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Abstract: The Ketogenic diet (KD) has become extremely popular in the last decade. A KD appears to have
considerable therapeutic utility, reduces weight, and enhances athletic performance. In particular, improving
performance in distance runners is driving many runners to try KDs. As such, the present experiment had two
aims: a) quantify whether a KD intervention alters global and exercise-specific affect and when these changes
occur, and b) determine if bone mineral density is changed. One elite masters-level runner (male, 64) was
assessed for 2 weeks on a standard diet (SD), and at multiple time points during a 6-week KD intervention.
There were reductions in both global positive and negative affect. Physical activity-specific positive affect
increased from the SD condition, while negative affect, tranquility, and fatigue were reduced. Bone mineral
density was down nearly 1% after the intervention.
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1. INTRODUCTION

The ketogenic diet (KD) has been promoted as a quick way to lose weight and has gained
international popularity over the last decade. With this rise in popularity has come an increase in
research. Much of the research on KDs has focused on the diet as a primary or adjuvant therapy for
neurological disorders, as it was originally developed for children with intractable epilepsy (Wheless,
2008). More recently, research has been done on exercisers and athletes from various backgrounds.
The results are mixed, and the literature lacks studies directly assessing changes in affective valence
inathletes. Additionally, there is a suggestion that the KD harms bone health (Heikura et al., 2020),
but no research has been done with runners. The current study fills a research gap by examining both
affect and bone health changes due to a KD.

A KD involves a rather unconventional macronutrient profile by modern standards. In a typical 2,000
kcal/day KD, 70% of the total calories come from fats, 20% from proteins, and 10% from
carbohydrates. In clinical applications to control epilepsy, fat is kept near 90% and protein is capped
at 1 g/kg/day, with carbohydrates consistently held between 20 and 50 grams per day (Meira et al.,
2019). When carbohydrates are kept low or prolonged fasting/starvation occurs, a series of biological
and chemical changes take place to adjust for the lack of glucose availability. As a result of the
carbohydrate reduction, there is an upregulation of the fatty acid oxidation pathways, a
downregulation of glycolytic pathways, and increased reliance on hepatic gluconeogenesis. The body
must then rely on fat as the primary fuel source, leading to increased B-oxidation in the liver, which
produces Acetyl-CoA to generate ATP.

Many effects of KDs are neurological and psychological. As noted earlier, the KD was developedfor
intractable epilepsy, but more work is being done on other diseases. AKD has helped patients with
Parkinson’s and Alzheimer’s by reducing motor symptoms and improving memory and cognition
(Lange et al., 2017; Phillips et al., 2018). The underlying mechanisms are poorly understood but may
be linked to improved mitochondrial efficiency and decreased glycolytic flux (Wiodarek, 2019).
When KDs are tested in individuals with major depressive disorder, the KD appears to improve
symptoms and mood (Wtodarczyk et al., 2021). KDs seem to be positively correlated with increases
in the inhibitory neurotransmitter gamma aminobutyric acid (GABA), and potentially the regulation
of circulating glutamate, creating a more favorable GABA:glutamate ratio (Yudkoff et al., 2007). Low
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levels of GABA are associated with depression. In contrast, elevated glutamatemay be associated with
anxiety and depression at slightly elevated levels (Sanacora et al., 2003). In brief, KDs increasing
GABA and decreasing glutamate may play a role in reducing depression.

In healthy populations, however, there appears to be a decrease in motivation to exercise and increase
in perceived exertion and irritability when subjects are placed on a 2-week hypocaloric KD
intervention (White et al., 2007). Crossfit-trained athletes reported increased irritability, drowsiness,
and changes in mood during the first week of a 4-weekKD intervention. This led several participants
to drop out of the study (Durkalec-Michalski et al., 2019). Trained female cyclists reported increased
tension, depression, anger, and decreased vigor when placed on a 1-week KD. These adverse changes
in affect may be due to carbohydrate dependence, or a result of other systemic changes occurring as
the body adapts reduced carbohydrates. A shortcoming of these is they are all very short-term studies.

Longer-term studies evaluating the psychological outcomes of a KD are scarce, but anecdotal reports
and researchers suggest negative affect changes may be short-term. A 6-week KD intervention with
powerlifters found that the only significant change was a significant decrease in anxiety in the KD
group (Thorp, 2015). Both the control and KD groups also significantly improved their bench press,
squat, and deadlift performance suggesting that a KD may not necessarily be detrimental to strength
sports, as is often suggested. A year-long study comparing a KD to a low-fat diet found greater
decreases in negative affect as well as feelings of hunger in the KD group versus the low-fat group
(McClernon et al., 2007). There was a trend towards lower fatigue in the KD group, but this result did
not reach statistical significance. A one-year study comparing an energy-restricted low-carb diet to an
isocaloric low-fat diet found a significant time X diet interaction for total mood disturbance, anger-
hostility, confusion-bewilderment, and depression-dejection. The low-fat group saw greater sustained
improvements while the low-carb group saw initial improvements in these domains before rebounding
to near-baseline (Brinkworth et al., 2009).

