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Abstract: Background/Objectives: The normal uric acid (UA) levels vary based on gender, but in both sexes
elevated UA levels are linked to various health conditions. Methods: This study examined the impact of a high-
pectin smoothie (11.6g fibre/day) consumption for 3 weeks on UA levels and gut microbiota in 28 women. Food
diaries, stool and blood samples were collected at baseline and after the smoothie consumption. Results:
Participants with similar baseline UA levels showed divergent responses: UA levels increased in the UAI group
(n = 15) and decreased in the UAD group (n = 13) post-intervention. The smoothie consumption increased
Bacteroides in the UAD and Prevotella 9 in the UAI contrasting with the baseline abundances, where Prevotella
9 was higher in the UAD and Bacteroides in the UAI group. Furthermore, the proportion of Faecalibacterium
increased in the UAI group after smoothie consumption, equalizing the baseline difference with the UAD
group. Conclusion: This research underscores the importance of personalized dietary strategies for managing
healthy UA levels in women.
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1. Introduction

Uric acid (UA) is a compound that forms when the body breaks down purines found in certain
foods and drinks or is synthesized within the body. The liver, kidneys, and intestines balance UA
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levels. Most UA is excreted through the kidneys, with about a third excreted through the intestines
and bile. Disrupted coordination between these organs can increase levels of blood UA, which is
linked to various diseases, such as gout [1]. Additionally, estrogen has been shown to facilitate uric
acid excretion through the kidneys, highlighting the increased risk of UA accumulation after
menopause [2]. A meta-analysis of 14 studies involving 341,389 participants found that
hyperuricemia is associated with an increased risk of all-cause and coronary heart disease mortality,
with a stronger effect observed in women than in men [3]. At the same time, even slightly elevated
serum UA levels may be associated with a higher risk of arterial stiffness in women [4]. Furthermore,
studies have shown correlations between body composition and UA levels [5,6]. Elevated UA may
lead to increased oxidative stress by increasing the production of reactive oxygen species, particularly
in females [7].

Based on current knowledge, the gut microbiota, especially an increased presence of bacteria
that produce short-chain fatty acids, can impact UA metabolism, ultimately lowering UA levels [8,9].
Abnormalities in the breakdown of UA due to gut microbiota can cause increased UA production,
the release of pro-inflammatory mediators, and damage to the intestinal barrier [10]. As the
enterotype appears to be related to health indicators, lower UA levels are known to be associated
with the Prevotella enterotype [11]. At the same time, the relative abundance of Prevotella, along with
Bacteroides and Fusobacterium, was found to be increased in gout [12].

Various factors may influence the microbiota enterotype, with sex being an important
determinant. Hormones affect gut microbiota differently depending on gender, influenced by diet,
lifestyle, and medication use [13]. It's known that high-fructose, high-fat, and purine-rich diets can
lead to hyperuricemia and alterations in gut microbiota, as observed in both animal models and
hyperuricemic individuals [14,15]. On the contrary, the DASH (Dietary Approaches to Stop
Hypertension) diet, characterised by greater consumption of high-fiber fruit and vegetables with low-
fat dairy and reduced total and saturated fat, lowers serum urate levels [16]. Consistent with the
above, our previous study showed that otherwise healthy female participants in the low-fiber group
had significantly higher levels of UA than the high-fiber group [17]. It is well known that food choices
and individual components of the menu can have a preventive effect on the development of diseases
and that dietary fibers, such as pectins, contribute to general health in addition to strengthening the
health of the digestive tract [18].

This study aimed to investigate the effect of consuming a high-pectin (HPect) smoothie on UA
levels and the composition of gut microbiota in healthy women without clinical hyperuricemia.

