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Probiotics have been suggested as an effective adjuvant treatment for Alzheimer’s disease (AD) due to their modulating effect on the gut microbiota, which may affect the gut-brain axis. Therefore, we aimed to evaluate the effects of two different single-strain probiotics on cognition, physical activity, and anxiety in subjects with mild and moderate AD. Eligible patients (n = 90) with AD were randomly assigned to either of two interventions [Lactobacillus rhamnosus HA-114 (1015 CFU) or Bifidobacterium longum R0175 (1015 CFU)] or placebo group, receiving probiotic supplement twice daily for 12 weeks. The primary outcome of the study was cognitive function measured by using the two tests, namely, the Mini-Mental State Examination (MMSE) and the categorical verbal fluency test (CFT). Secondary outcomes included a performance in Activities of Daily Living (ADL), the Lawton Instrumental Activities of Daily Living (IADL) scale, and the Generalized Anxiety Disorder (GAD-7) scale. Linear mixed-effect models were used to investigate the independent effects of probiotics on clinical outcomes. After 12 weeks, MMSE significantly improved cognition (PInteraction < 0.0001), with post hoc comparisons identifying significantly more improvement in the B. longum intervention group (differences: 4.86, 95% CI: 3.91–5.81; P < 0.0001) compared with both the placebo and L. rhamnosus intervention groups (differences: 4.06, 95% CI: 3.11–5.01; P < 0.0001). There was no significant difference between the two intervention groups (differences: −0.8, 95% CI: −1.74 to 0.14; P = 0.09). In conclusion, this trial demonstrated that 12-week probiotic supplementation compared with placebo had beneficial effects on the cognition status of patients with AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative and irreversible disease with a cognitive and behavioral impairment that accounts for 60–80% of dementia cases (Porsteinsson et al., 2021). Pathologically, the accumulation of beta-amyloid plaques outside neurons and hyperphosphorylated tau (pTau) tangles inside neurons are two of several brain changes associated with AD (Kincaid et al., 2021). Currently, more than 50 million individuals are living with dementia around the world, and as the population ages, this number will be tripled to 152 million by 2050 (International AsD, 2019); AD is the seventh leading cause of death among all diseases. In addition to cognitive impairment, AD has neuropsychiatric symptoms, of which the most common are anxiety and depression. Anxiety and depression can cause major problems for caregivers, reduce the patient’s quality of life, and increase hospitalization and mortality (Mendez, 2021). AD can also impair the patient’s ability to perform activities of daily living (ADL) and increase the patient’s dependence on caregivers (Clemmensen et al., 2020). The total annual cost of AD and other types of dementia in the United States is currently $305 billion and is expected to exceed $1.1 trillion by 2050 (Porsteinsson et al., 2021). The main risk factors for AD are age, genetics, and family history. However, studies have shown that obesity, type 2 diabetes, and gut dysbiosis are also risk factors for AD (Alzheimer’s Association, 2010). Unfortunately, the approved medicine is less effective on dementia, especially AD, and cannot stop the progression of the disease (Hazar et al., 2016); besides, these drugs have negative effects on the gut microbiome and can worsen the gut microbiome in the long-term. Therefore, adjuvant therapy with prebiotics/probiotics may prevent and/or cure gut dysbiosis and, therefore, can increase the therapeutic effects of AD drugs (Hort et al., 2020). Probiotics are a group of live microorganisms that are believed to have a variety of health benefits for the host such as anti-obesity, cancer-preventing effects, reducing anxiety, and increasing lifespan. They are usually added to yogurt or taken as a dietary supplement and are often called good or friendly bacteria. In addition, studies have shown that aging can decrease good bacteria in the gut especially Bifidobacterium and Lactobacillus (Oelschlaeger, 2010; Azm et al., 2017). Yet, few studies have been conducted on the relationship between probiotic supplements and cognitive status. Recent trials have used a single-strain probiotic to determine exactly which strain is more effective (Akbari et al., 2016; Azm et al., 2017; Musa et al., 2017; Leblhuber et al., 2018; Kobayashi et al., 2019). Based on the findings, this trial was designed to evaluate the effect of two different single-strain probiotics on cognitive status in subjects with mild and moderate AD.



