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Abstract

Background

Several previous studies have suggested that Helicobacter pylori (H. pylori) infection affects

the serum lipid profile. However, it remains controversial and the mechanism has not been

elucidated. The purpose of this study is to use an epidemiological perspective to evaluate

the association between H. pylori infection and the serum lipid profile.

Methods

Multivariate analysis was performed using the data of serum lipid profile, infection status of

H. pylori, fitness/lifestyle habits, and various subjects’ characteristics which were derived

from the 15,679 generally healthy individuals in Japan. The average treatment effects

(ATEs) of H. pylori infection on the serum lipid profile were estimated using augmented

inverse probability weighting (AIPW). A meta-analysis was also performed using the 27

studies worldwide in which the status of H. pylori infection and at least one serum examina-

tion value (high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol

(LDL-C), total cholesterol (TC), or triglyceride (TG)) were described.

Results

The ATEs determined with AIPW showed that H. pylori infection has significant positive

effects on LDL-C and TC (ATE (95% confidence interval [95%CI]) = 3.4 (2.36–4.49) and 1.7

(0.58–2.88), respectively) but has significant negative effects on HDL-C and TG (ATE (95%

CI) = −1.2 (−1.74 to −0.72) and −3.5 (−5.92 to −1.06), respectively). The meta-analysis to

estimate the association between H. pylori infection and the serum lipid profile revealed that

H. pylori infection is positively associated with LDL-C, TC, and TG (standardized mean
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difference [SMD] (95%CI) = 0.11 (0.09–0.12), 0.09 (0.07–0.10) and 0.06 (0.05–0.08),

respectively) and negatively associated with HDL-C (SMD = −0.13 (−0.14 to −0.12)).

Conclusion

Both our multivariate analyses and meta-analysis showed that H. pylori infection signifi-

cantly affects the serum lipid profile, which might lead to various dyslipidemia-induced

severe diseases like coronary thrombosis or cerebral infarction.

Background

More than half of the world’s population is presumed to be chronically infected with Helico-
bacter pylori (H. pylori) [1]. The prevalence of H. pylori is particularly high in East Asian coun-

tries such as Japan, China, and South Korea [1,2], and a variety of H. pylori impacts on the

upper gastrointestinal tract have been widely reported [3,4]. Recently, the effect of H. pylori
infection on the entire body has drawn considerable attention. For example, several studies

have reported an association between H. pylori infection and extragastric diseases, such as

immune thrombocytopenic purpura, idiopathic sideropenic anemia, and vitamin B12 defi-

ciency [5–7]. Among such extragastric disorders, an effect of H. pylori on the lipid profile is

one of the most important concerns, especially when considering the very high prevalence of

H. pylori infection and dyslipidemia all over the world [8]. In recent years, several studies have

reported that H. pylori infection is associated with the serum lipid profile [9–11], but these

findings are considered controversial. Concerning the association between H. pylori infection

and serum lipid profile, we speculate several mechanisms may be responsible for changes in

blood lipid regulation.

One idea is based on the effects of H. pylori infection upon the digestive system. A low-

grade inflammatory state caused by chronic H. pylori infection may interfere with the absor-

bance of nutrients and could influence the occurrence or evolution of various extragastric dis-

eases. Ghrelin and leptin, both of which are body weight-regulating peptides produced and

secreted primarily from the gastric mucosa [12,13], may also play critical roles in this associa-

tion. Several studies have reported that mucosal atrophy of the stomach induced by H. pylori
infection greatly affects the homeostasis of leptin and ghrelin [14–18]. These facts indicate that

H. pylori infection can lead to some appetite related disorders and significant change of body

weight. We assume that H. pylori infection may cause dysregulated absorption of nutrients in

the digestive system, contributing to changes in serum lipids.

The change of lipid profiles may also be due to the effects of the inflammatory response sys-

tem caused by H. pylori infection. Several lines of evidence indicate that the secretion of

inflammatory cytokines by cells induced by chronic infection of gram-negative bacteria is

related to the change of lipid profiles [19–22]. These investigations indicate that H. pylori infec-

tion may be involved in the change of lipid profiles through a systemic inflammatory response.

