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A lthough the primary cause of type 2
diabetes is unknown, two break-
throughs have been made regarding

its development (1). First, insulin resis-
tance in muscle is the earliest detectable
defect in people in whom type 2 diabetes
will later develop. Second, �-cell function
has to be abnormal before hyperglycemia
develops. One of the risk factors for dia-
betes development might be virus infec-
tion (2). Preexisting hepatitis C virus
infection may increase the risk for type 2
diabetes (3,4).

Herpes simplex virus type 1 (HSV-1)
has been recognized as a potential patho-
gen of cardiovascular diseases. The pres-
ence of antibodies to HSV-1 is reported to
be associated with an increase in the risk
of incident myocardial infarction and cor-
onary heart death (5,6). Type 2 diabetes is
a major risk factor for cardiovascular mor-
bidity and mortality (7) and is recorded as
a coronary artery disease risk equivalent
(8). In this study, we attempted to inves-
tigate the potential relationship between
HSV-1 infection and type 2 diabetes.

RESARCH DESIGN AND
METHODS — All subjects were con-
secutive inpatients at Beijing Fu Wai
Heart Hospital. Diabetes was diagnosed
as follows (9): patients who had overnight
fasting plasma glucose �7.0 mmol/l (126
mg/dl) or were taking antidiabetic medi-
cation. Patients not meeting these criteria
were not considered to have diabetes.
Subjects taking insulin alone (type 1 dia-
betes) were excluded from the analyses,

ensuring that all patients with the diagno-
sis of diabetes had type 2 diabetes. The
local ethics committee approved the
study, and informed consent was ob-
tained from all patients. The following
potential risk factors for diabetes were
analyzed in this study: age, cigarette
smoking, physical inactivity, BMI, hyper-
tension, dyslipidemia, coronary artery
disease, and immunoglobulin G (IgG) se-
ropositive status to HSV-1.

Serum samples were collected and
frozen at �80°C until analysis. Each se-
rum sample was tested for specific anti–
HSV-1 IgG antibody by enzyme-linked
immunosorbent assay with a commer-
cially available kit (Virus Institute, Chi-
nese Academy of Prevention Medical
Sciences, Beijing, China). Cellular filtrates
obtained by ultrasonic destruction of
Vero cells infected with the standard
HSV-1 strain were used as the specific
HSV-1–coated antigen to detect the spe-
cific HSV-1 IgG. Presence or absence of
anti–HSV-1 IgG was determined by com-
paring the absorbency value of the sample
to a cutoff value. This cutoff value was
calculated from the negative and positive
control absorbency value according to the
manufacturer’s protocol. IgG seropositiv-
ity to HSV-1 indicated prior infection of
HSV-1.

In univariate analysis, an indepen-
dent two-sample t test was used for the
normally distributed continuous vari-
ables and �2 test was used to compare
categorical variables. In multivariate anal-
ysis, binary logistic regression was used to

control the potential confounding factors
and to calculate the adjusted odds ratio
with its associated 95% CI. Values of P �
0.05 were considered to indicate statisti-
cal significance.

RESULTS — Among 1,566 subjects,
206 (13.2%) had type 2 diabetes and
1,360 were nondiabetic control subjects.
In patients aged �65 years, hypertension
and coronary artery disease were more
frequently found in the patients with dia-
betes than control subjects (all P � 0.05).
The prevalence of HSV-1 infection was
significantly higher in the diabetic than
control group (46.1 vs. 36.3%, P �
0.007), as shown in Table 1. More pa-
tients with diabetes were found in the
HSV-1 IgG seropositive group than the
HSV-1 IgG seronegative group (16.1 vs.
11.4%, P � 0.007). After adjustment for
confounding factors, the adjusted odds
ratio of type 2 diabetes was 1.5 (1.1–2.0,
P � 0.01) for HSV-1 infection, which
indicated an association of HSV-1 infec-
tion with type 2 diabetes. The adjusted
covariates included age, male sex, smok-
ing, physical inactivity, BMI, dyslipide-
mia, hypertension, and coronary artery
disease.

CONCLUSIONS — A significant as-
sociation of HSV-1 infection with type 2
diabetes was found in the present study.
All subjects were hepatitis C virus anti-
body seronegative, so the confounding re-
lationship between hepatitis C virus
infection and type 2 diabetes can be
excluded.

Chronic inflammation is involved
closely and early on in the pathogenesis of
type 2 diabetes (10,11). Viral infection of
the pancreas, but not islets, can lead to
induction of Fas on �-cells, which ren-
ders them susceptible to Fas/Fas-ligand–
mediated apoptosis and resulting in a
significant degree of clinically manifest
diabetes (12). HSV-1 DNA might reside in
surviving HSV-1–infected mice in a “la-
tent” state in pancreas (13). HSV-1 infec-
tion can cause the pancreas multiple small
foci of hemorrhagic necrosis in humans
(14) and could induce the production of
cytokines and inflammation response
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(15,16). Additionally, levels of cellular
ATP and lactate and mitochondrial mem-
brane potential are decreased at the late
stage of infection with HSV (17). Synthe-
sis of mitochondrial proteins and phos-
pholipid synthesis in mitochondria in
HSV-1–infected cells progressively de-
creases (18), which could be associated
with dysregulation of intramyocellular
fatty acid metabolism and insulin resis-
tance. The inflammation related with
abnormal function of �-cells and mito-
chondrial dysfunction after HSV-1 infec-
tion might be helpful to elucidate the
association of HSV-1 infection with type 2
diabetes observed in this study.

This finding is not consistent with the
assumption that diabetes leads to HSV-1
infection, because among several patho-
gens thought to be involved in the patho-
genesis of cardiovascular diseases, only
HSV-1 infection, i.e., not Chlamydia pneu-
monia, cytomegalovirus, or HSV-2 (data
not shown), is independently associated
type 2 diabetes (present study). However,
a new type-specific enzyme-linked immu-
nosorbent assay, based on recombinant
gG-1, with a better specificity is warrant-
ed to further discriminate between HSV-1
and HSV-2 IgG (19). A prospective study
is needed to demonstrate that HSV-1 in-
fection associate with the subsequent de-
velopment of type 2 diabetes.

In summary, the association of HSV-1
infection with type 2 diabetes further sup-
ported the notion that inflammation and

virus infection might be the risk of devel-
opment of type 2 diabetes.
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Table 1—Demographic characteristics of the study subjects

Diabetic subjects Control subjects P

n 206 1360
Sex (male) 158 (76.7) 1,111 (81.7) 0.089
Age (years)

�34 0 (0) 21 (1.5) 0.098
�35 9 (4.4) 146 (12.1) 0.003
�45 57 (27.7) 391 (28.8) 0.749
�55 70 (34.0) 462 (34.0) 0.998
�65 70 (34.0) 322 (23.7) 0.001

Smoking 121 (58.7) 834 (61.3) 0.478
Hypertension 117 (56.8) 553 (40.7) 0.000
Dyslipidemia 76 (36.9) 417 (30.7) 0.073
Coronary artery disease 185 (89.8) 1092 (80.3) 0.001
Physical inactivity 153 (74.3) 1016 (74.7) 0.894
HSV-1 IgG seroposivitity 95 (46.1) 494 (36.3) 0.007
BMI (kg/m2) 25.7 � 3.1 25.4 � 3.1 0.229

Data are means � SD or n (%).

HSV-1 infection and type 2 diabetes

436 DIABETES CARE, VOLUME 28, NUMBER 2, FEBRUARY 2005

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/28/2/435/665954/zdc00205000435.pdf by guest on 10 April 2024


