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Abstract
Since reports on exhaled breath hydrogen gas in diabetes are scarce, its concentrations in relation to clinical aspects were as-

sessed in 33 patients with type 2 diabetes (70 ± 13 years old) and 15 healthy controls (39 ± 19 years old). In 20 diabetic patients,
serum malondialdehyde-modified low-density lipoprotein (MDA-LDL), an oxidized LDL, were measured by an enzyme-linked im-

munosorbent assay. Breath hydrogen gas concentration was significantly correlated with age in diabetic patients (33 ± 65 ppm; rs
= 0.531, p = 0.001) and in healthy controls (25 ± 31 ppm; rs = 0.541, p = 0.037). Six patients had been treated with α-glucosidase
inhibitors, and one of them showed an extremely high value (265 ppm). When the diabetic patients were divided into two groups by

the median value of their breath hydrogen gas concentrations, there were no significant differences between two groups for gender,
body mass index, diabetic treatment, HbA1c level, or the existence of retinopathy or nephropathy. It appears that serum MDA-LDL

levels were reduced in patients with higher hydrogen gas concentrations, but there was no significant correlation between them (rs =
0.086, p = 0.719). As a recent report demonstrated remarkably beneficial results by subcutaneous injection of hydrogen gas in an animal model, it would be worthy of paying attention to hydrogen gas produced by intestinal bacteria in patients with type 2 diabetes.
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Introduction
Exhaled breath hydrogen gas is originated from the bacterial metabolism with undigested carbohydrates in the intestine. Hydrogen

gas in the exhaled breath is commonly measured to detect functional gastrointestinal disorders, including carbohydrate malabsorption

and small intestinal bacterial overgrowth [1]. Thus far, we have demonstrated increased hydrogen gas in the body of Japanese centenar-

ians and the possibility of its antioxidant bioactivity [2,3]. Through such antioxidant bioactivity, it was hypothesized that the cardiovascular benefits of α-glucosidase inhibitors [4] were partially provoked by increasing the amount of undigested carbohydrates [5]. Since

reports on exhaled breath hydrogen gas in diabetes are scarce, its concentrations in relation to clinical aspects, including serum levels of
an oxidized low-density lipoprotein (LDL), in patients with type 2 diabetes are presented in this report.

Subjects and Methods

Fifteen healthy controls and 33 patients with type 2 diabetes were studied in accordance with the Declaration of Helsinki ethical guide-

lines. Their clinical characteristics are shown in Table 1. Six patients had been treated with α-glucosidase inhibitors (voglibose in one,
acarbose in two and miglitol in three). Since inter-individual variations of breath hydrogen gas concentrations became larger in the post-
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absorption period after a breakfast meal, exhaled breath hydrogen concentrations were measured between 11:00 and 18:00, or more
than 4 hours after breakfast using a portable breath hydrogen gas analyzer (HYDlyzer, TAIYO, Osaka, Japan) [2]. In 20 diabetic patients,

serum malondialdehyde-modified LDL (MDA-LDL), an oxidized LDL [6], were measured by an enzyme-linked immunosorbent assay at a
referee laboratory (SRL, Inc., Tokyo, Japan).

N

Male/Female
Age (years)

Healthy Control

Type 2 Diabetes

15

33

8/7

39±19

11/22

70 ± 13

Body Mass Index

20.4 ± 1.8

25.0 ± 4.1

HbA1c (%)

-

7.5±1.4

Duration of Diabetes (years)

Diet/OHA/OHA + Insulin (n)

-

-

Table 1: Clinical characteristics of subjects.

39 ± 19
5/23/5

Mean ± SD; OHA: Oral Hypoglycemic Agent.

The data are expressed as the mean ± SD. Statistical analysis was performed using the Yates χ2 test, unpaired t test, Mann-Whitney U-

test or Spearman’s rank correlation, where appropriate, with a significant level at p < 0.05.

Results

Figure 1 shows individual hydrogen gas concentrations of their exhaled breath in 15 healthy controls and 33 patients with type 2 diabe-

tes (25 ± 31 and 33 ± 65 ppm). Six patients treated with α-glucosidase inhibitors are depicted as an open circle. The kind of α-glucosidase
inhibitors was miglitol for the highest hydrogen gas concentration, acarbose for the second and third, voglibose for the fourth, and miglitol

for the fifth and the lowest. This indicates that breath hydrogen gas concentrations were not necessarily increased by taking α-glucosidase
inhibitors.