Finally, the effects of H. pylori infection may also play a critical role in immune function. It

is well established that the eradication of H. pylori is effective in treating idiopathic thrombocy-

topenic purpura (ITP) [23,24]. Furthermore, several studies indicated that a protective effect

of H. pylori infection against the development of inflammatory bowel disease (IBD) [25]. As

ITP and IBD belong to autoimmune diseases, it is possible that H. pylori infection may impact

the systemic immune system. Furthermore, several studies also suggest that autoimmune dis-

ease is associated with the changes in the lipid profile. For example, rheumatoid arthritis (RA),
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one of the most common autoimmune diseases, is related to alterations in the lipid profile.

The high inflammatory burden of the RA patients was reported to be associated with the low

level of high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol

(LDL-C), and total cholesterol (TC) [26–28]. Thus, we assume that autoimmune abnormality

caused by H. pylori may have an adverse effect on the serum lipid profile.

For all the aforementioned reasons, we have decided to evaluate the association between H.

pylori infection status and the serum lipid profiles. Even if the association is not strong, it must

be clinically important because both H. pylori infection and dyslipidemia are very common

disorders, and also because a disordered serum lipid profile can lead to severe life-threatening

diseases like coronary thrombosis or cerebral infarction [8]. The prevalence of dyslipidemia

has been increasing in Japan according to estimates by the Ministry of Health, Labour and

Welfare [29], but a similar trend is observed in many nations and has become a worldwide

public health problem [30].

The purpose of this investigation was to evaluate the effects of H. pylori infection on the

serum lipid profiles based on detailed analyses from an epidemiological perspective.

Methods

Study population and ethical approval

This study was approved by the ethics committees of the University of Tokyo, and written

informed consent was obtained from each participant before study participation according to

the Declaration of Helsinki. The study participants were 19,549 adults with no missing data

who underwent a comprehensive medical examination at Kameda Medical Center in Maku-

hari from January 4 to December 28, 2010. After participants with missing values were omit-

ted, participants with prior gastric surgery (207), taking proton pump inhibitors and/or

histamine 2 receptor antagonists (881), having past history of H. pylori eradication (1,470),

and those taking lipid-lowering drugs (1,312) were further excluded from the investigation,

since such confounding factors might adversely affect accurate analysis (Fig 1). The final par-

ticipants were 15,679 being composed of 8,776 men (mean age 49.6 (9.4) years, range 19–86

years) and 6,903 women (mean age 48.3 (8.9) years, range 20–87 years). In this study, all the

participants were asked to respond to the detailed questionnaire (see below), and a serum anti-

H. pylori IgG antibody test conducted.

Questionnaires

The Ministry of Health, Labour and Welfare of Japan provided specific health checkups and

counseling guidance based on scientific grounds in April 2007, through a program initially

started in the fiscal year 2008 [31–33]. We used a part of the questionnaires for fitness and die-

tary habits included in the medical care system. We asked about fitness habits: “Are you in a

habit of doing exercise to sweat lightly for over 30 minutes a time, twice weekly, for over a

year?” and “In your daily life, do you walk or do an equivalent amount of physical activity

more than one hour a day?”. We also surveyed dietary habits: “Is your eating speed quicker

than others?”, “Do you eat supper 2 hours before bedtime more than three times a week?”, “Do

you eat snacks after supper more than three times a week?”, and “Do you skip breakfast more

than three times a week?”. We further surveyed weight controls with the question “Have you

gained over 10 kg from your weight at age 20?” and “Did you gain or lose over 3 kg during the

past year?”. In addition to the aforementioned questions, we analyzed answers for two ques-

tions as follows: i) “How often do you drink alcohol in a week?” and ii) “Do you have a habit of

smoking?”. The answers for the question i) were selected from five classifications (never, sel-

dom, sometimes, often, and always), which were further categorized into two groups as
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nominal variables: rarely drinking group (never or seldom) and usually drinking group (some-

times, often, or always). The answers for question ii) were categorized into two groups as nom-

inal variables: current or past habitual smoking (smoker group), and lifelong nonsmoking

(nonsmoker group). Alcohol intake and smoking status were measured through self-reporting,

and a detailed questionnaire including inquiries about past medical history and current medi-

cal history was given to all the participants. Answers filled in by the participants were carefully

checked by the nursing staff before being recorded in our study database.

