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Aim: To identify intestinal microbiota compositions in elderly functional constipation (FC) patients. Mate-
rials & methods: Fecal samples from 61 FC patients and 48 healthy age-matched volunteers were analyzed
through 16S rRNA gene sequencing. Results: The intestinal microbiota compositions of FC patients were
significantly different from healthy controls. Additionally, the species diversity of healthy controls was
greater than that of FC patients. Indeed, the abundance of Firmicutes and Proteobacteria was signifi-
cantly decreased, whereas that of Bacteroides, Prevotella, Lactococcus, Ruminococcus and Butyricimonas
was remarkably increased in FC patients. Conclusion: Elderly FC patients appear to have a unique intesti-
nal microbiota profile. Our findings should provide insight regarding the pathogenic mechanism of FC
and evidence for exploring new therapeutic strategies in elderly FC patients.
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Functional constipation (FC), otherwise known as chronic idiopathic constipation (CIC), is a very common
pathological condition [1,2]. As a symptom-based gastrointestinal disorder without organic abnormalities, FC has
an average global prevalence of approximately 14%, ranging from 1.9 to 40.1%, depending on the population [3-
5. In China, approximately 10-14.9% of the population suffers from chronic constipation and the condition
is particularly prevalent among the elderly, leading to serious impacts on quality of life (6-8]. To date, China is
considered to have the highest ratio of elderly people in the world, with the total number of elderly people aged
60 years or greater having reached 212 million in 2014, accounting for 15.5% of the total population [9-11]. This
aging population has caused an increase in the incidence of geriatric diseases, with FC reported as an important risk
factor for various diseases, including cardiovascular and cerebrovascular diseases, colon cancer and even death [12].

An extremely dense and diverse bacterial ecosystem resides in the human gastrointestinal tract, which co-
evolves as an integral part of human biology [13]. Recent studies have indicated that intestinal microbiota play
a vital role in human health and is related to various physiological activities of the host. Indeed, alterations in
intestinal microbiota have been confirmed closely associated with various diseases, such as inflammatory bowel
diseases (IBDs), allergy, obesity, malnutrition, neurological disorders, Type 2 diabetes and cancer [14-17]. While
the pathophysiological mechanisms of FC are not fully understood, the brain-gut bacteria axis (BGBA) is a novel
concept in gastroenterology that may be used to elucidate the pathogenesis and clinical manifestations of FC [18,19].
Indeed, several studies have shown that profiles of fecal microbiota are different between constipated patients and
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healthy people [20,21]. However, these studies primarily have involved children and adult patients, thus limited
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information exists for elderly patients. Considering the increasing global elderly population and the severity of FC,
a greater understanding of the pathogenesis underlying this condition is necessary in order to improve the health
status of elderly FC patients [22,23].

In this study, for better understanding the relationship between intestinal microbiota composition and FC in
the elderly, we compared the intestinal microbiota compositions and diversity between elderly patients with FC
and healthy controls. Our findings should provide additional insight into the pathophysiological mechanisms
underlying FC and evidence to support relevant microbiota treatment for elderly FC patients.

Materials & methods

Patient cohorts

This study was conducted at Huadong Hospital in Shanghai, China. Patients over 60 years old diagnosed with
FC were recruited for the study from January to December 2018. Data and samples were collected from the
participants from June to December 2018. The inclusion criteria were as follows: patients had been diagnosed with
FC in accordance with the Rome III criteria from the American College of Gastroenterology (ACG); patients had
no diseases of the gastrointestinal tract or other metabolic diseases but had a history of constipation within the past
5 years. Patients were excluded if the following criteria were met: the constipation was secondary to other diseases
(e.g., severe liver dysfunction, metabolic conditions, malignant tumors, renal dysfunction, endocrine conditions)
or intervention (e.g., drugs) in the past 5 years; patients had been diagnosed with a psychiatric disorder; patients
had taken antibiotics, probiotics or bismuth agents during the first 3 months of the study. After informed consent,
eligible patients were enrolled in a 2-week observation period and the constipation severity was determined by
Agachan-Wexner score. Based on this score, FC patients were divided into two groups, namely, mild FC representing
alight syndrome (FCL group) and severe FC representing a heavy syndrome (FCH group). In our study, information
from each participant could be timely identified and understood during or after data collection. This study was

performed according to the human subject protocols approved by the Ethics Committee (Ethics Committee Program
No. 2018k045) of Huadong Hospital.

