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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a condition involving several molec-
ular mechanisms related to the intestinal microbiota for its development. Intestinal
fatty acid-binding protein (I-FABP) is a sensitive marker to study enterocyte damage.
A prebiotic is a non-digestible food ingredient that improves host health by selec-
tively stimulating the growth and/or activities of bacteria in the colon. We aimed to
clarify the currently described effects of prebiotics in the prevention and manage-
ment of T2DM.

Methods: In this case-control study, we chose 68 participants with T2DM and 52
healthy participants. Both groups were further divided based on consumption of
prebiotics. Forty participants with T2DM consumed prebiotics, and 28 did not; 30
healthy volunteers consumed prebiotics, and 22 did not. We used the analysis of
variance to compare the inflammation levels between the case and control groups.
Multiple linear regression was performed for the significantly correlated groups to
estimate the influence of prebiotics on inflammation level.

Results: Age was a significant factor for difference in I-FABP levels (standardized
coefficient: 0.06; P =.047). The analysis of eating habits showed that vegetarian diets
produced lower I-FABP levels than non-vegetarian diets (standardized coefficient:
-2.55; P =.022). Results showed that patients with T2DM who consumed prebiotics
expressed lower |-FABP levels, reflecting an improvement in inflammation level, than
the healthy volunteers who did not consume prebiotics (standardized coefficient:
-3.20; P =.019).

Conclusions: For patients with T2DM, prebiotics supplemented produced no signifi-

cant impact on serum |-FABP levels.

Abbreviations: BMI(s), body mass index (es); DF, diabetes patients with fructooligosaccharides consumption; DO, diabetes patients without fructooligosaccharides consumption; FOS,
fructooligosaccharides; HbA1c, hemoglobinAlc; HF, health participants consume fructooligosaccharides; HO, health participants did not consume fructooligosaccharides; I-FABP, fatty
acid-binding protein; IL-6, interleukin-6; LBS, lipopolysaccharide-binding protein; LDL, low-density lipoprotein; LPS, lipopolysaccharide; Mets, metabolic syndrome; T2DM, type 2

diabetes mellitus; TNFa, tumor necrosis factor alpha; VLDL, very low-density lipoprotein.
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1 | INTRODUCTION

Diabetes is a chronic condition associated with abnormally high lev-
els of sugar (glucose) in the blood. The diagnostic criteria of diabetes,
established by the World Health Organization (WHO), are fasting
plasma glucose 27.0 mmol/L, 2-hour post-load plasma glucose
>11.1 mmol/L, orHbA1c 248 mmol/mol.! Though the origin of diabe-
tes is considered complex and multifactorial, the disease is currently
highly prevalent, accounting for 3.5% of the mortality cases due to
non-communicable chronic diseases.? According to WHO, one in 10
people have diabetes worldwide, reaching up to one in three in some
regions.3

Probiotics are microorganisms used as food supplements that
are beneficial for the host.* Prebiotics are designed to selectively
stimulate beneficial microbiota, which has been shown to improve
the health of the host.” The most widely accepted prebiotics are the
fermentable oligosaccharides inulin, fructooligosaccharides (FOS),
galactooligosaccharides (GOS), and lactulose. Probiotics and rele-
vant supportive prebiotics can be administered simultaneously to
increase survivability and enhance the beneficial effects in the in-
testinal tract.® Such combinations of probiotics and prebiotics that
aim to improve gut health are called synbiotics.>”’

Fructooligosaccharides is found in a variety of edible plants,® with
onions and leeks being the most common ingredients in the Western
diet.” A previous study showed that FOS are non-digestible oligo-
saccharides; for healthy individuals, FOS would survive the small
intestine and eventually be fully metabolized by the colonic microbi-
ota'® which generated many results regarding its effects on human
health. Similar to the fermentation of dietary fibers, consumption
of FOS leads to an increase in breath hydrogen concentration.*01?
The short-chain fatty acids produced during the fermentation of
FOS, such as acetate, propionate, and butyrate, are absorbed by the
colonic mucosa.’®* Acetate and propionate absorbed through the
portal vein influence systemic carbohydrate and lipid metabolism,'*

16-18 and serum lipids metabolism.'®%’ By study-

glucose metabolism,
ing FOS fermentation, researchers hope to predict their metabolic
effects.

