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Abstract
The gut-microbiota-targeted prebiotic intervention has been a hot topic in the study 

of health modulation. To examine the effect of fucoidan supplementation on the health 
of long-cared elderly subjects (88years ± 3.41) with malnutrition (MNA-SF score ≤ 7), 
an eight-week randomized, single-blind clinical trial was carried out in a community 
hospital. The subjects were divided into a test group (TG, n = 45), which received the 
fucoidan supplementation (1g/d) and a control group (CG, n = 20). Preliminary data 
on metagenomes, plasma metabolomes, prealbumin, twelve cytokines, and clinical 
records from six people were analyzed. The results showed that with prebiotic 
intervention, prealbumin, a sensitive nutrition marker slightly increased. Furthermore, 
in the test group, there were 42 signifi cantly enriched gut microbial species (t-test, 
p < 0.05), including multiple benefi cial bacteria (Bifi dobacterium breve, Roseburia 
hominis, and Lactobacillus acidipiscis), which positively correlated with Medium-Chain 
Fatty Acid (MCFA)-associated carnitines (octanoylcarnitine and decanoylcarnitine), 
and chenodeoxycholic acid. The defecation and neuropsychological activities of the 
participants in the test group also improved slightly. The preliminary data suggests that 
fucoidan has the potential to improve metabolism, gut function, and nutrition in elderly 
people by changing the gut microbiota and enriching benefi cial bacteria. A larger sample 
size analysis is needed for a deeper understanding of the effects and mechanism.

Introduction
The improvements in life expectancy around the world in the past 

few decades have been accompanied by an increased burden of geriatric 
diseases. Aging is characterized by immunosenescence and degenerative 
functions, with a high incidence of malnutrition, frailty, and sarcopenia, 
as well as chronic diseases, especially cardiovascular and cerebrovascular 
diseases, cancer and diabetes [1]. Metagenomic and metabolomic research 
and observational, functional, and interventional studies have indicated 
the important roles of gut microbiota in host digestion, immunity, 
and neuropsychological functions [2]. Compared to a young person, an 
older individual has an aging gut with complex, less stable, and more 
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heterogeneous microbiota. It is related to multiple 
factors, including host (e.g., age, gender, chronic 
diseases), intakes (e.g., diet, drugs), and living or 
care sites (e.g., community, hospital, long-term 
care residence), and socioeconomic variables [3]. 
Malnutrition could impair immunity by imbalancing 
gut microbiota and causing "leaky gut" through 
Gut-Associated Lymphoid Tissue (GALT), which is 
further found to be associated with susceptibility to 
pathogenic infections, higher mobility of multiple 
chronic diseases, and cognitive dysfunctions such as 
depression and dementia.

Gut-microbiota-targeted intervention is 
considered a promising means of health modulation. 
Prebiotics include non-digestible fi bers [4] and, more 
broadly, dietary fi bers, oligofructose, and inulin, 
which commensal bacteria can selectively catalyze 
to improve microbiota composition and ameliorate 
human immunity and metabolism. Health modulation 
through the use of prebiotics has been well-reviewed 
[5], especially in relation to type 2 diabetes [6], allergy 
risk, colorectal cancer [7], infl ammatory bowel 
disease [8], non-alcoholic fatty liver disease [9], and 
psychological status. The gut microbiota of elderly 
people gradually degenerates, leaving this population 
with fewer Bifi dobacterium and Firmicutes, and more 
Enterobacteriaceae and some Proteus species than 
young populations. An insuffi  cient intake of dietary 
fi bers has been correlated with lower immunity 
and less gut microbial diversity [10]. Metabolites, 
especially short-chain fatty acids (SCFAs), such as 
butyric acid, are reduced in malnourished elders, 
while the levels of lactic acid, methane, and branched-
chain fatty acids are signifi cantly higher.

