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95% limits of the log-transformed values 
of at least 120 rigorously screened 
euthyroid volunteers with:
No detectable thyroid autoAb 
No history of thyroid dysfunction
No visible or palpable goiter
No medications (except estrogen)

TSH reference 
intervals
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AACE Clinical Practice Guidelines 
for the Diagnosis and Management of Thyroid Nodules 1996

A sensitive TSH assay should 
be done
T4 and T3 levels may be 
helpful
Anti-TPO and antiTg levels 
are helpful



 

2.5.1. Assessment of Thyroid Function 
Measurement of the serum TSH 
concentration is the single most useful 
laboratory test in the initial evaluation 
of thyroid nodules because of the high 
sensitivity of the before TSH assay



 



 

TSH “FIRST 
TESTING” 
STRATEGY 

TSH “FIRST 
TESTING” 
STRATEGY



 



 



 



 



 



 



 

Is there a cut-off 
for TSH? 

Is there a cut-off 
for TSH?



 

Lower TSH 
reference limit 

Lower TSH 
reference limit

There is general agreement 
that it lies between

0.2-0.4 mU/L
Canaris 2000
Parle 2001
Warren 2004



 

2.5 mU/L2.5 mU/L



 

3 mU/L3 mU/L



 

4.2 mU/L4.2 mU/L



 

Although our panel  supports routine 
screening, the consensus panel did not; 
until additional information is available, 

we will just have to agree to disagree on 
this matter.



 



 

TSH value between 2 and 
4 mU/l as abnormal…, is 

probably doing more 
harm than good.



 

More judgment is required until 
more definitive data are 

available for the management 
of pts with TSH values between 

2.5 and 5.0 mU/L

Grey AreaGrey Area



 

“Cascade”/ 
Reflex TSH 
“Cascade”/ 
Reflex TSH



 

“Cascade”/Reflex TSH
TSHTSH

> R.I.> R.I.< R.I.< R.I. REFERENCE INT.REFERENCE INT.

fT4fT4
fT4
TPO
fT4fT4
TPOTPOfT3fT3



 

Automated algorithm
Single patient access 
All the test with a single sample
The patient/NHS will pay only 

the carried out tests
No delay in report

“Cascade”/Reflex TSH“Cascade”/Reflex TSH



 



 



 Thyroid tests requested for 
outpatients in summer 1995
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Traditional TSH testingTraditional TSH testing
Higher risk of false positive/ 
clinically not important results
Longer (sequential) reporting 
time 
Higher overall cost
No clinical benefit for patient
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ConclusionsConclusions
Rational and appropriate
Quality of service maintained
No further trouble for patients
Follows international excellence 
endocrinology centers



 

Thanks:

Paolo Moghetti Romolo M Dorizzi
Flavia Tosi Paolo Rizzotti
Giovanna Spiazzi
Michele Muggeo
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Survey results

Not clear Misclassification

Diagnosis delay Add FT4



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



TSH Reference Range ControversyTSH Reference Range Controversy

George G. Klee, M.D., Ph.D.George G. Klee, M.D., Ph.D.
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Reference Range For TSHReference Range For TSH

•• TSH is LogTSH is Log--normally distributed normally distributed 
•• The 95% range for TSH is ~0.3 The 95% range for TSH is ~0.3 -- 5.0 mIU/L5.0 mIU/L
•• When patients with goiter, family history and When patients with goiter, family history and 

positive TPO antibodies are excluded, the positive TPO antibodies are excluded, the 
range in the literature is ~ 0.3 to 3.0 mIU/Lrange in the literature is ~ 0.3 to 3.0 mIU/L

•• A reference range of 0.3 to 3.0 mIU/L would A reference range of 0.3 to 3.0 mIU/L would 
cause a four fold increase in number of  cause a four fold increase in number of  
abnormal cases abnormal cases 



Frequency Distribution of TSH ValuesFrequency Distribution of TSH Values
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TSH in Patients Without Clinical TSH in Patients Without Clinical 
Record of Thyroid DiseaseRecord of Thyroid Disease

MalesMales FemalesFemales
Age, years           <50    50Age, years           <50    50--70    >70       <50    5070    >70       <50    50--70   >7070   >70
TSH >5.0 mIU/L   2.9%    3.5%    6.5%    3.1       5.4      7.7TSH >5.0 mIU/L   2.9%    3.5%    6.5%    3.1       5.4      7.7

TSH >3.0 mIU/L 14.1%  16.6%  24.7%  15.3     22.8    29.2TSH >3.0 mIU/L 14.1%  16.6%  24.7%  15.3     22.8    29.2

Fold Increase       4.9        4.7       3.8       4.9       4.2Fold Increase       4.9        4.7       3.8       4.9       4.2 3.83.8



TSH Reference Range ControversyTSH Reference Range Controversy

•• The choice of The choice of ““NormalNormal”” Reference Range can Reference Range can 
substantially effect the number of patients targeted substantially effect the number of patients targeted 
for for thyroxinethyroxine replacement therapy.replacement therapy.

