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[bookmark: _Toc210121355]Testosterone levels (total testosterone (TT) and calculated free testosterone (cFT)
	General characteristics
	Biomarker name
	Total Testosterone (TT); Calculated Free Testosterone (cFT)1,2

	
	Source
	Serum

	
	Purpose
	To assess androgen levels, diagnose hyper and hypogonadism 

	
	Unit of measurement
	TT: ng/dL or nmol/L; cFT: pg/mL or pmol/L

	
	First isolated/measured
	1935 by German chemists Adolf Butenandt and Leopold Ruzicka (independently); they received Nobel Prize in Chemistry (1939)3

	Measurement and acquisition
	Sample type and collection method
	Blood (serum), morning fasting sample preferred

	
	Measurement technique or assay
	TT: immunoassay; cFT: calculated via sex hormone-binding globulin and albumin levels (SHBG)
Liquid chromatography–tandem mass spectrometry (LC-MS/MS) preferred in persons with low TT levels4 (females, children, and transwomen)

	
	Measurement conditions
	Collected in early morning (8–10 AM); influenced by circadian rhythm (testosterone has a diurnal rhythm, with levels peaking in the early morning (~8–10 AM)
Standardizing the time of blood draw is critical
Fasting samples are preferred to minimize variability4

	
	Cost
	$55 (TT and cFT combined)5

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	TT: numerical values; cFT derived via Vermeulen equation6
Free Testosterone (mol/L) = [-b + sqrt (b2 +4a x T)] / 2a
Where:
a = kat + kt + (kat x kt) x (SHBG + Albumin – T)
b = 1 + kt x SHBG + kat x Albumin – (kat + kt) x T
kat = 3.6 x 104 L/mol; kt = 10 x 108 L/mol

T = testosterone in nmol/L; SHBG – in nmol/L; Albumin – in mg/dL;
Free Testosterone from mol/L to nmol/L, multiply by: 2.88 x 10-13 x 1.6 x 0.003448

	
	Reference range (normal/abnormal)
	Please see here1,5

	
	Age-specific interpretation
	Pubertal age: boys-TT rises sharply during puberty; girls small gradual rise during puberty; 
Young adulthood (20-40 y.o) TT: males peak level; females stable 
Males: gradual decline TT (~1% per year from 30s–40s onward); women: stable until menopause (~10–30% gradual decline from peak)
cFT raises and declines faster than TT1

	
	Clinical, functional relevance
	cFT clinically relevant more than TT in older adults and in conditions with altered SHBG (e.g., obesity, liver disease)7

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: TT and cFT are sensitive indicators of androgen deficiency /excess, particularly when symptoms are present (e.g., hypogonadism in males or hyperandrogenism in females). 
· LOQ = ≤0.5 ng/dL/ men with infertility or sexual dysfunction10

Specificity: affected by factors unrelated to androgen function (obesity, liver disease, thyroid dysfunction, medications)
TT by immunoassay show poor reproducibility, especially at low concentrations (e.g., in women or children), due to cross-reactivity and limited assay sensitivity. 
· AMR = 2-1200 ng/dL/ men with infertility or sexual dysfunction10
High reproducibility when measured via LC-MS/MS; cFT better reflects bioavailable hormone, especially when SHBG is altered
· CV ≤ 15%10; cut-off of 350 ng/dl should be used with LC-MS/MS for 2nd measurement11/ men with infertility or sexual dysfunction

	
	Limitations (variability, confounding)
	Affected by SHBG levels, age, and assay variability2,3,8, lifestyle factors, geography, genetics12

	
	Considerations for use (hormonal therapy, time of day)
	High in males, low in females; critical in hypogonadism (men), PCOS (women), target for hormone therapy in transgender

	
	Researchers’ Notes
	cFT clinically relevant more than TT in older adults and in conditions with altered SHBG (e.g., obesity, liver disease)7

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	Androgen status, male reproductive and metabolic health5