Sample collection & DNA extraction

Fecal samples (about 5 g of feces per person) were collected from 61 patients and 48 healthy volunteers. Samples
were frozen at -80°C within 2 h, without the addition of any stabilization reagent, until further analysis. Bacterial
genomic DNA was extracted using the Fast DNA SPIN extraction kit (MP Biomedicals, CA, USA) according to
the manufacturer’s instructions. The extraction quality of the DNA was determined by its concentration and purity.
The concentration was confirmed to be at least 5 ng/pl and the purity was validated by OD260/280 readings of
1.8-2.0 by NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, MA, USA).

Amplicon sequencing of 16S rRNA gene

The bacterial 16S rRNA gene V3-V4 region was used for PCR amplification. The primers used were as follows:
338F (5'-ACTCCTACGGGAGGCAGCA-3'); reverse primer 806R (5'-GGACTACHVGGGTWTCTAAT-3').
The PCR system contained Q5 reaction buffer (5 pl, 5x), Q5 High-Fidelitcy DNA Polymerase (0.25 pl, 5 U ul?),
dNTPs (2 pl, 2.5 mM), primers (each 1 ul, 10 uM), DNA Template (2 pl) and 8.75 ul ddH,O. The process of
amplification included initial denaturation at 95°C for 5 min, 28 cycles consisting of 15 s denaturation at 95°C,
30 s annealing at 55°C and 30 s extension at 72°C, with a final extension at 72°C for 10 min. The negative
controls were conducted with ddH,O. Agencourt AMPure Beads (Beckman Coulter, IN, USA) were employed for
the purification of PCR amplicons. The PicoGreen dsDNA Assay Kit (Invitrogen, CA, USA) was used to quantify
the concentrations. Amplicons were maintained in equal amounts, and pair-end 2 x 300 bp was sequenced by the
[lumina MiSeq platform in conjunction with the MiSeq Reagent Kit v3 at Shanghai Personal Biotechnology Co.,
Ltd (Shanghai, China).

Bioinformatics analysis

The Quantitative Insights Into Microbial Ecology (QIIME, v1.8.0) pipeline was used to process sequencing data
as described previously [24]. In brief, raw sequencing reads with exact matches to the barcodes were assigned
to respective samples and identified as valid sequences. Screening criteria for low-quality sequences included:
sequences with a length <150 bp, a Phred mean fraction <20, sequences with unclear bases and single nucleotide
repeats >8 bp [25,26]. After chimera detection, the remaining high-quality sequences were clustered by 97% sequence
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Table 1. Demographics information of functional constipation patients and healthy controls.

Group (n) Gender (%) Age (years) Defecation frequency Disease duration (months)
(times/week)

Male Female
FC(61) 22 (36.07%) 39 (63.93%) 64.73 + 8.54 2.10 £ 0.21 75.60 £+ 15.95
Healthy (48) 20 (41.67%) 28 (58.33%) 63.58 = 12.37 6.5+ 0.18 0
p-value 0.222 0.132 0.001 -
FCL (32) 10 (31.25%) 22 (68.75%) 64.03 £ 7.64 2.75 +£0.37 76.87 £ 12.35
FCH (29) 12 (41.38%) 17 (58.62%) 65.03 = 10.43 2.57 £ 0.64 72.76 £ 14.72
p-value 0.103 0.263 0.112 0.051

FC: Functional constipation; FCH: Severe FC representing a heavy syndrome; FCL: Mild FC representing a light syndrome.

consistency through UCLUST as an operational taxon (OTUs) [25]. OTU taxonomic classification was performed
by searching through BLAST for representative sequences in the Greengenes Database using the best hit [27]. A
OTU table was generated further to show the OTU abundance of each sample and the taxonomy. The OTUs
less than 0.001% of the total sequences across all samples were deleted. In order to minimize the difference in
sequencing depth between the different samples, we generated an average, round and refined OTU table for further
analysis by averaging 100 OTU subsets of uniform resamples at the minimum sequencing depth of 90%.

