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Abstract

Background/Objectives: The ReCODE (Reversal of Cognitive Decline) protocol, a precision medicine
program, designed for patients with Alzheimer's disease, has shown promising results in improving
cognitive function. Depression, which is common among individuals with mild cognitive
impairment and Alzheimer’s disease, shares some risk and exacerbating factors (such as systemic
inflammation), and can negatively affect quality of life and disease trajectory. We set out to assess
whether participation in the ReCODE program is associated with improvement in depressive
symptoms, as measured by the Patient Health Questionnaire-9 (PHQ-9). Methods: A total of 170
individuals diagnosed with mild to moderate Alzheimer’s disease were enrolled in the ReCODE
program. Each participant received consultations with clinical practitioners and a detailed
orientation to the program. Follow-up visits were conducted 31 days post-enrollment, during which
participants received further guidance on diet, lifestyle modifications, medications, and supplements.
These visits also included mood assessment using the Patient Health Questionnaire-9 (PHQ-9). Pre-
and post-intervention data were analyzed using the non-parametric Wilcoxon signed-rank test.
Results: Participants demonstrated a statistically and clinically significant reduction in PHQ-9 scores,
with improvement observed across mild, moderate, and severe baseline depression categories. The
proportion of participants above the clinical threshold for depression decreased substantially
following the intervention. Conclusions: Our results suggest that the ReCODE program not only
benefits cognitive and biological measures, as shown in prior work, but also significantly alleviates
depressive symptoms. These findings highlight ReCODE’s potential as a successful multifaceted
therapeutic approach addressing both cognitive decline and mental health in Alzheimer’s disease.

Keywords: Alzheimer’s disease; cognitive decline; therapeutics; PHQ9; depression; ReCODE; diet;
lifestyle

1. Introduction

Alzheimer’s disease (AD), a neurodegenerative disorder marked by progressive cognitive
decline, remains a leading cause of morbidity in aging populations worldwide [1-3]. Traditional
monotherapeutic, pharmaceutical approaches, have yielded limited clinical benefits [4,5]. We and
others have demonstrated that a range of metabolic abnormalities —including insulin resistance,
chronic inflammation, hypovitaminosis D, hormonal imbalances, and elevated homocysteine
levels—are key contributors to the pathophysiology of AD. These metabolic dysfunctions often
interact and compound over time, creating biochemical and physiological disturbances that drive
cognitive decline.
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Recent clinical trials and observational studies have shown that addressing multiple such factors
concurrently leads to superior outcomes compared to targeting a single variable [6-12]. A multi-
therapeutic, personalized approach that evaluates and treats the full range of contributing metabolic
factors may be more aligned with the multifactorial nature of AD. This strategy aims not just to
manage symptoms but to alter the trajectory of disease progression by restoring systemic balance and
supporting neuronal resilience. Moreover, this approach is more sustainable in the long term as it
promotes overall health and addresses comorbidities that commonly accompany aging and cognitive
decline, such as hypertension, insulin resistance, and dyslipidemia [13-19].

The ReCODE (Reversal of Cognitive Decline) program is a multi-therapeutic, precision medicine
approach that evaluates and treats the full range of contributing metabolic, infectious, immune,
vascular, and toxic factors. The program targets multiple biological mechanisms underlying AD —
such as inflammation, insulin resistance, nutrient deficiencies, toxin exposure, and hormonal
imbalances —through personalized lifestyle and therapeutic interventions [20,21]. Notably, the first
clinical trial using this protocol demonstrated statistically significant cognitive improvement in 84%
of patients with mild cognitive impairment or early-stage dementia over a 9-month intervention,
measured by MoCA and other neuropsychological tools [14,15]. Complementing this trial, other
independent observational studies and clinical trials have validated the benefits of multi-therapeutic
approaches that evaluate and treat a range of contributing factors in varied clinical settings. These
studies consistently reported improvement or stabilization in cognitive performance across diverse
populations, using tools such as CNS Vital Signs, MoCA, MRI volumetrics, and laboratory-based
assessments. Importantly, patients also experienced improved metabolic profiles, enhanced quality
of life, and reduced medication dependency [13,16-20,22-29].

