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Abstract

Background: Hepatitis B vaccination is routinely recommended for adults with diabetes mellitus
(DM) aged <60 years and for those aged =60 years at the discretion of their healthcare provider.

Purpose: To assess hepatitis B vaccination coverage among adults with and without DM.

Methods: Data from the 2014-2018 National Health Interview Survey were analyzed in 2020
to determine hepatitis B vaccination series completion (=3 doses) among adults aged 18-59 and
>60 years with DM. Multivariable logistic regression analysis was conducted to identify factors
independently associated with hepatitis B vaccination among adults aged 18-59 and =60 years
with DM.

Results: Among adults aged 18-59 years with DM in 2018, 33.2% had received hepatitis B
vaccination (=3 doses), an increase of 9.7 percentage points from 2014 (p<0.05). Among adults
aged =60 years with DM, coverage was 15.3% in 2018 and did not increase during 2014-2018.
Coverage was not significantly different among adults with DM compared with those without
DM, even after controlling for factors assessed. Among adults with DM aged 18-59 and =60
years, younger age, having some college or college education, having been tested for human
immunodeficiency virus, being healthcare personnel, or having traveled to hepatitis B virus—
endemic areas were independently associated with increased likelihood of vaccination.

Conclusions: Self-reported hepatitis B vaccination coverage among adults with DM remains
suboptimal. Healthcare providers should assess patients’ diabetes status, recommend and offer
needed vaccinations to patients or refer them to alternate sites for vaccination.
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Introduction

Methods

Hepatitis B virus (HBV) causes acute and chronic liver infection, resulting in substantial
morbidity and mortality.l: 2 Compared with adults without diabetes mellitus (DM), adults
with DM have a 60% higher prevalence of HBV infection and twice the odds of
experiencing acute HBV infection.l: 2 Data also suggested the possibility of a higher case-
fatality proportion among persons with diabetes acutely infected with HBV compared with
those without diabetes.!: 2 Repeated outbreaks of HBV infection among adults with DM
associated with receiving assisted blood glucose monitoring underscore this population’s
continued risk and outbreaks were still being reported recently.3: 4

In 2011, the Advisory Committee on Immunization Practices (ACIP) released new
guidelines recommending hepatitis B vaccination for all unvaccinated adults with DM aged
<60 years.! For unvaccinated adults with DM aged =60 years, the ACIP recommends
hepatitis B vaccination at the discretion of their healthcare provider.l: 2 As with other
vaccines, the immunogenic response to hepatitis B vaccine decreases with age. Decisions
to vaccinate persons =60 years with DM should include the patient’s overall health status
and likelihood of acquiring HBV, including the need for assisted blood-glucose monitoring
which is performed for a patient with diabetes by a health care provider with potential
multiple users (shared use of blood-contaminated equipment increases the risk for exposure
to HBV).1 However, it might be difficult to implement a risk condition-based provider
vaccination recommendation.

There are limited data regarding factors associated with hepatitis B vaccination among
adults aged 18-59 and =60 years with DM and those without DM-®: 6 This study assessed
hepatitis B vaccination coverage among adults aged 18-59 and =60 years with and without
DM, factors associated with vaccination among adults with or without DM, and national
trends in hepatitis B vaccination among adults with DM using data from the National Health
Interview Survey (NHIS). The information can help improve planning and implementing
strategies for increasing hepatitis B vaccination coverage among adults with DM.

Data from the 2014-2018 NHIS were analyzed in 2020 to determine hepatitis B vaccination
coverage (=3 doses) among adults aged 18-59 years and =60 years by DM status. NHIS

is a national cross-sectional household survey conducted by the U.S. Census Bureau for

the Centers for Disease Control and Prevention’s National Center for Health Statistics.”
NHIS provides estimates on health indicators, healthcare utilization and access, and health-
related behaviors for the U.S. non-institutionalized, civilian population. The NHIS sample is
selected using complex sampling design involving stratification, clustering, and multistage
sampling with a nonzero probability of selection for each person. Estimates were weighted
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to the adult non-institutionalized, civilian population of the United States. Face-to-face
interviews were conducted each week throughout the year in a probability sample of
households. In the sample adult core, one adult per sampled family was randomly selected
and asked to complete the sample adult questionnaire. Final response rates for the core
survey sample of adults ranged from 53.0% in 2017 to 58.9% in 2014.7 In 2018, the final
response rate for the sample adult core was 53.1%. The total adult sample for estimating the
prevalence of DM was 25,397 persons aged =18 years.

Hepatitis B vaccination coverage was determined using the following sample adult core
survey question: “Have you ever received hepatitis B vaccine?’ An affirmative answer to
this question prompted a second question concerning how many doses respondents received:
“Did you receive three doses of the hepatitis B vaccine or less than three doses?’ Individuals
who reported that a doctor or other health professional ever told them that they had diabetes
(excluding gestational diabetes) were categorized as adults with DM.

