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Abstract
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The research and application for treatment determination and monitoring of biomarkers in hormone replacement therapy is a 
comparably novel domain. Currently, regulations are limited and insufficient, but are evolving. Nevertheless, there is decisive an-
ticipation of what future biomarker research will reveal and apply more specifically to negative symptoms and adverse disorders, 
particularly affecting females—with the end goal of improving and enhancing their quality of life.

Considering multiple biological outcomes, hormone replacement therapy (HRT) performs a vital role in determining treatment 
recommendations and regimes for many menopausal symptoms and conditions: cancer, diabetes, cognitive decline, osteoporosis, 
and autoimmune disorders.

Targeted treatments are challenging to achieve for some female hormone-related conditions and disorders. Nevertheless, physi-
cians frequently order biomarker analyses. Conventional biomarkers, such as blood glucose, blood pressure, hormone levels, and 
mineral levels, can be identified in in-clinic labs. However, reference laboratories are typically utilized to develop biomarker panels, 
especially for rare or novel biomarker analysis, thus ensuring appropriate therapeutic regimes.

Biomarkers, measured in the body, influence or predict the incidence of outcome or disease. Biomarkers are more characterized 
explicitly as biomarkers of risk stratification, disease detection, diagnosis, prognosis, and predictive of a disease or disorder. 

Biochemical markers comprise lipids, inflammatory (high-sensitivity C-reactive protein, interleukin-6, tumor necrosis factor-
alpha, and leukocyte count), adipokines, endothelial (E-selectin, P-selectin, ICAM, and VCAM), glucose tolerance (fasting glucose, 
insulin, HOMA-IR, IGF-1, and metabolic syndrome), hemostatic (D-dimer, factor VIII, von Willebrand factor, homocysteine, fibrinogen, 
tissue factor pathway inhibitor, and acquired activated protein C resistance), matrix metalloproteinases, and sex steroid hormones 
(such as globulin-binding sex hormone).

Genetic markers cover factor V Leiden, glycoprotein IIIa leu33pro, gene variants (related to sex hormone biosynthesis, metabo-
lism, and signaling), genome-wide association studies (GWAS), and exome sequencing (for gene discovery), gene variants (in the ABO 
blood group), and polymorphisms (of estrogen and progesterone receptors).

Various and distinct technologies are utilized to measure specific body fluids, cellular content, tissue-based composition, and oth-
er physiological measures; also, imaging techniques are employed. Biomarkers may be hormones, enzymes, glycoproteins, oncofetal 
antigens, receptors, or changes in tumors (such as mutations, amplifications, or translocations). Specific biomarkers are identified in 
special studies for the same or similar diseases or disorders.
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Abbreviations

GWAS: Genome-Wide Association Studies; HRT: Hormone Replacement Therapy; PSA: prostate-specific antigen; WHI: Women’s Health 
Initiative; WHO: World Health Organization

Introduction

Various signs and symptoms manifest during the progression of diseases and disorders. Biomarkers are molecules, characteristics, or 
genes by which these diseases or disorders can be better identified. These are measurements that assess biological processes (physiologi-
cal, pathophysiological, and pharmacological). Clinical biomarkers are broad subcategories of clinical signs that can be used as objective 
indicators of health or disease processes. They can be measured reliably and accurately. A biomarker is also defined as a characteristic 
that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacologic re-
sponses to therapeutic intervention by the National Institutes of Health Biomarkers Definitions Working Group in 1998 [1]. 

The International Program on Chemical Safety, led by the World Health Organization (WHO) and in coordination with the United Na-
tions and the International Labour Organization, also defined a biomarker as any substance, structure, or process that can be measured 
in the body or its products that influence or predict the incidence or outcome of a disease [2]. 

From blood and pulse pressure to physical characteristics, such as chemistry, to more complex tests of tissues in the laboratory, are 
considered biomarkers. Modern laboratory science has made it possible to measure reproducibly and objectively quantifiable medical 
signs that can help medical professionals plan optimal care. Since the early 1990s, biomarkers have been used in the diagnosis of diseases. 
Since then, various biomarkers have been discovered to detect diseases, diagnose them, provide prognoses, predict treatment response, 
and monitor disease progression—classified as follows.

