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Abstract
BACKGROUND 
Although much information is available regarding hepatitis C virus infection and 
diabetes, less is known about the relationship between hepatitis A virus (HAV) 
infection and diabetes.

AIM 
To examine the roles of HAV in diabetes risk.

METHODS 
This cross-sectional study population included data from the National Health and 
Nutrition Examination Survey collected between 2005-2012. Adult subjects (≥ 20 
years old) with available body mass index measurements, defined diabetes status, 
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history of HAV vaccination, and HAV serology were included. HAV vaccination 
was based on self-reported history. Successful HAV immunization was defined as 
the presence of both vaccination and anti-HAV antibody. HAV infection was 
defined by the absence of vaccination but presence of anti-hepatitis A antibody. 
The odds ratio (OR) for diabetes with 95% confidence intervals (95%CI) was 
calculated for each HAV status and then adjusted for covariates. Sensitivity tests, 
based on different definitions of diabetes, were performed to verify the results.

RESULTS 
Among 19942 subjects, 4229 subjects (21.21%) received HAV vaccination and 
HAV antibody was present in 9224 subjects (46.25%). Although HAV infection 
was associated with an increased risk of diabetes (OR: 1.13; 95%CI: 1.08-1.18), 
HAV vaccination was not associated with diabetes (OR: 1.06; 95%CI: 0.95-1.18), 
and successful HAV immunization had no impact on the risk of diabetes (OR: 
1.11; 95%CI: 0.97-1.27). Thus, HAV infection was an unlikely cause of diabetes. 
Alternatively, in non-vaccinated subjects, diabetes increased the risk of HAV 
infection by 40% (OR: 1.40, 95%CI: 1.27-1.54).

CONCLUSION 
An association between HAV infection and diabetes is observed which is best 
explained by an increased risk of HAV infection in diabetic patients. Diabetic 
subjects are more susceptible to HAV. Thus, HAV vaccination is highly 
recommended in diabetic patients.

Key Words: Vaccination; Immunization; Viral hepatitis; Liver; Glucose metabolism; 
Diabetes mellitus
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Core Tip: The relationship of hepatitis A virus (HAV) infection and diabetes was 
examined. Although an association between HAV infection and diabetes was observed, 
neither HAV vaccination or successful HAV immunization had no impact on the risk 
of diabetes. Thus, HAV infection did not increase the risk of diabetes. In contrast, in 
non-vaccinated subjects, diabetes increased the risk of HAV infection by 40%. Thus, 
diabetic patients should receive HAV vaccination.

Citation: Lin J, Ou HY, Karnchanasorn R, Samoa R, Chuang LM, Chiu KC. Role of hepatitis A 
virus in diabetes mellitus. World J Diabetes 2021; 12(11): 1928-1941
URL: https://www.wjgnet.com/1948-9358/full/v12/i11/1928.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i11.1928

INTRODUCTION
Diabetes is a multifactorial disorder with both genetic and environmental components. 
Infection is an environmental component that plays a role in the development of 
insulin resistance and diabetes[1]. Although infection per se cannot cause diabetes, it is 
a well-known cause of inflammation; thus, infection may increase the risk of insulin 
resistance and diabetes through increased inflammation[2]. Various infectious agents 
have been implied in diabetes, including helicobacter pylori[3], hepatitis C[4,5], hepatitis 
B[6], and cytomegalovirus[7]. Given the relationship between hepatitis C and B with 
diabetes, we reasoned that a similar relationship could exist between hepatitis A virus 
(HAV) status and diabetes.

HAV is an enveloped RNA virus[8] that is transmitted via the fecal-oral route, and 
produces both symptomatic and asymptomatic infections[9]. Jaundice, the cardinal 
manifestation, develops in less than 15% of HAV-infected patients from a community 
outbreak[10]. HAV infection is mostly self-limited, results in life-time immunity, and 
does not typically result in chronic infection or chronic liver disease[11]. In the United 
States, HAV infection rates have declined by 95% since the HAV vaccine first became 
available in 1995[12]. The Centers for Disease Control and Prevention (CDC) reported 
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1390 acute, symptomatic cases of HAV infection in the United States in 2015, with an 
overall incidence rate of 0.4 cases per 100000[13]. Further, incidence may be underes-
timated, as HAV infection is only estimated to cause identifiable illness in less than 5% 
of cases[14]. As it is a food-borne disease, epidemics can be widespread and lead to 
significant economic loss. Thus, HAV infection remains an important public health 
issue.

Case reports of diabetes developed after HAV infection have led to the suggestion 
that HAV infection may play a role in the development of diabetes[15,16]. Based on 
the presence or absence of immunoglobulin G antibody to HAV, the role of HAV in 
diabetes was excluded in one study[17]. However, the presence of immunoglobulin G 
antibody to HAV could be the result of either prior HAV infection or vaccination. To 
address this issue, we examined the role of HAV infection, vaccination history, and 
successful immunization in the risk of the development diabetes in a representative 
United States population.