Hepatitis B vaccination coverage was stratified by age group (18-59 years and =60

years) for the following demographic, access-to-care, and other characteristics: age, sex,
race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic Asian,

and non-Hispanic others [including American Indian/Alaska Native persons, and persons

of multiple races]), marital status, educational level, employment status, poverty level,
region of residence, U.S.—born status, number of physician contacts in the past 12 months,
hospitalization in the past 12 months, usual place for healthcare, health insurance status, ever
being tested for human immunodeficiency virus (HIV), healthcare personnel (HCP) status,
ever being lived with someone who had hepatitis diseases, traveler status (travelers: persons
who traveled outside the United States to countries other than Europe, Japan, Australia, New
Zealand, or Canada since 1995 were considered having traveled to countries with high or
intermediate hepatitis B virus endemicity; non-travelers: persons who did not travel outside
the United States to countries other than Europe, Japan, Australia, New Zealand, or Canada
since 1995), status of receiving influenza vaccination in the past 12 months, and ever having
chronic liver disease.

Weighted proportions, 95% confidence intervals (Cl), and adjusted prevalence ratios
(adjusted prevalence of vaccination among observation group over reference group) were
calculated using SAS and SAS-callable SUDAAN software.8 All analyses were weighted to
the adult non-institutionalized, civilian population of the United States. Sample demographic
characteristics stratified by age and DM status were reported, and differences/similarities

in the distribution of the demographic, access-to-care, and other characteristics between
adults with and without DM were tested using the chi-square test. Differences in hepatitis B
vaccination coverage between the two age groups (18-59 years and =60 years), DM status,
and by demographic, access-to-care, and other characteristics were tested using two-tailed
Etests with a significance level set at p<0.05. Factors associated with hepatitis B vaccination
were assessed using multivariable logistic models. Separate logistic regression models were
conducted among adults aged 18-59 and =60 years including DM status as an independent
variable to determine if DM status was an independent predictor of vaccination. Tests for
linear trend of hepatitis B vaccination coverage among adults aged 18-59 and =60 years
with DM from 2014-2018 were conducted.
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Among individuals aged =18 years, 6.0% reported having DM among those aged 18-

59 years, and 20.1% reported having DM among those aged =60 years. Demographic
characteristics of the study population are presented in Table 1. The distribution of

adults aged 18-59 years with DM and those without DM significantly differed by all
sociodemographic and access-to-care characteristics except sex, U.S. born status, health
insurance status, ever tested for HIV, and healthcare personnel status (Table 1). The
distribution of adults aged =60 years with DM and those without DM significantly differed
by all sociodemographic and access-to-care characteristics except marital status, region, ever
tested for HIV, and ever lived with a hepatitis patient (Table 1).

Table 2 presents the results of the bivariate analysis of hepatitis B vaccination coverage (=3
doses). Overall, 33.2% of adults aged 18-59 years with DM reported receipt of =3 doses

of hepatitis B vaccine compared with 37.0% among those aged 18-59 years without DM
(17>0.05) (Table 2), and 41.4% (95% CI:37.5%—-45.5%) of adults aged 18-59 years with DM
reported receipt of =1 dose of hepatitis B vaccine compared with 44.4% among those aged
18-59 years without DM (>0.05) (Data not shown). Overall, 15.3% of adults aged =60
years with DM reported receipt of >3 doses compared with 15.9% among those aged =60
years without DM (>0.05) (Table 2), and 20.9% of adults aged =60 years with DM reported
receipt of =1 dose compared with 19.7% among those aged =60 years without DM (>0.05)
(Data not shown).

Overall, hepatitis B vaccination coverage (=3 doses) among adults aged 18-59 years

with DM was not significantly higher compared with those without DM across all socio-
demographic and access-to-care characteristics except those with chronic liver diseases.
Hepatitis B vaccination coverage (=3 doses) among adults aged =60 years with DM was
not significantly higher compared with those without DM across all socio-demographic and
access-to-care characteristics (Table 2).

Overall, hepatitis B vaccination coverage (=3 doses) among adults aged 18-59 years with
DM (33.2%) was significantly higher compared with those aged =60 years with DM
(15.3%) and also higher across all socio-demographic and access-to-care characteristics
except among non-Hispanic black persons (Table 2). Hepatitis B vaccination coverage

(=3 doses) among adults aged 18-59 years without DM (37.0%) was significantly higher
compared with those aged =60 years without DM (15.9%) and also higher across all
socio-demographic and access-to-care characteristics except among those with chronic liver
diseases (Table 2).

Among adults with DM overall, the common factors that were significantly associated with
increased hepatitis B vaccination compared with the reference level across age groups (18—
59 and =60 years) were being younger, having above a high school education, having ever
been tested for HIV, being a HCP, and being a traveler (Table 2). Hispanic ethnicity was
significantly associated with lower likelihood of hepatitis B vaccination across age groups
(18-59 and =60 years) (Table 2). Among adults without DM, the common factors that were
significantly associated with increased hepatitis B vaccination compared with the reference
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level across age groups (18-59 and =60 years) were being younger, having above a high
school education, being employed, being at or above poverty, having ever been tested for
HIV, being a HCP, having ever lived with a hepatitis patient, being a traveler, and having
received influenza vaccination in the past 12 months (Table 2).