Abbreviations: cFT = calculated free testosterone; LC-MS/MS = liquid chromatography–tandem mass spectrometry; SHBG = sex hormone-binding globulin; TT = total testosterone
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[bookmark: _Toc210121356]Semen Quality Score (DI-SQ)
	General characteristics
	Biomarker name
	Sperm concentration and motility

	
	Source
	Semen analysis1

	
	Purpose
	To assess male’s fertility and reproductive capacity; general marker of testicular and epididymal function1

	
	Unit of measurement
	Concentration: million/mL of semen; motility: % motile sperm that move actively and progressively (important for reaching and fertilizing the egg)1

	
	First isolated/measured
	1677 by Antonie van Leeuwenhoek (Netherlands), reporting “animalcules” (sperm cells) in a letter to the Royal Society; first systematic semen analyses for medical evaluation/fertility-focused in the 1920s by Dr Robert S. Hotchkiss and Dr John MacLeod (USA)2

	Measurement and acquisition
	Sample type and collection method
	Via ejaculation 

	
	Measurement technique or assay
	Microscopy (manual) or computer-assisted semen analysis (CASA)1

	
	Measurement conditions
	2–7 days of sexual abstinence recommended before collection (optimal 2–5 days for best comparability)
Multiple semen samples (≥2) recommended, spaced at least 2–3 weeks apart, to confirm abnormal findings3
Keeping samples close to body temperature (~37°C) during transport
Delivery to lab ideally within 30–60 minutes4

	
	Cost
	$100–200 (basic); up to $300 (with CASA and advanced morphology)5

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	Comparisons to 2021 WHO criteria6

	
	Reference range (normal/abnormal)
	≥15 million/mL (concentration); ≥40% total motility

	
	Age-specific interpretation
	Highest in young adulthood; declines with age and comorbidities
Peak quality in young adulthood (around age 20–35)
Gradual decline after age 40:
· Decreased sperm concentration
· Reduced motility and progressive motility
· Increased sperm DNA fragmentation1,3

	
	Clinical, functional relevance
	Male-only biomarker; essential for fertility assessment
Direct assessment of male reproductive potential; low values are associated with subfertility or infertility

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: Low semen concentration and motility are sensitive indicators of male subfertility, when values fall below WHO thresholds7
· Highest for predicting pregnancy at DI-SQ score >110 = 35.8; for predicting life birth = 39.0 / sperm donors10
Specificity: Moderate; abnormal semen parameters correlate with subfertility but do not confirm infertility (some males with poor semen parameters conceive)
· As predictor of pregnancy: DI-SQ score >120 pre-freeze = 93.4, >120 post-thaw = 99.1, >115 pre-freeze = 71.7, >115 post-thaw = 92.4, >110 pre-freeze = 35.1, >110 post-thaw = 71.2 / sperm donors10
Reproducibility: Low without standardization and repeated testing; daily and cyclical fluctuations in sperm production
· CV (volume) = 36%, CV (density) = 63%, CV (count) = 69%, CV (motility) = 36%, CV (TMC) = 82%/ male youth at risk for infertility8

	
	Limitations (variability, confounding)
	Highly variable between samples from the same person (intra-individual variability); influenced by abstinence period, lifestyle, and temperature3

	
	Considerations for use (hormonal therapy, time of day)
	Temperature and handling can impact motility results if not promptly processed (within 1 hour)
Multiple semen samples (≥2) recommended for accurate assessment

	
	Researchers’ Notes
	Abnormal semen parameters correlate with subfertility but do not confirm infertility (some males with poor semen parameters conceive)9

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	Spermatogenesis, testicular function, male fertility



Abbreviations: CASA = computer-assisted semen analysis; DNA = deoxyribonucleic acid; WHO = World Health Organization; 
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[bookmark: _Toc210121357]Prostate Health Index
	General characteristics
	Measure’s name
	Prostate Health Index (PHI)1-3