MATERIALS AND METHODS
Study population
The National Health and Nutrition Examination Survey (NHANES) is a major 
program of the National Center for Health Statistics (NCHS), which is part of the CDC. 
NHANES is designed to assess the health and nutritional status of adults and children 
in the United States through interviews, physical examinations, and laboratory tests. 
The main purpose of this survey is to provide vital and health statistics for the United 
States. The NCHS Research Ethics Review Board approved data collection for the 
NHANES 2005-2012. Informed consent was obtained from participants. The 
records/information were anonymized and de-identified prior to release in the 
NHANES website (http://www.cdc.gov/nchs/nhanes/about_nhanes.htm). Analysis 
of de-identified data from the survey is exempt from the federal regulations for the 
protection of human research participants. This study only included de-identified data 
from the survey.

This study used data collected during the four cycles of the NHANES survey, 2005-
2006, 2007-2008, 2009-2010, and 2011-2012, as the oral glucose tolerant tests was 
reintroduced since 2005-2006 cycle, yielded a total of 40790 potential subjects. As 
questionnaires were only collected for subjects 20 years or older, 18098 subjects 
younger than 20 years old were excluded from this study. Body mass index (BMI) is 
one of the major confounding factors for the development of diabetes; thus, the 1174 
subjects lacking BMI data were excluded from this study. Undefined diabetes status 
(based on the criteria below) excluded an additional 998 subjects. Lack of HAV 
vaccination status and HAV serology data, including 6 subjects with intermediate 
HAV antibody titer, excluded an additional 578 subjects and yielded the final study 
population of 19942 subjects (Figure 1).

Laboratory methods for NHANES data used in this study
Plasma glucose concentration: NHANES collected blood samples for fasting plasma 
glucose concentration (FPG) after a 9-h fast and 2-h plasma glucose concentration 
(2hPG) in 2 h after oral administration of a standardized dose (75 g) of glucose loading 
in a subset of subjects after obtaining fasting samples. Plasma glucose concentration 
was determined by a hexokinase method. To realign plasma glucose concentrations 
from different assays between the cycles of 2005-2006 and 2007-2012, a regress 
equation as recommended by NHANES was used to line up plasma glucose concen-
trations from 2005-2006.

Glycosylated hemoglobin: NHANES measured glycosylated hemoglobin (HbA1c) 
using high performance liquid chromatography-based assays. The results of HbA1c 
were reviewed extensively by the National Glycohemoglobin Standardization 
Program (NGSP) for some minor drips between cycles which could be the results of 
different HbA1c laboratory instruments and laboratories were used between 2005 and 
2012. Since both laboratories participated in the NGSP with the recommended 
standardization procedures to, the NGSP concluded that both laboratories met the 
NGSP criteria for bias and precision and no cross-over regression was required. In this 
study, the re-released HbA1c data in March 2012 for 2007-2008 (GHB_E) and 2009-2010 
(GHB_F) were utilized.

Hepatitis A antibody: NHANES collected human serum or plasma and performed a 
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Figure 1 Sampling scheme. BMI: Body mass index.

qualitative determination of total anti-HAV antibody (both immunoglobulin G and 
immunoglobulin M) using competitive immunoassay. NHANES quality assurance 
and quality control protocols meet the 1988 Clinical Laboratory Improvement Act 
mandates. The assay used cannot differentiate between natural infection and 
vaccination; therefore, the presence of anti-HAV antibodies may reflect either acquired 
through infection or vaccine-induced immunity. Subjects with intermediate HAV 
antibody (n = 6) were excluded from the analysis.

Diabetes status
To ensure inclusion of all diabetic subjects, we defined diabetes by any of the 
following: (1) Subjects used diabetic medications or insulin, or were informed to be 
diabetic by a health care provider; 92) HbA1c ≥ 47.5 mmol/mol or 6.5%; 93) FPG ≥ 7.0 
mmol/L or 126 mg/dL; or 94) 2hPG ≥ 11.1 mmol/L or 200 mg/dL, according to the 
American Diabetes Association[18].

Status of HAV vaccination, immunization, and infection 
HAV vaccination status was self-reported to NHANES by participants. As the 
presence of anti-HAV antibody could be the result of prior infection or vaccination, we 
defined HAV infection as the presence of anti-HAV antibody in the absence of self-
reported HAV vaccination. Since the successful HAV immunization rates between 
those who received at least 2 doses (n = 3730) or less than 2 doses (n = 499) were very 
similar (54.12% vs 52.10%, respectively, P = 0.39), they were pooled for further 
analysis. We defined successful HAV immunization as the presence of both anti-HAV 
antibody and HAV vaccination history.

Other covariate measures: NHANES-collected data on continuous covariates 
including age, BMI, and poverty index, and categorical covariates including gender, 
race/ethnicity, smoking status, alcohol consumption status, immediate family of 
diabetes, and education levels, were considered in this study. Age was calculated in 
years at the time of the screening interview form the reported date of birth. BMI 
(kg/m2) was computed from measured weight (kg) divided by the square of measured 
standing height (m). Based on the poverty guidelines of the United States Department 
of Health and Human Services, poverty index was computed as the ratio of family 
income to poverty, as described previously[19]. The reference poverty index of 1.0 
denotes family income at the federal poverty level, and a poverty index of 2.0 signifies 
family income that is 200% of the federal poverty level. Gender was based on self-
reported categories from the participants. Similarity, based on self-reported 
racial/ethnic groups, ethnicity/race were further categorized as Mexican Americans, 
other Hispanics, non-Hispanics whites, non-Hispanic blacks, and other ethnic/racial 
groups. Smoking status was defined as using tobacco/nicotine in the last 5 d. Status of 
alcohol consumption was defined as current alcohol consumption based on at least 12 
alcohol drinks per year in the past year. Based on any blood relatives, including father, 
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mother, sisters or brothers, ever being told by a health professional that they had 
diabetes, family history of diabetes was defined as positive. Based on the self-reported 
highest education, education level was categorized into 2 major categories: less or at 
least high school graduate.