Depression is a frequent comorbidity in AD and related dementias, affecting up to 50% of
patients. It contributes to decreased quality of life, increased caregiver burden, and potentially
accelerated cognitive decline [30-37]. The Patient Health Questionnaire-9 (PHQ-9) is a validated
instrument widely used to assess the severity of depressive symptoms and to monitor clinical change
[30-32]. Given the bidirectional relationship between mood and cognition, evaluating depression
outcomes is important for understanding the program’s broader therapeutic effects.

The present study focuses specifically on changes in PHQ-9 scores following short-term
participation in ReCODE with the aim of determining whether the multi-therapeutic program can
meaningfully reduce depression in individuals with AD.

2. Methods

2.1. ReCODE Protocol Components, Software and Program Implementation

The ReCODE program (Reversal of Cognitive Decline) is a multifaceted, personalized
intervention aimed at mitigating cognitive decline and enhancing brain function. It employs a
precision medicine approach, tailoring interventions based on individual biochemical, genetic, and
lifestyle risk factors associated with neurodegeneration. While primarily designed for individuals
with subjective cognitive impairment (SCI), mild cognitive impairment (MCI), and early-stage
dementia associated AD, some individuals at more advanced stages have also reported clinical
improvements [23].

This program encompasses a broad range of metabolic and lifestyle domains known to influence
cognitive health [38]. Personalized recommendations are provided in areas such as dietary
modifications, physical and cognitive exercise, sleep hygiene, stress reduction techniques,
detoxification strategies, targeted supplementation, and hormone regulation. This approach led to
the first published reversal of cognitive decline and is based on identifying and mitigating drivers of
Alzheimer’s pathophysiology [10].

Upon completion of initial laboratory tests, cognitive assessments, and medical questionnaires,
a computer-based algorithm generates a customized treatment report that pinpoints individual risk
contributors—such as systemic inflammation, insulin resistance, nutritional and hormonal
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imbalances, pathogenic exposures, and genomic predispositions —and identifies various subtypes of
AD based on the dominant contributors [39]. Participants receive detailed guidance from their
trained physicians and healthcare teams to help them to address these contributing factors
systematically.

Notably, no single causative factor was observed in isolation; rather, several interrelated
contributors was identified in all participants [20,21]. To support implementation and adherence,
participants were encouraged to engage regularly with a health coach, with the dual aim of halting
further decline and promoting cognitive recovery while enhancing general well-being [20,21].

2.2. Patient Health Questionnaire-9 (PHQ-9)

The primary outcome assessed in this study was the severity of depressive symptoms, evaluated
using the Patient Health Questionnaire-9 (PHQ-9), which is a self-administered, 9-item standard
assessment point in depression trials [30-32] that is frequently used to monitor treatment outcomes
[30]. Extensive validation studies have demonstrated PHQ-9’s strong psychometric properties,
including high internal consistency and test-retest reliability [40—42]. Furthermore, it has been shown
to be a responsive and reliable measure for detecting changes in symptom severity in clinical trials
[43,44]. Scores for each question (0-3 points) are summed, with a total range of 0-27. Higher scores
indicate more severe depression [45].

2.3. Participants, Assessment and Statistical analysis

In the present study, to cover mild symptoms, improve result sensitivity, and ensure study
feasibility, a PHQ-9 score of >10 was set as the depression threshold [45]. There were 170 patients
with a PHQ-9 score of 210 that took the PHQ-9 test at two time points: baseline (Day 0) and post-
treatment (Day 31 or greater).