The discomfort that athletes report experiencing when switching to KDs is a multifactorial problem
involving the acute depletion of glycogen, diuresis resulting in poor hydration and electrolyte balance,
and a host of metabolic changes taking place as the body adjusts to the diet (Dhamija et al., 2021;
Phinney, 2004) . As a result, exercise may become an unpleasant experience while in the adaptation
phase. Exercise psychology research has a long history of establishing a dose-response relationship
between exercise and improved feelings or affect, but this relationship is complex. In a narrative
review, Ekkekakis and Brand (2019) note that there is considerable interindividual variation in
affective responses to exercise, and it is rarely as unidimensional as lab-based research makes it seem.
So while exercise should improve affect, particularly in trained athletes, the unpleasantness
experienced in the adaptation phase of the KD may be at least partially responsible for a loss of
motivation to continue exercising.

Given the lack of evidence on how longer term KDs change global and sport-specific affect in
athletes, the current study seeks to quantify where and when affect changes occur during KD
adaptation. The rationale for global and sport-specific affect is threefold. First, because the participant
is a runner, the effect of a KD on sport-specific affect is a point of interest. Second, this will also help
identify whether the KD and physical activity induces affective changes generalized to global affect
during work or leisure time. Third, anecdotal reports suggest a KD influences negative affect, but it is
unknown if positive affect is also influenced.

One additional notable but under-researched adverse side effect of the KD appears to be degradation
of bone- an effect noted as far back as the 1970s where bone mass was found to be decreased in
children receiving a KD intervention (Hahn et al., 1979). More recent studies are less clear. Bergqvist
and colleagues found that over a 15-month KD intervention, children treated for intractable epilepsy
saw sharp declines in bone mineral content (BMC) over the duration of the intervention (Bergqvist et
al., 2008). In contrast, a 5-year longitudinal KD case study on 3 adult patients with Glucose
Transporter 1 (GLUT-1) Deficiency Syndrome foundno significant changes in BMC, BMD, or body
composition that occurred (Bertoli et al., 2014).

Researchers studying the KD often use small sample sizes and utilize participants with underlying
health conditions who may also be on medication. Recent work has examined bone mineral density
and athletic performance in healthy adults and athletes. Research in Australia examined a KD
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intervention on world-class race. The results after 3.5 weeks on a KD indicate that in this highly
trained cohort, the marker for bone breakdown (CTX) was elevated above baseline, while markers for
bone formation and metabolism (PLNP and OC, respectively) were decreased, suggesting BMD loss
was occurring (Heikura et al., 2020). Given the dependence most athletes have on carbohydrates and
the dramatic change required to move to a KD, this 3.5 week time frame may be insufficient for full
adaptation to occur. Indeed, earlier works attempting to better understand the KD adaptation period
noted that, while there appears to be a performance decrement in the first couple of weeks, a gradual
rebound begins to occur (Phinney et al., 1980). These researchers noted that glycogen stores also
recovered to near-baseline with subjective exhaustion during exercise increasing to 155% of baseline
performance after 6 weeks.Other researchers have found glycogen utilization and storage is not
significantly different between low-carb and high-carb athletes after a 180-minute run (Volek et al.,
2016).

The exact cause of BMD loss due to KDs is still poorly understood, but it may be caused, at least in
part, by chronic metabolic acidosis. This acidosis is inherent to KDs, as the three ketone bodies (BHB,
acetoacetate, and acetone) are acidic. The generally accepted standard for being in a state of ketosis is
a blood measurement >.5 mMol (Kanikarla-Marie & Jain, 2016), as it is at least a 2-fold increase over
normal ketone concentration. In ketosis, homeostatic mechanisms rely on buffers to control systemic
pH. This chronic acidosis may lead to conditions that generate a loss of bone mineral ions due to
buffering from skeletal tissue in the absence of sufficient buffering agents. Additionally, a decrease in
the conversion of 25-hydroxy-vitamin D to its active metabolite in the kidney can lead to BMD loss
(Sampath et al., 2007). In summary, there is insufficient literature on whether KDs have a clinically
significant impact on BMD and how it altersglobal and sport-specific affective valancein athletic
populations and whether. The present study aims to fill these gaps.

