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Abstract
Recently, it is widely recognized that microinflammation plays important roles in the pathophysiology of metabolic diseases, 
especially obesity-related disorders, diabetes and their complications. Lipopolysaccharide-binding protein (LBP) is a liver-
derived acute-phase protein responsive to lipopolysaccharides (LPS) produced by gram-negative bacteria, thus reflects the 
systemic inflammation caused by the infection of those bacteria including gut dysbiosis. In this study, we evaluated the plasma 
LBP levels and investigated its clinical significance in 67 Japanese patients with type 1 diabetes. Univariable analysis showed 
that LBP levels were significantly associated with body mass index (BMI; r = 0.43, p < 0.01) and serum high-sensitivity 
C-reactive protein (hs-CRP; r = 0.64, p < 0.001) levels. However, there was no significant association between plasma LBP 
levels and diabetic complications. Mediation analysis revealed that LBP had significant mediation effects on the association 
between hs-CRP and BMI (0.27 [95% confidence interval 0.10–0.48]). These results suggest that the systemic condition 
where the LBP level increases, such as gut dysbiosis, at least partly, impacts on chronic microinflammation in patients with 
type 1 diabetes.
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Introduction

Type 1 diabetes is a chronic metabolic disease character-
ized by absolute insulin deficiency and hyperglycemia, and 
is associated with various chronic complications [1]. In 

addition to the ‘classical’ concept of hyperglycemia-induced 
complications, the involvement of microinflammation in the 
development and progression of various complications in 
numbers of metabolic diseases has been revealed [2]. For 
example, microinflammation in obese adipose tissue is 
known to contribute to the development of adipocyte dys-
function, systemic insulin resistance and vascular damages 
through the production of proinflammatory cytokines by 
invaded immune cells [3, 4]. On the other hand, recently, the 
contribution of gut microbiota in various diseases has also 
been highlighted [5–7]. Gut dysbiosis represents an imbal-
anced alteration of microbiota, especially associated with 
diseases, and is induced by energy-rich foods or a high-fat 
diet [8]. Indeed, close relationship between gut dysbiosis 
and metabolic diseases including obesity and type 2 diabetes 
together with their complications suggests the pathophysi-
ological significance of gut microbiota in these diseases. 
In gut dysbiosis, gram-negative bacteria-producing toxin 
lipopolysaccharide (LPS) is translocated to the bloodstream 
from a leaky gut, and induces systemic inflammation [9, 10].
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Lipopolysaccharide-binding protein (LBP) is a liver-
derived acute-phase protein responsive to LPS, thus reflects 
the systemic inflammation including infection of those bac-
teria and gut dysbiosis [8–11]. Recent studies have found 
that plasma LBP levels were higher [12], and associated with 
complications (arterial stiffness) [13] in patients with type 2 
diabetes, suggesting its clinical significance in the develop-
ment of complications. In contrast, the clinical significance 
of LBP in patients with type 1 diabetes remains unclear 
while the involvement of gut dysbiosis in the development of 
type 1 diabetes is reported especially through the increased 
risk of disease onset and/or autoimmune reactions [14, 15]. 
Hence, in this study, we evaluated the plasma LBP levels 
and explored its pathophysiological significance in patients 
with type 1 diabetes.

Materials and methods

Study population

The study was conducted in accordance with the Declara-
tion of Helsinki, and was approved by the Osaka University 
Clinical Research Review Committee (Number 12,372, date 
of approval: 7/04/2017). Seventy-seven Japanese type 1 dia-
betes patients receiving the annual health checkups were 
recruited and enrolled in our study after having provided 
written informed consent. All participants were diagnosed 
as type 1 diabetes patients by diabetes specialists at the time 
of presenting with symptoms of hyperglycemia and/or keto-
sis in their clinical history, and since that time all had been 
under treatment with insulin therapy. Most of the partici-
pants are considered to be having the autoimmune, acute-
onset type 1 diabetes, but the inclusion of the fulminant 
type patients cannot be completely excluded when they are 
diagnosed before the establishment of the concept and diag-
nostic criteria of the fulminant type 1 diabetes. The patients 
with neoplasm, autoimmune diseases, and administration of 
oral anti-diabetic agents were excluded. We also excluded 
patients with current smoking and those with missing data 
of the analyses.