Recently, a systematic review investigated the association be-
tween metabolic endotoxemia and diabetes mellitus. This review
found that most of the studies observed high lipopolysaccharide
(LPS) or LPS-binding protein (LBP) concentrations in diabetic sub-
jects compared with healthy controls.?° Scientific evidence suggests
that intestinal microbiota interacts with environmental factors and
susceptible genetic factors, which contribute to the development
of diabetes.?! Previous studies have shown no significant effect
of consuming FOS on fasting plasma glucose and serum total cho-

lesterol concentrations in individuals with type 2 diabetes mellitus

(T2DM).>?2 Yamashita et al®® administered 8 g FOS supplementation
per day for 2 weeks to T2DM patients with elevated blood glucose
and serum lipid concentrations.

Several experiments in rats have shown that FOS lowers total,
LDL, and VLDL cholesterol and serum triacylglycerol.?#?> Luo

et al??

studied the effect of consuming 20 g of FOS daily on hu-
mans. Although no effect from consuming FOS was found in T2DM
individuals, they found increased basal hepatic glucose produc-
tion in the healthy subjects. Pedersen et al?® found no significant
changes in either total, HDL, and LDL cholesterol, or triacylglycerol
in healthy females with a daily intake of 14 g inulin. To put these
studies into context, the mean daily consumption of prebiotics
such as inulin and oligofructose from natural foods ranges from
1 to 4 g in the United States.® However, though there have been
studies on the effects of FOS, very few were placebo-controlled
and double-blind clinical experiments performed to examine spe-
cific health outcomes.

Considering the association between T2DM and intestinal fatty
acid-binding protein (I-FABP),%” we expected that prebiotics could
improve |-FABP levels in patients with T2DM. In addition, we exam-
ined the relationship between I-FABP levels and prebiotic effects to
assess the underlying mechanisms. This case-control study aimed to
clarify the currently described effects of prebiotics in the preven-
tion and management of T2DM by screening biomarkers of blood or

urine samples in patients with T2DM.

2 | METHODS
2.1 | Patient and report

All patients and healthy volunteers signed an informed consent
form. The inclusion and exclusion criteria were followed during the
recruitment of participants. We recruited patients 218 years old
who had been diagnosed with diabetes (based on the WHO diag-
nostic criterial’)
Committee of the Buddhist Taipei Tzu Chi General Hospital. The
protocol of this study was reviewed and approved by the Research
Ethics Committee of the Buddhist Taipei Tzu Chi General Hospital.
The study was registered in the Chinese Clinical Trial Registry on
August 2, 2018, ChiCTR1800017529, and retrospectively registered
on the Registry website as http://www.chictr.org.cn/historyver
sionpuben.aspx?regno=ChiCTR1800017529.

The participants in this study had no history of gastrointesti-

. The study was approved by the Research Ethics

nal disease and had not been treated with antibiotics or laxatives
within 3 months before the experiment; patients with diabetes

mellitus all received dietary advice to control and treat diabetes.
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Blood or urine samples were collected at baseline and at 1, 3, and
6 months. Each patient kept a specific diary where they recorded
the time of supplement consumption, possible diseases or discom-
fort, medications used, and deviations in usual lifestyle behavior
(including eating and drinking). Complaints of flatulence were rated
on a 4-point scale (none, mild, moderate, or severe). All patients
consumed FOS (15-20 g/d) for 1-2 months. Regarding food intake
and supplementation, the patients were instructed to maintain
their usual lifestyle. However, instructions emphasized that the
patients were not allowed to eat probiotics and other prebiotic
dairy products, specifically ones that contained microorganisms
that survive the passage through the upper gastrointestinal tract,
or food products, such as onions and leeks, which are known to
contain large amounts of FOS naturally. A list of these probiotic,
prebiotic, and high FOS-containing foods was provided to all pa-
tients. In the diary, patients recorded their 3-day habitual dietary
intakes in each treatment period. The FOS were isoenergetic (30-
40 kcal/d) and were mixed with a self-prepared beverage; the FOS
dose was gradually increased 5 g/d during the first 3 days to pre-
vent adverse gastrointestinal side effects. Initially, we recruited 80
patients with T2DM and 80 healthy volunteers. However, of the
total participants, only 68 patients with T2DM and 52 healthy vol-
unteers were included in this study. Forty participants with T2DM
consumed prebiotics and 28 did not consume prebiotics. Moreover,
30 healthy volunteers consumed prebiotics and 22 did not con-
sume prebiotics.

2.2 | Measurement of cytokines

We collected the patients' blood, centrifuged it, and refriger-
ated it at =70°C until testing. The cytokines interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNFa), as well as I-FABP, in the
serum were measured using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems), according to the manufacturer's

instructions.

