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Abstract

Background: Seasonal influenza causes substantial morbidity and mortality among older U.S. 

adults and those with comorbid health conditions.

Objective: To describe seasonal influenza vaccine uptake and identify factors associated with 

missed opportunities for influenza vaccination.

Design: Retrospective cohort study.

Setting: Medicare fee-for-service claims.

Participants: 31.6 million U.S. adults continuously enrolled under Medicare Parts A and B 

during the 2018 to 2019 influenza season.

Measurements: Influenza vaccine uptake and missed opportunities by patient demographic 

characteristics, high-risk status (that is, ≥1 condition increasing influenza complication risk), 

Medicare–Medicaid dual-eligibility status, and health care provider visits (that is, vaccination 

opportunities).
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Results: Overall, 50.5% of beneficiaries aged 19 years or older had Medicare claims for 

influenza vaccination: 31.6% among people aged 19 to 64 years and 54% among people aged 65 

years or older. More White beneficiaries were vaccinated (52.9%) than Black (34.9%) or Hispanic 

(30.4%) beneficiaries. Uptake was higher (56.1%) for beneficiaries with high-risk conditions than 

for those without (27.6%). Among unvaccinated beneficiaries overall, 77.4% visited a provider 

during influenza season; among unvaccinated beneficiaries with and without high-risk conditions, 

91% and 43%, respectively, had seen a provider at least once. The proportion of beneficiaries with 

missed opportunities for influenza vaccination was 44.2% and was higher for beneficiaries in the 

non–high-risk group (59.1%) than those in the high-risk group (42.2%). Uptake was lower and 

proportions of missed opportunities were higher among beneficiaries in younger age groups, of 

Black and Hispanic race/ethnicity, without high-risk conditions, or with Medicare-Medicaid dual 

eligibility.

Limitations: Influenza vaccinations without claims could not be captured. Data on reasons for 

nonvaccination were unavailable.

Conclusion: Influenza vaccination coverage for Medicare beneficiaries continues to be 

suboptimal, with missed opportunities despite availability of influenza vaccination with no 

copayment. Disparities persist in vaccination uptake by race/ethnicity.

Primary Funding Source: None.

The Advisory Committee on Immunization Practices recommends annual seasonal influenza 

vaccination for all persons aged 6 months or older (1). Influenza has resulted in 9.3 to 

45.0 million illnesses, 140 000 to 810 000 hospitalizations, and 12 000 to 61 000 deaths 

annually in the United States since 2010 (2, 3). Most hospitalizations and deaths from 

influenza occur among adults aged 65 years or older (3), and high-risk adults, such as those 

with chronic medical conditions, are vulnerable to influenza-associated complications and 

death (4, 5). Annual influenza vaccination is especially important for these populations (1). 

Medicare Part B covers influenza vaccination at no cost to beneficiaries—that is, almost all 

adults aged 65 years or older and younger adults with permanent disabilities or end-stage 

renal disease. Other preventive services (for example, annual wellness visits) covered under 

Medicare Part B give providers opportunities to offer and administer influenza vaccination 

during influenza season.

The Healthy People 2020 annual influenza vaccination target for all adults aged 18 years 

or older is 70% (6); however, the estimated 2019 to 2020 coverage was 48.4% among 

adults aged 18 years or older (7). Despite the accessibility of the influenza vaccine, uptake 

among adults aged 65 years or older remains suboptimal, plateauing around 65% (7, 8). 

Identifying factors associated with remaining unvaccinated among those at elevated risk 

for influenza-related complications despite 1 or more health care visits during influenza 

season is essential for improving vaccination coverage. We describe seasonal influenza 

vaccine uptake during the 2018 to 2019 influenza season and factors associated with missed 

opportunities for vaccination among those covered under Medicare Parts A and B.
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Methods

Data Sources

We used 3 data files from the Medicare Part A and B fee-for-service (FFS) administrative 

claims data managed by the Centers for Medicare & Medicaid Services (CMS): the 

outpatient file, containing institutional claims for outpatient services rendered during 

inpatient hospital stays or visits to hospital-based outpatient settings (for example, hospital 

outpatient departments or renal dialysis clinics); the carrier file, containing noninstitutional 

claims for outpatient and preventive care; and the Master Beneficiary Summary File, 

containing enrollment and demographic information about each beneficiary, including dual 

eligibility for Medicare and Medicaid due to low income and/or certain health conditions 

(9). For dually eligible beneficiaries, Medicaid is a payer of last resort; thus, their influenza 

vaccination claims should be found in Medicare FFS claims data (10).

Study Population

We defined the 2018 to 2019 influenza season as August 2018 to April 2019. The study 

population included Medicare beneficiaries aged 19 years or older living in the 50 U.S. 

states or Washington, DC, and continuously enrolled under Medicare Parts A and B FFS 

plan during the 2018 to 2019 influenza season. Continuous enrollment under Parts A and 

B was required to ensure all influenza vaccination claims were available through the study 

period. Coverage under Parts A and B was needed because Part B enrollment eligibility 

requires Part A enrollment (Supplement Methods 1, available at Annals.org). We excluded 

beneficiaries if they resided outside the United States or if demographic data were missing.

We classified beneficiaries according to high-risk status, defined as having 1 or more high-

risk conditions associated with complications from influenza (1) (Appendix, available at 

Annals.org). Specific chronic or disabling conditions were those included in the Chronic 

Conditions Data Warehouse, which uses diagnosis codes, Medicare Severity Diagnosis 

Related Group codes, and/or procedure codes in CMS FFS claims data to identify specific 

conditions (11). Beneficiaries could have 1 or more diagnoses of chronic or disabling 

conditions, so we categorized diagnoses of similar chronic or disabling conditions within a 

single condition (Appendix Table 1, available at Annals.org).

