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Summary African Americans are more susceptible to develop insulin resistance, obesity,
Type 2 diabetes, and coronary heart disease (CHD), and systemic inflammation is central to
the pathophysiology of these chronic diseases. African Americans are also more likely to
contract H. pylori (cagA) infections during their childhood. However, the contribution of H.
pylori infection to the degree of overall systemic inflammation in these chronic diseases is
not known. Therefore, we studied 46 apparently healthy African Americans, over 40 years of
age who were infected with H. pylori (cagA). These volunteers were assessed at baseline
and after treatment with triple regimen drug therapy to eradicate H. pylori. All but 3 subjects
were found to be free of this infection by urea breath test (UBT) after the treatment period.
No hyperhomocysteinemia was found in these subjects and there were no significant changes in
the level of homocysteine (tHcy), folate and B12; however, CRP levels measured by high sensi-
tivity assay showed a significant (p Z 0.02) decrease 2 months after the eradication. We
further stratified CRP values according to the BMI <27 and >27. There was more profound
reduction in CRP in the more obese group (i.e., BMI >27) from 54.26 � 23.67 to
18.73 � 17.39 mg/l (p Z 0.01), compared with the leaner subjects in whom CRP decreases
from 8.88 � 6.23 to 4.94 � 6.21 mg/L (p Z 0.04), after eradication of the H. pylori (cagA)
infection. The level of CRP, however, remained significantly higher in the obese subjects even
after the eradication of this infection, indicative of a smaller residual influence of adiposity on
CRP. Thus, a major component of systemic inflammation in African Americans may be attribut-
able to chronic H. pylori infection.
ª 2009 Association for Research into Arterial Structure and Physiology. Published by Elsevier
B.V. All rights reserved.
(M.A. Khaled).
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Introduction

Interest and investigations have been mounting to support
the idea that atherosclerosis results, in part, from an
inflammatory process. Systemic inflammation as a risk
factor for CHD occurs in the context of insulin resistance
and associated metabolic and clinical trait, which in
aggregate are referred to as the metabolic syndrome. Ross1

postulated possible mechanisms as to how several impor-
tant inflammatory markers could be used as predictors of
CHD. In recent years, the association of CHD with inflam-
mation induced by viral and/or bacterial agents, such as
Chlamydia pneumoniae and Helicobacter pylori (H. pylori),
is emerging as a research area of great importance.2

H. pylori is a gram-negative bacterium that colonizes the
gastric mucosa and can result in gastritis, gastroduodenal
ulcerations, gastric adenocarcinoma, or mucosa-associated
lymphoid tissue lymphoma in an estimated 10e20% of those
infected.3 This bacterium infects at least half of the world’s
population.4 Recent evidence suggests that infection with
H. pylori, particularly those strains containing the specific
virulence factor cytotoxin-associated gene A (cagA), may
be associated with CHD in humans.5 H. pylori is capable of
invoking a host of inflammatory responses including eleva-
tions in tumor necrosis factor-alpha (TNF-a), interleukin-
1b, C-reactive protein (CRP), lipid-peroxides, homo-
cysteinemia (tHcy) and intercellular- and vascular-cell
adhesion molecules (ICAM-1 and VCAM-1, respectively).6

Farmer and Torre-Amione7 produced evidence to show that
tHcy is a clinical marker of inflammation, which had already
been proven to be an etiological factor for vascular
diseases.8

Recently we reported9 a highly significant difference in
the tHcy status between the H. pylori positive and negative
groups of CHD patients (14.4 � 5.9 and 10.4 � 3.9 mmol/L,
p > 0.001). From a cross-sectional data analyses, Schreiner
et al.10 also showed that a higher level of tHcy in African
Americans is associated with several prothrombotic factors
related to cardiovascular disease. Concomitantly, African
Americans have also been reported to have a higher rate of
infection with H. pylori (cagA) than Caucasians.4 This,
therefore, prompted us to conduct an intervention study in
an attempt to determine if H. pylori (cagA) infection has
any causal role in elevating systemic inflammation in
African Americans.