Materials and methods


Study design

This was a 12-week multicenter, randomized, parallel, double-blind, and placebo-controlled clinical trial to observe the effect of probiotic supplementation on the cognitive status of patients with AD. This trial was performed in hospitals under the supervision of the Tehran University of Medical Sciences (TUMS), Iran. Our study was done according to the Declaration of Helsinki in 1975 and was also approved by the Ethics Committee of the Tehran University of Medical Sciences and registered on the Iranian Website for Registration of Clinical Trials IRCT (IRCT number: 20210513051277N1). We informed all the subjects about the risks and benefits of the study and reassured them that they could leave the study whenever they wanted. Written informed consent was received from all participants.



Participants

A total of 90 older adults with mild and moderate AD took part in this clinical trial from October 2021 to March 2022. They were assigned to three groups (one group received Lactobacillus rhamnosus HA-114, the other one received Bifidobacterium longum R0175, and the last one took a placebo). The intervention started simultaneously in October 2021, and the last observation finished in May 2022. AD was diagnosed based on the NINDS-ADRDA criteria (Mckhann, 1984) and the received criteria from the National Institute on Aging Alzheimer’s Association (Jack et al., 2011). The inclusion criteria were as follows: aged 50–90 years, ability to tolerate oral medication, and mild or moderate AD based on the Functional Assessment Staging Tool (FAST) score 4-6B.

The exclusion criteria were as follows: (1) allergy to probiotic supplements, (2) reluctance to continue cooperation, (3) drastic changes in diet, (4) inflammatory diseases that lead to long-term use (more than 2 weeks) of anti-inflammatory drugs, (5) taking antibiotics, pre-probiotic or probiotic products, or multivitamin and mineral supplements during the intervention, (6) having any kind of infection or another disease like COVID-19, (7) changing the type of drug during the intervention, and (8) enrollment in any other intervention trial.



Random assignment and masking

Stratified permute block randomization was performed in two categories based on age and sex by using the site www.randomization.com. In this method, one of the letters A, B, and C was assigned to each group and randomization was done in six blocks. Within each block, patients were randomly assigned to one of the three study groups in a 1:1:1 ratio. Probiotic supplements were coded by Lallemand Company and all the investigators, research coordinators, participants, caregivers, and data analysts were kept blind to treatment allocation throughout the trial.



Intervention

Eligible participants were allocated in a 1:1 ratio to receive either of two interventions [a probiotic capsule containing L. rhamnosus HA (each capsule contained 1015 CFU probiotic) or a probiotic capsule containing B. longum R0175 (each capsule contained 1015 CFU probiotic) two times a day] or the placebo (one capsule containing xylitol, maltodextrin, and malic acid two times a day). All supplements provided by Lallemand Company in Canada were similar in color, taste, smell, and size. Caregivers were guided to store the supplements in the refrigerator and gave two capsules daily to patients, one after lunch and one after dinner. The supplements were delivered to caregivers monthly. To remind the regular consumption of supplements, a message was sent to caregivers daily. Caregivers were asked to return the medicine box and consumption of less than 80% of the supplement at the end of each month was considered non-compliant.



Outcomes

The primary outcome was an assessment of cognitive function by using the two tests, namely, the Mini-Mental State Examination (MMSE) for illiterate patients and the categorical verbal fluency test (CFT), before and after the 12-week probiotic supplementation. Both tests were validated for the Iranian population (Seyedian et al., 2008; Clark et al., 2020).

Mini-Mental State Examination is the most widely used brief cognitive tool for evaluating a variety of cognitive disorders (Shulman et al., 2006) and it was published by Folstein et al. (1975). It is commonly used in clinical practice to assist clinicians in the diagnosis of dementia and delirium (Diniz et al., 2007). It has got 11 domains (orientation to time and place, registration of three words, calculation, language, and ability to draw a complex polygon), with a score range from 0 to 30, with higher numbers indicating better cognitive performance.

The CFT is used for assessing semantic and executive aspects of cognition (Lezak et al., 2004). It is a quick test that can be used to assess people with aphasia (Seniów et al., 2009) and neurodegenerative problems (Levy and Chelune, 2007; Arnott et al., 2010; Lepow et al., 2010). Previous research has found that dementia of AD affects CFT performance (Monsch et al., 1992; Henry et al., 2004). It usually includes two tasks, namely, category fluency (also known as semantic fluency) (Benton, 1968) and letter fluency (sometimes called phonemic fluency) (Newcombe, 1969). In the category fluency, patients are asked to say as many animal and fruit names as they can in 1 min. In the letter fluency, patients are also given 1 min to name the words beginning with the letter F. Based on the study of Shirdel et al. (2022), the letter F in English is equivalent to the letter Pe in Persian in terms of the number of words, that is why we used the letter Pe in letter fluency. The number of unique correct words was the patient’s score in each task (Benton, 1968; Levy and Chelune, 2007; Arnott et al., 2010; Lepow et al., 2010).