Previous research has described the anti-
infectious, antitumor, and antioxidant activities of 
fucose-rich, sulfated polysaccharide fucoidan [11]. 
These activities make fucoidan an attractive candidate 
for rectifying gut microbiota and function in elderly 
people with malnutrition. In this study, preliminary 
data from a randomized single-blind clinical trial 
with fucoidan supplementation revealed improved 
gut microbiota and metabolism in elderly people with 
malnutrition.

Methods
Study design and sample collection

The inclusion criteria for the present study were 
an age over 65 years, a potential risk of malnutrition 
(MNA-SF score ≤ 7), and the absence of a history of 

a serious vital organ disease, such as heart, lung, 
liver, or kidney diseases. The exclusion criteria were 
an acute infection, a progressive or serious internal 
disease, and antibiotic or probiotic history within 
the previous two months. The clinical study was 
approved by the Ethics Committee of Shanghai Tenth 
People’s Hospital (approved protocol number: 20-
161) and registered with the Chinese Clinical Trial 
Registry (ChiCTR2200065535). The participants or 
their children provided informed consent for the 
study. The study began with a prebiotic intervention 
conducted in a community hospital in Shanghai, 
China in January of 2022. Next, the participants were 
randomly assigned to the Test Group (TG) using 
prebiotic supplementation, or the Control Group 
(CG), which received no prebiotic for eight continuous 
weeks. The demographic data (e.g., age, gender, 
and BMI), clinical manifestations, observations, 
and questionnaires of appetite, defecation, and 
neuropsychological activities of the participants were 
recorded. Fecal and plasma samples were collected 
from overnight-fasting subjects at the beginning and 
end of the study for multiomics and cytokine analysis 
[12].

Metagenomic and metabolic analyses

Fecal DNA was extracted and fragmented for library 
construction and sequencing using the PE150 mode on 
the HiSeq4000 platform. Raw data were fi ltered and 
trimmed before the metagenomic analysis [13] and 
before the assembly of short reads using the De Bruijn 
graph-based assembler SOAP de novo (version 2.04). 
Scaff olds over 500 bp were used for gap-free contigs. 
Open Reading Frames (ORFs) for each sample were 
predicted using MetaGene (http://metagene.cb.k.u-
tokyo.ac.jp/, 15 December 2015 version), and ORF 
sequences with over 95% identity and 90% coverage 
were clustered as the non-redundant gene set using 
the CD-HIT program (version 4.5.7). Functional gene 
annotation was performed using BLASTP against the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
database (e-value ≤ 1 × 10−5 and high-scoring segment 
pair scoring). Antibiotic Resistance Genes (ARGs) 
were annotated using the Antibiotic Resistance Genes 
Database (ARDB) [14]. The diff erential species, KOs, 
and ARGs were identifi ed using the Student's t-test 
(R function t.test) with a threshold P-value of < 0.05. 
The Spearman correlation coeffi  cient (R function 
cor.test) was used for the correlation analysis [12] 
of diff erential microbes and metabolomics with a 
threshold p-value of < 0.05 and a 95% confi dence 
level. 
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Plasma metabolites were quantifi ed using the 
Q300 Kit (Metabo-Profi le, Shanghai, China) on 
the ultra-performance liquid chromatography 
coupled with tandem mass spectrometry (UPLC-
MS/MS) system (ACQUITY UPLC-Xevo TQ-S, Waters 
Corp., Milford, MA, USA) in accordance with the 
standard operation protocols. Mass Lynx software 
(v4.1, Waters Corp., Milford, MA, USA) was used 
for raw data analyses, including peak integration, 
calibration, and quantifi cation. Additionally, iMAP 
(v1.0, Metabo-Profi le, Shanghai, China) was used 
for the statistical analyses, including PCA, OPLS-DA, 
univariate analysis, and pathway analysis. Diff erential 
metabolites were identifi ed using the Student's t-test 
(R function t-test) with a threshold p < 0.05.

