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Abstract

Review Article

IntRoductIon

Health as a “complete physical, mental and social well-being” 
is an unattainable ideal and may be a mirage as the goalposts 
shift when an achievement is made. Public health professionals 
have been working on this concept at the population level,[1] 
but we focus in this communication on the positive health of 
the individuals. The concept of positive health of individuals 
and its domains have been described as the capability to 
remain healthy in the face of adversities and be able to 
successfully fight the ailment before its onset if it strikes.[2] 
In this communication, we dilate this concept with details of 
the domains and the specification of major biomarkers within 
each domain that can objectively measure the positive health 
of the individuals.

We do not consider distal factors such as genes, stress, 
nutrition, exercise, sleep, and social interactions for assessing 
positive health because these are mostly complex, volatile, 
and defy direct measurement. There is enough evidence that 
such distal factors modulate proximal parameters that can 

be objectively measured. For example, genes are involved 
in hormonal signaling,[3] exercise reduces the level of the 
body’s stress hormones such as cortisol and adrenaline and 
stimulates the production of endorphins,[4] nutrition modulates 
immune functions,[5] and sleep influences cardiovascular 
endocrine and thermoregulatory system.[6] Thus, the positive 
health of a person can be directly measured by a battery of 
biomarkers, and such measurements will provide a much more 
objective assessment in a novel way. The identification and 
measurement of these biomarkers can help develop an effective 
decision-making support system for improving the health of 
the people and may help develop a scoring system. At the 
very least, this may initiate a discussion on individual-level 
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indicators of positive health and characterize the parameters 
for intervention that could increase the healthy life.

Positive health
The concept of positive health has been around for a century 
although not in the form we now propose to present. The earliest 
reference we could locate appeared in 1924 when “positive 
health” was described as a double positive since health itself 
is a positive term.[7] The first use of the term in nearly the same 
sense we now discuss appeared in 2001 that described positive 
health as “the ability to cope with biological, psychological, 
and social stress” with parameters such as pain tolerance and 
vital capacity as the example of its indicators.[8] In 2008, it was 
proposed as a combination of ‘excellent’ status on biological, 
subjective, and functional measures.[9] In 2011, positive health 
was described as one’s ability to adapt and self-manage in the 
face of social, physical, and emotional challenges.[10] The latter 
two proposals include difficult-to-measure psychological and 
social parameters whereas our focus is on measurable medical 
parameters.

Perhaps the most direct measure of positive health is the 
years lived without any physical, mental, or social limitation. 
At the community level, this is measured by the healthy life 
expectancy. Whether at the individual level or the community 
level, this can be measured only after death. Biomarkers could 
be more exact and can be measured when the person is alive. 
More than a thousand medical parameters can be measured. 
While the role of most of them is well-documented for 
causing disease, their physiological role in health protection 
is mostly obscure. Only few studied their positive features. 
We extensively searched nearly a thousand publications and 
reputed websites for the measurable parameters that have 
a major identifiable protective role in place of their role in 
causing diseases. For this, an extensive internet search was 
done for terms such as positive health, health protection, health 
maintenance, and prevention, with terms such as biomarkers, 
markers, features, parameters, etc., Documents for individual 
biomarkers were also studied to locate a relevant document 
for our review. These include articles, papers, websites, books, 
and other material. Once identified, the concerned biomarkers 
may look well-known but a-priori this information is rare.

The biomarkers of positive health would be easy to study when 
divided into domains and items on the pattern of quality of 
life (QoL) measurement, although there may be some overlap 
as in the case of QoL. Each domain has many parameters, 
but we restrict to a selected set of few parameters that seem 
major to us on review of the literature so that the assessment 
of positive health becomes practically feasible. Optimal levels 
can be proposed later once a consensus is developed on the 
major parameters of positive health.

Domains and items of positive health
Our review suggests the following five major domains and 
items have a protective role and could be primarily considered 
for assessing positive health. They are all interdependent and 
together contribute to positive health [Figure 1].

