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Learning Objectives

Mechanisms by which commonly used medications contribute to nutrient depletions 

that impact neurotransmitter synthesis and mitochondrial function.

Identify the key nutrients essential for mental health—including B-vitamins, 

magnesium, zinc, and CoQ10—and explain their roles in mitochondrial energy 

production, methylation, and neurotransmission.

Apply functional testing strategies, including neurotransmitter analysis and DNA 

methylation profiling, to guide personalized interventions for patients experiencing 

mood symptoms associated with iatrogenic nutrient depletion.
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The State of the Union U.S. Mental 
Health Statistics



Mental Health in U.S. Adults (2023–2024)

Category Women (18+) Men (18+)

Any Mental Illness (AMI) ~26% annually ~18% annually¹

Anxiety Disorders (12-month 
prevalence)

~23.4% ~14.3%

Depression (MDD, past year) ~10.4% ~6.2%

MDD Lifetime Risk ~21% (2x more likely than men) ~10%

Medication Use for Mental Health 
(2020 data)

21.2% reported use of meds for 
emotional/mental health

11.5% reported use of meds for 
emotional/mental health

McLean CP, et al. Depress Anxiety. 2011;28(6):458–464. / Terlizzi EP, Zablotsky B. NCHS Data Brief . No. 377. 2020. / NIMH. Suicide Statistics. 2023.

SAMHSA. 2023 NSDUH Annual Report. / Kessler RC, et al. Arch Gen Psychiatry. 2005;62(6):593–602/ CDC. National Center for Health Statistics. 2023. 5



COVID Impacts on Mental Health

Post-COVID, global rates of anxiety and depression increased by 25%!

Antidepressant prescriptions surged - increasing by 66% in 12-25 yr olds (2016-2022), 
and continue to rise for women (male adolescent rates declined ~7.1%)

After March 2020 there was a 129.6% increase in antidepressant use in females aged 12-
17; and a 56.5% increase in women 18-25

Women outpace men in antidepressant prescriptions 2:1 (28%:14%)

Young men aged 15–24 saw one of the largest increases in the suicide rate during 2021, 
roughly 4x the female rate

• Chua KP et al. Pediatrics. 2024;153(2):e2023063461.
• Muench J et al. JAMA Netw Open. 2022;5(6):e2215165. 6
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Medications 
and Nutrient 
Impact
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Top 5 Medications Used by U.S. Women and Men (by Age)

Women

1. Statins

40–75 - 25.5%

2. ACE Inhibitors (Angiotensin-Converting Enzyme)

Adults 40–79 - 21.3%

3. Antidepressants
18–39 - 10.3%

40–59 - 20.1%

60+ - 24.3%

4. Proton Pump Inhibitors (PPIs)

all adult women - 14.4%

5. Progestin-Containing Contraceptives and HRT*
- 15–19 - 38.7%    - 20–29 - ~70–90%

- 30–39 - ~70–90%   - 40–49 - 74.8%

- 45-64 - ~5-10%       - 18–49 overall - ~82%

Men

1. Statins
40–75: 30.5%

2.  ACE Inhibitors
Adults 40–79: ~25%

3. Antidepressants
18–39: 5.5%

40–59: 10.8%

60+: 13.6%

4. PPIs
all adult men: 10.5%

5. Beta Blockers
Middle-aged & older adults: ~15–18%

*Includes progestin-based contraceptives (e.g., pills, IUDs, implant, injection, patch, ring) 
and combined estrogen/progestin HRT. Estrogen-only HRT not included. 8



Citations for Top 5 Medications Used 
by U.S. Women and Men (by Age)

Olfson M, et al. JAMA Psychiatry. 2014;71(1):81–90. doi:10.1001/jamapsychiatry.2013.3074. PMID: 24285382

Brody DJ, Gu Q. NCHS Data Brief. 2020;(377). https://www.cdc.gov/nchs/products/databriefs/db377.htm

Salami JA, et al. JAMA Cardiol. 2017;2(1):56–65. doi:10.1001/jamacardio.2016.4700. PMID: 27842171

Gu Q, et al. NCHS Data Brief. 2014;(177). https://www.cdc.gov/nchs/products/databriefs/db177.htm

Reimers C, et al. Eur J Clin Pharmacol. 2023;79(1):113–120. doi:10.1007/s00228-022-03391-2

Sarantis H, et al. Gastroenterol Hepatol (N Y). 2020;16(7):368–375. PMID: 32753547

Gu Q, et al. NCHS Data Brief. 2010;(42). https://www.cdc.gov/nchs/products/databriefs/db42.htm

Fitzgerald M, et al. J Hypertens. 2022;40(4):691–702. doi:10.1097/HJH.0000000000003101

Daniels K, Abma JC. NCHS Data Brief. 2020;(388). https://www.cdc.gov/nchs/products/databriefs/db388.htm

KFF Women's Health Survey. KFF; 2021. https://www.kff.org/womens-health-policy/report/2021-kff-womens-health-survey/
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Honorable Mentions

ADHD stimulants (Adderall, Vyvanse, methylphenidate) — ~4–6% adults; 
higher in younger adults 

