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Functional medicine:  
Focusing on imbalances  
in core metabolic processes
This medical field surveys details of assimilation, defense 
and repair, energy, biotransformation and elimination, 
transport, communication, and structural integrity, and 
addresses 5 lifestyle factors.

Could screening patients for cytokine 
markers help direct interventions 
to prevent quality-of-life deterio-

ration? What evidence is there that a pa-
tient’s  methylenetetrahydrofolate reductase  
(MTHFR) genotype and baseline folate level 
can determine whether folate therapy will be 
needed to prevent stroke? 

Favorable findings in these areas and 
others—eg, that specific probiotics benefit 
those with various gastrointestinal, respira-
tory, and lipid disorders—are strengthening 
support for the clinical approach of func-
tional medicine (FM), which focuses on core 
functional processes: assimilation, defense 
and repair, energy, biotransformation and 
elimination, transport, communication, and 
structural integrity.

In this article, we describe the paradigm 
of FM, review its origins, and present the evi-
dence base of selected topics: diagnostic test-
ing, nutrition and supplements, probiotics, 
and chelation. As FM’s popularity increases, 
a better understanding of it will help us edu-
cate our patients on this approach and imple-
ment some of its evidence-backed practices. 
In preparing this review we used keyword 
searches of PubMed, Embase, Web of Sci-
ence, Cochrane Library, University of Florida 
Health Science Center Library eJournals, the 
Institute for Functional Medicine website,1 
and Lifestyle Medicine textbook.2 

The core of functional medicine
Complementary and alternative medicine 
(CAM) refers to medical practices diverg-
ing from standards of care and not generally 
taught at US medical schools or available at 
US hospitals.3 Integrative Medicine encom-
passes evidence-informed CAM, conven-
tional Western medicine, and whole systems 
like FM.4

❚ FM aims to identify root causes of 
disease, emphasizing function as a dynamic 
process that can move back and forth on a 
continuum between health and disorder.5,6 
There are 7 defining characteristics of FM:  
(1) patient centered vs disease centered;  
(2) systems biology approach acknowledg-
ing web-like interconnections of physi-
ologic factors; (3) dynamic balance of 
gene– environment interactions; (4) person-
alized care based on biochemical individu-
ality; (5) promotion of organ reserve and 
sustained health span; (6) health as a positive 
vitality—not merely the absence of disease; 
and (7) function vs pathology focused.5

❚ The concept of FM is not new. Its 
origins can be traced to the 19th century. 
Jeffrey Bland, PhD, credits the term’s first 
use to Sir Willoughby F. Wade, MD, in an  
1871 Lancet editorial, “Clinical lecture on 
functional medicine.” Bland formulated the 
FM paradigm and in 1991 founded the Insti-
tute for Functional Medicine (the Institute), 
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its main educational and certifying organi-
zation.7 The Institute certifies masters- or 
doctorate-prepared health professionals 
from both conventional and complementary 
health fields who complete 7 courses (Apply-
ing FM in Clinical Practice, Gastrointestinal, 
Environmental Health, Immune, Hormone, 
Cardiometabolic, and Bioenergetics), pres-
ent 1 case report, and pass a written exam. 
In a retrospective cohort study, researchers 
found that the FM model was associated with 
greater improvements in patient-reported, 
health-related quality of life (QOL) compared 
with usual care.8

Clinical model 
FM uses a comprehensive yet practical matrix 
for obtaining patient histories and for guid-
ing diagnostic testing.9 Tools that support 
 history-taking include a timeline; weeklong 
dietary survey; daily activity log; exercise, 
sleep and self-care questionnaires; and an 
environmental risk assessment. Instead of a 
review of symptoms arranged by organ sys-
tem as is typical with conventional Western 
medicine, FM assesses the balance of core 
functional processes: assimilation, defense 
and repair, energy, biotransformation and 
elimination, transport, communication, and 
structural integrity. 

Within the matrix, FM also recognizes 
5 modifiable personal lifestyle factors: sleep 
and relaxation, exercise and movement, nu-
trition, stress, and relationships. When these 
lifestyle elements are influenced by specific 
predisposing factors (antecedents), discrete 
events precipitating illness (triggers), and 
ongoing physiologic processes (mediators), 
fundamental imbalances eventually result in 
the signs and symptoms characterizing diag-
nosable diseases.