2.3 | Statistical analysis

The demographic and clinical characteristics of the study popula-
tion were compared using analysis of variance (ANOVA) for continu-
ous variables and chi-square test for categorical variables. We also
performed post hoc analysis when continuous variables showed
significant differences. A multivariate linear regression analysis was
performed to confirm the relationship between inflammation level
and prebiotics after adjusting for other factors. All statistical analy-
ses were performed using SAS 9.3 software. A P-value of <.05 was

considered significant in all tests.

3 | RESULTS
3.1 | Participants' demographic data

We recruited 68 patients with T2DM and 52 healthy participants
(Figure 1). Forty diabetes patients consumed FOS (DF), and 28 diabetes
patients did not consume FOS (DO). A total of 30 healthy participants
consumed FOS (HF), and 22 healthy participants did not consume
FOS (HO). The mean ages of the DF, DO, HF, and HO groups were
59.88 +12.24,53.25 + 13.65, 38.03 + 15.99, and 41.41 + 19.81 years,
respectively. Patients in the DF and DO groups were older than those
in the other groups. Seventy-three (60.83%) female patients and 47
(89.17%) male patients were enrolled in this study. The DF, DO, HF, and
HO groups had body mass indexes (BMls) of 27.10 + 4.69, 26.57 + 6.33,
20.00 + 2.46, and 22.60 + 3.60, respectively. Patients with T2DM
had higher BMlIs than the healthy volunteers. Participants in the DF,
DO, HF, and HO groups weighed 71.77 + 16.40 kg, 68.36 + 16.84 kg,
52.01 + 8.73 kg, and 58.45 + 8.65 kg, respectively. The weight meas-
urements of patients with T2DM were consistent with their BMI re-
sults. The height measurements of the participants in the DF, DO, HF,
and HO groups were 162.38 + 9.60, 160.38 + 8.33, 160.96 + 8.72,
and 161.11 + 7.15 cm, respectively. Their systolic blood pressure meas-
urements were 135.61 + 17.02, 128.04 + 15.51, 114.21 + 13.31, and

120 (No. of participants, 2015 Jan-2018 Dec)

52

No. of health controls

30 (HF)
No. of health controls with

fructooligosaccharides
consumption

22 (HO)
No. of health controls without

fructooligosaccharides
consumption

FIGURE 1 Flow chart of this study

68

No. of patients with type 2
diabetes mellitus

40 (DF)
No. of patients with
fructooligosaccharides
consumption

28 (DO)
No. of patients without
fructooligosaccharides
consumption



HOU ET AL.

WILEY

40f 7

‘S0 >d

"9-upinaj4ajul ‘9-| utajoad Suipuig-pioe Alje) ‘dgv4-| (Soplieyddesosijoo3onay awnsuod jou pip sjuedidijied yijeay ‘OH ‘saplieyddesosijoo3onty awnsuod sjuedidiyied yijesy

‘4H OTvulgojSowsaey Q)yqH ‘uoirdwnsuod saplieyddesod|joo1dna) Jnoyim siuaijed sazaqgelp ‘O ‘uoirdwnsuod saplieyddesodjoo1dnay yim sjualied sajaqgelp ‘4 xapul ssew Apoq ‘||Ag :Suoljeinaiqqy
M 9 10J uoidwnsuod J1301ga.id J93Je PUB 940497 U99MID] SIUSWINSEIW JO JuswaAoIdw] suesw DTYAH PUe ‘9-T| ‘e4NL ‘dgVv4-1 40 92uaiapyiq 210N