Outcome Measures

Our study had 2 outcomes. The first was influenza vaccine uptake, defined as the proportion 

of Medicare beneficiaries with an influenza vaccination claim during influenza season. We 

extracted claims using Current Procedural Terminology and Healthcare Common Procedure 

Coding System codes for seasonal influenza vaccines and vaccine administration (12) 

and a quality code for “influenza immunization administered or previously received” to 

identify and confirm prior influenza vaccination receipt (Supplement Methods 2, available at 

Annals.org).

The second outcome measure was the proportion of beneficiaries with missed opportunities 

for influenza vaccination, defined as the proportion of beneficiaries who had documented 

evaluation and management (E/M) services during influenza season but no influenza 
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vaccination claim. To ensure beneficiaries had chances to receive influenza vaccination at or 

after E/M visits, we assessed E/M visit history between September 2018 and March 2019, 

allowing a month of grace period after the first month (that is, August) to ensure vaccine 

availability, and including 1 month (that is, April) past the last month of E/M visits (March) 

in our analysis of the influenza season. An extended set of E/M codes were used, including 

not only E/M office or other outpatient visits but also face-to-face assessment services at 

renal dialysis facilities or nursing facility E/M services or home visits (Supplement Methods 

3, available at Annals.org).

Statistical Analysis

We describe influenza vaccine uptake by age; sex; race; high-risk status; census region; 

Medicare–Medicaid dual-eligibility status; and E/M service visits to health care providers, 

including “type of provider visited” and number of visits by provider type. The uptakes 

and risk differences with 95% CIs were estimated using PROC FREQ with the RISKDIFF 

option.

We calculated the number of provider visits per beneficiary during the influenza season by 

aggregating numbers of E/M service visits made by the beneficiary between September 2018 

and March 2019 using Current Procedural Terminology and Healthcare Common Procedure 

Coding System codes for E/M visits (Supplement Methods 3).

Type of provider visited was the health care provider specialty associated with the E/M visit 

claim. We categorized health care provider specialty and type into primary care providers 

(PCPs), medical specialists, or others (Supplement Methods 4, available at Annals.org).

Logistic regression analysis with fixed effects of states was done, and adjusted rates and 

differences with 95% CIs were estimated to evaluate associations between beneficiaries with 

missed opportunities; selected patient characteristics (for example, age, sex, race/ethnicity, 

state, and dual-eligible status); and other variables, such as number of high-risk conditions 

and provider type seen at E/M visits. The regression was done using the PROC GENMOD 

model statement. For risk differences and CI estimation, NLMeans macro, version 1.3 (last 

modified 27 April 2021; SAS Institute), was used. All statistical analyses were done using 

SAS Enterprise Guide, version 7.15 HF8 (SAS Institute).

Role of the Funding Source

No funding was received for this study.

Results

The analysis included 31 666 731 beneficiaries after excluding 631 094 (2.0%) with 

missing demographic information. Most beneficiaries were aged 65 years or older (84.6%), 

female (55.1%), and White (84.2%). Dually eligible beneficiaries were 17.1% of the study 

population (Table 1). Most beneficiaries had 1 or more high-risk condition (80.4%). Among 

those with high-risk conditions, 74.2% had more than 1 high-risk condition; 47.7% had 3 

or more conditions. Heart disease was the most common high-risk condition, followed by 

endocrine disorders and kidney disorders (Appendix Table 2, available at Annals.org).
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Influenza vaccine uptake was 50.5% among all beneficiaries and was higher (56.1%) for 

beneficiaries with high-risk conditions than those with no high-risk conditions (27.6%). 

Vaccine uptake increased with age: 25.4% were vaccinated among those aged 19 to 49 years, 

34.8% among those aged 50 to 64 years, 49.2% among those aged 65 to 74 years, and 

59.8% among those aged 75 years or older. Uptake was highest among White beneficiaries 

(52.9%), followed by Asian beneficiaries (50.2%), and it was lower among Black (34.9%) 

and Hispanic (30.4%) beneficiaries. Uptake by women was 6 percentage points higher than 

among men (95% CI, 5.95 to 6.02 percentage points). Dually eligible beneficiaries had 14.2 

percentage points lower vaccine uptake than non–dually eligible beneficiaries (CI, −14.21 

to −14.12 percentage points). Uptake for beneficiaries living in the West (45.7%) and South 

(49.9%) was lower than for those living in the Northeast (54.9%) and Midwest (52.3%).

Among beneficiaries with high-risk conditions, 94.9% had 1 or more E/M visit and 61.6% 

had 1 or more E/M visit to a PCP (Table 1). Beneficiaries who had E/M visits to both 

PCPs and specialists had the highest uptake (66.0%), followed by those with E/M visits 

to specialists only (57.6%). Uptake increased with the number of provider visits: 42.0% 

for those with 1 visit and 57.8% for those with 2 or more visits. Among unvaccinated 

beneficiaries during the 2018 to 2019 season (n = 15 667 549), 77.4% visited a provider 

for E/M services between September 2018 and March 2019 (n = 12 131 343). Among 

those who had no E/M service visits during influenza season (n = 3 536 206), 72.1% had 

no high-risk conditions. Only 16.1% of beneficiaries who had no E/M services received 

influenza vaccinations: 24.2% among the high-risk group and 12.5% in the non–high-risk 

group.

