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Accurate assessment of dietary adherence and metabolic outcomes remains a critical challenge in most nutrition studies. Ketogenic metabolic therapies (KMTs) provide a unique advantage by inducing nutritional ketosis and enabling the use of ketone bodies as biomarkers of metabolic state. This narrative review investigates the role of ketone testing as an integral component of KMTs. We introduce the key biomarkers and testing modalities currently used and present a comprehensive overview of the use of capillary blood β-hydroxybutyrate (BHB) testing across diverse therapeutic areas. Capillary blood BHB testing plays a multifaceted role in KMTs: it enables objective monitoring of dietary adherence, supports the interpretation of clinical outcomes, and informs personalized treatment adjustments based on individual metabolic responses. Additionally, it may facilitate behavior change through real-time feedback. Broader implementation of ketone testing in both clinical and research settings will require thoughtful protocol design that accounts for individual preferences and tolerability, continued technological innovation to enhance user experience, and further research into the relationship between ketone levels and therapeutic outcomes.
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1 Introduction

A major challenge in most nutrition intervention studies is the lack of objective biomarkers to accurately monitor dietary adherence and metabolic responses (1–3). Metabolomic profiling is emerging as an advanced method to detect the intake of specific foods, but its use is limited by inter-individual variability, the need for extensive validation, and poor translatability from research settings to routine clinical practice (2–4). Recovery biomarkers, such as doubly labeled water for energy intake and 24 h urinary nitrogen for protein intake, have been used as estimates of dietary intake, but their implementation is limited due to narrow applicability and logistical challenges (5, 6).

In the absence of reliable biomarkers, most studies of dietary patterns continue to rely on self-reported dietary intake data, which are inherently prone to recall bias, misreporting, and inter-individual variability (7–9). In intervention studies where outcomes depend on precise nutritional adherence, these limitations are particularly problematic.

Ketogenic metabolic therapies (KMTs) provide a unique advantage in this regard. KMTs are dietary and lifestyle interventions designed to increase fat metabolism and ketone production, inducing the metabolic state of nutritional ketosis (10). The hallmark of nutritional ketosis is the elevation of the ketone bodies β-hydroxybutyrate (BHB), acetoacetate, and acetone, which can be objectively measured in blood, urine, and breath, respectively (Figure 1) (11). In particular, nutritional ketosis is defined by a precise BHB concentration range of 0.5–5.0 mmol/L in blood (12), thereby making BHB testing integral to the definition of KMTs.
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FIGURE 1
 Overview of biomarkers and testing modalities relevant to ketogenic metabolic therapies (KMTs). BHB, β-hydroxybutyrate.


Nutritional ketosis can be achieved with ketogenic diets that provide high fat, very low carbohydrate, and moderate to adequate protein intake. Therapeutic versions (such as the classic ketogenic diet, modified ketogenic diet, and modified Atkins diet) are used to manage epilepsy and other neurological conditions (13), each with distinct macronutrient ratios or carbohydrate restrictions (typically less than 30 grams of total carbohydrates daily). Ketogenic approaches are also applied to metabolic disorders like type 2 diabetes and obesity, typically delivering <10% of total energy from carbohydrates, which corresponds to approximately 30 to 50 grams of total carbohydrates daily (14). Variations include very low-calorie ketogenic diets (VLCKD) that are intended for short-term use (15), calorie-sufficient very low-carbohydrate diets that are suitable for long-term use (16), and intermittent fasting or time-restricted feeding protocols (17). Importantly, while extended fasting reliably induces ketosis, it may not be sustainable long term due to risks of lean mass loss and reduced resting metabolic rate (18). Even with their therapeutic potential, KMTs may lead to side effects such as gastrointestinal disturbances and electrolyte imbalances, and should therefore be implemented with appropriate clinical oversight.

In this narrative review we investigate the role of capillary blood BHB testing as an integral component of KMTs. First, we provide an overview of the key biomarkers relevant to KMTs, discussing their advantages, limitations and contexts of application (Section 2). Second, since monitoring of capillary blood BHB levels represents the current gold standard for assessing nutritional ketosis (11), we present a comprehensive review of its applications across different therapeutic areas, emphasizing testing modalities and impact on data interpretation (Section 3). Last, we discuss the role of capillary blood BHB testing in research and clinical practice in light of the reviewed literature, highlighting its potential to: (1) enable objective monitoring of dietary adherence; (2) support precise interpretation of clinical outcomes; (3) facilitate behavior change and empower patients; and (4) personalize treatment (Section 4).



2 Biomarkers and testing methods used in KMTs

Several biomarkers and testing methods are relevant to KMTs (Figure 1), each with specific advantages and limitations (Table 1).


TABLE 1 Comparison of currently available biomarker testing methods used in KMTs.


	Biomarker
	Biological sample
	Advantages
	Limitations
	Ref.

 

 	Acetoacetate 	Urine 	Non-invasive, inexpensive, widely available, useful for initial adaptation phase. 	Affected by hydration status. Become less reliable as ketosis continues. 	(19–22)


 	Acetone 	Breath 	Non-invasive, portable, suitable for frequent monitoring. 	Current metal oxide-based technology shows sensor stability and cross sensitivities with risk of false positives. 	(23–27)


 	BHB (fingerstick) 	Capillary blood 	Accurate, reliable, reflects real-time metabolic state. Gold standard for monitoring of ketosis. 	Invasive. Relatively costly (depending on testing frequency). 	(28–32)


 	BHB (continuous) 	Interstitial fluid 	Indication of BHB trends and fluctuations. 	Invasive. Relatively costly. Less accurate and less reliable than capillary ketone testing. 	(33–35)


 	Glucose (fingerstick) 	Capillary blood 	Direct measure of glucose response to dietary and lifestyle interventions, relative low cost. 	Invasive. Does not fully capture metabolic adaptation to ketosis. 	(36)


 	Glucose (continuous) 	Interstitial fluid 	Indication of glucose trends and fluctuations. 	Invasive. Less accurate and less reliable than blood glucose. Does not fully capture metabolic adaptation to ketosis. 	(37–39)




 

Acetoacetate is a primary ketone body produced in the liver from fatty acid metabolism. It can be utilized directly for energy, enzymatically converted into BHB, or spontaneously decarboxylated into acetone. Acetoacetate is excreted in the urine. Urine dipsticks have been widely used for decades to detect elevated acetoacetate levels in diabetic ketoacidosis (DKA), largely due to their affordability and non-invasive nature. However, as individuals adapt to sustained ketosis, renal reabsorption of acetoacetate increases (19), reducing its urinary excretion and limiting the reliability of urine dipsticks for assessing ketosis (20). While capillary blood BHB testing and urine dipsticks have exhibited equal sensitivity for detecting DKA, BHB has been shown to have higher specificity (21). In the context of nutritional ketosis, the reliability of urine acetone measurements is further limited, as hydration status significantly affects accuracy (22).

Acetone is a volatile ketone body derived from the spontaneous breakdown of acetoacetate and is exhaled through breath, making it a non-invasive biomarker of ketosis (23). Studies have demonstrated that breath acetone is moderately correlated with plasma acetoacetate and plasma BHB, supporting its use as a reliable biomarker of ketosis (24). However, the accuracy of breath acetone measurements depends on multiple factors, including the performance of the breath analyzer [e.g., cross-sensitivities and poor stability of current metal oxide sensors (25)], the breathing maneuver used, and human variables such as breath volume, pattern, and temperature (26). Therefore, the clinical and research applications of acetone as a biomarker of ketosis remain limited by current technological constraints (27).

BHB is the most abundant ketone body in circulation, synthesized in the liver from acetoacetate through an enzymatic reduction (28, 29). BHB serves as a primary metabolic fuel during ketosis, supplying energy to the brain, heart, and muscles. Beyond its role as an energy substrate, BHB also functions as a signaling molecule, modulating inflammation, gene expression, and mitochondrial function (28, 29). BHB is measured in the blood and is considered the current gold standard for assessing ketosis (11). Historically, quantification relied on gas chromatography, mass spectrometry, and enzymatic assays, which provided high precision in clinical and research settings. Advances in technology have led to the development of modern capillary blood BHB meters, offering a convenient, rapid, and accurate alternative for home monitoring (30–32). As reviewed in the following section, capillary blood BHB testing is widely used in KMTs in both clinical and research settings.

Emerging technologies aim to expand BHB monitoring capabilities beyond point-in-time measurements. Continuous ketone monitors (CKMs) are wearable devices that measure BHB concentrations in interstitial fluid in real time. They operate via a subcutaneous sensor, which continuously samples interstitial fluid to assess BHB levels. CKMs offer continuous ketone data that may improve the detection and management of DKA, particularly in high-risk populations (33, 34). In people following KMTs, continuous ketone monitoring could provide feedback that may reveal circadian and behavioral patterns in ketone production not captured by conventional testing methods. However, challenges remain regarding sensor accuracy, calibration requirements, and the need for clinical validation before widespread adoption in both clinical and lifestyle contexts (33, 35). Currently, CKMs are available for consumer use only in selected markets.

In addition to ketone levels, glucose monitoring is frequently integrated into KMTs to evaluate glycemic regulation and metabolic adaptation. Beyond laboratory measurements, glucose can be self-monitored using capillary blood glucose meters or continuous glucose monitors (CGM), each with distinct implications and considerations.

Capillary blood glucose testing with a home glucose meter provides a practical and cost-effective approach for assessing glycemic responses to dietary and lifestyle modifications. This fingerstick-based method provides a single-point measurement of blood glucose levels. Traditionally, it has been extensively used in type 2 diabetes management and has been shown to improve clinical outcomes, particularly when combined with telehealth-based remote monitoring (36). However, similar to BHB testing, the perceived invasiveness of fingerstick measurements may reduce adherence to regular monitoring.

CGMs offer an alternative approach, measuring interstitial glucose levels in real time via a subcutaneous sensor, typically on the upper arm. These devices track glucose fluctuations and patterns continuously throughout the day and night, detecting episodes of hyperglycemia and hypoglycemia, and providing insights on individual responses to food intake, physical activity, and other lifestyle factors (37). Initially developed for diabetes management, CGMs are now increasingly popular among individuals without diabetes who wish to improve metabolic health and performance (38). However, CGM accuracy remains a concern, as studies indicate that CGMs may overestimate fasting and postprandial glucose levels compared to capillary blood glucose, with variability influenced by individual factors and the foods consumed (39).

While glucose monitoring alone (via fingerstick or CGM) may offer valuable metabolic insights, it does not capture the metabolic shift induced by KMTs or directly measure ketosis. The glucose ketone index (GKI) addresses this limitation by integrating both blood glucose and BHB levels into a comprehensive metabolic biomarker that reflects the balance between glycolytic and ketogenic metabolism. The GKI is calculated as the ratio of blood glucose level to BHB level (both in mmol/L) measured at the same time, with lower values indicating a greater metabolic shift toward fat oxidation and ketone utilization. Originally developed to monitor therapeutic ketosis in patients with glioblastoma (40, 41), the GKI has more recently been investigated as a tool for monitoring KMTs in mental health conditions such as depression and bipolar disorder (42, 43).



3 BHB testing in KMTs

Since monitoring of capillary blood BHB levels represents the current gold standard for assessing nutritional ketosis (11), we present a comprehensive review of its application in clinical research across a range of therapeutic areas, including diabetes, obesity, metabolic dysfunction-associated steatotic liver disease (MASLD), psychiatric conditions, neurological disorders, cancer, polycystic ovary syndrome (PCOS) and kidney disease. For each study, we highlight the testing protocol and, where available, report the original authors’ interpretation of the role of BHB data in informing adherence assessment, outcome interpretation, and therapeutic decision-making. An overview of the reviewed studies by therapeutic area is given in Table 2. While the increasingly compelling clinical outcomes associated with KMTs in these therapeutic areas are highly relevant, they have been reviewed extensively elsewhere (14, 44–47) and fall outside the scope of this review.


TABLE 2 Overview of reviewed studies using BHB testing in KMTs, by therapeutic area.


	Therapeutic area
	Study design (n)*
	Frequency of BHB testing
	Reported BHB range (mmol/L)
	Adherence to BHB testing
	Ref.

 

 	Type 2 diabetes (incl. prediabetes) 	RCTs (2)
 Non-RCTs (1)
 Crossover (1)
 Pilot (1) 	From daily to weekly 	≥0.5 	nr 	(16, 53, 55–60)


 	Obesity 	RCT (1)
 Pilot (1) 	Occasional 	≥0.3 	nr 	(62, 63)


 	Metabolic dysfunction-associated steatotic liver disease (MASLD) 	Prospective (1) 	Occasional 	≥0.5 	nr 	(61)


 	Bipolar disorder 	Pilot (2)
 Case report (1) 	From daily to weekly 	0.5–1.0 	From <50 to 95% 	(43, 66, 67, 72)


 	Depression 	Case series (1)
 Case report (1) 	Daily 	1.1–3.2 	79% 	(68)


 	Schizophrenia 	Pilot (1)
 Case report (1) 	From daily to weekly 	0.8–3.5 	From <50% to ≥80% 	(69, 72)


 	Obsessive compulsive disorder 	Case report (1) 	Daily 	0.8 	nr 	(70)


 	Post-traumatic stress disorder 	Pilot (1) 	Daily (3 times) 	≥0.5 	98% 	(71)


 	Autism spectrum disorder 	Pilot (1)
 Prospective (1) 	Occasional 	0.8–2.2 	nr 	(73, 74)


 	Alzheimer’s disease 	RCT (1)
 Crossover (1)
 Case report (1) 	From daily to weekly 	0.8–3.0 	nr 	(77, 80, 85)


 	Huntington’s disease 	Case report (1) 	Daily 	0.9 	nr 	(78)


 	Amyotrophic lateral sclerosis 	Case report (1) 	Daily 	0.77 	nr 	(79)


 	Parkinson’s disease 	RCT (1)
 Pilot (1)
 Longitudinal (1)
 Feasibility (1) 	From twice daily to weekly 	0.5–2.0 	nr 	(81–84)


 	Epilepsy 	RCTs (2)
 Prospective (2)
 Retrospective (3) 	Occasional 	2.0–6.0 	nr 	(90–96)


 	Cancer 	RCT (1)
 Non-RCT (1)
 Prospective (1)
 Feasibility (2)
 Case series (1)
 Case reports (3) 	From daily to occasional 	0.3–6.3 	nr 	(40, 99–106)


 	Type 1 diabetes 	Observational (1)
 Case Reports (2)
 Case Series (1) 	From daily to multiple times a day 	0.3–1.2 	nr 	(109–112)


 	Kidney disease 	Pilot (1)
 Feasibility (1) 	From daily to occasional 	0.5–1.3 	nr 	(116, 117)


 	Polycystic ovary syndrome 	Prospective (3)
 Retrospective (1) 	From daily to weekly 	0.5–1.7 	nr 	(119–122)


 	Ageing 	Crossover (1) 	Daily (3 times) 	0.1–1.9 	99% 	(124)


 	Sports performance 	Comparative (1)
 Crossover (1) 	From daily to weekly 	0.5–3.7 	nr 	(131, 132)





*(n) indicates the number of studies reviewed for each design type. RCT, randomized controlled trial; non-RCT, non-randomized controlled trial; nr, not reported.
 


