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ABSTRACT 

Background/Aims. Previous studies have suggested that hypochlorhydria has the potential to produce adverse 

effects such as the development of infections of the intestinal or respiratory tract and impaired drug absorption. This 

indicates the importance of obtaining a noninvasive method by which this condition may be diagnosed. The 

purpose of this study was to determine whether fasting gastric pH could be predicted noninvasively using serum 

biological markers. Methodology. One hundred thirty-two patients undergoing diagnostic upper gastrointestinal 

endoscopy were recruited. Serum levels of pepsinogen-I, pepsinogen -II and Helicobacter pylori antibody were 

analyzed and the pH of fasting gastric juice determined. Multiple linear regression analysis was used to determine 

the best predictors of fasting gastric pH. Results. Pepsinogen -I and the presence of Helicobacter pylori were 

independent predictors of fasting gastric pH, and a high coefficient of determination was obtained (R 2 = 0.503, root 

mean square error = 1.45). The equation for this model was as follows: fasting gastric pH = 2.97 – 0.026 

(pepsinogen -I) + 2.76 (presence of Helicobacter pylori: 0 = absent, 1 = present). Conclusions. The model equation 

offers a noninvasive method by which to identify patients at high-risk of developing complications induced by 

hypochlorhydria.  
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INTRODUCTION 

Gastric acid is considered to have three main functions: 1) activation of pepsinogen; 2) enhancement of 

absorption of calcium and ions; and 3) inhibition of infectious microorganisms from reaching the intestine [1]. A 

close association has been reported between level of gastric acid secretion and type of disease affecting the upper 

gastrointestinal tract. Duodenal ulceration occurs in patients with a high level of acid secretion, whereas gastric 

ulceration and gastric cancer occur in patients with reduced acid secretion [2, 3]. The potential adverse effects of 

hypochlorhydria can be grouped into two general categories: the development of infection, and the malabsorption 

of dietary and pharmacological substances [4, 5]. Acquired hypochlorhydria can result from atrophic gastritis [6]. 

Helicobacter pylori (H. pylori) has also been identified as a major cause of chronic gastritis, leading to atrophy and 

hypochlorhydria [7, 8].  

The most well-known adverse effect of hypochlorhydria is the development of infectious complications. 

Owing to the acidic pH in the stomach, the proximal gastrointestinal tract contains only a modest number of 

microorganisms, mainly acid-tolerant lactobacilli and streptococci. In normal gastric juice with a pH of below 3, 

most pathogens are promptly killed within 15 min, whereas they can survive under hypochlorhydric (4 < pH < 7) 

to achlorhydric (pH > 7) conditions [9]. The gastric acid barrier is, therefore, critical in preventing many ingested 

pathogens such as Salmonella [10], Vibrio cholerae [11], Clostridium difficile [12], rotavirus and some strains of 

Campylobacter and E. coli from colonizing and causing diarrhea [13].  

The second category of complications accompanying hypochlorhydria is the impairment of the absorption of 

drugs and nutrients. Significant hypochlorhydria could theoretically result in the malabsorption of calcium [14], 

vitamin B12 and non-heme iron [15], resulting in bone fractures, pernicious anemia and iron deficiency anemia [16, 

17], respectively. Impaired acid secretion as a result of infection with H. pylori has also been reported to affect the 

absorption of several orally administered drugs [5]. Variation in gastric acidity plays an important role in the drug 

absorption process due to its influence on the degree of ionization, as well as the pH-dependent solubility of the 

drugs themselves. 

Hypochlorhydria or achlorhydria is usually diagnosed using an acid secretory test. However, acid secretory 

tests are unsuitable for screening purposes in large populations because they are invasive and expensive [18]. 

Therefore, the associations of adverse effects resulting from hypochlorhydria have been discussed using the fasting 

gastric pH. The present study was designed to determine whether fasting gastric pH could be predicted 
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noninvasively using serum markers. Although the precise mechanism of its regulation remains controversial, 

gastric acid secretion is reportedly controlled by several factors, including sex, age, H. pylori infection status and 

pepsinogen (PG) levels. Many reports [7, 8, 19, 20] have demonstrated that acid secretion is inversely correlated 

with age or H. pylori infection. Recently, serum PG-I level has been shown to be an accurate indicator of atrophic 

corpus gastritis [21, 22, 23]. Serum PG-I level is thought to be positively associated with gastric acid secretion, and 

estimation of acid secretion based on PG-level has been suggested [24, 25].  

In this study, we focused on the serum pepsinogens and H. pylori antibody as noninvasive serum markers and 

investigated whether they could be used to estimate fasting gastric pH levels by using multiple regression analysis, 

with the aim of obtaining a noninvasive method of identifying patients at high risk of developing opportunistic 

infection, impaired nutritional absorption, bone fracture and impaired drug absorption induced by hypochlorhydria. 