	
	Source
	Serum

	
	Purpose
	To identify clinically significant prostate cancer and aid in distinguishing prostate cancer from benign prostatic conditions1-3

	
	Unit of measurement
	PHI composite score combining total PSA, free PSA, and [-2]proPSA

	
	First isolated/measured
	Beckman Coulter Inc., a US-based diagnostics company; the PHI test was first introduced in Europe in 2010, where it became available for clinical use. In the US, the Food and Drug Administration (FDA) approved PHI in June 20123,4

	Measurement and acquisition
	Sample type and collection method
	Serum sample; avoid ejaculation for 48 hours before testing; analyzed via immunoassay

	
	Measurement technique or assay
	Combination of total PSA, free PSA, and [-2]proPSA


	
	Measurement conditions
	Collected in early morning (8–10 AM) in fasting condition; influenced by circadian rhythm

	
	Cost
	$72-1305

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	PHI = ([−2]proPSA / free PSA) × √total PSA

	
	Reference range (normal/abnormal)
	PHI >40 indicates elevated prostate cancer risk6,7

	
	Age-specific interpretation
	Male-specific; most relevant for males >50; PSA and PHI levels increase with age due to BPH4

	
	Clinical, functional relevance
	Used to assess prostate cancer risk; informs biopsy decisions; reduces false positives from benign prostate changes

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: PHI 24 or greater = 91.8% (validation sample)/ biopsy naïve males12
Specificity: Higher than PSA alone
· PHI 24 or greater = 30% (validation sample)/ biopsy naïve males12
Reproducibility: Good with commercial kits

	
	Limitations (variability, confounding)
	Cost; influenced by benign prostate conditions, genetic polymorphism8,9

	
	Considerations for use (hormonal therapy, time of day)
	Hormonal therapy can significantly impact PSA levels and should be taken into account when interpreting PHI results10.
PSA has a rhythm based on the time of the day i.e., a diurnal rhythm; therefore, blood tests need to be collected in the morning10

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	Prostate epithelial activity; androgen-dependent tissue changes


Abbreviations: AR= androgen receptor; (f)PSA= (free) prostate-specific antigen; [-2]proPSA = [-2] Proenzyme Prostate-Specific Antigen; LC-MS/MS = liquid chromatography–tandem mass spectrometry
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[bookmark: _Toc210121358]Serum Androgens & Androgen Receptors Function
	General characteristics
	Biomarker name
	Serum androgens (e.g., androstenedione); androgen receptor (AR) function1

	
	Source
	Serum (for hormones); PBMCs/tissues (for receptor)

	
	Purpose
	To evaluate hormone levels and support diagnosis of hormonal imbalance (e.g., hypogonadism, PCOS); informs hormone therapy and fertility assessment
Androgen receptor resting is to assess the function and sensitivity of androgen receptors, which are proteins that bind to androgens and regulate their effects1

	
	Unit of measurement
	Hormones: ng/dL or nmol/L; AR: expression levels (relative)2

	
	First isolated/measured
	1960s by Wilson & Greep (USA) functional discovery of AR; AR isolation and binding studies followed (1970-80s); 1988/89 cloning of human AR gene McPhaul, Zhou et al. (USA, UK)2,3

	Measurement and acquisition
	Sample type and collection method
	Blood for LC-MS/MS hormone testing; tissue or PBMCs for AR expression via RT-qPCR or immunoblotting
Morning collection
Fasting
Assay consistency
Tissue source matters4,5

	
	Measurement technique or assay
	Liquid Chromatography–Tandem Mass Spectrometry (LC-MS/MS) 

	
	Measurement conditions
	NR

	
	Cost
	$500- $990 (combined androgen panel + AR sensitivity analysis)6,7

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	Absolute values and relative gene/protein expression1

	
	Reference range (normal/abnormal)
	Context-dependent; varies with age and condition
Normal values, all age groups: dehydroepiandrosterone sulphate in males- 270-1070 ng/dl; 17-hydroxyprogesterone in females - 15-70 ng/dl8