3.1 BHB testing in KMTs for type 2 diabetes, obesity, and MASLD

KMTs directly target the core pathophysiology of insulin-resistant conditions, including type 2 diabetes, by shifting metabolism toward fat oxidation and ketone production (48, 49). Clinical studies have shown that KMTs can improve key metabolic markers such as glycated hemoglobin (HbA1c), fasting glucose, fasting insulin, and body weight, all of which contribute to enhanced insulin sensitivity (50). Additionally, ketone bodies, particularly BHB, exert anti-inflammatory effects offering further benefits in chronic metabolic diseases such as type 2 diabetes and obesity (51, 52). While the incidence of DKA in people with type 2 diabetes on KMTs is very low, at-home monitoring can help track BHB trends, especially in those who are at higher risk [e.g., individuals taking SGLT2 inhibitors (32)].

This section reviews the role of ketone monitoring in KMTs for type 2 diabetes, prediabetes, obesity, and MASLD, focusing on testing methodologies and their clinical and research implications. Studies have employed diverse testing protocols, including daily, multiple times per week, weekly, or periodic measurements.


3.1.1 Frequent ketone monitoring (daily)

In a non-randomized study comparing a continuous remote care intervention for nutritional ketosis to standard diabetes care, individuals with type 2 diabetes who chose the ketogenic intervention were instructed to measure capillary blood BHB at home each day (53). A mobile app enabled real-time data transmission to the care team, with biomarker testing frequency adjusted over time based on individual needs. Mean lab-measured BHB at 70 days was 0.54 mmol/L. Within one year 96% of participants (N = 262) reported at least one home BHB reading ≥0.5 mmol/L (53). Within two years 61.5% of participants (n = 194) reported at least one BHB measurement ≥0.5 mmol/L (16). On average, BHB was ≥0.5 mmol/L for 32.8% of measurements over the two years. In sub-analyses of the two-year data, higher frequency of BHB ≥ 0.5 mmol/L was associated with larger increases in HDL-C, IDL II, and LDL I, and greater decreases in TG and mid-zone LDL particles (54). The authors stated that long-term tracking of BHB allowed them to investigate the relationship between the frequency of reported nutritional ketosis and the shift from LDL subclass phenotype B to phenotype A. In an extension study at five years, participants who maintained diabetes remission at year two tended to have higher mean BHB levels throughout the study compared to those who did not sustain remission (55).



3.1.2 Mid-frequency ketone monitoring (weekly or multiple times per week)

In a three-month randomized controlled trial comparing a ketogenic diet to a moderate carbohydrate diet, participants in the ketogenic diet arm tested BHB at home twice a week with the goal of achieving detectable capillary blood ketones (56). By week 6, 75% of participants in the ketogenic diet group achieved a BHB level ≥0.5 mmol/L.

The Keto-Med crossover trial enrolled 40 participants with prediabetes or type 2 diabetes and assigned them to follow a ketogenic diet and a reduced carbohydrate Mediterranean diet for 12 weeks each in random order (57). During the ketogenic diet phase, participants used home capillary blood meters to measure fasting BHB three times per week and underwent fasting venous blood draws at seven time points for plasma BHB analysis. These two measures indicated whether participants restricted carbohydrate intake sufficiently to achieve ketosis and provided an objective marker of adherence to the diet. In a secondary analysis of the Keto-Med trial, researchers observed that during 85% of the study weeks, participants’ average BHB levels remained within the light nutritional ketosis range of 0.5–1.5 mmol/L (58).

Less frequent BHB monitoring has been used in smaller studies. In a pilot trial, 11 women recently diagnosed with type 2 diabetes followed a ketogenic diet for 90 days (59). Plasma BHB levels were measured weekly, with 10 out of 11 participants consistently meeting their weekly BHB targets and one participant meeting all targets by the second week. By week 12, the average BHB level was 1.3 mmol/L, reflecting sustained adherence to the diet.

In a six-month randomized controlled trial 58 individuals with type 2 diabetes followed a diet with less than 50 grams of non-fiber carbohydrates per day and measured capillary blood BHB at home two to three times per week to assess the effects of carbohydrate restriction on cardiovascular risk factors (60). At the end of the trial, no correlation was found between levels of ketosis and ≥5% increase in small, dense LDL particles.



3.1.3 Occasional ketone monitoring (baseline and at study visits)

To investigate the effects of a ketogenic diet on hepatic steatosis, a 6-day trial was conducted in ten individuals with overweight or obesity (61). BHB levels were measured at baseline and on day 6, showing a tenfold increase from 0.1 mmol/L to 1.0 mmol/L. Increased fatty acid partitioning toward ketogenesis was linked to a higher hepatic mitochondrial redox state and reduced citrate synthase flux, indicating metabolic adaptations that may contribute to the reversal of MASLD through a ketogenic intervention.

Periodic BHB testing has also been used in the context of VLCKDs. In a pilot study involving 95 adults with obesity, the potential influence of sex on appetite responses to weight loss and ketosis was examined over an eight-week VLCKD intervention (62). BHB was measured at baseline, week 9, and week 13. Participants with undetectable BHB received targeted dietary counseling to improve adherence. By the end of the study, women had significantly higher BHB levels than men (1.174 vs. 0.783 mmol/L, p = 0.029), although no sex-based differences were observed in appetite-related hormone responses or subjective appetite ratings.

In another trial 45 individuals with obesity were randomized to a VLCKD and 44 to a standard low-calorie diet for four months (63). Capillary blood BHB was measured at baseline and at eight scheduled follow-up visits. BHB levels of at least 0.3 mmol/L were observed in 91.1% of participants in the VLCKD group, with peak levels reaching 1.15 ± 0.96 mmol/L at two weeks.




3.2 BHB testing in KMTs for psychiatric and neurodevelopmental disorders

The use of KMTs has been increasingly explored in the context of psychiatric disorders [i.e., bipolar disorder, schizophrenia, depression, and post-traumatic stress disorder (PTSD)] and neurodevelopmental disorders (i.e., autism spectrum disorder). Emerging research suggests that metabolic dysfunction, including glucose hypometabolism, mitochondrial impairments, and neuroinflammation, may contribute to the pathophysiology of these conditions (44, 64). Since ketone bodies serve as an alternative energy source for the brain, influence neurotransmitter balance, and modulate inflammatory pathways, KMTs have been hypothesized to provide therapeutic effects in these conditions (44, 64, 65).

This section reviews the role of ketone monitoring in KMTs for psychiatric and neurodevelopmental disorders, focusing on testing methodologies and their clinical and research implications. Studies have employed diverse testing protocols, including daily, multiple times per week, weekly, or periodic measurements.


3.2.1 Frequent ketone monitoring (daily or multiple times per day)

A 6–8-week pilot study in individuals with bipolar disorder utilized daily BHB monitoring to assess adherence to a KMT and its metabolic effects (66). Of the 27 recruited participants, 20 completed the intervention. Ketone data collection during the intervention was 95% complete, demonstrating the feasibility of daily BHB testing in this population. These readings indicated that participants achieved light ketosis (0.5–1.0 mmol/L) within 1–7 days of starting the KMT and optimal ketosis (1–3 mmol/L) within 3–13 days. Participants maintained strong adherence to the therapy, as confirmed by 91% of available readings indicating at least light ketosis (≥0.5 mmol/L) and overall mean daily ketone levels of 1.3 mmol/L (median = 1.1 mmol/L).

The high-resolution dataset of ketone levels in this study enabled researchers to correlate outcomes with ketosis levels in a subset of 14 patients who provided reliable daily ecological momentary assessment data (43). Ketone levels were significantly (p < 0.001) positively correlated with mood (r = 0.21) and energy (r = 0.19) and inversely correlated with impulsivity (r = −0.30) and anxiety (r = −0.19), while no significant correlation was observed between ketone levels and speed of thought (r = −0.08).

A similar approach was used in recent case reports. A patient with bipolar disorder with treatment-resistant depressive symptoms followed a KMT and tested ketones daily (67). Testing compliance was high (89%) for the 21-week period and confirmed that nutritional ketosis was maintained at BHB values of around 1.0 mmol/L. A patient with chronic major depressive disorder showed 79% BHB testing compliance over 14 weeks, with blood BHB levels established at 1.1 mmol/L with highest recorded BHB level of 3.2 mmol/L (68). Two patients with schizoaffective disorder followed a KMT and tested ketones daily (69). Testing adherence was high in the first five weeks but declined in later weeks, contributing to an overall 63% testing compliance rate over 10 weeks. Nutritional ketosis was confirmed at ≥0.8 mmol/L with highest recorded BHB level of 3.5 mmol/L. Three patients with major depression and generalized anxiety disorder and complex comorbidities were treated with a personalized KMT and requested to monitor ketone levels and GKI daily (42). Ketosis was defined as BHB ≥ 0.8 mmol/L and GKI < 6. Biomarker testing demonstrated individual variability in metabolic adaptation, with some participants achieving stable ketosis rapidly, while others exhibited fluctuations before reaching consistent BHB levels. Interestingly, symptom improvements seemed to align with sustained ketosis, suggesting a potential relationship between metabolic state and clinical outcomes. Similarly, in a 12-week case study of KMT for obsessive-compulsive disorder and ulcerative colitis, daily testing confirmed sustained nutritional ketosis with average weekly BHB levels around 0.8 mmol/L and GKI values mostly ≤6 (70). Symptom improvements were associated with higher BHB levels, despite occasional dietary lapses and fluctuations in adherence.

A four-week study assessed the feasibility of a KMT in individuals with PTSD (N = 4), utilizing high-frequency capillary blood BHB monitoring to track adherence and individual metabolic response (71). Participants measured BHB three times daily. A day in ketosis was defined as mean daily BHB ≥ 0.5 mmol/L, and required adherence was defined as ≥75% of days in ketosis since ketosis was attained. Frequent biomarker testing verified dietary adherence, with 2% of measurements missing, and enabled personalized assessment of ketosis levels based on each patient’s metabolic response. Dietary composition impacted ketone levels, with one patient showing decreased BHB levels after low food intake or consumption of a commercial high-fiber bread.



3.2.2 Mid-frequency ketone monitoring (weekly or multiple times per week)

A four-month pilot study assessed a KMT in bipolar disorder and schizophrenia (72). Weekly BHB testing objectively confirmed adherence, and allowed researchers to stratify participants based on metabolic response rather than self-reported intake. Of 23 participants, 14 were classified as fully adherent (≥80% of BHB readings ≥0.5 mmol/L), six as semi-adherent (60–80%), and one as non-adherent (<50%), demonstrating varying engagement with the diet. Findings suggested a dose–response relationship, with higher ketone levels associated with greater psychiatric improvements, though further research is needed.



3.2.3 Occasional ketone monitoring (baseline and at study visits)

Occasional BHB testing was used in studies investigating the application of KMT in autism spectrum disorder. In a three-month open-label, observer-blinded clinical trial, blood BHB testing was performed at baseline and at 3 months (73). While all participants on KMT (n = 15) showed increased BHB levels, >50% demonstrated substantial to moderate improvement in behavior, and no correlation was observed between BHB levels and symptom changes. In a six-month pilot study of intermittent four-week KMT interrupted by two-week diet-free intervals, blood BHB testing was performed at the end of each KMT phase (74). During the ketogenic phases, BHB levels were maintained between 1.8 and 2.2 mmol/L, while in the diet-free phases, BHB declined to 0.8–1.5 mmol/L, demonstrating a metabolic change between dietary states.




3.3 BHB testing in KMTs for neurodegenerative disorders

Neurodegenerative conditions such as Parkinson’s disease, Alzheimer’s disease, mild cognitive impairment, Huntington’s disease, multiple sclerosis, and amyotrophic lateral sclerosis are characterized by progressive neuronal dysfunction, often linked to mitochondrial impairment, neuroinflammation, and metabolic dysregulation (75, 76). Emerging evidence suggests that KMTs may offer neuroprotective benefits by enhancing mitochondrial function, reducing oxidative stress, modulating inflammation, and providing an alternative energy substrate to neurons affected by glucose hypometabolism (45, 75).

This section reviews the role of ketone monitoring in KMTs for neurodegenerative conditions, focusing on testing methodologies and their clinical and research implications. Studies have employed diverse testing protocols, including daily, multiple times per week, weekly, or periodic measurements.


