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ABSTRACT

Aim: Evidence suggests low-carbohydrate diets (LCHF) may assist in treating neurodegenerative
diseases such as Parkinson’s disease (PD); however, gaps exist in the literature. Patients & methods:
We conducted a small 24-week pilot study to investigate the effects of an LCHF diet on motor and
nonmotor symptoms, health biomarkers, anxiety, and depression in seven people with PD. We also
captured patient experiences during the process (quality of life [QoL]). Results: Participants reported
improved biomarkers, enhanced cognition, mood, motor and nonmotor symptoms, and reduced
pain and anxiety. Participants felt improvements enhanced their QoL. Conclusion: We conclude that
an LCHF intervention is safe, feasible, and potentially effective in mitigating the symptoms of this
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disorder. However, more extensive randomized controlled studies are needed to create generalizable

recommendations.

1. Background

Parkinson’s disease (PD) is the number two neurodegen-
erative diagnosis globally, second only to Alzheimer's
disease (AD) [1,2]. The disease is a slow-moving progres-
sive disorder that escalates into impairments in motor
and nonmotor functions, including tremors, rigidity, gait
disturbances, anxiety, depression, cognitive deficits, and
interference with activities of daily living [1]. As a result
of these symptoms, patients experience neuronal loss in
the substantia nigra pars compacta with loss of striatal
dopamine uptake [2]. Neurologists or movement disor-
der specialists are responsible for classifying PD patients
in stages |-V using the Hoehn and Yahr scale to rate
their impairments [3]. Although genetic mutations may
be associated with PD incidence, possible nutritional
and environmental causes have not been fully
explored [4,5].

Current treatment for PD includes the application of
Levodopa, a dopamine-like medication to alleviate symp-
toms [6]. Patients and medical providers are progressively

interested in non-pharmacological, adjunct treatments
for PD symptoms due to significant side effects in some
individuals [7]. These adjunct approachesinclude a recent
focus on individualized nutritional approaches to manag-
ing motor and nonmotor symptoms of PD and the asso-
ciated symptoms of anxiety and depression [1,8-12]. The
application of nutritional strategies is at the forefront of
potential alternative therapies. One of the dietary tac-
tics under investigation with increasing interest is using
the low carbohydrate, ketogenic diet (KD) to treat neu-
rodegenerative diseases. The intent is to find a more
holistic approach to controlling motor and nonmotor
symptoms [13]. Ketogenic diets induce nutritional keto-
sis (NK), leading to the production of blood ketones, par-
ticularly B-hydroxybutyrate (8HB), which may act to mit-
igate neurological symptoms, such as seizures in child-
hood epilepsy [14-16]. Study results on the effects of
ketones in epilepsy with the hypothesized neuroprotec-
tive and anti-inflammatory effects of S-hydroxybutyrate
are increasingly being applied in the potential mitigation
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of motor and nonmotor symptoms in PD and other neu-
rodegenerative diseases [4,17].

The traditional Mediterranean Diet, known to be
higher in healthy fats such as olive oil, was associated
with neuroprotective effects in PD patients, including
improved motor and nonmotor symptoms [18-23]. The
KD, comprised of high fats, moderate proteins, and very
low carbohydrates (ratio of 4:1 fats: proteins + carbo-
hydrates) [4], has also been associated with improved
symptoms of depression, increases in cognitive per-
formance, and better health biomarker outcomes in
PD [19-21]. Liu et al. [24] studied nutritional patterns
and related PD risk and found consuming a high-quality
diet could reduce the risk of increasing PD symptoms.
Mischley et al. [25] studied the dietary patterns of men
and women in the USA with PD and found a significant
relationship between the reduction or slowing of some
symptoms of PD with the intake of coconut oil, fresh
vegetables, nuts, fish, spices, fresh fruit and wine [25].
Kirkorian et al. [26] studied the use of the KD for eigh-
teen participants with PD and found significant improve-
ments in cognitive performance compared with the high-
carbohydrate group. The culmination of these results
suggests neurodegenerative diseases can be character-
ized by metabolically impaired neuronal synapses that
need alternative energy sources for more efficient func-
tion [27,28]. As a result, the presence of blood ketones
in the form of BHB may assist in mitigating some of the
cognitive deficits characterized as mild cognitive impair-
ment seen in some persons with PD [8,29]. Additionally,
this research suggests there may be a role for the appli-
cation of KD and NK in mitigating symptoms associated
with PD, depending on the stage of the disease progres-
sion [30].

Phillips et al. contrasted the use of a low-fat versus
KD for persons with PD. They found that their KD group
and low-fat group both experienced improvements on
the United Parkinson’s Disease Rating Scale (MDS-UPDRS)
Part | (mentation, behavior, and mood), Part Il (activ-
ities of daily living), and Part Il (motor examination)
scores [3]. However, the KD groups experienced much
greater improvements in their Part 1 scores, and only the
KD group experienced a significant improvement in Part
IV (complications of therapy) scores, reflecting improve-
ments in dyskinesias, fluctuations, and other complica-
tions [3,10].

Many studies have investigated the effects of NK
produced through the consumption of a KD on symp-
toms associated with AD and PD [9-11,29,31]. Unfor-
tunately, many dietary studies are observational, fre-
quently fraught with confounding variables, inconsis-
tently report food intake, and show poor compliance [22].
Bohnen et al. discuss further the potential reductions in

cognitive decline in PD based on two schools of thought.
One is the signaling hypothesis, which indicates possible
epigenetic effects of BHB produced by consuming a KD
on anti-inflammatory processes slowing neurodegenera-
tion. The other is the theory of insulin resistance and the
impact of this resistance on glucose metabolism in neu-
ronal modulation of neurotransmitters affecting neuro-
plasticity [32].