Evaluation of blood chemistry and serum anti-Helicobacter pylori antibody

The measurement of serum lipid levels and serum anti-H. pylori antibody was performed on

fasting blood samples on the day of blood sampling. The measurement of HDL-C and LDL-C

was performed on a direct method. The measurement of TG and TC were performed on the

free glycerol elimination method and Cholesterol oxidase method, respectively. The serum

anti-H. pylori antibody was measured using a commercial EIA kit (E-plate “EIKEN” H. pylori
antibody II, EIKEN Chemical Co Ltd, Tokyo, Japan). According to the manufacture’s instruc-

tion, an antibody titer above 10 U/ml was considered H. pylori-positive.

Statistical analysis

Using large-scale data from generally healthy individuals, we assessed the current status of the

serum lipid profile and H. pylori infection in Japan and also evaluated the association between

Fig 1. Study recruitment flowchart. Of the 19,549 general population participants, we excluded participants with

prior gastric surgery (207), those taking proton pump inhibitors and/or histamine 2 receptor antagonists (881), those

with a history of H. pylori eradication (1,470), and those taking lipid-lowering drugs (1,312). Among the eligible 15,679

participants, the numbers of participants positive and negative for serum Helicobacter pylori IgG antibody are shown.

https://doi.org/10.1371/journal.pone.0234433.g001
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the two variables. We next conducted a multivariate analysis using all available data to estimate

how H. pylori infection affects the serum lipid profile. To clarify the effect of H. pylori infection

on lipid profile, we performed a meta-analysis using all relevant studies published from 1995

to 2016. Finally, we objectively evaluated the estimated results by combining multivariate anal-

ysis and meta-analysis. We used JMP 14.2.0, SAS Universal Edition (SAS Institute Inc. Cray,

NC, USA) and R statistical package were used for all statistical analyses. The chi-square test

was utilized for univariate analysis, multiple logistic regression analysis for multivariate analy-

sis, and an augmented inverse propensity weighted (AIPW) estimator for an estimate of aver-

age treatment effects (ATEs).

Estimating effect sizes and ATEs from cross-sectional data

Cohen’s w was used for univariate analysis. For multivariate analysis, to estimate the effect of

H. pylori infection on the serum lipid profile, we used the AIPW with propensity-score (PS)

matching was utilized to achieve a better balance between covariates within the matched pairs

[34]. The PS was estimated using a logistic regression model that was adjusted to the character-

istics of the study participants. Also, to reduce the effect of treatment-selection bias and poten-

tial confounding in this cross-sectional study, PS matching was performed by one-to-one pair

matching via nearest neighbor matching within a caliper width of 1/5 standard deviation (SD)

for the logit of PS without replacement [35]. We used the absolute standardized difference

(ASD) to measure covariate balance. An ASD greater than 0.1 represents a meaningful imbal-

ance [36]. The PSs were by defining H. pylori infection as a predictive factor and also by defin-

ing age, gender, BMI, AST, ALT, ALP, γ-GTP, total bilirubin, TP, Alb, HbA1c, FBG, systolic

blood pressure, diastolic blood pressure, UA, RBC, WBC, Hb, Hct, PLT, MCV, MCH, MCHC,

smoking, alcohol drinking, fitness habits, and dietary habits as confounding factors. Drinking,

dietary habits, and weight controls were treated as yes/no dichotomous variable. With regard

to the drinking habits responses, we converted dichotomous variable with “can not drink” and

“rarely drink” for “no” and “sometimes”, “almost every day” and “every day” for “yes”. Other

habits and weight controls used the response of yes–no questions. The covariates were selected

on the basis of several previous studies [9,37–39].