3.3.1 Frequent ketone monitoring (daily)

Daily capillary blood BHB testing (consistently at bedtime) was used in a 12-week randomized crossover trial of a ketogenic diet in mild or early-stage Alzheimer’s disease (77). Of the 26 randomized patients, 21 (81%) completed the ketogenic intervention and 18 achieved sustained ketosis, demonstrating high adherence. While on the diet, patients achieved a mean BHB of 0.95 ± 0.34 mmol/L. The authors attributed the positive adherence rate partly to the use of ketone monitoring, which was easy to perform and allowed prompt recognition and correction of difficulties.

A similar approach was employed in two case studies in Huntington’s disease and amyotrophic lateral sclerosis. In a 48-week case study of a time-restricted ketogenic diet in Huntington’s disease (78), daily bedtime testing confirmed sustained ketosis with a mean BHB of 0.90 ± 0.57 mmol/L. Despite consistent dietary adherence, this patient’s ketone levels remained at the lower end of the target range, likely due to the use of exogenous insulin for his type 1 diabetes, which may have suppressed ketogenesis. Similarly, a patient with amyotrophic lateral sclerosis monitored BHB daily (at bedtime) during an 18-month dietary intervention with a 45-month follow-up (79). While the patient maintained a mean BHB of 0.77 ± 0.43 mmol/L, consistent with physiological ketosis, levels were at the lower end of the therapeutic range, which the authors state could potentially be due to hypermetabolism typical of the condition (which may have resulted in increased ketone utilization) or to the lean body composition of the patient (which may have limited fat availability for ketogenesis).

A daily ketone measuring routine (every morning, in a fasted state) provided essential confirmation of ketosis and supported appropriate dietary changes in a six-month case study of a patient with Alzheimer’s disease and Down syndrome undergoing KMT (80). Initially, after limiting carbohydrate intake to 75 g per day, the patient’s capillary BHB remained ≤0.2 mmol/L, indicating that nutritional ketosis was not achieved. In response, carbohydrate intake was further reduced to <20 g per day, leading to a consistent rise in serum ketones to 0.8–3.0 mmol/L. The caregiver noted that BHB testing was instrumental in confirming ketosis.

Daily BHB testing also proved feasible in studies of KMT in Parkinson’s disease. Metabolic assessment through bedtime BHB monitoring was implemented in an eight-week randomized controlled trial of a low-fat diet versus a ketogenic diet in Parkinson’s disease (81). The ketogenic diet group achieved a mean weekly BHB of 1.15 ± 0.59 mM, confirming consistent physiological ketosis, while the low-fat diet group exhibited negligible ketone levels.

Twice-daily plasma BHB measurements (fasting and postprandial) were used to assess metabolic adaptation to a ketogenic diet in the first week of a three-week randomized feasibility trial in Parkinson’s disease (82). BHB levels exceeded 0.5 mmol/L by day four, confirming early ketosis induction. However, subjects with metabolic syndrome or insulin resistance exhibited lower BHB levels, suggesting differences in the response to the intervention.



3.3.2 Mid-frequency ketone monitoring (weekly or multiple times per week)

Weekly capillary blood BHB testing was implemented in a 12-week pilot study of a ketogenic diet in patients with Parkinson’s disease to monitor adherence (83). The mean BHB level over 12 weeks was 0.64 mmol/L. Interestingly, participants who maintained nutritional ketosis (>0.5 mmol/L) demonstrated greater improvements in symptoms of depression and anxiety compared to those who did not. These findings show how consistent ketone monitoring may offer valuable insights into metabolic adaptation and its potential relationship with symptom improvements. The authors highlighted weekly ketone testing as a study strength. Building on these findings, the same group conducted a 24-week longitudinal study in Parkinson’s disease (84), again performing weekly BHB testing to confirm dietary adherence. All participants submitted weekly ketone readings, indicating adherence and confirming acceptable levels of nutritional ketosis (BHB 0.5–2.0 mmol/L).



3.3.3 Occasional ketone monitoring (baseline and at study visits)

In an 18-week pilot randomized crossover trial of a modified Mediterranean ketogenic diet versus an American Heart Association diet in Alzheimer’s disease (85), BHB was measured at key study time points and during diet education visits. At these time points, all participants on the ketogenic diet showed increased BHB levels, demonstrating a level of adherence to the intervention. Interestingly, individuals with mild cognitive impairment exhibited lower BHB levels than those with subjective memory complaints, despite similar dietary adherence (determined with daily food records). The authors hypothesized that patients with mild cognitive impairment may have higher ketone uptake into target tissues or reduced ketone production or may necessitate longer dietary exposure to achieve comparable BHB levels due to higher insulin resistance. Despite the low frequency, biomarker testing offered valuable insights into characterizing metabolic responses across cognitive impairment spectrums.




3.4 BHB testing in KMTs for epilepsy

Epilepsy is a neurological disorder characterized by recurrent, unprovoked seizures caused by abnormal electrical activity in the brain. Approximately one-third of individuals with epilepsy are considered refractory or resistant to the effects of antiseizure medications (86). The ketogenic diet has been used as an alternative therapy for drug-resistant epilepsy (DRE) since the 1920s (87). Its anticonvulsant effects are thought to involve increased GABA synthesis, enhanced neuroprotective signaling, and modulation of potassium, sodium, and calcium channels—mechanisms that collectively reduce neuronal excitability and oxidative stress (88). An increase in NAD+ in response to KMTs may also contribute to seizure reduction (89).

This section reviews the role of ketone monitoring in KMTs for epilepsy, focusing on testing methodologies and their clinical and research implications. Studies mostly employed periodic measurements.


3.4.1 Occasional ketone monitoring (baseline and at study visits)

In a large retrospective study of 300 patients with drug-resistant epilepsy, BHB levels were assessed during fasting and throughout the first three months of a ketogenic diet (90). Patients underwent a fasting period of 12 to 48 h, with BHB monitored with high frequency (four times daily) during the first week, then at one and three months. BHB levels reached 2.0 mmol/L at 19 h, peaked at 4.2 mmol/L at 43 h, and stabilized by the three-month mark. Findings indicated that in cases where seizures persist, raising BHB to 4.0–6.0 mmol/L may be beneficial, while higher initial BHB levels may help patients needing rapid seizure control.

A 12-month non-blinded prospective study evaluated 18 children with DRE on a ketogenic diet, with serum BHB levels measured at 3, 6, and 12 months (91). A trend was observed between higher BHB levels and reduced seizure frequency, although statistical significance was not reached, likely due to the small sample size. However, the study concluded that BHB levels serve as a reliable indicator of dietary adherence.

In a prospective study, the serum metabolome of 14 children with DRE was analyzed before and after three months on a ketogenic diet (92). Serum BHB levels were measured at baseline and after three months, confirming a metabolic shift toward ketogenesis. After three months BHB levels reached 4.3 ± 1.9 mmol/L, consistent with sustained nutritional ketosis.

In a three-month retrospective study of 34 children with DRE on a ketogenic diet, serum BHB levels were measured at baseline and after 3 months (93). Post-treatment BHB levels were significantly elevated in both responders (4.70 ± 1.41 mmol/L vs. 0.55 ± 0.35 mmol/L, p < 0.001) and non-responders (2.00 ± 0.75 mmol/L vs. 0.58 ± 0.33 mmol/L, p < 0.001), with responders exhibiting significantly higher BHB levels than non-responders.

A two-month randomized controlled trial evaluated the effects of a modified Atkins diet (MAD) in 80 adults with DRE (94). Blood ketone levels were measured at one month and two months, with a BHB target of 2–4 mmol/L. By one month, 84% of patients achieved ketosis within a median of 4 to 4.5 days.

A randomized controlled trial enrolled 104 participants with refractory epilepsy and assigned them to one of two ketogenic diets: 51 to the classic ketogenic diet and 53 to the MAD for six months (95). Serum BHB levels were measured at baseline and at one, three, and six months. At three and six months, mean BHB concentrations in the ketogenic diet group were 3.74 mmol/L and 4.00 mmol/L, respectively, compared to 3.40 mmol/L and 3.70 mmol/L in the MAD group. While blood ketone levels were higher in the classic ketogenic diet group, the difference was not statistically significant.

In a retrospective study of 33 patients with refractory epilepsy on a ketogenic diet (96) BHB levels were measured during follow-up visits and correlated with seizure reduction at three and six months (p = 0.037 and p = 0.019). In contrast, urinary ketones from both clinic visits and daily home measurements showed no correlation with seizure reduction. These findings, also confirmed by previous studies (97), support the use of blood BHB as a more reliable indicator of therapeutic response to the ketogenic diet, even when measured infrequently.




3.5 BHB testing in KMTs for cancer

Cancer cells rely heavily on glycolysis for energy, even in the presence of oxygen—a phenomenon known as the Warburg effect (98). The ketogenic diet may target cancer’s metabolic vulnerability, particularly in glioma and other metabolically dysregulated cancers, by lowering glucose and insulin, reducing inflammation and oxidative stress, and enhancing tumor response to standard therapies (46).

This section reviews the role of ketone monitoring in KMTs for cancer, focusing on testing methodologies and their clinical and research implications. Studies have employed diverse testing protocols, including daily, multiple times per week, weekly, or periodic measurements.


3.5.1 Frequent ketone monitoring (daily)

An 80-month case study documented a man with glioblastoma who followed a ketogenic diet (40). Written records of daily capillary blood ketone monitoring showed BHB levels typically between 1.0 and 6.0 mmol/L. After maintaining a GKI near or below 2.0 for over two years on a strict ketogenic diet, his GKI increased to 5 to10 with relaxed dietary adherence, coinciding with tumor progression. Implementing time-restricted fasting and a strict KMT regimen restored his GKI to 2.0 or below.

A similar case report documented the experience of a woman with glioblastoma who followed an intensive KMT program alongside standard treatment (99). The KMT regimen included prolonged fasting, time-restricted eating, and a modified ketogenic diet, with daily bedtime capillary blood ketone monitoring. In the first year, her average weekly BHB was 2.82 ± 1.43 mmol/L and average GKI was 1.65 (range: 0.52–5.97). In the second year, her average weekly BHB was maintained at 2.32 ± 0.67 mmol/L with average GKI of 2.02 (range: 1.16–5.38) and no disease progression noted on imaging. In the third year, average weekly BHB decreased to 1.64 ± 0.65 mmol/L and average GKI increased to 3.20 (range: 1.14–17.20) due to stress and reduced adherence to KMT, which coincided with tumor progression.

A case series reported the experience of 12 patients with cancers of the central nervous system who followed a ketogenic diet for 120 days (100). Among the eight patients who monitored BHB levels at home twice daily, most maintained ketone levels above 0.5 mmol/L throughout the study. The 30-day GKI ranged from 0.95 to 2.9, while the end-of-study GKI ranged from 1.7 to 5.3. The authors commented that the use of home capillary blood ketone monitoring and online data management tools facilitated accurate tracking of dietary adherence, providing strong internal validation and reducing concerns about self-reporting reliability common in dietary studies.

In a feasibility study, 20 women with stage IV breast cancer followed a six-month ketogenic intervention that included prepared meals and nutrition coaching, with daily home monitoring of BHB levels (101). Mean BHB levels were 0.8 mmol/L during the first three months and 0.7 mmol/L during the second three months, consistently within the target range of 0.5–4.0 mmol/L. All participants who completed the first three months achieved nutritional ketosis (BHB ≥ 0.5 mmol/L) and maintained it 90% of the time, despite the anti-ketogenic effects of chemotherapy and steroids, demonstrating strong dietary adherence.

A prospective study followed 18 patients with glioblastoma on a ketogenic diet for at least six months (102). Patients monitored their BHB levels pre-prandially in the morning and afternoon (daily during the first month and twice weekly thereafter) targeting BHB levels >3.5 mmol/L. In six detailed cases, most patients achieved nutritional ketosis within the first week and maintained BHB levels consistently above 2.0 mmol/L throughout the study.



3.5.2 Mid-frequency ketone monitoring (weekly or multiple times per week)

Weekly BHB testing was explored in 10 patients who underwent KMT for advanced malignancies, including lung, breast, esophageal, colorectal, ovarian, and fallopian tube cancers (103). All patients achieved BHB levels >0.5 mmol/L, which was inversely correlated with insulin levels. The authors noted that the extent of ketosis, rather than calorie deficit or weight loss, was linked to stable disease or partial remission, while patients who achieved the lowest ketone levels experienced progressive disease.

A case study reported the experience of a woman with metastatic thymoma who followed a metabolic intervention consisting of periodic fasting combined with a modified ketogenic diet for two years (104). Capillary blood ketones were measured at home three times per week, with a mean two-year BHB level of 3.50 ± 1.27 mmol/L. Mean BHB levels during fasting periods were higher, measuring 6.31 ± 1.55 mmol/L. The authors noted that periodic fasting (lasting ≥ two days) appears to have a distinct therapeutic advantage by inducing more pronounced changes in ketone levels compared to calorie restriction or a ketogenic diet alone.

In a controlled, non-randomized trial, 18 patients with rectal cancer followed a ketogenic diet during radiotherapy, with the intervention length based on their individual treatment schedules (105). Capillary blood ketones were measured at least once weekly during radiotherapy. Median BHB levels peaked at 0.8 mmol/L in the first and fourth weeks of radiotherapy but declined over the following 2–3 weeks, with about half of the patients no longer reaching nutritional ketosis at the time of measurement.



3.5.3 Occasional ketone monitoring (baseline and at study visits)

A 12-week randomized controlled trial evaluated the effects of KMT in 80 women with breast cancer, with 40 assigned to the ketogenic diet group and 40 to the control group (106). Serum BHB was measured during the first, third, and fifth chemotherapy sessions. At six weeks, 70.4% of KD participants had BHB levels >0.5 mmol/L, and 89% had levels >0.3 mmol/L. By 12 weeks, 66.7% maintained BHB levels >0.5 mmol/L, with 89% sustaining levels >0.3 mmol/L.




