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Abstract

As men age, systemic inflammation increases, whereas grip strength (GS) and testosterone
levels tend to fall. This rate of decline is known to be influenced by gut microbial health,
lifestyle and diet but the role for interventions to slow this decline are less well established.
This double-blind randomised controlled trial evaluated the impact, and explored the
synergistic potential, of boosting phytochemical rich foods and Lactobacillus probiotics on
these physical and biological markers. Two hundred and eight men with untreated early
prostate cancer managed with observation only (average age 74 years) received a phyto-
chemical rich supplement (PRS) containing concentrated broccoli, green tea, pomegranate,
ginger, cranberries and turmeric (YourPhyto). In addition, they were randomised to either
a 5-blend Lactobacillus probiotic (PB) capsule (YourGutplus) or a placebo (P). Average GS
improved by 2.5 kg from baseline to trial completion, at 4 months in men taking PRS +P
(95% CI 1.8–3.4, p < 0.001). In the PRS+PB arm, GS improved by 4.4 kg (95% CI 3.6–5.2,
p < 0.001). The odds of grip strength improving was 11.8% greater (p = 0.002, OR = 1.11,
95% CI 1.04–1.20) in the PRS+PB arm. Improvements in systemic inflammation were better
in the PRS+PB arm (−0.41 vs. +0.39, p = 0.04). Four-month testosterone levels were greater
in the PRS+PB arms (14.75 vs. 13.02 ng/L, 95% CI 0.23 to 3.33 ng/L p = 0.046). In conclusion,
boosting dietary phytochemicals was associated with improved GS. The addition of this
blend of Lactobacillus further enhanced GS, and reduced markers of inflammation. These
data justify longer studies exploring the synergy between phytochemicals and probiotics,
on more objective markers of longevity.

Keywords: longevity; grip strength; nutrition; gut health; phytochemicals; probiotics;
inflammation

1. Introduction
Hallmarks of ageing, in men, include declining testosterone, increased oxidative stress,

reduced immune surveillance and excess systemic inflammation, all of which contribute
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to tissue degeneration, susceptibility to disease, lower strength and physical fitness [1,2].
Within clinical practice and academic research, biomarkers which correlate with ageing
include serum testosterone and various measures of systemic inflammation such as neu-
trophil to lymphocyte ratio [3]. Grip strength is a practical tool, as it has been shown to
correlate, not just with overall physical fitness, but with levels of inflammation, cognitive
impairment, diabetes, depression, cancer, bone mineral density, falls, all of which are linked
to reduced health span [4–13].

Dietary factors such as phytochemical rich and fermented foods help maintain a
healthy gut microbiome which, otherwise, tends to deteriorate with age [4,7,8]. A health-
ier gut with better immune surveillance and lower inflammation is increasingly being
recognised as an important factor for maintaining testosterone levels, supporting physical
activity and muscle strength [9–13].

The most well-known mechanisms for the benefits of phytochemicals are via their
ability to augment oxidative enzyme function which protects cells from Reactive Oxygen
Species (ROS) [9]. During exercise, when intra cellular levels of ROS increase, there is an
adaptive upregulation of antioxidant genes such as nuclear related factor-2 (Nrf-2) but the
duration of oxidative stress lasts longer if there is deficiency in dietary phytochemicals,
especially as people age, when this adaptive process is slower [13–16]. Phytochemicals
also have beneficial anti-inflammatory properties. For example, epigallocatechin-3-gallate,
quercetin found in tea, and curcumin, help lower excess inflammation, via inhibition of NF-
kappaB [17]. Ginger and turmeric contain natural salicylates, which reduce inflammation
via COX-2 and prostaglandins pathways [16–27]. Some phytochemicals such as those in
pomegranate, tea and cranberries have health benefits via an ability to enhance cellular
nitric oxide levels which augments arterial vasodilation increasing muscle, heart, and brain
oxygenation [16–28].