Clinical examinations

The clinical parameters were evaluated by a medical his-
tory interview, physical examination, blood sampling and 
indices of atherosclerosis. The details of the study methods 
are previously reported [16]. Blood sampling was performed 
at the time of the visit irrespective of the time of meal and 
insulin injection. Plasma LBP levels were measured using 
the specific ELISA (HK315-02, HyCult Biotech Inc., Uden, 
the Netherlands), and other blood samples were measured at 
SRL Inc. (Tokyo, Japan). All data and blood samples were 

collected on July 29th at Osaka Police Hospital or August 
26th at Osaka University Medical Hospital in 2017.

Statistical analyses

Data on baseline characteristics are presented as 
means ± standard deviations for continuous variables or 
percentages for discrete variables. All statistical analysis 
was performed using JMP version 14 (SAS Institute, Cary, 
NC, USA). A p value < 0.05 was considered statistically sig-
nificant. A mediated effect of LBP level on the relationship 
between variables of interest was assessed via a mediation 
analysis that can evaluate the causal pathway between the 
factors and the outcome [17]. We calculated the 95% confi-
dence intervals (CIs) of the mediation effect using bootstrap 
sampling with 2000 repeated samples.

Mediation analysis

During the mediation analysis, the total, direct, and indi-
rect effects of an exposure on an outcome were derived as 
follows; the total effect (Effect c) was evaluated to be the 
standardized partial regression coefficient in the univariate 
linear regression model. The direct effect (Effect c′), i.e., 
the effect not via a mediator of interest, was estimated as the 
standardized partial regression coefficient adjusted for the 
mediator in the multivariate linear regression model. The 
indirect effect, i.e., the effect that acted through the media-
tor, was calculated as [Effect a] × [Effect b], where Effect 
a and Effect b denoted the total effect of the exposure on 
the mediator (equal to the standardized partial regression 
coefficient in the univariate linear regression model), and 
the direct effect of the mediator on the outcome (equal to 
the standardized partial regression coefficient adjusted for 
the exposure in the multivariate linear regression model), 
respectively. This indirect effect of the exposure on the out-
come via the mediator could be also calculated as [Effect 
c] − [Effect c′].

Results

The clinical characteristics of the 67 patients included in the 
study are presented in Table 1. The median serum hs-CRP 
and mean plasma LBP levels were within the normal ranges 
(0.03 mg/dL and 8.2 µg/mL, respectively) [18, 19]. The mean 
body mass index (BMI) was 23.8 kg/m2, and 12 patients 
with overweight (25 ≤ BMI < 30) and five patients with obe-
sity (BMI > 30) were included among the subjects. The lev-
els of hs-CRP and LBP of 17 overweight or obese patients 
were higher than those of non-obese patients (log[hs-CRP]; 
6.6 ± 1.0 vs 5.7 ± 1.1, p < 0.01, LBP; 9.9 ± 3.0 vs 7.6 ± 2.2, 
p < 0.01), but both remained within the normal ranges. In 
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univariate analyses, log[hs-CRP] was significantly correlated 
with log[triglyceride (TG)] (r = 0.39, p < 0.05), systolic blood 
pressure (r = 0.27, p = 0.03), BMI (r = 0.43, p < 0.05), and LBP 
(r = 0.64, p < 0.05), whereas LBP was only significantly corre-
lated with BMI (r = 0.47, p < 0.05) and log[hs-CRP] (Table 2). 
Parameters of diabetic complications, including diabetic retin-
opathy, were not statistically correlated with log[hs-CRP] and 
LBP. We subsequently analyzed a possible effect of LBP as a 
mediator, on the relationship between hs-CRP and BMI via a 
mediation analysis (Fig. 1). The indirect effect of LBP on the 
relationship between BMI and hs-CRP was significant (0.27; 
95% CI 0.10–0.48), whereas the direct effect of BMI on hs-
CRP was 0.16; 95% CI 0.04–0.37.  