OTU-level alpha diversity indices, like the ACE metric (Abundance-based Coverage Estimator), Chao1 richness
estimator, Simpson index and Shannon diversity index were calculated through OTU table in QIIME. OTU-level
ranked abundance curves were generated to compare the richness and evenness of the OTUs among the samples.
Beta diversity analysis was performed to investigate the structural variation of microbial communities across the
samples using UniFrac measures and was visualized by principal coordinate analysis (PCoA) [28,29]. Metastases
visualized as violin plots was used to statistically compare the taxa abundances at the phylum, class, order, family,
genus and species levels among the samples or groups [30,31].

Statistical analysis

Statistical analysis was performed by Statistica software version 10.0 (StatSoft Inc., Tulsa, OK, USA). Continuous
variables were expressed as mean =+ standard deviation and the differences were compared by one-way ANOVA.
Nonparametric t-tests and linear discriminate analysis effect size (LefSe) were used in our study. p-values <0.05
were considered to be statistically significant.

Results

Patient demographics

Demographic information from the study subjects was shown in Table 1. In total, 61 patients in the FC group and
48 healthy/normal individuals in the healthy control group met the eligibility criteria of this study. Among them, 39
female and 22 male patients were in the FC group, and 28 female and 20 male subjects were in the healthy control
group. The mean age was 64.73 years old for the FC group and 63.58 years old for the healthy control group.
The duration of constipation was 75.60 £ 15.95 months for the FC group and the mean defecation frequency
was 2.10 = 0.21/week in the FC group and 6.5 £ 0.18/week (p = 0.001) in the healthy group. According to the
Agachen—Werner score, the 61 FC patients were further divided into two subgroups, with 24 in the FCL group
and 37 in the FCH group.

Evaluation of the alpha diversity in FC patients & healthy controls

In order to analyze the species diversity and evenness between the FC group and healthy controls, we estimated the
community species richness using the abundance-based coverage estimator (ACE) index. All the sequenced read
pools showed a tendency to reach a plateau. In all cases, so the retrieved sequencing data were considered sufficient
to cover most of the biodiversity contained in the sample. The ACE indexes of FC patients and healthy controls
were significantly different (936.03 % 250.91 vs 877.39 & 322.79, respectively; p = 0.001).

Taxonomic profiling of the intestinal microbiota of FC patients & healthy controls
A total of 4,586,518 sequence datasets were obtained by Illumina MiSeq from 109 samples, and these were used
to establish gut bacterial diversity. The overall microbial composition of each group at the phylum level is shown
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Figure 1. The overall intestinal microbiota composition of all subjects (61 functional constipation patients and 48
healthy controls) at the phylum level.

in Figure 1. A total of 18 different bacterial phyla were identified in all samples. The majority of the sequences
belonged to Firmicutes (65.42%), Bacteroidetes (16.14%), Proteobacteria (13.43%) and Verrucomicrobia (3.23%),
which encompassed more than 98% of all sequences. The sequences were then classified into 170 different genera.
Ten genera, including Bacteroides, Parasporobacterium, Veillonella, Streptococcus, Natronoflexus, Pseudoflavonifractor,
Lsobaculum, Alkalitalea, Sporotomaculum and Cosenzaea, were found to account for more than 1% of the sequences.

Differences of bacterial community between FC patients & healthy controls at the phylum level

According to the taxonomic results, the overall microbial composition was then compared between the groups
(Figure 2). Bacterial phyla with a relative abundance of >0.1% were analyzed. Firmicutes was the most common
phylum in both groups, representing 65.39% and 55.86% in the healthy and FC groups, respectively. Bacteroidetes
was the second dominant phylum, accounting for 13.70 and 33.19% in the healthy and FC groups, respectively
(p = 0.001). Proteobacteria constituted the third most abundant phylum (13.33 vs 6.08%; p = 0.006) present in
the healthy and FC groups respectively. Actinobacteria (4.33% vs 0.314%; p = 0.002) and Verrucomicrobia (3.76
vs 1.94%; p = 0.031) were also more abundant in the healthy group compared with the FC group (Figure 2A).
When the overall microbial composition was analyzed among the three groups (healthy, FCL and FCH) on the
phylum level, histogram analysis showed that there were significant differences in the species abundance of some
phyla. Bacteroidetes increased in the serious constipation patients (FCH), whereas Firmicutes, Proteobacteria and
Actinobacteria were decreased in these patients. Bacteroidetes accounted for 16.06% of the abundance in the healthy
group, 31.43% in the FCL group and 35.18% in the FCH group. Firmicutes accounted for 61.43% in the healthy
group, 52.56% in the FCL group and 58.74% in the FCH group, respectively. Proteobacteria accounted for 13.36%
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Figure 2. The overall intestinal microbiota composition between functional constipation patients and healthy
controls at the phylum level. (A) The dominant phyla in healthy and FC groups, (B) The dominant phyla in healthy,
FCL and FCH groups.