Prealbumin and cytokines analysis

The levels of plasma interleukin 1-beta (IL-1β), 
interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 
5 (IL-5), interleukin 6 (IL-6), interleukin 8 (IL-8), 
interleukin 10 (IL-10), interleukin 12-p70 (IL-12p70), 
interleukin 17A (IL-17A), interferon-gamma (IFN-γ), 
interferon-alpha (IFN-α), and tumor necrosis factor-
alpha (TNF-α) were quantitatively determined by 
magnetic bead-based multiplex immunofl uorescence 
assays using the Human Th1/Th2/Th17 cytokine 
kit (JiangXi Cellgene, Nanchang, China) on fl ow 
cytometry (BD FASCanto II,, San Jose, CA, USA), in 
accordance with the manufacturer's protocol. The 
BD FCAP Array software (v3.0.1) was used to analyze 
the data and output the cytokine concentrations 
(pg/mL). Diff erential plasma albumin and cytokines 
were identifi ed using the Student's t-test (R function 
t.test) with a threshold p < 0.05.

Results
Fucoidan altered the gut microbiota and 
increased the abundance of multiple benefi cial 
bacteria

The metagenomes of 12 TG and CG fecal samples 
generated a total of 71.70 Gb of clean data (an 
average of 5.98 G per sample) with an average Q30 
over 96%. The alpha diversity of the gut microbiota 
was increased in TG (t-test, p < 0.05, fi gure S1). 
Principal coordinate analysis (PCoA) showed that 
there were no diff erence in community structure in 
CG and TG (t-test, p > 0.05, fi gure S2). Diff erential 
taxon analysis revealed 43 diff erential species in TG 
(t-test, p < 0.05, fi gure 1). Furthermore, 42 of them 
were enriched species, indicating the boosted growth 

of multiple microorganisms, including multiple 
benefi cial organisms such as Bifi dobacterium breve, 
Roseburia hominis, Ruminococcus fl avefaciens, 
Lactobacillus acidipiscis, and Alistipes CHKCI003, 
etc. In contrast, only 18 diff erential species were 
observed in CG, and mostly decreased (15/18) (Figure 
1). Linear Discriminant Analysis (LDA) Eff ect Size 
(LEfSe) analysis also showed most diff erential species 
decreased in CG (89%), whereas all diff erential 
species increased in TG (Figure S3). TG had higher 
concentrations of benefi cial symbionts including 
genera Subdoligranulum and Faecalibacterium and 
species Enterococcus faecalis, Ruminococcus obeum 
CAG 39; however, these results were not statistically 
signifi cant.

The functional annotation of metagenomes 
revealed trivial changes in both TG and CG groups, 
including alpha and beta diversity, annotation by 
the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) database (5472 KOs in TG and 5517 KOs 
in CG), and eggnog pathways. Most pathways 
were increased signifi cantly in CG, including 
carbohydrate metabolism, energy metabolism and 
amino acid metabolism. In TG, the function shift was 
characterized by enrichment of 16 pathways including 
lipid metabolism, amino acid metabolism and 
carbohydrate metabolism (Figure S4). A total of 178 
Antibiotic Resistance Genes (ARGs) were annotated 
in TG with 7 changed, and 149 ARGs annotated in 
CG with 8 changed. With time, 4 out of 7 diff erential 
TG ARGs decreased signifi cantly (macB, ermB, 
acrB, and bacA), responsible for the resistance of 
macrolides, erythromycin, acrifl avine, and bacitracin, 
respectively. While in CG, 5 out of 8 CG ARGs increased 
(macB, vanRG, bacA, bl2e cfxa, and tet37), conferring 
resistance to macrolides, vancomycin, bacitracin, 
beta-lactamase, and tetracycline, respectively. This 
may be related to a limited sample size or was found 
before and after the intervention in TG and CG.