Uptake among high-risk beneficiaries was higher than in those without such conditions. 

Among persons aged 19 years or older, influenza vaccine uptake was 28.5 percentage points 

higher for those with 1 or more risk condition compared with those with none (CI, 28.49 to 

28.57 percentage points); this difference was larger among men (32.7 percentage points [CI, 

32.67 to 32.79 percentage points]) than women (23.8 percentage points [CI, 23.79 to 23.91 

percentage points]).

Differences in uptake by high-risk status were seen within racial and ethnic groups as well. 

The largest difference (36.9 percentage points [CI, 36.62 to 37.14 percentage points]) was 

between Asian beneficiaries with and without high-risk conditions. Black and Hispanic 

beneficiaries who were not at high risk had the lowest vaccine uptake (<10%). Although 

uptake among Black and Hispanic beneficiaries with high-risk conditions (41.1% and 

38.5%, respectively) was higher than those without high-risk conditions, their uptake 

remained lower than overall uptake (50.5%). Dually eligible beneficiaries were less likely 

to be vaccinated than beneficiaries covered only by Medicare in both the high-risk and 

non–high-risk groups. Risk differences in uptake within category and by high-risk group in 

all categories are presented in Appendix Table 3 (available at Annals.org).

Influenza vaccine uptake among beneficiaries increased with the number of high-risk 

conditions: 51.4% for beneficiaries with 1 condition, 56.1% with 2 conditions, and 58.6% 

for 3 or more conditions. In the Figure, influenza vaccine uptake rates by high-risk condition 

are compared. For each high-risk condition, the data points in each column for a condition 
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indicate average uptake by number of high-risk conditions: a single underlying high-risk 

condition alone and that underlying high-risk condition plus 1 or more additional high-

risk conditions. Heart disease was the only high-risk condition that, when present alone, 

resulted in a higher influenza vaccine uptake than overall uptake for this population (55.4% 

vs. 50.5%). However, uptakes of beneficiaries with any single high-risk condition (black 

triangles) were lower than the average uptake among the high-risk group (56.1%, black 

dotted line). For chronic lung disease, immunocompromising conditions, cancer, and heart 

disease, the presence of just 1 additional risk condition was sufficient to increase uptake 

above the average among the high-risk group (Figure).

Out of 16 million providers who had submitted influenza vaccination claims, 53.4% were 

individual providers (n = 8 549 272) and 46.1% were organizational providers (n = 7 

377 609), whereas 72 301 providers had missing information for this variable. Among the 

individual providers, only 18% (n = 1 544 324) were sole proprietors. One-third of the 

organizational providers (n = 2 436 376) belonged to subparts of organizations, whereas 

most of the organizational providers (n = 4 954 384) were stand-alone organizations. 

Vaccinated beneficiaries most often received influenza vaccinations from PCPs (43.1%) or 

pharmacists (42.8%), followed by nonphysician practitioners (5.8%) and medical specialists 

(3.6%). Among the high-risk group, most influenza vaccinations were given by PCPs 

(44.8%) and pharmacists (40.7%). Pharmacists administered 60% of influenza vaccinations 

for non–high-risk beneficiaries (Table 2).

Among 31 666 731 beneficiaries in the study, 27 450 735 had seen providers for 

E/M services. Overall, the proportion of beneficiaries who missed opportunities for 

influenza vaccination during 1 or more E/M visit was 44.2%, 16.9 percentage points 

higher among beneficiaries in the non–high-risk group (59.1%) than those in the high-

risk group (42.2%) (Table 3; Appendix Table 4, available at Annals.org). Proportions 

of beneficiaries with missed opportunities for influenza vaccination were higher among 

beneficiaries in younger age groups, of Black and Hispanic race/ethnicity, or covered by 

both Medicare and Medicaid. Among those with 3 or more high-risk conditions, 40.4% 

did not receive influenza vaccination during E/M visits. The proportion of beneficiaries 

who missed opportunities for influenza vaccination was lower among those who saw 

PCPs and specialists by December compared with those who saw either provider type by 

December. Most (60.4%) beneficiaries whose E/M visits occurred after December remained 

unvaccinated.

Adjusted rates of missed opportunities based on the multivariate logistic regression were 

consistent with the findings from the bivariate analysis results. In particular, E/M visits to 

both PCPs and specialists by December were more likely to reduce the chance of missing 

influenza vaccination than E/M visits with other professional providers among beneficiaries 

compared with no E/M visit. Compared with White beneficiaries, Black and Hispanic 

beneficiaries were more likely to miss influenza vaccination despite E/M visits during 

influenza season. The rates of missed opportunity for influenza vaccination among high-risk 

beneficiaries are lower and decreased with the number of high-risk conditions. Dual-eligible 

beneficiaries were 8 percentage points more likely than non–dual-eligible beneficiaries to 

miss an opportunity for influenza vaccination (Table 4).
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Discussion

Despite Medicare coverage for influenza vaccination, universal recommendations for 

influenza vaccination from the Advisory Committee on Immunization Practices, and 

increasing accessibility to vaccination services, we found that only 50.5% of Medicare 

beneficiaries aged 19 years or older received an influenza vaccine during the 2018 to 2019 

influenza season: 31.6% of those aged 19 to 64 years and 54% aged 65 years or older. Those 

with 1 or more high-risk condition were more likely to be vaccinated than those without 

such conditions (difference, 28.5 percentage points [CI, 28.49 to 28.57 percentage points]) 

and accounted for 89.3% of those vaccinated. Although the association between lower 

likelihood of missed opportunities for influenza vaccination and a higher number of risk 

conditions is somewhat reassuring—patients with multiple conditions are likely among the 

frailest and therefore derive greatest benefit from vaccination—that reassurance is tempered 

by the fact that vaccine uptake even among those with 3 or more high-risk conditions did not 

exceed 60%.

