participating Hospitals Only 

VARIABLES DESCRIPTION 

  

VDTPct Percent of patients who view online, download, or 

transmit to a third party their health information 

during the reporting period 

logVDTPct Log of VDTPct variable 

VDTProvidedPct Percentage of patients discharged from the 

inpatient or emergency department provided access 

to view, download, and transmit their health 

information within 36 hours after discharge 

PaymentYearNumber Consecutive years of payment under the 

meaningful use program 
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Figure 1: Histogram of VDT Percentage Among all CAHs in Meaningful Use 

 

 Not all CAHs participated in the meaningful use program in 2015. As shown in Table 3, 

in 2015 there were 362 CAHs not participating in meaningful use, 196 participating in Stage 1, 

and 865 participating in Stage 2. While the POS file includes hospital-level data for all hospitals, 

the 383 hospitals not participating in the meaningful use program are year 0 in the program and 

do not report VDTPct and VDTProvidedPct. It is possible that these hospitals do offer VDT, but 

unlikely, because all CAHs were eligible for the substantial incentive payments offered through 

the meaningful use program. 

 As expected, the average VDTPct for critical access hospitals in Stage 2 of the program is 

greater than the percentage for programs in Stage 1, but the difference is not significant at the 

95% confidence level (p=0.41). The same is true for VDTProvidedPct (p=0.19). T tests were 

also run to compare the means of hospital-level variables for those participating and not 

participating in the meaningful use program. There is a statistically significant difference (95% 

CL) in means between CAHs in MU and not in MU for the affiliated provider count (p=0.001), 
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certified bed count (p=0.04), offsite location count (p=0.03), and non-provider personnel count 

(p=0.008). There is not a significant difference between means (p=0.24) for the “ProviderSum” 

variable designating the total number of providers. While CAHs participating in MU have 

significantly more non-provider personnel, and appear to provide more high-level care (more 

beds and operating rooms), the overall staff size is not significantly different.   

 

Table 3: Hospital-Level Variables by Meaningful Use Participation Stage 

 Not in MU MU Stage 1 MU Stage 2 

VARIABLES N mean N mean N mean 

       

PaymentYearNumber   196 1.760 865 3.842 

AfltdPrvdrCnt 362 0.751 196 1.112 865 1.166 

CrtfdBedCnt* 362 22.38 196 23.33 865 23.17 

OffsiteLctnCnt* 362 0.652 196 0.765 865 0.921 

OprtgRoomCnt* 362 0.704 196 1.173 865 1.216 

NonproviderPersonnel* 362 63.18 196 76.23 865 87.07 

ProviderSum 362 31.07 196 32.95 865 35.65 

VDTPct   83 0.123 846 0.136 

VDTProvidedPct   196 0.840 865 0.855 

There are 362 Critical Access Hospitals in the data set not participating in the Meaningful Use Program, 196 in 

Stage 1, and 865 in Stage 2. Of those participating in Meaningful Use, 113 in Stage 1 and 19 in Stage 2 did not 

report VDTPct. A ttest reveals that the difference in means between Stage 1 and Stage 2 for both VDTPct and 

VDTProvidedPct are not significant at the 95% confidence level (p=0.41 and p=0.19, respectively) 

 

*Variables denoted with an asterisk have significantly different means (95%CL) between CAHs participating and 

not participating in the meaningful use program. 

 

RESULTS 

 Both a Heckman two-step selection model and an OLS regression were run to evaluate 

the relationship between the full set of independent variables and the log of VDT percentage. 

These results are shown in Table 4.  

 The Heckman model was run because of concerns that critical access hospitals do not 

randomly select into meaningful use participation and choosing to offer VDT. As discussed 
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earlier, a number of factors, such as size, staff, and the level of care coordination could 

reasonably affect a CAHs decision to participate. The Heckman two-step selection model 

attempts to account for this potentially non-random selection. The validity of the Heckman 

model relies heavily on the identification of robust exclusionary variables. These variables must 

be associated with selection but not with the dependent variable, and are included in the first 

stage of the model. 

In this case, the exclusionary variables must be associated with whether or not a critical 

access hospital participates in the meaningful use program and therefore reports the percent 

VDT, but the exclusionary variables must not be associated with hospital-level percent VDT. 

The number of affiliated providers, number of certified beds, number of offsite locations, and 

number of operating rooms are used as exclusionary variables in the Heckman model shown in 

Table 4. These variables describe the hospital itself, and are assumed to affect whether or not a 

hospital chooses to participate in the meaningful use program. I predict that the overall size of 

the hospital and number of affiliated providers make having health IT more useful, and also 

could reflect the preparedness of the hospital for IT implementation and use. I do not expect that 

these variables would be related with VDT percentage.  