•• Clinical Thyroid Examination and Thyroid Clinical Thyroid Examination and Thyroid 
Ultrasound, as well as Thyroid antibody Ultrasound, as well as Thyroid antibody 
measurements, may be needed to define range.measurements, may be needed to define range.

•• Randomized Clinical trials may be needed to Randomized Clinical trials may be needed to 
determine efficacy of determine efficacy of thyroxinethyroxine treatment at lower treatment at lower 
TSH levels.TSH levels.



A TSHA TSH--Driven Ordering Cascade for Driven Ordering Cascade for 
Thyroid Function TestingThyroid Function Testing

George G. Klee, M.D., Ph.D.George G. Klee, M.D., Ph.D.
Mayo ClinicMayo Clinic

Rochester, Minnesota, USARochester, Minnesota, USA



Classification of Thyroid DisordersClassification of Thyroid Disorders 
Modified from NACBModified from NACB--Practice Guideline (Thyroid 13:3Practice Guideline (Thyroid 13:3--126, 2003)126, 2003)



Relationship of Free T4 with TSHRelationship of Free T4 with TSH



Thyroid Function Thyroid Function 
Testing Cascade Goals:Testing Cascade Goals:

• Reduce turnaround time for follow-up tests
• Reduce number of concurrent orders for 

sTSH, FT4, T3, and TPO antibody
• Encourage sTSH-based biochemical thyroid 

evaluations
• Provide a more uniform follow-up of cases 

with abnormal sTSH



Thyroid Function Testing CascadeThyroid Function Testing Cascade

<0.1 >5.0<0.3 0.3-5.0

Borderline 
Hyperthyroid

FT4 FT4 & TPO
Antibody

Sensitive TSH (mIU/L)

No further 
thyroid 
tests

Biochemically 
Euhyroid

CM169012-22

FT4 & T3

Hypothyroid 
Suspect

Hyperthyroid    
Suspect



ThyroidThyroid Function Testing Cascade Test Function Testing Cascade Test 
Request FormRequest Form

Thyroxine, free (FT4)
sTSH

Thyroperoxidase (TPO) antibody
T3 assay
sTSH with FT4, T3, and TPO 
antibody when indicated

CM169012-29

Thyroxine, total (TT4)



January to June 2006 Ordering Patterns:January to June 2006 Ordering Patterns: 
Mayo Clinic versus Mayo Medical LabMayo Clinic versus Mayo Medical Lab

•• Mayo Clinic:Mayo Clinic:
–– 29,424 TSH29,424 TSH
–– 24,701 Cascade24,701 Cascade

Cascade orders =Cascade orders =

45.6%45.6%

•• Mayo Medical Lab:Mayo Medical Lab:
––2963 TSH2963 TSH
–– 908 Cascade908 Cascade

Cascade orders =Cascade orders =

23.5%23.5%



Mayo Thyroid CascadeMayo Thyroid Cascade--Test DistributionsTest Distributions

58%    Female  58%    Female  -- Median Age 59 yearsMedian Age 59 years
42%    Male      42%    Male      -- Median Age 63 yearsMedian Age 63 years

12.7%      TSH  > 5.0 12.7%      TSH  > 5.0 mIUmIU/L/L
4.4%      TSH  < 0.3 4.4%      TSH  < 0.3 mIUmIU/L/L

82.9%      TSH   0.3 82.9%      TSH   0.3 -- 5.0 mIU/L5.0 mIU/L



Distribution of TPO Antibody inDistribution of TPO Antibody in 
Patients with TSH >10 mIU/LPatients with TSH >10 mIU/L

•• 6122 Patients with TSH  > 10 mIU/L6122 Patients with TSH  > 10 mIU/L

•• 2867 2867 (46.8%)(46.8%) had had Positive Positive TPO AntibodyTPO Antibody

•• 3255 3255 (53.1%)(53.1%) had had NegativeNegative TPO AntibodyTPO Antibody



Distribution of TSH inDistribution of TSH in 
Patients with Negative TPO AntibodyPatients with Negative TPO Antibody