FC: Functional constipation; FCH: Severe FC representing a heavy syndrome; FCL: Mild FC representing a light
syndrome; N: Healthy group.

in the healthy group, 6.04% in the FCL group and 6.21% in the FCH group. Actinobacteria accounted for 4.65%
in the healthy group, 3.15% in the FCL group and 3.20% in the FCH group (Figure 2B).

The bacterial community between FC patients & healthy controls at the genus level

There were 334 bacterial taxa obtained from genus-level analysis (Figure 3) and we found that the microbial
composition differed significantly between the FC and healthy groups. Bacterial genera at a relative abundance
of >0.1% were analyzed and the compositions were as follows: Bacteroides (12.51 vs 23.89%), Faecalibacterium
(9.43 vs 9.44%), Prevotella (1.23 vs 6.29%), Akkermansia (3.68 vs 0.19%), Blautia (3.54 vs 2.93%), Veillonella
(1.33 vs 0.23%), Ruminococcus (1.89 vs 3.37%) and Streptococcus (2.82 vs 0.09%; Figure 3A). Our analysis at
the genus level revealed that some species, including Prevotella, Akkermananisia, Lactococcus, Atopobium, Thermus,
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Figure 3. The intestinal microbiota composition between functional constipation patients and healthy controls at the genus level. (A)
The dominant genera in healthy and FC groups, (B) Top 20 genera with significant differences at the genus level, (C) The dominant
genera in healthy, FCL and FCH groups.

FC: Functional constipation; FCH: Severe FC representing a heavy syndrome; FCL: Mild FC representing a light syndrome; H: Healthy group.

Dehalobacterium and Vellonella, were significantly more abundant in the healthy group compared with the FC group.
However, Bacteroides, Butyricimonas, Sutterella, Clostridrium and Rheinheimera were significantly less abundant in
the healthy group compared with the FC group (Figure 3B). The overall microbial compositions were then analyzed
among the three groups (healthy, FCL and FCH) at the genus level (Figure 3C). Bacteroides accounted for 12.36%
in the healthy group, 20.34% in the FCL group and 23.57% in the FCH group, respectively. Prevotella accounted
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for 1.17% in the healthy group, 2.25% in the FCL group and 10.54% in the FCH group. Blautia accounted for
4.65, 3.31 and 2.87% in the healthy, FCL and FCH groups, respectively. Ruminococcus accounted for 2.06% in the
healthy group, 2.43% in the FCL group and 6.17% in the FCH group. Significant differences were observed among
the three groups at the genera level for Atopobium, Escherichia, Rheinbeimera, Veillonella, Clostridium, Prevotella,
Thermus, Deinococcus, Dehalobacterium, Sutterella, Psuedomonas and Phylibacterium.

Difference in the relative abundance between FC patients & healthy controls

To evaluate the differences in microbiota composition, statistical analysis was performed to compare the average
relative abundance in the different genera groups with an absolute percentage difference >0.1%. Differendally
abundant genera species with significant differences between the two groups were then identified. We confirmed
greater species numbers in the healthy group compared with the FC group (Figure 4). Interestingly, the comparison
between the FC and healthy groups datasets showed that the profiles obtained from the healthy controls were
characterized by a statistically significant over-representation of Gammaproteobacteria (absolute 5.09%; p = 0.0002),
Enterobacteriaceae (absolute 5.06%; p < 0.0001), Verrucomicrobia (absolute 4.56%; p = 0.003), Alcaligenaceae
(absolute 4.38%; p = 0.001), Enterobacteriaceae (absolute 4.05%; p < 0.0001), Akkermansia (absolute 4.56%; p =
0.003), Lactobacillus (absolute 3.83%; p = 0.005), Coriobacteriaceae (absolute 4.20%; p = 0.03) and Actinomycetaceae
(absolute 2.31%; p = 0.002). In contrast, several taxa, including Bacteroidales (absolute 5.52%; p < 0.0001),
Butyricimonas (absolute 3.36%; p = 0.001), Faecalibacterium (absolute 3.54%; p < 0.0001), Alcaligenaceae (absolute
4.38%; p < 0.0001), Alcaligenaceae (absolute 4.38%; p < 0.0001), Burkholderiales (absolute 4.38%; p < 0.0001),
Lachnospira (absolute 4.17%; p < 0.0001) and Lentisphaeria (absolute 2.53%; p = 0.021) were decreased, indicating
they may be a factor in the dysbiosis of the microbiota in FC patients.