Figure 1: Individual hydrogen gas concentrations of their exhaled breath are depicted
in 15 healthy controls and 33 patients with type 2 diabetes (open circle, treated with
α-glucosidase inhibitors). There was no significant difference (Mann-Whitney U-test)
between two groups (25 ± 31 vs 33 ± 65 ppm).
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When the diabetic patients were divided into two groups by the median value (14.5 ppm) of their breath hydrogen gas concentrations,

clinical aspects of each group are shown in Table 2. Patients with higher hydrogen gas concentrations were significantly (p < 0.01) older
and had significantly (p < 0.05) longer duration of diabetes, while there were no significant differences between two groups for gender,

body mass index, diabetic treatment, HbA1c level, or the existence of retinopathy or nephropathy. Breath hydrogen gas concentration
was significantly correlated with age in total diabetic patients (rs = 0.531, p = 0.001) and also in healthy controls (rs = 0.541, p = 0.037).
Breath hydrogen gas concentration (ppm)
n

Male/Female

< 14.5
6.3 ± 3.5

14.5≤
58.4 ± 84.7

63 ± 14

76 ± 8

16

7/9

Age (years)

17

P value
0.202

4/13

Body Mass Index

26.0 ± 4.3

24.1 ± 3.9

Taking α-Glucosidase inhibitors (n)

2

4

Duration of Diabetes (years)
Diet/OHA/OHA+Insulin (n)
HbA1c (%)

Retinopathy (-/+)

Nephropathy (-/+)

8.9 ± 6.0
4/10/2

7.6 ± 1.4
12/4
9/7

15.1 ± 8.2
1/13/3

7.5 ± 1.4
9/8
8/9

0.389
0.002

0.019

0.605
0.712
0.92

0.34

0.858

Table 2: Clinical aspects of diabetic patients divided by the median value of their breath hydrogen gas concentrations.
Mean ± SD; Yates χ2 test or unpaired t test; OHA: Oral Hypoglycemic Agent.
Figure 2 shows the correlation between breath hydrogen gas concentrations and serum MDA-LDL levels in 20 diabetic patients. It

appears that serum MDA-LDL levels were reduced in patients with higher hydrogen gas concentrations, but there was no significant
correlation between them (rs = 0.086, p = 0.719). Considering the distribution of data in an attempt to make a difference, patients with

the hydrogen gas concentrations higher than 30 ppm (n = 7) had lower serum MDA-LDL levels compared with the other patients (n = 13)
(52 ± 14 vs 72 ± 34 U/L, one-sided p = 0.079, borderline significance).

Figure 2: Correlation between breath hydrogen gas concentrations and serum
malondialdehyde-modified LDL (oxidized LDL) levels in 20 diabetic patients. There was
no significant correlation between them (rs = 0.086, p = 0.719).
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The data of exhaled breath hydrogen gas concentrations did not show a normal distribution in healthy controls or diabetic patients.

There was no significant difference between them, and a few persons had considerably high hydrogen gas concentrations in both groups.
One diabetic patient treated with an α-glucosidase inhibitor showed an extremely high value, but it was suggested that taking α-glucosidase

inhibitors were not always associated with high breath hydrogen gas concentrations. However, it has been clearly demonstrated that
bacterial production of hydrogen gas was significantly enhanced after the administration of α-glucosidase inhibitors [5]. Accordingly, breath

hydrogen gas concentrations are considered to still depend on intake of foods and intestinal microbiome even after the administration
of α-glucosidase inhibitors. In our study, it was found that breath hydrogen gas concentrations increased with aging in both control and

diabetic groups, but were not associated with clinical aspects assessed. Increased concentrations of breath hydrogen gas in the elderly are
attributable to impaired absorptive capacity for carbohydrates, small intestinal bacterial overgrowth and so on [1,7,8].

Since drinking hydrogen-rich water was demonstrated to reduce serum lysine-modified or oxidized LDL levels [9,10], the correlation

between breath hydrogen gas concentrations and serum MDA-LDL levels in diabetic patients was assessed. Drinking such water briefly
increases breath hydrogen gas concentrations, which are within the range of daily intra- or inter-individual variations [2,9,11]. No

significant correlation was seen between them in the present study, but it is of note that serum MDA-LDL levels appeared to be reduced in

patients with high hydrogen gas concentrations. The mentioned study [9] demonstrated that intake of hydrogen-rich water significantly

decreased electronegative charge-modified (that is, lysine-modified) LDLs caused by acetylation, carbamylation, glycation, glycoxidation

or oxidation. MDA-LDL is an oxidized LDL formed by the reaction of MDA or malondialdehyde, a peroxidative end product, with lysine

residues of apolipoprotein B-100, the major protein present in LDL particles, during lipid peroxidation releasing F2-isoprostanes [12,13].
It is inferred that hydrogen gas would rather protect lipids from oxidative stress as shown with urine F2-isoprostanes [3].

Thus, it seemed that breath hydrogen gas concentrations just increased with aging and were not associated with clinical aspects of

type 2 diabetes. However, antioxidant bioactivity of hydrogen gas in the body was expected in diabetic patients with high concentrations of

breath hydrogen gas. As a most recent report [14] demonstrated remarkably beneficial results by subcutaneous injection of hydrogen gas

(1 ml/mouse/week for 4 weeks) in an animal model of type 2 diabetes, it would be worthy of paying attention to hydrogen gas produced
by intestinal bacteria in patients with type 2 diabetes.
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