Metformin — ~5–8% adults, 30-60% use in women w PCOS

NSAIDs (intermittent/chronic) — ~20–30% intermittent; ~8–10% frequent³ 

Beta blockers — ~10–15% adults ≥40 

Benzodiazepines — ~5–10% adults; higher ≥65 

Thyroid hormone (levothyroxine) — ~10–15% women; ~3–5% men 

Compton WM, Han B, Blanco C, et al. JAMA Psychiatry. 2018;75(4):347–355. PMID: 29309461; Hales CM, Servais J, Martin CB, Kohen D. NCHS Data 
Brief. 2017;(277); CDC. National Diabetes Statistics Report, 2023; Kaufman DW, Kelly JP, Rosenberg L, et al. JAMA. 2002;287(3):337–344. PMID: 
11790213; Gu Q, Dillon CF, Burt VL. NCHS Data Brief. 2010;(42); Maust DT, Lin LA, Blow FC. JAMA Psychiatry. 2017;74(9):989–997. PMID: 28715546
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GLP-1 / GIP Agonists in U.S. 
Adults (Women & Men)

Group Estimated Use

U.S. Adults Overall ~12%

Women Overall ~13–15%

Men Overall ~9–11%

Women 50–64 ~18–20% (highest)

Adults 30–64 Highest uptake zone

Men 40–64 Fastest male growth segment

Rapid Growth in Past Year
2024: ~6% of U.S. adults current users 
Late 2025 / 2026: ~12% current users 
Doubled in ~18 months
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Polypharmacy

Kantor et al., JAMA 2015;314(17):1818–31 | Gu et al., NCHS Data Brief 2010;42 | Alexander & Loprinzi, Clin Ther 2015;37(12):2829–
43 | Moore et al., Ther Clin Risk Manag 2015;11:1061–75 | Maher et al., Expert Opin Drug Saf 2014;13(1):57–65

Number of Medications Used ~% of US Women / Men 20yrs+ Implication

1 medication ~70-75% / 65-70% Single medication nutrient impact

2 medications ~40-45% / 40-45%
Increased risk of multiple 
deficiencies

3 medications ~20-25% / 20-25% Significant cumulative depletion

4 medications ~10-15% / 10-15% 
High risk of multi-nutrient 
depletion

5 or more medications
~23% / 21% (40-79)
~5-8% 18-40 

Severe nutrient depletion risk and 
complex interactions
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Beware These “Rx Cascades”
In Older Adults

1. Benzodiazepines → Antipsychotic – 3.2%

2. Calcium Channel Blocker → Diuretic – 2.6%

3. SSRI’s/SNRI’s → Sleep Medication – 2.5%

4. Alpha-1 receptor blocker (prostate) → Vestibular Sedative (vertigo/dizziness) – 3%

5. Antipsychotic → Antiparkinsonian Agent –  .4%

Additionally – During inpatient stays – 5% of older adults are prescribed a new sedative (Ativan/Valium/Xanax) 
or anticholinergic medication (antihistamine/antidepressant/antipsychotic/bladder meds)

Initiation of these medications is associated with 60% higher odds of post-discharge fall-related injuries 

• Doherty A, et al. Prescribing cascades in older adults. Ann Fam Med. 2025. doi:10.1370/afm.240383
• Weir DL, et al. Potentially inappropriate medications and adverse events post -discharge. J Am Geriatr 

Soc. 2020;68(3):493–500. doi:10.1111/jgs.16211
13



Cline JC. Nutritional aspects of detoxification in clinical practice. Altern Ther Health Med. 2015 May-Jun;21(3):54-62. PMID: 26026145. 14



Du J, Zhu M, Bao H, et al. The role of nutrients in protecting mitochondrial function and neurotransmitter signaling: Implications for the treatment of 
depression, PTSD, and suicidal behaviors. Crit Rev Food Sci Nutr. 2016;56(15):2560–2578. doi:10.1080/10408398.2013.876959. PMID: 25380576 15
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Mechanism of 
Mitochondrial 
Breakdown in 
Mental Health

Medications 

Nutrient Depletion 

Antioxidant Capacity → Oxidative Stress 

Dysfunctional Mitochondria

↓ATP Production → Fatigue

↑Oxidative Stress → DNA Damage, Lipid Peroxidation

Chronic Inflammation → ↓ Neuroplasticity

Mitochondrial Damage → ↓ Neuronal Signaling 

↓ Neurotransmitter Synthesis 

Symptoms: Depression, Fatigue, Anxiety, Depression, Cognitive Impairment

Palmer CM. Brain Energy: A Revolutionary Breakthrough in Understanding 
Mental Health—and Improving Treatment for Anxiety, Depression, OCD, PTSD, 
and More. BenBella Books; 2022.



Nutrients Essential for Mitochondrial Health

Ames, Ann N Y Acad Sci 2004; Salmina et al., Front Aging Neurosci 2022; 
Balaban RS, Nemoto S, Finkel T. Mitochondria, oxidants, and aging. Cell. 2005 17



Framework for Drug Class Exploration

18

Many drug–nutrient interactions arise from hepatic metabolism, 
absorption/impaired absorption, and increased cellular demand, all of which rely on 
micronutrients - especially B vitamins, minerals, and antioxidants.

With chronic medication use, these demands can shift nutrient balance and deplete 
reserves over time, contributing to downstream effects. 