Racial/ethnic disparities in uptake were seen, with 52.9% of White beneficiaries vaccinated 

compared with 34.9% and 30.4% of Black and Hispanic beneficiaries, respectively. 

Although these findings are consistent with prior studies (13–17), they remain surprising 

given universal eligibility in the population studied for this service, suggesting that 

other factors prevent or disincentivize influenza vaccination. Among Black and Hispanic 

beneficiaries with high-risk conditions, 56.5% and 58.5%, respectively, had missed 

opportunities for influenza vaccination, higher than among all beneficiaries with high-risk 

conditions (42.2%). Our logistic regression results confirmed that identifying as Black or 

Hispanic was an independent risk factor for missed opportunities for influenza vaccination: 

The presence of a high-risk condition was not sufficient to eliminate disparities in 

vaccination coverage compared with Whites (58.2% for Whites with ≥1 risk conditions 

vs. 40.7% for Blacks and Hispanics). The observation of disparities even among those at 

high risk suggests that messages directed to minority populations on the importance of 

influenza vaccination for persons with underlying medical conditions have been insufficient 

to overcome other barriers to vaccination. Thus, coupled with effective communications, 

providers should use E/M visits as an opportunity to assess the need for and offer 

influenza vaccination during influenza season to increase uptake among Black and Hispanic 

beneficiaries (13, 16–23).

Long-standing racial and ethnic disparities in adult immunization result from multiple 

factors beyond socioeconomic status and health insurance coverage (19). Deep disparities in 

influenza vaccination between Blacks and Hispanics and their White counterparts, among 

a population with universal coverage without copayment for these services, illustrates 

this point. Addressing such disparities will require commitment to sustained, population-

specific, multipronged efforts across the health care system, including providers, health 

system managers, public health officials, and policymakers, working in collaboration with 

community leaders and organizations. Development and evaluation of strategies to increase 

vaccination among these populations are needed to identify those that are effective and 

can be implemented widely. Formative research to identify messages that resonate in 

these communities must be completed so that tailored, culturally competent communication 
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campaigns may be developed. Providers must closely examine their own practice procedures 

and communication styles to maximize the likelihood of vaccine acceptance by all patients, 

including those belonging to minority populations.

Most beneficiaries (86.7%) had 1 or more preventive visit to a provider during the influenza 

season, yet among these beneficiaries, only 55.6% were vaccinated. Although influenza 

vaccination may be administered at any time during the influenza season, the greater 

proportion of missed opportunities for vaccination among beneficiaries whose provider 

visits occurred after December suggests that interest in vaccination by patients (and perhaps 

providers) wanes as the season ensues. The data do not allow for an understanding 

of the proportion of unvaccinated beneficiaries who, consistent with standards for adult 

immunization practice, received a vaccine recommendation from their providers or were 

offered the vaccine but declined (24). However, prior studies have found a close association 

between receipt of a strong provider recommendation and completed vaccination; it is 

therefore unlikely that patient refusals account for all or even most of the 12 131 343 

(44.2%) beneficiaries who were seen at least once by a provider but not vaccinated (25, 

26). Alarmingly, among those with 1 or more high-risk condition who saw a vaccinating 

provider at least once during the influenza season, 42.2% were not vaccinated, illustrating 

the abundance of missed opportunities for influenza vaccination—particularly among those 

for whom vaccination has the greatest potential to reduce risk for hospitalization and 

death (20, 27, 28). Thus, given that missed opportunities are directly tied to the number 

of encounters with providers, especially among those with high-risk conditions, providers 

should use visits as opportunities to work together with patients to overcome barriers to 

vaccination. For those who have no visits where influenza vaccination need can be assessed 

before December, providers may use patient reminders or recalls.

Pharmacies are rapidly becoming a preferred source for adult vaccination, including 

influenza vaccination (29–33). Contributing to this trend have been changes to state 

pharmacy practice laws and convenience for consumers, most of whom visit pharmacies 

more frequently than PCPs or specialist providers (34, 35). We found that after receipt 

of vaccination from a PCP (43.1%), the next highest proportion of beneficiaries (42.8%) 

received influenza vaccine from a pharmacy. It is nevertheless surprising that nearly 60% 

of those without underlying risk conditions received influenza vaccination from a pharmacy 

compared with nearly 41% of those with 1 or more such condition, given that prior studies 

found that 22.2% of adults aged 18 years or older received influenza vaccinations from a 

pharmacy, including 31.3% of adults aged 65 years or older (33). With effective outreach 

and messaging, pharmacies may potentially reach an even greater proportion of the 6.2 

million Medicare beneficiaries without underlying risk conditions, approximately 50% of 

whom did not see a nonpharmacist health care provider and nearly 90% of whom were not 

vaccinated.

These data suggest other targeted interventions to improve influenza vaccination rates 

among Medicare beneficiaries. Although most E/M service visits are done by PCPs, 

specialists are an important source of care for persons with chronic medical conditions. 

Seeing either a PCP or specialist is not sufficient to ensure vaccination: Influenza vaccine 

uptake among high-risk beneficiaries who saw both PCPs and specialists (66.5%) was 
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higher than influenza vaccine uptake among high-risk beneficiaries who saw only a PCP or 

specialist (57.3% and 59.6%, respectively). Increasing the consistency with which both PCP 

and medical specialty providers advocate for influenza vaccination in the context of overall 

chronic disease management would likely be helpful.