Along with physical problems, PD patients are faced
with mood disorders like depression and anxiety. Depres-
sive disorders in the PD population occur with an aver-
age prevalence of 17% of cases [33]. Symptoms of depres-
sion are among the most common complications associ-
ated with PD and can be related to deficits in dopamine
production [26,33,34]. Depression often leads to social
isolation in this population, significantly interfering with
their quality of life (QoL) and associated diminished moti-
vation to access community resources [35]. In addition,
depression and symptoms of anxiety intensify the fear of
the potential stigma associated with demonstrable symp-
toms (e.g., tremors, gait abnormalities, and speech diffi-
culties) [36]. The mixture of anxiety and depression in PD
patients reduces their QoL and increases their chance of
morbidity [37].

The Parkinson’s Foundation indicates that anxiety is
the most prevalent psychosocial condition associated
with individuals suffering from PD, affecting between
25% to 43% of patients [36]. Soon after the onset of
PD, patients start displaying symptoms in line with anx-
iety disorder as defined in the Diagnostic and Statis-
tical Manual IV [38]. Tidman et al. discussed a trend
toward improved symptoms of depression and anxiety
in a small group of 16 PD patients who followed a KD
for 12 weeks. While scores on a commonly used depres-
sion scale decreased, the results were not statistically sig-
nificant, possibly due to the small sample size. However,
there was a statistically significant decrease in scores on
an anxiety scale [11]. Given the significant disruption it
causes in daily life, exploring more natural approaches to
managing PD-associated depression and anxiety is war-
ranted.

The purpose of this 24-week pilot study was to investi-
gate the effects of a KD nutritional approach for the treat-
ment of symptoms of PD (UPDRS | and Il scores), biomark-
ers of metabolic health body mass index (BMI), HbA1C,
fasting insulin, triglycerides, hs-CRP, HDL, and total
cholesterol. In addition, the study looked at symptoms
of depression and anxiety in people with PD between
the ages of 36-85. Furthermore, participants shared their
personal experiences before, during, and after the imple-
mentation of the KD intervention in connection with their
QolL.



2. Materials & methods
2.1. Study design

The study used a longitudinal pilot study design to eval-
uate the use of the KD for patients with PD. We employed
a mixed methods strategy using qualitative and quan-
titative data collection and analysis. By integrating the
two methods, the researchers were able to provide a
detailed description of the phenomenon through trian-
gulation, which means that the phenomenon was investi-
gated through several lenses [29]. Using a pilot approach
supports the complex phenomenon of nutritioninPD as a
natural approach to reducing motor and nonmotor symp-
toms associated with the disease.

The qualitative portion of the study used a phe-
nomenological approach. We anticipated using a quali-
tative method would provide an element not achievable
by the quantitative lab work and surveys. This approach
helps researchers understand the knowledge achieved
through the participant’s life experiences [10]. Partici-
pants focused their answers on the following key ele-
ments: what was the experience like [31], and what did
we learn along the way in [27] an attempt to iden-
tify their subjective QoL. The method allowed each PD
patient to describe their lived experiences and perspec-
tives through conversational interviews [28].

2.2. Participants

An email was sent to each participant in the Phase |
study [10] about the 12-week study conversion into a lon-
gitudinal (24-week) study. All participants from the Phase
| study were given an equal opportunity to move forward.
As a result, a convenience sampling of seven participants
consented to continue. For consistency, each participant
resumed their previously used participant ID number. Par-
ticipants included males (5) and females (2) diagnosed
with PD H-Y Stages I-IV, between the ages of 36-85, who
lived in the USA and could speak and understand English.
Participants who met the inclusion criteria were asked to
sign an informed consent.

2.3. Inclusion & exclusion

Eligible participants had a diagnosis of PD with Hoehn
and Yahr (H-Y) Stages I-IV (Table 1), a BMI >18.5, the
ability to understand and follow a KD, could speak and
understand English, obtained permission to participate
from their primary care provider (PCP) or neurologist,
completed the 12-week nutritional study, and signed the
informed consent to continue in the 24-week study. Indi-
viduals with PD who were on medications for diabetes
received a written insulin sliding scale from their PCP for
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use during the study. Individuals not meeting the above
inclusion criteria were excluded from study participation.

2.4. Study intervention (classical ketogenic diet 4:1
ratio)

Participants were provided educational materials and
food plans with permission from Dr. Matthew Phillips at
Waikato Hospital, Waikato, New Zealand. Phillips et al.
studied dietary interventions in PD, including macronu-
trients set for a KD of approximately 70-75% fats, 15-20%
proteins, and 5-10% carbohydrates [10]. The low-fat diet
intervention was based on the USDA food pyramid. The
Phillips et al. study followed a traditional KD (fats: pro-
teins/carbs = 3:1) and tested the effects of an 8-week low-
fat versus KD nutritional intervention on symptoms of PD,
depression, and anxiety. At the end of 24 weeks, partici-
pants were re-evaluated, allowing for a direct comparison
of baseline readings on their UPDRS (parts | and Il), CESD-
R-20-20, and Parkinson’s anxiety scale (PAS) scales (Table
2) to data received at baseline [11]. Participants were
required to obtain blood work, body weight, and waist
measurements, which were used to compare to their
baseline lab work results [11]. Parkinson’s disease medica-
tion schedules were self-adjusted around protein intake,
a common practice for patients with PD [39]. The studies
of Phillips et al. and Tidman et al. provided a foundation
for our study design and interventions.