For each medication class, we’ll explore: 
Which nutrients are affected 
How those changes show up clinically, especially in mental health 
How these patterns relate to mitochondrial function and energy production
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Top 5 - Mechanism of Nutrient Depletion 
& Mitochondrial Impact

Medication Class Mechanism of Nutrient Depletion Mitochondrial Impact

1. Antidepressants (SSRIs/SNRIs)
Alter gut microbiota and increase oxidative stress → ↑ demand 

for B vitamins & antioxidants such as CoQ10¹²

↑ Oxidative stress and ↓ CoQ10 → Impaired electron 

transport chain (ETC) ⁸

2. Statins
Inhibit HMG-CoA reductase in cytosol/endoplasmic reticulum → 

↓ synthesis of CoQ10 & fat-soluble vitamins³

↓ CoQ10 → Reduced mitochondrial ATP synthesis; 

may worsen statin-induced myopathy⁹

3. Proton Pump Inhibitors (PPIs)
Reduced gastric acidity → impaired absorption of nutrients 

absorbed in small intestine: Mg, B12, Fe, Zn⁴

↓Mg and B12 impair mitochondrial enzymes (ATP 
synthase);
↓Fe affects cytochrome enzymes ¹⁰

4. ACE Inhibitors / ARB’s
Angiotensin Converting Enzyme/Angiotensin II 

Receptor Blocker

Alter renal electrolyte handling / RAAS balance → ↓ Zn, Mg, Na; 

↑K; may impact CoQ10 transport⁵⁶

↓ Zn and CoQ10 → ↑ oxidative stress → 

↓ ETC efficiency → ↓ATP ¹¹

5. Progestin-Containing Contraceptives & HRT
↑ Hepatic metabolism & ↑oxidative stress → ↓ B6, B12, Folate, 

Mg, Zn, Se⁷ 

↓ B6, Mg, Folate impair mitochondrial enzyme 
function and neurotransmitter synthesis¹²

1. Kennedy DO. Nutrients. 2016;8(2):68. PMID: 26828517 2. Littarru GP, Tiano L. Mol Biotechnol. 2007;37(1):31–7. PMID: 17914161 / 3. Ito T, Jenson RT. Curr Gastroenterol Rep. 2010;12(6):448–57:. PMID 20882439  4. Vafaeimanesh J et 
al. Middle East J Dig Dis. 2014;6(3):153–157. PMID: 25120877 / 5. Yarlagadda RK et al. Am J Hypertens. 1995;8(10 Pt 1):957–964. PMID: 7486127 6.  Wilson CA, Sellwood RA. Br Med J. 1976;1(6010):1161–1162. PMID: 775079 / 7. Wilson 
CA, Sellwood RA. Br Med J. 1976;1(6016):151–152. PMID: 775070. / 8. Scaini G, et al. Free Radic Biol Med. 2020;152:289–299. PMID: 31669495. / 9. Okuyama H, et al. Expert Rev Clin Pharmacol. 2015;8(2):189–199. PMID: 25655639. / 10. Di 
Mauro S, et al. J Intern Med. 2006;260(3):199–208. PMID: 16918823. / 11. Singh RB, et al. Mol Cell Biochem. 2003;246(1–2):75–82. PMID: 12799881. / 12. Dakshinamurti K. J Bioenerg Biomembr. 2001;33(5):291–298. PMID: 11811926.

20



Honorable Mentions – Mechanism of Nutrient Depletion and Mitochondrial Impact

Medication Class Mechanism of Nutrient Depletion Mitochondrial Impact

ADHD Stimulants (Adderall, 
Vyvanse, methylphenidate)

↓ appetite → ↓ intake of protein, Mg, Zn, B vitamins; 
↑ catecholamine turnover → ↑ nutrient demand

↑ oxidative stress; ↑ mitochondrial demand from 
sustained sympathetic activation

Metformin
↓ B12 absorption (intrinsic factor–calcium dependent 
uptake); possible ↓ folate

↓ B12 impairs mitochondrial methylation and energy 
metabolism

NSAIDs
↓ gastric mucosal integrity → impaired B12, iron, 
folate absorption

↓ iron and CoQ10 may impair electron transport chain and 
ATP production

Beta Blockers
↓ CoQ10 synthesis; ↓ melatonin → oxidative stress, 
fatigue

↓ CoQ10 reduces ETC efficiency → ↓ ATP, ↑ oxidative 
stress

Benzodiazepines / Sleep 
Meds

↓ B6 activity (via GABA metabolism); altered nutrient 
intake patterns

↓ B6 impairs mitochondrial enzyme activity and 
neurotransmitter balance

Levothyroxine
↑ metabolic rate → ↑ demand for B vitamins (B2, Mg, 
iron, selenium

↑ mitochondrial biogenesis & ATP production demand
 ↓ cofactors → fatigue, impaired energy production, 
oxidative stress

Compton WM, Han B, Blanco C, et al. JAMA Psychiatry. 2018;75(4):347–355. PMID: 29309461; Hales CM, Servais J, Martin CB, Kohen D. NCHS Data 
Brief. 2017;(277); CDC. National Diabetes Statistics Report, 2023; Kaufman DW, Kelly JP, Rosenberg L, et al. JAMA. 2002;287(3):337–344. PMID: 
11790213; Gu Q, Dillon CF, Burt VL. NCHS Data Brief. 2010;(42); Maust DT, Lin LA, Blow FC. JAMA Psychiatry. 2017;74(9):989–997. PMID: 28715546
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Progestin-Based Contraceptives and HRT