2. METHODS

2.1. Participant

This case study consists of one highly trained, elite-level masters runner. The participant is a 64-year-
old Caucasian male who has participated in high-level marathon races (e.g., world championships) for
the last 45 years. He has never tried the KD and otherwise consumes a standard Western diet (SD).
2.2. Research Design

Physiological and Performance Data

2.2.1. Bone Mineral Density (BMD)

BMD was assessed by Dual-energy X-ray Absorptiometry (DXA) by a Hologic Horizon A scanner,
Software Version 13.6.0.5 with TBAR1209 NHANES BCA calibration. This was conducted at Weeks
2 and 8 to determine a baseline on SD and changes at the conclusion of the intervention, respectively.
Some BMD and BMC loss was anticipated by the second week of the KD (Ding et al., 2019; Heikura
et al., 2020). Whether this would continue through the adaptation period was unclear and no a priori
hypothesis was provided.

2.2.2. Blood Glucose and Ketones

Fasting blood glucose and ketones were analyzed by a Keto-Mojo monitor, previously shown to
provide valid and reliable measurements of nutritional ketosis and blood glucose (Moore et al., 2021).
Blood glucose on SD should fall in the normal range of 80 to 130 mg/dl given the participant’s health
and training status.

2.2.3. VO2 Max

VO2 max was assessed using a peak-speed treadmill protocol (Scrimgeour et al., 1986)on Lode
Valiant Sport treadmill with Parvo Medics True One 2400 Metabolic Measurement System, version
4.3.4. This was collected at weeks 2 and 10 to assess changes in performance, substrate utilization,
peak O2 and CO2 exchange, total time, and distance to exhaustion.

2.2.4. Rating of Perceived Exertion (RPE)

RPE for weekly runs and VO2 max tests were measured on the Borg RPE Scale. The scale ranges
from 6 to 20, where 6 is no exertion (as in sitting/resting) and 20 is maximum exertion. The Borg RPE
scale produces valid and reliable scores for estimating heart rate and work intensity(Chen et al., 2010;
Stamford, 2007).
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2.3. Psychological Measures

We measured sport-specific and global affective response. The data for sport-specific affect will help
elucidate whether the KD influences affect while running. Potential changes to global affect in his
day-to-day life will determine if life outside of training is influenced. Anecdotal data suggests that the
KD influences negative affect, such as increasing irritability. It is unknown whether this will also
influence positive affect, as affective valence does not have a direct inverse relationship. For example,
there can be an increase in negative affect (e.g., becoming more irritable) without seeing a change in
positive affect.

2.3.1. Global Affect

Changes in global measures of affect were assessed by the Positive and Negative Affect Schedule
(PANAS). PANAS consists of two 10-item scales: negative and positive affect. PANAS produces
scores found to be reliable and consistent, with a Chronbach’s a of .90 for positive affect and .87 for
negative affect (Watson & Clark, 1988). An example item from PANAS is “Jittery” measured on a 5-
point Likert scale ranging from 1 (not at all) to 5 (extremely) (Watson & Clark, 1988).

2.3.2. Physical Activity Affect

The Physical Activity Affect Scale (PAAS) was used to determine sport-specific affect. PAAS
consists of 12 single-adjective items across 4 subscales: positive affect, negative affect, fatigue, and
tranquility (Lox et al., 2009). For example, one adjective is “Relaxed,” with responses for each item
ranging from O (do not feel) to 4 (feel very strongly). This scale has been found to produce scores
considered to be valid and reliable, with positive affect, negative affect, fatigue, and tranquility having
a Chronbach’s o of .94, .86, .91, and .84, respectively (Lox et al., 2009). Physical activity affect was
assessed weekly during the 10 km run, beginning in the last 2.5 km.

2.3.3. Center for Epidemiologic Studies Depression Scale- Revised

The Center for Epidemiologic Studies Depression Scale- Revised (CESD-R) ensured the participant
was not depressed at the onset of the study. It was used at multiple timepoints through the intervention
to evaluate if the KD had any impact on depression scores. The CESD-R has been found to provide
scores considered to be valid and reliable for diagnosing depression in the general population (van
Dam & Earleywine, 2011).

Baseline nutrition, performance, and physiological data were collected during a 2-week SD, followed
by a 6-week KD. Calories and protein were held constant when switching from the SD to a KD, with
the only adjustments being fat and carbohydrate content. Training volume and intensity were assigned
to be approximately identical between both diets to avoid the influence of physical activity (PA) on
body composition and BMD. Training volume and intensity were tracked by GPS and effort was
determined subjectively and objectively. To detect changes in affect, psychological survey data was
collected weekly for both SD and KD.