Statistical analysis
SYSTAT 13.0 for windows package from SPSS, INC. (Chicago, IL, United States) was 
used for statistical analysis. Continuous data were presented as mean ± SD and 
examined using a two-tailed Student t-test or ANOVA test as if appropriate. 
Differences in categorical data were expressed in proportions and Chi-square test was 
used to examine categorical data. The odds ratio (OR) with 95% confidence intervals 
(CI) of risk of diabetes based on HAV vaccination history, HAV infection, and 
successful HAV immunization, or risk of HAV infection based on diabetes, were 
calculated based on logistic regression analyses with the contemplation of covariates 
(described above). No covariate was considered in Model 1; gender, age, and BMI 
were considered in Model 2; ethnic/racial group, gender, age, and BMI were 
considered in Model 3; all covariates including gender, age, BMI, race/ethnicity, 
current smoker, current alcohol consumption, family history of diabetes, poverty 
index, and education level were considered in Model 4. A nominal P value < 0.05 was 
considered to be significant.

RESULTS
Study population
To study the relationship between HAV and diabetes, we collected relevant data from 
NHANES. The sampling scheme was shown in Figure 1 and the clinical features of the 
study population (n = 19,942) were shown in Table 1. The prevalence of diabetes was 
17.37%, with 12.19% established and 5.18% undiagnosed diabetic subjects. We used the 
distribution of anti-HAV antibody and vaccination history to calculate HAV 
immunization and infections rates (Table 2). Anti-HAV antibody was present in 9224 
subjects (46.25% of total subjects), and 4229 subjects (21.21% of total subjects) received 
HAV vaccination (Table 2). We defined successful immunization as the intersection of 
the presence of anti-HAV antibody and HAV vaccination history; successful HAV 
immunization occurred in 2279 subjects (53.89% of vaccinated subjects). We defined 
HAV infection as the intersection of the presence of anti-HAV antibody with no 
history of HAV vaccination; infection occurred in 6945 subjects (44.20% of non-
vaccinated subjects).

Viral hepatitis A infection and diabetes
To evaluate the role of HAV infection in the risk of development of diabetes, we 
compared the prevalence of diabetes between two groups: HAV infected subjects (the 
presence of anti-HAV antibody without a history of HAV vaccination) vs non-HAV 
infected subjects. As shown in Table 3, diabetes occurred in 1712 subjects (24.65%) 
with HAV infection and in 1751 subjects (13.47%) without HAV infection (P < 0.0001), 
with an OR of 1.45 (95%CI: 1.40-1.50; Table 4). Although no difference was noted in the 
gender distribution (P = 0.11) or BMI (P = 0.07), HAV-infected subjects were 
significantly older than non-infected subjects (56 ± 18 years and 46 ± 17 years, 
respectively; P < 0.0001). After adjustment for gender, age, and BMI covariates, HAV 
infection was significantly associated with an increased OR for diabetes (1.22; 95%CI: 
1.17-1.27; Table 4). Although the frequency of HAV infection varied significantly 
across ethnic/racial groups (P < 0.0001), additional adjustment with ethnic/racial 
group had no significant effect on diabetes risk when considered as a covariate with 
gender, age, and BMI (OR: 1.22; 95%CI: 1.17-1.28; Table 4). In the fully adjusted Model 
4 that includes all covariates, HAV infection remained a significant risk factor for the 
development of diabetes (OR: 1.13; 95%CI: 1.08-1.18; Table 4). Thus, there was an 
association between HAV infection diabetes.

To further evaluate the association of HAV with diabetes, we conducted sensitivity 
analyses with various definitions of diabetes (Table 4). As established diabetes 
accounted for 70.17% of diabetes in this sample set, we first examined the role of HAV 
infection in established diabetes. The results of all four models confirmed an 
association between HAV infection and established diabetes (Table 4). Using FPG and 
2hPG concentrations as a proxy for diabetes confirmed the association between HAV 
infection and diabetes, demonstrating similar ORs to established diabetes for all four 
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Table 1 Study population clinical characteristics, n (%)

n 19942

Gender Female 10256 (51.43)

Age Year 49 ± 18

Body mass index Kg/m2 28.94 ± 6.75

Fasting plasma glucose1 mmol/L 6.1 ± 2.1

2-h plasma glucose2 mmol//L 6.8 ± 2.9

HbA1c3 % 5.7 ± 1.0

HbA1c3 mmol/mol 38.90 ± 11.45

Current smoker Yes 4651 (23.32)

Current alcohol consumption Yes 13069 (65.54)