1. Curtin A, et al. J Diet Suppl. 2023. PMID: 35109763 / 2. Anderl C, et al. J Child Psychol Psychiatry. 2020;61(2):148–156. PMID: 31461541 
3. Sadeghi MR, et al. Int J Reprod Biomed. 2016. PMID: 27822272 / 4. Skovlund CW, et al. Am J Psychiatry. 2018;175(4):336–342. PMID: 29241463
5. Shojania AM, et al. Am J Obstet Gynecol. 1979. PMID: 474643 / 6. Szydlik B, et al. Eur J Clin Nutr. 2006. PMID: 16929243
7. Skovlund CW, et al. JAMA Psychiatry. 2016;73(11):1154–1162. PMID: 27680324 / 8. Ruder EH, et al. Hum Reprod. 2007. PMID: 17567671
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Evidence of Depletion:

B6

B12

Folate

Magnesium

Vitamin C

Vitamin E

Zinc

Selenium

Mental Health Effects:

↓ B6 → depression, irritability ¹

↓ B12 → apathy, fatigue, cognitive decline³

↓ Folate → antidepressant resistance⁵

↓ Mg → anxiety, insomnia⁶

↓ Vit C → fatigue, mood swings⁸

↓ Vit E → neuroinflammation⁸

↓ Zinc → low mood, anhedonia⁸

↓ Selenium → irritability, low mood⁸

Medication Associated 
Conditions:

Depression¹ ² ⁴ ⁵ ⁷

Mood lability² ⁸

Anxiety⁶ ⁷

Sleep Problems⁷

Fatigue ⁷⁸



Progestin-Based Contraceptives & Mental Health Risk

Increased Risk of Mental Health Conditions

Depression:

1.8× increased first diagnosis risk (ages 15–34)¹

2.2× risk in adolescents (15–19)¹

49% increased risk postpartum⁴

Mood Lability, Anxiety, Negative Affect:
Reported emotional instability and increased anxiety vs non-users² ³

Fatigue & Sleep Problems:

Common with levonorgestrel IUD & other progestin methods⁵

Suicidality:

2–3× higher suicide risk in first year of use³

Trends in Psychotropic Use

Swedish/Finnish data (2010–2018):
Increased psychotropic drug use (SSRI’s anxiolytics) in adolescent hormonal contraceptive users² ⁶

1. Skovlund CW, et al. JAMA Psychiatry. 2016;73(11):1154–1162. PMID: 27680324
2. Zettermark S, et al. BMC Psychiatry. 2022;21(1):378. PMID: 31461541
3. Skovlund CW, et al. Am J Psychiatry. 2018;175(4):336–342. PMID: 29241463

4. Zhu J, et al. JAMA Netw Open. 2025;8(7):e2526876
5. Sadeghi MR, et al. Int J Reprod Biomed. 2016. PMID: 27822272
6. Toffol E, et al. BMJ Open. 2022;12(2):e053837. PMID: 35193911
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Postpartum Depression (PPD) after 
History of Contraception-Associated Depression

Women who developed depression after 
initiating hormonal contraception (HC) had a 
higher risk of PPD compared to those with a 
depression history unrelated to HC.

The increased risk was consistent regardless of 
timing of initiation in adolescence or adulthood.

*Postpartum mothers who initiated HC within 12 
months had a 49% higher risk of developing 
depression 

Skovlund et al., JAMA Psychiatry, 2023.                    
Zhu et al., JAMA Netw Open. 2025;8(1):e2256876
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Activation of Hepatic Metabolism: Contraception and HRT

Route/Formulation Hepatic Metabolism? Oxidative/Nutrient Risk

Oral Estrogens (CEE, Ethinyl
Estradiol, Oral Estradiol, OCPs)

Yes /1st pass/ CYP450
High - oxidative stress, ROS; ↑ B-vitamin and antioxidant demand; 
↑ SHBG/CRP/clotting factors

Oral synthetic progestins (OCPs, 
emergency contraception)

Yes/1st pass/CYP450
High – ↑ oxidative stress, ↑ ROS, ↑ depletion of B6, zinc, 
selenium, CoQ10

Injectable (IM/SC) - Depot 
Medroxyprogesterone)

Yes
Moderate – avoids first-pass but prolonged hepatic metabolism → 
↑ oxidative stress, mild nutrient turnover

Vaginal Ring (EE/Progestin) &
Progestin  IUD

Partial
Moderate – partial hepatic exposure over time; less oxidative 
demand than oral route

Oral Micronized Progesterone 
(Bioidentical)

Yes
Low – hepatic metabolism produces neuroprotective 
allopregnanolone; minimal nutrient loss

Transdermal 
Estradiol/Progesterone/Test 

Minimal Very Low – bypasses liver; negligible oxidative or nutrient impact

Stanczyk FZ, Endocr Rev, 2013; Bhavnani BR, J Steroid Biochem Mol Biol, 2003; Edelman AB, Contraception, 2018; 
Dickinson BD, Pharmacotherapy, 2021; Parra M, Front Cell Dev Biol, 2018; Vassalle C, Molecules, 2021; Bhattacharya 
P, Mol Cell Endocrinol, 2019; Stocco C, Endocrinology, 2020; Bentov Y, Fertil Steril, 2013.
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SSRIs: Nutrient Depletion & Mental Health Impact