Neurological parameters
Neurological parameters perhaps are the most important 
domain of positive health. These possibly are the most intricate 
too as they easily transgress to abstracts. However, science is 
about accepting the challenges and making a beginning that 
could lead to a clear path.

Our review of the literature suggests that the brain and 
nervous system parameters that bolster the mechanism to 
fight the ailments are yet to be investigated. In the absence of 
exactly measurable parameters, perhaps Montreal Cognitive 
Assessment Scale[11] can be used to assess brain health at a 
gross level. P3 amplitude can also be considered as it reflects 
neural activity related to the attentional and working memory 
processes.[12]

Studies have demonstrated a negative correlation between 
gamma-aminobutyric acid (GABA) activity and anxiety.[13] 
The main physiological effects of GABA include neuronal 
modulation to improve nervous system disorders, regulation 
of anxiety, sleeplessness, mood disorders, protection against 
hypertension, diabetes, nephrotoxicity, and cancer.[14]

Several other parameters are implicated for neural health 
although they may not be as major. These include growth 
hormone-releasing hormone with cognition-enhancing effects, 
nerve growth factor and brain-derived neurotrophic factor as 
biomarkers of neural health, and Tau protein that maintains 
functions of nerve cells and structure. Low levels of CRP, IL, and 
TNF are also implicated in determining cognitive functions and 
amyloidβ peptides help in preventing cognitive decline in older 
adults. Prostaglandins regulate brain blood flow and can have a 
neuroprotective effect by acting on G-protein-coupled receptors. 
Salivary αamylase, cortisol, secretory immunoglobulin A, and 
chromogranin A have been investigated as biomarkers of pain 
and a lower level of norepinephrine indicates lesser anxiety.

In view of the above, among several neurological parameters, 
the following can be considered major for assessing positive 
health:

Figure 1: Major domains of positive health and their inter‑dependence
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• Montreal Cognitive Assessment Scale
• P3 amplitude
• GABA

Others too are important but possibly not as major.

Endocrinological substances
The endocrine system has a profound effect on the regulation of 
stress response, growth and development, behavior, immunity, 
and energy and metabolism. Whereas the implication of 
hormones in diseases such as thyroidism, Cushing syndrome, 
and diabetes is evident, these are important for maintaining 
and protecting health also.

Thyroid hormones help the body to use energy, stay warm, 
and keep the brain, heart, muscles, and other organs working 
as they should.[15] They are the key regulators of metabolism 
and development.[16] Thus, their adequate level is necessary 
for positive health.

The critical role of insulin in maintaining a healthy level of 
blood sugar and preventing diabetes is well known.

Estrogen and testosterone have a well-known role in sexual 
functions as discussed later but they have other protective 
roles too. Estrogen protects women against heart disease[17] and 
brain disorders such as Alzheimer’s.[18] Systemic estrogen helps 
protect against bone-thinning disease.[19] The protective role of 
testosterone is particularly related to pain and inflammation.[20]

Melatonin controls the sleep and wake cycle, which may 
substantially contribute to positive health. Serotonin is 
believed to regulate anxiety, happiness, mood, sleep, appetite, 
memory, and learning ability.[21] and also regulates biological 
processes including cardiovascular functions, metabolic rate, 
and temperature control.[22] Oxytocin plays a critical role in 
social and emotional behavior[23] and can induce antistress-like 
effects and increase pain threshold.[24] Dopamine is a “feel 
good” hormone associated with reinforcement and helps 
in motivation.[25] Thus, these hormones have a vital role in 
maintaining good health.

Endorphins control the perception of pain and fight stress.[26] 
They are the body’s natural pain killers and mood elevators.[4]

Others that have a role, but probably not as major, are the 
following. Amino acids stimulate muscle synthesis, and 
peptides in milk modulate blood pressure, inflammation, 
and oxidation. Leucine is required for protein synthesis. 
Hydroxymethylbutyrate enhances and strengthens muscles.