Medical specialists who treat Medicare beneficiaries should understand that ensuring all 

patients with underlying risk conditions receive the influenza vaccine is well within the 

scope of their responsibilities—whether that means administering the vaccine to their 

patients themselves or following up to ensure the vaccine is administered by another 

provider. All providers should incorporate adult immunization practice standards into 

clinical routines and strongly recommend influenza vaccine to patients, even if they do 

not administer it. Practices should also implement evidence-based strategies for improving 

adult vaccination coverage (36, 37).

We acknowledge several limitations. First, because our study is based on FFS claims 

submitted to CMS for reimbursement, influenza vaccinations received by beneficiaries 

for which claims were not submitted by the provider cannot be captured (for example, 

if the cost of influenza vaccination was covered out of pocket or by other sources, 

such as employers). Future analyses using other data sources, such as electronic health 

records, may yield complementary, more granular information to our population-based 

data. Second, claims data do not capture influenza vaccination decision processes between 

providers and beneficiaries nor the reasons for not being vaccinated, such as vaccine 

refusal or contraindication (for example, history of severe allergic reaction). Although there 

are quality codes for influenza vaccination that was not administered, with or without 

documented reasons (G8483 and G8484), these codes were used so infrequently that we 

could not conduct further analysis. Third, the study population did not include any of 

the more than 30% of Medicare beneficiaries covered under Medicare Advantage plans 

because the data were not available (38). Medicare Advantage plans offer beneficiaries 

Medicare Part A and B coverage on a capitated payment basis by Medicare-approved 

private companies under rules set by Medicare. Beneficiaries under Medicare Advantage 

plans may thus show different patterns in provider encounters for preventive care (39). 

Although we compared factors associated with influenza vaccination among Medicare FFS 

recipients, inclusion of Medicare Advantage data would allow more rigorous and complete 

analysis of influenza vaccination predictors. Fourth, Medicare claims may underestimate 

influenza vaccine uptake. Others have found lower estimates of uptake using Medicare 

claims compared with beneficiary surveys (40). Surveys of adults self-reporting influenza 

vaccination consistently find a higher percentage of adults aged 65 years or older reporting 

vaccination (for example, 69.8% influenza vaccination coverage among adults aged 65 years 

or older in 2019 to 2020 [7]). Finally, chronic conditions and other disabling condition flags 

in CMS Medicare data are not an exact match with conditions associated with a high risk 

for influenza complications, so uptake estimates by high-risk conditions may not exactly 

correspond to high-risk conditions in Advisory Committee on Immunization Practices 

influenza recommendations (1). Despite these limitations, given the large proportion of 

beneficiaries covered by the FFS plan whose claims data we included in our analysis, the 

results confirmed that influenza vaccine uptakes are too low, racial disparities persist, and 
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too many opportunities for vaccination of this vulnerable population are missed because of 

modifiable factors.

Influenza vaccination is the most effective means of preventing complications from 

influenza, including hospitalization and death (1). Despite availability of influenza 

vaccination with no copayment to Medicare beneficiaries under FFS, only half were 

vaccinated. There were many opportunities during which beneficiaries, including those at 

highest risk, could have been vaccinated but were missed by both primary care and specialty 

providers. Uptake was even lower among beneficiaries who are members of racial and ethnic 

minority groups. A comprehensive strategy centered on evidence-based interventions that 

leverages all medical and pharmacy visits as opportunities for vaccination will be required to 

increase vaccination coverage and maximize the benefit of this preventive health tool in the 

Medicare population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix: High-Risk Indicators

The Medicare Master Beneficiary Summary files include the chronic conditions segment 

and the other chronic or potentially disabling conditions segment. These segments include 

selected variables of 66 conditions flags, including 27 common chronic conditions and 

39 other chronic or potentially disabling conditions from condition categories in the 

Chronic Conditions Data Warehouse (www2.ccwdata.org/web/guest/condition-categories). 

The condition variables are developed from algorithms that search the CMS administrative 

FFS claims data for specific diagnosis codes, Medicare Severity Diagnosis Related Group 

codes, or procedure codes. However, the conditions flagged in Medicare data do not 

necessarily match the conditions suggested in the recommendations shown in Appendix 

Table 1.

Appendix Table 1.

Conditions That Increase the Risk for Influenza Complications*

Conditions Associated With Elevated 
Riskfor Influenza Complications 
(High-Risk Conditions)†

Diagnosis of Chronic Conditions and Other Disabling Conditions‡

Blood disorders Anemia
Sickle cell disease

Immunosuppressed conditions HIV/AIDS
Leukemia and lymphoma

Cho et al. Page 10

Ann Intern Med. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www2.ccwdata.org/web/guest/condition-categories


Conditions Associated With Elevated 
Riskfor Influenza Complications 
(High-Risk Conditions)†

Diagnosis of Chronic Conditions and Other Disabling Conditions‡

Cancer Breast cancer
Colorectal cancer
Endometrial cancer
Lung cancer
Prostate cancer

Chronic lung disease Asthma
Chronic obstructive pulmonary disease
Cystic fibrosis and other metabolic developmental disorders

Endocrine disorders Acquired hypothyroidism
Diabetes

Heart disease Acute myocardial infarction
Atrial fibrillation
Heart failure
Hyperlipidemia
Hypertension
Ischemic heart disease
Peripheral vascular disease
Stroke or transient ischemic attack