3.6 BHB testing in type 1 diabetes

Ketogenic and very low-carbohydrate diets are gaining attention in type 1 diabetes, an autoimmune disorder that destroys the insulin-producing beta cells, for their ability to improve glycemic control and reduce insulin requirements (107). However, careful ketone monitoring and clinical judgment are essential to distinguish nutritional ketosis from DKA, as the BHB ranges for these distinct metabolic states overlap. BHB values within the KMT target range (≥0.8 mM and ≥1.5 mM) have been associated with an increased risk of DKA in people not following KMT (108) or who are currently ill (33). With frequent testing and proper medical oversight, ketogenic and very low-carbohydrate diets may offer metabolic benefits in type 1 diabetes, though long-term safety and efficacy need further study.

This section reviews the role of ketone monitoring in KMTs for type 1 diabetes, focusing on testing methodologies and their clinical and research implications. Currently, ketone testing in people with type 1 diabetes has been published in case reports and short-term observational studies in which ketones were measured daily or multiple times per day.


3.6.1 Frequent ketone testing (daily or multiple times a day)

A case study described a man with type 1 diabetes who maintained a ketogenic diet for 10 years (109). Over a 60-day monitoring period, his mean BHB level was 0.8 mmol/L (range: 0.3–1.5 mmol/L), remaining well below the diagnostic threshold for DKA, but within the range identified as associated with increased risk of DKA (108).

Another case study described a man newly diagnosed with type 1 diabetes who adopted a ketogenic diet (110). Over a three-day monitoring period, he recorded 18 BHB measurements ranging from 0.3 to 1.2 mmol/L. The authors noted that these ketone levels remained relatively stable throughout the day, with no concerning spikes indicative of metabolic maladaptation.

One case series examined the effects of combining fasting with exercise on ketone levels in eight adults, including two with type 1 diabetes (111). Participants trained for and completed a five-day, zero-calorie fast while walking or running for 100 miles. During the study, BHB levels ranged from 0.3 to 7.5 mmol/L and were similar between individuals with and without type 1 diabetes.

An observational study compared ketone levels in 15 people with type 1 diabetes following different habitual carbohydrate intakes, including six on very low-carbohydrate diets (<50 g/day) (112). Mean BHB levels in the very low-carb group were 1.2 mmol/L, well below the threshold DKA. However, a discrepancy between the reported mean (1.2 mmol/L) and the range (0.6–1.15 mmol/L) in this group warrants clarification.




3.7 BHB testing in KMTs for kidney disease

KMTs have been proposed as a valuable option for patients with chronic kidney disease (113, 114), in particular for those with autosomal dominant polycystic kidney disease (ADPKD). ADPKD is a hereditary, progressive kidney disorder characterized by the development of numerous fluid-filled cysts, that lead to organ enlargement, fibrosis, and gradual loss of kidney function (115).

Emerging research suggests that metabolic dysfunction plays a key role in the progression of ADPKD, with cyst cells exhibiting defective mitochondrial function, impaired fatty acid oxidation, and increased reliance on glucose metabolism (115). Given these characteristics, nutritional strategies that induce ketosis may offer a novel therapeutic approach by shifting cellular energy metabolism away from glycolysis and towards ketone utilization.

This section reviews the role of ketone monitoring in KMTs for ADPKD, focusing on testing methodologies and their clinical and research implications. Studies have employed both frequent and occasional testing protocols.


3.7.1 Frequent ketone monitoring (daily)

A 16-week pilot study evaluated a KMT in 24 people with ADPKD using twice-daily capillary blood BHB testing to assess adherence and metabolic response (116). After an introduction phase, participants targeted therapeutic ketosis (BHB 1.5–3.0 mmol/L) in Phase 2 and low-level ketosis (BHB 0.5–1.0 mmol/L) in Phase 3 of the study. BHB testing confirmed that all participants reached ketosis (BHB ≥ 0.5 mmol/L) within days and maintained it throughout the study, with average BHB levels of 1.3 mmol/L in the first six weeks and 1.1 mmol/L in the final six weeks. BHB levels varied throughout the day and across participants, highlighting the dynamic nature of ketosis.



3.7.2 Occasional ketone monitoring (baseline and at study visits)

In a three-month feasibility study (N = 66) of a KMT in ADPKD, 23 participants were randomized to receive a ketogenic diet and underwent blood BHB testing at three study visits (117). The primary combined endpoint was defined as a combination of adherence assessed by metabolic parameters (BHB ≥ 0.8 mmol/L for ketosis) and patient-reported feasibility. In total, 43% of participants met the criteria for feasibility, largely due to not consistently reaching the predefined BHB threshold of 0.8 mmol/L at all study visits. To refine adherence assessment, an alternative BHB threshold of ≥0.6 mmol/L on at least two of three visits was explored, increasing adherence classification to 78% of participants, with none of the control group reaching this target. Additionally, 91% of ketogenic diet participants maintained higher BHB levels than baseline at least twice during the study.




3.8 BHB testing in KMTs for PCOS

PCOS is a common and heterogeneous disorder, typically marked by hyperandrogenism, oligo-anovulation, and metabolic dysfunction, with a multifactorial pathogenesis often linked to insulin resistance, which contributes to ovarian dysfunction, inflammation, and metabolic complications (118). Growing evidence suggests that ketogenic diets may benefit individuals with PCOS by improving insulin sensitivity, reducing androgen levels, promoting weight loss, and restoring menstrual regularity, primarily by reducing hyperinsulinemia (47).

This section reviews the role of ketone monitoring in KMTs for PCOS, focusing on testing methodologies and their clinical and research implications. Studies have employed diverse testing protocols, including daily, multiple times per week, weekly, or periodic measurements.


3.8.1 Frequent ketone monitoring (daily or multiple times per day)

In a pilot trial, 17 women with PCOS followed a VLCKD for 45 days and monitored daily capillary blood and urine ketones at home (119). Mean capillary blood ketone levels significantly increased from zero at baseline to 1.7 ± 0.58 mmol/L, showing adherence to the intervention.

In a double-blind prospective cohort study, 60 women followed ketogenic diet guidance for 12 weeks and monitored their BHB at home daily (120). Dietitians provided the participants with tailored advice based on serum ketone levels and changes in body weight.



3.8.2 Mid-frequency ketone monitoring (weekly or multiple times per week)

In a pilot trial, 14 women with PCOS consumed a ketogenic Mediterranean diet for 12 weeks (121). Capillary blood ketones were measured every other day for the first six days and once a week thereafter. The mean BHB value was 1.77 ± 0.55 mmol/L from day 7 to day 84, showing adherence to the intervention.

In a retrospective study, 25 women with PCOS and obesity followed a very low-calorie ketogenic diet for 12 weeks (122). BHB levels were monitored weekly and maintained between 0.5 and 0.7 mmol/L.




3.9 BHB testing in ketogenic approaches for ageing and performance

Ketogenic approaches have gained interest for their potential to enhance longevity by promoting metabolic flexibility, mitochondrial efficiency, and reduced oxidative stress (123). As with the therapeutic application of KMTs, clinical studies on aging have used ketone monitoring to obtain objective verification of metabolic state.

For example, a non-randomized, open-label crossover trial (124) investigated the metabolic effects of nutritional ketosis in 10 healthy women, using daily BHB testing to assess adherence and metabolic fluctuations across three 21-day study phases. Participants underwent a six-month lead-in period with once-daily ketone measurements, followed by four daily testing time points during the study phases to capture metabolic responses throughout the day. Testing confirmed clear metabolic shifts across phases, with BHB levels significantly decreasing from 1.9 ± 0.7 mmol/L in the first ketosis phase to 0.1 ± 0.1 mmol/L in the ketosis suppression phase (p < 0.0001), then returning to baseline in the third study phase (1.9 ± 0.6 mmol/L). These results verified strict adherence to the dietary protocol. Despite variability in individual BHB responses, almost all readings during the first and third phases exceeded 0.5 mmol/L, the standard threshold for ketosis, while very few exceeded this range in the second phase. The study achieved 99.37% adherence in capillary BHB testing, with four participants completing all 252 required tests, demonstrating high feasibility of frequent BHB tracking in this population.

Ketogenic diets have been proposed as a strategy to enhance athletic endurance performance by promoting metabolic flexibility, optimizing fat burning, and reducing reliance on glycogen (125). While fat oxidation rates are typically measured as changes in respiratory exchange ratio, BHB testing has been used to monitor adherence to ketogenic interventions in athletes (126–128) and to assess the level of ketogenesis compared to control groups (129, 130). These measurements provided objective verification of metabolic state and ensured accurate evaluation of dietary effects on performance.

A recent crossover study (131) investigated the metabolic effects of a low-carbohydrate, high-fat diet on endurance performance in 10 triathletes for six weeks, using BHB testing to track ketosis and guide dietary adjustments. Testing on days 1, 3, 7, 14, 21, 28, 35, and 42 confirmed that all participants achieved nutritional ketosis (≥0.5 mmol/L) within one week, maintaining 0.6 ± 0.5 mmol/L by day 42. BHB levels were significantly higher in the low-carbohydrate, high-fat diet vs. high-carbohydrate diets (0.5 vs. 0.1 mmol/L; p < 0.001), remained elevated despite carbohydrate supplementation, and declined during exercise (−0.2 ± 0.1 mmol/L; p < 0.001), indicating ketone utilization. In this study, beyond monitoring adherence and guiding metabolic adjustments, BHB testing provided key insights into ketone availability, utilization, and contribution to energy metabolism during endurance exercise.

A six-day comparative study (132) investigated the metabolic effects of different ketogenic strategies on athletic performance (N = 25), using pre-breakfast BHB measurements to assess ketosis. Testing confirmed that BHB monoester supplementation elevated capillary blood BHB levels compared to carbohydrate intake at all post-consumption time points, validating its efficacy in raising circulating ketones. In contrast, a ketogenic diet stimulated endogenous ketogenesis, with fasted BHB levels rising from day 3 and peaking at 3.7 ± 0.8 mmol/L. These data show the utility of BHB testing in tracking metabolic adaptation and verifying ketosis in performance studies.




4 Discussion

Unlike most dietary interventions, which lack direct physiological biomarkers, KMTs induce a measurable metabolic state, nutritional ketosis, that is quantifiable through ketone body levels. Among these, BHB measured in blood (0.5–5.0 mmol/L) has emerged as the current gold standard biomarker (11, 12). Here, based on the literature reviewed above, we reflect on the role of BHB testing in both research and clinical practice. In particular, we critically discuss how BHB monitoring enables objective tracking of dietary adherence, supports interpretation of clinical outcomes, facilitates behavior change and patient empowerment, and contributes to the personalization of KMTs. We also consider the potential challenges of implementing BHB monitoring and propose areas for refinement and future investigation.


4.1 BHB testing to monitor adherence to KMTs

Clinical trials across a range of conditions consistently confirm the utility of capillary blood BHB testing as a reliable and objective biomarker of adherence to KMTs by providing direct physiological evidence of ketosis. BHB monitoring enables differentiation of metabolic responses across dietary interventions (81) and improves confidence in adherence reporting compared to self-reported dietary intake (72, 100).

Studies in type 2 diabetes (53), neurodegenerative conditions (77), psychiatric disorders (66, 72) and oncology (40, 99, 101) have reported that both BHB testing and KMTs are feasible and acceptable in the target populations.

The frequency and consistency of testing are critical for accurate adherence assessment. High-frequency testing, ranging from daily (43, 49) to multiple times per day (71, 124), provides the most precise and actionable feedback, confirming whether nutritional ketosis is achieved and maintained, and enabling timely dietary and lifestyle adjustments (53, 71).

However, daily testing may not be acceptable in all settings. In a pilot study of bipolar disorder, daily BHB monitoring confirmed strong adherence (66), yet some participants reported the protocol as burdensome (133). These findings highlight the need to balance data granularity with participant acceptability. Mid-frequency testing (e.g., two to three times per week) has proven feasible and effective in studies on obesity and mental health (58, 72). Occasional testing, typically at baseline and at study visits, provides valuable information but lacks the resolution to guide timely intervention (62, 73).

Importantly, studies may implement adaptive protocols, with testing frequency evolving over time. Several studies have adopted frequent testing in the initial phase to establish adherence, followed by reduced frequency as individuals become metabolically adapted or more confident in managing their diet and lifestyle (16, 55, 82, 90). Careful consideration should be given to the choice of testing frequency, ensuring it aligns with therapeutic goals and individual preferences, to minimize patient burden and maximize the long-term sustainability of KMTs.



4.2 BHB testing for the interpretation of metabolic responses and outcomes in KMTs

Beyond adherence monitoring, BHB testing offers insights into individual metabolic responses to KMTs. Several case studies and small clinical series have described how BHB levels vary in response to factors such as dietary composition (71), pharmacological treatments (78), and underlying disease state or physiological characteristics (85, 99). These observations have proven valuable for interpreting unexpected fluctuations in ketosis and adjusting dietary strategies to match individual needs.

Among larger studies, relatively few have directly investigated correlations between BHB levels and clinical outcomes. In type 2 diabetes, higher BHB levels have been associated with improved lipid profiles and a greater likelihood of sustained remission (16, 53, 55). In psychiatric conditions, preliminary evidence suggests a dose–response relationship, with higher BHB levels correlating with greater symptom improvement (42, 43, 72, 82). In oncology, case reports have observed that greater depth and consistency of ketosis were linked to disease stability or partial remission, whereas lower BHB levels were more often associated with continued disease progression (40, 99, 103).

An analysis of a continuous remote care program targeting nutritional ketosis identified a mean BHB level of approximately 0.5 mmol/L during the first 90 days of carbohydrate-restricted nutrition therapy as the optimal threshold for achieving ≥10% weight loss at 1 year, with higher average ketone levels associated with greater weight loss (134).

Although promising, these correlations remain exploratory and are often limited by small sample sizes and observational, retrospective designs. More robust, controlled studies are needed to determine whether specific BHB thresholds are necessary for or predictive of therapeutic benefit, and to what extent such relationships are generalizable.