Materials and methods

For this intervention study, asymptomatic male and female
African American subjects were recruited who were greater
than 40 years of age, and who were infected with H. pylori
(cagA). Exclusion criteria included alcohol abuse and ciga-
rette smoking; gastric diseases or symptomatology; treat-
ment with antibiotics less than 8 weeks prior to screening,
having any other infections, cancer, diabetes, and CHD.
About 781 subjects were screened and 218 African Ameri-
cans satisfied inclusion/exclusion criteria; out of these, 46
subjects were detected to be positive for H. pylori (cagA)
infection. This represents a prevalence rate of about 21%,
which falls within the range of prevalence rate of H. pylori
infection in Caucasians in developed countries.4 The IgG
antibodies to H. pylori were measured by an enzyme
linked immunosorbent assay (ELISA) method and cagA
was assessed by the Western blot analysis. The protocol
was approved by the IRB at UAB and informed consent was
obtained from each volunteer.

A triple regimen drug therapy that includes omeprazole,
20 mg BID for 2 weeks then once a day for 2 weeks; amox-
ycillin, 500 mg 4 times daily for 2 weeks, and tinidazole
(tindamax, an analogue of metronidazole) 500 mg BID for 2
weeks, was dispensed to each subject. This drug regimen
was reported to be effective and less expensive.11 Their BMI
was obtained using TANITA body composition analyzer on
the day of the first visit. Subjects reported back to the
clinic 2 months after completing the treatment; a time
period good enough to eliminate any influence of antibi-
otics.12 Urea breath test (UBT) was performed using a urea
breath test kit by Metabolic Solution Inc. Nashua, NH, to
make sure of complete eradication of the H. pylori (cagA)
infection. Only 3 subjects were identified still to be
H. pylori positive, giving about 94% cure rate in agreement
with previous studies.11 The pre- and post-treatment blood
samples were analyzed for folate and vitamin B12 levels
using the SimulTRAC-SNB radioassay kit by MP Diagnostics
Division, Orangeburg, NY. The level of tHcy was measured
by fluorescence polarization immunoassay on an Abbott IMX
analyzer, while the CRP was measured using a high sensi-
tivity C-reactive protein ELISA method manufactured by
ALPCO Diagnostics, Salem, NH. Data were analyzed using
SAS (SAS Institute Inc., Cary, NC, USA). Patient’s pre- and
post-treatment CRP values were compared in two BMI
groups using the unpaired t-test or Fisher’s exact test.
p-values less than 0.05 were considered to indicate
statistical significance.

Results

Demographic, inflammatory, and nutritional parameters of
African Americans, obtained before and 2 months after
the eradication of their H. pylori (cagA) infection, are
listed in Table 1. It is interesting to note that the tHcy
level falls within the normal range (6.7e12 mmol/L) for
the H. pylori (cagA) seropositive African Americans. The
levels of folate and B12 also did not change significantly
upon the eradication of H. pylori. The baseline blood level
of high-sensitivity CRP was found to be significantly higher
(see Table 1) in African Americans infected with this
organism. The CRP values for the non-obese and obese
groups prior to H. pylori eradication (shown in Fig. 1)
were 8.88 � 6.23 and 54.26 � 23.67 mg/L, respectively.
Following treatment of H. pylori, the level of CRP in the
non-obese subjects was decreased to 4.94 � 6.21 mg/L
(p Z 0.04). The level of CRP in the obese group after
eradication, on the other hand, decreased significantly
and profoundly from 54.26 � 23.67 to 18.73 � 17.39 mg/l
(p Z 0.01).

Discussion

Our present findings in contradiction to our previous
report9 on the occurrence of hyperhomocysteinemia
(HHcy) in CHD patients suggest that in African Americans



Table 1 Biochemical parameters in African Americans before and after H. pylori (cagA) eradication.