Education: at least high school graduate Yes 14467 (72.55)

Poverty index 2.72 ± 1.70

Family history of diabetes Yes 7936 (39.80)

States of glucose tolerance

Diabetes Yes 3463 (17.37)

Established diabetes Yes 2430 (12.19)

Undiagnosed diabetes Yes 1033 (5.18)

Hepatitis A vaccination Yes 4229 (21.21)

Presence of anti-HAV antibody Yes 9224 (46.25)

Ethnic/racial groups

Mexican American 3307 (16.58)

Other Hispanic 1787 (8.96)

Non-Hispanic white 9205 (46.16)

Non-Hispanic black 4131 (20.72)

Other 1512 (7.58)

1n = 7105.
2n = 7125.
3n = 19910.
Mean ± STD or n percent.
HAV: Hepatitis A virus.

Table 2 Distribution of hepatitis A antibody and vaccination history, n (%)

No for HAV vaccination Yes for HAV vaccination Subtotal1

Anti-HAV antibody presence 6945 (44.20) 2279 (53.89) 9224 (46.25)

Anti-HAV antibody absence 8768 (55.80) 1950 (46.11) 10718 (53.75)

Subtotal1 15713 (78.79) 4229 (21.21) 19942 (100.00)

1n (raw percent).
Pearson Chi-Square = 125.876927, degree of freedom = 1, P < 0.0001. n (column percent). HAV: Hepatitis A virus.

models (Table 4, respectively). As only a selected subset of subjects had either FPG or 
2hPG measurements, the sample size was reduced significantly, but P-values, 
although increased, remained significant (P = 0.01 and P = 0.04, respectively). As 
HbA1c measurements were available for most subjects, the sample size, ORs, and P-
values were very similar for the association of hepatitis A and HbA1c as for 
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Table 3 Comparison of clinic characteristics of subjects with and without hepatitis A virus infection, n (%)

Non-infected Infected P
n 12997 6945

Gender Female 6738 (51.84) 3518 (50.66) NS

Age Yr 46 ± 17 56 ± 18 < 0.0001

Body mass index Kg/m2 29.00 ± 7.01 28.82 ± 6.24 NS

Fasting plasma glucose1 mmol/L 5.8 ± 1.8 6.4 ± 2.4 < 0.0001

2-h postchallenged plasma glucose2 mmol/L 6.4 ± 2.7 7.4 ± 3.4 < 0.0001

HbA1c3 % 5.6 ± 0.9 5.9 ± 1.2 < 0.0001

HbA1c3 mmol/mol 37.66 ± 10.20 41.22 ± 13.18 < 0.0001

Current smoker Yes 3418 (26.30) 1233 (17.75) < 0.0001

Current alcohol consumption Yes 9089 (69.93) 3980 (57.31) < 0.0001

Education: at least high school graduate Yes 10668 (82.08) 3799 (54.70) < 0.0001

Poverty index 2.87 ± 1.70 2.44 ± 1.66 < 0.0001

Family history of diabetes Yes 5074 (39.04) 2862 (41.21) 0.003

Established diabetes Yes 1217 (9.36) 1213 (17.47) < 0.0001

States of glucose tolerance < 0.0001

Normal glucose tolerance 7512 (57.80) 2799 (40.30)

Impaired glucose tolerance 3734 (28.73) 2434 (35.05)

Diabetes 1751 (13.47) 1712 (24.65)

Hepatitis A vaccination Yes 4229 (32.54) 0 (0.00) < 0.0001

Presence of hepatitis A antibody Yes 2279 (17.53) 6945 (100.00) < 0.0001

Ethnic/racial < 0.0001

Mexican American 1184 (9.11) 2123 (30.57)

Other Hispanic 800 (6.16) 987 (14.21)

Non-Hispanic white 7346 (56.52) 1859 (26.77)

Non-Hispanic black 2807 (21.60) 1,324 (19.06)

Other 860 (6.62) 652 (9.39)

Mean ± STD.
1For non-infected: n = 4579; For infected: n = 2526.
2For non-infected: n = 4777; For infected: n = 2438.
3For non-infected: n = 12978; For infected: n = 6932.

established diabetes (Table 4).

HAV vaccination and diabetes
Since HAV infection was associated with an increased risk for diabetes, we next 
examined whether HAV vaccination was associated with a reduced risk of diabetes 
(Table 5). In this population, 12.84% of subjects who received HAV vaccination were 
diabetic, while 18.58% of non-vaccinated subjects were diabetic (P < 0.0001). The 
clinical characteristics of the two groups also differed significantly, except for the 
status of smoking and alcohol consumption. However, the association disappeared 
after adjustment for age, gender, and BMI in Model 2, and further analyses (Models 3 
and 4) excluded the role of HAV vaccination in diabetes (Table 5). In the sensitivity 
analyses, the protective effect of diabetes by HAV vaccination was noted in Model 1 
(unadjusted) by all diabetes definitions (Table 5), but adjustment of covariates (Models 
2, 3, and 4) rendered no association between HAV vaccination and diabetes. Thus, 
HAV vaccination had no impact on the development of diabetes.
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Table 4 Odds ratio and 95% confidence intervals for diabetes by hepatitis A virus infection, n (%)