Weekly submaximal 10-kilometer runs were conducted with PA affect data collected at the same
time. The weekly 10-km run was performed on an indoor treadmill and the affect data was collected
in the final 25% of the run. Submaximal effort was based on ventilatory gas exchange threshold
derived from VO2 max data. Fasting blood measurements were taken weekly to track changes in
glucose and ketone concentrations. VO2 max and DXA scans took place during the SD period and at
the conclusion of the KD intervention. Weekly affect surveys were administered prior to blood and
performance testing and used to determine changes in overall affect.

Several physiological parameters were assessed during the SD period. A VO2 max test was performed
to determine current cardiovascular fitness and repeated at the conclusion of the KD intervention.
Blood glucose, ketones, and urinary contents were assessed while in a fasted state. Baseline body
weight was tracked, and body fat, lean mass, and BMD was determined by DXA at the end of the 2-
week SD period and again at the end of the KD. A timeline of the events is laid out in Graph 1.

Baseline nutrition data was collected daily for the 2-week SD period to determine average daily
calories and macronutrient composition (i.e., grams of protein, fats, and carbohydrates). Because 24-
hour recall food frequency questionnaires are inaccurate, food data was collected by weighed food
record, then put into nutrition app (i.e. Cronometer) in order to determine macro- and micronutrient
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distribution and average calories consumed daily. Cronometer utilizes a number of databases such as
the U.S Department of Agriculture National Nutrient Database for Standard Reference (USDA SR28),
leading to highly accurate nutrient tracking when paired with a food scale and weighed food record
(Data Sources — Cronometer, n.d.).

3. ANALYSIS

For this case study, data are presented graphically and inspected visually. Changes in BMD are
presented as Z- and T-Scores.

4. RESULTS
4.1. Blood Glucose and Ketones

During the SD, blood glucose average was 103 mg/dl and average blood ketones were .3 mmol. After
24 hours on the KD, the participant had exceeded the threshold value for ketosis, reaching .6 mmol in
the first day. Self-testing of ketones was conducted between weekly test and values ranged from 8.8
mmol at the end of the first week to as low as .6 mmol near the end of the intervention. For the
duration of the intervention, levels remained consistently above the .5 mmol threshold for ketosis,
though significant fluctuations occurred. Blood glucose also remained stable for the duration of the
KD, ranging from 108 ng/dl during the SD to 91ng/dl during the KD.

4.2. VO2 Max

Baseline VO2 max testing provided an absolute value of 3.03 L/min and a relative VO2 max of 47.99
mL/kg/min. Follow up testing at the end of the of the KD intervention showed an increase in relative
V02 max to 48.72 mL/kg/min, with absolute VO2 max remaining near the baseline value at 3.01
L/min.

4.3. RPE and Heart Rate

RPE varied between 12 and 14 but remained unchanged between the SD and KD periods. Average
heart rate during 10-km testing in the SD period was 129 bpm, rising slightly to 131 during the KD.
Maximum heart rate also had a similar result. During the SD period, a max HR of 167 bpm was
achieved just prior to stopping the test, which was 107% of the participant’s age-predicted heart rate
maximum. In the KD period, a max HR of 170 was achieved (109% of age predicted heart rate
maximum).

4.4. DXA Results

Despite the isocaloric nature of the KD intervention, total body fat was reduced by .94kg after the
intervention. Total lean mass was reduced by .03kg, consistent with evidence that circulating ketones
have a muscle-sparing effect. In total, a 1.2% reduction in body fat occurred over the 6 week
intervention. Total bone mineral density was reduced by .009 g/cm?from the baseline value of 1.167
g/cm? for a .8% loss in BMD. T-Score was also lowered from -0.3 at baseline to -0.4 after the KD
intervention. Z-Score followed a similar pattern, dropping from 0.1 at baseline to 0.0 after the KD.
BMD summary is provided in Figure 6.T-Scores compare the subject’s bone density to that of a
healthy30-year oldmale, while Z-Scores compare the subject’s bone density to that of an average
person of the same age and sex. The current Z-Score suggests the participant still has average BMD
for his age.