PCoA analysis of the samples

To further evaluate the inter-individual differences between the FC and healthy groups, we assessed and represented
the results through PCoA analysis (Figure 5). Notably, the resulting PCoA plot showed that the samples were
primarily grouped as two different clusters, corresponding to either the FC patients or healthy controls. In
addition, we found that corresponding samples selected by their microbiota profiles were shown closer to the
average for each group. Furthermore, our PCoA results revealed a significant separation in the bacterial community
composition between the FC patients and healthy controls by the first two principal component scores of PC1 and
PC2 (11.38 and 25.60%) of the explained variance, respectively.

Discussion

In recent years, chronic FC micro-ecological studies have garnered increased attention [32,33]. The symptoms caused
by FC, including anxiety, insomnia, dizziness, stomach ache and fatigue are relatively common in clinical practice,
particularly in the elderly (6,34]. However, despite FC being a common and burdensome gastrointestinal disease,
its etiology and pathophysiology remain unclear (35,36]. Growing evidence has indicated that chronic FC may be
related to physiological functions, such as intestinal dynamics, but also intestinal micro-ecological changes [37,38].
Therefore, it is crucial to elucidate the distribution characteristics of intestinal bacteria in the elderly with FC.

In humans, establishing and maintaining a beneficial microbiome balance is necessary for the normal functioning
of the intestines [39,40]. Several studies have reported that obesity, diabetes, C. difficile infection, IBD, irritable bowel
syndrome (IBS) and various chronic diseases present with decreased fecal microbiota diversity [41-44]. In the current
study, we found that the intestinal microbiota diversity of the FC group was significantly lower than that of the
healthy group. In addition, we found that the abundance of the genus Lactococcus and Prevotella in the FC group was
significantly lower than that in the healthy group. Similarly, a decline of this genus in the intestinal microbiota has
also been found in both children and adults with constipation, suggesting that the loss of Lactococcus and Prevorella
may play a key role in the development of constipation at different ages [23,37). Furthermore, the abundance of
Clostridium was significantly lower in healthy controls. Previous findings have indicated that Clostridium is increased
in children and adults with constipation [45,46]. In addition, some bacteria species presented a significant difference
in the elderly with FC, including Epulopiscium, Lachnospira, Thermos and Serratia, which have not been previously
reported, indicating a possible specificity in the intestinal microbiota profiles of elderly FC patients.

The present study revealed that the phylum Bacteroidetes was present at about two-times greater levels in the
microbiota of the FC group compared with the healthy group. In addition, the microbiota composition of the severe
FCH group was significantly more abundant in Bacteroidetes than that of the FCL patients, indicating Bacteroidetes
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Figure 5. The plot of unweighted UniFrac principal coordinates analysis based on the relative abundance of
operational taxon units. Each symbol represents a group, the blue triangles represent the samples of healthy group
and the red circles represent the samples of functional constipation group.

FC: Functional constipation; H: Healthy group; PC1: Principal coordinate 1; PC2: Principal coordinate 2; PCoA: Principal
coordinates analysis.

may also be positively related with the severity of FC. In support of our findings, Lovell reported the positive
association of Bacteroidetes with methylglyoxal degradation pathways and Wu ez a/. demonstrated that Bacteroidetes
in feces is negatively associated with dietary fiber intake [47,48]. The results of our study demonstrated a negative
relationship between Firmicutes, Proteobacteria and Actinobacteria and FC. Consistent with our findings, Kang
et al. showed that the relative abundance of Proteobacteria is significantly decreased in constipated patients, and the
Firmicutes phylum has been reported to be positively associated with the pathways involved in hydrogen production
and methanogenesis, which may indicate a potential mechanism in FC development [49-51]. Collectively, the results
of these studies suggest that changes in some microbiota may affect FC and its related symptoms.