METHODS 

Subjects 

One hundred thirty-two patients undergoing diagnostic upper gastrointestinal endoscopy were recruited from 

the Gastroenterology Outpatient Clinic of Tokyo Dental College, Ichikawa General Hospital. Endoscopy was 

performed using the Olympus Videoscope (XQ240, XQ260; Olympus, Tokyo, Japan) after all patients had 

undergone a 12-hr fast; blood samples were also obtained at this time. Blood samples were centrifuged at 4°C and 

serum stored at -20°C until assay. The study exclusion criteria were as follows: 1) the use of histamine-2 receptor 

antagonists, proton pump inhibitors, or nonsteroidal anti-inflammatory drugs within the preceding month; 2) the 

use of H. pylori eradication therapy before the study; 3) a history of gastric cancer or any kind of esophageal or 

gastric surgery or vagotomy; 4) a history of pernicious anemia or autoimmune gastritis as recalled by the patient; 5) 

the presence of viral disease such as acute respiratory diseases; 6) pregnancy or lactation; and 7) a history of severe 

renal and/or liver dysfunction. The subjects included 90 patients with non-ulcer dyspepsia (mean age, 60.0 years), 

11 with duodenal ulcer (mean age, 54.9 years), 11 with gastric ulcer (mean age, 65.5 years), and 20 with gastric 

hyperplastic polyps (mean age, 61.3 years). This study was approved by the Tokyo Dental College Ichikawa 

General Hospital Ethics Committee; written consent for the study was obtained from all patients. 

Measurement of serum levels of pepsinogen-I, pepsinogen-II, and IgG antibodies for H. pylori 

Blood samples were drawn after an overnight fast. Serum levels of PG-I and PG-II were determined using the 

Architect pepsinogen assay kit (Pepsinogen I/II RIA BEAR Kit, Abbott Japan Co., Tokyo, Japan), in accordance 
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with the manufacturer’s instructions. A diagnosis of H. pylori infection was based on the presence of serum IgG 

antibodies for H. pylori as detected using a specific ELISA kit (E Plate Eiken H. pylori Antibody, Eiken Chemical 

Co., Ltd., Tokyo, Japan). The measurement of serum levels of pepsinogen-I, pepsinogen-II, and IgG antibodies for 

H. pylori were performed under a contract with Mitsubishi Chemical Medience Co., Ltd,. (Tokyo, Japan).  

pH measurement 

Gastric juice samples were collected through a sterile tube (Specimen Collection Container, Nippon Sherwood 

Medical Industries Ltd., Tokyo, Japan) during the endoscopy. Gastric juice specimens were centrifuged at 1200 × g 

for 5 min and the supernatant collected; pH was then determined using a glass electrode (pH meter M-12, Horiba 

Instruments Ltd., Kyoto, Japan). 

Statistics 

The Mann-Whitney U test was used to compare differences in age and pH between the groups as distributions 

in age and pH were not normal. Accordingly, the Spearman’s rank correlation was used to determine association 

between fasting gastric pH level and PG-I, PG-II and the PG-I/II ratio. Stepwise linear multiple regression was 

performed to determine which factors influenced the pH of the fasting gastric juice samples. PG-I, PG-II and the 

PG-I/II ratio and the presence of H. pylori antibody were selected as independent variables, and fasting gastric pH 

was utilized as the dependent variable. The main criteria for probability of F to enter was >2.0. Data were 

considered statistically significant at p < 0.05. Values were reported as the mean ± SD. 

RESULTS 

Baseline Characteristics 

A total of 132 Japanese patients were analyzed. Table I lists the clinical characteristics of the study population. 

Mean population age was 60.3 years. The study group consisted of 65 patients who were positive for H. pylori and 

67 patients who were negative. No significant differences in age or sex were found between the H. pylori 

sero-positive and sero-negative groups.  

Comparison of fasting gastric pH between H. pylori-positive and -negative subjects 

Distributions in fasting gastric pH levels in patients with or without H. pylori infection are shown in Figure 1. 

Mean fasting gastric pH in H. pylori-negative subjects was 1.72, which was much lower than that in H. 

pylori-positive subjects (4.35). 

Relationship between serum PG-I, PG-II and PG-I/II ratio and fasting gastric pH 
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Median serum PG-I and PG-II levels of all participants were 49.8 μg/L and 12.9 μg/L, respectively. Calculated 

median PG-I/II ratio was 3.86. As shown in Table 2, the Spearman correlation coefficients between fasting gastric 

pH and PG-I and the PG-I/II ratio in H. pylori-positive subjects were statistically significant. In H. pylori-positive 

subjects, the PG-I/II ratio was negatively correlated with the fasting gastric pH, and this correlation coefficient was 

highly significant (correlation coefficient = -0.648, p < 0.01). In H. pylori-negative subjects, no significant 

relationship was found between the fasting gastric pH and the serum PG-I, or PG-II levels or the PG-I/II ratio.  