In multivariable analysis, among all adults with DM status as an independent variable, DM
status was not significantly associated with hepatitis B vaccination among both adults aged
18-59 years and =60 years (prevalence ratios 1.07 and 1.09, respectively, £>0.05) (data

not shown). In multivariable analysis among adults aged 18-59 years with DM, younger
age (18-29 and 30-49 years), having some college education or being a college graduate,
having ever been tested for HIV, being a HCP, having ever lived with a hepatitis patient,

and being a traveler were independently associated with increased likelihood of vaccination.
Being non-Hispanic black or Hispanic persons was independently associated with decreased
likelihood of vaccination (Table 3). Among adults aged =60 years with DM, younger age
(60-64 years), having some college or being a college graduate, having ever been tested

for HIV, being a HCP, and being a traveler were independently associated with increased
likelihood of vaccination (Table 3). Other factors independently associated with hepatitis B
vaccination are presented in Table 3.

Hepatitis B vaccination coverage (=3 doses) increased 9.7 percentage points among adults
aged 18-59 years with DM between 2014 and 2018 (test for linear trend, p<0.05) and
coverage increased substantially in 2018 (Figure 1); hepatitis B vaccination coverage (=3
doses) did not increase among adults aged =60 years with DM during this period (test for
linear trend, p>0.05).

Discussion

Findings from this study indicated that persons with DM were not more likely to have
received hepatitis B vaccination compared with persons without DM; moreover, in 2018,
hepatitis B vaccination coverage (=3 doses) among adults aged 18-59 and =60 years was
suboptimal (33.2% and 15.3%, respectively). Hepatitis B vaccination is the cornerstone

of the national hepatitis B elimination strategy.? However, seven years after the ACIP
recommended hepatitis B vaccination (=3 doses) for adults with DM, about two out of three
adults aged 18-59 years had not been vaccinated, leaving most DM patients unprotected and
putting them at higher risk from HBV infection. Healthcare providers should ensure they
routinely assess patients’ need for hepatitis B vaccination, including among persons with
DM.2

Factors associated with lower hepatitis B vaccination coverage among adults with DM might
include more difficulty in implementing a risk condition—based vaccination recommendation
compared with implementing age group—based vaccination recommendation; DM patients
with limited awareness about their high risk for HBV infection, limiting the motivation

of seeking vaccine to protect themself; lack of awareness among the public about adult
vaccination; failure of providers to routinely assess vaccine needs of adult patients; financial
risks providers incur to stock vaccines and provide vaccination services to adults; acute
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medical care taking precedence over providing vaccination services: and some providers not
perceiving responsibility to be the vaccinator.10-18

Trend analysis from this study showed that hepatitis B vaccination coverage among adults
aged 18-59 years with DM increased from 2014 to 2018. The reason for coverage increases
among adults aged 18-59 years with DM in 2018 is not fully understood and continued
monitoring of coverage among this group is necessary. Theoretically, hepatitis B vaccination
coverage should increase, since the proportion of unvaccinated adults with DM should
decline over time due to the aging cohort of persons vaccinated as infants. Universal infant
vaccination and immunization of previously unvaccinated children aged 11-12 years were
first recommended in 1991 and 1995, respectively.1% 20 Hepatitis B vaccination coverage
for early childhood and adolescents now exceeds 90%.21: 22 Thus, most younger adults with
DM would be expected to have been vaccinated in childhood or adolescent vaccination
programs.

Higher vaccination coverage is expected among the younger adults, so it is not surprising
that age was strongly associated with reported hepatitis B vaccination among adults with
DM in this study. Findings from this study indicated that adults aged 18-29 years were
approximately two times more likely to report receiving hepatitis B vaccination than those
aged 50-59 years after controlling for other factors. Higher vaccination coverage among
younger adults likely reflects the aging of the cohort of children who were vaccinated under
the childhood and adolescent vaccination recommendations.?-24 Additionally, coverage was
significantly higher among adults aged 30-49 years compared with those aged 50-59 years
and among adults aged 60-64 years compared with those aged =65 years. The incidence

of HBV infection is higher among younger adults compared with older adults, and higher
vaccination coverage among younger adults may reflect a targeted effort by healthcare
providers to immunize persons perceived to be at greater risk.25-26

Hepatitis B vaccination coverage among adults with DM was not significantly higher
compared with those without DM across most socio-demographic and access-to-care
characteristics. DM status was not significantly associated with hepatitis B vaccination,

and this result remained after controlling for other factors. One study based on the 2009
NHIS (pre-2011 ACIP recommendation) showed that the baseline hepatitis B vaccination
coverage among US adults with DM was even lower than adults without DM.2 This finding
indicates vaccination coverage did not rise in accordance with ACIP recommendations for
use of hepatitis vaccine among adults with DM.1 2

Several other characteristics including higher education, having been tested for HIV,

being a healthcare provider, having ever lived with a hepatitis patient, or having

traveled to HBV-endemic areas were independently associated with increased likelihood
of vaccination among adults with DM. These findings were similar with those reported
from a previous study.?” Being healthcare personnel, having ever lived with a hepatitis
patient, and travelers are risk groups that are also recommended to receive hepatitis B
vaccination.2: 28: 29 Although vaccination was not optimal in these groups, these results
indicated vaccination coverage was higher among these risk groups in accordance with the
ACIP recommendations for use of hepatitis B vaccine.?
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The findings in this study are subject to some limitations. First, the determination of
vaccination status in the NHIS was not validated by medical records; self-report of
vaccination might be subject to recall bias. Adults particularly might not be able to