Plasma metabolomes shallowly changed in TG 
and CG

Quantitative plasma metabolite profi ling 
using the Q300 kit and ultra-performance 
liquid chromatography coupled to tandem mass 
spectrometry (UPLC-MS/MS) system identifi ed a 
total of 195 metabolites in TG and 195 in CG. Only three 
signifi cantly varied metabolites in TG were detected 
(t-test, p < 0.05): 3-Hydroxylisovalerylcarnitine, 
Glycylproline, and Sebacic acid. Three metabolites 
decreased in CG (Azelaic acid, Glycolic acid, and 
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Figure 1 The signifi cantly varied species accompanying fucoidan supplementation. The differential species (CG: a and b; TG: c and d) along 
intervention identifi ed by the Wilcoxon rank-sum test (p < 0.05) and Kruskal-Wallis’s test (p < 0.05).

Caproic acid), and two (Palmitoylcarnitine and 
N-Acetylserine) improved. Generally, metabolism 
seemed to remain stable in both TG and CG groups. A 
larger sample size or longer intervention time might 
be needed for further investigation.

Correlation analysis was performed between 
diff erential (p < 0.05) bacteria and metabolites 
in both groups (Figure 2). It should be noted 
that, in TG, signifi cantly enriched benefi cial 
microbes Bifi dobacterium breve (p = 0.033 for each 
metabolite) and Ruminococcus fl avefaciens (p = 
0.021 for each metabolite) were positively correlated 
with Octanoylcarnitine, Decanoylcarnitine, and 
Chenodeoxycholic Acid (CDCA), indicating the 
metabolic impact of altered microbiota induced 
by prebiotic intervention. Meanwhile, most of the 
correlations in CG were between decreased microbial 

species and varied metabolites. The only multiple 
enriched microbe-involved positive correlation 
was between maleic acid and Prevotella buccae, and 
Rahnella aquatilis.

Clinical records and cytokines

The plasma albumin and 12 cytokines of the 12 
samples were quantitatively analyzed. Overall, IL-6 
and IL-8 were overall elevated in both TG and CG, 
indicating a systemic infl ammatory response in 
the participants over time. However, no signifi cant 
changes were observed within or between groups. A 
slight trend of improved prealbumin was observed; 
however, further analysis with a larger sample size 
is needed. Data on the participants’ appetite (e.g., 
amount of food taken, biased toward vegetables/
meat/fruit or sweet snacks), defecation (e.g., 
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Figure 2 Correlation analysis between the differential species and all detected plasma metabolites in CG (a) and TG (b). The correlation 
analyses were conducted by the Spearman correlation coeffi  cient. Color depth indicates the strength of correlation, with red representing 
positive correlation and blue for the negative correlation. An asterisk ‘+’ indicates p < 0.05.

frequency, hardness, and consistency of stool), 
and neuropsychological activities (e.g., speaking 
frequency and clarity, intentional or involuntary 
movement, mood) of subjects were recorded and 
compared. Better stool appearance appetite, and 
neuropsychological activities including more speech 
and involuntary movement, and better appetite were 
observed.

Discussion
Tremendous interest has been drawn to gut-

targeted health modulations. Previous studies 
have shown that fucoidan confers the ability to 
reduce colitis, eliminate Helicobacter pylori, inhibit 
infl ammatory cytokines, and improve benefi cial gut 
bacteria such as Lactobacillus, Ruminococcaceae, 
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Coprococcus, Rikenella, and Butyricicoccus, as well as 
tight junction proteins [13]. However, it is unknown 
whether or how fucoidan can benefi t the health of 
elderly people. 

In the present study, we performed an eight-
week randomized single-blind clinical trial with 
fucoidan supplementation (1 gram per day after a 
meal in TG, n = 45; and no prebiotic in CG, n = 20) on 
elderly people with malnutrition (MNA-SF score≤7) 
receiving long-term care in a community hospital 
with informed consent. A typical and stable Chinese 
diet was provided. If a subject used a gastric tube, the 
food was smashed. Observation and questionnaires 
regarding the participants’ appetite, defecation, and 
neuropsychological activities of all participants were 
recorded by professionals. The participants’ diet, 
drugs used, living habits, and housing environment 
remained stable during the study according to records 
and questionnaires. At the beginning and end of the 
eight-week study period, fecal and plasma samples 
from overnight-fasting subjects were freshly 
collected and analyzed for quantitative metagenomic, 
metabolomic, as well as biomarker, and cytokine 
analyses were conducted. 