Variables Pre-treatment Post-treatment p-values

Age (years):mean � SD 55.82 � 10.89 N/A
BMI (kg/m2):mean � SD 32.6 � 9.2 31.9 � 8.8
Gender:male (%) 11 (24) N/A
female (%) 35 (75)
Plasma folate (ng/ml):mean � SD 22.75 � 14.95 19.40 � 12.90 0.63
RBC folate(ng/ml):mean� SD 686.11 � 322.77 660.56 � 278.40 NS
B12 (pg/ml):mean � SD 607.01 � 246.29 628.122 � 214.03 NS
CRP (mg/l):mean � SD 30.24 � 28.45 11.43 � 14.21 0.03
tHcy (mmol/l):mean � SD 9.29 � 3.15 8.52 � 2.49 0.25
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H. pylori infection may not be a high-impact causal factor
for Hcy elevation or play a major role in explaining indi-
vidual variation in Hcy levels. However, further confirma-
tion of these observations should be made in a larger
population.

The baseline blood level of high-sensitivity CRP was
found to be significantly higher (see Table 1) in African
Americans infected with this organism. High levels of CRP
have previously been found to be associated with arterial
inflammation, central to the initiation and progression of
atherosclerosis,13 and to be elevated in subjects with
obesity and with metabolic syndome.14 We, therefore,
stratified our subjects according to BMI values of less than
27, indicating a leaner subgroup with relatively normal
weight for height (non-obese), and BMI greater than 27,
indicating a more obese subgroup, overweight and with
obesity. The BMI of 27 as a cut-off value was chosen since
most of our subjects (75%) were female. These interesting
results are graphically presented in Fig. 1. It is generally
accepted that a CRP value of more than 6 mg/L is indicative
of an elevated state of inflammation.14 The CRP values for
the non-obese and obese groups prior to H. pylori eradi-
cation (shown in Fig. 1) were respectively 8.88 � 6.23 and
54.26 � 23.67 mg/L, suggesting a state of inflammation in
Figure 1 Blood level of high-sensitivity CRP in African
Americans before (gray stripe) and 2 months after (black
stripe) the eradication of their H. pylori (cagA) infection.
these subjects as expected. Following treatment of H.
pylori, the level of CRP in the non-obese subjects was
decreased to 4.94 � 6.21 mg/L (p Z 0.04), a value which
then fell within the normal range. The level of CRP in the
obese group after eradication, on the other hand,
decreased significantly and profoundly from 54.26 � 23.67
to 18.73 � 17.39 mg/l (p Z 0.01). Although the CRP was
lowered significantly in the obese group, it remained
elevated above normal (>6 mg/L) indicating perhaps the
underlying influence of obesity or insulin resistance as
reported earlier.14 It is important to note, however, that
the high baseline levels of CRP (54.26 � 23.67 mg/L) in the
obese subjects were dramatically reduced by treatment of
the H. pylori (cagA) infection. Consequently, H. pylori
(cagA) infection could be considered as an important
explanation for systemic manifestation of inflammation in
these African Americans, and one of the potential causal
factors of inducing and/or aggravating arterial inflamma-
tion in obese individuals. In fact, in infected individuals,
the contribution of H. pylori infection to overall systemic
inflammation can be much greater than that attributable to
obesity and/or insulin resistance.

The above observation is consistent with the idea that
increased inflammation due to H. pylori (cagA) infection
may have a significant bearing on the pathogenesis of
atherosclerosis, although an association of this infection
with CHD is controversial.15,16Kanbay et al.17 hypothesized
that this organism could be a major risk factor for endo-
thelial dysfunction by virtue of its association in the
elevation of some proinflammatory cytokins, particularly
CRP. A thorough search of the literature also revealed that
a handful of studies reported a possible link between H.
pylori and CHD in subjects with higher BMI. For example,
Lip et al.18 found a significant association with CHD in
patients with BMI 28.4 � 4.2 infected with H. pylori
compared to subjects with BMI of 26.2 � 3.2 (p Z 0.019)
who did not harbor this infection. Wald et al.,19 on the
other hand, found no association of CHD with H. pylori
infected subjects with BMI of 25.9 � 3.2. Therefore,
a synergistic influence of adiposity (BMI) and H. pylori
infection, particularly with cagA, may be operative in the
initiation and/or progression of arterial inflammation, an
important contributor to the pathogenesis of atheroscle-
rosis. This warrants further prospective clinical investiga-
tions in order to verify the role of H. pylori infection, or
other chronic/acute infections, in obese humans as an
etiological factor for the development of CHD.
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