Performance in ADL is evaluated by the Barthel Index (BI). BI assesses the degree of independence in doing daily tasks in the elderly through 10 variables (bowel, bladder, grooming, toilet use, feeding, transfer, mobility, dressing, stairs, and bathing). How to score each question is as follows: 0: unable, 1: needs help, and 2: independent, and total score range is 0–20 and a higher score means the older person is more independent in doing daily tasks (Sinoff and Ore, 1997). This test was evaluated for the Iranian population by Hormozi et al. (2019).

We used a validated test of the Lawton Instrumental Activities of Daily Living (IADL) scale for Iranians(Mehraban et al., 2014) that was originally created by Lawton and Brody in 1969 to survey the complex ADLs essential for living within the community. It has got eight questions to assess competence in abilities such as using telephone, shopping, food preparation, housekeeping, laundry, mode of transportation, responsibility for own medications, and handling finance. IADL performance usually declines before ADL function such as eating, using the toilet, and bathing. IADL may recognize the early decline in physical or cognitive activity or both in elderly adults who seem vigorous and healthy (Lawton et al., 1969; Ward et al., 1998; Graf, 2008). Doing this test takes 10–15 min with the score ranging between 0 (low function) and 8 (high function). Each capacity is measured by the scale depending on either cognitive or physical function, even though all require a few degrees of both (Ng et al., 2006).

The Generalized Anxiety Disorder (GAD-7) scale contains seven items based on the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) to evaluate anxiety in both the primary care setting and the general population. GAD-7 was validated by Naeinian et al. (2011) in for the Iranian population (Sapra et al., 2020). Each question has got a score range from 0 to 3 (0 = not at all, 1 = several days, 2 = more than half the days, and 3 = nearly every day) with a total score between 0 and 21, with higher scores indicating more anxiety in the elderly. Total scores of 5, 10, and 15 are considered cutoff for mild, moderate, and severe anxiety (Sapra et al., 2020).



Statistical analyses

Based on a study by Kobayashi et al. (2019), the sample size was calculated with 95% confidence interval and 80% power using the following formula:
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Considering 20% probable withdrawal, 30 subjects were enrolled in each group. Data were analyzed using the Statistical Package for the Social Sciences (SPSS version 26; SPSS Inc., Chicago, IL, USA). We used a one-way ANOVA for quantitative variables and χ2 test for qualitative variables. A linear mixed-effects model (using an unstructured model) was used to determine the independent effects of interventions on outcomes over time (baseline and 12 weeks) with fixed effects for intervention groups, along with a random effect for participants. When the difference was significant (P < 0.05), post hoc pairwise comparison tests were performed.




Results


Characteristics of the patients

A total of 90 patients were included in the study and were randomly divided into three groups, namely, placebo (n = 30), L. rhamnosus (n = 30), and B. longum (n = 30) (Figure 1). Participants’ baseline clinical and demographic characteristics are shown in Table 1. No patients reported serious side effects while taking probiotic supplements. All the patients completed the trial and there were not any significant differences between baseline characteristics. The mean and standard deviation (SD) of MMSE, CFT, ADL, IADL, and GAD scores before and after treatment with probiotics are reported in Table 2.
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FIGURE 1
The study consort flowchart.



TABLE 1    Baseline characteristics of patients in the probiotic groups and the placebo group.*
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TABLE 2    Mini-Mental State Examination, CFT, ADL, IADL, and GAD scores of patients in the intervention groups and the placebo group over the study period.a
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Cognition

A significant effect of treatment for MMSE total score was found (PTime × Group < 0.0001), with post hoc comparisons identifying significantly more improvement in the B. longum intervention group (differences: 4.86, 95% CI: 3.91–5.81; P < 0.0001) compared with the placebo and L. rhamnosus intervention groups (differences: 4.06, 95% CI: 3.11–5.01; P < 0.0001). There was no significant difference between the two intervention groups (differences: −0.8, 95% CI: −1.74 to 0.14; P = 0.09). We also compared all six domains of the MMSE, and analysis showed that orientation, registration, attention, recall, language, and visuospatial domains were all significantly different between the placebo and intervention groups. The CFT was significantly improved at the end of the trial (PTime × Group < 0.0001). Post hoc comparisons indicated a significant increase in CFT score in the L. rhamnosus intervention group (differences: 3.46, 95% CI: 2.79–4.13; P < 0.0001) compared with the placebo and B. longum intervention groups (differences: 3.9, 95% CI: 3.22–4.57; P < 0.0001). There was no significant difference between the two intervention groups (differences: −0.43, 95% CI: −1.1 to 0.23; P = 0.2). More details are shown in Table 3.