The 24-week KD dietary intervention adjusting for BMI
consisted of the following:

+ 1750 kcal per day;

- 152 g of fat (67 g saturated fat) (approx. 78% fats);

« 75 g protein (approx. 17% protein);

- 16 g net of carbohydrates (approx. 3-4% carbohy-
drates);

- 11 g fiber (included in carbohydrate %) [10,18].

2.5. Data collection

2.5.1. Quantitative

Study researchers (MT, TW) provided education on the
LCHF/ KD nutritional approach for participants and their
caregivers during an initial 2-h Zoom appointment. The
meeting allowed the researchers to answer questions and
clarify the 24-week study requirements. Initial baseline
blood work was used for comparison, and all biomark-
ers (Supplementary 2) were redrawn to be assessed
after 24 weeks. Participants recorded their blood glu-
cose and ketones weekly using the KetoMojo Blood Glu-
cose/Ketone meter. In addition, participants recorded
their body weight using a standard scale and were asked
to measure and track waist circumference at the top of the
belly button for consistency.
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Table 1. Summary of participant demographics.

Variables Participants (n =7) Percentage
Gender Male 5 71%
Female 2 28%
Age Men <60 3 42%
Women <60 1 14%
Men >60 2 28%
Women >60 1 14%
H-Y stage Stage | Men 0 0%
Women 1 14%
Stage la Men 0 0%
Women 0 0%
Stage Il Men 2 28%
Women 1 14%
Stage lla Men 2 14%
Women 0 0%
Stage Il Men 1 14%
Women 0 0%
Stage llla Men 0 0%
Women 0 0%
Stage IV Men 0 0%
Women 0 0%
Baseline BMI <25 2 28%
>25 5 71%
Baseline waist Women <35" Men <40" 2 28%
circumference Women > 35", Men >40" 5 71%
BMI: Body mass index.
Table 2. Statistics for variables of interest.
Biomarkers Difference p-value
n Mean SD Median IQR p < 0.05
PD symptoms Test
Hoehn and Yahr stages t 7 -0.79 0.64 -1.00 1.50 0.0171%
UPDRS subtotal 1-4 (maximum = 16) motor t 7 -1.71 1.80 -2.00 3.00 0.0453F
UPDRS subtotal 5-17 (maximum = 52) nonmotor t 7 -1.71 431 -2.00 5.00 0.3331
PAS total score S 7 -6.29 2.87 -7.00 2.00 0.0313f
Health biomarkers Test
Weight t 7 -23.43 20.69 -23.00 15.60 0.02421
BMI t 7 -3.34 297 -3.03 340 0.0249°
Waist circumference t 7 -5.68 532 -4.75 7.00 0.0302*
CESD-R-20 total score t 7 -4.57 4.89 -4.00 8.00 0.0484"
Fasting blood glucose readings mean t 7 -2.60 13.25 -3.00 2293 0.5965
Fasting insulin t 7 -7.53 822 -6.50 13.30 0.0516
HDL t 7 1.14 2.19 1.00 4.00 0.2172
C-reactive protein S 7 -1.12 2.87 -0.31 1.20 0.3750
Triglycerides S 7 -39.43 61.69 -15.00 67.00 0.0469"
Triglycerides to HDL ratio S 7 -1.21 2.11 -0.31 1.64 0.0469"

*Statistically significant, p-value < 0.05.
Baseline compared with 24-week study results.

BMI: Body mass index; CESD-R-20: Center for Epidemiologic Studies Depression Scale Revised; PAS: Parkinson’ Anxiety Scale; PD: Parkinson’s disease; S:

Shapiro-Wilk; t: T-test; UPDRS: United Parkinson’s Disease Rating Scale.

Participants were required to complete weekly dietary
monitoring. Those with smartphone technology tracked
their progress using the MyFitnessPal app. Those with-
out access to smartphone technology were instructed
to email/mail handwritten daily food logs. In addition,
they were asked to track their blood glucose and ketones
once per week. Food and blood glucose/ketone logs were
necessary to assess dietary compliance. A co-researcher
(MMT) with advanced nutrition certification for chronic
diseases checked all food logs and glucose/ketone read-
ings weekly for dietary compliance.

All study-related data were compiled and tracked
using the REDCap database (REDCap 10.7.1@2021
Vanderbilt University). Participants completed the
assessment according to assessment instructions.
Baseline and 24-week fasting blood work results for
all seven participants were obtained from LabCorp
and reported to study researchers via a password-
protected portal. A comparison of baseline and
24-week results for all variables can be seen in
Table 2.



2.5.2. Qualitative

Participants were required to complete a qualitative inter-
view to understand the lived experiences of persons with
PD, given that they could provide first-hand descriptions
of their symptoms and subjective feelings. The discus-
sions focused on QoL at baseline and 24 weeks and
included their overall experiences with the ketogenic
intervention. According to Cai et al,, QoL is two dimen-
sional with an internal factor (feeling good with oneself)
and an external factor (feeling good with others) [40].
Another study defined QoL as an inward perception of
their condition or health outcome, which includes symp-
toms, treatment, and side effects leading to social, men-
tal, and physical elements [41]. We defined the concept
of QoL as the objective perspective of a person’s physi-
cal, social, and mental well-being, how they perceive their
health, and how they interact with others (i.e., family,
friends, and coworkers).

The interviews were focused on patients with PD;
however, with permission, many of the caregivers joined
and participated in the interview portion of the study.
Interviews were conducted between November 2020
and August 2021. Each interview consisted of five semi-
structured questions (Table 3) and was audio-recorded
using a face-to-face Zoom platform to protect partici-
pants due to COVID-19. The interviews were conducted
by a research team member (DRW) with prior experience
conducting conversational interviews. Using a conversa-
tion interview technique [42,43] makes each participant
feel comfortable expressing their experiences. The inter-
views lasted between 30 and 60 min.