Besides digestion, enzymes are needed to support, maintain, 
and repair the body and its functions. Amylase and lipase 
breakdown carbohydrates and pepsin helps in the digestion 
of proteins – they together play a pivotal role in completing 
the digestive process.

Amidst so many, the following endocrinological parameters 
can be considered major candidates for measuring positive 
health:
• Thyroid hormones

• Insulin
• Estrogen
• Melatonin, serotonin, oxytocin, dopamine
• Endorphins.

Nutritional elements
It is well-known that nutritional elements such as vitamins, 
folate, trace elements, omega-3 fatty acids, and probiotics, 
when present in an optimal combination, play a dominant 
role in maintaining health. But the specific role of various 
nutrients in preventing and fighting a disease seems still under 
investigation. Vitamins and minerals play an essential role in a 
variety of basic metabolic pathways that support fundamental 
cellular functions, particularly in energy-yielding metabolism, 
DNA synthesis, oxygen transport, and neuronal functions.[27]

Specifically, vitamin A boosts the immune response in the 
elderly,[28] vitamin B-complex helps prevent infections and 
supports or promotes energy level, eyesight, brain functions, 
digestion, and muscle tone.[29] Vitamin C is an antioxidant 
that protects from infections and damage to body cells and 
produces collagen that helps bones and muscles to bond 
together.[30] It also helps reduce both the physiological and 
psychological effects of stress.[31] Vitamin D helps regulate the 
amount of calcium and phosphate – thus keeps bone, teeth, 
and muscles healthy,[32] and has immunomodulatory effect.[33] 
Vitamin E has a beneficial effect against oxidative stress.[34] 
Vitamin K is important for maintaining healthy blood vessels, 
blood coagulation, bone metabolism, and for regulating blood 
calcium levels.[35]

Epidemiologic data on the relationship of trace elements with 
health and disease are incomplete,[36] but it is known that 
trace elements participate in oxygen-reduction reactions in 
energy metabolism.[37] Potassium, magnesium, calcium, and 
other nutrients help in keeping bones together and prevent 
osteoporosis. Selenium can increase life span and can prevent 
cancer proliferative. Perhaps the most important is zinc which 
has a crucial role in multiple biological processes, particularly 
in regulating immune cell signaling,[38] reducing inflammation, 
boosting the immune system, reducing the risk of age-related 
diseases, speeding wound healing, and improving acne.[39] It 
catalyzes enzyme activity, contributes to protein structure, and 
regulates gene expression.[40]

Probiotics regenerate the digestive system with good microbes 
that neutralize the harmful ones. They prevent diarrhea and 
may boost the immune system. Probiotics can also improve 
anxiety, depression, autism, and memory[41] and can reduce the 
severity of certain allergies and eczema.[42]

Omega-3 fatty acids build membranes around each cell in the 
body, including brain cells, and are associated with increased 
blood flow in the brain and lower the risk of premature death.[43]

A low level of oxidative stress helps prevent cancer, 
cardiovascular diseases, neurological diseases, respiratory 
diseases, rheumatoid arthritis, kidney diseases, and sexual 
dysfunction.[34] The basic ingredient of oxidative stress is free 
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radicals, which should be low to prevent gout, rheumatism, 
renal, calculi, etc.[44] but their presence is needed to synthesize 
some cellular structures and to be used to fight pathogens.[34] 
One of the most powerful antioxidants is glutathione that 
combats free radicals such as malondialdehyde (MDA) and 
has several other health benefits.

Several other nutritional elements have a protective role 
although probably not as major. Lactic acid improves the 
nutritional value of food, controls intestinal infections, 
improves digestion of lactose, controls some types of cancer, 
and controls serum cholesterol levels. Glutamine can reduce 
many kinds of inflammation, fever, joint pain, allergies, and 
skin irritation. Beta-carotene delays cataract, prevents macular 
degeneration, and promotes good eye health.