4.5. Psychological Variables
4.5.1. Global Affect

Both item-level and scale-level results were calculated. Item-level visualization showed little change
over time in negative affect with greater variation in the positive affect items. (See Figure 1)

At the scale level, the overall trend followed patterns at the item level. Positive affect follows a steady
decline into the 6" week before beginning to return towards baseline. By the end of the intervention,
Positive affect had not fully recovered to SD levels. Negative affect also declined slightly beginning
when the KD began and continuing for the duration of the intervention. This increased slightly in the
6" week, but negativeaffect remained reduced throughout the KD.
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Tablel. PANAS and PAAS Scale Score Results, Mean Changes, and Standard Deviations

PASS Scale Scores
M SD
SD KD Mean Change SD KD
Positive 7.5 7.6 0.1 0.5 1.85
Negative 4.5 4.2 -0.3 15 0.98
Fatigue 7.5 5.8 -1.7 15 2.48
Tranquility 8.5 6.2 -2.3 15 1.6
PANAS Scale Scores
M SD
SD KD Mean Change SD KD
Positive 39 35 -6 0.5 5.6
Negative 14 11 -3 0 1.4

4.5.2. Physical Activity Affect

The participant was given the PAAS questions at the 7.5-kilometer mark of a 10-km run, with no
pause to allow for changes in affect relating to rest. Items were analyzed together under their
appropriate scale in addition to overall scale-level changes. (See Figure 3).

Scale-level analysis, depicted in Figure 3, showed that during exercise, positive affect increased after
starting the KD, while negative affect, tranquility, and fatigue decreased. This trend runs counter to
the downward trend in PANAS global positive affect.

5. DISCUSSION

These data reveal a novel effect of a KD intervention on an elite masters-level runner. Much
“anecdata” exists amongst athletes who have experimented with KDs,however there is little peer-
reviewed literature. This study provides evidence of affective changes resulting from a 6-week KD
intervention. Specifically, this study demonstrates that in day-to-day life, positive and negative global
affect both decreased. In addition, during PA, positive affect increased, while negative affect,
tranquility, and fatigue decreased.

An interesting trend emerged in the PANAS positive affect item analysis. Beginning around the 4th
week of the KD intervention, several positive affect items scores began declining for approximately 2
weeks before beginning to rebound. This followed a trend in the participant’s blood ketone levels. At
the onset of the KD, blood ketone levels rose rapidly. Within the first 24-hours, the participant was
already in a state of ketosis, with a blood ketone reading of .6 mmol. Six days after that reading, the
participant’s blood ketone reading had risen to 8.8 mmol. A range of .5 to 3 mmol is generally
considered optimal, with fluctuations as high as 5.0 in cases where a prolonged fast is followed by
exercise. Exceeding 8.0 mmol is within the realm of ketoacidosis in a non-diabetic person, so the
participant immediately increased carbohydrate intake. Approximately two weeks after the instruction
to consume more carbohydrates, blood ketones had dropped down to the lower threshold of .5 mmol,
where the decrease in measures of global positive affect began as well. Once blood ketone levels
began rising closer to 1.0 mmol and beyond, positive affect measures began increasing as well.

These findings suggest that there may be an optimal level of ketones to maintain or improve positive
affect when on a KD. Given the rapid adaptation for this particular athlete, this also provides evidence
that the normal recommendation of 2 to 4 weeks of adaptation time may not be applicable to
experienced runners. Because the participant has over 50 years of distance running experience, the
accompanying physiological changes that enable greater fatty acid oxidation may have helped
accelerate the adaptation to a KD. This rationale may also partially explain why the participant defied
the anecdotal observation that a more significant adverse change in PAAS and PANAS scores would
occur in the first couple of weeks while adapting to a KD. This affect change appeared later than
expected potentially due to the expedient adaptation, but allowing too many carbohydrates into the
diet after adaptation lowered the circulating levels of ketone, adversely altering positive affect.

The rise in positive affect with the reduction in negative affect, tranquility, and fatigue during exercise
indicates that there may be a benefit to exercise-related affect in those who adapt to the diet quickly.
Interestingly, this defied the hypothesis that affect would become less positive and more negative
resulting from the KD intervention. This may again be due to the favorable adaptations for fatty acid
oxidation associated with decades of long-distance running.
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Reductions in fatigue during exercise may present a positive argument for runners utilizing ketosis in
submaximal effort runs. Given that ratings of perceived exertion were similar during the SD and KD
VO2 max tests with similar METs between conditions (SD: 13.7 METs, KD: 13.9 METS), it is
unclear whether other athletes placed on a KD would report the same reduction or if their scores
would remain similar between KD and SD conditions.