4.3 BHB testing as a driver of behavior change, empowerment, and personalization

The utility of BHB testing extends beyond adherence tracking and outcomes interpretation. As a real-time biomarker, BHB may also play an active role in shaping behavior. At the core of BHB testing lies a simple yet powerful “feedback loop” (Figure 2): individuals test, assess the response, adjust their dietary or lifestyle choices, and test again to observe the resulting metabolic response. We speculate that this real-time feedback serves as a form of contingent reinforcement, where the measurable and immediate knowledge of BHB levels informs timely decisions, reinforces behaviors, and supports motivation and accountability, resulting in adherence to the KMT (135, 136). Over time, this develops into consistent reinforcement, fostering sustained behavioral change (137), enhancing engagement, and building a sense of empowerment through increased self-efficacy (138). This process drives an “upward spiral” (Figure 2) of positive behavioral and clinical change.
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FIGURE 2
 The dynamic of ketone testing in ketogenic metabolic therapies (KMTs). (A) The feedback loop of ketone testing. Individuals test, receive biological feedback, evaluate it, and adjust their dietary or lifestyle choices. Then they assess the resulting metabolic response by performing further testing. This real-time feedback provides actionable information for achieving and maintaining nutritional ketosis. (B) The upward spiral effects of ketone testing. For patients, consistent testing leads to awareness of personal metabolic responses, reinforcement of behaviors, personal empowerment, and adherence to KMTs. For healthcare professionals, consistent testing enables real-time, remote monitoring, shared decision-making based on personal data, and tailored interventions.


Research in behavioral science confirms that immediate biological feedback can strengthen motivation and facilitate sustained behavior change (135). Frequent and direct feedback has been associated with better outcomes in interventions targeting diet, exercise, and smoking cessation (139). Real-time feedback strategies, such as self-monitoring, have also been linked to greater engagement and adherence in digital health interventions (140). From a neuroscience perspective, biological feedback engages motivation and reward systems, particularly during the early phase of behavior change when motivation is high (136). Therefore, consistent BHB monitoring may serve as a neurobiologically aligned tool to support KMT adherence and long-term behavioral change through measurable reinforcement (135, 136, 140).

We also envision that, for healthcare professionals (HCPs), BHB monitoring enables a similar “upward spiral” (Figure 2) toward more precise and personalized care. Rather than relying on subjective reports, HCPs gain access to objective information that supports data-driven conversations, shared decision-making, and tailored interventions. When integrated with connected, cloud-based health platforms, BHB testing enables real-time, remote metabolic monitoring that precisely guides dietary adjustments, tracks therapeutic response (16, 53, 55), and permits detection of concerning clinical situations in high-risk individuals (32).

In summary, in our view, expanding the consistent and structured use of BHB testing may further enhance the promising clinical potential of KMTs by providing an objective assessment of adherence, improving the interpretability of outcomes, empowering individuals through actionable feedback, and enabling healthcare providers to deliver more personalized interventions.



4.4 Practical challenges and opportunities

While the reviewed evidence highlights the value of BHB testing in KMTs, its implementation in both research and real-world settings is not without challenges, warranting careful consideration, innovation, and ongoing refinement.

The invasive nature of capillary blood testing can act as a barrier, especially for those with needle phobia, fear of pain, or discomfort intolerance (141–143). Testing fatigue, particularly with daily monitoring, is well-documented in the diabetes literature (144), along with obsessive behaviors (145), and burdens associated with maintaining data integrity (133). Clinicians may address these psychological barriers using evidence-based strategies, such as cognitive behavioral therapy, gradual exposure methods, and distress tolerance interventions. Such approaches can effectively reduce anxiety, testing aversion, and obsessive behaviors associated with frequent biomarker monitoring (146–148). The use of CKMs may also offer relief from fingerstick testing burden while providing granular details about the metabolic milieu.

Although digital platforms and connected devices have improved data collection and sharing, technological limitations may still pose challenges, as some may find mobile apps and cloud-based monitoring tools cumbersome (116, 133), especially older adults or those with limited digital literacy.

Despite the increasing availability of capillary blood BHB meters and test strips, BHB testing remains relatively costly compared to other metabolic assessments such as blood glucose or urine ketone testing. This may limit accessibility, particularly in low-resource settings or for individuals requiring frequent testing.

As noted earlier, several important unknowns remain regarding BHB testing itself, including the optimal frequency of testing, the absence of standardized reference ranges across diverse populations, and the lack of defined targets for different therapeutic goals.

These challenges do not diminish the value of BHB monitoring but instead highlight the need for thoughtful design in both clinical protocols and real-world applications. Strategies such as reducing testing frequency after initial adaptation and providing structured onboarding, user training, and technical support can help mitigate these challenges and improve uptake, especially in underserved populations. Future technological improvements in non-invasive alternatives (e.g., breath acetone) may enhance accessibility and user comfort for those deterred by fingerstick testing. Research and innovation in both testing technologies and implementation strategies will be key to ensuring that BHB monitoring remains a feasible and empowering component of KMTs.




5 Methodological considerations and limitations of this work

This work presents a narrative review of the literature. We conducted a literature search in PubMed to identify interventional studies investigating the use of KMTs across a range of clinical areas (type 2 diabetes, obesity, MASLD, neurodegenerative diseases, psychiatric and neurodevelopmental conditions, cancer, epilepsy, type 1 diabetes, PCOS, kidney disease, aging, and physical performance). Studies were included if they incorporated capillary blood BHB testing as part of the methodology, independently of clinical outcomes. Studies involving KMTs without BHB testing were excluded. As such, we acknowledge the potential for unintentional bias in study selection, which is an inherent limitation of narrative reviews.

Although many of the included studies are clinical trials (Table 2), this review also includes some case reports and retrospective analyses with relatively small sample sizes. These study designs carry inherent limitations, including increased risk of bias and reduced generalizability. Nonetheless, they represent the current state of clinical research in the emerging field of KMTs.

Despite their limitations, these studies, when considered collectively, provide meaningful and consistent evidence of the role of BHB testing in the context of KMTs. As research in KMTs continues to grow, larger and more rigorously designed studies will be critical to further define and validate the role of BHB testing in both clinical and research contexts.



6 Conclusion

Capillary blood BHB testing provides an objective, quantifiable, and actionable measure of ketosis in KMTs. It offers real-time physiological feedback that reflects both dietary adherence and metabolic response. It supports behavior change, enables personalized care, and adds rigor to clinical research protocols. Evidence across diverse conditions confirms its value in both clinical practice and research settings, but further research is needed to investigate how BHB levels correlate to clinical outcomes across therapeutic areas. Considerate protocol design and continued innovation will be essential to integrate BHB monitoring more effectively into both clinical practice and research.



Author contributions

CF: Conceptualization, Investigation, Writing – original draft, Writing – review & editing. FS: Conceptualization, Investigation, Writing – original draft, Writing – review & editing. LC: Conceptualization, Writing – review & editing. NL: Conceptualization, Writing – review & editing. CR: Conceptualization, Writing – review & editing. SD: Conceptualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The research, writing, and publication of this article was supported by Keto-Check. The funder was not involved in the study design, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



Acknowledgments

The authors express their gratitude to Geoff Meyer for his contribution in designing the figures.



Conflict of interest

CF and SD provide consulting services for, and FS is an employee of Keto-Check, a company that markets a medical device for measuring blood glucose and ketones (Keto-Mojo GKI and Keto-Mojo GK+). CF is employed by and owns MetaboliCo GmbH. LC is the founder and medical director of Touchpoints 180™ and Innovative Psychiatry, organizations offering metabolic health consultations and ketogenic metabolic therapies for psychiatric and medical conditions. NL is employed by and owns Family Renewal, Inc. DBA Mental Health Keto. CR is an employee of Virta Health, a clinic that provides ketogenic metabolic therapies for chronic metabolic conditions. SD is employed by and owns Metabolic Health Consulting GmbH.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


ADPKD, autosomal dominant polycystic kidney disease; BHB, beta-hydroxybutyrate; CGM, continuous glucose monitor; CKM, continuous ketone monitor; DRE, drug-resistant epilepsy; GKI, glucose ketone index; KMT, ketogenic metabolic therapy; MAD, modified Atkins diet; MASLD, metabolic dysfunction-associated steatotic liver disease; PCOS, polycystic ovary syndrome; PTSD, post-traumatic stress disorder; VLCKD, very low-calorie ketogenic diet.