On top of these direct properties, phytochemicals act as prebiotics which support
the growth of probiotic bacteria and enhance gut health [29–35]. The fibre and prebiotic
phytochemicals found in broccoli, cranberries, tea, and ginger support the formation of
short-chain fatty acids such as butyrate that provide energy for favourable bacteria as well
as the cells lining the gut, leading to improved gut wall integrity [32]. Phytochemicals
in pomegranate including resveratrol also enhance the formation of a protective biofilm,
facilitating adhesion, aggregation, and colony formation [32]. This synergy is mutual,
as probiotic bacteria, in return, aid the breakdown of phytochemicals into more readily
absorbed, bioactive subunits [32–35].

Cohort studies have established clear links between diet, lifestyle and the risk of
chronic degenerative disease, improved well-being and lifespan, often collectively referred
to as longevity [1,2]. Probiotic and phytochemical rich food supplements, independently,
have been shown to improve joint stiffness, improve cartilage repair, enhance mobility
and physical independence in the elderly and improve strength and sports performance
in younger adults [14–27,34–42]. What is less well established, and what this study aimed
to investigate, is whether enhancing these healthy elements of food, prospectively, could
improve biomarkers of longevity, starting in a more elderly cohort. What is more, despite
the data highlighting the benefits of combining phytochemicals and probiotics, there is a
deficit of intervention studies which evaluate their potential synergy; hence the further
justification for this study.

2. Materials and Methods
This phase II randomised controlled trial was conducted in the Oncology department

of Bedford Hospital, part of the Cambridge University Hospitals’ network, in partnership
with the Institute of Sport Science Bedford University, The Department of Urology and
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Epidemiology & Biostatistics, University of California and the Exercise Medicine Research
Institute, Edith Cowan University, Australia. The Hospital Research and Development
and UK National Ethics committees approved the protocol and all amendments (IRAS:
321309). The trial was logged with UK Clinical Trials Registry (ISRCTN: 81939514). The
trial was conducted according to the provisions of the Declaration of Helsinki and consort
2025 guidelines for randomised controlled trials. At the end of the trial, the data was
independently audited to ensure no inconsistencies or deviation from source data, before
being sealed and sent to the external statistician for blinded analysis. Artificial intelligence
was not used in any aspect of this trial. The design of this trial was strongly influenced by
Melton Mowbray patient advisory group. Involvement was not just for the information
sheets but their feedback was crucially inputted in the design of the study itself, including
the choice of practical end points, nutritional interventions in each arm and acceptance,
and level of placebo. This ensured the design was highly acceptable to participants—which
was why it was recruited rapidly and seamlessly with a high level of compliance. The
phytochemical rich supplements were made by YourPhyto (Redrose Manufacturing Ltd.,
Dubmire Industrial Estate, Houghton le Spring DH4 5RJ). The probiotic complex was made
by YourGutPlus (Oxford Health Ltd., Longlands Rd, Bicester OX26 5AH).

2.1. Participants

A total of 221 eligible men were considered for recruitment between October 2023
to June 2024 [Figure 1 Consort diagram]. Participants were referred to the recruiting
unit by urological and oncological colleagues. They were eligible provided they had
histologically confirmed prostate cancer, were not taking androgen deprivation therapy,
agreed to cease all other over-the-counter food supplements and were deemed suitable for
surveillance following multidisciplinary team discussion. All participants gave written
informed consent. Nine men declined trial entry following verbal and written information
leaving 212 to consent.

Figure 1. Consort diagram.

2.2. Randomisation and Masking

Random assignment for the probiotic or placebo (1:1) was conducted by a computer-
generated block technique with no subgroup stratification. The supplements were supplied

https://doi.org/10.3390/jal6020035

https://doi.org/10.3390/jal6020035


J. Ageing Longev. 2026, 6, 35 4 of 11

directly to the research unit in white sealed pouches marked A or B containing white
capsules identical in colour taste and aroma. The trust secretary, independent to the
research unit, was given their allocation and provided this to the scientific committee only
after the final statistical analysis. The PRS given to all participants, was open label.