The essence of the FM therapeutic plan 
is a discussion of lifestyle changes, personal 
strengths, and potential adherence challeng-
es so the clinician can better offer assistive re-
sources, which may include multidisciplinary 
referrals to personalized counselors such as a 
nutritionist, health coach, mind-body thera-
pist, personal trainer, exercise physiologist, 
or physical therapist. While these profession-
als are not unique to FM, they are more fre-

quently used by FM practitioners as part of 
the health care team.

Diagnostic testing  
through a different lens 
A proposed solution to complex diseases 
recalcitrant to conventional modern treat-
ments is a systems biology approach to health 
care.10 Current laboratory testing such as liver 
enzymes, C-reactive protein (CRP), and leu-
kocyte count provide some information on 
organ system homeostasis and molecular pa-
thology, but even high-sensitivity CRP, which 
measures inflammation across the human 
system, is not adequate in cardiovascular dis-
ease (CVD) risk assessment.11 Genome-wide 
association studies suggest an association 
between biological pathways, genes, molecu-
lar markers, and QOL domains, and screen-
ing patients for cytokine markers may help 
provide prophylactic interventions to prevent 
QOL deterioration.12

With the purpose of being more sys-
tems-biology centric rather than disease 
centric,13 FM practitioners use tests to guide 
dietary recommendations and supplement 
selection, the evidence for which is found 
mostly in symptom-specific case series.14-16 
Commonly used tests include MTHFR ge-
notyping, comprehensive stool profiles, hor-
mone and heavy metal panels, allergy panels, 
lactulose breath testing, micronutrient and 
advanced lipid panels, omega 3:6 ratios, and 
oxidative stress tests. 

Some of these tests are performed by 
standard labs and are covered by insurance. 
Certain assays are primarily performed by 
specialized functional laboratories, such 
as comprehensive stool profiles, provoked 
heavy metal tests, non-IgE allergy panels, and 
oxidative stress tests. These laboratories also 
frequently offer direct-to-consumer orders. 
The latter situation raises a potential conflict 
of interest from supplement sales linked to 
laboratory testing and makes it imperative for 
health care professionals to understand the 
reliability and clinical utility of these tests in 
order to counsel patients accordingly. 

The remainder of this article focuses on 
the evidence behind a subset of FM treat-
ments, which typically include various 
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dietary interventions (elimination, cardio-
metabolic, detox) and multidomain lifestyle 
modifications. The practitioner’s selection 
of dietary interventions, nutraceuticals (vita-
mins, minerals, essential fatty acids, botani-
cals), and probiotics is informed by results of 
different diagnostic tests. 

Nutrition and supplements
Nearly one-third of older Americans are af-
fected by at least 1 vitamin deficiency or ane-
mia, and even those consuming an adequate 
diet have a substantial risk of any deficiency 
(16%), although less so than those with an 
inadequate diet (57%).17 The Western diet is 
known to be nutrient deficient, particularly 
in vitamin D, thiamine, riboflavin, calcium, 
magnesium, and selenium.18 Dietary supple-
ment nonusers have the highest risk of any 
deficiency (40%) compared with users of 
“full-spectrum multivitamin-multimineral 
supplements” (14%) and other dietary sup-
plement users (28%).17 

Nevertheless, the US Preventive Services 
Task Force (USPSTF) concluded in 2014 that 
there are not enough data to make a recom-
mendation for or against taking vitamins A, C, 
or E; multivitamins with folic acid; or combi-
nations of these vitamins for the primary pre-
vention of CVD or cancer.19 USPSTF also does 
not recommend daily vitamin D and calcium 
supplementation in community-dwelling, 
postmenopausal women for primary preven-
tion of fracture.20 Notwithstanding the lack of 
supplement recommendations for primary 
prevention, their benefits in patients with 
chronic disease is still being investigated. For 
example, a polyphenol-rich antioxidant may 
reduce cardiovascular complications in those 
with diabetes.21

❚ Rethinking how nutrition studies are 
designed. Drawing on studies to determine 
the benefits of nutrition in chronic disease 
has been challenging. Factors that must be 
taken into account include the types of vita-
min and mineral supplements patients use, 
nutrient absorption and utilization, and dif-
fering dietary assessment methods and ref-
erence values used.18 For example, vitamin 
and mineral absorption work best with whole 
food or fortified diets wherein specific nutri-

ents are consumed together (eg, vitamin D 
and vitamin E with fat; non-heme iron with 
vitamin C).22-24 Foods with competing nutri-
ents or “inhibitors” may even require absorp-
tion enhancers at minimum molar ratios.24 