TABLE 3    Treatment effect of probiotic supplements on MMSE, CFT, ADL, IADL, and GAD.1
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Physical activity

The effect of probiotic supplement on ADL score was not significant (PTime × Group = 0.24). Although supplementation with B. longum compared with L. rhamnosus caused a greater increase in the ADL score, this change was not significant (differences: −0.53, 95% CI: −1.2 to 0.14; P = 0.11).

The IADL scale was demonstrated to improve significantly in the intervention groups compared to the placebo group (PTime × Group < 0.0001). Compared to the placebo group, L. rhamnosus and B. longum intervention increased IADL significantly (differences: 1.05, 95% CI: 0.49–1.61; P < 0.0001; differences: 1.5, 95% CI: 0.93–2.06; P < 0.0001, respectively). There was no significant difference between the two intervention groups (differences: −0.44, 95% CI: −0.99 to 0.09; P = 0.10).



Anxiety

The GAD-7 scale significantly improved after supplementation with probiotics compared with the placebo (PTime × Group < 0.0001). Within group, comparisons showed a significant improvement in the L. rhamnosus intervention group (differences: −6.44, 95% CI: −7.77 to −5.12; P < 0.0001) compared with the placebo and B. longum intervention groups (differences: −6.26, 95% CI: −7.59 to −4.93; P < 0.0001). Although supplementation with B. longum compared with L. rhamnosus caused a greater increase in the GAD score, this change was not significant (differences: −0.18, 95% CI: −1.5 to 1.13; P = 0.78).




Discussion

This present trial that investigated the effect of probiotic supplementation on cognitive status in patients with mild and moderate AD indicated a significant improvement in the MMSE total score as well as CFT, IADL, and GAD-7 in response to probiotic supplementation.

Alzheimer’s disease is a progressive neurodegenerative disease with memory decline, cognition impairment, and behavioral disorders and has become a worldwide health problem in the aging population. Although the cause of this disease is not known, it seems that two toxic misfolded proteins (amyloid-β and tau proteins) cause AD by increasing oxidative stress, neuroinflammation, and synaptic impairment and, thereby, accelerate neuronal death. Sirtuin 1 (SIRT1) is a potent therapeutic strategy against neurodegenerative diseases by downregulating Rho-associated coiled-coil-containing protein kinase 1 (ROCK) expression, and promoting anti-amyloidogenic cleavage of Aβ protein precursors by α-secretase is shown to be thereby inhibiting the aggregation of toxic proteins (Mishra et al., 2021). Since the drug’s therapeutic potential is controversial and its use is not without complications and side effects, thus, the recent paradigm shifts toward natural products and their derivatives. These natural compounds are well tolerated with minimal to no side effects. They are readily available and have excellent bioavailability and some of these compounds can affect the upregulation of SIRT1 (Ghosh et al., 2020).

At present, the gastrointestinal tract with its commensal microbiome is one of the most interesting and discussed topics in neurodegenerative diseases. However, there are few trials on the effect of probiotic supplementation, especially with single strain on the brain.

Consistent with our findings, Musa et al. (2017) showed that supplementation with Lactobacillus fermentum LAB9 or Lactobacillus casei of fermented cow’s milk had a neuroprotective effect and memory improvement through attenuation of lipopolysaccharide, inhibition of acetylcholinesterase (AChE), and antioxidative activities. Besides, animal studies have shown that supplementation with Lactobacillus plantarum significantly improved learning and memory abilities and stabilized the structural and functional integrity of the biological neuron membrane (Peng et al., 2014; Mallikarjuna et al., 2016; Nimgampalle and Kuna, 2017; Athari Nik Azm et al., 2018). Kobayashi et al. (2017) indicated that administration of Bifidobacterium breve strain A1 in AD model mice can prevent cognitive dysfunction induced by amyloid-β; antioxidant and neuroprotective effects of a probiotic formulation (namely SLAB51) have also been indicated in an SD mouse model (Bonfili et al., 2018). Leblhuber et al. (2018) showed that 4 weeks of multispecies supplementation in 20 patients with AD had a neuroprotective effect through increasing neopterin and kynurenine to tryptophan ratio as well as gut bacteria composition improvement; clock drawing test (CDT) also significantly increased. Akbari et al. (2016) indicated a significant improvement in the MMSE score by using multispecies probiotic milk (2 × 109 CFU) for 12 weeks in 60 individuals with AD. Kobayashi et al. (2019) showed that supplementation with B. breve A1 > 2.0 × 1010 CFU for 12 weeks in 117 older adults with subjective memory complaints produced a significant improvement in MMSE total score due to its anti-inflammatory effect through suppressing the hippocampal gene expression of inflammation-related genes. Agahi et al. (2018) revealed that multispecies probiotic supplementation (3 × 109) for 12 weeks in 48 (25 patients with AD) subjects had no significant effect on Test Your Memory (TYM) score. In addition to the small number of participants and their old age, another possible reason is that 83.5% of patients had severe AD, making cognitive improvement more difficult.