Evidence of Nutrient 
Depletion from SSRI Use:

Vitamin B12¹ ²

Folate³ ⁴

Coenzyme Q10⁵

Sodium(in adults ≥65)⁶

Mental Health Effects of 
Depletion:

B12 → apathy, fatigue, cognitive 
decline¹ ²

Folate → poor antidepressant 
response, fatigue, depression³ ⁴

CoQ10 → fatigue, mood 
instability, cognitive decline⁵

Sodium → confusion, fatigue, 
depression⁶

Medication Associated Conditions:

Depression⁷ ⁸

Anxiety or agitation⁹

Suicidal ideation of behavior ¹⁰ ¹¹

Emotional blunting or apathy¹²

Sleep disturbances¹³

Fatigue or sedation¹⁴

Sexual dysfunction¹⁵

1. Reynolds EH. Lancet. 2006. PMID: 16631527
2. Almeida OP, et al. Br J Psychiatry. 2015. PMID: 25677476
3. Matsuura T, et al. Pharmacotherapy. 2025. PMID: 40035448
4. Gilbody S, et al. Am J Psychiatry. 2007. PMID: 17898341
5. Coppen A, et al. J Psychopharmacol. 2005. PMID: 15671130
6. Morris G, et al. BMC Med. 2015. PMID: 25888809

Fava M. J Clin Psychiatry. 2003. PMID: 129349768. Fournier JC, et al. 
JAMA. 2010. PMID: 20075198
9. Baldwin DS, et al. CNS Drugs. 2005. PMID: 15984894
10. Fergusson D, et al. BMJ. 2005. PMID: 15843425
11. Hetrick SE, et al. Cochrane Database Syst Rev. 2012. PMID: 22696326
12. Price J, et al. J Affect Disord. 2009. PMID: 19028396

13. Wilson S, Argyropoulos SV. J Psychopharmacol. 2005. PMID: 
16272184
14. Malhi GS, et al. Acta Psychiatr Scand. 2005. PMID: 16050857
15. Serretti A, Chiesa A. J Clin Psychopharmacol. 2009. PMID: 19300098 26



SSRIs, Gut Health, and Nutrient Absorption

SSRIs disrupt gastrointestinal terrain—where ~90% of serotonin is produced—via:

Gut Microbiota Disruption*:

o Antimicrobial effects due to lipophilic nature: reduce microbial diversity; increases Firmicutes : Bacteroidetes ratio contributing to dysbiosis.¹ ²

o Dysbiosis → ↓ folate, B12, SCFAs & precursors like tryptophan & tyrosine.¹ ³

o ↓ Folate & B12 → ↓ methylation & neurotransmitter synthesis.³

o Dysbiosis → ↑ permeability, ↓ mucosal integrity, ↓ absorption (Mg, Zn, B vits).⁴

*Primarily Sertraline, Fluoxetine, Paroxetine; less-so Citalopram/Escitalopram 

Oxidative Stress/Mitochondrial Impact/Nutrient Deficiency:

o SSRIs ↑ ROS in mitochondria, ↑ oxidative stress in enterocytes.⁵

o Oxidative damage disrupts nutrient transporters, tight junctions.⁶

o Resulting depletions: B12, folate, selenium, CoQ10.⁷

Key Takeaway: SSRI use may trigger a cycle of dysbiosis, oxidative stress, impaired absorption, nutrient depletion & 
neurotransmitter dysfunction. Meds w the greatest potential for this action: fluoxetine, sertraline, paroxetine, citalopram, 
escitalopram, velafaxine, duloxetine

1. McGovern AS. Front Microbiol. 2019;10:1181. PMID: 31114557 2. Kumar R. Gut Microbes. 2021;13(1):1–18. doi:10.1080/19490976.2020.1869501
3. Strandwitz P. Trends Neurosci. 2018;41(9):614–626. PMID: 30077448 4. Skonieczna-Żydecka K. Nutrients. 2018;10(12):1903. doi:10.3390/nu10121903
5. Polster BM. J Bioenerg Biomembr. 2006;38(2):145–152. PMID: 16972150  6. Maes M. Neuro Endocrinol Lett. 2007;28(6):925–932. PMID: 18063912
7. Ghosh S. Biochim Biophys Acta. 2015;1851(8):1094–1106. PMID: 25702849
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Proton Pump Inhibitors (PPIs):
Nutrient Depletion & Mental Health Impact 

1. Lindenbaum J, Healton EB, Savage DG, et al. N Engl J Med. 1988;318(26):1720–1728. PMID: 
3374544

2. Schwalfenberg GK.. Kim N. J Neurogastroenterol Motil. 2013;19(1):25–35. PMID: 23350041
3. Shin JM, Kim N. J Neurogastroenterol Motil. 2013;19(1):25–35. PMID: 23350041

4. Khan AA, Derseh HA, Son YJ. Nutrients. 2021;13(11):4101. PMID: 34831565
5. Wang YH, Wintzell V, Ludvigsson JF, et al. Clin Transl Sci. 2022;15(5):1112–1122. PMID: 