28,025 Patients with Negative TPO Antibody28,025 Patients with Negative TPO Antibody
–– 3,255 3,255 (11.6%) (11.6%) hadhad TSH > 10 mIU/L InitiallyTSH > 10 mIU/L Initially

11,126 Patients with NEG TPO & TSH<10 , 11,126 Patients with NEG TPO & TSH<10 , 
had followhad follow--up TSH measurementsup TSH measurements

–– 1,095 1,095 (9.8%)(9.8%) developed developed TSH >10 in 5 yearsTSH >10 in 5 years

•• RISK of TSH > 10 mIU/L with NEG TPO =1:10RISK of TSH > 10 mIU/L with NEG TPO =1:10



Distribution of TSH inDistribution of TSH in 
Patients with Positive TPO AntibodyPatients with Positive TPO Antibody

12,603 Patients with Positive TPO Antibody12,603 Patients with Positive TPO Antibody
–– 2,867 2,867 (22.7%) (22.7%) hadhad TSH > 10 mIU/L InitiallyTSH > 10 mIU/L Initially

5,541 Patients with Initial POS TPO & TSH<10 5,541 Patients with Initial POS TPO & TSH<10 
had followhad follow--up TSH Measurementsup TSH Measurements

–– 1,050 1,050 (18.9%)(18.9%) developed developed TSHTSH >10 in 10 years>10 in 10 years

•• RISK of TSH > 10 mIU/L with POS TPO = 1:5RISK of TSH > 10 mIU/L with POS TPO = 1:5



Effect of TPO on Risk of  TSH > 10 mIU/LEffect of TPO on Risk of  TSH > 10 mIU/L

•• At Time of Initial Measurement:At Time of Initial Measurement:
•• 11.6 % had TSH > 10 11.6 % had TSH > 10 mIUmIU/L /L 

when TPO  antibody is Negativewhen TPO  antibody is Negative
•• 22.7 % had TSH >10 22.7 % had TSH >10 mIUmIU/L/L

when TPO  antibody is Positivewhen TPO  antibody is Positive
•• In Subsequent 10 years:In Subsequent 10 years:

•• 9.8% Develop TSH >10 9.8% Develop TSH >10 mIUmIU/L if TPO Negative /L if TPO Negative 
•• 18.9% Develop TSH >10 18.9% Develop TSH >10 mIUmIU/L if TPO Positive/L if TPO Positive



Effect of Thyroid Cascade on Patient CareEffect of Thyroid Cascade on Patient Care

•• More TPO antibody tests are measuredMore TPO antibody tests are measured
•• More T3 tests are measuredMore T3 tests are measured
•• Many patients (especially men) with Many patients (especially men) with 

positive TPO antibody and elevated positive TPO antibody and elevated 
TSH have thyroid replacement therapy TSH have thyroid replacement therapy 
prescribed by their physiciansprescribed by their physicians



TPO Antibody Status in 6802 TPO Antibody Status in 6802 
Patients with Serum TSH 5Patients with Serum TSH 5--10 mIU/L10 mIU/L

19%

27%
54%

Positive TPO

Neg  TPO

TPO not done



Effect of TPO Antibody Status on Decision Effect of TPO Antibody Status on Decision 
to Initiate Thyroxine Therapy (TSH 5to Initiate Thyroxine Therapy (TSH 5--10)10)
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done



Effect of Gender and TPO ATB on Effect of Gender and TPO ATB on 
Decision to Treat For TSH 5Decision to Treat For TSH 5--10 mIU/L10 mIU/L

AntiAnti--TPO AntibodyTPO Antibody
GenderGender PositivePositive NegativeNegative
FemalesFemales 45%45% 18%18%
MalesMales 61%61% 27%27%



Thyroid Cascade SummaryThyroid Cascade Summary

• TSH-First Testing works well for most patients.
• FT4 is less sensitive than TSH for early 

changes, but this test provides additional 
information when TSH is abnormal.

• Thyroperoxidase (TPO)  antibodies correlate 
with risk of elevated of TSH and with the 
decision to treat.



Thyroid CascadeThyroid Cascade-- RecommendationsRecommendations

•• TSHTSH--High Cascade to High Cascade to ThyroperoxidaseThyroperoxidase antibody antibody 
test is mainly useful for thyroid disease casetest is mainly useful for thyroid disease case-- 
finding.  Therefore, separate cascades may be finding.  Therefore, separate cascades may be 
better for better for casecase--findingfinding versus versus thyroid monitoringthyroid monitoring..