2. Materials and Methods
2.1. Recruitment of Study Participants and Design of the Study

The current study was carried out and the smoothies were developed by the Center of Food and
Fermentation Technologies (AS TFTAK, Estonia) in collaboration with Siidrikoda (Estonia). The
smoothie study, divided into five periods, lasted from October 2022 to December 2022. Participants
were selected according to a questionnaire and definite criteria. The questions concerned the
respondents’ eating habits, description of their health status (incl. digestive health), and data on their
general lifestyle. The exact study design, the composition of the smoothies, and the inclusion-
exclusion criteria are described in detail elsewhere [17]. An additional criterion for inclusion in this
study was that UA levels aligned with the reference values established by the United Laboratories of
Tartu University Hospital (https://www kliinikum.ee/yhendlabor/wp-content/uploads/2023/05/TL-
14_5__V20_Reference_values_for_clinical_chemistry_tests.pdf). Of the 368 volunteers who filled out
the questionnaire, 39 were included in the study, with 31 completing it, including 3 men (9.7%). Since
this research focused on female health, data from the men were withdrawn, leaving data from 28
women for analysis. Data was obtained at baseline and at the end of the HPect smoothie consumption
period. During the 3-week HPect smoothie period, participants consumed an additional 11.6 grams
of fiber per day alongside their regular meals. Elsewhere, participants were asked to continue with
their usual eating habits. Based on baseline UA levels and changes following HPect smoothie
consumption, participants were classified into two groups: the decreased UA group (UAD, n = 13)
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and the increased UA group (UAI n = 15). All participants signed written informed consent forms
before the beginning of the study. The research has been approved by the local ethics committee
(Research Ethics Committee of the National Institute for Health Development, Reference number
1065, issued on 04/25/2022).

2.2. Data Collection

Nutrition data diaries were filled out one week before blood and fecal sample collection using
the NutriData dietary analysis program (National Institute for Health Development, Estonia). The
participants were asked to report the exact amount of smoothies they consumed. The analysis of
macronutrients considered all regular diet periods to rule out occasional variations in the daily diet.
At the end of every period, blood and fecal samples were taken and body composition was
determined with a Tanita body composition analyser (DC-360S, Tanita Corporation, Tokyo, Japan).

2.3. Analyses of Blood Samples

Blood test analysis was performed by the Tartu University Hospital laboratory or SYNLAB Eesti
OU (Tallinn, Estonia). Blood samples were taken between 7 a.m. and 10.30 a.m. after overnight fasting
(on the same day the fecal sample was produced). Blood was centrifuged and serum was used for
analysis. The uric acid levels were measured using the enzymatic colorimetric method (Cobas ¢ 501,
Roche Diagnostics).

2.4. DNA Extraction and Sequencing

Fecal samples were collected with DNA/RNA Shield Collection Tubes with Swabs (Zymo
Research, Irvine, CA, USA) using FecesCatcher by TagHemi (Zeijen, The Netherlands) and stored at
+4 °C. Before DNA extraction, samples were frozen at —20 -C at least overnight. DNA was extracted
using the ZymoBIOMICS DNA Miniprep Kit (Zymo Research, Irvine, CA, USA) according to the
manufacturer’s instructions. Qubit™ 3 Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA)
and the dsDNA BR Assay Kit (Thermo Fisher Scientific) were used for gDNA quantification. The V4
hypervariable region of the 165 rRNA gene was PCR amplified using universal forward F515 5°-
GTGCCAGCMGCCGCGGTAA-3" and reverse R806 5'-GGACTACHVGGGTWTCTAAT-3" primers
[19]. Samples were sequenced using the Illumina MiSeq platform and a 2 x 150-cycle paired-end
sequencing protocol. On average, 38 800 reads (minimum 17 677 reads) per sample were obtained.
The whole sequencing workflow was published before [20]. DNA sequence data was analyzed by
BION-meta software (https://github.com/nielsl/mcdonald-et-al) according to the authors’
instructions [21]. The sequences were first cleaned at both ends using a 99.5% minimum quality
threshold for at least 18 out of 20 bases for 5'-end and 28 out of 30 bases for 3°-end, followed by joining
and removal of shorter contigs than 150 bp. Afterwards, the sequences were cleaned from chimaeras
and clustered by 95% oligonucleotide similarity (k-mer length of 8 bp, step size 2 bp). Finally,
consensus reads were aligned to the SILVA reference 16S rRNA database (v138) using a word length
of 8 and a similarity cut-off of 90%.