Status HAV infection n Diabetes Model 1 Model 2 Model 3 Model 4

No 12997 1751 (13.47) 1.45 1.22 1.22 1.13All diabetes

Yes 6945 1712 (24.65) (1.40-1.50) (1.17-1.27) (1.17-1.28) (1.08-1.18)

No 12997 1217 (9.36) 1.43 1.20 1.21 1.11Established diabetes

Yes 6945 1213 (17.47) (1.37-1.49) (1.14-1.26) (1.15-1.27) (1.05-1.16)

No 4579 432 (9.43) 1.44 1.22 1.21 1.12Diabetes by fasting plasma 
glucose criterion

Yes 2526 451 (17.85) (1.35-1.55) (1.13-1.32) (1.12-1.31) (1.03-1.21)

No 4777 277 (5.80) 1.46 1.21 1.17 1.11Diabetes by 2-h postchallenged 
plasma glucose criterion

Yes 2348 274 (11.67) (1.34-1.60) (1.10-1.33) (1.07-1.29) (1.01-1.23)

No 12978 1023 (7.88) 1.47 1.27 1.28 1.19Diabetes by HbA1c criterion

Yes 6932 1085 (15.65) (1.41-1.54) (1.21-1.34) (1.22-1.35) (1.12-1.25)

Model 1, unadjusted; Model 2, adjusted for gender, age, and body mass index (BMI); Model 3, adjusted for gender, age, BMI, and ethnic/racial group; 
Model 4, adjusted for gender, age, BMI, ethnic/race group, active smoker, active alcohol consumption, family history of diabetes, poverty index, and 
education. HAV: Hepatitis A virus.

Table 5 Odds ratio and 95% confidence intervals for diabetes by hepatitis A virus vaccination, n (%)

Status HAV vaccination n Diabetes Model 1 Model 2 Model 3 Model 4

No 15713 2920 (18.58) 0.65 1.02 1.03 1.06All diabetes

Yes 4229 543 (12.84) (0.58-0.71) (0.91-1.14) (0.92-1.14) (0.95-1.18)

No 15713 2039 (12.98) 0.68 1.08 1.08 1.12Established diabetes

Yes 4229 391 (9.25) (0.61-0.77) (0.96-1.22) (0.96-1.22) (0.99-1.28)

No 5578 750 (13.45) 0.61 0.95 0.95 0.97Diabetes by fasting plasma 
glucose criterion

Yes 1527 133 (8.71) (0.51-0.75) (0.77-1.16) (0.77-1.17) (0.78-1.19)

No 5550 478 (8.61) 0.52 0.85 0.86 0.88Diabetes by 2-h postchallenged 
plasma glucose criterion

Yes 1575 73 (4.63) (0.40-0.66) (0.65-1.10) (0.66-1.12) (0.67-1.15)

No 15690 1772 (11.29) 0.68 1.03 1.03 1.06Diabetes by HbA1c criterion

Yes 4220 336 (7.96) (0.60-0.77) (0.90-1.17) (0.90-1.17) (0.93-1.21)

Model 1, unadjusted; Model 2, adjusted for gender, age, and body mass index (BMI); Model 3, adjusted for gender, age, BMI, and ethnic/racial group; 
Model 4, adjusted for gender, age, BMI, ethnic/race group, active smoker, active alcohol consumption, family history of diabetes, poverty index, and 
education. HAV: Hepatitis A virus.

Successful HAV immunization and diabetes
Since we noted the presence of anti-HAV antibody in only 53.89% of vaccinated 
subjects (Table 2), HAV vaccination per se might not be effective at all in the reduction 
of diabetes. We examined the role of successful HAV immunization on risk of 
diabetes, defined as the presence of both HAV vaccination and anti-HAV antibody. 
The prevalence of diabetes was significantly different between the subjects with and 
without successful immunization (14.79% vs 17.70%, respectively, P = 0.0006). Clinical 
characteristics also differed significantly between the two groups, except for 
education. As shown in Table 6, although an unadjusted analysis (Model 1) 
demonstrated a protective effect, additional analyses in Models 2, 3, and 4 failed to 
confirm the protective effect of successful HAV immunization on the risk of diabetes. 
Similar results were obtained in the sensitivity analyses (Table 6). Thus, successful 
HAV immunization played no role in the development of diabetes.

Viral hepatitis A infection and diabetes in non-vaccinated subjects
To examine the alternative hypothesis that diabetes was more susceptible for HAV 
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Table 6 Odds ratio and 95% confidence intervals for diabetes by successful hepatitis A virus immunization, n (%)

Status Successful HAV 
immunization n Diabetes Model 1 Model 2 Model 3 Model 4

No 17663 3126 (17.70) 0.81 1.10 1.10 1.11All diabetes

Yes 2279 337 (14.79) (0.71-0.91) (0.96-1.26) (0.96-1.25) (0.97-1.27)

No 17512 2039 (11.64) 0.83 1.13 1.13 1.14Established diabetes

Yes 2430 240 (9.88) (0.72-0.96) (0.97-1.31) (0.97-1.31) (0.98-1.33)

No 6244 796 (12.75) 0.77 1.06 1.05 1.05Diabetes by fasting plasma 
glucose criterion