Reduced tranquility was the most significant change among the four PAAS subscales. It is possible
that despite the decrease in fatigue reported on the subscales, at some level exercise felt more
challenging on the KD than on the SD. This could potentially lead to reductions on the items calm,
peaceful, and relaxed as well as the overall tranquility subscale score. Interestingly, the participant’s
subjective accounts of this experience both on the Borg RPE scale and in verbal questioning did not
reflect any feelings of increased difficulty while on the KD. It is also possible that an injury (reported
in Limitations) may have influenced this value. The participant had just started to recover from a
musculoskeletal injury which could explain the significant drop in tranquility in the latter 4 weeks of
the KD, with a sharp increase on the final day possibly being related to nearing 100% recovery.

6. LIMITATIONS AND STRENGTHS

This single-subject case study has several limitations. Shortly after the onset of the study, the
participant incurred a lower body injury (unrelated to the protocol) which hampered training efforts.
The injurynecessitated a shift to less running and more elliptical and bike-based training, keeping total
minutes of cardio similar each week. However, the injury may have influenced the psychological and
physiological outcomes. While ketones were tracked nearly continuously for the duration of the
intervention, time off to recover from the injury led to large gaps in the survey data and fewer
submaximal running tests than desired. Additionally, given the athlete in this case study has
performed at an elite level for decades, these results are not generalizable to all runners. Bone mineral
density changes may have been exaggerated given that peak BMD occurs around 30 years of age and
declines thereafter. Despite the limitations, the current study adds to the literature in three ways. First,
it is one of the first studies to examine global and exercise-specific affect. Second, it is one of the first
to examine both positive and negative affect. Third, it also addresses the lack of research on bone
density. The research design and findings in all three of the aforementioned areas provide a roadmap
and preliminary results to guide future research.

REFERENCES

Bergqvist, A. G. C., Schall, J. 1., Stallings, V. A., &Zemel, B. S. (2008). Progressive bone mineral content loss
in children with intractable epilepsy treated with the ketogenic diet. The American Journal of Clinical
Nutrition, 88(6), 1678-1684. https://doi.org/10.3945/AJCN.2008.26099

Bertoli, S., Trentani, C., Ferraris, C., De Giorgis, V., Veggiotti, P., & Tagliabue, A. (2014). Long-term effects of
a ketogenic diet on body composition and bone mineralization in GLUT-1 deficiency syndrome: a case
series. Nutrition (Burbank, Los Angeles County, Calif.), 30(6), 726—728. https://doi.org/10.1016/
J.NUT.2014.01.005

Brinkworth, G. D., Buckley, J. D., Noakes, M., Clifton, P. M., & Wilson, C. J. (2009). Long-term Effects of a
Very Low-Carbohydrate Diet and a Low-Fat Diet on Mood and Cognitive Function. Archives of Internal
Medicine, 169(20), 1873-1880. https://doi.org/10.1001/ARCHINTERNMED.2009.329

Cox, N., Gibas, S., Salisbury, M., Gomer, J., &Gibas, K. (2019). Ketogenic diets potentially reverse Type Il
diabetes and ameliorate clinical depression: A case study. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 13(2), 1475-1479. https://doi.org/10.1016/J.DSX.2019.01.055

Daikhin, Y., &Yudkoff, M. (1998). Ketone Bodies and Brain Glutamate and GABA Metabolism.
Developmental Neuroscience, 20(4-5), 358-364. https://doi.org/10.1159/000017331

D’Andrea Meira, 1., Romao, T. T., Do Prado, H. J. P., Kriiger, L. T., Pires, M. E. P., & Da Conceigéo, P. O.
(2019). Ketogenic diet and epilepsy: What we know so far. Frontiers in Neuroscience, 13(JAN), 5.
https://doi.org/10.3389/FNINS.2019.00005/BIBTEX

Data Sources — Cronometer. (n.d.). Retrieved July 12, 2022, from https://support.cronometer.com/hc/en-
us/articles/360018239472-Data-Sources

Dhamija, R., Eckert, S., &Wirrell, E. (2021). Ketogenic Diet. Canadian Journal of Neurological Sciences, 40(2),
158-167. https://doi.org/10.1017/S0317167100013676

Ding, J., Xu, X., Wu, X., Huang, Z., Kong, G., Liu, J., Huang, Z., Liu, Q., Li, R., Yang, Z., Liu, Y., & Zhu, Q.
(2019). Bone loss and biomechanical reduction of appendicular and axial bones under ketogenic diet in
rats. Experimental and Therapeutic Medicine, 17(4), 2503-2510. https://doi.org/10.3892/ETM.2019.7241

International Journal of Sports and Physical Education (IJSPE) Page | 12


https://doi.org/10.1016/

Effects of a Ketogenic Diet Intervention on Affective Valence in Masters-Level Athlete: A Case Study