Kidney disorders Chronic kidney disease

Liver disorders Liver disease, cirrhosis, and other liver conditions (excluding hepatitis)
Viral hepatitis (general)

Neurologic and neurodevelopmental 
conditions

Alzheimer disease
Alzheimer disease and related disorders or senile dementia
Cerebral palsy
Epilepsy
Intellectual disabilities and related conditions
Learning disabilities
Multiple sclerosis and transverse myelitis
Muscular dystrophy
Other developmental delays
Spina bifida and other congenital anomalies of the nervous system
Spinal cord injury
Traumatic brain injury and nonpsychotic mental disorders due to brain 
damage

Persons with extreme obesity (body 
mass index ≥40 kg/m2)

Obesity

*
A person could be diagnosed with >1 high-risk disease or symptom within a single high-risk condition (e.g., a person 

diagnosed with hyperlipidemia, hypertension, and ischemic heart disease would be listed only under the heart disease 
condition).
†
From reference 1.

‡
From reference 11.

Appendix Table 2.

Number of Beneficiaries With High-Risk Conditions,* by the Number of High-Risk 

Conditions, 2018 to 2019 Influenza Season

High-Risk Conditions† Number of High-
Risk Conditions = 
1, n (%)

Number of High-
Risk Conditions = 
2, n (%)

Number of High-
Risk Conditions = 
≥3, n (%)

Any High-Risk 
Conditions, n (%)

Heart disease 4 589 830 (69.8) 5 970 852 (88.6) 11 819 948 (97.2) 22 380 630 (87.9)

Endocrine disorders 507 713 (7.7) 2 505 997 (37.2) 8 679 627 (71.4) 11 693 337 (45.9)

Kidney disorders 90 837 (1.4) 680 711 (10.1) 6 586 487 (54.2) 7 358 035 (28.9)

Blood disorders 213 131 (3.2) 842 424 (12.5) 5 540 393 (45.6) 6 595 948 (25.9)

Obesity 291 688 (4.4) 1 147 834 (17.0) 4 901 325 (40.3) 6 340 847 (24.9)
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High-Risk Conditions† Number of High-
Risk Conditions = 
1, n (%)

Number of High-
Risk Conditions = 
2, n (%)

Number of High-
Risk Conditions = 
≥3, n (%)

Any High-Risk 
Conditions, n (%)

Chronic lung disease 202 206 (3.1) 777 225 (11.5) 3 766 588 (31.0) 4 746 019 (18.6)

Neurologic/
neurodevelopmental 
conditions

362 529 (5.5) 721 919 (10.7) 3 110 451 (25.6) 4 194 899 (16.5)

Cancer 190 397 (2.9) 522 363 (7.8) 1 924 483 (15.8) 2 637 243 (10.4)

Liver disorders 75 482 (1.1) 203 018 (3.0) 1 354 087 (11.1) 1 632 587 (6.4)

Immunocompromising 
conditions

48 891 (0.7) 106 065 (1.6) 455 846 (3.7) 610 802 (2.4)

Total 6 572 704 (25.8) 6 739 204 (26.5) 12 156 478 (47.7) 25 468 386 (100)

*
A person could have been diagnosed with >1 high-risk disease or symptom within a single high-risk condition (e.g., 

a person diagnosed with hyperlipidemia, hypertension, and ischemic heart disease would be listed only under the heart 
disease condition with 1 high-risk condition [and in this table in the high-risk condition = 1 column and heart disease 
row], whereas a person diagnosed with hyperlipidemia, breast cancer, and diabetes mellitus would be included in the heart 
disease, cancer, and endocrine disorder conditions [and in this table in the high-risk conditions = ≥3 column for each of 
those rows]). High-risk conditions are thus not mutually exclusive, and a person with multiple high-risk conditions could be 
included in >1 row. The rows are thus to be read discretely, e.g., among all persons with heart disease disorders, how many 
only had heart disease disorders (high-risk condition = 1), how many had heart disease plus ≥1 diagnoses within another 
condition (high-risk condition = 2), and how many had heart disease plus ≥1 diagnoses within >1 other condition (high-risk 
condition = 3).
†
For high-risk conditions, see Appendix Table 1.

Appendix Table 3.

Risk Difference of Influenza Vaccination Uptakes by Category and High-Risk,* Status, 2018 

to 2019 Influenza Season†

Characteristic Comparison Within Category, Risk Difference (95% 
Confidence Limit)

Comparison by High-
Risk Status (High Risk 
Minus Non-High Risk), 
Risk Difference (95% 
Confidence Limit)

High Risk Non-High Risk Total

Total - - - 28.5 (28.5 to 28.6)

Age group

 19–49 y −22.1 (−22.2 to 
−22.0)

−19.4 (−19.5 to 
−19.3)

−23.8 (−23.9 to 
−23.7)

22.7 (22.5 to 22.8)

 50–64 y −15.2 (−15.3 to 
−15.1)

−16.5 (−16.6 to 
−16.4)

−14.4 (−14.5 to 
−14.3)

26.7 (26.6 to 26.8)

 65–74 y Referent Referent Referent 25.3 (25.3 to 25.4)

 ≥75 y 7.3 (7.3 to 7.3) 5.0 (4.9 to 5.1) 10.6 (10.5 to 
10.6)

27.6 (27.6 to 27.7)

Sex

 Male Referent Referent Referent 32.7 (32.7 to 32.8)

 Female 3.0 (3.0 to 3.0) 11.9 (11.8 to 
12.0)

