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Three clinical risk domains. Six patients. 
One recurring observation: measurable 
electrophysiological differences 
accompanied changes in modifiable health 
factors.

Background
Metabolic dysfunction, cardiovascular disease, and impaired sleep are 
established risk factors associated with cognitive decline. These risks 
are typically evaluated using laboratory testing, vascular assessment, 
and sleep studies, but such measures do not directly characterize 
concurrent electrophysiological activity.

Quantitative EEG and event-related potentials provide objective 
measurements of brain electrical activity and stimulus-evoked 
responses. Across these case reports, EEG and ERP metrics were 
evaluated alongside metabolic, cardiovascular, and sleep-related 
clinical findings to examine whether electrophysiological changes 
accompanied management of potentially modifiable risk factors.

Objective
To explore whether quantitative EEG and ERP biomarkers can reveal 
changes not fully captured by symptoms or conventional clinical 
measures during management of modifiable risk factors for cognitive 
decline.

Case 1- Cardiovascular Risk 
Management
An older adult previously diagnosed with Alzheimer’s disease 
underwent additional evaluation that identified elevated blood pressure 
and vascular plaque burden. Baseline EEG showed reduced dominant 
frequency, while P300 measures provided additional context for 
reassessment of the clinical picture. Following physician-directed 
cardiovascular risk management, longitudinal EEG and ERP changes 
were documented alongside reported clinical improvement.
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Figure 1. P300 amplitude topographs obtained four months and five years after 
diagnosis. The later assessment demonstrates greater central-parietal response 
voltage. 
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Figure 2. Longitudinal comparison of EEG and ERP measures. P300 latency 
decreased from 352 to 252 ms, P300 amplitude increased from 6.4 to 11.5 µV, and 
occipital peak frequency increased from 7.0 to 12.5 Hz between assessments. 
The waveform overlay shows baseline and follow-up responses across electrode 
sites.

Case 3- Metabolic Risk Management
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None of the patients showed changes beyond expectation for the 
other cognitive- decline risk markers of IAF and P300 latency, 
except the oldest patient (Patient 1; Figure  2) who ironically 
had the lowest CNS improvement. While he was symptom free 
and within the normal range for most CNS domains, his IAF 
on initial evaluation was 8.8 Hz (age- matched target range 9.0–
10.5 Hz) and his P300T was 408 ms (310–402 ms target). Changes 
in these trait- based markers are early warning signs of decline 
that may not be apparent in neurocognitive tests as evidenced 
here. After intervention, his IAF sped up to a healthy 10.5 Hz 
and his P300T to 300 ms, both beyond expected within- person 
variances (Figure 2). Alongside his 15 μV P300 amplitude, these 
are values expected for a typical 20- year- old.

4   |   Discussion

These 3 patients entered the program with no disease symptoms 
but had elevated A1VC, insulin, and body fat with low testosterone 
and low/normal evoked cognitive responses. Following treatment 
programs that focused on testosterone replacement, weightlifting, 
and low- glycemic diet, these patients showed major improvement 

in most of the blood markers and body fat with an increase in 
cognitive resources as measured by the P300 amplitude. It is also 
interesting to note that the only the oldest patient had low base-
line scores on other cognitive- risk markers of P300 latency and 
IAF even though his CNS was normal. Following treatment these 
markers also showed dramatic improvement well beyond expecta-
tion to values typically seen in 20 year- old patients.

TABLE 1    |    Clinical markers and cognitive outcomes.

Marker (range)

Patient 1 Patient 2 Patient 3

74.5 years 75.8 years 62.6 years 64.8 years 61.2 years 62.8 years

HbA1C (< 5.1) 5.7 5.3 5.0 5.0 5.8 5.1

Insulin (< 5) 13.5 2.8 7.1 3.4 9.3 4.8

Free test (155–220) 60 152 27 298 25 140

Body fat 37% 24% 42% 30% 42% 33%

CNS VS percentile 35% 36% 56% 63% 49% 52%

P300V (6–16 μV), 
ΔP300V ± 2 μV

6 μV 15 μV 6 μV 19 μV 9 μV 15 μV

Note: Bold values represent improvement. P300V also shown as topographs of evoked voltage across the scalp (box illustrations represent regions of interest).

FIGURE 1    |    Improvement in P300 amplitudes measured pre-  and 
post- intervention. Error lines represent test–retest expectation [51].

FIGURE 2    |    Reduction in cognitive risk markers for Patient 1. IAF 
increase (top graph) and a P300T decrease (bottom graph, increased 
speed). Dashed lines show test–retest expectation [51, 52].
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Figure 3. P300 amplitude topographies and coherence maps for two 
patients with obstructive sleep apnea. Patient A, who underwent treatment, 
demonstrated greater central-parietal response voltage and denser coherence 
patterns than Patient B, who declined treatment. The comparison is descriptive 
and does not establish treatment causality.

Case 2- Sleep Apnea Management
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Figure 4. Individual alpha 
frequency and P300 latency 
in Patient 1 before and 
after intervention. Alpha 
frequency increased from 
8.8 to 10.5 Hz, while P300 
latency decreased from 408 
to 300 ms, both exceeding 
expected within-person 
variation.
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Figure 5. P300 amplitude increased across all 
three patients following intervention. Error 
bars indicate expected test-retest variation.

Objective EEG markers identified 
abnormalities that were not fully reflected 
by symptoms or standard cognitive testing. 
Especially with older patients in the study.

P300 Voltage

P300 Voltage and Clinical Outcomes

Figure 6. Metabolic and electrophysiological measures before and after 
intervention. Reductions in fasting insulin and body fat were accompanied by 
increased P300 amplitude across all three patients. The topographies illustrate 
the distribution of evoked response voltage across the scalp.

Conclusion
Across patients ranging from cognitively asymptomatic to previously 
diagnosed with Alzheimer’s disease, quantitative EEG and ERP added 
objective electrophysiological context to metabolic, cardiovascular, sleep, 
and cognitive assessments. They documented longitudinal change during 
physician-directed management and, in one asymptomatic patient, 
identified abnormal P300 latency and individual alpha frequency despite 
largely normal neurocognitive testing.

These cases do not establish causation or treatment efficacy, but they 
raise a practical question: If clinicians routinely measure HbA1C, blood 
pressure, and sleep, should cognitive-risk assessment also include 
objective measurement of brain electrical activity?
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Two adults with mild cognitive impairment and obstructive sleep apnea 
underwent EEG and ERP assessment. One accepted treatment for sleep apnea; 
the other declined treatment. The treated patient demonstrated greater 
P300 amplitude, shorter latency, and stronger coherence patterns than the 
untreated patient, together with better performance on selected reaction-time 

Three cognitively asymptomatic men entered a physician-directed wellness 
program with elevated metabolic risk markers, including HbA1C, fasting 
insulin, excess body fat, and low free testosterone. Following individualized 
dietary, exercise, hormonal, and clinical interventions, metabolic markers 
moved toward target ranges and body fat declined. P300 amplitude increased 
beyond expected test-retest variation in all three patients.

Case 1 Continued-