Adding to the complexity of vitamin and 
mineral absorption, botanical dietary sup-
plements have their own modifying effects 
on micronutrient absorption.25 These are just 
some of the reasons randomized controlled 
trials (RCTs) are fundamentally limited when 
investigating the health outcomes of diet 
and supplementation, and alternative study 
methods should be considered for future 
nutrition clinical trials to better inform clini-
cians who are prescribing supplements.26 In 
the meantime, nutrition plans can be indi-
vidualized to patients’ biological and cultural 
needs, ideally in conjunction with a multi-
displinary team that includes dietitians, be-
haviorists, and exercise specialists.27

Nutrition is one of the most important 
environmental factors modulating genes and 
phenotypes (nutrigenomics),28,29 and recent 
studies on single nucleotide polymorphisms 
(SNPs) have reinforced the importance of 
considering the effect of genetic variation on 
dietary response (nutrigenetics).29,30 While 
nutrigenomics and nutrigenetics have the 
potential to improve the health of large popu-
lations by personalizing dietary advice based 
on genotype and phenotype, genetic varia-
tion occurring within a specific biochemical 
pathway makes generalizing genotype-based 
dietary advice to other populations complex. 

For instance, Greenlandic Inuit, the in-
digenous people inhabiting the Arctic regions 
of Greenland, have a low incidence of CVD, 
largely due to “non-European” genetic vari-
ants that lower their LDL, protecting them 
from the oxidative stress of their diet high in 
polyunsaturated fats.31,32 In a study of Europe-
an adults, phenotypic and phenotypic- plus-
genotypic information did not enhance the 
effectiveness of the personalized nutrition 
advice, demonstrating that more research is 
needed in larger populations.33

Another specific, complex example of 
gene-nutrient interaction is the pathophysi-
ologic outcome of polymorphisms in the 
MTHFR gene.30 MTHFR is a rate-limiting 
enzyme involved in folate and homocyste-
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ine metabolism, DNA and RNA biosynthesis, 
and DNA and protein methylation. MTHFR 
polymorphisms are common in otherwise 
healthy people, but some have been report-
ed to increase chronic disease susceptibility 
via MTHFR deficiency. The most common 
MTHFR variant is the SNP rs1801133 that 
reduces enzyme activity to ~30% in homo-
zygotes (677TT), which can lead to reduced 
folate bioavailability and mild-to-moderate 
hyperhomocysteinemia depending on one’s 
dietary folate intake and food fortification.

❚ One FM focus at variance with cur-
rent recommendations. FM’s approach to 
homocysteine and MTHFR genotyping for 
nutritional assessment, dietary counsel-
ing, and supplement advice contrasts with 
recommendations from meta-analyses34-36 

and guidelines from the American Heart 
Association and USPSTF.37,38  While USPSTF 
does recommend all women planning or ca-
pable of pregnancy take 0.4 to 0.8 mg of folic 
acid daily to prevent neural tube defects,39 
MTHFR polymorphism screening to guide 
supplementation is not recommended dur-
ing pregnancy given conflicting studies and 
uncertain clinical significance.40 Moreover, 
while it is generally agreed that the MTHFR 
C677T polymorphism, and in particular the 
homozygous MTHFR 677TT genotype, is an 
independent risk factor for hyperhomocyste-
inemia, neither variant genotype was an in-
dependent coronary artery disease risk factor 
in several large studies.41-43 

However, study populations with gen-
erally high folate consumption or fortified 
foods may be a main confounding variable.44 
For example, in a recent meta-analysis of an 
elderly population, the T-allele of the MTHFR 
C677T variant increased pooled stroke risk. 
While this increased stroke risk is highest in 
homozygotes, the association was statistical-
ly significant only in the Chinese cohort—a 
group that generally has poor dietary intake 
of folate and B12.45 Therefore, both MTHFR 
genotype and baseline folate level are impor-
tant determinants of folate therapy efficacy 
in stroke prevention, and this may explain 
why US studies have not clearly identified a 
patient subset most likely to benefit.46 Fu-
ture high-quality studies should measure 
baseline folate, target populations with 

 moderate-to-severe hyperhomocysteinemia 
with specific MTHFR polymorphisms, and 
compare high- and low-dose B vitamins or 
use 5- methylfolate (the active form of folate). 