To choose a few, the major protective nutritional elements 
seem to be:
• Various vitamins (A, B, C, D, E, and K)
• Trace elements, particularly zinc
• Probiotics
• Fatty acids (omega-3, glutamine), lactic acid
• Oxidative stress, particularly glutathione.

Immunity markers
Good immunity is an indisputable asset to fight the microbes 
and eliminate antigens. Of various immunoglobulins, perhaps 
IgG and IgM are more important as IgG neutralizes toxins, 
viruses, and bacteria, and IgM is specialized to activate 
complement efficiently upon binding antigen.[45] Lymphocytes, 
which produce antibody molecules and macrophages that 
kill microorganisms and remove dead cells, are important 
biomarkers of immunity.

One can go down to neutrophils, dendritic cells, natural killer 
cells, B and T lymphocytes but we keep them out of our 
preview so that a practical and easy-to-adopt proposal can be 
forwarded. Similarly, parameters such as tumor necrosis factor, 
which plays a critical role in defining intracellular organisms 
against invasion, are excluded despite their role in enhancing 
defense mechanisms in the body.

The following items can be considered as the major measurable 
biomarkers of positive health in the immunity domain:
• IgG and IgM
• Lymphocytes
• Macrophages

Physiological functions
Among many, we restrict to those that are generally considered 
more important to maintain health and fight diseases. Because 
of the interdependence, an overlap is imminent.

(i) Markers of Respiratory Functions

Diseases such as lung cancer, respiratory tract infections, 
pulmonary embolism, asthma, and chronic obstructive 
pulmonary disease are directly related to the health of the lung. 
Lung functions such as forced vital capacity (FVC), forced 
expiratory volume (FEV), and peak expiratory flow rate, can 

be measured by spirometry. Generally, FEV1/FVC ratio is 
considered useful to evaluate lung functions.[46] Pulse oximetry 
estimates the oxygen saturation in the blood that helps replace 
worn-out cells, supplies energy, and supports the immune 
system. It also feeds our brain and helps in visual, cognitive, 
and electroencephalographic function.[47]

The following can be regarded as the major lung function 
parameters for assessing positive health:
• FEV1/FVC ratio
• Oxygen saturation

(ii) Markers of Reproductive Functions (applicable to 
reproductive age)

It was observed that the mortality decreased in a dose-response 
manner as the percentage of motile and morphologically 
normal spermatozoa and semen volume increased.[48]

Estrogen regulates the menstrual cycle, maintains pregnancy, 
and aids in sperm production.[49] It protects against cell death 
and stimulates the birth of new neurons.[50] In men, estradiol 
is essential for modulating libido, erectile functions, and 
spermatogenesis.[51] and testosterone triggers puberty and 
contributes to sex drive, bone mass, fat distribution, muscle 
mass and strength, and production of red blood cells and 
sperm.[52] Testosterone is also responsible for regulating 
sex differentiation, producing male sex characteristics, 
spermatogenesis, and fertility.[53] High testosterone and low 
estrogen help in erection in men.[51]

Female reproductive health can be assessed by the 
levels of follicle-stimulating hormone (FSH), luteinizing 
hormones (LH), and 17-β estradiol.[54] In women, FSH is 
responsible for the growth of ovarian follicles that help 
maintain the menstrual cycle. It may have a direct relation 
with bone health in women by enhancing bone resorption. LH, 
in synergy with FSH, stimulates normal follicular growth and 
ovulation. In men, FSH helps in sperm reproduction. Thus, 
the major reproductive indicators for positive health could be:
• Males: Semen quality and volume, and testosterone
• Females: FSH, LH, and estradiol.

(iii) Markers of Gastrointestinal Functions (including Liver)

We have not been able to find a measurable indicator that can 
holistically assess the health of the digestive system.