•	 Biomarkers of risk stratification: Measurement of risk factors associated with disease in patients; for example, smoking for 
lung cancer, a high-carbohydrate diet for diabetes.

•	 Biomarkers for disease detection: Used to detect diseases before symptoms manifest, when therapy is more likely to succeed. 
(e.g. blood pressure for hypertension).

•	 Diagnostic biomarkers: Used to detect the presence of diseases (e.g. glomerular filtration rate to identify patients with chronic 
kidney disease). 

•	 Prognostic biomarkers: Provide information on general expected clinical outcomes, regardless of the selection of therapy or 
treatment (e.g. prostate-specific antigen (PSA) level at the time of a prostate cancer diagnosis).

•	 Predictive biomarkers: Evaluate the expected overall clinical outcome based on treatment decisions in only biomarker-defined 
patients; for example, a GFR mutation predicts an erlotinib response [3].

Measurement of biomarkers

A biomarker can be any biological indicator that can be measured. For example, biomarkers can be cellular or molecular (DNA, RNA, 
protein, and metabolites). They are measured from a tissue biopsy or a liquid biopsy (blood, urine, and saliva). As these molecules are 
sometimes released into the circulation, some biomarkers can be detected by blood-based assays, while others require tissue biopsies. 
Thus, several methods are employed to technologies measure fluid, cellular, tissue-based, imaging, and other physiological measures [4].
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Biomarker characterization 

A biomarker may be hormones, enzymes, glycoproteins, oncofetal antigens, receptors, or changes in tumors, such as mutations, am-
plifications, or translocations [5,6]. The ideal properties of biomarker characterization techniques should satisfy the following criteria 
(Table 1) [3]. 

Have a binary (present or absent) or quantifiable measure
Be adaptable to routine clinical practice, having the ability to promptly produce re-
sults (i.e. in a matter of days rather than weeks)
Be sensitive and specific
Be detected from easily accessible specimens

Table 1: Ideal properties of biomarkers

Establishing biomarkers in all areas of disease treatment and assessment begins with the discovery and validation of biomarkers. The 
evolutionary steps of biomarkers include discovery, assay development, analytical validation, clinical validation, and clinical implemen-
tation [7]. The process of biomarker development includes evaluating the sensitivity, sensibility, reliability, and precision of the assay 
(through optimization) in the laboratory [8]. Also, a thorough evaluation is necessary for aspects related to biomarker variabilities, such 
as relevant interactions, confounders, choice of surrogate tissue, acceptability of sampling, and protocol variability [9].

Biomarker discovery

Biomarker discoveries are primarily based on monitoring and measuring samples, such as body fluids related to disease or treatment 
mechanisms. It is also fundamental to determine which biological process, pathogen, or pharmacological response should be studied. Dif-
ferent types of biomarkers are identified in distinct studies for the same or similar diseases or disorders. Biomarkers for risk stratification 
and screening are identified in the target population and should be detected early in the development process [10]. 

Before conducting biomarker discovery studies, several factors must be considered, including the patient population, the number of 
samples and events, disease prevalence, analytical validity of the biomarker test, and a pre-planned analysis [11]. 

Identifying prognostic biomarkers requires well-conducted retrospective studies, such as case-control studies and single-arm trials 
with biospecimens taken from a cohort representing the target screening population [3]. An association between prognostic biomarkers 
and results is identified by the primary effect test [12]. Predictive biomarkers can be identified through secondary analyses of the results 
of randomized clinical trials, using an interaction test between treatment and biomarker [3]. 	  

Randomization and blinding studies are two of the most significant tools for avoiding bias in studies designed to discover biomark-
ers. To prevent batch effects, experiments must be performed to control for nonbiological effects due to changes in reagents, technician 
inconsistencies, and machine drift [13]. 