Yes 861 87 (10.10) (0.61-0.97) (0.83-1.36) (0.82-1.35) (0.82-1.36)

No 6243 498 (7.98) 0.74 1.02 1.01 1.03Diabetes by 2-h postchallenged 
plasma glucose criterion

Yes 882 53 (6.01) (0.55-0.99) (0.75-1.39) (0.74-1.37) (0.76-1.40)

No 17636 1900 (10.77) 0.83 1.11 1.11 1.12Diabetes by HbA1c criterion

Yes 2274 208 (9.15) (0.72-0.97) (0.95-1.30) 1.30) (0.95-1.32)

Model 1, unadjusted; Model 2, adjusted for gender, age, and body mass index (BMI); Model 3, adjusted for gender, age, BMI, and ethnic/racial group; 
Model 4, adjusted for gender, age, BMI, ethnic/race group, active smoker, active alcohol consumption, family history of diabetes, poverty index, and 
education. HAV: Hepatitis A virus.

infection, we restricted the sample to non-vaccinated subjects only and examined the 
association between diabetes status and HAV infection. In non-vaccinated subjects, 
58.63% of diabetic subjects were seropositive for anti-HAV antibody, while only 
40.91% of non-diabetic subjects were seropositive (P < 0.0001). The OR for HAV 
infection was 2.05 (95%CI: 1.89-2.22) for Model 1, which was unadjusted for covariates 
(Table 7). The association remained highly significant (P < 0.0001 for all models) after 
adjustment for age, gender, and BMI in Model 2 (OR: 1.59, 95%CI: 1.45-1.74), 
additional ethnic/racial groups in Model 3 (OR: 1.65, 95%CI: 1.50-1.81), and all 
covariates in Model 4 (OR: 1.40, 95%CI: 1.27-1.54). Sensitivity analyses with various 
definition of diabetes confirmed an increased OR for HAV infection in diabetic 
subjects (Table 7). Thus, in non-vaccinated subjects, subjects with diabetes had an 
increased risk of HAV infection than subjects without diabetes.

DISCUSSION
In this study, we examined the relationship between HAV status and diabetes. The 
primary hypothesis was that HAV infection increases the risk of diabetes, while altern-
atively diabetes increased susceptibility to HAV infection, given another possibility 
would be no association between HAV infection and diabetes. We performed a 
stepwise hypothesis testing approach. First, the association of HAV infection with 
diabetes was established, followed by examination of the effect of HAV vaccination on 
diabetes. After demonstrating a lack of association with HAV vaccination, we further 
examined the effect of successful HAV immunization on diabetes, but again found no 
association. Instead, we confirmed an alternative hypothesis that diabetes increased 
susceptibility to HAV infection.

To examine the hypothesis that HAV was a risk factor for diabetes, we first 
examined the association between HAV infection and diabetes. In this representative 
U.S. population, the prevalence of HAV infection is 34.83% and HAV infection is 
associated with a 13% increased risk of diabetes (OR: 1.13, 95CI%: 1.08-1.18) after 
adjustment of covariates (Table 4). In contrast to viral hepatitis B and C, HAV infection 
is not associated with chronic liver disease[8,9,11]. The possibility of previous HAV 
infection affecting glucose metabolism could not be excluded. From a metabolic point 
of view, the HAV-infected subjects had significantly higher FPG, 2hPG, and HbA1c 
than non-HAV-infected subjects (Table 3). These results further suggest the possible 
interaction between a previously HAV-infected liver and glucose metabolism. 
Nevertheless, our results demonstrate a link between the serological evidence of HAV 
infection and diabetes initially.
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Table 7 Odds ratio and 95% confidence intervals for hepatis A virus infection by diabetes status in non-hepatitis A vaccinated 
participants, n (%)

Status Diabetes n HAV infection Model 1 Model 2 Model 3 Model 4

No 12793 5233 (40.91) 2.05 1.59 1.65 1.40All diabetes

Yes 2920 1712 (58.63) (1.89-2.22) (1.45-1.74) (1.50-1.81) (1.27-1.54)

No 13674 5732 (41.92) 2.03 1.57 1.67 1.39Established diabetes

Yes 2039 1213 (59.49) (1.85-2.24) (1.42-1.73) (1.50-1.85) (1.24-1.56)

No 4828 2075 (42.98) 2 1.56 1.58 1.34Diabetes by fasting plasma 
glucose criterion

Yes 750 451 (60.13) (1.71-2.34) (1.32-1.85) (1.32-1.87) (1.11-1.61)

No 5072 2074 (40.89) 1.94 1.48 1.39 1.27Diabetes by 2-h postchallenged 
plasma glucose criterion

Yes 478 274 (57.32) (1.61-2.35) (1.21-1.81) (1.13-1.71) (1.02-1.58)

No 13918 5847 (42.01) 2.18 1.76 1.87 1.59Diabetes by HbA1c criterion

Yes 1772 1085 (61.23) (1.97-2.41) (1.58-1.96) (1.67-2.09) (1.42-1.80)

Model 1, unadjusted; Model 2, adjusted for gender, age, and body mass index (BMI); Model 3, adjusted for gender, age, BMI, and ethnic/racial group; 
Model 4, adjusted for gender, age, BMI, ethnic/race group, active smoker, active alcohol consumption, family history of diabetes, poverty index, and 
education. HAV: Hepatitis A virus.