2.5. Statistical Analyses

Statistical analyses were performed at the bacteria genus level with an abundance of at least >
0.0006 per sample. Data analyses were done by R version 4.2.1 (The R Foundation for Statistical
Computing, Vienna, Austria) using open public packages-indicspecies, dplyr, ggpubr, reshape2,
tidyverse, and ggplot2, grDevices package were used for visualisation. Pairwise comparisons were
calculated between the baseline and the end of the HPect smoothie consumption period using the
Wilcoxon signed-rank test. The Wilcoxon rank-sum test was used to evaluate differences in the
abundances of bacterial genera between UAD and UAI groups. Statistical significance was defined
at P < 0.01. Macronutrient intake differences were assessed, and general health parameters were
analyzed using SPSS for Windows version 20.0 (SPSS Inc. Chica go, IL, USA). A nonparametric
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Wilcoxon test was used to evaluate the difference between the medians and distributions of the
outcome parameters for the subgroups. Statistical significance was defined at P < 0.05.

3. Results

3.1. Baseline Characteristics of Two Groups Based on Changes in Uric Acid Levels After Consuming
HPect Smoothie

Age is an important factor influencing female hormonal levels and overall health status.
Participants in the UAD group were younger, with an average age of 34 (+6.8), compared to
participants in the UAI group, who had an average age of 39 (+4.8) (t-test P-value = 0.02). Regarding
their eating habits, no statistically significant differences were found between the two groups. Table
1 displays the daily intake of energy, macronutrients and fiber. The macronutrient intake of the two
groups during their standard diet was analyzed via food records. The mean intake of fructose, a sugar
that may affect UA levels, was rather low in both groups (18.7 g in the UAD and 16 g in the UAI
group, respectively). It is worth noting that both groups consumed more fat than recommended by
Estonian nutrition guidelines [22]. In the UAD and UAI groups, 38% and 37.3% of daily energy
consumption came from fat, respectively. Notably, there was an increase in the intake of saturated
fatty acids, which contributed to 13% of daily energy intake in the UAD group and 11% in the UAI
group. At the same time, fruit and vegetable consumption was low based on the food frequency
questionnaire. The two groups did not differ regarding UA levels and the UA values in the baseline
period of all participants remained below the recommended maximum of the reference, i.e. below
339 umol/L [23]. Both groups had a similar median BMI corresponding to normal weight (21.9 in the
UAD and 22 in the UAI respectively).

Table 1. Baseline period daily energy and macronutrient intake.

UAD group (n=13) UAI group (n=15)
Energy (kcal/day) 1888.8 (+497.0) 1809.7 (£561.1)
Fiber (g/day) 23.9 (+8.4) 24.2 (+10.9)
Carbohydrates (g/day)/(%) 218.4 (+57.1)/46.0 210.8 (+66.4)/44.7
Fat (g/day) /(%) 81.2 (+31.9)/38.0 77.0 (+35.3)/37.3
Protein (g/day) /(%) 74.8 (+27.1)/16.0 79.4 (+35.9)/18.0

Data is presented as average (+stdev). Macronutrients are given as a percentage of daily energy expenditure of
regular diet periods (no smoothie consumption). Distribution was compared between the groups using the
Wilcoxon rank-sum test. UAD — group where uric acid decreased; UAI- group where uric acid increased.

Next, we compared the gut microbiota of both groups at the beginning of the study and found
quite similar compositions at the genus level. The results are comparable to our previous study [17].
At the same time, a significantly decreased abundance of Faecalibacterium and Anaerosporobacter and
an increased abundance of Prevotella and Lactococcus were found in the UAI group compared to the
UAD group (P <0.01, respectively) (Figure 1A). Since the abundance of Bacteroides and Prevotella may
be related to purine metabolism and UA levels [24], we investigated the proportion of these bacteria
and their response to smoothie consumption in our study subjects. The proportion of Prevotella 9 in
the UAD group seems to be higher than that in the UAI group, while the opposite is true for
Bacteroides during the base period (Figure 2). In the UAD group, 54% of participants' gut microbiota
contains a higher level of Prevotlla 9 than Bacteroides; in the UAI group, the value is 20%.
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Figure 1. (A) Baseline relative abundance of four bacterial genera with statistically significant
differences between UAD (n=13, green) and UAI (n=15, blue) groups. The Wilcoxon rank-sum test
was used, and outliers were shown. ** p-value < 0.01. p-values respectively (0.0083, 0.0066, 0.0023,
0.0096). (B) Abundance of Faecalibacterium in the UAD group during the baseline period and in the
UAI group after HPect consumption. The Wilcoxon rank-sum test was performed, and outliers were
shown (P-value 0.16).
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Figure 2. Heatmap of the ten most abundant bacterial genera in UAD and UAI groups at the baseline
period of the study.