Table 1  Baseline characteristics of patients enrolled in the study 
(n = 67)

Data are shown as n (%), mean ± standard deviation, or median (inter-
quartile range)
U-ACR  urinary albumin creatinine ratio, eGFR estimated glomeru-
lar filtration rate, TG triglycerides, HDL high-density lipoprotein, 
LDL low-density lipoprotein, IMT intima media thickness, ABI ankle 
brachial pressure index, baPWV brachial-ankle pulse wave velocity, 
hs-CRP high-sensitivity C-reactive protein, LBP lipopolysaccharide-
binding protein

Male n (%) 18 (27)
Age (years) 34 ± 7
Duration of diabetes (years) 25 ± 7
Body mass index (kg/m2) 23.8 ± 3.5
HbA1c (%) 7.4 ± 1.0
Systolic blood pressure (mmHg) 120 ± 17
Diastolic blood pressure (mmHg) 71 ± 11
Hypertension n (%) 10 (15)
Dyslipidemia n (%) 6 (9)
Aspartate transaminase (U/L) 19 ± 5
Alanine transaminase (U/L) 15 ± 9
U-ACR (mg/gCr) 4.1 (3.0–6.0)
Uric acid (mg/dL) 4.0 ± 1.2
Creatinine (mg/dL) 0.64 ± 0.10
eGFR (mL/min/1.73 m2) 95 ± 13
TG (mg/dL) 63 (48–96)
HDL-cholesterol (mg/dL) 72 ± 17
LDL-cholesterol (mg/dL) 107 ± 22
Max carotid IMT (mm) 0.95 (0.85–1.10)
ABI 1.0 ± 0.1
baPWV (cm/s) 1318 ± 198
hs-CRP (mg/dL) 0.03 (0.02–0.07)
LBP (µg/mL) 8.2 ± 2.6

Table 2  Correlation between serum LBP and hs-CRP levels

p values were determined using single linear regression analysis 
except sex, whose p value was assessed using unpaired t-test
U-ACR  urinary albumin creatinine ratio, eGFR estimated glomeru-
lar filtration rate, TG triglycerides, HDL high-density lipoprotein, 
LDL low-density lipoprotein, IMT intima media thickness, ABI ankle 
brachial pressure index, baPWV brachial-ankle pulse wave velocity, 
hs-CRP high-sensitivity C-reactive protein, LBP lipopolysaccharide-
binding protein

Parameters log[hs-CRP] LBP

r p value r p value

Sex – 0.29 – 0.52
Age 0.04 0.76 − 0.10 0.42
Duration of diabetes − 0.07 0.56 − 0.14 0.27
Body mass index 0.43  < 0.01 0.47  < 0.01
HbA1c 0.22 0.07 0.20 0.11
Systolic blood pressure 0.20 0.10 0.27 0.03
Diastolic blood pressure 0.21 0.08 0.22 0.08
Aspartate transaminase − 0.004 0.97 0.04 0.74
Alanine transaminase 0.19 0.12 0.20 0.11
log[U-ACR] − 0.03 0.79 0.12 0.33
Uric acid 0.14 0.26 0.02 0.86
Creatinine − 0.002 0.99 0.03 0.78
eGFR 0.12 0.32 0.10 0.43
log[TG] 0.31  < 0.01 0.39  < 0.01
HDL-cholesterol − 0.04 0.74 0.07 0.60
LDL-cholesterol − 0.11 0.37 0.14 0.25
Max carotid IMT 0.03 0.82 0.07 0.60
ABI − 0.11 0.37 − 0.11 0.39
baPWV 0.02 0.88 0.11 0.37
LBP 0.64  < 0.01 – –

Fig. 1  Mediation effects of LBP on the association between BMI and 
hs-CRP using bootstrap sampling with 2000 repeated samples. a The 
total effect of BMI on hs-CRP, b the mediation (indirect) effect of 
LBP estimated by Effect a × Effect b, and the direct effect of BMI on 
hs-CRP (Effect c′) after adjusting for a mediator
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Discussion

In this study, plasma levels of LBP were significantly asso-
ciated with BMI and serum levels of hs-CRP, and LBP was 
found to be a statistically significant mediator of the rela-
tionship between BMI and hs-CRP. These results suggest 
that the condition of inflammation represented by LBP 
levels including infection and gut dysbiosis, at least in 
part, impacts on the chronic microinflammation linked to 
body weight gain in Japanese patients with type 1 diabetes.