Factors associated with fasting gastric pH according to linear regression analysis 

To determine predictors of fasting gastric pH, multiple linear regression analysis was performed. Serological 

markers including PG-I, PG-II and the PG-I/II ratio and H. pylori antibody were used as independent variables. The 

criteria for judging the performance of the regression model were the difference between observed and predicted 

outcomes as reported in terms of the root mean square error (RMSE), as well as the coefficient of determination 

(R2). Each of the candidate models was evaluated and that with the smallest RMSE and largest coefficient of 

determination in the cross-validation analysis was chosen as the optimal prediction model. Table 3 shows the 

results of the stepwise regression. Linear regression analysis of fasting gastric pH demonstrated that the presence of 

H. pylori infection and PG-I were significantly confirmed influential factors. This relationship had an R2 of 0.503 

and an RMSE of 1.45. Other combinations of markers such as PG- II and H. pylori antibody showed an R2 of 

0.423, with an RSME of 1.56; and the PG-I/II ratio and H. pylori antibody showed an R2 of 0.462, with an RSME 

of 1.50. In the linear regression analysis, particular attention was also paid to the problem of multicollinearity, 

which occurs when dependent variables in a regression model are highly correlated (usually defined as 0.90 and 

above). For this analysis, the variance inflation factor (VIF: usually a result of 2 or more, it is regarded as suggestive 

of multicollinearity) was calculated to investigate the possibility of multicollinearity [26, 27]. We confirmed that the 

VIF scores were less than 2, suggesting that multicollinearity was not a problem. The equation for this model, 

calculated using the two independent predictors of PG-I and the presence of H. pylori infection, was as follows: 

fasting gastric pH = 2.97 – 0.026 (PG-I) + 2.76 (H. pylori antibody: 0 = absent, 1 = present). 

DISCUSSION 

Many reports have suggested that hypochlorhydria results in adverse effects, emphasizing the importance of 

enabling clinicians to diagnose this condition where suspected. Recently, gastric acid has been described as an 

important barrier against pathogen invasion through the gastrointestinal tract [10, 11, 12, 13], as well as the 
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respiratory tract [28, 29]. Intestinal pathogens, which colonize the oral space via the stomach, can also gain access 

to the lower airways and cause lower respiratory infections. Several studies [28, 29] have associated 

hypochlorhydria with an increased risk of community-acquired pneumonia. Gastric colonization is also associated 

with postoperative septic complications. MacFie et al. [30] have reported that a fasting gastric pH of more than 4 

was associated with a significant increase in gastric colonization and postoperative septic morbidity.  

Hypochlorhydria has usually been established using an acid secretory test; however, measurement of the 

fasting pH of gastric juice has also been reported to be a sensitive method of diagnosing hypochlorhydria [31]. 

Previous studies have investigated gastric bacterial overgrowth using fasting gastric pH rather than hypochlorhydria 

as determined using an acid secretory test. Husebye et al. [32] have reported that advanced age with fasting 

hypochlorhydria (average pH, 6.6) was accompanied by bacterial colonization in the upper gut. Gastric bacterial 

overgrowth, along with opportunistic enteric infections, in patients with AIDS is associated with a high fasting 

gastric pH (greater than 3) [33, 34]. Establishing the upper limit of the normal range of fasting gastric pH is difficult. 

However, in order to prevent infectious complications, we advocate careful observation of patients in whom the pH 

is greater than 4, as bacterial overgrowth may occur at these levels. Our preliminary data also demonstrated that the 

average fasting gastric pH in patients being treated with a proton pump inhibitor was 4.94. These results are similar 

to the reported pH level in subjects with bacterial overgrowth in the stomach [9].  

Used in a number of earlier studies, the PG test is a well-known indicator of the extent of atrophic gastritis and 

consequently of gastric acidity. However, the type of PG associated with acid secretion differs from one report to 

another. Derakshan et al. [19] have suggested that PG-I is a more useful predictor of disturbance in acid secretion 

than the PG-I/II ratio in H. pylori-positive subjects. However, in our study, the PG-I/II ratio showed the greatest 

significant correlation with gastric pH among PG-I, PG-II and the PG-I/II ratio in H. pylori-positive subjects. This 

result is consistent with that of a previous report in Japan confirming that the PG-I/II ratio was the most powerful 

predictor of acid secretion in H. pylori-infected subjects [25, 35]. In H. pylori-negative subjects, no significant 

relationships between serum pepsinogens and the fasting gastric pH were observed in our study. We speculate that 

the correlation between the biological markers and acid output depends on ethnicity or environmental factors.  