To ensure that cases and controls are distributed equally, random assignment of specimens from controls and cases into arrays, testing 
plates, or batches are recommended [14]. The process of generating biomarker data should be randomized and blinded whenever pos-
sible and be utilized at every study stage.

Biomarker validation

Validating each biomarker candidate is crucial before it can advance to clinical trials. Developing assays to monitor specific biomarkers 
requires high sensitivity and selectivity [15]. A biomarker’s validity is based, in part, on epidemiologic studies to determine whether its 
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prevalence is correlated with the associated disease. In this case, the cohort approach helps avoid deviations caused by reverse causal-
ity—the effect of the disease on the marker) [16]. 

Biomarkers are internally validated against the data from which they were developed [17]. During external validation, the performance 
of a biomarker is verified against an independent test set. Thus, data from different periods, institutions, or regions must be used [3]. 

Furthermore, the verification of biomarkers involves both analytical and clinical validation. Analytical validation of biomarkers in-
volves precise and accurate measurement, while clinical validation concerns interpreting measurements for a particular disease [18]. 
A vital quality of all validation studies is collecting specimens from prospectively selected individuals who are unaware of any previous 
results. 

Analytical validation of biomarkers 

Through analytical validation, the performance characteristics of a biomarker are evaluated, such as its sensitivity, specificity, pre-
cision, reproducibility, and reproducibility between laboratories [19]. Biomarkers are tested to determine their technical performance 
rather than their value. In analytical validation studies, the hypotheses tested and the success criteria must be defined. It is essential to 
control multiple analogs when evaluating multiple biomarkers, considering both the sample size and clinical context when determining 
how to combine them best [20]. 

Clinical validation of biomarkers 

Clinical validation of biomarkers establishes an association between the biomarker and clinical validity, indicating the clinical useful-
ness of the biomarker (sensitivity, specificity, and accuracy) [21]. Validation of biomarkers clinically relies on external validation, which 
can be performed retrospectively or prospectively using trial data. Using a biomarker to guide patient care will lead to improved health 
outcomes only if a prospective clinical trial, a form of external validation, is conducted to demonstrate its clinical usefulness. It is possible 
to perform a retrospective, blinded screening, diagnostic, and prognostic biomarker evaluation of collected samples [22]. 

Clinical application of biomarkers

Clinical biomarkers that indicate each stage of a disease over time can be longitudinally tested in a well-defined patient population 
compared to gold-standard clinical indicators [23]. An intervention biomarker must be validated simultaneously with a candidate thera-
peutic drug, for example, to assess its interventional effect [23]. 

To be relevant to both the drug mechanism of action and pathophysiology of the disease, surrogate endpoint biomarkers must reflect 
both [23]. Protein and expression arrays, high-throughput immunoassays, and epidemiological and statistical analyses are essential tools 
and technologies needed for such validation [23]. 

Physician’s consideration of biomarkers for treatment decision-making

A recent approach to the treatment of disease is more specifically determining those patients who are likely to benefit. Biomarkers 
provide significant determinants in identfying those patients likely to benefit from treatment [24]. In the coming years, molecular subtyp-
ing will play an increasingly compelling role in treatment decisions. To determine the most likely therapy to be effective, patients must 
understand that biomarker testing may provide vital information. The effectiveness of targeted therapy varies depending on the disease 
conditions, but currently, only a tenth of patients experience benefits. 
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Targeted therapies are complicated to accomplish, but testing is increasing as physicians increasingly request biomarker analysis. 
Common biomarkers, such as blood glucose, blood pressure, hormone level, and mineral level, can be identified in in-clinic laboratories. 
However, for the development of biomarker panels, reference laboratories may be preferred for rare or new biomarker analysis to ensure 
appropriate therapeutic regimes.