There are some mechanisms explaining the effects of probiotic supplementation on cognition status. Studies have shown that a chronic neuroinflammatory state with the release of pro-inflammatory cytokines has been seen in patients with AD, which seems to correlate with constant accumulation of Aβ in neurons. It seems that this neuroinflammation occurs due to an alteration of the balance of gut microbiota (dysbiosis), which can adversely affect neuronal activity. In contrast, Alzheimer’s drugs can temporarily relieve the symptoms of the disease, but in the long-term, they adversely affect the gut microbiome, making the disease worse. Therefore, adjuvant treatment with probiotics may prevent or even cure intestinal dysbiosis, thus allowing the therapeutic effects of AD drugs to be more fully exploited (Jiang et al., 2017; Hort et al., 2020). Ingestion of probiotics in subjects with AD balances and modifies the gut microbiota to produce short-chain fatty acids (SCAFs) required for the integrity of the gut and blood–brain barrier (BBB) and other metabolites such as neurotransmitters and precursors like noradrenalin and tryptophan or γ-gamma-aminobutyric acid (GABA). These metabolites are essential for neuropsychiatric status in aging people (Leblhuber et al., 2018). Probiotics have also been reported to suppress oxidative stress and inflammation by increasing enzymes such as superoxide dismutase, glutathione peroxidase, and hs-CRP (Agahi et al., 2018). This trial indicated that the score of IADL improved significantly, whereas the score of ADL did not show any significant change. IADL performance usually declines before ADL functions such as eating, using the toilet, and bathing (Ward et al., 1998; Graf, 2008). It seems that significant changes in ADL scores may require long-term trials.

Despite broadening our understanding of the effect of probiotics on AD, this study had some limitations. For instance, we did not assess changes in the gut microbiota; therefore, it remained unclear what specific strains were modified by probiotic supplementation. Yet, the most important strengths of this study were its design as a three-arm study and the simultaneous assessment of two different single-strain probiotics.



Conclusion

This study demonstrated that 12-week probiotic supplementation compared with placebo had favorable effects on the cognitive status, anxiety, and instrumental daily activity of patients with AD; however, this supplement had no effect on ADL. We concluded that adjuvant treatment with probiotics in these patients is beneficial and can enhance drug’s efficacy, slow the disease exacerbation process, and maintain the patient’s quality of life for an extended period, but more clinical trials are needed in this respect.
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Female 14 (33.3%) 14 (33.3%) 14 (33.3%) <0.0001 1.00
Male 16 (33.3%) 16 (33.3%) 16 (33.3%)

Education

Illiterate 23 (31.5%) 23 (31.5%) 27 (37%) 2.32 0.31
Educated 7 (41.2%) 7 (41.2%) 3 (17.6%)

Type of Alzheimer

Mild Alzheimer 17 (30.9%) 15 (27.3%) 23 (41.8%) 4.86 0.08
Moderate Alzheimer 13 (37.1%) 15 (42.9%) 7 (20.0%)

Weight

Weight at baseline study (kg) 6227 +6.8 67.07 £ 6.6 6597+ 7.1 0.32 0.73
Weight at end-of-trial (kg) 66.57 £ 6.5 68.83+7.0 68.33 + 6.0

Weight change —0.7 £2.32 1.76 £2.06 23+£215

BMI

BMI at baseline study (kg/m?) 2393422 2371+ 14 2379+24 0.08 0.92
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*Values are the mean + SD and P < 0.05 is considered significant. *One-way ANOVA for quantitative variables and x? test for qualitative variables. BMI, body mass index; AChETs,
acetylcholinesterase inhibitors; MMSE, the Mini-Mental State Examination; CFT, the categorical verbal fluency test; ADL, Activities of Daily Living; IADL, Lawton Instrumental Activities
of Daily Living; GAD-7, the Generalized Anxiety Disorder scale.