recall accurately vaccines received as infants or adolescents, so hepatitis B vaccination
coverage levels might be greatly underestimated. The self-report accuracy of hepatitis B
vaccination has been poorly studied. One study using serological data found self-report to
be unreliable.39 However, another study found patient recall nearly as sensitive and specific
(hepatitis B: sensitivity 80%, specificity 100%) as the medical record.3! Another study
indicated that adult self-reported hepatitis B vaccination status was about 73% sensitive
and 67% specific.32 The findings for hepatitis B vaccination among younger adults should
be viewed with caution, NHIS likely underestimates coverage in this group based on
comparison with estimates derived from provider-reported vaccinations from the National
Immunization Survey-Teen.22 Second, the NHIS sample excludes persons in the military
and those residing in institutions, for whom both the risk for hepatitis B infection and
vaccination coverage might differ from the rest of the population; thus, generalizations
may not be made beyond this population. Third, response rates for the surveys used in the
analysis ranged from 53.0% to 58.9%. Nonresponse bias can result if respondents and non-
respondents differ in their vaccination rates. Finally, demographic and other characteristics
(e.g., DM status, HCP status, access-to-care characteristics) were self-reported and were not
validated.

Self-reported hepatitis B vaccination coverage among adults with DM remains suboptimal.
An estimated 23.8 million adults aged =18 years had DM in 2018.33 But only 33%

(18-59 years) and 15% (=60 years) had received the vaccine even though vaccination

has been recommended since 2011. The caveat was that not all adults aged =60 years

are recommended to get the vaccine and thus we did not know what proportion of this
group should be vaccinated. LACIP continues to emphasize that persons with DM should

be a focus of vaccination efforts.2 Substantial improvement in hepatitis B vaccination of
adults with DM is needed to maximally reduce the health impact of HBV infection in this
population. Ongoing programs or disease-related professional organizations have supported
intensive efforts to improve vaccination among persons with high-risk conditions.34-35 For
example, the Diabetes Quality Improvement Project, a collaborative effort between public
and private organizations, is focused on improving preventive care for persons with DM,
including increased vaccination coverage.3* 35 Additionally, according to the 2017 National
Practice Survey from the American Association of Diabetes Educators, only 31% of DM
educators offer information or discuss vaccination with patients.36 To improve vaccination
coverage, DM educators could routinely discuss needed vaccinations with persons who have
DM and recommend vaccination. Primary care providers, subspecialists, and pharmacists
should routinely assess patient vaccination status and recommend and offer vaccinations
when patients access the medical system even though it might be difficult to implement

a risk condition-based provider vaccination recommendation.3’ Expanded access through
greater use of complementary settings and vaccine providers, and better use of evidence-
based practices at medical sites (e.g., standing orders, and reminder/recall notification) may
help to improve hepatitis B vaccination coverage.37-38 Additionally, vaccination coverage
among adults with DM was not significantly higher than those without DM, indicating that
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additional strategies are needed to improve coverage among adults with DM in accordance
with ACIP recommendations.
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Figure 1.

Hepatitis B vaccination coverage (=3 doses) among adults aged =18 years with diabetes
mellitus, United States, 2014-2018 National Health Interview Survey
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Sample characteristics of adults, by age groups, diabetes status, demographic and access-to-care

characteristics, 2018 NHIS

18-59 years >60 years
With Without With Without
diabetes diabetes diabetes diabetes
Weighted  Weighted Weighted
Characteristic Sample % % Sample  Weighted % %
Total 15,736 6.0 94.0 9,661 20.1 79.9
Age
18-29 3,724 7.8 3074 NA NA NA
30-49 7,797 42.7 474 NA NA NA
50-59 4,215 49.5 21.9 NA NA NA
60-64 NA NA NA 2,372 243 306 b
>65 NA NA NA 7,289 75.7 69.4
Sex
Male 7,382 48.2 49.3 4,152 52.5 243 b
Female 8,354 51.8 50.7 5,509 475 55.7
Race/ethnicity
Non-Hispanic White 9,951 51.8 58.6 a 7,395 63.6 778 b
Non-Hispanic Black 1,850 14.7 12.5 985 14.0 8.2
Hispanic 2,459 21.2 19.1 718 14.1 8.2
Non-Hispanic Asian 934 6.3 6.7 353 55 4.3
Non-Hispanic Other 542 5.9 3.2 210 2.7 16
Marital Status
Married 7,044 52.3 2942 4,404 57.8 59.5
Widowed/divorced/separated 2,544 17.7 9.7 4,277 33.7 319
Never married 6,116 30.0 40.9 960 8.5 8.5
Education
High school or less 5,053 435 3354 3,938 49.5 38.3 b
Some college or college 8,579 48.3 54.3 4,479 41.7 48.0
graduate
Above college graduate 2,054 8.2 12.2 1,192 8.8 13.6
Employment status
Employed 12,279 64.8 7844 2,629 19.7 315 b
Not employed 3,449 35.2 21.6 7,030 80.3 68.5
Poverty level
At or above federal povtleirrt])é 13,208 82.1 89.4 a 8,145 88.4 931 b
Below federal poverty line 1,995 17.9 10.6 874 11.6 6.9