Besides protecting from liver-specific diseases such as 
cirrhosis, hepatitis, and liver cancer, adequate liver functions 
help fight infection and remove toxins from the body’s blood. 
The liver also keeps fluids in the bloodstream from leaking 
into surrounding tissue and carries hormones, vitamins, and 
enzymes through the body. Healthy liver slows down aging, 
increases energy, keeps skin healthy, and helps in hormone 
balancing.[55]

Although all liver function parameters have importance in 
maintaining good health, albumin has multiple physiological 
functions such as maintaining colloidal osmotic pressure, 
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binding of a wide variety of compounds, and provision 
of the bulk of plasma antioxidant activity,[56] synthesis of 
purine/pyrimidine bases, urea and protein synthesis, and 
gluconcogenesis.[57] Alanine transaminase (ALT) may be a 
good indicator of overall health, particularly in the context of 
obesity, metabolic syndrome, and cardiovascular disease.[58]

Among lipids, cholesterol is important for the synthesis of 
hormones and vitamin D. Specific levels of LDL and HDL 
cholesterol provide some protection from heart disease. 
Lipoprotein (a) promotes vascular repair, and the lowest CVD 
mortality has been observed with a low level of triglycerides.

The major liver functions parameters that can be used as 
biomarkers of positive health are:
• Albumin, ALT
• Lipid profile

(iv) Markers of Circulatory Functions

Cardiac output determines oxygen delivered to the cells and is 
an important component of how effectively the heart can meet 
the body’s demands for the maintenance of adequate tissue 
perfusion. It is related to the left ventricular ejection fraction 
that assesses global and segmental left ventricular function. 
We excluded both as these are difficult to measure objectively. 
However, parameters such as heart rate and blood pressure 
are completely non-invasive, easy, and amenable to the exact 
measurement. It is well known that a relatively lower resting 
heart rate has a protective role against cardiovascular diseases 
and all-cause mortality, and relatively low blood pressure 
reduces the risk of heart and kidney diseases.

Among many hematological components, hemoglobin is 
essential for transferring oxygen in the blood from the lungs 
to the tissues. Glycosylated Hb (HbA1c) indicates long-term 
glycemic control. Whereas the adverse effects of high HbA1c 
are well known, low levels are also suggested to be associated 
with an increased risk of all-cause mortality.[59] Platelets help 
the body to control bleeding and they must be present in 
healthy numbers.

A low hs-CRP level can protect from cardiovascular events. 
Creatine phosphokinase is important for muscle function, 
although a high level indicates muscle injury, including 
possibly the heart. Cardiac troponin regulates contractile 
function in skeletal and cardiac muscles. There may be 
several others with protective functions, but the following 
can be considered as the major circulatory function markers 
of positive health:
• BP, Heart rate
• Hb and HbA1c level
• Platelet count

(v) Markers of Musculoskeletal Functions

Bone mineral density (BMD) is a common measure of bone 
strength. A good BMD can save from fractures in the cases 
of falls or other accidents. The primary task of skeletal 
muscle is maintaining posture, breathing, and locomotion but 

it also represents important nutrient storage and metabolic 
regulator.[60] A low functional aging index based on the sensory 
and pulmonary parameters, grip strength, and gait speed can 
indicate positive health.[61]

A healthy body mass index (BMI) indicates good health and 
long life, is a cornerstone in the prevention of chronic diseases, 
and is a promotional parameter of healthy aging.[62] It also 
means more energy, better regulation of body fluids and blood 
pressure, better sleep, and a reduced risk of several diseases. It 
naturally implies a reduced burden on the heart and circulation 
system and a reduced risk of heart disease. Low BMI has been 
found an independent predictor of pregnancy in women.[63] 
Healthy BMI also raises life satisfaction.[64]

Thus, the major musculoskeletal parameters that can be 
considered as candidates for assessing positive health are:
• BMD
• Functional aging index, including handgrip strength
• BMI

(vi) Markers of Urinary Functions

Good kidney functions help in regulating blood pressure, the 
make-up of the blood, maintain hormones, and producing 
hormones for bones to make more blood cells. They metabolize 
vitamin D and maintain a proper balance between water, 
electrolytes, acids, and bases. They release the hormone that 
directs production of RBC and keeps blood minerals in balance.