	
	Age-specific interpretation
	Androgen levels decline with age in both sexes; interpretation depends on age-adjusted norms6

	
	Clinical, functional relevance
	Insight into systemic and tissue-specific androgen activity; used to investigate androgen resistance, androgen-sensitive cancers, and in some cases, to understand the genetic basis of individual responses to androgen1,3

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: 0.48 at cutoff point in 19 rpt sequences (CAG19)/ Mexican men9
Specificity: Androgens via LC-MS/MS are accurate
· 0.70 at cutoff point in 19 rpt sequences (CAG19)/ Mexican men9
Reproducibility: AR expression requires tissue or PBMCs and is less standardized

	
	Limitations (variability, confounding)
	Technical demands; receptor expression is tissue-dependent10

	
	Considerations for use (hormonal therapy, time of day)
	Morning collection, fasting, androgen levels vary with age and condition11

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	Includes serum androgens (e.g., DHT, androstenedione) and AR gene/protein expression; relevant for endocrine and developmental research on systemic androgen levels and tissue-specific androgen responsiveness



Abbreviations: AR= androgen receptor; DHT = dihydrotestosterone; LC-MS/MS = liquid chromatography - tandem mass spectrometry; PBMC = peripheral blood mononuclear cells
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[bookmark: _Toc210121359]Gene Expression in Peripheral Blood Mononuclear Cells (PBMCs) (Sex-Differentiated Panel)
	General characteristics
	Biomarker name
	Sex-differentiated gene expression score in PBMCs

	
	Source
	Peripheral blood mononuclear cells (PBMCs)

	
	Purpose
	Transcriptomic profiling of sex-linked genes in peripheral blood mononuclear cells; used in research on immunity, hormones, and sex differences

	
	Unit of measurement
	Fold change, normalized expression values1,2

	
	First isolated/measured
	Since 2000s started to report sex-based differences in immune responses, suggesting that hormonal and genetic factors might influence gene expression in immune cells3

	Measurement and acquisition
	Sample type and collection method
	Blood sample processed for PBMCs; RNA extracted and analyzed by RNA-seq, microarray, or RT-qPCR; time-of-day matched sampling preferred
Timing, RNA preservation, batch control, normalization methods

	
	Measurement technique or assay
	RNA-seq ($300–500); RT-qPCR (~$200–300 for small panels)

	
	Measurement conditions
	Collected in early morning (8–10 AM); influenced by circadian rhythm

	
	Cost
	$400–800 (depending on method and panel size)

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	Composite or gene-specific scores; normalized gene expression values (e.g., fold change or composite scores); dependent on platform

	
	Reference range (normal/abnormal)
	Gene expression patterns differ between sexes due to sex chromosomes, hormonal, and immune system differences

	
	Age-specific interpretation
	Expression patterns vary with developmental stage, puberty, aging, and immune status

	
	Clinical, functional relevance
	Allows to study immune and hormonal activity, with broad relevance for biomarker development and the study of sex-based molecular signatures associated with: autoimmune diseases (e.g., lupus, multiple sclerosis); chronic inflammatory conditions; sepsis and systemic infections
Gene expression changes in PBMCs can indicate early response to immunotherapy, steroid treatment, or antiviral therapy

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: High
· 85% at score threshold of 14.75 (disease likelihood 20%); neg predictive value = 83%/ non-diabetic obs CAD patients8
Specificity: panel-dependent
· 43% at score threshold of 14.75 (disease likelihood 20%); pos predictive value = 46%/ non-diabetic obs CAD patients8
Reproducibility: requires stringent RNA handling and normalization; depends on RNA quality, method, and batch control
· CV MSE = 0.00613 (SD 0.00051)9

	
	Limitations (variability, confounding)
	Requires specialized lab infrastructure, high-quality RNA, and bioinformatics expertise4,5
Interpretation challenges due to circadian, lifestyle, and medication influence6,7