Probiotics
Probiotics are used extensively in FM, and 
there are very few fields in conventional 
Western medicine where probiotics have 
not been researched. Interestingly, gut mi-
crobiota (microflora) change rapidly and 
individually to therapeutic dietary changes, 
both in composition (community) and func-
tion (metabolic plasticity), implicating gut 
microbiota as a mediator of dietary impact 
on host metabolism.47 This highlights the 
potential for tailored probiotics to transform 
dietary nonresponders (eg, those who do 
not routinely consume a high-fiber diet) into 
responders whose metabolism becomes en-
abled to counter such conditions as obesity 
and type 2 diabetes.48 

❚ Caveats with probiotic administra-
tion. While the strength of recommendation 
for probiotic therapy is increased by their 
safe use in pregnancy, infants, and immuno-
compromised populations,49-51 various harms 
(ranging from mild to severe) may be under-
reported.52-54 In clinical practice, the effective 
probiotic strain(s), formulation, and dosage 
will vary not only by disease, but also from 
patient to patient, and may be dependent on 
nutritional factors such as vitamin D,55 diet, 
and even epigenetics.56 

As we come to more fully recognize 
commensal microbiota as a major player 
in overall health with crosstalk in signaling 
pathways between intestinal bacterial and 
epithelial immune cells, future research is 
needed to help optimize probiotic dose, du-
ration, route of administration, and whether 
microbial communities outperform single-
species probiotics.50 Furthermore, much of 
a bacterial community’s effect on the host 
is through its metabolites, and since cer-
tain species can be used interchangeably 
given similar metabolic activity and func-
tion, studies to understand how prebiotics 
and probiotics affect the host must analyze 
the metabolome, in addition to the bacterial 
community composition.51

CONTINUED
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❚ Alternative research methods could 
be informative. Similar to their limited eval-
uation of health outcomes in nutrition and 
supplement research, many RCTs examining 
the health benefits of probiotics often yield 
ambiguous results or fall short of valid con-
clusions because the underlying presuppo-
sitions are not met.26 For example, assuming 
the RCT uses a well-defined probiotic formu-
lation, efficacy and generalizability can still 
be confounded by patient microbiota, diet, 
mucosa, immune system, and emotional 
status, which all affect probiotic activity/ 
potency.50 Under these circumstances, other 
research methods may be more suitable or 
supplemental—eg, Phase II trials, epide-
miologic studies, single-case experiments 
(n-of-1 trials) and their meta-analyses, us-
ing historical controls, preclinical studies for 
conceptual and theoretical development, 
and clinical experience.26,57-59 Mechanistic 
microbiota studies are facilitating early clini-
cal research in numerous diseases,60 such 
as proof-of-concept RCTs in atherosclerosis 
prevention61 and brain function.62 

It is currently unknown how nonvaginal 
microbiota affect the health of menopausal 
women;63,64 and while a multicenter RCT is 
underway to examine a novel probiotic’s ef-
fect on menopausal symptoms and bone 
health, the supplemental study methods list-
ed above could be employed as well.

❚ Evidence of probiotic effectiveness. 
Positive evidence in RCTs and meta-analyses 
suggests that strain-specific probiotics are 
beneficial for infectious gastroenteritis, per-
sistent antibiotic-associated diarrhea, infant 
colic,50 irritable bowel syndrome (IBS),50,65 
Clostridioides difficile prevention,66 in-
flammatory bowel disease (IBD),67 
 radiation-induced diarrhea,68,69 and non-
gastrointestinal conditions such as multiple  
sclerosis,70 upper respiratory infections,50 
atopic dermatitis,50,71,72 surgical site infec-
tions,73,74 hyperlipidemia,50,75,76 and nonalco-
holic steatohepatitis.77 

However, because of knowledge gaps and 
low-quality evidence, the American Gastroen-
terological Association’s (AGA) 2020 Clinical 
Practice Guidelines recommend “conditional” 
use of strain-specific probiotics only for nec-
rotizing enterocolitis prevention (in pre-term, 

low-birth-weight infants), antibiotic-induced 
C difficile prevention, and pouchitis.53,54 Ad-
ditionally, the AGA’s guidelines state that 
probiotics should only be used for C difficile 
infection, IBD, or IBS in a clinical trial and not 
used at all for infectious gastroenteritis.53,54

Chelation
Chelation therapy is thought to inhibit 
 metal-catalyzed oxidation reactions and in-
flammatory processes in tissues that lead to, 
and result from, accumulation of oxidative 
damage. While many FM practitioners rec-
ommend some form of chelation therapy, 
there is much controversy surrounding its 
use. Well-designed, large-scale clinical trials 
continue to emerge for what appears to be an 
old intervention with still uncertain clinical 
applications. 

