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Original Article
Helicobacter pylori infection and pepsinogen levels have 
clinical significance in hypertension patients
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Abstract: Helicobacter pylori (Hp) infection is known to alter levels of pepsinogens (PG) and is correlated with several 
disease states, including gastric and cardiovascular diseases. This study sought to assess whether Hp infection is 
associated with hypertension as well as to identify the value of assessing the PG I/PG II ratio in patients with hyper-
tension. The study included 396 individuals with hypertension who were assessed for infection with Hp by colloidal 
gold assay. Participants’ weight, height, blood pressure, and serum lipids were measured, and participants were 
examined for the presence of renal or ocular damage. H. pylori infection status or PG I/PG II ratio were compared 
against other variables (e.g., body mass index, serum cholesterol, diastolic blood pressure) by t-test or c2 test, and 
Pearson’s correlation analysis was used to identify associations. Consistent with other studies, the PG I/PG II ratio 
of patients with Hp infection was significantly lower than that of patients without Hp infection (P < 0.001). The se-
rum total cholesterol and triglycerides of patients with Hp infection were significantly higher than those of patients 
without Hp infection (P < 0.001), and the PG I/PG II ratio was negatively correlated with total cholesterol (r=-0.61) 
and triglycerides (r=-0.56) levels. However, there was no significant difference in hypertension severity by Hp infec-
tion status or PG I/PG II ratio. Interestingly, the PG I/PG II ratio was significantly lower in patients with hypertensive 
nephropathy or hypertensive retinopathy than in patients without these symptoms (P < 0.05). The areas under 
the receiver-operating characteristic curve were 0.77 and 0.83 in the diagnosis of nephropathy and retinopathy, 
respectively. These findings indicate that the PG I/PG II ratio is lower in individuals with hypertensive nephropathy 
and hypertensive retinopathy. Thus, the detection of the PG I/PG II ratio may be valuable for diagnostic screening 
for hypertensive organ damage.
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Introduction

Pepsinogens (PG), the precursors to the gastric 
protease pepsin, are categorized into 2 types 
based on their immunogenicity and biochemi-
cal properties. The first type (PG I) comprises 
subgroups 1-5, which have the same immuno-
genicity and are solely secreted by fundic gland. 
The second type (PG II) comprises subgroups 
6-7, which are mainly secreted by pyloric glands 
and proximal duodenal mucosa. Pepsinogen is 
converted to pepsin through contact with hy- 
drochloric acid or existing active pepsin in the 
gastric cavity. The active enzyme then decom-
poses proteins into fats, peptones, and a small 
number of peptides [1].

The serum PG level is closely correlated with 
the degree of infection with Helicobacter pylori 
(H. pylori) in the digestive tract. When H. pylori 
infection occurs, the serum PG I/PG II ratio de- 
creases, but the ratio increases after the bacte-
rium is eradicated [2-4]. H. pylori infection is 
also associated with liver and cardiovascular 
diseases [5-7], and influences blood lipid meta- 
bolism as well as contributing to peripheral vas-
cular disease and atherosclerosis [8, 9]. Simi- 
larly, pepsinogens have been associated with 
cardiovascular disease, and some evidence al- 
so supports a link between PG I/PG II ratio and 
glucose levels [10, 11].

Despite these links with cardiovascular and 
metabolic diseases, no data exist to indicate 
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whether H. pylori infection is associated with 
hypertension, a condition commonly associat-
ed with both cardiovascular disease and type 2 
diabetes. Therefore, the current study explored 
the change in the PG I/PG II ratio in the context 
of H. pylori infection in hypertension patients, 
thus providing a theoretical basis for the scr- 
eening or auxiliary examination of hypertension 
or complications of hypertension.