35015332 
6. Gomm W, von Holt K, Thome F, et al. JAMA Neurol. 2016;73(4):410–416. PMID: 26882076
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Evidence of Nutrient 
Depletion from PPI Use:

Vitamin B12¹

Magnesium²

Iron³

Zinc⁴

Mental Health Effects of 
Depletion:

↓ B12 → fatigue, cognitive 
decline, mood changes¹

↓ Mg → anxiety, 
neuromuscular excitability²

↓ Iron → fatigue, brain fog³

↓ Zinc → depression, apathy, 
irritability⁴

Associated Conditions:

Depression⁵

Anxiety⁵

Suicidal Ideation⁵

Cognitive decline⁶  



Statins: Nutrient Depletion & Mental Health Impact

Clinical Associations: Fatigue, cognitive impairment, mood changes, depression¹ ² ³

Evidence of Nutrient 
Depletion from Statin Use:

Coenzyme Q10¹
Vitamin D²
Selenium³

Mental Health Effects of Depletion:
↓ CoQ10 → fatigue, muscle 
weakness, brain fog¹
↓ Vitamin D → depression, 
anxiety, seasonal affective 
disorder²
↓ Selenium → low mood, 
irritability, cognitive effects³

Associated Conditions:

Mitochondrial impairment ⁴ ⁵
o ↓ CoQ10→↓ATP

▪ Myopathy ⁶ ⁷
• Fatigue

• Sleep ⁸ 9

1. Qu H, Guo M, Chai H, Wang WT, Gao ZY, Shi DZ. Statin treatment decreases circulating CoQ₁₀: a meta-analysis of 
randomized controlled trials.  Eur J Med Res. 2018;23(1):57.  PMID: 30116188

2. Lee JH, Lee JY,  Park Y. Statins and vitamin D metabolism: clinical evidence. Observational Pharmacology  Rev iew. 2024. 
PMID: not av ailable

3. Santos RA, Rocha MC, Nascimento GL, et al.  Intersection between obesity , dietary selenium, and statin therapy. Braz J Nutr 
Metab. 2021;14(2):145–153. PMID: not available

4. Tomaszewski M, Stępień KM, Tomaszewska J, Czuczwar SJ.  Statin-induced myopathies. Pharmacol Rep. 2011;63(4):859–
866. PMID: 22001925

5. Banach M, Serban C, Sahebkar A,  et al. Statin intolerance—an attempt at a unified definition. Drug Saf. 2015;38(6):519–

536. PMID: 25763992
6. Parker BA, Capizzi JA,  Grimaldi AS, et al.  Effect of statins on skeletal muscle function. Circulation. 2013;127(1):96–103. 

PMID: 23277309
7. Golomb BA, Ev ans MA. Statin adverse effects: a review of the literature and evidence for a mitochondrial mechanism. Am J 

Cardiovasc Drugs. 2008;8(6):373–418. PMID: 19078504
8. Hayes BD, Horne MK, McLean AJ. The effects of HMG-CoA reductase inhibitors on sleep. Am J Ther. 2007;14(3):255–259. 

PMID: 17515797
9. Latini R, Maggioni AP, Perotti L, et al. Effects of statins on fatigue and sleep: review and hypothesis. Curr Vasc Pharmacol. 

2010;8(2):191–197. PMID: 19689465
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ACE Inhibitors/ARB’s: Nutrient Depletion 
& Mental Health Impact

1. ¹Jung JY, Yoon D, Kim JS , et al.  Evaluation of serum zinc and copper levels in hypertensive patients taking ACE inhibitors.  
Biol Trace Elem Res. 2013;153(1–3):75–80. PMID: 23519902

2. Rostami-Hodjegan A,  Wolff CB. Magnesium depletion by long-term ACE inhibitor therapy: implications for  cardiovascular 
risk and depression. Br J Clin Pharmacol. 2001;51(3):237–244. PMID: 11298091

3. Swardfager W, Herrmann N, Mazereeuw G, et al. Zinc in depression: a meta-analysis. Biol Psychiatry. 2013;74(12):872–
878. PMID: 23759206

4. Eby  GA, Eby KL. Magnesium for treatment-resistant depression: a review and hypothesis. Med Hypotheses. 
2010;74(4):649–660. PMID: 19944540

5. Sica DA. Rationale for fixed-dose combinations in the treatment of hy pertension: the cy cle repeats. Pharmacotherapy. 

2000;20(8 Pt 2):168S–173S. PMID: 10939522

6. Rostami-Hodjegan A, Wolff CB. Magnesium depletion by long-term ACE inhibitor therapy: implications for  cardiovascular 
risk and depression. Br J Clin Pharmacol. 2001;51(3):237–244. PMID: 11298091

7. Pratt LA, Ford DE, Crum RM, Armenian HK, Gallo JJ, Eaton WW. Depression, psychotropic medication, and risk of 
my ocardial infarction: prospective data from the Baltimore ECA follow -up. J Clin Psychiatry. 2000;61(6):436–442. PMID: 