Durkalec-Michalski, K., Nowaczyk, P. M., &Siedzik, K. (2019). Effect of a four-week ketogenic diet on
exercise metabolism in CrossFit-trained athletes. Journal of the International Society of Sports Nutrition,
16(1), 1-15. https://doi.org/10.1186/S12970-019-0284-9/TABLES/4

Hahn, T. J., Halstead, L. R., &DeVivo, D. C. (1979). Disordered mineral metabolism produced by ketogenic
diet therapy. Calcified Tissue International, 28(1), 17-22. https://doi.org/10.1007/BF02441213

Heikura, I. A, Burke, L. M., Hawley, J. A., Ross, M. L., Garvican-Lewis, L., Sharma, A. P., McKay, A. K. A,
Leckey, J. J., Welvaert, M., McCall, L., & Ackerman, K. E. (2020). A Short-Term Ketogenic Diet Impairs
Markers of Bone Health in Response to Exercise. Frontiers in Endocrinology, 10, 880. https://doi.org/
10.3389/FENDO0.2019.00880/BIBTEX

Joseph McClernon, F., Yancy, W. S., Eberstein, J. A., Atkins, R. C., & Westman, E. C. (2007). The Effects of a
Low-Carbohydrate Ketogenic Diet and a Low-Fat Diet on Mood, Hunger, and Other Self-Reported
Symptoms. Obesity, 15(1), 182-182. https://doi.org/10.1038/0BY.2007.516

Kanikarla-Marie, P., & Jain, S. K. (2016). Hyperketonemia and ketosis increase the risk of complications in type
1 diabetes. Free Radical Biology & Medicine, 95, 268. https://doi.org/10.1016/J.FREERADBIOMED.
2016.03.020

Lange, K. W., Lange, K. M., Makulska-Gertruda, E., Nakamura, Y., Reissmann, A., Kanaya, S., & Hauser, J.
(2017). Ketogenic diets and Alzheimer’s disease. Food Science and Human Wellness, 6(1), 1-9.
https://doi.org/10.1016/J.FSHW.2016.10.003

Lox, C. L., Jackson, S., Tuholski, S. W., Wasley, D., & Treasure, D. C. (2009). Revisiting the Measurement of
Exercise-Induced Feeling States: The Physical Activity Affect Scale (PAAS). Http://Dx.Doi.Org/
10.1207/S15327841Mpee0402_4, 4(2), 79-95. https://doi.org/10.1207/S15327841MPEE0402_4

Moore, A. R., Holland-Winkler, A. M., Ansley, J. K., Boone, E. D. H., & Schulte, M. K. O. (2021). Reliability
and diagnostic performance of a new blood ketone and glucose meter in humans. Journal of the
International Society of Sports Nutrition, 18(1), 1-9. https://doi.org/10.1186/S12970-020-00404-2/
TABLES/2

Phillips, M. C. L., Murtagh, D. K. J., Gilbertson, L. J., Asztely, F. J. S., & Lynch, C. D. P. (2018). Low-fat
versus ketogenic diet in Parkinson’s disease: A pilot randomized controlled trial. Movement Disorders,
33(8), 1306-1314. https://doi.org/10.1002/MDS.27390

Phinney, S. D. (2004). Ketogenic diets and physical performance. Nutrition & Metabolism, 1(1). https://doi.org/
10.1186/1743-7075-1-2

Phinney, S. D., Horton, E. S., Sims, E. A. H., Hanson, J. S., Danforth, E., & LaGrange, B. M. (1980). Capacity
for Moderate Exercise in Obese Subjects after Adaptation to a Hypocaloric, Ketogenic Diet. The Journal
of Clinical Investigation, 66(5), 1152-1161. https://doi.org/10.1172/JC1109945

Sampath, T. K., Simic, P., Sendak, R., Draca, N., Bowe, A. E., O’Brien, S., Schiavi, S. C., McPherson, J. M., &
Vukicevic, S. (2007). Thyroid-stimulating hormone restores bone volume, microarchitecture, and strength
in aged ovariectomized rats. Journal of Bone and Mineral Research : The Official Journal of the American
Society for Bone and Mineral Research, 22(6), 849-859. https://doi.org/10.1359/JBMR.070302

Sanacora, G., Rothman, D. L., Mason, G., & Krystal, J. H. (2003). Clinical Studies Implementing Glutamate
Neurotransmission in Mood Disorders. Annals of the New York Academy of Sciences, 1003(1), 292-308.
https://doi.org/10.1196/ANNALS.1300.018