In our study, the presence of H. pylori yielded a high partial correlation coefficient, suggesting that gastric pH 

is significantly affected by H. pylori status. This statistical index suggests a direct association between infection 

with H. pylori and gastric pH, independent of the influence of PG-I. Many studies have reported a strong 
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correlation between H. pylori infection status and reduced gastric acid secretion, as in our study [8, 19, 20, 36, 37]. 

Two mechanisms have been posited to explain this phenomenon: 1) atrophy induced by H. pylori infection directly 

reduces the number of acid-secreting parietal cells, and 2) inflammation of the mucosa produces a functional 

inhibition of acid secretion by blocking release of IL-1β or histamine [38]. 

To date, several reports have referred to the prediction of acid secretion using information obtained 

noninvasively such as measurement of biological markers [24, 25, 37, 39, 40]. To our knowledge, this is the first 

study to demonstrate that two serum markers, PG-I and presence of H. pylori antibody, corresponded well with the 

fasting gastric pH level and suggest that these markers could be used effectively to detect hypochlorhydria. Because 

the correlations between the serum pepsinogen concentrations and the fasting gastric pH depend on the H. 

pylori-infection status, as shown in Table 2, the H. pylori-infection status should be considered when predicting the 

fasting gastric pH.  

In conclusion, the results of this study indicate that biological markers such as H. pylori antibody and PG-I are 

valuable diagnostic indicators of impaired gastric secretion. These markers offer a means of identifying a high-risk 

population prone to the development of complications, including infections. This approach may furnish a novel 

strategy for reducing the incidence of fatal infectious complications in immuno-compromised hosts such as the 

elderly.  
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           Table 1  Baseline Characteristics of Study Population 

          H. pylori 

 Total Population  positive  negative 
p value 

Number (n)   132    65    67  

Mean age (years) 60.3 ± 11.9 62.6 ± 10.5 58.6 ± 13.1 0.090 

Male %   48.5   52.3   46.3 0.389 

mean pH 3.02 ± 2.03 4.35 ± 2.18 1.72 ± 0.37 <0.0001 

 

 

Basic characteristics of study population with respect to H. pylori infection status. 
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Table 2  Spearman Rank Correlation Coefficients between Fasting Gastric pH and 

Pepsinogens 

              Fasting gastric pH     
                   (n = 132)     
      H. pylori     
      Negative   Positive 

p value   p value 

 

Correlation 
coefficients 

(rs) (two-sided test)   

Correlation 
coefficients 

(rs)  (two-sided test)
PG-I -0.192 0.119  -0.437 <0.001 
PG-II -0.239 0.052  -0.053 0.671 
PG-I/II ratio  0.038 0.76  -0.648 <0.001 

 

Significant correlation was found between fasting gastric pH and PG-I and the PG-I/II ratio 

in H. pylori-positive subjects. Correlation between PG and gastric pH level was 

determined by Spearman rank correlation assay. 
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                    Table 3  Factors Associated with Fasting Gastric pH using Linear Regression Analysis 

 
Non-standardized 

Coefficients 

Standardized 

Coefficients 

Colinearity 

statistics 

Predictive parameter   B  SE   β 

F value Partial correlation coefficient P value

  VIF* 

Constant 2.97 0.321  2.97 85.5     <0.0001  

Presence of H. pylori 2.75 0.253  0.680 118.6        0.692    <0.0001   1.01 

PG-I -0.026 0.006  -0.290 21.5        -0.378    <0.0001   1.01 

Abbreviation: VIF = variance inflation factor 

Linear regression analysis using fasting gastric pH as dependent variable and PG-I and presence of H. pylori antibody as independent 

variables. Equation for this model, calculated with two independent predictors, PG-I and H. pylori infection status, was as follows: 

fasting gastric pH = 2.97 – 0.026 (PG-I) + 2.75 (presence of H. pylori: 0 = absent, 1 = present). Multiple correlation coefficient was 

0.710 and total explained variance of model was 50.3% for fasting gastric pH level (coefficient of determination: R2 = 0.503, p < 0.0001, 

root mean square error = 1.45) using above-mentioned parameters. Durbin-Watson ratio was 1.90, suggesting that residuals were 

random and confirming validity of this model. VIF > 2 is usually considered problematic regarding colinearity with other predictors.  
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FIGURE LEGEND 

Figure 1  

Distribution of fasting gastric pH in patients with or without H. pylori infection. 

Box for each group represents inter-quartile range (25–75th percentile) and line within this box 

represents median value. Bottom and top bars of whisker indicate minimum and maximal values, 

respectively. * p < 0.01. Results were determined using Mann-Whitney U test.  
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