All participants were routinely given verbal and written exercise and healthy living
advice in the recruiting oncology department. After consent, 3 withdrew from the PRS+P
arm and one from the PRS+PB arm and no parametric or demographic details were recorded
so they were not included in the final analysis, leaving 208 evaluable participants. Baseline
demographics, including Body Mass Index (BMI) and ethnicity, were similar in both
randomised arms except average age, which was marginally higher in the PRS+P arm vs.
PRS+PB arm (76 vs. 73 years, p = 0.02, 95% CI 1–6 years) which could be a factor why
baseline grip strength was also marginally higher in the PRS+PB vs. PRS+P arm (36.4 vs.
31.1 kg p = 0.03, 95% CI 3.9–4.8) [see Table 1].

Table 1. Demographics between the two randomised groups at baseline.

Category
(n = 208)

PRS+P
(n = 103)

PRS+PB
(n = 105) Statistical Difference

Average age (74.2 years) 76 73 p = 0.02, 95% CI 1–6 years

Baseline grip strength 31.1 kg 36.4 kg p = 0.03, 95% CI 3.9–4.8

Age range (50–91 years) 50–89 50–91 NS

BMI (Kg/m2) 27.2 27.5 NS

White 100 (97%) 102 (97%)
NS

Non-white 3 3

2.3. Procedures

All men were given two of the phytochemical-rich food (PRS) capsules a day and
were then randomised to take an additional two capsules a day of the probiotic (PB) or
placebo (P).

The PRS contained the same combination of foods found to be safe in prior research but
this updated version contained additional cranberry and ginger [43]. In total, it contained
six different food types which aimed to provide a wide spectrum of synergistically acting
phytochemicals yet avoided over consumption of one particular type, which could have
led to toxicity [44]. Uniquely, this supplement also contained concentrated extracts from
the same plants increasing phytochemical levels which were measured and standardised
for consistency. It is now commercially known as YourPhyto. Men took 2 capsules a day for
4 months, each containing Curcuma longa (150 mg) and 50:1 extract, standardised to curcum-
inoids 95% 500 mg; pomegranate (Punica granatum 150 mg and 50:1 extract,) standardised
to 90% ellagic Acid (500 mg); green tea (Camellia sinensis 3:1 extract), standardised to 45%
Epigallocatechin gallate (EGCG 150 mg); broccoli (Brassica oleracea 150 mg); ginger (Zingiber
officinale Roscoe 5 mg); and cranberry (Vaccinium subg. oxycoccus, extract 25:1 100 mg).

The probiotic (PB) intervention contained 10 billion colony forming bacterial units,
plus prebiotics (Inulin and cholecalciferol). This specific combination had been evaluated in
previous clinical trials and found to be safe and well-tolerated [27]. It is now commercially
known as YourgutPlus. Participants took, either a placebo capsule twice a day, containing
inert fillers, or the probiotic capsule each containing: Lactobacillus rhamnosus 300 colony
forming units (CFU), 5.6 mg; Lactobacillus plantarum 500 CFU, 5.6 mg; Lactobacillus paracasei
300 CFU, 835 µg; Lactobacillus bulgaricus 50 CFU, 100 mg; Lactococcus lactis 200 CFU, 835 µg;
Inulin 90%, 100 mg; and Vitamin D, 2.2 mg (500 International units (IU)), known to have
prebiotic properties [45].
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2.4. End Points

The primary end point to this aspect of the trial was the GS between the two ran-
domised groups, measured at the study baseline and then at the end of the intervention
at 4 months. To calculate grip strength a Camry Electronic Hand Dynamometer was used
(Takei Scientific Instruments, Tokyo, Japan). GS measurements were taken with the men in
an upright sitting position, with their arms naturally hanging down, and were instructed to
grip the dynamometer. Men were requested not to perform any actions such as “pressing
against the body” or “swinging”. The grip width of the dynamometer was adjusted so
that the second joint of the index finger was at approximately 90 degrees. Grip strength
measurements were conducted twice, on the self-reported strongest hand. The recorded
values were rounded down to the nearest kilogram, and the highest of the two scores
was recorded in the clinical research file (CRF). The secondary end points were levels of
systemic inflammation determined by the neutrophil to lymphocyte ratio (NLR) from a
full blood count taken at baseline and at 4 months. Serum testosterone levels were taken at
4 months and compared between the two groups.