Scrimgeour, A. G., Noakes, T. D., Adams, B., &Myburgh, K. (1986). The influence of weekly training distance
on fractional utilization of maximum aerobic capacity in marathon and ultramarathon runners. European
Journal of Applied Physiology and Occupational Physiology, 55(2), 202-209. https://doi.org/10.1007/
BF00715006

Stamford, B. A. (2007). Validity and Reliability of Subjective Ratings of Perceived Exertion During Work.
Http://Dx.Doi.0rg/10.1080/00140137608931513, 19(1), 53-60. https://doi.org/10.1080/0014013760893
1513

Thorp, M. T. (n.d.). The psychological response to a low carbohydrate ketogenic diet in combination with a six-
week strength training protocol. 5-7.
van Dam, N. T., &Earleywine, M. (2011). Validation of the Center for Epidemiologic Studies Depression Scale-

-Revised (CESD-R): pragmatic depression assessment in the general population. Psychiatry Research,
186(1), 128-132. https://doi.org/10.1016/J.PSYCHRES.2010.08.018

Volek, J. S., Freidenreich, D. J., Saenz, C., Kunces, L. J., Creighton, B. C., Bartley, J. M., Davitt, P. M., Munoz,
C. X., Anderson, J. M., Maresh, C. M., Lee, E. C., Schuenke, M. D., Aerni, G., Kraemer, W. J., &
Phinney, S. D. (2016). Metabolic characteristics of keto-adapted ultra-endurance runners. Metabolism,
65(3), 100-110. https://doi.org/10.1016/J.METABOL.2015.10.028

International Journal of Sports and Physical Education (IJSPE) Page | 13


https://doi.org/
https://doi.org/10.1016/
http://dx.doi.org/
https://doi.org/10.1186/S12970-020-00404-2/
https://doi.org/
https://doi.org/
https://doi.org/10.1080/

Effects of a Ketogenic Diet Intervention on Affective Valence in Masters-Level Athlete: A Case Study

Watson, D. (Southern M. U., & Clark, L. A. (University of M. (1988). Development and validation of brief
measures of positive and negative affec.... EBSCOhost. Journal of Personality and Social Psychology,
54(6), 1063-1070.

Wheless, J. W. (2008). History of the ketogenic diet. Epilepsia, 49(SUPPL. 8), 3-5. https://doi.org/10.1111/
J.1528-1167.2008.01821.X

White, A. M., Johnston, C. S., Swan, P. D., Tjonn, S. L., & Sears, B. (2007). Blood Ketones Are Directly
Related to Fatigue and Perceived Effort during Exercise in Overweight Adults Adhering to Low-
Carbohydrate Diets for Weight Loss: A Pilot Study. Journal of the American Dietetic Association,
107(10), 1792-1796. https://doi.org/10.1016/J.JADA.2007.07.009

Wiodarczyk, A., Cubata, W. J., &Stawicki, M. (2021). Ketogenic diet for depression: A potential dietary
regimen to maintain euthymia? Progress in Neuro-Psychopharmacology and Biological Psychiatry, 109,
110257. https://doi.org/10.1016/J.PNPBP.2021.110257

Wtodarek, D. (2019). Role of Ketogenic Diets in Neurodegenerative Diseases (Alzheimer’s Disease and
Parkinson’s Disease). Nutrients, 11(1). https://doi.org/10.3390/NU11010169

Yudkoff, M., Daikhin, Y., Melg, T. M., Nissim, I., Sonnewald, U., & Nissim, I. (2007). The ketogenic diet and
brain metabolism of amino acids: relationship to the anticonvulsant effect. Annu Rev Nutr, 27, 415-430.
https://doi.org/10.1146/annurev.nutr.27.061406.093722

APPENDIX

Negative Affect Items Negative Affect Items
Cont'd

= a3 La
|
~ *1
|
“'.-
= (=] L

o \,'i eI I A L i L *-—0—8
(E-08-2022 : (E-05-2022 08-10-202!
—— Irritable Distressed
—@— Upset «--4@--- Hostile —@— Ashamed Guilty

—— NEMVOUE === JiTTETY

(%)}
L

_; 4 L == II. 4
-
s X
L 2 ! 3
i i
1 | 2 1
(8-0B8-2022 ' 08-0%-2022 08-10-202 :
1 i
Axiz Title (2-08-2022 | (8-00-2022 0B-10-2022
—— Interested Alert —#— Determined Attentive
— EYCITEE i INEpired e E TS 5 T C e A LT
Strong Proud

Figurel. Positive and Negative Affect Item Scores from PANAS
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