Discussion

Role of biomarkers for hormone replacement therapy (HRT) in women

Despite its complex biological effects, hormone replacement therapy (HRT) plays a vital role in treating vasomotor and other meno-
pausal symptoms [25]. Several studies, including the Women’s Health Initiative (WHI), suggest that some women may be more suitable 
for HRT than others, depending on their clinical and biological characteristics [26]. 

Recent studies suggest that it may be possible to identify women with biomarkers, indicating that they might experience fewer adverse 
events. For example, lower LDL cholesterol and lower LDL/HDL ratios are strongly predictive of more favorable cardiovascular disease 
outcomes with HRT [27]. 

Other biomarkers predictive of the risk of cardiovascular disease—reported in WHI—include increased interleukin 6, matrix metallo-
proteinase 9, D-dimer, factor VIII, von Willebrand factor, leukocyte count, homocysteine, and fasting insulin [28]. 

In addition to biomarkers already being developed to assess the risks of cancer, diabetes, cognitive decline, and autoimmune disorders, 
various and distinct biomarkers are being investigated—some of them are listed in Table 2. The effectiveness of these biomarkers will be 
determined in the future.

Biochemical Markers
•	 Lipids: serum LDL cholesterol, LDL/HDL ratios, triglyceride levels, Lp (a), 27-OH-cholesterol, and 

apolipoprotein levels
•	 Inflammatory markers: high-sensitivity C-reactive protein (hsCRP), interleukin-6, tumor necrosis 

factor-alpha, and leukocyte count
•	 Adipokines (adiponectin, leptin, and retinol-binding protein-4 (RBP4)
•	 Endothelial P-selectin, ICAM, and VCAM
•	 Glucose tolerance markers: fasting glucose, insulin, HOMA-IR, IGF-1, and biomarkers of metabolic 

syndrome
•	 Matrix metalloproteinases
•	 Hemostatic markers: D-dimer, factor VIII, von Willebrand factor, homocysteine, fibrinogen, tissue fac-

tor pathway inhibitor, or acquired activated protein C resistance
•	 Sex hormone markers:  steroid hormone levels and globulin-binding sex hormone level
Genetic Markers
•	 Factor V Leiden
•	 Glycoprotein IIIa leu33pro
•	 Gene variants related to sex hormone biosynthesis, metabolism, and signaling
•	 Genome-wide association studies (GWAS) and exome sequencing for gene discovery
•	 Gene variants in the ABO blood group
•	 Polymorphisms of estrogen and progesterone receptors

Table 2: Selected biomarkers under consideration and investigation for HRT decision-making.  
Adapted from Manson, 2013 [25].
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Future of biomarkers: interpretation and application

Anticipation, yet uncertainty, surrounds the future of biomarkers. It is challenging to identify a single biomarker for a specific patho-
logical condition out of a field of hundreds and thousands of factors that interact with each other, even though biomarkers are vital in 
many areas of medicine [29]. The complexity of data analysis results in challenges when only a single biomarker is associated with a 
specific disease. A closer look at the data and identifying correlations between biomarkers, associated diseases, and outcomes in patient 
populations over time may produce effective identification and results. Conditionally dependent biomarkers can be compounded into a 
composite score and might prove to be better indicators than single biomarkers.

Those researchers and physicians actively pursuing the discovery of biomarkers are motivated by new developments in analytical 
technology and disease treatment, which keeps medical research striving to find the next “best” biomarker. However, the field is relatively 
new, and there are few regulations and industry standards in place to drive forthcoming validation and regulations. 

The fact that biomarkers cannot be designed and applied in a one-size-fits-all manner makes establishing regulations more compli-
cated than with more standardized bioanalyses. For the benefit of patients and the healthcare system at large, the scientific community 
must develop and implement uniform standards, guidelines, and protocols.

Innovations and technological advances drive the evolutions of biomarker research. In this field, technologies—such as multiplexed 
systems, ultrasensitive platforms, and miniaturized, automated systems—have proven invaluable [30]. Digital biomarkers have become 
an important tool to improve precision medicine and support clinical trials. Digital biomarkers are objective, quantifiable, physiological, 
and behavioral measures collected using digital devices that are portable, implantable, or digestible [31]. Health-related outcomes can be 
explained, influenced, or predicted using these specific and individualized health measures.