Glomerular filtration rate (GFR) is considered the optimal way 
to measure kidney function.[65] There is evidence that creatine 
might prevent skin aging, helps muscles gain strength, and 
may help minimize neurogenerative disorders[66] but important 
for the health of the kidney is a relatively low creatinine 
level in serum. A good indicator of health is a low level of 
protein-creatinine ratio because its level is associated with 
all-cause mortality.[67]

A balanced pH keeps our systems operating the way they 
should.[68] Human life requires a tightly controlled pH level 
to survive.[69]

Thus, the major kidney parameters that can indicate positive 
health are:
• GFR
• Protein/creatinine ratio
• pH value

dIscussIon

The notion of positive health provides a context for 
methodological and theoretical debate that can enrich the 
theory and practice of health assessment.[70] For Harrison 
et al.,[71] the concept of positive health included harmonious 
family balance and mental and emotional stability. An 
editorial in the Lancet explained health as the ability to 
adapt.[72] Previous endeavors[9,10] are predominantly based on 
psychological and social factors such as positive emotions, life 
satisfaction, and happiness. These indeed could be important 
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determinants, but they are subjective and difficult to measure. 
Evidence suggests that such factors mostly culminate in 
physiological changes such as better immunity levels and 
more balanced hormonal levels that can be exactly measured. 
This communication targets such biomarkers. The information 
regarding the protective role of these factors is mostly lacking 
and we dug the literature to identify the major protective 
parameters. Their link to positive health outcomes can help 
design interventions to build and sustain these assets and help 
people to increase their chance of living healthier and longer 
life.[73] To achieve parsimony and feasibility, we have restricted 
to a few biomarkers that seemed major to us. Although no 
medical parameter is absolute, our review suggests that 
endorphins, semen quality in men, FEV1/FVC ratio, oxygen 
saturation, BMD, P3 amplitude, and handgrip strength are 
examples of parameters whose higher levels generally indicate 
increasingly positive health. Measurement of most of these are 
cost-effective and the remaining will become cheaper when 
the idea of positive health catches up and used on a large scale.

Among thousands of medical parameters, the initial 
identification of nearly 50 major biomarkers of positive health 
in this communication shows that it is feasible to objectively 
assess positive health. Once a consensus is developed on the 
relevant parameters, an exercise can be undertaken to identify 
the optimal levels of the parameters that signify positive health.

Our effort may be ahead of time because many of the body’s 
defense mechanisms are not properly understood yet. The link 
between physiological processes and positive outcomes seems 
to have not been fully investigated. We believe it is time to 
think of approaches that can contribute to our understanding 
of how body functions work to defend from ailments and fill 
up this epistemic uncertainty. Our proposal may initiate a 
discussion on biomarkers of positive health and characterize 
the parameters for intervention that could increase the healthy 
life. This may also help in identifying the data gaps that require 
attention in this context.

Limitations
We have been quite brief since the endeavor here is just to 
propose an idea and show that it is useful and feasible although 
we agree that much work is required to make it operational in 
the actual setup. The references are quoted only for the major 
biomarkers but the source of all the statements is available 
from the corresponding author.

The domains and items included in this article may give the 
impression that psychological and spiritual aspects have been 
ignored but we believe that most of these also ultimately 
affect biomarkers such as hormones. Nonetheless, those 
psychological and spiritual aspects have been excluded from 
our framework that do not affect biomarkers.

conclusIon

A novel proposal to assess the positive health of individuals 
has been developed with five domains and nearly 50 items. 

Despite being preliminary, this communication possibly covers 
most major measurable biomarkers and could be adequate to 
proceed ahead with operationalizing the concept of positive 
health and its assessment. The framework may also help in 
identifying the data gaps that can be used to develop policies 
for improving the health of the people.
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