	
	Considerations for use (hormonal therapy, time of day)
	Broad systemic profile of sex-related expression
Relevance for sex-linked research; expression patterns vary with developmental stage, puberty, aging, and immune status6,7

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	Sex-differentiated immune activity, hormone receptor signaling pathways


Abbreviations: PBMC = peripheral blood mononuclear cells; RNA = ribonucleic acid; RNA-seq = RNA sequencing; RT-qPCR = reverse transcription quantitative polymerase chain reaction
References
1. Baechler EC. Batliwalla FM. Karypis G, et al. Expression levels for many genes in human peripheral blood cells are highly sensitive to ex vivo incubation. Genes Immun. 2004;5:347–353. doi: 10.1038/sj.gene.6364098. [DOI] [PubMed] [Google Scholar]
2. An Analysis of Blood Processing Methods to Prepare Samples for GeneChip Expression Profiles (Technical Note) http://media.affymetrix.com/support/technical/technotes/blood_technote.pdf
3. Nong L, Newton C, Friedman H, Klein TW. CB1 and CB2 receptor mRNA expression in human peripheral blood mononuclear cells (PBMC) from various donor types. Adv Exp Med Biol. 2001;493:229-33. doi: 10.1007/0-306-47611-8_27. PMID: 11727770.
4. Boyanton BL., Jr. Blick KE. Stability studies of twenty-four analytes in human plasma and serum. Clin Chem. 2002;48:2242–2247
5. Barnes MG, Grom AA, Griffin TA, Colbert RA, Thompson SD. Gene Expression Profiles from Peripheral Blood Mononuclear Cells Are Sensitive to Short Processing Delays. Biopreserv Biobank. 2010 Sep 29;8(3):153-162. doi: 10.1089/bio.2010.0009. PMID: 21743826; PMCID: PMC3129811.
6. Boivin DB, James FO, Wu A, Cho-Park PF, Xiong H, Sun ZS. Circadian clock genes oscillate in human peripheral blood mononuclear cells. Blood. 2003 Dec 1;102(12):4143-5. doi: 10.1182/blood-2003-03-0779. Epub 2003 Jul 31. PMID: 12893774.
7. Moldovan L, Anghelina M, Kantor T, Jones D, Ramadan E, Xiang Y, et al. (2014) A Module of Human Peripheral Blood Mononuclear Cell Transcriptional Network Containing Primitive and Differentiation Markers Is Related to Specific Cardiovascular Health Variables. PLoS ONE 9(4): e95124. https://doi.org/10.1371/journal.pone.0095124
8. Rosenberg, et al; Multicenter Validation of the Descriptive Accuracy of a Blood-Based Gene Expression Test for Assessing Obstructive Coronary Artery Disease in Nondiabetic Patients. Ann Intern Med.2010;153:425-434. [Epub 5 October 2010]. doi:10.7326/0003-4819-153-7-201010050-00005 
9. Qu, H. Q., Glessner, J. T., Kao, C., & Hakonarson, H. (2025). Data-informed insights into sex differences in peripheral blood mononuclear cells from single-cell transcriptomics. Genes & diseases, 12(5), 101525. https://doi.org/10.1016/j.gendis.2025.101525 

[bookmark: _Toc210121360]Dehydroepiandrosterone Sulfate (DHEAS) Levels
	General characteristics
	Biomarker name
	Dehydroepiandrosterone Sulfate (DHEAS)

	
	Source
	Serum

	
	Purpose
	Assess adrenal gland function for disorder, tumor dx

	
	Unit of measurement
	Serum2

	
	First isolated/measured
	Dehydroepiandrosterone (DHEA) was first isolated in 1934 by Adolf Butenandt, who went on to receive the Nobel Prize in 1939 for his “work on sex hormones”1. In 1944, Munson, Gallagher, and Koch isolated the sulfated form of DHEA, dehydroepiandrosterone sulfate (DHEAS)1.