(92uatayip)
0089° [4ARS ¢0'0- (014 0T'0+ 100 €C S6'0F €1°0- 8T 250+ 10— 1€ JTVIH
OH
‘4H <4a<o0a .1000> 9¢°0+F 8¢S (014 £e0+F 8C'S €¢C (arAas 182 61 SETF €L°9 1€  (dnMmojjo)) DTVIH
OH
‘4H<4a<03a .1000> 62°0F LE°S [44 LE°0F 8C'S 8¢ €T 808 LT eTF 18'9 6€ (suieseq) DTVAH
1601 6 €6'GC L 8€°GT 14 8€'GT 9 uelie}asaA
8860° 6065 (1 LO'VL (014 c9'v8 @ 2978 €€ UelIe}a8aA-UON
@z LT 74 6€ s)qey Supe3
1859¢C LO°0TF SL'C 4" 0€0+ ¢00 LT 8€0+ 01’0 8T GS0F 710 €¢ (92uatapyip) 9-11
LETT LT 0F €T°0- 4" £v'0F 8T°0- 8T LE0F 100 LT 8¢'0F 700 €c (@2uaJ34yip) BINL
168C zS 9+ 'l 174 oY1+ 90 [44 SLEF LCT- 91 0L'€F 1] 0€  (92UdJ4a41p) dGV4-I
a4nssaud
4H <4d L100° SOTT+ 6G°€L LT G6'8F 6€°CL ea [40h45s 1818 9c SLETF 0T'v8 1€ poo|q d1jo3selq
4H <0da ainssaud
‘OH dH <4a .1000> L6TTF 6CLTT LT 1€€T+ 11241 14 16°GT+ 70'8¢1T 9¢C 0L+ 19°GET €€ poojq 21j03sAS
9018° ST/* 11191 cc CL8F 96091 ya4 £e°8+ 8€'09T 8¢ 09°6+ 8€'C9T 8¢ 1ysiay Apog
4H <0d
‘OH dH <4a .1000> G9'8+F S'8S [44 €L°8F 10°¢CS LT 7891+ 9€'89 8¢ 0’91+ LLTL 8¢ 1ysiam Apog
OH
‘4H <0d ‘4a .1000> 09°¢c+ 09°¢cc ©e ov'TF 00°0C LT €C9F £5°9¢C 8¢ 69°vF (0] VA4 8¢ INg
4iH <0d
‘OH ‘dH <4a .1000> 1861+ Wiy [44 66'ST+ €0'8¢€ o€ S9ET+ GCes 8¢ YT+ 88'6G ot ady
20y 3s0d anjeA-d as uesn as ues as uesn as uesin

(¢ =N) OH (0€ =N)dH (8¢ =N)oa (o7 =N)4dd

snjlj[aw sajaqelp g 2dA} yum sjuaijed jo ejep olydes3owsq T I19VL



HOU ET AL.

117.29 + 12.97 mm Hg, respectively. Their diastolic blood pressure
measurements were 84.10 + 13.75, 81.81 + 14.02, 72.39 + 8.95, and
73.59 + 11.05 mm Hg, respectively. The blood pressure measurements
of patients with T2DM were higher than those of the healthy volun-
teers. The baseline haemoglobinAlc (HbA1c) levels of participants in
DF, DO, HF, and HO groups were 6.81 + 1.32,8.08 + 2.13,5.28 + 0.37,
and 5.37 + 0.29, respectively (Table 1). Results of the post hoc analy-
sis are presented in Table 2. We found that DF was higher than other
groups in age, BMI, body weight, systolic blood pressure, and diastolic
blood pressure. We found that DO was higher than other groups inH-
bA1C (baseline and follow-up).

3.2 | Linear regression results

The improvements between the inflammation variables at base-
line and follow-up were denoted as I-FABP (difference), TNFa (dif-
ference), and IL-6 (difference). A multiple linear regression model
was used to estimate the possible influence of prebiotics on the
inflammation variables. We set |-FABP (difference) as the depend-
ent variable in the regression model. In Table 2, the results showed
that age is significant at different I-FABP levels (standardized coef-
ficient: 0.06; P = .047). Analysis of eating habits showed that veg-
etarian diets produced lower I-FABP levels than the non-vegetarian
diets(standardized coefficient: -2.55; P = .022). In the comparison
between groups, the DF group expressed lower I-FABP levels than
the HO group (standardized coefficient: -3.20; P = .019). In addi-
tion, the DO group showed lower I-FABP levels than the HO group
(standardized coefficient: -4.06; P = .005). Table 2 shows that pa-
tients who received education courses had lower |-FABP levels
(standardized coefficient: -3.19; P = .004).

TABLE 2 Linear regression analysis of the age, eating habits, and
I-FABP of patients with type 2 diabetes mellitus

Full model
p-
Coefficient value
Age 0.06 047
Eating habits
Vegetarian vs non-vegetarian -2.55 022"
Education
Yes vs no -3.19 004
Group
DF vs HO -3.20 .019°
DO vs HO -4.06 .005
HF vs HO -0.84 495

Abbreviations: DF, diabetes patients with fructooligosaccharides
consumption; DO, diabetes patients without fructooligosaccharides
consumption; HF, health participants consume fructooligosaccharides;
HO, health participants did not consume fructooligosaccharides.