In this study, we found that LBP had a significant 
impact on the pathophysiology of type 1 diabetes since 
LBP significantly mediated the relationship between BMI 
and hs-CRP. Both obesity and microinflammation are well 
known to play important roles in the development of vari-
ous diabetic complications. It should be noted that LBP 
levels and BMI in the study participants were both within 
the normal ranges [18], which is in contrast to previous 
reports targeting gut dysbiosis and obesity in type 2 dia-
betes. It is reported that gut microbial properties differ 
between obese and non-obese Japanese subjects [20], and 
the difference would impact on  the increased microin-
flammation associated with body weight gain [21]. This 
is similar to previous reports from other country groups, 
suggesting that it is not specific to the Japanese popula-
tion. Indeed, the overweight or obese subjects in our study 
exhibited significantly higher hs-CRP and LBP levels than 
other subjects, even within normal ranges. This suggests 
that microinflammation is also increased as patients with 
type 1 diabetes become obese, and the significant associa-
tion between LBP and BMI or hs-CRP, and the mediation 
of these parameters in our study suggest a pathophysi-
ological significance of microinflammation represented by 
plasma LBP levels even in a small range.

Previous studies reporting elevated levels of LBP in 
patients with obesity and/or metabolic syndrome [22, 23] 
indicated a possible contribution of gut dysbiosis in these 
metabolic disorders. Indeed, the existence of gut dysbiosis 
has been shown by rRNA-targeted reverse transcription-
quantitative polymerase chain reaction (RT-PCR), and the 
plasma LBP levels have been found to be higher in patients 
with type 2 diabetes [12]. In addition, serum LBP levels 
were reported to be significantly associated with arterial 
stiffness evaluated by aortic pulse wave velocity (PWV), 
in patients with type 2 diabetes [13]. These results sug-
gest that the existence of gut dysbiosis in type 2 diabetes 
has an impact on macrovascular complication. In contrast, 
there have been very few reports evaluating LBP in type 1 
diabetes. The serum LBP level in Indian patients with type 
1 diabetes was lower than that in healthy control subjects, 
and no significant association was found between serum 
LBP levels and vascular complications [24]. The reduced 

LBP levels in this report are different from our current 
data, but the associations between LBP levels and other 
clinical parameters were not assessed. To our knowledge, 
there is no other report describing the analysis of LBP in 
Japanese type 1 diabetes population. It is possible that 
there are some differences in the levels or tendencies of 
LBP between ethnicities due to environmental or cultural 
influences.

The current study has some limitations. First, it is a sin-
gle-center study with small sample size, lacking age matched 
suitable healthy controls mainly due to clinical limitations. 
Second, the participants were relatively well-controlled with 
less vascular complications so may not be representative of 
patients with type 1 diabetes. Third, the current study was 
observational in nature and was unable to distinguish the 
origin of LPS and the followed LBP response due to gut dys-
biosis or concomitant infections of LPS-producing bacteria 
in other sites, and/or the LBP is directly linked to an increase 
in body weight and chronic inflammation. We did not exam-
ine the existence of gut dysbiosis through direct analyses 
such as rRNA-targeted quantitative PCR. Thus, future stud-
ies collecting more detailed information will be needed to 
validate the current findings.

In conclusion, the study revealed that LBP significantly 
mediated the association between BMI and hs-CRP in 
patients with type 1 diabetes. This suggests that microin-
flammation represented by LBP is one of the etiologies of 
complications in type 1 diabetes and could be a potential 
diagnostic and therapeutic target in the future.
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