Region
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18-59 years >60 years
With Without With Without
diabetes diabetes diabetes diabetes
Weighted  Weighted Weighted
Characteristic Sample % % Sample  Weighted % %
Northeast 2,413 12.9 1682 1,726 18.0 19.7
Midwest 3,693 22.0 222 2,251 21.2 21.6
South 5,747 421 36.6 3,561 40.3 36.1
West 3,883 23.0 24.5 2,123 20.5 22.7
US born status
U.S. born 12,886 78.3 79.1 8,456 81.1 854 b
Not U.S. born 2,833 21.7 20.9 1,199 18.9 14.6
Physician contacts in the past
12 months
None 3,132 7.1 2014 728 3.2 8.7 b
1 3,126 8.4 21.5 1,195 6.6 141
2-3 4,094 23.9 27.1 2,647 234 29.4
4-9 3,127 35.6 18.4 3,096 38.7 30.9
210 2,049 25.0 10.9 1,863 28.1 16.9
Hospitalization in the past 12
months
Yes 1,111 153 589 1,515 21.2 13.2 b
No 14,618 84.7 94.2 8,138 78.8 86.8
Usual place for healthcare
Yes 12,952 92.7 8207 9,172 98.2 047 b
No 2,682 7.3 18.0 445 1.8 53
Health insurance
Yes 13,623 88.5 86.4 9,429 98.4 972 b
No 2,043 115 13.6 222 1.6 2.8
Ever tested for HIV
Yes 7,837 51.2 49.6 2,382 27.9 25.4
No 7,224 48.8 50.4 6,802 72.1 74.6
Healthcare personnel
Yes 1,738 10.0 11.0 443 2.9 55 b
No 13,771 90.0 89.0 9,104 97.1 94.5
Ever lived with a hepatitis
patient
Yes 613 5.9 36% 397 4.8 4.7
No 14,528 94.1 96.4 8,711 95.2 95.3
Travelers®
Yes 6,743 318 1497 2,896 29.4 34.0 b
No 8,761 68.2 55.1 6,632 70.6 66.0
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18-59 years >60 years
With Without With Without
diabetes diabetes diabetes diabetes
Weighted  Weighted Weighted
Characteristic Sample % % Sample  Weighted % %
Received influenza vaccination
in past 12 months
Yes 5,760 50.3 35.4 4 6,155 72.3 62.8 b
No 9,726 49.7 64.6 3,389 271.7 37.2
Persons with chronic liver
diseases
Yes 213 3.9 112 211 4.2 18 b
No 15,294 96.1 98.9 9,330 95.8 98.2

Note: Boldface indicates statistical significance (p<0.05).

aSignificant difference between adults aged 18-59 years with diabetes and without diabetes (by chi-square test, p<0.05).

bSignificant difference between adults aged =60 years with diabetes and without diabetes (by chi-square test, p<0.05).

c . . . . . .
Persons traveled outside the United States to countries other than Europe, Japan, Australia, New Zealand, or Canada since 1995 were considered
having traveled to countries with high or intermediate hepatitis B virus endemicity.

NA: Not applicable.
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Hepatitis B vaccination coverage among adults, by age groups, diabetes status, demographic and access-to-

care characteristics, 2018 NHIS

Characteristic

18-59 years

Vaccination
coverage with =3
dose among adults
with diabetes

% (95% Cl)

Vaccination

coverage with =3 dose
among adults without

diabetes

% (95% ClI)

>60 years

Vaccination

coverage with =3 dose
among adults with

diabetes

% (95% ClI)

Vaccination coverage
with =3 dose among
adults without diabetes

% (95% Cl)

Total

Age
18-29

30-49

50-59¢

60-64

Sex

Male

c
Female

Race/ethnicity
Non-Hispanic
White®

Non-Hispanic
Black

Hispanic
Non-Hispanic
Asian

Non-Hispanic
Other

Marital Status

Married®

Widowed/
divorced/
separated

Never married

Education

High school or

c
less

Some college or
college graduate

Above college
graduate

Employment status

33.2 (29.5-37.2)

54.8 (37.4-71.1) 7

36.4 (30.4-42.8) ?
27.7 (23.1-32.9)

NA

NA

29.8 (24.6-35.6)

36.2 (31.0-41.8)

38.0 (33.2-43.1)

25,0 (15.8-37.2) 7

24.9 (16.8-35.3)
49.0 (32.8-65.5)

205 (10.3-36.7) 29

32.0 (26.9-37.5)

34.2 (27.1-42.2)

34.3(27.1-42.2)

22.1(17.2-27.8)

42.3 (36.6-48.2) ?

40,5 (28.6-53.6) 7

37.0 (35.7-38.3)

47.6 (45.1-50.2) 7

36.1 (34.5-37.8) 7
24.8 (22.9-26.8)

NA

NA

32,8 (31.0-34.6)
41.1 (39.5-42.7)

39.2 (37.7-40.8)

31.9 (28.4-35.6)

32.0(29.3-34.9) 7

41.7 (37.5-46.1)

35.8 (30.0-42.1) €

35.8 (34.3-37.4)

31.3 (28.7-34.0)

39.7 (37.6-41.8) ?