Participants and methods

Participants

For this prospective study, 396 hypertension 
patients who received treatment in the Second 
Clinical Medical College, Henan University of 
Traditional Chinese Medicine were recruited 
between December 2011 and December 2013. 
Of them, 213 cases were males and 183 cases 
were females, and the mean age was 57.96± 
10.054 years. Hypertension was diagnosed ac- 
cording to the diagnostic criteria in the 2010 
Chinese Hypertension Prevention Guide. Patie- 
nts with a history of radical treatment for H. pyl- 
ori infection, history of gastrectomy, or with me- 
tabolic disorders, infectious diseases, or tum- 
ors were excluded.

or renal insufficiency. To assess participants for 
retinopathy, all participants underwent mydria-
sis via eucatropine, with subsequent direct 
ophthalmoscopy and slit lamp microscopy. Oc- 
ular fundus lesions caused by factors involving 
metabolic disorders or diseases of eyes them-
selves were ruled out. All participants were ex- 
amined by the same experienced ophthalmolo-
gist. This study was approved by the Hospital 
Ethics Committee, and informed consent was 
obtained from each participant.

Blood chemistry

Peripheral blood (5 mL) was drawn from each 
subject. Three mL of peripheral blood were cen-
trifuged at 1300 × g for 10 minutes at 4°C. En- 
zymatic kits (Sigma-Aldrich, St. Louis, MO, USA) 
were used to assess serum triglycerides, total 
cholesterol, and high-density lipoprotein. A lat- 
ex-enhanced immunoturbidimetry kit to mea-
sure pepsinogen I and pepsinogen II was pur-
chased from Sangon Biotech (Shanghai, China). 
An Olympus AU5400 fully automatic biochemi-
cal analyzer (Japan) was used according to the 
manufacturer’s instructions.

Diagnosis of Helicobacter pylori infection

Colloidal gold, a solid-phase indirect immune 
chromatographic technique, was used to diag-
nose H. pylori infection in serum samples. The 
products were manufactured by ACON Biotech 
(Hangzhou) Co. Ltd. When infection is present, 
the H. pylori antigens combine with the antibod-
ies of the tested sample to form an antigen-
antibody complex, which is exposed to colloidal 
gold-labeled anti-human IgG for detection. 

Table 1. The relationship between H. pylori (Hp) infection and hyperten-
sion-related variables [n (%) or (

_
x±s)]

Variables Hp+ (n=211) Hp- (n=185) c2/t P
Sex 0.011 0.918
    Male 114 (54.03) 99 (53.51)
    Female  97 (45.97) 86 (46.49)
Age (years) 56.90±9.03 58.21±10.02 -1.368 0.172
BMI (kg/m2) 23.02±4.31 22.85±4.11 0.400 1.311
Diastolic blood pressure (mm Hg) 89±15 88±14 0.683 1.505
Systolic blood pressure (mm Hg) 173±25 167±22 2.519 1.988
Serum total cholesterol (mg/dL) 259±40 200±36* 15.341 < 0.001
Triglycerides (mg/dL) 192±80 143±66* 6.593 < 0.001
High-density lipoprotein (mg/dL) 28±12 30±13 -1.591 0.112
PG I/II 7.98±2.61 12.63±2.87* -16.883 < 0.001

Table 2. The correlation between PG I/PG II 
and selected variables of hypertension

Variable
PG I/PG II
r P

Serum total cholesterol (mg/dL) -0.61 0.021
Triglycerides (mg/dL) -0.56 0.014
High-density lipoprotein (mg/dL) -0.47 0.130

Participants’ heights and 
weights were recorded 
for determination of body 
mass index (BMI). Blood 
pressure was also rec- 
orded. Venous blood was 
collected from all fasting 
participants in the morn-
ing for analysis of blood 
chemistry and pepsino-
gens. Participants were 
also clinically examined 
for hypertensive renal di- 
sease, judged as present 
damage to kidney func-
tion, urinary albumin ex- 
cretion rate > 20 μg/min, 
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There are A, B and C bands on the products. 
Band A serves as a control line; the appearance 
of band B indicates H. pylori infection, and the 
presence of protein antibodies as current infec-
tion markers (CIMs) indicates an active infec-
tion; the appearance of band C indicates that 
the blood contained IgG antibodies.