*P < .05.
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4 | DISCUSSION

Prebiotics are food ingredients that induce the growth or activity of
beneficial microorganisms (eg, bacteria and fungi).?® FOS is among
the most common prebiotics. A previous study showed the signifi-
cance of the correlation between age and I-FABP levels.?’ |-FABP
is a new biomarker for intestinal diseases and is released into the
circulation immediately after the small intestinal mucosal tissue is
injured®®; I-FABP is significantly higher in patients with T2DM.%!
According to previous published studies, the association of FABP2
Ala54Thr polymorphism with T2DM, obesity, and metabolic syn-
drome (MetS) is controversial. To this concern, in global populations,
a meta-analysis conducted to show associations between the FABP2
Ala54Thr polymorphism and T2DM and MetS.%?

In daily diet, people consume prebiotics from inulin and oligof-
ructose as natural ingredients.6 Prebiotics are beneficial to the host,
especially on human gastrointestinal health.**

According to previous studies, a lack of short-chain fatty acids
(especially butyrate) may cause metabolic and intestinal dysfunc-
tion.”1011:2730 Diapetes mellitus is associated with gut microbiota,
probiotics, FABP2, and LPS or LBP.18:20.30.32 Baced on previous stud-
ies, T2DM may be an operable intestinal disease characterized by a
component of intestinal dysfunction.®® To our knowledge, I-FABP
was correlated with LPS among all participants with human immu-
nodeficiency virus. According to previous studies and our results,
we may assume that improvement of I-FABP levels was correlated
with LPS in T2DM patients with intake of prebiotics. There is no
relevant literature discussing the relationship between I-FABP and
metabolic endotoxemia. However, epidermal-type FABP (E-FABP) is
specifically involved in the LPS-induced cytokine production of mast
cells and could play a role in the host defense against bacterial infec-
tion, possibly through regulation of TNFa production.®* In addition,
I-FABP is a cytoplasmic protein that is specifically expressed in the
epithelium of intestinal mucosa, and the serum concentration may
be increased when intestinal barrier dysfunction occurs. However,
the relationship between I-FABP and endotoxemia has not been well
explored. We believe endotoxemia may cause gut barrier dysfunc-
tion and the relevant biomarker, serum I-FABP, may be increased.

No relevant studies have investigated the effects of prebiotic
consumption on serum |-FABP levels in patients with T2DM. This
study found that the intake of prebiotics may reduce I-FABP levels in
patients with T2DM. To our knowledge, this is the first study to eval-
uate the association between prebiotics and I-FABP levels. We sug-
gest that T2DM patients treated with FOS can recover from small
intestinal mucosal tissue injury. Our study provides clinical novelty
to investigate the effect of FOS on I-FABP levels compared with pre-
vious studies.>?8%° However, other inflammation indices, including
TNFa and IL-6, showed no significant association with prebiotics.
TNFa and IL-6 are proinflammatory cytokines. Moreover, prebiotics
did not trigger an increase in the HbA1c level. Therefore, intake of
prebiotics might control I-FABP levels in patients with T2DM.

In our study, the education course for patients with T2DM was

important to control the level of inflammation (Table 2). In addition,
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the improvement of I-FABP levels in the DO group was larger than
that in the DF group. This is probably because the baseline HbA1lc
of the DO group was higher than that of the DF group (Table 1).
For eating habits, we use Chi-square test to analysis count data of
eating habits of patients with type 2 diabetes mellitus and healthy
controls listed in Table S1. The result showed distribution of eat-
ing habits was not different between patients and health controls
(P> .05).

This study had several limitations. First, the baseline HbAlc
among patients with T2DM varied due to participants' willingness.
According to experiences, the sweet taste of FOS decreased the
willingness to participate of patients with T2DM who had higher
HbAl1c levels. Moreover, the differences between patients and
controls' ages may affect the results. The lack of random allocation
might limit the interpretations of our results. Second, this study had
a relatively small sample size, which might have biased our results.
Third, the lack of quantitative assessment of the patients' compli-
ance to FOS consumption might limit the interpretations of our re-
sults. A further study with more patients and fewer confounding
factors might be warranted in the future. Fourth, we conducted a
cross-sectional study, which might make it difficult to measure pre-
dictions, associations, and any causal relationships. Finally, we found
that I-FABP levels were not significantly different between the DF
and DO groups. In our clinical viewpoint, the HO group is a pure
control against the DO group.

5 | CONCLUSIONS

In conclusion, diets supplemented with prebiotics may result in im-
provements in serum |-FABP levels for patients with T2DM than
healthy controls. Among T2DM patients, prebiotics consumption

produced no significant impact on I-FABP levels.
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