 The exclusionary variables, and the assumptions above, are tested mathematically. First, 

a probit model is run separately of the Heckman model, using all of the variables included in the 

selection model. An F-test for joint significance of the four selection variables shows that they 

are jointly significant (p=0.0001). However, to be useful selection variables, they must also be 

jointly insignificant in the regression model predicting logVDTPct. I run a regression model 

consisting of the complete set of variables and find that the four selection variables are not 
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jointly significant at traditional confidence levels (p=0.87). Additionally, both the certified bed 

county and operating room count are significant (95% CL) in the Heckman selection equation. 

 In the selection step of the model, six of the independent variables not used as selection 

variables are significant. All five of the race-related variables (white non-Hispanic, black non-

Hispanic, Asian non-Hispanic, Native American non-Hispanic, and Hispanic) are statistically 

significant, and associated with a higher probability of participation in the meaningful use 

program. One possibility is that hospitals believe it is easier to implement health IT with a more 

homogenous patient population. The non-provider personnel level is also significant at the p<0.1 

level, suggesting that an increase in non-provider personnel is associated with an increase in the 

probability that a critical access hospital will choose to participate in meaningful use.     

While the exclusionary variables are significant and there are significant variables in the 

selection model, they have little difference on the magnitude of the coefficients, as seen in a 

comparison of the Heckman and OLS models in Table 4. The lambda term for the Heckman 

model is insignificant, so there is limited evidence of selection in the dataset. For the remainder 

of the analysis, the coefficients on the Heckman model will be referred to, although the OLS 

model is similar.  

 Correcting for hospital and county-level variables, I find that the percentage of patients to 

whom VDT is offered and the meaningful use payment year number have positive, statistically 

significant (p<0.01), relationships with the percent of patients at a critical access hospital that 

view, download, or transmit their online health information. More specifically, accounting for 

the log-level regression specification, holding all other independent variables constant, a 1 

percentage point increase in the number of patients offered the ability to view download and 

transmit their health information within 36 hours after discharge is associated with a 2.03% 
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increase in the percent of patients who do in fact view, download, or transmit their health 

information. Holding all other independent variables constant, an additional year of participation 

in the meaningful use program is associated with an 11% increase in the percent of patients who 

view, download, or transmit their health information. 

 Three other variables are statistically significant in the Heckman and OLS models at the 

95% confidence level, and while they are county and hospital level controls, I evaluate them 

independently here. Holding all other independent variables constant, a 1 percentage point 

increase in the county population living in families with cash income below half of the poverty 

threshold is associated with a 0.3% decrease in VDT percentage. The sign of the relationship is 

consistent with existing literature, although the magnitude is much smaller than the two variables 

discussed earlier. Low poverty could also be associated with a number of variables not included 

in the model, such as health status, for which information was not available. Two of the control 

variables found to have significant relationships with VDT percentage had coefficients 

inconsistent with other results and the existing literature. Being a critical access hospitals in a 

low education county, one in which at least 20% of the residents age 25 to 64 did not have a high 

school diploma, is associated with a 32% increase in VDT. This is not only inconsistent with the 

literature, but also very large in magnitude. Only 11% of CAHs were in low education counties, 

so it is possible that a small number of CAHs with very high VDT percent in low education 

counties led to this coefficient. An additional health care provider at a CAH was associated with 

a 0.2% decrease in VDT percentage, also inconsistent with expectations, although there is no 

literature to compare to on this point. 
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Table 4: Regression Models – Heckman and OLS 
 Heckman Two Step Selection Model OLS 

VARIABLES logVDTPct select mills logVDTPct 

     

VDTProvidedPct 2.028***   2.021*** 

 (0.253)   (0.257) 

PaymentYearNumber 0.110***   0.110*** 

 (0.0397)   (0.0404) 

PovertyAllAgesPct2014 -0.0312*** -0.0147  -0.0305*** 

 (0.0111) (0.0107)  (0.0111) 

Nonmetro2013 0.0990 -0.0682  0.102 

 (0.0992) (0.0994)  (0.0990) 

LowEducation2015 0.326** -0.194  0.340** 

 (0.154) (0.137)  (0.147) 

LowEmployment2015 -0.0247 -0.0383  -0.0168 

 (0.102) (0.102)  (0.102) 

Age65AndOlderPct2010 -0.00411 0.00680  -0.00435 

 (0.0118) (0.0114)  (0.0121) 

WhiteNonHispanicPct2010 0.0344 0.0580**  0.0324 

 (0.0341) (0.0265)  (0.0302) 

BlackNonHispanicPct2010 0.0475 0.0603**  0.0460 

 (0.0338) (0.0265)  (0.0300) 

AsianNonHispanicPct2010 0.0623 0.104*  0.0592 

 (0.0614) (0.0532)  (0.0554) 

NativeAmericanNonHispanicPct2010 0.0361 0.0557**  0.0345 

 (0.0351) (0.0282)  (0.0319) 

HispanicPct2010 0.0298 0.0641**  0.0279 

 (0.0353) (0.0276)  (0.0310) 