Meta-analysis

Meta-analysis was conducted according to the PRISMA guidelines. Previous studies used in

our meta-analysis were selected on the basis of the inclusion criteria as follows: RCT, case–

control or cohort, cross-sectional design, registration in PubMed, CiNii (Scholarly and Aca-

demic Information Navigator) or Ichushi Web (NPO Japan Medical Abstracts Society) data-

bases, and description of HDL-C, LDL-C, TC or TG to statistically evaluation of the

association between H. pylori infection and the serum lipid profile. A search was performed

for combinations of keywords related to H. pylori infection and related to the outcome of

interest. Concrete keywords used related to H. pylori infection were (an asterisk is a replace-

ment for any ending of the respective term; quotation marks indicate that the term was used as

a whole, not each word individually): pylori�, lipid�, “H. pylori,” “Helicobacter pylori,” “lipid

profile,” “lipid metabolism,” obesity, dyslipidemia, and arteriosclerosis. The search in both

English and Japanese was completed in November 2016. No restrictions were placed on the

language or date of publication when searching the electronic databases. Investigations that

showed the results of significance but lacked data on the lipid profile were excluded because

we could not calculate the risk difference in the meta-analysis.

To obtain an overview of the association between H. pylori infection and the serum lipid

profile, we performed meta-analyses using the fixed-effects model. We adopted the definition
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of the fixed-effects meta-analysis method because we assumed that the treatment effect was the

same for each study. To estimate the risk of bias in our meta-analyses, we investigated publica-

tion bias by inspection of funnel plots and we applied the Macaskill’s linear regression method

test for detecting publication bias of meta-analysis [40].

To the evaluation of the validity of the included studies, we assessed the quality of each

study using the Risk of Bias Assessment Tool for Nonrandomized Studies (RoBANS) [41]. The

evaluation of risk of bias by RoBANS is as follows: “Selection bias caused by the inadequate

selection of participants,” “Selection bias caused by the inadequate confirmation and consider-

ation of confounding variable,” “Performance bias caused by the inadequate measurement of

exposure,” “Detection bias caused by the inadequate blinding of outcome assessments,” “Attri-

tion bias caused by the inadequate handling of incomplete outcome data,” and “Reporting bias

caused by the selective reporting of outcomes”. We made an overall judgment of these ele-

ments by three stages including low, high and unclear.

For the unification of a unit of measure for the lipid profile, first, for results presented as

mmol/L, we converted the mean and the SD from mmol/L to mg/dL per the International Sys-

tem of Units. Second, for results presented as the median and interquartile range, when we

add the median and the first quartile and the third quartile and divided by 3, we estimated the

modified mean. Also, we estimated the SD using the method proposed by Xiang [42].

Results

Association between the serum lipid profile and serum anti-H. pylori IgG

status of the healthy general population in Japan

The levels of the serum lipid profile were compared between the participants seropositive and

seronegative for H. pylori IgG (Table 1). The P-value was calculated by Welch’s t-test, and

Table 1. Characteristics of serum HDL-C, LDL-C, TC, and TG categorized on the basis of the status of serum Helicobacter pylori IgG antibody and age groups.

HDL-C LDL-C TC TG

seropositive seronegative seropositive seronegative seropositive seronegative seropositive seronegative

N = 4546 N = 11133 N = 4546 N = 11133 N = 4546 N = 11133 N = 4546 N = 11133

Age (year)

N (Total/male/female)

<40 62.9 (15.1) 65.3 (16.3) 114.3 (30.1) 109.2 (29.4) 189.2 (31.3) 185.8 (30.6) 92.1 (61.5) 88.1 (57.4)

N (2539/1328/1211)

40–49 63.6 (15.9) 65.8 (17.1) 122.6 (31.2) 119.0 (31.1) 199.1 (33.6) 197.7 (31.7) 103.3 (81.3) 102.4 (78.9)

N (5685/3068/2617)

50–59 63.3 (16.4) 66.4 (17.5) 132.4 (29.0) 128.9 (29.5) 209.6 (31.1) 209.1 (31.3) 111.6 (82.0) 110.9 (75.9)

N (5385/3058/2327)

60≦ 63.2 (16.3) 65.7 (16.8) 133.8 (28.9) 130.7 (28.9) 211.2 (31.7) 210.4 (30.6) 110.8 (72.2) 108.1 (67.3)