	Measurement and acquisition
	Sample type and collection method
	Blood extracted to measure as serum through high-performance liquid chromatography-tandem mass spectrometry (LC-MS/MS)2

	
	Measurement technique or assay
	Measured in unconjugated and conjugated forms2: 
· Unconjugated: underwent extraction with hexane followed by derivatization with hydroxylamine
· Conjugated: liquid-liquid extraction, performed in one step
Also measured in a chemiluminescent competitive binding immunoenzymatic assay3. 

	
	Measurement conditions
	DHEAS donors were considered ineligible if they reported the use of oral contraceptives, hormone supplements, or menopausal hormone therapy within 3 months of blood drawn2.

	
	Cost
	$69

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	Quantified in both unconjugated and conjugated forms with stable isotope dilution LC-MS/MS, from which calibration curves for both forms (unconjugated and conjugated) were extracted and analyzed with high performance liquid chromatography-electrospray ionization tandem mass spectrometry (HPLC-ESI-MS)2.


	
	Reference range (normal/abnormal)
	Context dependent; DHEA and DHEAS levels increase leading to puberty, then steadily decline with age in both sexes1

	
	Age-specific interpretation
	Levels vary with developmental stage, puberty, and aging in both sexes1

	
	Clinical, functional relevance
	Clinical guidelines of autonomous cortisol secretion (ACS) diagnosis recommend measuring serum concentrations of DHEAS (and corticotropin, ACTH)3

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: LOQ = 0.05 ng/mL2
Specificity: High2
· Avg accuracy = 105%
Reproducibility: High2
· CV = <5%3, ICC = >99%2

	
	Limitations (variability, confounding)
	Small sample sizes in existing validation studies, variations in assays and cutoffs3

	
	Considerations for use (hormonal therapy, time of day)
	Morning collection, fasting, androgen lvls vary with age and conditions4

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	The adrenal androgens DHEA and DHEAS begin increasing in children at around 6-8 years, in a period referred to as adrenarche1. This process is accompanied by pubarche, or the clinical development of pubic hair1. DHEA and DHEAS levels steadily rise until the developmental stage puberty, at which point they peak (2nd-3rd decade of life)1. The levels begin a progressive decline of 2%-5% per year following the onset of puberty1. 
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[bookmark: _Toc210121361]Sex Hormone Binding Globulin (SHBG) Levels
	General characteristics
	Biomarker name
	Sex Hormone Binding Globulin (SHBG)

	
	Source
	Serum1

	
	Purpose
	Assess reasons for abnormal testosterone levels1

	
	Unit of measurement
	Free testosterone circulating in the blood1

	
	First isolated/measured
	First isolated by Mercier et al in 19665

	Measurement and acquisition
	Sample type and collection method
	Blood sample (serum)1

	
	Measurement technique or assay
	4 methods have been used to measure SHBG3:
· Immulite 2000
· Solid-phase, two-site chemiluminescent immunoassay
· COBAS e411
· Automated immunochemiluniscence assay 
· Mayo Laboratory mass spectrometry: IAL SHGB assay
· Assay involving the immunoextraction of SHGB, trypin digestion into peptides, and mass spectrometric (MS) quantitation of IAL peptide
· Mayo Laboratory mass spectrometry: SISCAPA SHGB assay
· Involves trypsin whole serum digestion, IAL peptide immune extraction, and MS quantitation of IAL peptide

	
	Measurement conditions
	NR

	
	Cost
	$50-$150

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	Log regression of SHGB estimates on epidemiological, metabolic, and cytokinetic parameters3

	
	Reference range (normal/abnormal)
	Influenced by geographic, ethnic, and genetic factors, as well as factors surrounding gender, age, exercise, and endocrine3

	
	Age-specific interpretation
	Age-dependent testosterone decreases have been linked with concomitant increases in SHBG4