References
	 1. Picó,C, Serra,F, Rodríguez,AM, Keijer,J, and Palou,A. Biomarkers of nutrition and health: new tools for new approaches. Nutrients. (2019) 11:1092. doi: 10.3390/nu11051092
	 2. de Toro-Martín,J, Arsenault,BJ, Després,JP, and Vohl,MC. Precision nutrition: a review of personalized nutritional approaches for the prevention and management of metabolic syndrome. Nutrients. (2017) 9:913. doi: 10.3390/nu9080913
	 3. Hedrick,VE, Dietrich,AM, Estabrooks,PA, Savla,J, Serrano,E, and Davy,BM. Dietary biomarkers: advances, limitations and future directions. Nutrition J. (2012) 11:109. doi: 10.1186/1475-2891-11-109
	 4. McNamara,AE, and Brennan,L. Potential of food intake biomarkers in nutrition research. Proc Nutr Soc. (2020) 79:487–97. doi: 10.1017/S0029665120007053
	 5. Neuhouser,ML, Tinker,L, Shaw,PA, Schoeller,D, Bingham,SA, Van,HL , et al. Use of recovery biomarkers to calibrate nutrient consumption self-reports in the women’s health initiative. Am J Epidemiol. (2008) 167:1247–59. doi: 10.1093/aje/kwn026
	 6. Park,Y, Dodd,KW, Kipnis,V, Thompson,FE, Potischman,N, Schoeller,DA , et al. Comparison of self-reported dietary intakes from the automated self-administered 24-h recall, 4-d food records, and food-frequency questionnaires against recovery biomarkers. Am J Clin Nutr. (2018) 107:80–93. doi: 10.1093/ajcn/nqx002
	 7. Aaby,D, and Siddique,J. Effects of differential measurement error in self-reported diet in longitudinal lifestyle intervention studies. Int J Behav Nutr Phys Act. (2021) 18:1–12. doi: 10.1186/s12966-021-01184-x
	 8. Ravelli,MN, and Schoeller,DA. Traditional self-reported dietary instruments are prone to inaccuracies and new approaches are needed. Front Nutr. (2020) 7:90. doi: 10.3389/fnut.2020.00090
	 9. Natarajan,L, Pu,M, Fan,J, Levine,RA, Patterson,RE, Thomson,CA , et al. Measurement error of dietary self-report in intervention trials. Am J Epidemiol. (2010) 172:819–27. doi: 10.1093/aje/kwq216
	 10. Volek,JS, Fernandez,ML, Feinman,RD, and Phinney,SD. Dietary carbohydrate restriction induces a unique metabolic state positively affecting atherogenic dyslipidemia, fatty acid partitioning, and metabolic syndrome. Prog Lipid Res. (2008) 47:307–18. doi: 10.1016/j.plipres.2008.02.003
	 11. Anderson,JC, Mattar,SG, Greenway,FL, and Lindquist,RJ. Measuring ketone bodies for the monitoring of pathologic and therapeutic ketosis. Obes Sci Pract. (2021) 7:646–56. doi: 10.1002/osp4.516
	 12. Volek,JS, Kackley,ML, and Buga,A. Nutritional considerations during major weight loss therapy: focus on optimal protein and a low-carbohydrate dietary pattern. Curr Nutr Rep. (2024) 13:422–43. doi: 10.1007/s13668-024-00548-6
	 13. Christensen,MG, Damsgaard,J, and Fink-Jensen,A. Use of ketogenic diets in the treatment of central nervous system diseases: a systematic review. Nord J Psychiatry. (2021) 75:1–8. doi: 10.1080/08039488.2020.1795924
	 14. Zhou,C, Wang,M, Liang,J, He,G, and Chen,N. Ketogenic diet benefits to weight loss, glycemic control, and lipid profiles in overweight patients with type 2 diabetes mellitus: a meta-analysis of randomized controlled trails. Int J Environ Res Public Health. (2022) 19:10429. doi: 10.3390/ijerph191610429
	 15. Castellana,M, Conte,E, Cignarelli,A, Perrini,S, Giustina,A, Giovanella,L , et al. Efficacy and safety of very low calorie ketogenic diet (VLCKD) in patients with overweight and obesity: a systematic review and meta-analysis. Rev Endocr Metab Disord. (2020) 21:5–16. doi: 10.1007/s11154-019-09514-y
	 16. Athinarayanan,SJ, Adams,RN, Hallberg,SJ, McKenzie,AL, Bhanpuri,NH, Campbell,WW , et al. Long-term effects of a novel continuous remote care intervention including nutritional ketosis for the management of type 2 diabetes: a 2-year non-randomized clinical trial. Front Endocrinol. (2019):10. doi: 10.3389/fendo.2019.00348
	 17. Anton,SD, Moehl,K, Donahoo,WT, Marosi,K, Lee,SA, Mainous,AG , et al. Flipping the metabolic switch: understanding and applying the health benefits of fasting. Obesity. (2018) 26:254–68. doi: 10.1002/oby.22065
	 18. Laurens,C, Grundler,F, Damiot,A, Chery,I, Le Maho,AL, Zahariev,A , et al. Is muscle and protein loss relevant in long-term fasting in healthy men? A prospective trial on physiological adaptations. J Cachexia Sarcopenia Muscle. (2021) 12:1690–703. doi: 10.1002/jcsm.12766
	 19. Sapir,DG, and Owen,E. Renal conservation of ketone bodies during starvation. Metabolism. (1975) 24:23–33. doi: 10.1016/0026-0495(75)90004-9
	 20. Taboulet,P, Deconinck,N, Thurel,A, Haas,L, Manamani,J, Porcher,R , et al. Correlation between urine ketones (acetoacetate) and capillary blood ketones (3-beta-hydroxybutyrate) in hyperglycaemic patients. Diabetes Metab. (2007) 33:135–9. doi: 10.1016/j.diabet.2006.11.006
	 21. Arora,S, Henderson,SO, Long,T, and Menchine,M. Diagnostic accuracy of point-of-care testing for diabetic ketoacidosis at emergency-department triage: β-hydroxybutyrate versus the urine dipstick. Diabetes Care. (2011) 34:852–4. doi: 10.2337/dc10-1844
	 22. Gibson,AA, Eroglu,EI, Rooney,K, Harper,C, McClintock,S, Franklin,J , et al. Urine dipsticks are not accurate for detecting mild ketosis during a severely energy restricted diet. Obes Sci Pract. (2020) 6:544–51. doi: 10.1002/osp4.432
	 23. Musa-Veloso,K, Likhodii,SS, and Cunnane,SC. Breath acetone is a reliable indicator of ketosis in adults consuming ketogenic meals. Am J Clin Nutr. (2002) 76:65. doi: 10.1093/ajcn/76.1.65
	 24. Musa-Veloso,K, Likhodii,SS, Rarama,E, Benoit,S, Liu,YMC, Chartrand,D , et al. Breath acetone predicts plasma ketone bodies in children with epilepsy on a ketogenic diet. Nutrition. (2006) 22:1–8. doi: 10.1016/j.nut.2005.04.008
	 25. Masikini,M, Chowdhury,M, and Nemraoui,O. Review—metal oxides: application in exhaled breath acetone chemiresistive sensors. J Electrochem Soc. (2020) 167:037537. doi: 10.1149/1945-7111/ab64bc
	 26. Anderson,JC. Measuring breath acetone for monitoring fat loss: review. Obesity. (2015) 23:2327–34. doi: 10.1002/oby.21242
	 27. Alkedeh,O, and Priefer,R. The ketogenic diet: breath acetone sensing technology. Biosensors. (2021) 11:26. doi: 10.3390/bios11010026
	 28. Newman,JC, and Verdin,E. Β-Hydroxybutyrate: a signaling metabolite. Annu Rev Nutr. (2017) 37:51–76. doi: 10.1146/annurev-nutr-071816-064916
	 29. Puchalska,P, and Crawford,PA. Multi-dimensional roles of ketone bodies in fuel metabolism, signaling, and therapeutics. Cell Metab. (2017) 25:262–84. doi: 10.1016/j.cmet.2016.12.022
	 30. Moore,AR, Holland-Winkler,AM, Ansley,JK, Boone,EDH, and Schulte,MKO. Reliability and diagnostic performance of a new blood ketone and glucose meter in humans. J Int Soc Sports Nutr. (2021) 18:6. doi: 10.1186/s12970-020-00404-2
	 31. Norgren,J, Sindi,S, Sandebring-Matton,A, Kåreholt,I, Akenine,U, Nordin,K , et al. Capillary blood tests may overestimate ketosis: triangulation between three different measures of-hydroxybutyrate. Am J Physiol Endocrinol Metab. (2020) 318:184–8. doi: 10.1152/ajpendo.00454.2019.-The
	 32. Roberts,CGP, Athinarayanan,SJ, Ratner,RE, and Umpierrez,GE. Illnesses associated with ketosis including diabetic ketoacidosis during very low carbohydrate and ketogenic diets. Diabetes Obes Metab. (2025) 27:2531–2539. doi: 10.1111/dom.16252
	 33. Huang,J, Yeung,AM, Bergenstal,RM, Castorino,K, Cengiz,E, Dhatariya,K , et al. Update on measuring ketones. J Diabetes Sci Technol. (2024) 18:714–26. doi: 10.1177/19322968231152236
	 34. Nguyen,K, Xu,N, Zhang,J, Shang,T, Basu,A, Bergenstal,R , et al. Continuous ketone monitoring consensus report 2021. J Diabetes Sci Technol. (2022) 16:689–715. doi: 10.1177/19322968211042656
	 35. Alva,S, Castorino,K, Cho,H, and Ou,J. Feasibility of continuous ketone monitoring in subcutaneous tissue using a ketone sensor. J Diabetes Sci Technol. (2021) 15:768–74. doi: 10.1177/19322968211008185
	 36. Greenwood,DA, Blozis,SA, Young,HM, Nesbitt,TS, and Quinn,CC. Overcoming clinical inertia: a randomized clinical trial of a telehealth remote monitoring intervention using paired glucose testing in adults with type 2 diabetes. J Med Internet Res. (2015) 17:e178. doi: 10.2196/jmir.4112
	 37. Hanson,K, Kipnes,M, and Tran,H. Comparison of point accuracy between two widely used continuous glucose monitoring systems. J Diabetes Sci Technol. (2024) 18:598–607. doi: 10.1177/19322968231225676
	 38. Holzer,R, Bloch,W, and Brinkmann,C. Continuous glucose monitoring in healthy adults—possible applications in health care, wellness, and sports. Sensors. (2022) 22:2030. doi: 10.3390/s22052030
	 39. Hutchins,KM, Betts,JA, Thompson,D, Hengist,A, and Gonzalez,JT. Continuous glucose monitor overestimates glycemia, with the magnitude of bias varying by postprandial test and individual – a randomized crossover trial. Am J Clin Nutr. (2025). 121:1025–1034. doi: 10.1016/j.ajcnut.2025.02.024
	 40. Seyfried,TN, Shivane,AG, Kalamian,M, Maroon,JC, Mukherjee,P, and Zuccoli,G. Ketogenic metabolic therapy, without chemo or radiation, for the long-term management of IDH1-mutant glioblastoma: an 80-month follow-up case report. Front Nutr. (2021):8. doi: 10.3389/fnut.2021.682243
	 41. Meidenbauer,JJ, Mukherjee,P, and Seyfried,TN. The glucose ketone index calculator: a simple tool to monitor therapeutic efficacy for metabolic management of brain cancer. Nutr Metab. (2015) 12:12. doi: 10.1186/s12986-015-0009-2
	 42. Calabrese,L, Frase,R, and Ghaloo,M. Complete remission of depression and anxiety using a ketogenic diet: case series. Front Nutr. (2024):11. doi: 10.3389/fnut.2024.1396685
	 43. Campbell,IH, Needham,N, Grossi,H, Kamenska,I, Luz,S, Sheehan,S , et al. A pilot study of a ketogenic diet in bipolar disorder: clinical, metabolic and magnetic resonance spectroscopy findings. BJPsych Open. (2025) 11:e34. doi: 10.1192/bjo.2024.841
	 44. Anderson,J, Ozan,E, Chouinard,VA, Grant,G, MacDonald,A, Thakkar,L , et al. The ketogenic diet as a transdiagnostic treatment for neuropsychiatric disorders: mechanisms and clinical outcomes. Curr Treat Options Psychiatry. (2024) 12:1. doi: 10.1007/s40501-024-00339-4
	 45. Monda,A, La Torre,ME, Messina,A, Di Maio,G, Monda,V, Moscatelli,F , et al. Exploring the ketogenic diet’s potential in reducing neuroinflammation and modulating immune responses. Front Immunol. (2024):15. doi: 10.3389/fimmu.2024.1425816
	 46. Poff,A, Koutnik,AP, Egan,KM, Sahebjam,S, D’Agostino,D, and Kumar,NB. Targeting the Warburg effect for cancer treatment: ketogenic diets for management of glioma. Semin Cancer Biol. (2019) 56:135–48. doi: 10.1016/j.semcancer.2017.12.011
	 47. Khalid,K, Apparow,S, Mushaddik,IL, Anuar,A, Rizvi,SAA, and Habib,A. Effects of ketogenic diet on reproductive hormones in women with polycystic ovary syndrome. J Endocr Soc. (2023) 7:bvad112. doi: 10.1210/jendso/bvad112
	 48. Gershuni,VM, Yan,SL, and Medici,V. Nutritional ketosis for weight management and reversal of metabolic syndrome. Curr Nutr Rep. (2018) 7:97–106. doi: 10.1007/s13668-018-0235-0
	 49. Paoli,A, Bianco,A, Moro,T, Mota,JF, and Coelho-Ravagnani,CF. The effects of ketogenic diet on insulin sensitivity and weight loss, which came first: the chicken or the egg? Nutrients. (2023) 15:3120. doi: 10.3390/nu15143120
	 50. Yuan,X, Wang,J, Yang,S, Gao,M, Cao,L, Li,X , et al. Effect of the ketogenic diet on glycemic control, insulin resistance, and lipid metabolism in patients with T2DM: a systematic review and meta-analysis. Nutr Diabetes. (2020) 10:38. doi: 10.1038/s41387-020-00142-z
	 51. Neudorf,H, Islam,H, Falkenhain,K, Oliveira,B, Jackson,GS, Moreno-Cabañas,A , et al. Effect of the ketone beta-hydroxybutyrate on markers of inflammation and immune function in adults with type 2 diabetes. Clin Exp Immunol. (2024) 216:89–103. doi: 10.1093/cei/uxad138
	 52. Remund,NP, Larsen,JG, Shin,MJ, Warren,CE, Palmer,IL, Kim,IJ , et al. The role of beta-hydroxybutyrate in mitigating the inflammatory and metabolic consequences of uric acid. Meta. (2024) 14:679. doi: 10.3390/metabo14120679
	 53. Hallberg,SJ, McKenzie,AL, Williams,PT, Bhanpuri,NH, Peters,AL, Campbell,WW , et al. Effectiveness and safety of a novel care model for the management of type 2 diabetes at 1year: an open-label, non-randomized, controlled study. Diabeter Ther. (2018) 9:583–612. doi: 10.1007/s13300-018-0373-9
	 54. Athinarayanan,SJ, Hallberg,SJ, McKenzie,AL, Lechner,K, King,S, McCarter,JP , et al. Impact of a 2-year trial of nutritional ketosis on indices of cardiovascular disease risk in patients with type 2 diabetes. Cardiovasc Diabetol. (2020) 19:208. doi: 10.1186/s12933-020-01178-2
	 55. McKenzie,AL, Athinarayanan,SJ, Van Tieghem,MR, Volk,BM, Roberts,CGP, Adams,RN , et al. 5-year effects of a novel continuous remote care model with carbohydrate-restricted nutrition therapy including nutritional ketosis in type 2 diabetes: an extension study. Diabetes Res Clin Pract. (2024):217. doi: 10.1016/j.diabres.2024.111898
	 56. Saslow,LR, Kim,S, Daubenmier,JJ, Moskowitz,JT, Phinney,SD, Goldman,V , et al. A randomized pilot trial of a moderate carbohydrate diet compared to a very low carbohydrate diet in overweight or obese individuals with type 2 diabetes mellitus or prediabetes. PLoS One. (2014) 9:e91027. doi: 10.1371/journal.pone.0091027
	 57. Gardner,CD, Landry,MJ, Perelman,D, Petlura,C, Durand,LR, Aronica,L , et al. Effect of a ketogenic diet versus Mediterranean diet on glycated hemoglobin in individuals with prediabetes and type 2 diabetes mellitus: the interventional Keto-med randomized crossover trial. Am J Clin Nutr. (2022) 116:640–52. doi: 10.1093/ajcn/nqac154
	 58. Landry,MJ, Crimarco,A, Perelman,D, Durand,LR, Petlura,C, Aronica,L , et al. Adherence to ketogenic and mediterranean study diets in a crossover trial: the keto–med randomized trial. Nutrients. (2021) 13:1–21. doi: 10.3390/nu13030967
	 59. Walton,CM, Perry,K, Hart,RH, Berry,SL, and Bikman,BT. Improvement in glycemic and lipid profiles in type 2 diabetics with a 90-day ketogenic diet. J Diabetes Res. (2019) 2019:8681959. doi: 10.1155/2019/8681959
	 60. Mason,AE, Saslow,LR, Moran,PJ, Kim,S, Abousleiman,H, Richler,R , et al. Lipid findings from the diabetes education to lower insulin, sugars, and hunger (DELISH) study. Nutr Metab. (2019) 16:58. doi: 10.1186/s12986-019-0383-2
	 61. Luukkonen,PK, Dufour,S, Lyu,K, Zhang,XM, Hakkarainen,A, Lehtimäki,TE , et al. Effect of a ketogenic diet on hepatic steatosis and hepatic mitochondrial metabolism in nonalcoholic fatty liver disease. PNAS. (2020) 117:7347–54. doi: 10.1073/pnas.1922344117
	 62. Lyngstad,A, Nymo,S, Coutinho,SR, Rehfeld,JF, Truby,H, Kulseng,B , et al. Investigating the effect of sex and ketosis on weight-loss-induced changes in appetite. Am J Clin Nutr. (2019) 109:1511–8. doi: 10.1093/ajcn/nqz002
	 63. Goday,A, Bellido,D, Sajoux,I, Crujeiras,AB, Burguera,B, García-Luna,PP , et al. Short-term safety, tolerability and efficacy of a very low-calorie-ketogenic diet interventional weight loss program versus hypocaloric diet in patients with type 2 diabetes mellitus. Nutr Diabetes. (2016) 6:e230. doi: 10.1038/nutd.2016.36
	 64. Campbell,IH, and Campbell,H. The metabolic overdrive hypothesis: hyperglycolysis and glutaminolysis in bipolar mania. Mol Psychiatry. (2024) 29:1521–7. doi: 10.1038/s41380-024-02431-w
	 65. Omori,NE, Malys,MK, Woo,G, and Mansor,L. Exogenous ketone bodies and the ketogenic diet as a treatment option for neurodevelopmental disorders. Front Nutr. (2024):11. doi: 10.3389/fnut.2024.1485280
	 66. Needham,N, Campbell,IH, Grossi,H, Kamenska,I, Rigby,BP, Simpson,SA , et al. Pilot study of a ketogenic diet in bipolar disorder. BJPsych Open. (2023) 9:e176. doi: 10.1192/bjo.2023.568
	 67. Laurent,N. Retrospective case study: ketogenic metabolic therapy in the effective management of treatment-resistant depressive symptoms in bipolar disorder. Front Nutr. (2024):11. doi: 10.3389/fnut.2024.1394679
	 68. Laurent,N, Bellamy,EL, Hristova,D, and Houston,A. Ketogenic metabolic therapy in the remission of chronic major depressive disorder: a retrospective case study. Front Nutr. (2025):12. doi: 10.3389/fnut.2025.1549782
	 69. Laurent,N, Bellamy,EL, Tague,KA, Hristova,D, and Houston,A. Ketogenic metabolic therapy for schizoaffective disorder: a retrospective case series of psychotic symptom remission and mood recovery. Front Nutr. (2025):12. doi: 10.3389/fnut.2025.1506304
	 70. Calabrese,L. Remission of OCD and ulcerative colitis with a ketogenic diet: case report. Front. Psychiatry. (2025) 16:1541414. doi: 10.3389/fpsyt.2025.1541414
	 71. Edwards,MGP, Furuholmen-Jenssen,T, Søegaard,EGI, Thapa,SB, and Andersen,JR. Exploring diet-induced ketosis with exogenous ketone supplementation as a potential intervention in post-traumatic stress disorder: a feasibility study. Front Nutr. (2024):11. doi: 10.3389/fnut.2024.1406366
	 72. Sethi,S, Wakeham,D, Ketter,T, Hooshmand,F, Bjornstad,J, Richards,B , et al. Ketogenic diet intervention on metabolic and psychiatric health in bipolar and schizophrenia: a pilot trial. Psychiatry Res. (2024):335. doi: 10.1016/j.psychres.2024.115866
	 73. Lee,RWY, Corley,MJ, Pang,A, Arakaki,G, Abbott,L, Nishimoto,M , et al. A modified ketogenic gluten-free diet with MCT improves behavior in children with autism spectrum disorder. Physiol Behav. (2018) 188:205–11. doi: 10.1016/j.physbeh.2018.02.006
	 74. Evangeliou,A, Vlachonikolis,I, Mihailidou,H, Spilioti,M, and Skarpalezou,A. Application of a ketogenic diet in children with autistic behavior: pilot study. J Child Neurol. (2003) 18:113–118. doi: 10.1177/08830738030180020501
	 75. Price,S, and Ruppar,TM. Ketogenic therapies in Parkinson’s disease, Alzheimer’s disease, and mild cognitive impairment: an integrative review. Appl Nurs Res. (2023):74. doi: 10.1016/j.apnr.2023.151745