24.7 (22.8-26.7)

42.1 (40.4-43.7) 7

49.8 (47.0-52.6)

15.3 (13.3-17.4) 2

NA
NA

NA

220 (17.2-27.7) ?
13.1 (11.1-15.4)

14.7 (12.1-17.7) 2

15.9 (13.1-19.3) #

155 (13.1-18.1) 4
17.3 (12.2-23.9)
9.2 (4.9-16.7) #09

15.7 (8.1-28.2) 29

31.8 (14.7-55.8) ¢

15.3 (12.7-18.4) #

145 (11.5-18.1) @

185 (12.5-26.3)

10.9 (8.4-14.0) Z

19.3 (16.1-22.9) #°

19.2 (13.1-27.4) 20
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15.9 (14.8-17.0) 2
NA
NA
NA

21,9 (19.7-24.4) ?
13.2 (12.1-14.4)

136 (12.2-15.1) 27

17.7 (16.1-19.3) 4

15.9 (14.7-17.2) 2

135 (10.5-17.2)
a

16.0 (12.0-21.0)

18.4 (13.4-24.8)

17.2 (10.6-26.7) 2

17.5 (16.0-19.1) #

133 (11.8-15.1) 27

13.8(10.6-17.9)

9.8(8.4-11.3) ¢

18.4 (16.7-20.1) #°

24.3 (21.1-27.9) 2
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Characteristic

18-59 years

Vaccination

coverage with =3
dose among adults

with diabetes
% (95% CI)

Vaccination

coverage with =3 dose
among adults without

diabetes

% (95% ClI)

>60 years

Vaccination
coverage with =3 dose
among adults with
diabetes

% (95% ClI)

Vaccination coverage
with =3 dose among
adults without diabetes

% (95% ClI)

Employed

Not employedc

Poverty level

At or above
federal poverty
line

Below federal

poverty line®
Region
Northeast®
Midwest
South
West
US born status
U.S. born®
Not U.S born
Physician contacts
in the past 12
months
None®
1
2-3
4-9
210
Hospitalization in
the past 12 months
Yes
No®
Usual place for
healthcare
Yes
Noc
Health insurance
Yes
Noc

35.7 (30.9-40.7)

28.7 (23.1-35.0)

34.4 (30.1-39.0)

28.8 (21.1-38.0)

38.7 (28.6-50.0)
35.1 (27.3-43.7)
29.0 (23.7-34.9)

36.1 (28.1-44.8)

33.4 (29.2-37.8)

32.4 (24.0-42.2)

30.3 (17.8-46.5)
303 (19.3-44.2)
35.4 (27.7-43.9)
30.6 (24.2-37.7)

36.2 (29.4-43.7)

35.6 (27.1-45.2)

32.7 (28.7-37.1)

33.6 (20.7-37.8)

27.7 (16.0-43.4)

34.4 (30.3-38.6)

25.9 (17.6-36.5)

37.6 (36.3-39.1) 7
34.7 (32.2-37.3)

38.4 (37.0-39.8) 7

29.6 (26.6-32.8)

37.4 (34.5-40.4)
38.6 (36.0-41.2)

33,5 (31.3-35.8) 7
40.7 (37.9-43.5)

38.6 (37.2-40.1) ¢

30.7 (28.2-33.4) 7

28.5 (26.2-31.1)

34.7 (32.4-37.2) 7

39.7 (37.7-41.9)

406 (38.0-432) 2€

45.7 (42.4-49.0) 7€

39.0 (34.7-43.4)

36.9 (35.6-38.2)

38.1 (36.7-39.5) 7€

32.0 (29.4-34.8)

39.2 (37.8-40.6) 2€

23.5 (20.9-26.3)

20.6 (15.9-26.3) 7

14.0 (11.9-16.4) #

15.5 (13.3-18.0) 4

17.2 (11.7-24.5) 2

15.8 (11.3-21.8) 4

18.4 (14.5-23.1) 2
a

115 (9.0-14.6)

19.0 (14.1-25.2) 2

15.9 (13.8-18.3) 4

12.4 (85-17.8) ?

12.8 (5.5-27.1) &

125 (7.3-20.7) 2
a
16.0 (12.1-21.0)
a
16.0 (12.9-19.7)

14.3 (11.0-18.3) #

14.7 (10.9-19.5) #

15.4 (13.2-17.9)

15.4 (13.4-17.6)

8.1(2.7-22.3) %8

15.4 (13.4-17.6) 2

9.0 (2.1-32.0) %8

Am J Prev Med. Author manuscript; available in PMC 2022 May 07.

20,5 (18.4-22.7) 2

13.7 (12.5-15.0) #

16.4 (15.2-17.6) 22

12.4 (9.4-16.3) 2

15.8 (13.2-18.8) 4

15.7 (13.6-18.0) ?

135 (12.0-15.3)

19.8 (17.2-22.8) #°

15.6 (14.5-16.8) 2

17.5 (14.3-21.4) 2

13.9 (10.5-18.1) @

15.5 (12.9-18.5) 4

15.9 (13.9-18.1) #

15.8 (14.0-17.7) 2
a
175 (15.0-20.3)
a
16.1 (13.2-19.5)

15.8 (14.7-17.1)

16.1(14.9-17.3) 2
a
11.8 (8.2-16.6)
a
16.0 (14.9-17.2)

11.7 (6.7-19.6) ?
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Characteristic

18-59 years

Vaccination
coverage with =3

dose among adults

with diabetes
% (95% CI)

Vaccination

coverage with =3 dose
among adults without

diabetes

% (95% ClI)

>60 years

Vaccination
coverage with =3 dose
among adults with
diabetes

% (95% ClI)