•• TSHTSH--Low Cascade to T3 for cases with normal Low Cascade to T3 for cases with normal 
FT4 identifies few cases with T3FT4 identifies few cases with T3--Toxicosis.  Toxicosis.  
Therefore, we recommend not cascading to FT3 Therefore, we recommend not cascading to FT3 
unless TSH unless TSH <<0.1 mIU/L and FT4 is normal.0.1 mIU/L and FT4 is normal.



The Renin–Angiotensin–Aldosterone System 

Aldosterone binds
 

to
 a cytosolic

 
receptor

 (Mineralocorticoid 
Receptor, MR) in the 
principal

 
cell

 
and 

stimulates
 

sodium
 reabsorption

 
across

 the luminal 
membrane through a 
well-defined

 
sodium

 channel. 

Palmer

 

M, N Eng

 

J Med; 2004 351:585 



Aldosterone

Epithelial actions:
Kidneys 
•reabsorption of sodium   and 
water; 
•excrection of potassium;
Colon, sweat and  salivary

 glands
•reabsorption

 
of sodium

•excrextion
 

of potassium

Nonepithelial actions:
Cardiovascular

 
system

•stimulates perivascular and interstitial 
cardiac fibrosis;
•promotes collagen deposition

 
in blood

 vessels; 
•modulates

 
vascular

 
tone;

CNS
•effects

 
?

Aldosterone: Epithelial and Nonepithelial Effects



The prevalence
 

of primary
 

aldosteronism has
 increased

 
since:

 the  Plasma aldosterone (PAC)/plasma renin 
activity (PRA) ratio has been accepted as a 
screening test for PA

 it has been recognized that most patients with PA 
are not hypokalemic

Prevalence of Primary 
Aldosteronism 



•
 

How
 

common is
 

PA?
•

 
Which patients should

 
be

 
screened

 
for

 
PA?

•
 

Which are the most common causes of PA?
•

 
How PA can be diagnosed ?

•
 

How should the clinician distinguish between the 
different causes of PA? 

•
 

What is the best treatment for PA?

Common questions



•
 

Patients
 

with
 

spontaneous
 

or unprovoked
 hypokalemia, especially

 
if

 
the patient

 
is

 
also

 hypertensive
•

 
Patients

 
who

 
develop

 
severe and/or persistent

 hypokalemia
 

in the setting
 

of low-to-moderate
 doses

 
of potassium-wasting

 
diuretics

•
 

Patients
 

with
 

refractory
 

hypertension
•

 
In hypertensives with a family history

 
of 

hypertension or stroke
 

at young age
 

(< 50 ys)
•

 
Patients

 
with

 
an

 
adrenal

 
incidentaloma

 
and 

hypertension

Which patients should be screened 
for primary aldosteronism?



Clinical characteristics of patients 
with PA 

–
 

Hypertension is almost invariable
–

 
Muscular

 
weakness

–
 

Abdominal distension
–

 
Ileus from hypokalemia

–
 

Findings related to complications of 
hypertension 

–
 

not edema despite the volume-expanded state 
due to spontaneous natriuresis and diuresis

 (aldosterone escape) that
 

appears
 

to
 

be
 mediated

 
by

 
atrial

 
natriuretic

 
peptide. 



AldosteroneAldosterone--producingproducing
 

adenoma (APA)adenoma (APA) 45 %

BilateralBilateral
 

adrenaladrenal
 

hyperplasiahyperplasia
 

or or idiopathicidiopathic
 hyperaldosteronismhyperaldosteronism

 
(IHA)(IHA)

50 %

UnilateralUnilateral
 

hyperplasiahyperplasia
 

or or primaryprimary
 

adrenaladrenal
 hyperplasiahyperplasia

<2 %

Aldosterone Aldosterone producingproducing
 

carcinomacarcinoma 1 %

FamilialFamilial
 

hyperaldosteronismhyperaldosteronism
TypeType

 
I (I (glucocorticoidglucocorticoid--remediableremediable

 aldosteronism: GRA)aldosteronism: GRA)
Type II (aldosteroneType II (aldosterone--producing adenoma or producing adenoma or 
idiopathic idiopathic hyperaldosteronismhyperaldosteronism))

<2 %

<2 %

Causes of primary aldosteronism

adrenal



How is primary aldosteronism 
diagnosed? 

Screening tests
Morning blood sample in seated ambulant patient for 
K+
Plasma renin activity (PRA)
Plasma aldosterone concentration (PAC)
PAC/PRA after captorpil suppression

PAC/PRA ratio: > 40 ng/dl/ng/ml/h
PAC > 15 ng/dl

Confermatory tests
Plasma aldosterone suppression after 
Saline Infusion Test (2 lt 0.9% isotonic saline over 4 h)
Fludrocortisone suppression test (0.1 mg every 6 h for 4 days)
Captopril supression

 
test (25-50 mg)

Primary
 aldosteronism



PPV: Positive Predictive
 

Value. NPV: Negative Predictive
 

Value.