N (2070/1322/748)

all ages 63.3 (16.1) 65.9 (17.1) 128.8 (30.3) 121.2 (31.0) 205.6 (32.6) 200.0 (32.5) 107.7 (78.4) 102.7 (73.6)

N (15679/8776/6903)

t-value 8.9 14.1 9.8 3.7

df 8886.7 8629.6 8406.3 7988.6

P-value <0.001 <0.001 <0.001 <0.001

effect size 0.15 0.25 0.17 0.07

The P-value was calculated by Welch’s t-test. Effect size was calculated by Cohen’s d. A two-tailed P-value less than 0.05 was considered statistically significant. Numbers

in parentheses show the SD of the mean.

https://doi.org/10.1371/journal.pone.0234433.t001
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effect sizes (ESs) were calculated by Cohen’s d. The participants with chronic H. pylori infec-

tion had lower values for HDL-C and higher values for LDL-C, TC, and TG. The associations

of the four types of lipid with serum H. pylori IgG were all statistically significant(HDL-C: t
(8886.7) = 8.9, P< 0.001; LDL-C: t (8629.6) = 14.1, P< 0.001; TC: t (8406.3) = 9.8, P< 0.001;

TG: t (7988.6) = 3.7, P< 0.001). Judging from the value of ES, H. pylori infection had a sub-

stantial effect on LDL-C (ES = 0.25). Conversely, H. pylori infection had only small effects on

HDL-C, TC, and TG (ES = 0.15, 0.17 and 0.07 respectively).

Concerning gender, H. pylori-positive males were significantly associated with HDL-C,

LDL-C, and TC; namely men with chronic H. pylori infection had lower values for HDL-C

and higher values for LDL-C, and TC (S1 Table). Men with chronic H. pylori infection had

lower values of TG compared with men without it, though the difference between the two was

not statistically significant. On the other hand, H. pylori-positive females were significantly

associated with all types of lipids; namely, women with chronic H. pylori infection had lower

values for HDL-C and higher values for LDL-C, TC, and TG (S2 Table). Men had lower values

for HDL-C and TC and higher values for LDL-C and TG compared with women, and there

were statistically significant differences between the sexes in all types of lipid (HDL-C: t
(14304) = 56.1, P< 0.001; LDL-C: t (14374) = 13.1, P< 0.001; TC: t (14317) = 3.8, P = 0.002;

TG: t (14666) = 42.5, P< 0.001). Interestingly, chronic H. pylori infection had a large effect on

LDL-C and TC for females. The ES of women with chronic H. pylori infection in LDL-C was

the largest (ES = 0.38) out of all types of lipids (S2 Table). Furthermore, women with chronic

H. pylori infection showed a statistical and clinical difference at 0.2, 0.29, and 0.15 in HDL-C,

TC, and TG, respectively (S2 Table). In contrast, men with chronic H. pylori infection showed

a statistical and clinical difference at 0.13 only in LDL-C out of all types of lipids (S1 Table).

Checking the balance of confounding factors in logistic regression using

the standardized difference

The predicted probabilities of H. pylori-positivity were calculated via a logistic regression

model, using carefully selected covariates as shown in S3 Table. Of the possible 11,133 H.

pylori-negative participants, 4376 were matched with H. pylori-positive participants. Age

(ASD:0.614), ALP (ASD:0.191), Alb (ASD:0.185), HbA1c (ASD:0.139), systolic BP

(ASD:0.157), diastolic BP (ASD:0.169), UA (ASD:0.107), WBC (ASD:0.127), and smoking

habit (ASD:0.127) were considered poorly balanced before matching. However, all the covari-

ates in the estimation of HDL-C, LDL-C, TC, and TG were considered well balanced after PS

matching judging from the values of ASD. The covariate balance in the matched population

was improved by a matching method; the effect of selection bias and potential confounding in

our cross-sectional study was successfully reduced.

Estimation of ATEs and confidence intervals concerning the relationship

between H. pylori infection and serum lipid profile using AIPW

All the ATEs were estimated using AIPW (Table 2). Our data showed that H. pylori infection

had positive effects on LDL-C and TC with statistical significance (ATE: 3.4 and 1.7, respec-

tively). In contrast, H. pylori infection had negative effects on HDL-C and TG with statistical

significance (ATE: −1.2 and −3.5, respectively).