2.5. Statistical Analysis

A priori power calculation (G∗Power 3) was used to determine the number of partici-
pants required for this study at an alpha level of 0.05 and a statistical power of 95% [46]. It
was determined that, to detect a moderate effect size change (d = 0.66) between the groups,
a total of 85 participants were to be recruited for each group. To compensate for potential
dropouts or missing data, a further 20 patients were added per group, making the final
recommended target participant recruitment of approximately 210. All inferential statistics
were performed using IBM SPSS Statistics (Version 26, IBM Corp., Armonk, NY, USA). Prior
to inferential data analysis, all data was checked for normality using histograms or via a
Smirnov–Kolomogrov test. Chi-square tests and paired sample t-tests were used to assess
the differences in demographics between the groups. A linear mixed model (LMM) was
used to evaluate the difference between the two groups. The fixed factors (arm and time)
and random (participant) effects for each LMM, were used. The grip strength at baseline
was used as a covariate. Using the smallest Hurvich and Tsai criterion (AICC) an appropri-
ate model was chosen for each variable. This type of analysis was preferred as it allows for
missing data, can accurately model different covariate structures for repeated measures
data and can model between-subject variability. Step down Hommel adjusted post hoc
pairwise comparisons were calculated if a significant main effect and/or interaction effect
was present. Where a significant main and/or interaction effect was obtained a Sidak post
hoc test was used to locate significant differences. A linear regression was also performed
on % PSA change from baseline to 4 months with mean grip strength difference over the
same time period. Prior to the regression analyses, continuous predictors were assessed
for multicollinearity using variance inflation factors (VIF), and categorical variables were
dummy-coded where necessary. The Hosmer–Lemeshow goodness-of-fit test was used
to evaluate the model’s fit, and Nagelkerke’s R2 was reported to estimate the proportion
of variance explained by the model. Odds ratios (OR) with 95% confidence intervals (CI)
were calculated for each predictor to quantify the strength and direction of associations
with the outcome variable. The two-tailed alpha level was set as p < 0.05 for all statistical
tests. Provided men gave written informed consent, had serum analysis and grip strength
measures at 4 months they were included in the intention to treat analysis.

https://doi.org/10.3390/jal6020035

https://doi.org/10.3390/jal6020035


J. Ageing Longev. 2026, 6, 35 6 of 11

3. Results
3.1. Mean Grip Strength

Mean grip strength (GS) significantly increased from baseline to four months in both
the PRS + P (mean (SD): 31.1 (±8.7) kg to 33.7 (±9.1) and the PRS+PB (36.4 (±7.3) kg
to 40.8 (±7.6) arms, see Table 2. The mean difference from baseline to four months was,
however, statistically significantly greater in the PRS+PB versus the PRS+P arm (4.4 vs.
2.5 Kg, p < 0.001, 95% CI 0.8 to 3.0 kg), see Table 3. The odds of GS improving was 11.8%
greater (p = 0.002, OR = 1.11, 95% CI 1.04 to 1.20) in PRS+PB compared with the PRS+P arm.

Table 2. Improvements in grip strength pre- and post-intervention for the two randomised groups.

Baseline 4 Months Percentage Score Difference Using Mixed Two-Way
ANOVA Baseline vs. 4 Months

Grip strength
PRS+P (n = 103)

31.1 kg
(±8.7)

33.7
(±9.1)

Mean Difference = 2.5 Kg (8%),
p < 0.001, 95% CI 1.8–3.4).

Grip strength
PRS+PB (n = 105)

36.4
(±7.3)

40.8
(±7.6)

Mean Difference = 4.4 Kg (11%),
p < 0.001, 95% CI 3.6–5.2).