	 76. Phillips,MCL, and Picard,M. Neurodegenerative disorders, metabolic icebergs, and mitohormesis. Transl Neurodegener. (2024) 13:46. doi: 10.1186/s40035-024-00435-8
	 77. Phillips,MCL, Deprez,LM, Mortimer,GMN, Murtagh,DKJ, McCoy,S, Mylchreest,R , et al. Randomized crossover trial of a modified ketogenic diet in Alzheimer’s disease. Alzheimer's Res Ther. (2021) 13:51. doi: 10.1186/s13195-021-00783-x
	 78. Phillips,MCL, McManus,EJ, Brinkhuis,M, and Romero-Ferrando,B. Time-restricted ketogenic diet in Huntington’s disease: a case study. Front. Behav Neurosci. (2022) 16:931636. doi: 10.3389/fnbeh.2022.931636
	 79. Phillips,MCL, Johnston,SE, Simpson,P, Chang,DK, Mather,D, and Dick,RJ. Time-restricted ketogenic diet in amyotrophic lateral sclerosis: a case study. Front Neurol. (2023):14. doi: 10.3389/fneur.2023.1329541
	 80. Bosworth,A, Loh,V, Stranahan,BN, and Palmer,CM. Case report: ketogenic diet acutely improves cognitive function in patient with down syndrome and Alzheimer’s disease. Front. Psychiatry. (2023):13. doi: 10.3389/fpsyt.2022.1085512
	 81. Phillips,MCL, Murtagh,DKJ, Gilbertson,LJ, Asztely,FJS, and Lynch,CDP. Low-fat versus ketogenic diet in Parkinson’s disease: a pilot randomized controlled trial. Mov Disord. (2018) 33:1306–14. doi: 10.1002/mds.27390
	 82. Choi,AH, Delgado,M, Chen,KY, Chung,ST, Courville,A, Turner,SA , et al. A randomized feasibility trial of medium chain triglyceride-supplemented ketogenic diet in people with Parkinson’s disease. BMC Neurol. (2024) 24:106. doi: 10.1186/s12883-024-03603-5
	 83. Tidman,MM, White,D, and White,T. Effects of an low carbohydrate/healthy fat/ketogenic diet on biomarkers of health and symptoms, anxiety and depression in Parkinson’s disease: a pilot study. Neurodegener Dis Manag. (2022) 12:57–66. doi: 10.2217/nmt-2021-0033
	 84. Tidman,MM, White,DR, and White,TA. Impact of a keto diet on symptoms of Parkinson’s disease, biomarkers, depression, anxiety and quality of life: a longitudinal study. Neurodegener Dis Manag. (2024) 14:97–110. doi: 10.1080/17582024.2024.2352394
	 85. Neth,BJ, Mintz,A, Whitlow,C, Jung,Y, Solingapuram Sai,K, Register,TC , et al. Modified ketogenic diet is associated with improved cerebrospinal fluid biomarker profile, cerebral perfusion, and cerebral ketone body uptake in older adults at risk for Alzheimer’s disease: a pilot study. Neurobiol Aging. (2020) 86:54–63. doi: 10.1016/j.neurobiolaging.2019.09.015
	 86. Ben-Menachem,E, Schmitz,B, Kälviäinen,R, Rhys,T, and Klein,P. The burden of chronic drug-refractory focal onset epilepsy: can it be prevented? Epilepsy Behav. (2023):148. doi: 10.1016/j.yebeh.2023.109435
	 87. Höhn,S, Dozières-Puyravel,B, and Auvin,S. History of dietary treatment from Wilder’s hypothesis to the first open studies in the 1920s. Epilepsy Behav. (2019):101. doi: 10.1016/j.yebeh.2019.106588
	 88. Imdad,K, Abualait,T, Kanwal,A, AlGhannam,ZT, Bashir,S, Farrukh,A , et al. The metabolic role of ketogenic diets in treating epilepsy. Nutrients. (2022) 14:5074. doi: 10.3390/nu14235074
	 89. Elamin,M, Ruskin,DN, Sacchetti,P, and Masino,SA. A unifying mechanism of ketogenic diet action: the multiple roles of nicotinamide adenine dinucleotide. Epilepsy Res. (2020) 167:106469. doi: 10.1016/j.eplepsyres.2020.106469
	 90. Qiao,X, Ye,Z, Wen,J, Lin,S, Cao,D, Chen,L , et al. Exploring physiological beta-hydroxybutyrate level in children treated with the classical ketogenic diet for drug-resistant epilepsy. Acta Epileptol. (2025) 7:10. doi: 10.1186/s42494-024-00199-8
	 91. Buchhalter,JR, D’Alfonso,S, Connolly,M, Fung,E, Michoulas,A, Sinasac,D , et al. The relationship between d-beta-hydroxybutyrate blood concentrations and seizure control in children treated with the ketogenic diet for medically intractable epilepsy. Epilepsia Open. (2017) 2:317–21. doi: 10.1002/epi4.12058
	 92. Dahlin,M, Wheelock,CE, and Prast-Nielsen,S. Association between seizure reduction during ketogenic diet treatment of epilepsy and changes in circulatory metabolites and gut microbiota composition. EBioMedicine. (2024):109. doi: 10.1016/j.ebiom.2024.105400
	 93. Poorshiri,B, Barzegar,M, Afghan,M, Shiva,S, Shahabi,P, Golchinfar,Z , et al. The effects of ketogenic diet on beta-hydroxybutyrate, arachidonic acid, and oxidative stress in pediatric epilepsy. Epilepsy Behav. (2023):140. doi: 10.1016/j.yebeh.2023.109106
	 94. McDonald,TJW, Henry-Barron,BJ, Felton,EA, Gutierrez,EG, Barnett,J, Fisher,R , et al. Improving compliance in adults with epilepsy on a modified Atkins diet: a randomized trial. Seizure. (2018) 60:132–8. doi: 10.1016/j.seizure.2018.06.019
	 95. Kim,JA, Yoon,JR, Lee,EJ, Lee,JS, Kim,JT, Kim,HD , et al. Efficacy of the classic ketogenic and the modified Atkins diets in refractory childhood epilepsy. Epilepsia. (2016) 57:51–8. doi: 10.1111/epi.13256
	 96. van Delft,R, Lambrechts,D, Verschuure,P, Hulsman,J, and Majoie,M. Blood beta-hydroxybutyrate correlates better with seizure reduction due to ketogenic diet than do ketones in the urine. Seizure. (2010) 19:36–9. doi: 10.1016/j.seizure.2009.10.009
	 97. Gilbert,DL, Pyzik,PL, Freeman,JM, Pediatrics,J, Hopkins,D, Gilbert,F , et al. The ketogenic diet: seizure control correlates better with serum beta-hydroxybutyrate than with urine ketones. J Child Neurol. (2000) 12:787–790. doi: 10.1177/088307380001501203
	 98. Duraj,T, Carrión-Navarro,J, Seyfried,TN, García-Romero,N, and Ayuso-Sacido,A. Metabolic therapy and bioenergetic analysis: the missing piece of the puzzle. Mol Metab. (2021):54. doi: 10.1016/j.molmet.2021.101389
	 99. Phillips,MCL, Thotathil,Z, Dass,PH, Ziad,F, and Moon,BG. Ketogenic metabolic therapy in conjunction with standard treatment for glioblastoma: a case report. Oncol Lett. (2024) 27:230. doi: 10.3892/ol.2024.14363
	 100. Panhans,CM, Gresham,G, Amaral,JL, and Hu,J. Exploring the feasibility and effects of a ketogenic diet in patients with CNS malignancies: a retrospective case series. Front Neurosci. (2020):14. doi: 10.3389/fnins.2020.00390
	 101. Buga,A, Harper,DG, Sapper,TN, Hyde,PN, Fell,B, Dickerson,R , et al. Feasibility and metabolic outcomes of a well-formulated ketogenic diet as an adjuvant therapeutic intervention for women with stage IV metastatic breast cancer: the Keto-CARE trial. PLoS One. (2024) 19:e0296523. doi: 10.1371/journal.pone.0296523
	 102. Kiryttopoulos,A, Evangeliou,AE, Katsanika,I, Boukovinas,I, Foroglou,N, Zountsas,B , et al. Successful application of dietary ketogenic metabolic therapy in patients with glioblastoma: a clinical study. Front Nutr. (2024):11. doi: 10.3389/fnut.2024.1489812
	 103. Fine,EJ, Segal-Isaacson,CJ, Feinman,RD, Herszkopf,S, Romano,MC, Tomuta,N , et al. Targeting insulin inhibition as a metabolic therapy in advanced cancer: a pilot safety and feasibility dietary trial in 10 patients. Nutrition. (2012) 28:1028–35. doi: 10.1016/j.nut.2012.05.001
	 104. Phillips,MCL, Murtagh,DKJ, Sinha,SK, and Moon,BG. Managing metastatic thymoma with metabolic and medical therapy: a case report. Front. Oncologia. (2020):10. doi: 10.3389/fonc.2020.00578
	 105. Klement,RJ, Meyer,D, Kanzler,S, and Sweeney,RA. Ketogenic diets consumed during radio-chemotherapy have beneficial effects on quality of life and metabolic health in patients with rectal cancer. Eur J Nutr. (2022) 61:69–84. doi: 10.1007/s00394-021-02615-y
	 106. Khodabakhshi,A, Seyfried,TN, Kalamian,M, Beheshti,M, and Davoodi,SH. Does a ketogenic diet have beneficial effects on quality of life, physical activity or biomarkers in patients with breast cancer: a randomized controlled clinical trial. Nutr J. (2020) 19:87. doi: 10.1186/s12937-020-00596-y
	 107. Lennerz,BS, Barton,A, Bernstein,RK, David Dikeman,R, Diulus,C, Hallberg,S , et al. Management of type 1 diabetes with a very low-carbohydrate diet. Pediatrics. (2018) 141:e20173349. doi: 10.1542/peds.2017-3349
	 108. Song,C, Dhaliwal,S, Bapat,P, Scarr,D, Bakhsh,A, Budhram,D , et al. Point-of-care capillary blood ketone measurements and the prediction of future ketoacidosis risk in type 1 diabetes. Diabetes Care. (2023) 46:1973–7. doi: 10.2337/dc23-0840
	 109. Koutnik,AP, Klein,S, Robinson,AT, and Watso,JC. Efficacy and safety of long-term ketogenic diet therapy in a patient with type 1 diabetes. JCEM Case Rep. (2024) 2:luae102. doi: 10.1210/jcemcr/luae102
	 110. Ozoran,H, Guwa,P, Dyson,P, Tan,GD, and Karpe,F. Prolonged remission followed by low insulin requirements in a patient with type 1 diabetes on a very low-carbohydrate diet. Endocrinol Diabetes Metab Case Rep. (2024) 2024:23–0130. doi: 10.1530/EDM-23-0130
	 111. Lake,I. Nutritional ketosis is well-tolerated, even in type 1 diabetes: the ZeroFive100 project; a proof-of-concept study. Curr Opin Endocrinol Diabetes. (2021) 28:453–62. doi: 10.1097/MED.0000000000000666
	 112. Ozoran,H, Matheou,M, Dyson,P, Karpe,F, and Tan,GD. Type 1 diabetes and low carbohydrate diets—defining the degree of nutritional ketosis. Diabetic Med. (2023) 40:e15178. doi: 10.1111/dme.15178
	 113. Weimbs,T, Saville,J, and Kalantar-Zadeh,K. Ketogenic metabolic therapy for chronic kidney disease – the pro part. Clin Kidney J. (2024) 17:1–8. doi: 10.1093/ckj/sfad273
	 114. Athinarayanan,SJ, Roberts,CGP, Vangala,C, Shetty,GK, McKenzie,AL, Weimbs,T , et al. The case for a ketogenic diet in the management of kidney disease. BMJ Open Diab Res Care. (2024) 12:e004101. doi: 10.1136/bmjdrc-2024-004101
	 115. Nowak,KL, and Hopp,K. Metabolic reprogramming in autosomal dominant polycystic kidney disease evidence and therapeutic potential. Clin J Am Soc Nephrol. (2020) 15:577–84. doi: 10.2215/CJN.13291019
	 116. Bruen,DM, Kingaard,JJ, Munits,M, Paimanta,CS, Torres,JA, Saville,J , et al. Ren.Nu, a dietary program for individuals with autosomal-dominant polycystic kidney disease implementing a sustainable, plant-focused, kidney-safe, ketogenic approach with avoidance of renal stressors. Kidney Dial. (2022) 2:183–203. doi: 10.3390/kidneydial2020020
	 117. Cukoski,S, Lindemann,CH, Arjune,S, Todorova,P, Brecht,T, Kühn,A , et al. Feasibility and impact of ketogenic dietary interventions in polycystic kidney disease: KETO-ADPKD—a randomized controlled trial. Cell Rep Med. (2023) 4:101283. doi: 10.1016/j.xcrm.2023.101283
	 118. Armanini,D, Boscaro,M, Bordin,L, and Sabbadin,C. Controversies in the pathogenesis, diagnosis and treatment of PCOS: focus on insulin resistance, inflammation, and hyperandrogenism. Int J Mol Sci. (2022) 23:4110. doi: 10.3390/ijms23084110
	 119. Cincione,RI, Losavio,F, Ciolli,F, Valenzano,A, Cibelli,G, Messina,G , et al. Effects of mixed of a ketogenic diet in overweight and obese women with polycystic ovary syndrome. Int J Environ Res Public Health. (2021) 18:12490. doi: 10.3390/ijerph182312490
	 120. Yang,M, Bai,W, Jiang,B, Wang,Z, Wang,X, Sun,Y , et al. Effects of a ketogenic diet in women with PCOS with different uric acid concentrations: a prospective cohort study. Reprod Biomed Online. (2022) 45:391–400. doi: 10.1016/j.rbmo.2022.03.023
	 121. Paoli,A, Mancin,L, Giacona,MC, Bianco,A, and Caprio,M. Effects of a ketogenic diet in overweight women with polycystic ovary syndrome. J Transl Med. (2020) 18:104. doi: 10.1186/s12967-020-02277-0
	 122. Magagnini,MC, Condorelli,RA, Cimino,L, Cannarella,R, Aversa,A, Calogero,AE , et al. Does the ketogenic diet improve the quality of ovarian function in obese women? Nutrients. (2022) 14:4147. doi: 10.3390/nu14194147
	 123. Cooper,ID, Kyriakidou,Y, Petagine,L, Edwards,K, and Elliott,BT. Bio-hacking better health—leveraging metabolic biochemistry to maximise healthspan. Antioxidants. (2023) 12:1749. doi: 10.3390/antiox12091749
	 124. Cooper,ID, Kyriakidou,Y, Edwards,K, Petagine,L, Seyfried,TN, Duraj,T , et al. Ketosis suppression and ageing (KetoSAge): the effects of suppressing ketosis in long term keto-adapted non-athletic females. Int J Mol Sci. (2023) 24:15621. doi: 10.3390/ijms242115621
	 125. Volek,JS, Noakes,T, and Phinney,SD. Rethinking fat as a fuel for endurance exercise. Eur J Sport Sci. (2015) 15:13–20. doi: 10.1080/17461391.2014.959564
	 126. Pretorius,A, Engelbrecht,L, and Terblanche,E. A 6-week ketogenic diet enhances the phosphocreatine energy system contribution during intermittent sprints. J Sci Sport Exerc. (2024) 18:104. doi: 10.1007/s42978-023-00271-8
	 127. Molloy,E, Murphy-Griffin,M, and Harrison,M. An investigation into the effects of a 12-week sleep low train low intervention on fat oxidation and exercise performance in recreationally endurance-trained women. EJSPORT. (2025) 4:22–36. doi: 10.24018/ejsport.2025.4.1.200
	 128. Graybeal,AJ, Kreutzer,A, Moss,K, Rack,P, Augsburger,G, Braun-Trocchio,R , et al. Chronic and postprandial metabolic responses to a ketogenic diet compared to high-carbohydrate and habitual diets in trained competitive cyclists and triathletes: a randomized crossover trial. Int J Environ Res Public Health. (2023) 20:1110. doi: 10.3390/ijerph20021110
	 129. Volek,JS, Freidenreich,DJ, Saenz,C, Kunces,LJ, Creighton,BC, Bartley,JM , et al. Metabolic characteristics of keto-adapted ultra-endurance runners. Metabolism. (2016) 65:100–10. doi: 10.1016/j.metabol.2015.10.028
	 130. Wilson,JM, Lowery,RP, Roberts,MD, Sharp,MH, Joy,JM, Shields,KA , et al. Effects of ketogenic dieting on body composition, strength, power, and hormonal profiles in resistance training men. J Strength Cond Res. (2020) 34:3463–3474. doi: 10.1519/JSC.0000000000001935
	 131. Prins,PJ, Noakes,TD, Buga,A, Gerhart,HD, Cobb,BM, D’Agostino,DP , et al. Carbohydrate ingestion eliminates hypoglycemia & improves endurance exercise performance in triathletes adapted to very low & high carbohydrate isocaloric diets. Am J Physiol Cell Physiol. (2025) 328:C710–C727. doi: 10.1152/ajpcell.00583.2024
	 132. Dearlove,DJ, Soto Mota,A, Hauton,D, Pinnick,K, Evans,R, Miller,J , et al. The effects of endogenously- and exogenously-induced hyperketonemia on exercise performance and adaptation. Physiol Rep. (2022) 10:e15309. doi: 10.14814/phy2.15309
	 133. Rigby,B, Needham,N, Grossi,H, Kamenska,I, Campbell,HI, Meadowcroft,B , et al. Pilot study of a ketogenic diet in bipolar disorder: a process evaluation. BMC Psychiatry. (2025) 25:63. doi: 10.1186/s12888-025-06479-y
	 134. Adams,R, Athinarayanan,S, Roberts,C, and Volk,B. Poster 379-real-world ketone targets in carbohydrate-restricted nutrition therapy for obesity. In: 42nd annual meeting of the Obesity Society at ObesityWeek. Obesity (Wiley); (2024). 205–205.
	 135. Richardson,KM, Jospe,MR, Saleh,AA, Nadia Clarke,T, Bedoya,AR, Behrens,N , et al. Use of biological feedback as a health behavior change technique in adults: scoping review. J Med Internet Res. (2023):25. doi: 10.17605/OSF.IO/YP5WAd
	 136. Michaelsen,MM, and Esch,T. Understanding health behavior change by motivation and reward mechanisms: a review of the literature. Front Behav Neurosci. (2023) 17:1151918. doi: 10.3389/fnbeh.2023.1151918
	 137. Del-Valle-Soto,C, López-Pimentel,JC, Vázquez-Castillo,J, Nolazco-Flores,JA, Velázquez,R, Varela-Aldás,J , et al. A comprehensive review of behavior change techniques in wearables and IoT: implications for health and well-being. Sensors. (2024) 24:2429. doi: 10.3390/s24082429
	 138. Varela,AJ, Gallamore,MJ, Hansen,NR, and Martin,DC. Patient empowerment: a critical evaluation and prescription for a foundational definition. Front Psychol. (2024):15. doi: 10.3389/fpsyg.2024.1473345
	 139. McClure,J. Are biomarkers useful treatment aids for promoting health behavior change? An empirical review. Am J Prev Med. (2002) 22:200–7. doi: 10.1016/s0749-3797(01)00425-1
	 140. Milne-Ives,M, Homer,SR, Andrade,J, and Meinert,E. Potential associations between behavior change techniques and engagement with mobile health apps: a systematic review. Front Psychol. (2023):14. doi: 10.3389/fpsyg.2023.1227443
	 141. Mollema,ED, Snoek,FJ, Adè,HJ, Heine,RJ, and Van Der Ploeg,HM. Insulin-treated diabetes patients with fear of self-injecting or fear of self-testing psychological comorbidity and general well-being. J Psychosom Res. (2001) 51:665–72. doi: 10.1016/s0022-3999(01)00229-x
	 142. Alsbrooks,K, and Hoerauf,K. Prevalence, causes, impacts, and management of needle phobia: an international survey of a general adult population. PLoS One. (2022) 17:e0276814. doi: 10.1371/journal.pone.0276814
	 143. Töyer Şahin,N, Ek,H, and Pehlivan,S. The relationship between discomfort intolerance and the fear of self-injection and testing in patients with diabetes using insulin: a cross-sectional study. J Clin Nurs. (2024) 34:2840–2851. doi: 10.1111/jocn.17482
	 144. Zhao,FF, Suhonen,R, Katajisto,J, and Leino-Kilpi,H. The association of diabetes-related self-care activities with perceived stress, anxiety, and fatigue: a cross-sectional study. Patient Prefer Adherence. (2018) 12:1677–86. doi: 10.2147/PPA.S169826
	 145. Conget,JI, Esmatjes,E, Ferrer,J, De Pablo,J, and Gomis,R. Emotional side effects of diabetes educational program. Diabetes Care (1990) 13:901–902. Available online at: http://diabetesjournals.org/care/article-pdf/13/8/901/439989/13-8-901.pdf
	 146. Saccaro,LF, Giff,A, De Rossi,MM, and Piguet,C. Interventions targeting emotion regulation: a systematic umbrella review. J Psychiatr Res. (2024) 174:263–74. doi: 10.1016/j.jpsychires.2024.04.025
	 147. Racz,JI, Bialocerkowski,A, Calteaux,I, and Farrell,LJ. Determinants of exposure therapy implementation in clinical practice for the treatment of anxiety, OCD, and PTSD: a systematic review. Clin Child Fam Psychol Rev. (2024) 27:317–41. doi: 10.1007/s10567-024-00478-3
	 148. Curtiss,JE, Levine,DS, Ander,I, and Baker,AW. Cognitive-behavioral treatments for anxiety and stress-related disorders. Focus. (2021) 19:184–9. doi: 10.1176/appi.focus.20200045