At the onset of each interview, the participants were
asked to confirm their intent to proceed with the study.
Field notes were jotted on the interview guide to assist
with data analysis. The last question allowed each partic-
ipant to add final comments or address items not asked
during the semi-structured interview. The audio record-
ings were sent to Rev.com to be professionally transcribed
verbatim and returned to the researcher within 24 h of
completion. Final transcripts were uploaded into qualita-
tive data analysis software (Atlas.ti) to assist with coding
and thematic analysis.

2.6. Data analysis

2.6.1. Quantitative

Data were analyzed on the seven participants who con-
tinued on to the end of the study. The data collected
involved baseline and 24-week data on all biomarkers,
total scores on the CESD-R-20 and PAS, UPDRS (Parts |
and ll) scores, and weight, BMI and waist measurements.
The UPDRS (Parts | and Il) was assessed via Zoom obser-
vation by the primary researcher, an occupational thera-
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pist with 40+ years of experience working with patients
with PD. All scores were determined for participants dur-
ing an ‘on' medication period. Both participants and their
caregivers were present during the Zoom appointments.
Observations by caregivers were also considered when
scoring sections of the UPDRS (Parts | and Il), which is now
a public-domain screening tool used in PD.

Blood glucose and ketone readings were assessed
for dietary compliance (glucose <100 mg/dl; ketones
>0.5 mmol). All seven participants submitted glucose and
ketone readings weekly for the study (Table 4). Data for all
biomarkers and scale scores were analyzed using REDCap
through the Department of Research Support at A.T. Still
University (REDCap 10.7.1 — C_2021 Vanderbilt Univer-
sity). Only research team members and the Department
of Research Support had access to data. Results were
compiled using standard Excel formulas with data entry
on predesigned forms. Descriptive statistics were used
for demographic data, the Wilcoxon signed-rank test [19],
and a t-test to compare baseline and 24-week treatment
values for outcome measures. The Wilcoxon Signed Rank
Test (non-parametric test) was used to analyze results
for those variables where the data did not meet normal-
ity requirements (C-reactive protein, HgA1C, PAS, Triglyc-
erides, and Triglyceride/HDL Ratio). The t-test was used to
analyze the results of the other variables despite the small
sample size, as these variable data met the requirements
for normal distribution. Given the small sample size in this
pilot study, the levels for identifying trends toward signif-
icance were set at a p-value < 0.05. Given the small sam-
ple size in this pilot study, the levels for identifying trends
toward significance were set at a p-value of <0.05. A com-
parison analysis of means and standard deviations for all
variables was performed, and the results are displayed in
Table 2.

2.6.2. Qualitative

Interview transcripts were entered into Atlas.ti (version
11) for evaluation. The assessment followed Colaizzi's
seven-step process. Colaizzi’s seven steps [44] include the
following: familiarization with the data, identifying signif-
icant statements of meaning, formulating meanings, clus-
tering themes, developing a detailed description, produc-
ing the fundamental structure, and seeking verification
of the fundamental structure [21]. Using a thematic anal-
ysis approach [22], the analysis was repeated following
each interview to identify potential question modifica-
tions, which assisted in interpreting the interviews. The
qualitative interview researcher (DRW), who has experi-
ence with qualitative conversational interviewing, com-
pared the interviews to the audio recordings for verifica-
tions and reread them several times to gain a deep under-
standing of the spoken words. As an additional step, the
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Table 3. Interview guide.

24-week post-LCHF/KD intervention

1. Please describe your experience with the study from its inception through the 24-week extension. Including what was easy and difficult and how you have

adjusted your life to accommodate the required aspects of the study

2. Please describe your current mental QoL (how has 24 weeks of Keto changed your mental QoL?)
3. Please describe your current physical QoL (example: do you still have the same limitation; did you see any additional physical improvements?)
4. Please describe your current social QoL (especially now that COVID-19 restrictions are starting to be lifted)

5. Do you have anything else you would like to add?

LCHF/KD: Low carbohydrate high fat/ketogenic diet; QoL: Quality of life.

Table 4. 24-week Parkinson’s study weekly ketone readings.

Participant ID #*

Weekly blood ketone reading

Weeks Mean SD Min Max
8 24 0.30 0.17 0.06 0.60
13 24 0.46 20.72 0.00 1.00
15 24 0.65 0.29 0.03 1.20
18 24 0.55 0.24 0.05 1.00
19 24 0.58 1.02 0.03 5.00
21 24 0.95 0.87 0.00 3.60
23 24 0.81 0.41 0.40 1.70

*Participants carried over their participant ID from the original pilot study [11].
SD: Standard deviation.

interviews were independently reviewed by a team mem-
ber (TW), who collectively decided on codes that led to
relevant quotes and quotations. Following this step, the
codes were categorized into themes and subthemes to
describe the lived experiences of each participant.

2.7. Qualitative trustworthiness

Qualitative research must consider trustworthiness by
addressing credibility, transferability, dependability, and
confirmability [20,23]. Member checking was imple-
mented to increase credibility. Participants received a
copy of their transcripts, asked for additional thoughts
or corrections, and verified accuracy. In most cases, the
members had no modifications; however, two partici-
pants did make corrections, which were added to the
transcripts before formal coding. Two research team
members analyzed data to verify appropriate coding and
ensure credibility and confirmability [23]. Other trust-
worthiness techniques include audit trails, research team
meetings, and triangulation.