The first chelation agent, disodium ethyl-
enediaminetetraacetic acid (EDTA), was syn-
thesized in the early 1930s, but it was not until 
World War II that chelation therapy began 
with use of dimercaprol, a potent antidote 
for the arsenical chemical weapon lewisite. 
Disodium EDTA infusions were first used to 
treat angina pectoris in the mid-20th cen-
tury,78 and use accelerated in the early 21st 
century without a clear indication to treat 
CVD besides decades of anecdotes and case 
reports.79 Strong epidemiologic data support 
a causal association between heavy metals 
(arsenic, lead, cadmium, mercury, and cop-
per) and CVD,80,81 but a distinct mechanism 
of action is not yet known. 

Disodium EDTA was FDA approved in 
the 1950s for use in patients with hypercal-
cemia or ventricular arrhythmias from digi-
talis toxicity, but it was eventually withdrawn 
from the market in 2008, in part due to safety 
concerns following 3 deaths from severe hy-
pocalcemia.82 These deaths were caused by 
inappropriate use related to rapid infusions, 
pediatric use, and in one case inadvertently 
administering disodium EDTA to a child in-
stead of calcium EDTA (which can safely be 
bolused to treat pediatric lead toxicity).82-85

The Trial to Assess Chelation Ther-
apy (TACT) was the first large, double- 
blinded, placebo-controlled RCT to test 
post- myocardial infarction (MI) disodium 
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EDTA infusions (weekly 3-hour infusions for  
30 weeks followed by 10 infusions 2 to 8 weeks 
apart).86 Despite the chelation group hav-
ing a modest reduction in the primary com-
posite endpoint (hazard ratio [HR] = 0.82;  
95% CI, 0.69-0.99; P = .035),86 especially 
in those with diabetes (HR = 0.59; 95% CI,  
0.44-0.79; P < .001; number needed to treat 
[NNT] = 6.5),87 the authors concluded these 
results were insufficient to support routine 
disodium EDTA chelation post MI. Moreover, 
the 2014 Guidelines for Chronic Ischemic 
Heart Disease only upgraded chelation thera-
py from “not recommended” to “uncertain.”88 

Nevertheless, to put into perspective 
the magnitude of chelation’s treatment ef-
fect post MI in patients with diabetes, it can 
be compared to standard-of-care statin RCTs 
for secondary prevention, reported as fol-
lows. The absolute risk reduction (ARR) of 
coronary events with statin therapy in a high 
genetic risk group (the group with the great-
est ARR) was 6.03% in the CARE trial and  
6.87% in the PROVE IT-TIMI 22 trial, cor-
responding to a calculated NNT (1/ARR) of  
16.6 and 14.6 respectively.89 

In order to understand the hesitancy 
to accept chelation therapy as a reason-
able CVD treatment,59 one must balance the 
modest effect demonstrated by TACT with 
its limitations, the greatest of which was the 
unusually large proportion of patients who 
withdrew their consent or were lost to follow-
up (~18%).86 However, it is important to note 
that some patients withdrew after experi-
encing a primary endpoint and that at least  
50% more were from the placebo group than 
the chelation group,86 rather than the reverse 
that was erroneously reported by Fihn et al.88 
Unblinding was possible, but there were no 
significant differences in serious adverse 
events between groups. 

Furthermore, since withdrawn subjects 
had similar CVD risk profiles, more with-
drawals in the placebo arm increases the like-
lihood of more unrecorded primary outcome 
events in the placebo arm than treatment 
arm. One possibility is that these could have 
accentuated the benefit of chelation therapy, 
and that missing data reduced the reported 
efficacy. Because of TACT’s profound findings 
for those with diabetes post MI, the TACT2 

Phase 3 clinical trial underway through  
2022 will further clarify chelation’s utility for 
treating stable ischemic heart disease specifi-
cally in this group.

Interestingly, angiotensin-converting 
enzyme inhibitors, angiotensin receptor 
blockers, and aldose reductase inhibitors 
themselves inhibit advanced glycation end 
products (AGE) formation in diabetes, most 
likely via chelation. Increased protein gly-
cation and accumulation of AGEs on tissue 
proteins during hyperglycemia (the Maillard 
reaction) are hypothesized to be fundamen-
tal in the pathogenesis of diabetic vascular 
complications. Consequently, chronic, low-
dose chelation therapy may have a role in 
preventing and treating diabetic CVD and 
nephropathy.90                          JFP
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