Statistical analysis

Data entry was performed using EpiData ver-
sion 3.1 to create a data bank, and logic checks 
were then performed. SAS 9.2 (SAS Institute, 
Cary, NC, USA) was used to analyze data by 
t-test, analysis of variance, chi-square test, and 
Pearson’s correlation analysis. Receiver-ope- 
rating characteristic (ROC) curve was used to 
analyze the test efficiency of the PG I/PG II ratio 
in diagnosing ocular fundus lesions and renal 
damage. P < 0.05 was considered to indicate a 
difference was statistically significant.

patients was significantly negatively correlated 
with levels of total cholesterol (r=-0.61) and tri-
glycerides (r=-0.56) (each P value < 0.05) (Ta- 
ble 2). In contrast, PG I/PG II was not correlated 
with high-density lipoprotein (P > 0.05), as was 
seen for H. pylori infection status.

Correlation between H. pylori infection and hy-
pertension severity and complications

To determine whether H. pylori infection is as- 
sociated with hypertension severity or compli-
cations of hypertension, participants were divi- 
ded by hypertension severity or presence or ab- 
sence of hypertensive nephropathy and hyper-
tensive retinopathy and compared by infection 
status (Table 3). H. pylori status was not signifi-
cantly different in patients with different grades 
of hypertension. However, H. pylori infection 
was significantly more common in hypertension 
patients with renal disease and retinopathy (P 
< 0.05).

Table 3. The relationship between Hp infection and features of 
hypertension [n (%)]
Variable Hp+ (n=211) Hp- (n=185) c2 P
Grading of hypertension 0.356 0.837
    Hypertension I 101 (53.16) 89 (46.84)
    Hypertension II 72 (54.96) 59 (45.04)
    Hypertension III 38 (50.67) 37 (49.33)
Hypertensive nephropathy 5.592 0.018
    No 163 (50.46) 160 (49.54)
    Yes 48 (65.75) 25 (34.25)
Hypertensive retinopathy 9.796 0.002
    No 98 (46.01) 115 (53.99)
    Yes 113 (61.75) 70 (38.25)

Table 4. The relationship between PG I/PG II and features of 
hypertension (

_
x±s)

Variable Hp+ (n=211) Hp- (n=185) Total (n=396)
Grading of hypertension
    Hypertension I 8.05±2.46 11.78±2.83 9.73±2.59
    Hypertension II 8.39±2.49 11.86±2.89 10.26±2.68
    Hypertension III 8.18±2.31 10.07±2.54 10.14±2.41
Hypertensive nephropathy
    No 9.12±2.24 12.70±2.19 11.02±2.20
    Yes 5.16±1.59* 8.83±1.95* 6.37±1.79*
Hypertensive retinopathy
    No 9.95±2.29 13.41±2.58 11.98±2.47
    Yes 6.37±1.88# 8.87±2.19# 7.25±2.04#
Note: *P < 0.01 vs non-hypertensive nephropathy, #P < 0.01 vs non-retinopathy.

Results 

H. pylori infection and characteris-
tics of hypertension patients

To determine whether individuals 
with hypertension have different 
characteristics based on the pres-
ence of H. pylori infection, partici-
pants with hypertension were as- 
sessed for clinical characteristics 
and grouped by H. pylori status 
(Table 1). The levels of both total 
cholesterol and triglycerides were 
significantly higher in the sera of 
Hp-infected patients than in non-
infected patients (each P value < 
0.001). Additionally, the PG I/PG II 
ratio was significantly lower in Hp- 
infected patients than in non-in- 
fected patients (P < 0.001). In con-
trast, the differences in age, sex, 
BMI, systolic blood pressure, dia-
stolic blood pressure, and high-de- 
nsity lipoprotein between Hp-infe- 
cted and non-infected participants 
were not statistically significant 
(each P value > 0.05).