3.2. The High-Pectin Smoothie Affects Uric Acid Levels and Gut Microbiota Differently in the UAI and
UAD Groups

Compared to the baseline period, HPect smoothie consumption significantly decreased the UA
level in the UAD group (264.4 umol/l vs 227.9 umol/l, the Wilcoxon rank-sum test P-value = 0.001)
and increased it in the UAI group (234.1 pmol/1 vs 249.5 pmol/l, the Wilcoxon rank-sum test P-value
=0.003). At the same time, consumption of the HPect smoothie led to a small but significant increase
in the abundance of Bacteroides in UAD and Prevotella 9 in the UAI group (Figure 3). Furthermore, in
the UAI group, after consuming the HPect smoothie, the levels of the Ruminococcus torques group,


https://doi.org/10.20944/preprints202411.1981.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2024 d0i:10.20944/preprints202411.1981.v1

Fusicatenibacterium and Butyricimonas decreased, while Sutterella and Paraprevotella increased (P-
values < 0.01, Figure 4). Besides, in the UAD group, the levels of Anaerostipes and the Eubacterium
ventriosum group decreased (Figure 5). Interestingly, in the UAI group, the level of Faecalibacterium
increased after consuming HPect smoothie to such an extent that no significant difference was
observed compared with the base period of the UAD group (Figure 1B).

Bacteroides Frevatella 9
s

02

Abundance
=

N el | I

UAD Base UAD HPect Ul Base LAl HPect LAD Base UAD HPect UAl Base LAl HPect

Figure 3. Relative abundances of Bacteroides and Prevotella 9 in UAD and UAI groups before and after
HPect consumption. The Wilcoxon signed-rank test was performed, and outliers were shown. * p-
value < 0.05. p-values 0.027, 0.12, 0.34, and 0.036 respectively.
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Figure 4. The changes in relative abundance of bacterial genera after HPect intake in the UAI group.
The Wilcoxon signed-rank test was performed, and outliers were shown. ** p-value < 0.01. p-values
0.00043, 0.0084, 0.0067, 0.0021 and 0.008 respectively.
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Figure 5. The changes in the realtive abundance of bacterial genera after HPect intake in the UAD
group. The Wilcoxon signed-rank test was performed, and outliers were shown. ** p-value < 0.01. p-
values 0.0061 and 0.0034 respectively.

4. Discussion

An important finding of the study was that otherwise healthy women with initially similar uric
acid (UA) levels experienced both increases (UAI group) and decreases (UAD group) in UA levels
after consuming the smoothie fortified by pectin.
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Growing evidence suggests that gender should be considered in hyperuricemia research [25].
Therefore, we focused exclusively on women to examine the relationship between dietary changes,
gut microbiota, and UA levels. UA levels naturally increase with age, particularly in women after 50,
likely due to menopause and related hormonal changes [26]. Although our study groups differed in
mean age, all participants were under 50 years old, and the baseline levels of UA showed no
statistically significant differences. Nevertheless, UAI group participants were older than those in the
UAD group, indicating a possible trend between age and UA levels. Although the threshold at which
UA levels become abnormal is still debated, research shows that health issues can arise even at lower
levels of UA. Thus, it is shown that in women, the risk of developing hypertension starts at uricemia
levels of 214 umol/L, which is lower than the conventional hyperuricemia threshold of 404 pmol/L
[27]. A significant association between cardiovascular disease and diabetes has also been shown in
women with mean UA levels below the definition of hyperuricemia [25]. Furthermore, a high-normal
or elevated serum UA level may be linked to a higher risk of arterial stiffness in healthy women [4].
Among different factors affecting UA levels, both genes and diet play important roles [10,28,29].
Evidence from the meta-analysis indicated that intake of red meat, seafood, fructose and alcohol may
increase and consumption of dairy products or soy foods may decrease the risk of hyperuricemia and
gout [28]. Due to the increased proportion of added sugars in our menus, it is recommended to pay
special attention to the consumption of fructose, considering the evidence of fructose metabolism to
avoid an increase in UA [29,30].