ForeignBornPct -0.00359 -0.0187  -0.00343 

 (0.0204) (0.0186)  (0.0202) 

NonEnglishHHPct -0.00420 -0.00881  -0.00368 

 (0.0152) (0.0141)  (0.0154) 

FemaleHHPct -0.0101 0.00550  -0.0102 

 (0.0190) (0.0186)  (0.0191) 

ProviderSum -0.00203*** -0.000204  -0.00210*** 

 (0.000649) (0.000605)  (0.000659) 

NonproviderPersonnel 0.000439* 0.00114*  0.000394* 

 (0.000235) (0.000648)  (0.000221) 

AfltdPrvdrCnt  0.0246  0.00479 

  (0.0244)  (0.0239) 

CrtfdBedCnt  0.0133**  -0.00266 

  (0.00610)  (0.00590) 

OffsiteLctnCnt  0.0200  0.0189 

  (0.0217)  (0.0204) 

OprtgRoomCnt  0.0787***  -0.00890 

  (0.0289)  (0.0188) 

lambda   0.0982  

   (0.382)  

Constant -7.515** -5.642**  -7.216** 

 (3.488) (2.650)  (3.001) 

     

Observations 1,416 1,416 1,416 924 

R-squared    0.113 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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STUDY LIMITATIONS AND FUTURE RESEARCH 

 There were several limitations to the study. First, the study is limited to critical access 

hospitals. This decision was made in part because only county-level demographic data was 

publically available, and while this data served as a proxy for critical access hospital’s patient 

population, it was far less relevant for large hospital systems that serve patients who live outside 

the county in which the hospital is located. Hospital-level patient demographic data is superior to 

county-level data, and would improve this analysis and allow for an analysis of all hospitals 

participating in the meaningful use program. I do not know to what extent county level data was, 

or was not, a useful demographic control. For example, a critical access hospital could be located 

in a county with a lot of tourism, its patient population varying by season. Hospital-level 

demographic data would certainly be a useful control, and would allow for a more thorough 

analysis of the patient-level variables outside of the hospital’s control that direct affect whether 

or not a patient engages with their health information online. CMS has this data, and it could be 

matched with the data set used in this study. 

 While the exclusion criteria used in the Heckman model were statistically significant and 

valid, there are likely better criteria that would help correct for non-random selection. More 

specific hospital-level data, such as provider attitudes toward health IT, IT staff (in place of the 

non-provider variable used in this study), or hospital financial information would be welcome 

additions as exclusion criteria. To my knowledge, this data does not currently exist and would 

require national surveys. 

 Finally, this study relies on data from the 2015 meaningful use reporting period. The 

participation year ranged from 0 to 5, and while this study evaluated the association of payment 

year and VDT, a longitudinal analysis with VDT data from every year of participation would 
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improve the results. Only 2015 reporting data is available publically online, but CMS should 

have data starting in 2011. 

 

CONCLUSION AND POLICY IMPLICATIONS 

The key finding of the study is that both the length of meaningful use program 

participation and the percent VDT provided are positively correlated with the percentage of 

patients who view, download, or transmit their health information. It is not particularly surprising 

that increasing the percentage of patients who are offered the ability to VDT increases the 

number who actually VDT, but it is highly relevant to public policy. In order to meet the CMS 

requirement for VDT, only one patient must view, download, or transmit their health information 

during the reporting period. CMS also requires that only 50% of patients be offered VDT within 

36 hours. The results of this study suggest that requiring hospitals to offer VDT to a higher 

percentage of patients would, independently of any change to the VDT percentage requirement, 

increase the percent of patients who VDT. This would likely be more agreeable to the hospitals 

than many other changes, because they are hesitant to be held accountable for whether patients 

decide to use their health information. Additionally, providing VDT to more patients should be 

less demanding on the CAHs than requiring that more of their patients VDT. Requiring a higher 

VDT percentage may require the use of more personnel or other more costly interventions. This 

is not to say that increasing the percentage of VDT offered is a panacea, but that it is expected to 

increase VDT rates independently of other action. 

There are many possible explanations for why the length of meaningful use program 

participation is associated with the percentage of patients who VDT, but no obvious answer. 

Given that the model is holding the percentage of patients provided with VDT (and all other 
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independent variables) constant, the result suggests that still, having an additional year of 

meaningful use participation increases VDT rates. Hospital activities, patient responses, or both 

could explain this result. For example, patients could become more familiar with the online 

patient portal over time and therefore more likely to use it in year 2, 3, 4, and 5. The hospitals 

could also be changing their behavior over time and be using the health IT system in a more 

integrated fashion, and therefore encouraging greater patient use. Unfortunately, the variables in 

this study do not allow us to distinguish between possible explanations. Nonetheless, it is 

encouraging that despite constant CMS thresholds, patient engagement increases with years of 

participation. 
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