Specific technologies enable digital biomarkers to be measured longitudinally and continuously, while sharing the same clinical goals 
as traditional biomarkers. It is typically less invasive or non-invasive to measure digital biomarkers. Also, they are modular and cheaper, 
producing qualitative and quantitative measurements. The growing demand for data encourages the development of digital biomarkers 
that can provide information in real-time.

Biomarker research needs should address the challenge of integrating data from various interdisciplinary platforms rapidly and reli-
ably [32,33]. It is currently unconfirmed whether a biomarker panel that includes genes/transcripts, proteins, and metabolites is relevant. 
Thus, it is crucial to establish composite panels’ scientific and economic values, genes, and transcripts, compared to individual panels of 
genes, proteins, or metabolites. In the future, gene panels will be compared against protein panels and metabolite panels. 

Conclusion

Biomarkers are substances, structures, or processes measured in the body, influencing or predicting the incidence of outcome or 
disease. Biomarkers are more categorized explicitly as biomarkers of risk stratification, biomarkers for disease detection, diagnostic bio-
markers, prognostic biomarkers, and predictive biomarkers. 

Various and distinct technologies are employed to measure specific body fluids, cellular contents, tissue-based compositions, and 
other physiological measures; also, imaging techniques are applied. A biomarker may be a hormone, enzyme, glycoprotein, oncofetal 
antigen, receptor, or tumor change (such as a mutation, amplification, or translocation). Different biomarkers are identified in particular 
studies for the same or similar diseases or disorders.

Prognostic biomarker identification requires well-designed and executed retrospective studies—such as case-control studies and 
single-arm trials-with biospecimens taken prospectively from a cohort representing the target screening group. Clinical validation of 
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biomarkers confirms an association between the biomarker and its clinical validity. The purpose is to determine the clinical usefulness of 
the biomarkers, such as their sensitivity, specificity, and accuracy.

Targeted therapies are challenging to fulfill. Thus, clincians are increasingly requesting biomarker analyses to aid in more efficacious 
therapy choices. Common biomarkers, such as blood glucose, blood pressure, hormone level, and mineral level, can be identified by in-
office, in-clinic, or in-hospital laboratories. However, reference laboratories are typically used to generate biomarker panels, especially for 
rare or innovative biomarker analysis, thus assuring appropriate therapeutic regimes.

Despite its complex biological effects, hormone replacement therapy plays a vital role in determining treatment recommendations and 
regimes for many menopausal symptoms and conditions, such as cancer, diabetes, cognitive decline, and autoimmune disorders.

Biochemical markers include lipids, inflammatory (high-sensitivity C-reactive protein, interleukin-6, tumor necrosis factor-alpha, and 
leukocyte count), adipokines, endothelial (E-selectin, P-selectin, ICAM, and VCAM), glucose tolerance (fasting glucose, insulin, HOMA-IR, 
IGF-1, and metabolic syndrome), hemostatic (D-dimer, factor VIII, von Willebrand factor, homocysteine, fibrinogen, tissue factor pathway 
inhibitor, and acquired activated protein C resistance), matrix metalloproteinases, and sex steroid hormone levels (such as globulin-
binding sex hormone).

Genetic markers include factor V Leiden, glycoprotein IIIa leu33pro, gene variants (related to sex hormone biosynthesis, metabolism, 
and signaling), genome-wide association studies (GWAS), and exome sequencing (for gene discovery), gene variants (in the ABO blood 
group), and polymorphisms (of estrogen and progesterone receptors).

The field of biomarker research, interpretation, and application is relatively recent. Currently, there are limited but emerging regula-
tions. Nevertheless, there is a positive expectation of what future biomarker research will unveil and implement more specifically for trou-
bling symptoms and disorders particularly affecting females—the end goal of improving their health and enhancing their quality of life.
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