PG I/PG II ratio and blood lipid 
chemistry

A Pearson’s correlation analysis 
showed that the PG I/PG II ratio in 
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Correlation between PG I/PG II ratio and hy-
pertension severity and complications 

Similar to the findings for H. pylori status, PG I/
PG II ratio did not significantly differ among pa- 
tients with different hypertension severity. In- 
terestingly, in patients with hypertensive nep- 
hropathy or retinopathy, independent of H. pylo-
ri status, the PG I/PG II ratios were significantly 
lower than those in patients without the compli-
cations (each P value < 0.05, Table 4).

ROC curve analysis

An ROC curve was used to validate the findings 
of this study; the larger the area under the ROC 
curve, the better the diagnostic result. When 
the area fell within the range of 0.5-0.7, the re- 
sults have low accuracy; when within the range 
of 0.7-0.9, the results have some accuracy; wh- 
en above 0.9, the results are highly accurate. 
Generally, area > 0.75 was considered to be of 
great diagnostic value. In hypertension patients 
with kidney damage, the area of 0.77 was con-
sidered to indicate a good test efficiency of the 
PG I/PG II ratio (Figure 1A); in those with ocular 
fundus lesions, an area of 0.83 was considered 
to indicate a good test efficiency of the PG I/PG 
II ratio (Figure 1B).

Discussion

Helicobacter pylori infection is closely correlat-
ed with the PG I/PG II ratio; however, to date, 
studies on PG or PG I/PG II have mostly focused 

on digestive tract diseases, and fewer reports 
have addressed PG and cardiovascular diseas-
es [12-14]. This study was aimed at exploring 
the correlation between the PG I/PG II ratio and 
hypertension or its complications, thereby pro-
viding a theoretical basis for the clinical role of 
PG detection in hypertension.

The results of our analyses showed that differ-
ences in systolic blood pressure, diastolic blood 
pressure, and high-density lipoprotein by H. 
pylori status were not statistically significant. 
Nor were differences in PG I/PG II ratios by dif-
ferent grades of hypertension statistically sig-
nificant. Thus, H. pylori infection and PG I/PG II 
ratio are not correlated with blood pressure val-
ues in hypertension. The main finding of this 
study, therefore, was the correlation between 
PG I/PG II ratio and complications of hyperten-
sion, specifically ocular fundus lesions and hy- 
pertensive kidney damage. In total participants, 
and participants divided by Hp-infection status, 
the PG I/PG II ratios were significantly lower in 
participants with hypertensive renal disease 
and/or ocular fundus lesions than those in pa- 
tients with no renal disease or no ocular fundus 
lesions. Analysis of areas under the ROC curves 
indicated that the PG I/PG II ratio had a high 
efficiency for diagnosing these complications of 
hypertension. The results suggests that when 
hypertension develops to such an extent that 
organ lesions appear, the PG I/PG II ratio will 
drop, making the detection of this ratio valu-

Figure 1. ROC curve of PG I/PG II (A) for nephropathy diagnosis; (B) for retinopathy diagnosis.
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able for detecting complications of hyperten- 
sion.

H. pylori infection can decrease the PG I/PG II 
ratio, inhibit the gastric mucosa from secreting 
vitamin C, and damage gastric epithelial cells 
[15]. Such changes can influence the metabo-
lism of lipids in patients [16]. A drop in the PG I/
PG II ratio can cause patients to present with 
metabolic disorders including altered serum 
total cholesterol and triglycerides levels [17, 
18]. Similarly, this study showed that the PG I/
PG II ratio showed a negative correlation with 
total cholesterol and triglycerides levels in sera. 
H. pylori infection can also influence the total 
cholesterol and triglycerides in serums of patie- 
nts with cardiovascular disease, thereby aggra-
vating their condition [19-21]. The causes of 
organ damage in hypertension patients may 
also stem from the damage H. pylori infection 
causes to gastric epithelial cells, which leads to 
inflammatory responses that can damage the 
blood vessel endothelium and thereby result in 
vascular lesions.

In summary, the results of this study showed 
that the complications of hypertension, specifi-
cally retinopathy and nephropathy, are corre-
lated with a lower PG I/PG II ratio. Thus, the de- 
tection of PG I/PG II may offer a valuable diag-
nostic tool for identifying organ damage in hy- 
pertension.
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