In addition, we found a distinct difference between the healthy and FC groups at the genus level. Bacteroides,
Ruminococcus, Lachnospiraceae, Prevotella and others were more abundant in the FC group, but Akkermansia and
Veillonella were found to be less abundant. Based on the Agachan-wexner score, we found that Butyricimonas,
Porphyromonadaceae and Thermus demonstrated an increasing trend in the healthy, FCL and FCH groups, but
Rbeinheimera and Lactobacillus were the opposite. Similarly, Zhu ez al. reported the significant increase of Prevotella
in constipated patients [20]. In a study of the intestinal microbiota in people with autism, Ruminococcus was also
found to be negatively related with constipation symptoms [s21. In addition, genera such as Ruminococcus, Prevotella
and Bacteroides have been found to be directly and inversely related with colonic transit, which has been suggested
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for IBS (53. These findings indicate that Bacteroides, Ruminococcus and Prevorella may be positively related to FC
in the elderly and Buzyricimonas, Porphyromonadaceae and Thermus may be related with disease occurrence and
development.

As a member of a versatile class of microbial-produced metabolites, butyrate has been shown to be metabolized by
microbiota in the intestine [54]. In our study, we found that Butyricicoccus, Campylobacter and Faecalibacterium in the
FC group were significantly higher than in the healthy group. Therefore, it is possible that these butyrate-producing
bacteria change the metabolism of the host, thus affecting gastrointestinal motility. This hypothesis is supported
by animal experiments that have demonstrated that butyric acid may inhibit colonic smooth muscle contraction
and cause slow transit constipation, in conjunction with the colonic absorption of water, which makes the feces dry
and hard [55,56]. Interestingly, children with constipation have been identified to have an increased abundance of
Clostridium spp, Ruminococcus (37) and adults (mean age = 50.8 &= 15.7 years) with constipation have been shown
to have an increased abundance of Flavobacterium and Eubacterium [51). These results have indicated that bacteria
such as Butyricicoccus, Clostridium, Ruminococcus, Flavobacterium, Eubacterium and other butyric acid-producing
bacteria may be key microbiota for the development of FC.

Although the reported effect of probiotics on treating chronic constipation still remains inconsistent, many
studies have confirmed that probiotics have a positive effect on chronic constipation [57,58]. For example, the studies
showed that probiotics and fibers might efficiently affect bowel diseases, such as functional bowel disorders, IBS
and FC by altering the gut microbial environment [59,60]. A study about probiotic interventions including 21
randomized controlled trials showed that probiotic therapy improved the overall symptom response and life quality
for IBS patients compared with placebo [61]. The inconsistent effects of probiotics in different studies may be
resulted from several factors, such as ages, living conditions and lifestyles. Therefore, our study illuminated the
distribution of intestinal microbiota in elderly Chinese FC patients, which would lay the foundation for revealing
the pathogenic mechanism of FC and provide evidence for exploring effective therapy strategy.

Conclusion

Microbes and the host response affect the relationship between health and disease, and gut microbes are known
to play an important role in host physiology, health and disease. In this study, we evaluated microbial community
compositions in an elderly FC population. The key findings of our study were: the fecal microbiota profiles from
elderly patients with FC significantly differed from those of healthy subjects; the abundance of Bacteroidetes in
the FC group was increased, whereas that of Firmicutes and Proteobacteria was decreased, compared with healthy
subjects; elderly patients with FC had a unique intestinal microbiota profile compared with previous reports
of children and adult FC patients; and there was a relationship between the distribution characteristics of the
microbiota and the severity of FC. These findings provide additional insight into the mechanisms underlying FC
and evidence for the development of novel interventions for elderly FC patients.

Summary points

e This study focused on the intestinal microbiota compositions and the presence of key species in elderly functional
constipation (FC) patients.

e The abundance of Firmicutes and Proteobacteri was significantly reduced, while that of Bacteroides, Prevotella,
Lactococcus, Ruminococcus and Butyricimonas were increased, in elderly FC patients.

e The intestinal species diversity in healthy people was greater than elderly FC patients.

e The intestinal microbiota compositions of elderly FC patients were related to disease severity.
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