3. Results

Overall PHQ-9 Score Changes

In a cohort of 170 patients who completed PHQ-9 assessments at two time-points spaced at least
31 days apart following adherence to the ReCODE program, there was a statistically significant
improvement in depressive symptoms. As shown in Figure 1a, the mean baseline PHQ-9 score was
12.64 + 5.86, indicating moderate depression severity across the study population. At follow-up, the
mean PHQ-9 score decreased significantly to 8.70 + 5.04, yielding a mean difference of 3.96 points (p
<0.0001), with participants transitioning on average from moderate depression (10-14 range) to mild
depression (5-9 range). The fact that most of the data points lie above the zero line and the 95%
confidence interval for the mean difference was -4.57 to -3.35, indicates a robust and consistent
treatment effect across the population.
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Figure 1. (a) Paired analysis of PHQ-9 depression scores before and after ReCODE program participation
(n=170). The diamond plot shows the distribution of individual participant changes with each dot representing
an individual patient's change in score over 231 days. Statistical analysis by Wilcoxon signed-rank test showed
a majority (~80%) of patients exhibiting a reduction in PHQ-9 scores with a mean improvement of 3.96 points
(95% CI: -4.57 to -3.35, p < 0.0001). (b) Bivariate correlation analysis between baseline PHQ-9 scores (visit 1, x-
axis) and follow-up PHQ-9 scores (visit 2, y-axis) (n=170). The positive linear relationship (r = 0.74, p < 0.0001)
demonstrates that while baseline depression severity predicts follow-up scores, the regression slope of 0.746

(less than unity) indicates greater improvements in participants with higher initial depression severity.

Baseline Depression Severity and Treatment Response

Bivariate analysis revealed a significant positive correlation between baseline PHQ-9 scores
(visit 1) and follow-up scores (visit 2) as shown in Figure 1b giving a broader view of group-level
trends. A linear regression analysis further supports the observed reduction in depressive symptoms
following participation in the ReCODE program. Notably, the regression slope of 0.746 (95% CI) was
significantly less than 1.0, indicating that participants with higher baseline depression scores
experienced proportionally greater absolute improvements further suggesting that the ReCODE
program may be particularly beneficial for individuals with more severe baseline depression.

4. Discussion and Conclusions

Depression represents a critical yet, in the context of multi-modal interventions, underexplored
therapeutic target in the management of cognitive decline and early-stage AD. Itis a prevalent and
often underrecognized comorbidity in AD affecting quality of life, caregiver relationships, and
functional independence [33,34]. Depression can exacerbate cognitive symptoms and is itself
influenced by neurodegenerative changes, neuroinflammation, neurotransmitter imbalance, and
psychosocial stressors [35]. The high burden of depression in AD makes it a critical therapeutic target
alongside cognition [36,37]. While previous investigations of personalized, multi therapeutic
approaches have primarily focused on cognitive outcomes and biochemical parameters [13,16—
18,20,21,23,24,26-29], the present study addresses a significant gap by examining depression as a
primary endpoint.

The ReCODE program is uniquely positioned to address depression because it intervenes
simultaneously on multiple physiological and lifestyle domains implicated in mood regulation. The
program’s individualized protocols include: nutritional optimization, glycemic control, hormonal
balance, sleep optimization, stress reduction and targeted supplementation [13,16-18,20,21,23,24,26—
29].

The results from the present study add to the growing body of evidence from studies employing
multi-therapeutic approaches to reverse or delay AD-associated dementia by demonstrating a
statistically and clinically meaningful reduction in PHQ-9 depression scores over a short intervention
period. These improvements were seen across all baseline severity categories, indicating broad
benefits. Compared with the modest reductions in PHQ-9 scores typically reported with selective
serotonin reuptake inhibitors (SSRI) treatment (-2 to -3 points on average, without a clinically
meaningful shift in severity category) [46-48], the ReCODE intervention yielded a substantially
greater mean reduction of nearly 4 points. Notably, participants transitioned from moderate to mild
depression, highlighting not only statistical but also clinical significance. The robustness of this effect,
supported by a narrow confidence interval and regression analysis showing greater benefits among
those with more severe baseline depression, suggests that the ReCODE’s multi-therapeutic approach
may have synergistic effects on mood pathways and may confer advantages over conventional
pharmacotherapy in improving mood-related symptoms within populations at risk for cognitive
decline.