The preliminary data analysis of six individuals 
reported in this draft revealed several clear and 
promising results that need attention in further 
studies. First, in TG, gut microbiota were altered 
and enriched with multiple benefi cial bacteria, 
including Bifi dobacterium breve, Roseburia hominis, 
Ruminococcus fl avefaciens, Lactobacillus acidipiscis, 
and Alistipes CHKCI003, etc. (Figure 1). TG harbored 
many more enriched bacteria (p < 0.05, 42/43 
species), including the genera Subdoligranulum 
and Faecalibacterium, and the species Enterococcus 
faecalis and Ruminococcus obeum CAG 39, compared 
to CG without fucoidan (3/18 species). These benefi cial 
microorganisms are well known for their ability 
to ferment and produce Short-Chain Fatty Acids 
(SCFAs) which can nurture enterocytes, maintain 
intestinal mucosa, regulate electrolytes, and activate 
immune function for intestinal health. Most (15/18) of 
the microbial species in CG decreased in abundance.

Second, host plasma metabolism seemed to be 
stable during the eight-week intervention period 
in both TG (three decreased metabolites) and CG 
(three decreased and three increased metabolites) 
based on the Student's t-test (P<0.05). Furthermore, 
the varied abundance was within a threefold 
range. The correlation analysis revealed that in 
TG, enriched benefi cial bacteria Bifi dobacterium 

breve (p = 0.033) and Ruminococcus fl avefaciens 
(p = 0.021) were positively correlated with multiple 
medium-chain fatty acid (MCFA)-derived carnitines 
(octanoylcarnitine, decanoylcarnitine), and 
Chenodeoxycholic Acid (CDCA) (Figure 2b). MCFA-
carnitines are involved in fatty acid oxidation 
and energy generation, and they could be directly 
absorbed via the portal vein and transported into 
mitochondria for a quick energy source. Some reports 
have highlighted their role in cognitive improvement 
and immunity. CDCA is involved in cholic acid 
metabolism, indicating a metabolic impact caused by 
exogenous prebiotic intervention and the resulting 
gut microbiota changes. In CG, the only recurrent 
positive correlation was between increased maleic acid 
and two signifi cantly enriched pathogenic microbes: 
Prevotella buccae and Rahnella aquatilis. In brief, 
although metabolism remained relatively stable, the 
correlation analysis showed improvements in the 
microbe-related metabolism of MCFA-carnitine and 
CDCA.

Third, the clinical analysis of the participants’ 
appetite, defecation, and neuropsychological 
activities revealed that, compared to CG, TG had better 
stool appearance, appetite, and neuropsychological 
activities, including more speech and involuntary 
movement. The quantitative analysis of cytokines 
and prealbumin as immunity and nutrition markers 
revealed insignifi cant changes but a trend of 
improvement in TG.

The multiomics and clinical analysis in the 
present study revealed promising improvement 
in gut microbiota and coordinated metabolomic 
changes, including CDCA and MCFA-carnitines, as 
well as improved defecation and neuropsychological 
activities in elderly people with malnutrition after 
fucoidan supplementation. The fi ndings showed 
that fucoidan has a strong potential to rectify gut 
microbiota and improve microbe-related metabolism 
in elderly people with malnutrition, and this potential 
deserves further investigation.

Limitations
This work only included a preliminary number 

of samples from an eight-week clinical trial with 
fucoidan supplementation. Further investigation 
using a larger sample size or a longer intervention 
time is needed for a deeper understanding of the 
mechanism of fucoidan and its impact on the nutrition 
and immunity of elderly people with malnutrition. 
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