PRS—Phytochemical rich supplement, P—placebo, PB—probiotic.

Table 3. Differences in grip strength, inflammation and testosterone between the randomised arms.

PRS+P
(n = 103)

PRS+PB
(n = 105)

Mean Difference
(Mixed Two Way ANOVA)

Grip strength change from baseline
to 4 months

2.5 Kg
±1.8–3.4

4.4 Kg
±3.6–5.2

2.5 Kg (57%),
p < 0.001, 95% CI 0.8 to 3.0).

Serum testosterone at 4 months 13.02 nmol/L
±6.99

14.75 nmol/L
±4.76

1.73 ng/L (12%)
(p = 0.046, 95% CI 0.23 to 3.33).

Lymphocyte to neutrophil ratio
change from baseline to 4 months +0.39 −0.41 0.79

(p = 0.04. 95% CI 0.03–1.53)

3.2. Inflammation Measured via the Neutrophil to Lymphocyte Ratio (NLR)

In the PRS+P arm the mean NLR increased by 0.39 at four months versus baseline
(Table 3). In the PRS+PB arm the mean NLR reduced by 0.41. The difference in the mean
change in NLR from baseline to four months between the two arms of 0.79 was statistically
significant (p = 0.04. 95% CI 0.03–1.53).

3.3. Testosterone

The average serum testosterone level at four months for men in the PRS+P arm was
13.02 ± 6.99 nmol/L versus 14.75 ± 476 nmol/L in the PRS+PB arm (Table 3). This mean
difference of 1.73 nmol/L (12%) was significantly significant (p = 0.046, 95% CI 0.23 to
3.33 nmol/L).

3.4. Adverse and Other Events

There were no significant changes in liver function tests and urea and electrolytes or
other blood parameters before or after trial entry. One participant reported loose bowels
but four commented that their bowels had improved. One patient developed a mild skin
rash; otherwise, the supplements were well tolerated.

4. Discussion
Cohort studies have established clear links between diet, lifestyle and the risk of

chronic degenerative disease, well-being and lifespan, often collectively referred to as
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longevity [1,2]. What is less well established, and what this study aimed to help elucidate,
was whether enhancing healthy elements of food, prospectively, could influence physical
and biological markers, starting in a more elderly cohort.

This study had two main parts, the first evaluated the impact of these dietary interven-
tions on prostate cancer progression, the results published separately [45]. As this cohort of
men were taking no medical treatments for their low-risk disease and have an interest in
self-help lifestyle strategies, they were an ideal cohort for a “bolt-on” evaluation of other
end points related to longevity, within a randomised controlled setting. These data are
presented here for the first time.

This part of the study had a phase II element which found a statistically significant
(8%) improvement in average grip strength in a cohort of older men following a four-month
intake of the capsule which boosted dietary levels of six phytochemical-rich foods. This
finding supports previous studies which have linked better exercise performance after
increased intake of phytochemical-rich foods via concentrates or supplements [7–18]. Most
of these trials, however, involved younger fitter athletes, so it is reassuring to report this
benefit in an older cohort. The main caveat to this finding was that there was no control arm,
without any PRS. This aspect of the design was influenced by the patient support groups,
who advised that a control only arm would be unacceptable to potential participants,
risking recruitment failure. As with all phase II analyses, it must be noted that it is possible
the improvement from baseline to four months, although interesting and worth further
substantiation, could have been a placebo effect.