2.8. Ethical consideration & data management

The current study follows all ethical considerations to fol-
low the guidelines of the Declaration of Helsinki. The
study was approved by A.T. Still University IRB (proto-
col #2020-058, Approval date: 16 April 2021). The study
also was approved for registry by Biomedical Central with
ISRCTN #38010. Written informed consent was obtained
from all participants before beginning any intervention.
Certain participants utilized scanning to digitize their
signed informed consent forms, which were sent via

email. In contrast, those lacking scanner access opted to
physically mail their signed documents to the researchers.
Participants were given a pseudo number at the begin-
ning of the 12-week study [10] and followed into the 24-
week extension. All documents are stored in a password-
protected computer, and paper documents will be stored
in a locked safe. Documents will be held for at least 5 years
as federal guidelines require.

3. Results
3.1. Quantitative

3.1.1. Health biomarkers & metabolic health

Fasting blood work to assess common biomarkers for
health was performed at baseline and 24 weeks. Signif-
icance levels were set at p < 0.05. There were significant
triglyceride results (p = 0.0469) and near statistical signifi-
cance forfasting insulin (p = 0.0516) at 24 weeks. Changes
in hs-CRP levels (p = 0.3750) and HDL (p = 0.2172) were
not statistically significant at 24 weeks. Statistically sig-
nificant differences were seen in HgA1C (p = 0.0156)
at 24 weeks. In addition to fasting blood work, other
metabolic health biomarkers were evaluated. Included in
these biomarkers were BMI, weight, and waist circum-
ference. Results comparing baseline to 24-week study
participant assessments demonstrated statistical signifi-
cance for participant BMI changes (p = 0.0249), weight
(p = 0.0242), and waist circumference (p = 0.0302). Vari-
ables were analyzed using t-test statistics due to normally
distributed data despite the small sample size. Results can
be viewed in Table 2.



3.1.2. Symptoms scales: PAS, & CESD-R-20 & UPDRS
(Part1&II)

A comparison analysis was conducted for total scores on
the PAS and CESD-R-20, commonly used symptom scales
in PD. Results at 24 weeks were statistically significant
for responses to CESD-R-20 depression scale questions
(p = 0.0484). Total scores on the PAS anxiety scale were
compared between baseline and 24 weeks and demon-
strated statistically significant findings (p = 0.0313). A
comparison of results for symptom scales (PAS and CESD-
R-20) can be seen in Table 2.

Results of comparisons between baseline and 24-week
UPDRS scores for Part | included symptoms associated
with mentation, behavior, and mood indicated statisti-
cally significant results (p = 0.0453). Results for Part II
included performance of activities of daily living, falling,
freezing, sensory complaints, and tremors, which were
not statistically significant (p = 0.3331) at 24 weeks.
Results for UPDRS Part | and Part Il and comparisons can
be viewed in Table 2.

3.1.3. Foodlogs & blood ketones

Participants submitted weekly food logs via the MyFit-
nessPal app throughout the 24 weeks. Study researchers
reviewed food logs for dietary compliance and did not
include results as a part of the statistical analysis. In addi-
tion, weekly blood ketone levels were self-tested by par-
ticipants using a provided blood glucose/ketone meter,
and readings were submitted via secure email for review
by study researchers with expertise in interpreting the
presence of NK. Participants maintained an acceptable
level of NK throughout the 24 weeks, further indicating
compliance with dietary guidelines (0.5-2.0 mmo/I).

3.2. Qualitative

The qualitative results focused on the QoL of patients with
PD from the end of the 12-week study through the com-
pletion of the study. From the interviews, 35 codes were
identified. The codes were then filtered into four main
themes and eleven subthemes. The four main themes are
physical QoL, social QoL, mental QoL, and barriers and
enablers for KD adherence. Additional quotes associated
with these transcripts are listed in Supplementary 1. The
following is a glimpse of how participants viewed their
lived experiences from within their journey:

3.3. Theme 1: physical QoL

Participants were asked to describe their experiences
from the study’s inception through the 24-week exten-
sion. They explained how pleased they were to see their
health biomarkers improve and the physical changes dur-
ing their intervention.
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Pretty much everything went down quite dramati-
cally. The biggest one, | guess, was my A1C started
at, | think it was 6.7, it went down to 5.6, and then,
of course, my weight loss, which has been a lifelong
endeavor, is a good thing. Insulin went way down;
triglycerides went way down. (015)

3.3.1. Climbing the health ladder

The health benefits each participant obtained were
uniquely significant; however, they all shared dramatic
improvements.

My Triglycerides are down from 56 to 50 and HDL
went up just one. It went from 49 to 50. Hgalc is
5.6, stable from 1.56 and CRP was down from 5.96
to 0.55. Significant change from the 12-week mark.
So, it means my inflammation is down. (018)

One participant’s spouse identified how much better he
did when he stayed dedicated to the intervention:

I think he obtained market results when he would
really try to stay on target with the diet and the
restriction. His last blood work was significantly
currently better. (019)

3.3.2. Strength building

Physical changes increase the positive outlook on one-
self and allow the individual to push forward and do more
things. These feelings are noted by participant 018 when
they stated:

Some of the issues | had was pain in the feet and
pain in the knees and pain in the fingers and just
overall body pain. And a lot of that has gone away.
I'd say about 50% of it has gone away. Maybe
more.” Participant 018 went on to say, “Yeah, I'm
exercising more. | was on a bicycle ride the other
day and we were in the mountains and we were in
the mountain bike area, and | fell down and | fell
and scraped my leg. But that’s okay. | don't think |
would’ve even tried it. (018)

The family recognized positive characteristics, which
allowed them to communicate better with their loved
ones.