6.0 (6.0 to 6.0) 23.8 (23.8 to 23.9)

Race/ethnicity

 White Referent Referent Referent 27.5 (27.5 to 27.6)

 Black −17.1 (−17.1 to 
−17.0)

−21.2 (−21.2 to 
−21.1)

− 17.9 (−18.0 to 
−17.9)

31.6 (31.5 to 31.7)

 Hispanic −19.7 (−19.8 to 
−19.6)

−21.9 (−22.1 to 
−21.8)

−22.5 (−22.6 to 
−22.3)

29.8 (29.6 to 30.0)
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Characteristic Comparison Within Category, Risk Difference (95% 
Confidence Limit)

Comparison by High-
Risk Status (High Risk 
Minus Non-High Risk), 
Risk Difference (95% 
Confidence Limit)

High Risk Non-High Risk Total

 Asian −0.1 (−0.3 to 0.0) −9.5 (−9.7 to 
−9.2)

−2.7 (−2.8 to 
−2.5)

36.9 (36.6 to 37.1)

 Other −4.2 (−4.4 to 
−4.1)

−8.7 (−8.9 to 
−8.5)

−6.0 (−6.1 to 
−5.9)

32.0 (31.8 to 32.2)

Region

 Midwest 5.5 (5.4 to 5.6) 4.9 (4.8 to 5.0) 6.6 (6.6 to 6.7) 26.6 (26.6 to 26.7)

 Northeast 8.3 (8.3 to 8.4) 2.6 (2.5 to 2.7) 9.2 (9.1 to 9.2) 31.8 (31.7 to 31.9)

 South 3.0 (2.9 to 3.0) −0.2 (−0.3 to 
−0.1)

4.3 (4.2 to 4.3) 29.2 (29.1 to 29.2)

 West Referent Referent Referent 26.1 (26.0 to 26.1)

Dual eligibility 
for Medicare and 
Medicaid

 Dual eligible −15.3 (−15.3 to 
−15.2)

−15.2 (−15.3 to 
−15.1)

−14.2 (−14.2 to 
−14.1)

29.0 (29.0 to 29.1)

 Not dual eligible Referent Referent Referent 29.0 (29.0 to 29.1)

Type of provider 
visited for E/M

 None Referent Referent Referent 11.7 (11.6 to 11.7)

 PCP 33.1 (33.1 to 
33.2)

30.8 (30.7 to 
30.9)

39.8 (39.7 to 
39.8)

14.0 (13.9 to 14.1)

 PCP and specialist 42.3 (42.2 to 
42.4)

44.4 (44.2 to 
44.6)

49.9 (49.8 to 
49.9)

9.5 (9.4 to 9.7)

 Specialist 35.4 (35.3 to 
35.5)

33.3 (33.1 to 
33.4)

41.5 (41.4 to 
41.5)

13.8 (13.7 to 14.0)

 Others‡ 24.6 (24.5 to 
24.8)

20.8 (20.7 to 
20.9)

29.6 (29.6 to 
29.7)

15.5 (15.4 to 15.6)

Number of E/M visits

 0 Referent Referent Referent 11.7 (11.6 to 11.7)

 1 21.3 (21.2 to 
21.4)

21.5 (21.4 to 
21.6)

25.9 (25.8 to 
25.9)

11.4 (11.3 to 11.6)

 ≥2 35.0 (34.9 to 
35.1)

31.7 (31.7 to 
31.8)

41.7 (41.7 to 
41.7)

14.9 (14.9 to 15.0)

Number of E/M visits 
to PCP

 0 Referent Referent Referent 26.9 (26.9 to 27.0)

 1 7.5 (7.4 to 7.5) 22.2 (22.1 to 
22.3)

14.4 (14.4 to 
14.5)

12.2 (12.1 to 12.3)

 ≥2 13.3 (13.2 to 
13.3)

26.7 (26.5 to 
26.8)

21.3 (21.3 to 
21.4)

13.6 (13.4 to 13.7)

Number of E/M visits 
to specialist

 0 Referent Referent Referent 27.9 (27.9 to 27.9)

 1 10.5 (10.4 to 
10.6)

24.8 (24.7 to 
25.0)

15.6 (15.6 to 
15.7)

13.6 (13.4 to 13.7)

 ≥2 13.2 (13.2 to 
13.3)

27.4 (27.2 to 
27.6)

19.1 (19.1 to 
19.2)

13.7 (13.5 to 13.9)

E/M = evaluation and management; PCP = primary care provider.
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*
Indicates diagnosis with a condition associated with elevated risk for influenza complications.

†
The risk differences are estimated based on the uptakes reported in Table 1.

‡
Includes clinics or group practices; nonphysician providers (including nurse practitioners, physician assistants, and 

clinical nurse specialists); ambulatory outpatient facilities, such as end-stage renal disease facilities; and institutional 
providers, such as hospitals, skilled-nursing facilities, and home health agencies.

Appendix Table 4.