The randomised element of this study, however, was more robust. It demonstrated
that intake of this five-blend Lactobacillus capsule, which aimed to improve gut health, in
addition to the PRS, compared to a blinded control, further improved GS—a difference
of 57% between the two randomised groups. Although, there is a chance that, at base-
line, men in the PRS+PB group were slightly younger and stronger there is nothing in
the literature to suggest that these men are more or less likely to respond to a nutritional
intervention; hence we believe the difference between the two randomised arms is genuine
and statistically robust. This finding supports previous studies which have highlighted
the importance of a healthy gut for athletes and the role for probiotic supplements [34–37].
Laboratory studies have reported a strong beneficial synergy between phytochemicals and
probiotic bacteria [27–33]. We believe, however, that this is the world’s first double-blind
RCT to show that a dietary intervention that boosted, and combined, both phytochemical
rich foods and Lactobacillus probiotics helped improve strength in a non-athletic, older
population. The underlying mechanisms why Lactobacillus probiotics help strength are
multifactorial and not yet established but they have previously been shown to help cog-
nitive decline, mood, viral infections and arthritis which affect the ability and motivation
to exercise [27–32,47]. Whether this improvement in absolute GS, in a combined group
of 4.4 kg, although statistically significant, results in improved activity of daily living or
quality of life requires further evaluation.

Our data reports a statistically significantly 12% higher testosterone level in the probi-
otic arm which supports previous studies correlating gut health with declining testosterone
and improved strength. Previous studies have linked both testosterone and gut health
with improved strength, important in an elderly population as this can help maintain
independence, prevent falls and improve quality of life [11–14]. Average testosterone
remained in the normal range in both arms and, reassuringly, in the previous element of
this study. Prostate cancer progression was lower in the PRS + PB despite these slightly
higher testosterone levels [45]. The main caveat was that testosterone was measured at the
end of the trial only and it is possible that these differences could be a result of the slight
differences in baseline age demographics between the two randomised groups. Further
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trials should ensure testosterone is measured at baseline and at the end of the intervention,
include more detailed measurements such as bound levels and correlate any changes with
quality-of-life scores.

Supporting the synergistic anti-inflammatory action of probiotics and phytochemicals,
there was a reduction in NLR in the combined arm of this trial. NLR is a cost-effective,
practical surrogate biomarker for inflammation, and previous studies have shown it cor-
relates with gut health [3]. It is not clear from this trial, however, whether these foods
reduced inflammation, directly, via an improvement in gut health or other factors such as
improved joint function, and mood which enhanced the enthusiasm and ability to exercise,
which has also been linked to lower inflammation [1,3,9,10]. To clarify and validate these
findings future studies should include more robust biochemical markers of inflammation;
C-Reactive protein, P, IL-6, TNF-α should be used more along with a more formal measure
of physical activity levels, mood and arthralgia.

The high safety and tolerance found in this study supports similar findings in other
nutraceutical and probiotic studies [43–45]. Although one man reported indigestion, more
men reported improvement in bloating which would be expected with improved gut health.
Despite the small rise in testosterone, serum levels remained within the normal range and
the reduction in prostate cancer progression, as previously reported, was reassuring [45].

Although this study reflected the demographics of the recruiting hospital’s location, it
did not reflect international ethnic diversity. Future research should aim to engage different
ethnic groups to ensure these interventions also benefit populations with diverse genetic
and dietary backgrounds. As mentioned above, a limitation of the trial was the absence of
randomised arms for the placebo alone. On the other hand, the advisory groups indicated
that providing the latest-generation PRS to both arms would be appealing to men and
could reassure them to stop all other over-the-counter supplements, ubiquitous in this
cohort. This aspect of the design, therefore, avoided influence from other supplements
which would likely have been different in the two arms. Instead, as all men received the
same PRS, this ensured that anything observed between the two arms was attributed to the
additional intake of the probiotics.

5. Conclusions
Despite these caveats, the double-blind randomised element of this study highlights

a synergy between Lactobacillus probiotics and phytochemical rich foods. The data was
most robust for grip strength and NLR although differences in testosterone would need
further clarification as this could have been explained by the imbalance in baseline age
demographics. Grip strength was a practical tool for this study, is known to be a marker
for longevity and is recommend for further studies [4,5]. Although these results are encour-
aging, for confirmation of absolute improvements in longevity, larger randomised studies,
lasting many years, using unequivocal end points of morbidity and mortality, would be
needed, such as those investigating statins and antihypertensives. Before allocating re-
search resources for dietary intervention studies, however, short term interventions such as
this, using surrogate biomarkers, can help determine which strategies could be selected for
more detailed investigation.
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