If this observation was true, the HAV vaccination would reduce the risk of diabetes. 
Furthermore, we observed that the subjects with HAV infection history were less 
likely to be high school graduate or higher (54.70% vs 82.08%, P < 0.0001) than those 
without evidence of HAV infection. As it is well known that health-conscious persons 
are more likely to receive HAV vaccination, and less likely to develop diabetes, we 
next examined whether there was any association of HAV vaccination with diabetes, 
especially with reduced risk of diabetes. In this population, the HAV vaccination rate 
was relatively low, only 21.21%, and HAV vaccination had no impact of diabetes risk 
(OR: 1.06, 95%CI: 0.95-1.18) after adjustment for covariates (Table 5). Although an 
initial protective effect was noted in Model 1 (Table 5), no association between HAV 
vaccination and diabetes was found after adjustment for covariates. These results also 
suggested that the observed increased risk of diabetes with HAV infection was less 
likely through a selective process of a less health-conscious population (i.e., no HAV 
vaccination). However, this observation contradicted the initial observed association 
between HAV infection and diabetes. Next, we studied the effectiveness of HAV 
vaccination in the study population, which could affect the association between 
vaccination and diabetes. HAV vaccination has been reported to be very effective[20], 
but we found no evidence of reduced diabetes risk with HAV vaccination (Table 5). 
We examined the effectiveness of HAV vaccination in this population and found only 
53.89% of vaccinated subjects were noted to have adequate anti-HAV antibody 
(Table 2). Among 4229 subjects who received vaccination, 543 subjects were diabetic. 
Anti-HAV antibody was present in 62.06% of diabetic subjects who received 
vaccination while in 52.69% of non-diabetic subjects who received vaccination (P < 
0.0001). This suggested that either: 1) subjects with diabetes respond to HAV 
vaccination better than subjects without diabetes, or 2) subjects with diabetes were 
more likely to have received HAV vaccination than non-diabetic subjects. Due to 
relatively low seropositivity for HAV after vaccination, we further examined the effect 
of successful HAV immunization on diabetes risk. Again, no association was found 
between successful HAV immunization and diabetes (Table 6). If HAV infection was a 
risk factor of the development of diabetes as the observed association between 
diabetes and HAV infection, one would expect that successful immunization of HAV 
would reduce diabetes risk. However, the results demonstrated that successful HAV 
immunization had no impact on the risk of diabetes.

As this is a cross-sectional association study, the causal relationship cannot be 
obtained directly from this study. With the stepwise hypothesis testing approach, the 
original hypothesis was less likely to be true. To reconcile the results of diabetes with 
HAV infection, vaccination and successful immunization, alternative hypothesis that 
diabetic subjects was more prone for HAV infection was investigated in non-
vaccinated subjects. One would expect to see more HAV infection in diabetic subjects 
than non-diabetic subjects without vaccination. To exclude the effect of HAV 
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vaccination, the subset of non-vaccination subjects (n = 15713) was further examined 
for the association between HAV infection and diabetes (Table 7). Among 2920 
diabetic subjects without HAV vaccination, the seropositive rate for anti-HAV 
antibody was 58.63%, while it was 40.91% in 12793 non-diabetic subjects without HAV 
vaccination (P < 0.0001). Thus, diabetes increased the risk of HAV with an OR of 2.05 
(95%CI: 1.89-2.11). The association was confirmed after adjustment for covariates 
(Table 7) and also by sensitivity analyses based on the different definition of diabetes 
(Table 7). Thus, the results of this study are most consistent with the alternative 
hypothesis that diabetes increases the risk of HAV infection.

There are several features of this study that worthwhile to be mentioned. A repres-
entative United States population with fairly large sample size was used in the present 
study which makes the results more applicable to the United States population. As it is 
almost impossible to match the studied groups completely, the large sample size with 
fairly extensive data available allows adjustment of covariates properly. Indeed, 
adjustment of covariates did affect the results of HAV vaccination and successful HAV 
immunization, as protective effects were noted initially and they disappear after 
adjustment of covariates. In contrast, adjustment of covariates confirmed the results 
for the association between HAV infection and diabetes in the whole sample set as 
well as in the subset of subjects without prior HAV vaccination. Furthermore, we took 
extra steps to validate the result by sensitivity tests with different definition of diabetes 
to confirm the observations and the results of sensitivity tests were consistent with the 
original observations. Stepwise hypothesis testing approach allows this study to 
provide the insight of casual relationship between HAV infection and diabetes. Thus, 
there is a significant scientific merit of this study.

As this is a cross-sectional study, no causal relationship can be provided directly. 
However, with stepwise hypothesis testing approach, we are able to deduct the results 
and to infer diabetes as the cause of the increased susceptibility of HAV infection. 
Alternatively, one can examine the effect of aggressive prevention of diabetes on the 
incidence of HAV infection. Given the established benefit of diabetes prevention[21], it 
would not be ethical to conduct an interventional trial to examine the impact of 
diabetes prevention on the development of HAV infection. Thus, stepwise hypothesis 
testing approach is a useful alternative approach to infer the causal relationship when 
an interventional trial is not feasible to confirm the observation.