Copyright
 © 2025 Fante, Spritzler, Calabrese, Laurent, Roberts and Deloudi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The role of β-hydroxybutyrate testing in ketogenic metabolic therapies



		1 Introduction



		2 Biomarkers and testing methods used in KMTs



		3 BHB testing in KMTs



		3.1 BHB testing in KMTs for type 2 diabetes, obesity, and MASLD



		3.1.1 Frequent ketone monitoring (daily)



		3.1.2 Mid-frequency ketone monitoring (weekly or multiple times per week)



		3.1.3 Occasional ketone monitoring (baseline and at study visits)









		3.2 BHB testing in KMTs for psychiatric and neurodevelopmental disorders



		3.2.1 Frequent ketone monitoring (daily or multiple times per day)



		3.2.2 Mid-frequency ketone monitoring (weekly or multiple times per week)



		3.2.3 Occasional ketone monitoring (baseline and at study visits)









		3.3 BHB testing in KMTs for neurodegenerative disorders



		3.3.1 Frequent ketone monitoring (daily)



		3.3.2 Mid-frequency ketone monitoring (weekly or multiple times per week)



		3.3.3 Occasional ketone monitoring (baseline and at study visits)









		3.4 BHB testing in KMTs for epilepsy



		3.4.1 Occasional ketone monitoring (baseline and at study visits)









		3.5 BHB testing in KMTs for cancer



		3.5.1 Frequent ketone monitoring (daily)



		3.5.2 Mid-frequency ketone monitoring (weekly or multiple times per week)



		3.5.3 Occasional ketone monitoring (baseline and at study visits)









		3.6 BHB testing in type 1 diabetes



		3.6.1 Frequent ketone testing (daily or multiple times a day)









		3.7 BHB testing in KMTs for kidney disease



		3.7.1 Frequent ketone monitoring (daily)



		3.7.2 Occasional ketone monitoring (baseline and at study visits)









		3.8 BHB testing in KMTs for PCOS



		3.8.1 Frequent ketone monitoring (daily or multiple times per day)



		3.8.2 Mid-frequency ketone monitoring (weekly or multiple times per week)









		3.9 BHB testing in ketogenic approaches for ageing and performance









		4 Discussion



		4.1 BHB testing to monitor adherence to KMTs



		4.2 BHB testing for the interpretation of metabolic responses and outcomes in KMTs



		4.3 BHB testing as a driver of behavior change, empowerment, and personalization



		4.4 Practical challenges and opportunities









		5 Methodological considerations and limitations of this work



		6 Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		References



















OPS/images/fnut-12-1629921-g001.jpg
BIOMARKERS TESTING METHODS

Ketone Bodies
o o

P

BREATH ACETONE

INTERSTITIAL BHB
Acetoacetate INTERSTITIAL GLUCOSE
on /) \ ® URINE ACETOACETATE
)k CAPILLARY BLOOD BHB
P CAPILLARY BLOOD GLUCOSE
B-Hydroxybutyrate Acetone
CH,OH
o
Glucose
HO\QH OH






OPS/images/fnut-12-1629921-g002.jpg
Feedback Loop

TESTING

O

JHoygaad®

Qaggamo™

B Upward Spiral Effects

[ Patient Praci

Adherence Precision medicine

ner

Empowerment Shared and data-driven

decision making
Reinforcement

Real-time monitoring
Awareness

Ketone testing





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

The role of B-hydroxybutyrate
testing in ketogenic metabolic
therapies












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