	
	Clinical, functional relevance
	SHBG testing is most often used to provide useful information regarding the functioning of testosterone in the adult body1:
· Adult males with symptoms potentially caused by too little testosterone
· Adult females with symptoms that may be linked to overly high testosterone

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: 0.656 w cutoff point at 26.75/ Chinese women with PCOS2
Specificity: 0.698 with cutoff point 26.75/ Chinese women with PCOS2
Reproducibility: COBAS e411 CLIA with sandwich method: Intra-assay CVs are 2.1%, 2.4%, and 2.7% at 14, 44, and 204 nmol/L, respectively. Inter-assay CVs are 2.7% at 14 nmol/L and 5.6% at 204 nmol/L/ healthy men3

	
	Limitations (variability, confounding)
	Varies diurnally, with age and condition4

	
	Considerations for use (hormonal therapy, time of day)
	Peaks in afternoon hour4

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	The SHBG protein binds to sex hormones in the blood circulation to regulate their activity—when SHBG binds these hormones, they are unusable by the body tissues1,2. Studies have shown evidence for the capacity of SHBG levels as predictors of individuals at higher risk of developing type 2 diabetes mellitus (T2DM), hypertension, and metastasis2. Further, SHBG is also thought to positively contribute to the metabolic pathways in the human body2. 
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[bookmark: _Toc210121362]Free Androgen Index
	General characteristics
	Biomarker name
	Free androgen index (FAI)

	
	Source
	Blood samples drawn in the first week of the menstrual cycle1

	
	Purpose
	Assessing the circulating testosterone availability in female hirsutism

	
	Unit of measurement
	The ratio between total testosterone (TT) and sex hormone binding globulin (SHBG)1;
FAI = TT/SHBG

	
	First isolated/measured
	FAI was initially introduced in the early 1980s to assess the testosterone in females with hirsutism. 

	Measurement and acquisition
	Sample type and collection method
	Blood sample1

	
	Measurement technique or assay
	Total testosterone measured in literature using 2 methods1,2:
· Solid-phase competitive chemiluminescent enzyme immunoassay1
· RIA after column chromatography2

SHBG measured in literature using 3 methods1,2:
· Radioimmunoassay1
· IRMA (Esoterix Endocrinology)2
· RIA (Diagnostic Systems Laboratory)2

	
	Measurement conditions
	Blood drawn during first week of menstrual cycle1

	
	Cost
	Depends on TT and SHBG costs

	Scoring, interpretation, reference ranges
	Scoring method, quantification
	FAI was calculated by Sağsak et al. (2021) according to the formula: [total testosterone (nmol/L)/SHBG (nmol/L)] × 1001. Total testosterone was measured in ng/dL, so ng/dL was converted to nmol/L (ng/dL × 0.03470: nmol/L)1

	
	Reference range (normal/abnormal)
	For women aged 12-21 years1:
· FAI < 3.45 = healthy 
· FAI > 6.15 = should be evaluated for PCOS

	
	Age-specific interpretation
	FAI negatively correlates with age1

	
	Clinical, functional relevance
	Increasingly used to diagnose patients with hyperandrogenism1

	Critical Appraisal 
	Strengths (sensitivity, specificity, reproducibility)
	Sensitivity: 90% at cut-off value 3.45, 89% at cut-off 6.15/ adolescent females with PCOS1
Specificity: 84% at cut-off value 3.45, 77% at cutoff 6.15/adolescent females with PCOS1
Reproducibility: CV = 20.5%/ healthy and androgen deficient women2

	
	Limitations (variability, confounding)
	Poor correlation with FT at low levels, relies on accuracy of TT and SHBG3

	
	Considerations for use (hormonal therapy, time of day)
	Can only be used in females since SHBG binding capacity must exceed testosterone concentration; morning collection, fasting, androgen levels vary with age and condition4

	Biological attributes captured
	Sex-linked biological trait (reproductive function, androgyny, etc.)
	NR (See: TT and SHBG description tables)
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