In the NHANES, there was no information collected regarding the type of diabetes 
and auto-antibodies for type 1 diabetes were not assessed. Thus, patients with type 1 
diabetes cannot be separated out unambiguously. Based on the National Health 
Interview Survey in 2016, type 2 diabetes accounted for 90.9% of diabetes while type 1 
diabetes accounted for 5.8% of diabetes[22] which was defined based on self-report 
type and also current use of insulin. In this Survey, the reported prevalence of type 1 
diabetes was 0.55% of the adult population in the United Stated[22], which is much 
higher than the reported 0.18% from the Hispanic Community Health Study/Study of 
Latinos, which is a community-based epidemiologic study in Hispanic/Latino adults 
residing in four United States communities[23]. The overestimation in the 2016 Survey
[22] could be from the assumption of type 1 diabetes based on the current use of 
insulin. Since type 2 diabetes develops when beta cell function to 55% left and beta cell 
declines at 5% per year regardless treatment modalities[24], it is expected that insulin 
treatment will be required sometime in the course of type 2 diabetes and it has been 
demonstrated that almost two-thirds of patient with type 2 diabetes received insulin 
treatment[25]. Thus, defining type 1 diabetes based on using insulin treatment is 
unreliable and could overestimate the prevalence of type 1 diabetes. Since type 1 and 
type 2 diabetes are the two most common form of diabetes and less than 10% of 
patients with diabetes have type 1 diabetes, the vast majority (≥ 90%) of diabetic 
patients in this cohort have type 2 diabetes. Thus, we are able to conclude the 
association of HAV infection with type 2 diabetes.

Hyperglycemia is associated with the increased risk of infection[26]. Infectious 
burden increases by 2.14 times in diabetes[27]. Furthermore, hospitalization rates from 
infection is almost 3.8-time higher in adults with diabetes than without diabetes, 
especially young adults with diabetes[28] who are more prevalent with type 1 
diabetes. Thus, patients with type 1 diabetes could also have an increased risk of HAV 
infection. However, due to limited number of type 1 diabetes and unable to separate 
out type 1 diabetes unequivocally based the study design of the NHANES, we are not 
able to generalize the observed results in type 1 diabetes. Nevertheless, our 
observation of an increased risk of HAV infection in diabetes is in line with reported 
increased risk of infection in diabetes, regardless type of diabetes. Furthermore, the 
effectiveness of HAV vaccination is relatively low, 53.89% (Table 2), which is not in 
line with the published reports[20]. Further studies are required to address these 
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issues.

CONCLUSION
In summary, we have demonstrated an association between diabetes and HAV 
infection. This association is not mediated through acute HAV infection, and HAV 
vaccination and successful HAV immunization do not reduce the risk of diabetes. In 
non-HAV-vaccinated subjects, diabetes is a risk factor for HAV infection with an OR of 
1.40 (95%CI: 1.27-1.54). Thus, through the deduction process of a stepwise hypothesis 
testing approach, we suggest that the most rational explanation is that diabetes 
increases the risk of HAV infection by 40%. Furthermore, diabetes increases HAV 
mortality by 2.2 times[29]. Accordingly, HAV vaccination is highly recommended in 
diabetic subjects.

ARTICLE HIGHLIGHTS
Research background
The liver plays an important role in glucose hemostasis. Hepatitis C infection increases 
the risk of diabetes. Thus, other liver infection could also play a role in the 
pathogenesis of diabetes.

Research motivation
This study is to dissect the relationship between hepatitis A and diabetes.

Research objectives
The objective of this study is to investigate the interaction between hepatitis A and 
diabetes through hypothesis testing in a representative adult cohort of the United 
States.

Research methods
The information on hepatitis A vaccination history, hepatitis A antibody status, and 
diabetes status were obtained from the participants in the National Health and 
Nutrition Examination Survey 2005-2012. Hepatitis A infection was defined as the 
presence of hepatitis A antibody without hepatitis A vaccination. Hepatitis A 
vaccination was defined as the presence of hepatitis A vaccination, regardless hepatitis 
A antibody status. Successful hepatitis A immunization was defined as the presence of 
both hepatitis A vaccination and hepatitis A antibody. A stepwise hypothesis testing 
approach was used to dissect the interaction between hepatitis A and diabetes and the 
sensitivity tests based on the different definitions of diabetes were used to confirm the 
results.

Research results
Diabetes risk was increased in the participants with hepatitis A infection, suggesting a 
causal relationship between hepatitis A infection and diabetes. However, hepatitis A 
vaccination and also successful hepatitis A immunization did not reduce the risk of 
diabetes, excluding hepatitis A infection as a cause of diabetes. In non-hepatitis A 
vaccinated participants, diabetes increased the risk of hepatitis A infection by 40%.

Research conclusions
Hepatitis A is not a cause of diabetes. Instead, diabetes increases the risk of hepatitis A 
infection.

Research perspectives
Since hepatitis A mortality increases in patients with diabetes, hepatitis A vaccination 
is highly recommended in patients with diabetes.
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