Vaccination coverage
with =3 dose among
adults without diabetes

% (95% ClI)

Ever tested for
HIV

Healthcare
personnel

Ever lived with a
hepatitis patient

f
Travelers

Received influenza
vaccination in past
12 months

Persons with
chronic liver
diseases

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No®

39.7 (34.6-45.1) 7
27.0 (21.9-32.7)

65.4 (53.8-75.4) 7
29.4 (25.5-33.7)

49.2 (335-65.0) 7
31.7 (27.8-35.8)

43.4 (36.5-50.7) 7
286 (24.5-33.2)

35.0 (29.9-40.4)

31.4 (26.2-37.1)

59.4 (41.3-75.2) 7
32.2 (28.4-36.3)

428 (41.1-44.5) 7
31.9 (30.1-33.7)

715 (68.5-74.3) 7
32.4(31.0-33.8)

49.0 (44.0-54.1) 7

36.4 (35.0-37.8) €

44.8 (43.0-46.6) 7
31.0 (29.4-32.6)

472 (45.3-49.2) 7€
31.4 (29.9-32.9)

34.1 (25.4-44.0) €

37.1(35.7-38.4) €

25.6 (20.9-30.9) 2

11.3(9.4-135) 2

403 (25.6-57.0) #0

145 (12.6-16.6) ?

25.7 (15.7-38.9) ?
a

14.1 (12.1-16.3)

20.4 (16.0-25.7) 2

131 (11.1-155) 4

17.1 (14.6-19.8) #°

10.6 (7.7-14.5) 2

20.4 (10.9-35.0) #

15.0 (13.0-17.3) #

27.4 (24.6-30.4) 2

12.1(11.0-13.3) 4

476 (415-53.7) #0

14.0 (13.0-15.2) #

26.7 (20.6-33.8) 7

14.9 (13.8-16.1)

22.2 (20.0-24.6) 2

12.7 (11.5-14.0) ?

18,5 (17.1-20.0) #°

116 (10.1-13.2) @

28.8 (19.3-40.6) ?

15.6 (14.5-16.8) ?

Note: Boldface indicates statistical significance (p<0.05).

ap<0.05 by t test for comparisons between adults aged 18-59 and =60 years with diabetes, and between adults aged 18-59 and =60 years without
diabetes within each level of each characteristic.

p<0.05 by t test for comparisons within each variable with the indicated reference level.

c
Reference level.

a_ .. . . . .
Estimate is not reliable due to relative standard error (standard error/estimates) >0.3.

e . - h . I -
<0.05 by t test for comparisons between adults with diabetes and those without diabetes within each level of each characteristic.

. . . . . . .
Persons traveled outside the United States to countries other than Europe, Japan, Australia, New Zealand, or Canada since 1995 were considered
having traveled to countries with high or intermediate hepatitis B virus endemicity.

NA: Not applicable.
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Adjusted prevalence ratio (APR)a for hepatitis B vaccination (=3 dose) among adults aged =18 years, 2018

NHIS

Characteristic

18-59 years

With diabetes
APR (95% Cl)

Without
diabetes

APR (95% CI)

260 years

With diabetes
APR (95% CI)

Without diabetes
APR (95% CI)

Age
18-29

30-49

50-59*
6064

Sex
Male

Female
Race/ethnicity
Non-Hispanic White

Non-Hispanic Black
Hispanic

Non-Hispanic Asian
Non-Hispanic Other

Marital Status
Married

Widowed/divorced/
separated

Never married

Education
High school or less

Some college or college
graduate

Above college graduate

Employment status
Employed
Not employed
Poverty level

At or above federal
poverty line

Below federal poverty
line

Region

Northeast

Am J Prev Med. Author manuscript; available in PMC 2022 May 07.

>

2.03 (1.46, 2.81)
1.12 (0.87, 1.45)

Reference

NA

NA

0.84 (0.66, 1.06)

Reference

Reference

>

0.61 (0.40, 0.93)

0.63 (040, 0.98) 7

1.00 (0.59, 1.69)
0.66 (0.40, 1.09)

Reference

1.18 (0.91, 1.53)

1.14 (0.88, 1.48)

Reference

162 (1.21,2.17)

1.31 (0.82, 2.09)

1.00 (0.76, 1.32)

Reference

0.98 (0.73, 1.33)

Reference

Reference

2.09 (1.90, 2.29) b

1.42 (1.31, 1.55) b
Reference

NA

NA

0.96 (0.91, 1.02)

Reference

Reference

0.85 (0.76, 0.96)
0.94 (0.85, 1.04)

1.00 (0.88, 1.13)
0.92 (0.77, 1.10)

Reference

0.98 (0.90, 1.06)

0.98 (0.91, 1.04)

Reference

133 (1.24, 1.44) 7

149 (1.35,1.64) 7

0.93 (0.87, 1.01)

Reference

1.08 (0.98, 1.19)

Reference

Reference

NA
NA
NA

151 (110, 2.08) ?