I thought he could talk better. | thought his facial
expression was better (013)

3.4. Theme 2:social QoL

What is better than waking up and knowing that ‘I can
do anything, especially when facing a life-debilitating
neurodegenerative disease process? The patients in this
study described how they learned to roll with the
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punches through self-realization. During this process,
each participant learned how to adjust the intervention
to suit their bodies and minds.

I feel ’'m growing, and I'm just becoming more men-
tally prepared for the future. My goal is to master
rolling with the punches, and | have an increased
opportunity for those events, | think. | might as well
take advantage of it and learn how to best cope
with the crappy stuffin life. (021)

3.4.1. Rolling with the punches

People confronted with a disease without a cure must rely
on their resilience and learn to roll with the punches. They
explained their thoughts in the following way:

I think | have been noticeably more relaxed about
day-to-day frustrations and unexpected events
that come up and have been taking them in stride
for the most part. (015)

3.4.2. Rejoining the world

Socialization includes how people learn to become an
active part of society. This process includes learning how
to feel accepted for who you are. Unfortunately, some
people with PD feel uncomfortable in public due to their
altered motor function, like tremors or soft voices.

The fact that I'm more confident in myself just from
the way | look. Yeah. My wife says it every couple
of days. It’s like your shoulders are broad, and your
muscles were definitely noticeably larger. So yeah,
we would go out (008)

Learning to overcome barriers and feel more confident in
public is crucial to their well-being and QoL.

Alot of our social life is contained within the family.
We get out every day to go for a ride somewhere or
go get an ice cream or see to somebody. (013)

3.4.3. Adjusting ketogenesis to my personal needs
Not everyone learning a new diet’s idiosyncrasies com-
pletely understands how their body and mind will react.
For some, adjusting and learning new techniques is the
best way to stay compliant and meet the minimum
requirements. The LCHF/Keto intervention is no different.
Here are some adjustments that were made by the partic-
ipants, which led to good results.

Regular coconut oil or avocado oil, | can down shot
glasses of that and have no problem doing four of
them a day, drinking it out of the bottle because it
really has no flavor to it. The improvement is signif-
icant. But we had to make some changes because
things just weren't quite... Now, that when we

found that sweet spot life is much better, even keel,
nice and smooth, smooth sailing. (019)

Some participants we pleasantly surprised at how well
they responded to the intervention.

I thought | was going to starve, and for a while
there, | dropped probably 20 pounds. | got down to
165. Then at that point, it was like, | don’t want to
go any lower than that. What can | eat that doesn’t
break the diet but still give me the nutrition that |
need?” (018)

“We found it very easy, and only time we would
have to adjust is if we went out or were at friends
or family for dinner. (013)

3.5. Theme 3: mental QoL

So often, people with neurodegenerative disorders
describe how a disease negatively affects their cognition,
which often leads to psychological problems like anxiety
or depression. During the interviews, participants were
asked about their experiences with their mental QoL over
the previous 24 weeks.

Ithink | have less fogginess. | did have a lot of foggi-
ness in my mind before the diet, and now I have less
fogginess. So, it's been a very good thing for that.
(018)

3.5.1. Dusting off the cobwebs

Mental clarity addresses any aspect of cognition, includ-
ing forgetfulness or feeling like you have a fog that clouds
your thoughts. Participants elaborated on aspects of their
cognition associated with feeling better, sleeping better,
and fog lifting away. However, some participants were not
as lucky.

I'm liking the coconut 0il? | think my vocabulary
and my thought process has really come around a
lot.” His spouse suggested “his cognition has defi-
nitely improved, especially when he’s consistent on
his coconut oils. When he does both the regimen of
the coconut oil and the diet. The difference is huge
(019)

One individual explained how they slept better and how
it helped them overall.

I don't feel general fatigue like | used to, and I rarely
need to take a nap during the afternoon like | often
would before the change in eating. | have more
energy in general, partly because | have been sleep-
ing better. (015)

Another participant described their experience differ-
ently:



Yeah, | had no real changes to my clarity or any-
thing like that. I was having night... Well, not night
terrors. What do they call it? A REM sleep disor-
der, behavior or whatever, and those | thought may
have slowed down during the Keto diet, but | was
still having a couple a week, and just a couple of
nights ago while | was asleep Rebecca said | nearly
pulled her finger off and bruised it and hurt it, and
her wrists, so | don’t know what’s going to help that,
but the diet didn't really make a change. (008)

3.5.2. How is my psyche?

As described from their prior experiences, the partici-
pants struggle with bouts of anxiety, depression, and
even their attitude. The following have shared their lived
experiences post-intervention by stating:

The depression has been good. Anxiety is still a
struggle, some, but not nearly as bad as it was the
beginning of the year.” (021)

“The depression level and stuff has eased up a lot
too with the diet and going to the counselor and the
new meds too. | think the oil, having more fat, not
have a - that deep dark depression hole to go into.”
(019)

"My attitude and my emotional outlook has
improved significantly. (023)

3.5.3. Before & after

Each participant discussed their experiences, beginning
with how their life was before and what accomplish-
ments they observed following the study. Some focused
on weight loss totals, while others described pain reduc-
tion. Here are a few of their comments:

Some of the issues | had was pain in the feet and
pain in the knees and pain in the fingers and just
overall body pain. And a lot of that has gone away.
I'd say about 50% of it has gone away. Maybe
more.” (018)

“I don't really have any serious sugar cravings any-
more. They probably became unnoticeable around
week six or seven. So, it's been a long time since I've
craved sugar.” (023)

“I dropped probably 20 pounds”. | got down to 165,
and “I think | was around 185. | got down to 165,
and | weighed this morning at 172. (008)

3.6. Theme 4: barriers & enablers for KD adherence

Humans need a support system that is there when
they need it the most. A family consists of a group of
people, related or not, that you can rely on when life
becomes stressful or difficult. In many cases, the partici-
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pants describe how family support is everything to them
and helps them continue.