10901184
8. Israili ZH, Hall WD. Cough and angioneurotic edema associated with angiotensin-converting enzyme inhibitor therapy: a 

review of the literature and pathophysiology . Am J Med. 1992;93(4):346–355. PMID: 1415390
9.  Yarlagadda RK et al. Am J Hypertens. 1995;8(10 Pt 1):957–964. PMID: 7486127
10. Wilson CA, Sellwood RA. Br  Med J.  1976;1(6010):1161–1162. PMID: 775079 
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Evidence of Nutrient 

Depletion from Use:

Zinc¹

Magnesium²

CoQ10⁹ ¹⁰

Mental Health Effects of Depletion:

↓Zinc → low mood, anhedonia, apathy³

↓Magnesium → anxiety, 
agitation, insomnia, ↓stress resilience⁴

↓ CoQ10 → fatigue, low energy

Associated Conditions:

Fatigue⁵

Cognitive changes ⁶

Depression⁷

Sleep disruption⁸ 



GLP-1 Receptor Agonists

Nutrient Depletion & Mental Health Effects Mechanism of Depletion Mitochondrial  Impact

↓ Protein / Amino Acids → ↓ tryptophan 
→ ↓ serotonin → low mood, anxiety¹

↓ Gastric emptying and appetite → ↓ amino 
acid and micronutrient intake¹

↓ Protein & amino acid availability → ↓ 
mitochondrial enzymes and energy production

↓ Vitamin B12 → fatigue, cognitive 

decline, mood changes¹

↓ Intrinsic factor stimulation and gastric acid 
→ impaired B12 absorption¹

↓ B12 → impaired methylation & mitochondrial 
DNA repair; cognitive and energy effects

↓ Iron – fatigue, brain fog, cognitive 

slowing¹

↓ Gastric acid and duodenal absorption → 
↓Fe absorption¹

↓ Iron-dependent mitochondrial enzymes 
(cytochromes) → ↓ ATP, exercise intolerance

↓ Zinc – depression, apathy, irritability¹
↓ Food intake and intestinal absorption; 
altered gut microbiota¹

↓ Zinc-dependent antioxidant defense → ↑ 
oxidative stress; mood dysregulation

↓ Calcium / Vitamin D –depressive 
symptoms, cognitive slowing¹ ²

↓ Fat absorption and food intake →

 ↓ vitamin D intake and availability

↓ Vitamin D → impaired mitochondrial signaling 
and biogenesis→mood and immune effects 

Nauck MA et al. GLP-1 receptor agonists in type 2 diabetes and obesity: 
mechanisms and clinical considerations. Nat Rev Endocrinol. 2023;19:707–725; 
Drucker DJ. Mechanisms of action and therapeutic application of GLP-1. Cell 
Metab. 2022;34:819–838; Wilding JPH et al. Once-weekly semaglutide in adults 

with overweight or obesity (STEP 1). N Engl J Med. 2021;384:989–1002; 
Jastreboff AM et al. Tirzepatide once weekly for the treatment of obesity 
(SURMOUNT-1). N Engl J Med. 2022;387:205–216 31



GLP-1 RA Mechanisms 
& Clinical Presentation

Key Mechanisms

↓ Gastric acid + delayed gastric emptying → ↓ absorption of B12, iron, folate 

↓ Appetite / food intake → ↓ overall nutrient intake

Rapid weight loss → ↑ oxidative stress and ↑ CoQ10 turnover

↑ Metabolic demand → ↑ need for B vitamins, magnesium, selenium to support energy and redox balance

Clinical Presentation

Fatigue, mood changes, hair loss, cognitive slowing 

Nutrient insufficiency may occur despite weight loss or metabolic improvement 

Consider targeted repletion to support energy, mood, and resilience

Remember: Metabolic gains ≠ nutritional sufficiency

Nauck MA et al. GLP-1 therapy and nutritional considerations. Nat Rev Endocrinol. 2023;19:707-725.
Blonde L et al. GLP-1 receptor agonists: clinical applications and mechanisms. Lancet Diabetes Endocrinol. 2021;9:832-844.
de Jager J et al. Long-term metformin use and vitamin B12 deficiency. BMJ. 2010;340:c2181.
Zhou S et al. GLP-1 RA pharmacovigilance and adverse events. Pharmacoepidemiol Drug Saf. 2020;29:1165-1173.
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Testing
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SCAN QR CODE 
TO ACCESS



Neurobasic Profile, Urine
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Comprehensive 
Neurotransmitter 
Profile
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SCAN QR CODE 
TO ACCESS



Methylation 
cycle
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Mg Zn

Mg Zn

Mg Zn

Neurotransmitters

Mg
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Why This Test Follows

40

The neurotransmitter test (urine) provides a 

snapshot of neuroendocrine status.

The methylation profile (plasma) indicates 
how efficiently methylation is occurring.

The genetic SNP profile (buccal swab) 
indicates what predispositions might be 
driving those patterns—or making them 
worse under medication-induced stress.