Assessment of the risk of bias of individual studies for performing a meta-

analysis

The 33 case–control studies, including our data, were evaluated, and we found that 28 studies

fulfilled the inclusion criteria (S4 Table) and 5 studies did not (S5 Table). Consequently, data
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from the 28 studies (67,290 H. pylori-positive and 53,859 H. pylori-negative) were used in the

meta-analysis (S1 Fig).

S2 Fig shows an assessment of the validity of the studies included. We judged the blinding

of participants (selection bias), confounding variables (selection bias), and measurement of

exposure (performance bias) in several studies as high risk of bias. Conversely, we judged the

blinding of outcome assessments (detection bias) as low risk of bias. Furthermore, we judged

incomplete outcome data (attrition bias) and selective outcome reporting (reporting bias) as

unclear risk of bias. Although exposure measurement is not blinded in every study, we judged

a considerably low probability of measurement bias because lipid profile and the diagnosis of

H. pylori are the mere screening blood tests conducted in clinics and health checkups.

Estimation of the pooled mean ESs and confidence intervals in meta-

analyses to examine the association between the serum lipid profiles and H.

pylori infection

Fig 2 shows the results of the meta-analyses. All results were presented graphically in forest

plots, and the diamonds at the bottom show the pooled risk differences for all studies with the

95% confidence interval. As shown in Fig 2A, the meta-analysis of 27 studies showed a signifi-

cant negative association between H. pylori infection and serum HDL-C (standardized mean

difference [SMD], −0.13; 95% CI, −0.14 to −0.12; P for heterogeneity, <0.01). However, as

shown in Fig 2B, the meta-analysis of 22 studies showed a significant positive association

between H. pylori infection and serum LDL-C (SMD, 0.11; 95% CI, 0.09 to 0.12; P for hetero-

geneity, <0.01). Similarly, as shown in Fig 2C, the meta-analysis of 27 studies showed a signifi-

cant positive association between H. pylori infection and serum TC (SMD, 0.08; 95% CI, 0.07

to 0.09; P for heterogeneity, <0.01). Further, as shown in Fig 2D, the meta-analysis of 25 stud-

ies showed a significant positive association between H. pylori infection and serum TG (SMD,

0.06; 95% CI, 0.05 to 0.08; P for heterogeneity, <0.01). Altogether, our meta-analyses showed a

Table 2. Summary of augmented inverse probability weighting reflecting the effect of Helicobacter pylori infection on the serum lipid profile in generally healthy

individuals.

Helicobacter pylori infection Estimate SE 95% CI z-test P-value

HDL-C seronegative 65.5 0.16 64.14–65.79 397.5 <0.001

seropositive 64.2 0.23 63.78–64.69 279.1 <0.001

ATE -1.2 0.26 (-1.74)–(-0.72) -4.7 <0.001

LDL-C seronegative 122.3 0.30 121.72–122.89 409.4 <0.001

seropositive 125.7 0.48 124.79–126.67 261.8 <0.001

ATE 3.4 0.54 2.36–4.49 6.3 <0.001

TC seronegative 201.1 0.31 200.45–201.65 654.0 <0.001

seropositive 202.8 0.52 201.76–203.81 387.3 <0.001

ATE 1.7 0.58 0.58–2.88 3.0 0.003

TG seronegative 105.2 0.86 103.46–106.83 122.6 <0.001

seropositive 101.7 1.00 99.69–103.62 101.4 <0.001

ATE -3.5 1.24 (-5.92)–(-1.06) -2.8 0.007

The average treatment effect (ATE) shows the effects of H. pylori infection on lipid profiles. Seronegative: the augmented inverse probability weighting of response in the

absence of H. pylori, Seropositive: the augmented inverse probability weighting of response in the presence of H. pylori. ATE would be the sample average of seropositive

minus seronegative. HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TC: total cholesterol, TG: triglyceride, χ2: the chi-square

test statistic, SE: standard error, 95% CI: 95% confidence interval. The P-value used for ATE, a two-tailed P-value less than 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0234433.t002
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Fig 2. Forest plots of odds ratio (OR) with 95% confidence interval (CI) showing the effect of Helicobacter pylori infection in

each lipid profile. The gray box represents an estimate of the OR in the respective studies, and the horizontal line indicates the 95%