3.6.1. I'm here for you

I will walk with you through your journey. | want you to
be healthy and happy. These are the common thoughts
of our participant’s family members.

My son, who's 18 and way overweight, actually
joined us, joined me and my fiancée, in eating the
keto. | never pushed him because he’s a teenager;
you push them, they go the other way. But through
our example, through my example, he decided it
would be something good for him. And he’s really
come around. He’s not as rigid as me, but it's pretty
rigid for a teenager. And one day he was like, “Boy,
this sugar really makes me feel like crap if | eat it,
and then the next day I'm just sick. So, this stuff is
really toxic, isn't it?” So, from his mouth, | appreci-
ated someone of his age being able to go to that
attitude as well.” (023)

“My wife is a hawk and she watches, and I'll go to
get something to eat and she’ll go, “Wait a minute.
That’s got sugar.” She keeps me on track pretty well.
(008)

3.6.2. Better outlook on life

Life is about the harmony of the mind, body, and heart.
Participants recognized how well their minds and bodies
adjusted to the intervention, and the following changes
were significantly better for their disease.

My attitude and my emotional outlook have
improved significantly. (023)

3.6.3. Staying on the ketogenic path

Every participant explained how they plan to stay on the
Ketogenesis diet for their health and to meet their per-
sonal goals. Here are a few of the comments.

I plan on continuing with a diet.” (013)

“I still am doing that, and my daughter is jumping
back on board with me.” (021)

“Oh, yeah. For permanent, absolutely. Definitely
permanent.” (023)

“Yeah, I'm planning on staying on it. (008)

4. Discussion

The study aimed to understand the effects of a KD on a
PD patient’s biomarker levels, motor and nonmotor symp-
toms, depression and anxiety symptoms, and their QoL
over 24 weeks. Consistent with other studies [45], our
results demonstrated positive changes in the biomark-
ers of all seven participants, including weight loss and
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decreased waist circumference as metabolic markers for
improvement in insulin resistance [46]. In line with these
studies, our participants witnessed a decrease in their
HgA1C, triglycerides, hs-CRP, and fasting insulin while
increasing their HDL (Table 2). During their interviews,
they described a reduction in anxiety and depression.
They also recognized numerous health benefits, includ-
ing improved thinking capacity, body strength, and self-
confidence, to rejoin life outside their PD bubble.

Our use of the KD was characterized by nutritional
adjustments intended to produce higher levels of cir-
culating BHB, which influences adenosine triphosphate
(ATP) production in cellular structures and mitochondria
in the body and the brain [9]. Dietary compliance and
notations of changes in biomarkers and symptoms were
evaluated by having participants provide weekly read-
ings of blood ketone levels to verify an increased pres-
ence of ketones, indicating NK. Studies have shown that
maintaining blood ketone levels produced by consuming
a KD can act as enhancements for signaling molecules,
thus making the ketone body SHB well-suited to poten-
tially slow, halt, or even reverse the progression of PD [5].
Therefore, by increasing dopamine substrate expression
alone, BHB produced by consuming a KD may protect
against energy depletion, oxidative stress, inflammation,
and apoptosis in the PD brain [5]. We can speculate,
based on ours and other studies, that all improvements
in cognition and mood could have resulted from the
effects of NKand SHB levels in the brain [47-49], although
the mechanism by which BHB might increase neuro-
transmitter levels in dopamine production is still under
investigation. Participants sustained healthy blood glu-
cose (<100 mg/dl) and ketone levels throughout the
24-week intervention using the self-monitoring devices
described above (>0.5-2.0 mmol), consistent with other
studies [50].

During qualitative post-intervention interviews, most
participants stated they had a better outlook on life, felt
a KD was a sustainable way of life, and shared stories
of their entire family joining their new way of life. They
described how they learned to build resilience through
self-realization, which allowed them to recall how to
believe in themselves. As such, the results of our study
showed statistically significant changes in anxiety and
depression levels and improvements in symptoms such
as mentation, behavior, and mood, consistent with find-
ings by Phillips et al.

Parkinson’s disease patients struggle with cognitive
decline, often leaving them unable to think clearly, often
described as brain fog [26]. While the decline continues
to progress during the disease process [51], there are
instances where NK [52] has proven helpful in cases of
mild cognitive impairment [26], PD, bipolar [35], sleep dis-

ruption [53], anxiety and other psychiatric disorders [9].
The participants in our study reported improvements
consistent with these studies. When describing their lived
experiences, they explained how eating foods high in
healthy fats and oils assisted with mental clarity, which
they declared helped with a better outlook. Participants
also expressed their bouts of depression and anxiety were
notas bad as before the intervention. In addition, our par-
ticipants reported better sleeping patterns.

Another common problem with PD progression is dif-
ficulty with motor and nonmotor functionality [54]. Our
study results for the UPDRS Parts | (mentation, behavior,
and mood) and Part Il (activities of daily living) were con-
sistent with other studies [3]. In the Phillips et al. study,
participants reported improved mobility and nonmotor
symptoms after 8 weeks on a KD. Our study expanded on
the findings by Phillips et al. by evaluating symptoms of
depression and anxiety. In addition, participants shared
stories of increased physical activities and doing things
outside their past norms. One participant was excited to
tell a story about attending an outdoor festival they never
dreamed would happen again. Others recognized their
PD symptoms decreased during the intervention, moti-
vating them to participate in social activities they previ-
ously would have ignored.