Reference

1.06 (0.80, 1.39)

Reference

Reference

1.36 (0.88, 2.10)
0.62 (0.31, 1.27)

1.01 (0.47, 2.19)
1.23 (0.56, 2.72)

Reference

1.05 (0.78, 1.40)

1.08 (0.70, 1.65)

Reference

142 (1.03, 1.97)

1.43 (0.90, 2.28)

1.11(0.79, 1.58)

Reference

0.89 (0.57, 1.41)

Reference

Reference

NA
NA

NA

1.42 (122, 1.66) 7

Reference

0.74 (064, 0.85) ?

Reference

Reference

0.81 (0.62, 1.07)
0.97 (0.70, 1.36)

1.03 (0.70, 1.53)
1.20 (0.73, 1.99)

Reference
b
0.82 (0.70, 0.95)

0.76 (0.59, 0.98) ?

Reference

153 (1.28, 1.84) 7

1.84 (1.47,2.29) ?

0.98 (0.83, 1.14)

Reference

1.01 (0.74, 1.39)

Reference

Reference
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Characteristic

18-59 years

With diabetes
APR (95% CI)

Without
diabetes

APR (95% CI)

>60 years

With diabetes
APR (95% CI)

Without diabetes
APR (95% CI)

US born status

Physician contacts in the

past 12 months

Hospitalization in the past

12 months

Usual place for healthcare

Health insurance

Ever tested for HIV

Healthcare personnel

Ever lived with a hepatitis

patient

c
Travelers

Received influenza
vaccination in past 12

months

Midwest
South
West

U.S. born
no U.S born

None

Yes
No

Yes
No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No
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1.07 (0.75, 1.54)
0.97 (0.71, 1.33)
1.17 (0.80, 1.70)

Reference

1.27 (0.89, 1.80)

Reference
0.85 (0.47, 1.54)
1.34 (0.83, 2.15)
1.01 (0.63, 1.62)
1.08 (0.66, 1.78)

1.06 (0.79, 1.41)
Reference

1.29 (0.75, 2.22)

Reference

1.14 (0.81, 1.61)

Reference

126 (1.01, 1.57)

Reference

1.96 (151, 2.55) 7

Reference

143 (101, 2.02) ?

Reference

149 (1.18,187)?

Reference

1.07 (0.96, 1.19)
1.01(0.91, 1.12)

1.13(1.02, 1.26) b

Reference

0.87 (0.79,097) ?

Reference
1.03 (0.94, 1.13)
1.09 (1.00, 1.20)
1.09 (0.99, 1.21)

122 (1.09,1.37) 2

0.93 (0.83, 1.04)

Reference

1.00 (0.92, 1.09)

Reference

118 (1.06,1.32) ?

Reference

123 (1.16, 1.30)

Reference

191 (1.80, 2.04) 7

Reference

1.35(1.21, 1.50) b

Reference

128(1.21,1.36) 7

Reference

1.07 (0.70, 1.63)
0.67 (0.43, 1.04)
1.24 (0.81, 1.91)

Reference

0.83 (0.47, 1.46)

Reference
1.05 (0.37, 3.03)
1.33 (0.51, 3.45)
1.27 (0.49, 3.24)
1.16 (0.45, 2.98)

0.96 (0.70, 1.33)

Reference

1.74 (0.49, 6.23)

Reference

1.93 (0.48, 7.68)

Reference

2.15 (1.65, 2.81)

Reference

2.33 (151, 3.58) 7

Reference

1.50 (0.98, 2.30)

Reference

145 (1.08, 1.95) ?

Reference

1.12 (0.90, 1.41)
0.88 (0.70, 1.10)
1.24 (0.99, 1.54)

Reference

1.09 (0.85, 1.41)

Reference
0.86 (0.62, 1.18)
0.88 (0.66, 1.18)
0.86 (0.64, 1.14)
0.88 (0.64, 1.19)

1.11(0.91, 1.36)
Reference

1.05 (0.69, 1.61)

Reference

1.36 (0.75, 2.47)

Reference

1.83 (158, 2.12) 7

Reference

252 (2.12,3.00) ?

Reference

152 (1.15,2.01) ?

Reference

1.40 (1.21,1.63) ?

Reference
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18-59 years >60 years
Without
With diabetes diabetes With diabetes Without diabetes

Characteristic APR (95% CI) APR (95% CI) APR (95% CI) APR (95% CI)

Yes  0.97(0.79, 1.21) 1.19 (113, 1.26) b 1.36(0.96,1.91) 1.42 (1.21, 1.66) b

No Reference Reference Reference Reference
Persons with chronic liver
diseases

Yes  1.39(0.89, 2.15) 0.85 (0.61, 1.17) 1.56 (0.81, 3.00) 1.26 (0.71, 2.24)

No Reference Reference Reference Reference

Note: Boldface indicates statistical significance (p<0.05).

aAdjusted estimates control for age, sex, race/ethnicity, marital status, educational level, employment status, poverty level, region of residence,
U.S. born status, number of physician contacts in the previous year, hospitalization in the past year, usual place for health care, health insurance
status, ever tested for human immunodeficiency virus (HIV), health care personnel status, ever lived with a hepatitis patient, travel status, received
influenza vaccination in past 12 months, and persons with chronic liver diseases.

bp<0.05 by t test for comparisons within each variable with the indicated reference level.

c . . . . . .
Persons traveled outside the United States to countries other than Europe, Japan, Australia, New Zealand, or Canada since 1995 were considered
having traveled to countries with high or intermediate hepatitis B virus endemicity.

NA: Not applicable.
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