CI for the respective studies. Diamonds at the bottom represent the pooled estimate of OR. Weights are from fixed-effects meta-

analysis. The chi-squared (x2) test revealed the presence of heterogeneity. The I2 value shows the extent of heterogeneity. (A) High-

density lipoprotein cholesterol (HDL-C), (B) low-density lipoprotein cholesterol (LDL-C), (C) total cholesterol (TC), and (D)

triglyceride (TG).

https://doi.org/10.1371/journal.pone.0234433.g002
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significant association of H. pylori infection with the serum lipid profile. In addition, we

inspected funnel plots to check the existence of publication bias (S3 Fig). Though asymmetry

or small-study effects were detected on all the lipid profiles, no statistically unacceptable results

were observed in the tests for publication bias by Macaskill’s linear regression method

(HDL-C: F(1, 33) = 0.085, P = 0.773, LDL-C: F(1, 25) = 0.243, P = 0.627, TC: F(1, 30) = 0.042,

P = 0.840, TG: F(1, 30) = 0.058, P = 0.811).

Discussion

The results of our univariate analyses revealed that H. pylori infection has a statistical and clini-

cal relevant relationship with the serum lipid profile (Table 1). Multivariate analyses with

AIPW indicated that H. pylori infection has significant positive effects on LDL-C and TC and

negative effects on HDL-C and TG (Table 2). The possibility of an outlier impacting these

results is small because we excluded the participants who were taking lipid-lowering drugs in

both the univariate and multivariate analyses. The meta-analysis indicated that H. pylori infec-

tion is positively associated with LDL-C, TC, and TG and negatively associated with HDL-C

with statistical significance. In our meta-analyses, publication bias is an ignorable matter, judg-

ing from the results of Macaskill’s linear regression method. In addition, the 95% confidence

interval overlap in many studies and the estimated effect are in the same direction.

All the results were consistent with that H. pylori infection can have a statistically significant

effect on the serum lipid profile. Judging from the certainty of the evidence, it is strongly sug-

gested that there is a causal relationship between them. Although interpreting the contradic-

tory association of TG with H. pylori infection is difficult, it may be due to the fact that the

study participants were generally healthy subjects (free from severe diseases) who underwent

annual health check-up. In total, we are now convinced that chronic H. pylori infection can

lead to increased levels of serum LDL-C and TC and also can lead to a reduced level of serum

HDL-C.

These results are noteworthy because both high levels of serum LDL-C and low levels of

serum HDL-C are established risk factors of atherosclerosis and coronary artery disease [43].

The rate of H. pylori infection has been gradually decreased in Japan, but a similar trend for H.

pylori infection is observed all over the world. Therefore, it is important to investigate the

changing prevalence of H. pylori infection along with the serum lipid profile. Results from the

present investigation suggest that H. pylori infection affects the serum lipid profile and can

indirectly influence the various diseases caused by abnormal lipid metabolism. This finding

must be clinically important since both H. pylori infection and dyslipidemia are very common

chronic disorders.

There are some experimental considerations that may have limited this investigation.

Because of the cross-sectional study design of this investigation, we were unable to perform

accurate analyses of the causal effects. Study participants also completed a comprehensive

medical examination, and we could not evaluate the actual conditions of the patients with

severe health problems or critical diseases. Also, the serum anti-H. pylori antibody test was

used to diagnose the presence of H. pylori, but it is inferior to a urea breath test or histopatho-

logical examination in the quality of infection diagnosis. Finally, there is a limited number of

available studies in this field, which could have resulted in a lower-quality of meta-analyses.

Conclusions

Both multivariate analysis using the large-scale data for generally healthy subjects in Japan and

meta-analysis based on the previous studies worldwide showed that H. pylori infection signifi-

cantly impacts the serum lipid profile of healthy humans. Since H. pylori infection and
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dyslipidemia are common disorders worldwide, the significant association between the two is

kindly to have clinical utility.
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