Methylation & 
Neurotransmitters:



Targeted Functional Blood Testing

Methylation overlap / nutrient status

Homocysteine – methylation demand / folate-
B12-B6 signal 

MMA – functional B12 status 

B12  

Folate (prefer RBC folate if available) 

CBC + MCV/RDW – macrocytosis / anemia clues 

Core nutrient / medication depletion

25-OH Vitamin D

Ferritin + Iron panel

RBC Magnesium

Zinc (serum/plasma)

Mitochondrial support / energetics

CoQ10 (if statins, fatigue, CV risk) 

CMP 

Whole blood thiamine (B1) 

Liver function / inflammation / blood sugar

Consider:

Omega-3 Index 

hsCRP (inflammation) 

HgbA1c

AST, ALT, GGT, ALP, bilirubin 

Fasting insulin 
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Neurotransmitters, Methylation Profiles & 
Targeted Blood Work: Functional Comparison

Test What It Measures Represents Clinical Utility
Medication Depletion 

Relevance

Neurotransmitters
Output levels of 
neurotransmitter 
metabolites

Snapshot of 
neurochemical 
activity

Helps guide mood, 
sleep, focus support

Detects downstream effects 
of meds altering NTs (SSRIs, 
stimulants, OCPs)

Methylation Profile 
(Plasma)

Folate/B12 pathway 
intermediates; 
methylation markers

Current methylation 
function

Tracks methylation 
efficiency & response 
to treatment

Useful for PPIs, metformin, 
OCPs, SSRIs

DNA Methylation 
(Buccal)

SNPs in methylation-
related genes

Genetic potential / 
susceptibility

Identifies vulnerability 
patterns

Suggests higher risk for 
B12/folate depletion or 
poor detox tolerance

Targeted Functional 
Blood Testing

Vitamin D, MMA, 
ferritin, iron panel, RBC 
Mg, zinc ± CoQ10, B1

Current nutrient 
status / reserves

Cost-effective first-line 
nutrient screening

Best for common 
medication depletions 
(PPIs, metformin, GLP-1s, 
diuretics, statins)
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Support Suggestions
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Nutrient Repletion Shown to Improve Mental Health 

1. Papakostas GI et al. Am J Psychiatry. 2012;169(12):1267–1274. PMID: 23075064
2. Almeida OP et al. Br J Psychiatry. 2014;205(6):450–457. PMID: 25213147
3. Tarleton EK, Littenberg B. PLoS One. 2015;10(6):e0130402. PMID: 26075394

4. Swardfager W et al. Biol Psychiatry. 2013;74(12):872–878. PMID: 23759200
5. Sarris J et al. Am J Psychiatry. 2016;173(6):575–587. PMID: 26930539
6. Sublette ME et al. Mol Psychiatry. 2011;16(12):127–137. PMID: 20351763

Mental Health Disorder Nutrient(s) Clinical Impact of Repletion

Depression

L-methylfolate¹ Augments antidepressant response in treatment-resistant cases

B12 + folate² Improves mood, especially in deficient or elderly patients

Magnesium³ Rapid improvement in mild-to-moderate depression

Zinc⁴ Enhances antidepressant effects; lowers depressive symptoms

SAMe⁵ Comparable to antidepressants in some studies

Bipolar Disorder Omega-3 (EPA/DHA)⁶ Reduces depressive symptoms in bipolar II and mixed states
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Nutrient Repletion Shown 
to Improve Mental Health (continued) 

Mental Health Disorder Nutrient(s) Clinical Impact of Repletion

Bipolar Disorder N-acetylcysteine (NAC)⁷ Reduces depressive and functional symptoms as adjunct therapy

Schizophrenia

NAC⁸ Improves negative symptoms and functioning

Glycine / Sarcosine⁹ Enhances NMDA receptor function; improves negative symptoms

Folate + B12¹⁰ Improved treatment response in folate-deficient patients

Anxiety
Magnesium¹¹ Reduces subjective anxiety in stress-induced and mild/moderate cases

L-theanine¹² Lowers anxiety; improves calm focus without sedation

7. Berk M et al. Biol Psychiatry. 2008;64(6):468–475. PMID: 18436195
8. Dean OM et al. Biol Psychiatry. 2015;78(11):e21–e22. PMID: 26031323
9. Tsai GE, Lin PY. Curr Pharm Des. 2010;16(5):522–537. PMID: 19909224
10. Roffman JL et al. JAMA Psychiatry. 2013;70(5):481–489. PMID: 23467813

11. Boyle NB et al. Nutrients. 2017;9(5):429. PMID: 28468268
12. Hidese S et al. Nutrients. 2019;11(10):2362. PMID: 31581505
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Supplementation Support Suggestions

46

Vitamin D (1,000–5,000 IU) – depending on levels

Magnesium (200–400 mg) – glycinate, malate, threonate, citrate, etc

Omega-3s (1–2 g EPA/DHA)

Protein (1.0–1.6 g/kg – RDA = .8g/kg) (Consider +Creatine 3-5g/day)

CoQ10 (100–200 mg) – up to 300mg if statins/fatigue

B-complex / B12 / P5P 

Multivitamin 

NIH Office of Dietary Supplements. Dietary Supplement Fact Sheets (Vitamin D, Magnesium, Omega-3s, B Vitamins); Institute of Medicine (National 
Academies). Dietary Reference Intakes; Wiersinga WM. Nat Rev Endocrinol. 2014;10:164–174. PMID: 24419358; Banach M, et al. J Am Heart Assoc. 
2015;4:e002251 (CoQ10); Calder PC. Nutrients. 2018;10:1862 (Omega-3s); Wolfe RR. Clin Nutr. 2017;36:1207–1212 (protein dosing)
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Questions?
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