Some participants encountered episodes of constipa-
tion side effects that were mitigated through individ-
ual discussions [54]. This problem was quickly remedied
with increased water, magnesium, and salt intake [55].
Other participants promptly declared they had these
same problems; however, they found using medium-
chain triglycerides, coconut oil, or avocado oils as a
part of the KD [29,56] helped relieve the problem.
The increase in oils was also reported to reduce brain
fogginess and fatigue, consistent with other studies
[57].

Some patients with PD experience challenges with
a KD, including financial and social concerns associated
with the cost of approved foods [58]. For instance, par-
ticipants on a fixed income feared that the high price of
fresh meats and poultry and inadequate access to fresh
vegetables would make participating difficult or out of
reach. They were also concerned the intervention would
interfere with holidays and social gatherings centered
around non-compliant foods. Consequently, special tech-
niques for managing these concerns were discussed, and
participants were provided with an alternative list of tra-
ditional holiday foods upon request to increase compli-
ance [13,59]. Later, participants described their experi-
ences with social outings that were well-received and
more manageable than anticipated. In the final inter-
views, participants expressed how willing their families
were to change their eating habits when they saw the par-



ticipants'results. Several participants described how they
enticed their family and friends into enjoying the foods
they prepared.

4.1. Study limitations

The investigation uncovered various limitations. The pri-
mary limitation of this pilot study is the small sample size
(n = 7). In addition, the seven participants were recruited
after completing a 12-week study, so they may have pos-
sessed some bias as to the expected results, which may
have influenced responses on the scales and measures in
the study (PAS, CESD-R-20, and UPDRS: Parts | and II). It is
impossible to estimate the effects of the COVID-19 pan-
demic on social isolation and restrictions that occurred
during the study period (2020-2021). Symptoms of anx-
iety or depression and a lack of statistical improvement
in scale scores could have occurred due to government-
imposed isolation policies. Like many dietary interven-
tions, the reliability of food records and the MyFitness-
Pal app may raise doubts. Participants had to record each
meal after consumption to control for memory lapses and
improve food tracking. Study researchers recognize the
influence of self-reporting and recall bias on the food
tracking written logs and app use.

An interventional study frequently presents the
‘placebo’ effect that may have affected participants’
responses on the depression and anxiety scales and
the UPDRS (Parts | and Il). The pilot study’s lack of a
control group and the small sample size (n = 7) also
affected the results’ generalizability. Even though the
results mostly identified positive trends (p < 0.05) and
did not reach statistical significance, for a small study
(n = 7), these trends were consistent across multiple
variables. In addition, all participants reported attending
a local PD support group, which may have influenced
their responses. They reported improved compliance and
knowledge outcomes compared with persons who did
not participate in a support group.

Finally, a common issue with extended studies is high
attrition rates and fatigue associated with being on the
KD for 24 weeks. Our study population began with eight
participants, with only one dropping out the first week
due to a significant life event (attrition rate = 12.5%). The
remaining seven participants thanked the researchers
for explaining and helping them through the study by
answering all their questions and helping them realize
how easy this lifestyle could become. At the end of the
study, every participant explained how they planned to
stay on the KD for their health and looked forward to
meeting their personal goals.
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5. Conclusion

In this 24-week dietary intervention study involving
seven participants with PD, the effects of a KD on vari-
ous biomarkers, Parkinson’s symptoms, depression, anx-
iety, and self-assessed quality of life (QoL) were eval-
uated. Baseline and 24-week measurements were con-
ducted, including bloodwork, blood glucose, ketone lev-
els, and scales assessing symptoms. While statistical sig-
nificance (p < 0.05) was achieved for triglycerides, fast-
ing insulin, HgA1C, weight, and waist circumference,
other biomarkers showed positive trends without sta-
tistical significance. Participants reported weight loss,
decreased waist circumference, better cognition and
mood, decreased anxiety, enhanced motor symptoms,
and increased engagement in social and physical activ-
ities. Qualitative interviews supported the quantitative
findings, emphasizing the intervention’s ease and family
support. This pilot study identifies significant changes in
nonmotor PD symptoms and adds to the literature on KD
in PD. Future research with a more extensive, randomized
control approach is needed to generalize these findings
and explore dietary interventions as an alternative treat-
ment for PD symptoms, depression, anxiety, metabolic
health biomarkers, and overall QoL.

Summary points

« Parkinson’s disease (PD) is the number two neurodegenerative
diagnosis globally, second only to Alzheimer’s disease.

« Persons with PD experience symptoms that interfere with mobility,
balance, socialization, cognition, and activities of daily living.

« Persons with PD often suffer from comorbidities such as
hypertension, pre-diabetes, diabetes, and cardiac events.

« Persons with PD can experience symptoms of anxiety and
depression.

« Persons with PD can benefit from dietary interventions, including
the ketogenic diet, to address their general health and symptoms.

« A 24-week ketogenic diet (KD) intervention in adults with PD
positively influenced gait and mobility, self-care, socialization,
depression and anxiety, and improved biomarkers of general
health.

- A nutrition-centered approach to mitigate symptoms in persons
with PD has potential applications for the PD population.

« As healthcare costs increase, it will become crucial for persons with
neurodegenerative disease conditions to seek alternative
strategies to manage their conditions due to issues of
reimbursement and access to healthcare.
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