Difference of Rates of Missed Opportunities for Influenza Vaccination by Category and 

High-Risk* Status, 2018 to 2019 Influenza Season†

Characteristic Comparison Within Category, Risk Difference (95% 
Confidence Limit)

Comparison by High-
Risk Status (High Risk 
Minus Non-High Risk), 
Risk Difference (95% 
Confidence Limit)

High Risk Non-High Risk Total

Total - - - −16.9 (−17.0 to −16.8)

Age group

 19–49 y 21.4 (21.3 to 
21.5)

26.8 (26.6 to 
26.9)

23.7 (23.7 to 
23.8)

−18.5 (−18.6 to −18.3)

 50–64 y 15.0 (14.9 to 
15.0)

21.9 (21.7 to 
22.0)

15.3 (15.3 to 
15.4)

−20.0 (−20.1 to −19.8)

 65–74 y Referent Referent Referent −13.1 (−13.2 to −13.0)

 ≥75 y −7.0 (−7.0 to 
−7.0)

−7.3 (−7.5 to 
−7.2)

−8.2 (−8.3 to 
−8.2)

−12.7 (−12.9 to −12.6)

Sex

 Male Referent Referent Referent −20.5 (−20.6 to −20.4)

 Female −2.0 (−2.1 to 
−2.0)

−8.2 (−8.3 to 
−8.1)

−2.7 (−2.8 to 
−2.7)

−14.3 (−14.3 to −14.2)

Race/ethnicity

 White Referent Referent Referent −16.7 (−16.8 to −16.7)

 Black 16.2 (16.1 to 
16.3)

23.1 (22.8 to 
23.4)

16.1 (16.0 to 
16.2)

−23.7 (−23.9 to −23.5)

 Hispanic 18.5 (18.4 to 
18.7)

23.0 (22.7 to 
23.3)

18.9 (18.8 to 
19.0)

−21.2 (−21.6 to −20.8)

 Asian −1.1 (−1.2 to 
−0.9)

3.6 (3.2 to 4.0) −1.0 (−1.1 to 
−0.9)

−21.4 (−21.9 to −21.0)

 Other 3.4 (3.3 to 3.6) 6.0 (5.6 to 6.3) 3.6 (3.5 to 3.7) −19.3 (−19.6 to −18.9)

Region

 Midwest −5.0 (−5.1 to 
−5.0)

−3.7 (−3.9 to 
−3.6)

−5.2 (−5.3 to 
−5.2)

−15.9 (−16.0 to −15.8)

 Northeast −7.9 (−8.0 to 
−7.9)

−3.3 (−3.4 to 
−3.1)

−8.1 (−8.1 to 
−8.0)

−19.2 (−19.4 to −19.1)

 South −2.5 (−2.6 to 
−2.5)

0.4 (0.3 to 0.6) −2.9 (−3.0 to 
−2.9)

−17.5 (−17.6 to −17.4)

 West Referent Referent Referent −14.6 (−14.7 to −14.4)

Dual eligibility 
for Medicare and 
Medicaid

 Dual eligible 15.2 (15.2 to 
15.3)

21.0 (20.9 to 
21.2)

15.3 (15.2 to 
15.3)

−22.5 (−22.6 to −22.4)

 Not dual eligible Referent Referent Referent −16.7 (−16.8 to −16.6)

Number of high-risk 
conditions
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Characteristic Comparison Within Category, Risk Difference (95% 
Confidence Limit)

Comparison by High-
Risk Status (High Risk 
Minus Non-High Risk), 
Risk Difference (95% 
Confidence Limit)

High Risk Non-High Risk Total

 1 Referent - Referent -

 2 −3.5 (−3.6 to 
−3.4)

- −3.5 (−3.6 to 
−3.4)

-

 ≥3 −5.3 (−5.4 to 
−5.3)

- −5.3 (−5.4 to 
−5.3)

-

Type of provider 
visited for E/M by 
December

 None Referent Referent Referent −9.9 (−10.1 to −9.8)

 PCP and specialist −24.9 (−25.0 to 
−24.8)

−27.2 (−27.5 to 
−26.9)

−28.1 (−28.2 to 
−28.0)

−7.6 (−7.9 to −7.4)

 PCP −16.6 (−16.7 to 
−16.5)

−14.8 (−14.9 to 
−14.6)

−19.2 (−19.2 to 
−19.1)

−11.7 (−11.9 to −11.6)

 Specialist −18.2 (−18.3 to 
−18.1)

−15.9 (−16.1 to 
−15.7)

−20.2 (−20.3 to 
−20.1)

−12.3 (−12.4 to −12.1)

 Others‡ −8.1 (−8.2 to 
−8.0)

−3.8 (−3.9 to 
−3.7)

−9.3 (−9.4 to 
−9.2)

−14.2 (−14.3 to −14.1)

E/M = evaluation and management; PCP = primary care provider.
*
Indicates diagnosis with a condition associated with elevated risk for influenza complications.

†
Missed opportunity for influenza vaccination is defined as number and proportion of beneficiaries who did not receive 

influenza vaccination while visiting providers for E/M visits. The risk differences are estimated based on the uptakes 
reported in Table 3.
‡
Includes clinics or group practices; nonphysician providers (including nurse practitioners, physician assistants, and 

clinical nurse specialists); ambulatory outpatient facilities, such as end-stage renal disease facilities; and institutional 
providers, such as hospitals, skilled-nursing facilities, and home health agencies.
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Figure. Comparison of influenza vaccination uptake among Medicare beneficiaries, by number 
and type of high-risk conditions during the 2018 to 2019 influenza season.
Each data point represents influenza vaccine uptake among the beneficiaries with the 

underlying high-risk condition by the number of high-risk conditions: a single underlying 

high-risk condition only, an underlying condition along with 1 other high-risk condition, or 

≥2 other high-risk conditions. For example, among all persons with heart disease disorders, 

how many only had heart disease disorders (high-risk condition = 1), how many had heart 

disease plus ≥1 diagnoses within another condition (high-risk condition = 2), and how many 

had heart disease plus ≥1 diagnoses within >1 other condition (high-risk condition = 3). For 

more information, see Appendix Table 2.
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