It may be argued that improved mood (lower PHQ-9) could cause a pseudo-cognitive
improvement and produce better performance on cognitive screening tests without a true change in
underlying brain structure or function. Several lines of evidence argue against this interpretation: (1)
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Studies from our group and other independent researchers have clearly demonstrated objective, test-
based cognitive gains (MoCA and computerized neurocognitive batteries) and sustained cognitive
improvement in clinical cohorts treated with ReCODE and similar protocols [13,16-18,20,21,23,24,26—
29], (2) Improvements have been observed in imaging biomarkers including regional brain
volumetrics on MRI — a biological outcome not readily explained by temporary mood shifts [13,16—
20,22-29], (3) Lab-based biomarker improvements (e.g., reductions in inflammatory markers and
improved metabolic indices) and electrophysiological changes reported in precision-medicine
cohorts [13,16-18,20,21,23,24,26-29]. Taken together, these objective findings make it unlikely that the
cognitive improvements previously reported by us and others are wholly attributable to an
antidepressant effect. Thus, the observation that PHQ-9 scores decreased substantially in our cohort
therefore should be interpreted as an expected, clinically important additional benefit of addressing
the upstream drivers of neurodegeneration.

The PHQ-9, a validated and widely-used depression screening tool, provides a clinically
meaningful outcome measure that directly translates to patient well-being and functional capacity
[40—44]. Although prior studies from our group and others have emphasized the importance of
tracking biochemical parameters, our decision to focus here on depression scores in the present
manuscript without including biochemical parameters, reflects both methodological considerations
and the current state of evidence in this field. The reasons include the following: (1) Previous
publications from our research group and others have already established the consistent pattern of
metabolic improvements achievable through personalized, multimodal interventions, including
reductions in inflammatory markers (hs-CRP), improvements in insulin sensitivity (HOMA-IR),
optimization of vitamin D levels, and normalization of glucose metabolism [13,16-18,20,21,23,24,26—
29]. (2) The present investigation seeks to expand the evidence base beyond metabolic parameters to
examine patient-centered outcomes that directly impact quality of life and functional status, (3)
Focusing on a single, well-validated outcome measure allows for more rigorous analysis and clearer
interpretation of results, avoiding the multiple comparison issues that arise when examining
numerous biochemical parameters simultaneously, (4) The PHQ-9's established clinical significance,
with defined thresholds for mild, moderate, and severe depression, enables direct translation of
research findings into clinical practice guidelines [30,45,49] and (5) Repeating the biochemical
assessments would represent redundant data collection and may detract from the central focus of
this paper—namely, the value of the ReCODE program in mood improvement. We therefore
reference our earlier work for biochemical outcomes, allowing the present manuscript to serve as a
complementary analysis that deepens our understanding of the psychosocial dimensions of cognitive
recovery.

Our results underscore the ReCODE program’s capacity to deliver meaningful improvements
in mood, in addition to the cognitive, biomarker, and neuroimaging benefits reported in earlier work.
This supports the hypothesis that depression is not merely an epiphenomenon of neurodegeneration
but a modifiable contributor to the disease course. Therefore, monitoring depression symptoms using
validated tools like the PHQ-9 may offer a low-cost, easily administered, and clinically meaningful
inclusion in tracking treatment response and disease progression in early-stage AD. As the
prevalence of AD rises globally, approaches that simultaneously improve cognition, mood, and
systemic health are likely to become increasingly valuable. Future randomized controlled trials are
warranted to confirm these results and assess the durability of benefits over longer durations.
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