Despite participants' dietary habits not fully aligning with national recommendations, no
significant differences were found between the groups attributable to opposing changes in UA levels
associated with HPect smoothie consumption. Also, the fructose consumption of the participants in
both groups remained below 5% of the daily energy. Since both groups had similar diets throughout
the study regarding macronutrient compositions, the changes in UA levels related to the HPect
smoothie may be more associated with individual fiber consumption and baseline differences in the
gut microbiome. Variations in individual gut microbiomes have been shown to correlate with
different serum UA levels. [31]. Several studies have demonstrated that different types of fibers have
a unique impact on gut microbiota as well as UA levels [32-34]. It has been demonstrated that even
if fiber can alter the gut microbiota, the effects are specific to individual bacterial strains and species
[34]. Although the two groups had quite similar gut microbiota composition at the genus level in the
baseline period, it was observed that the UAD group had a higher proportion of Prevotella 9 compared
to the UAI group, whereas the opposite was observed for Bacteroides. Consuming the HPect smoothie
led to a cross-reactive increase in Prevotella 9 in the UAI group and Bacteroides in the UAD group,
with no opposite effect. In addition, the prevalence of uric acid-affecting bacteria may vary by specific
population. For instance, a study of Asians found that the genus Collinsella, abundant in their gut
microbiota, and Dorea are strongly linked to hyperuricaemia, while low UA levels are associated with
Faecalibacterium and Ruminococcus [5]. It has also been revealed that structurally different types of
pectins can control different bacterial populations, including Faecalibacterium prausnitzii,
Ruminococcus, Sutterella, Prevotella copri and Bacteroides spp. [34-36]. These previous findings may, at
least partially, explain the results of our study. Likewise, HPect smoothie consumption-associated
variation in UA levels within both groups may be related to changes in the Prevotella-to-Bacteroides
ratio. Thus, a lower Prevotella-to-Bacteroides ratio has been shown in asymptomatic hyperuricemia
[24]. Moreover, it has been previously mentioned that non-dietary factors could influence the
distribution of gut Prevotella species [37].

Even if our study subjects deviated from the recommended eating pattern based on food diaries,
they did not have hyperuricemia and were healthy. As a result, we cannot definitively determine if
the intervention changed their well-being. At the same time, it is known that the imbalances in diet
and microbiota can support body's inflammatory mechanisms. A correlation between inflammatory
conditions and low levels of Faecalibacterium has previously been shown [38]. It is also known that
specific Prevotella species can exhibit different properties and some Prevotella strains may be
associated with chronic inflammation [39]. Despite Anaerosporobacter not being extensively studied,
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its abundance difference between the groups could be associated with a high-fat diet and ageing, as
shown by a negative correlation in a murine model [40].

In conclusion, our findings assume that the conscious addition of specific fibers to the diet may
help promote a balanced microbiota, especially for women experiencing hormonal shifts that affect
overall well-being. For instance, as shown in our study, Faecalibacterium levels in the UAI group
increased after consumption of the HPect smoothie, ultimately eliminating the baseline difference
observed between UAI and UAD groups.

However, the study is limited by the relatively short-term duration and small number of
participants, making the results more vulnerable to individual variations. Additionally, the results
may be influenced by seasonal variations in diet and cannot be significantly generalised.

In summary, due to the unclear threshold for UA levels that can pose health risks, it's essential
to investigate the factors that influence UA levels, including the impact of different fibre types on gut
microbiota or the hormonal status of women, to better understand and manage future health
outcomes.
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