Cut-Off Sensitivity
%

Specificity
%

PPV
%

NPV
%

40 100 84,4 80,3 100

Screening Test
PAC / PRA Ratio in the Upright

 
Posture

Upright Posture

After Captopril 20 81,2 91,2 92,8 77,5



Confermatory test
Plasma aldosterone after Saline Infusion

 
Test 

7,5 7,5 ngng/dl/dl 85,37 %85,37 % 80,43 %80,43 % 79,54 %79,54 % 86,05 %86,05 %

10 ng/dl 53,66 % 93,48 % 88,00 % 69,35 %

5,0 ng/dl 97,56 % 45,65 % 61,53 % 95,45 %

PPV: Positive Predictive Value. NPV: Negative Predictive Value.

CutCut--OffOff SensitivitySensitivity SpecificitySpecificity PPVPPV NPVNPV



Plasma Aldosterone after Saline Infusion Test 
in the differential diagnosis of primary aldosteronism (PA) 

and essential hypertension (EH)
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Radiological investigations:
-

 
Computed

 
tomography

 
(CT)

-
 

Magnetic resonance imaging
 

(MRI)

Adrenal venous sampling (AVS):
Cortisol-corrected PAC lateralization

 
ratio > 4.0:

Sensitivity: 95.2%   Specificity: 100%  

Determining the subtype of PA 
Radiological test 



The PAPYThe PAPY 
((PrimaryPrimary Aldosteronism Aldosteronism PrevalencePrevalence in in 

ItalYItalY) Study) Study

Gian Paolo Rossi1, Giampaolo
 

Bernini, Chiara Caliumi, Giovanbattista Desideri, 
Bruno Fabris, Claudio Ferri, Chiara Ganzaroli, Gilberta Giacchetti, Claudio Letizia, 

Mauro Maccario, Francesca Mallamaci, Massimo Mannelli, Gaetana Palumbo, 
Enzo Porteri, Damiano Rizzoni, Ermanno Rossi,

Franco Mantero2

 
for the Working Group on Primary Aldosteronism of the Italian Society of Arterial 

Hypertension

1DMCS -Clinica
 

Medica
 

4, 2 Chair of Endocrinolgy
 University of Padua Medical School
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The PAPY (Primary Aldosteronism Prevalence in 
ItalY) Study: 

A Multicentre Study of The Italian Society of Arterial Hypertension

Reggio Emilia

Bari



Prevalence of Hypokalemia by
Underlying Adrenal Pathology

(n=1180)

PH Right
APA

Left
APA

IHA

52,2
46,2

17,4
7,1

%

0

50

100



Prevalence of PA and Primary Hypertension (PH) 
in Patients with Conclusive Diagnosis

89,5 %

10,5 %

0

50

100

PH
PA

(n=1121 pts)

PAPY Study



APA Right
(n=23) APA Left

(n=26)

IHA
N=69PH

Final diagnosis PA=118
(n=1121 pts) 



Prevalence of the Different Pathologies 
Underlying PA according to Availability of AVS

% 2 =6.89

P= 0.009

APA IHA APA IHA

with AVS without AVS

27,5

63,2

36,8

72,5

0

50

100



Tanabe A et al, 2003

Frequency of patterns in 385 blood samples



Mulatero et al, 2002

Percentage change in the ARR (PAC/PRA)
after 2 month therapy with single drug

*P<0.05 vs atenolol; +P<0.05 vs doxazosin



Cut-off values for the aldosterone/renin ratio
using plasma renin activity or active renin measurements

Plasma aldosterone

ng/dl

pmol/l

Activity Immunoreactive

Plasma renin

Ferrari et al, J Hypertension, 2004 

> 3.3> 27

> 750 > 90

ng / ml / h pmol / l / min mU / I ng / l

> 2.1

> 59

> 5.4

> 150



GUIDLINES FOR APPLICATION OF ALDO/PRA RATIO (ARR) 
IN SCREENING FOR PRIMARY ALDOSTERONISM

1)
 

Repeat
 

measurement
 

of Aldo/PRA ratio before
 

going
 

on to
 

a 
suppression

 
test

2)
 

Consider influences (age, diet, drugs, posture, method of 
collection, sK

 
and sCreatinine

 
levels)

RECOMMENDED CONDITIONS FOR DETERMINATION OF ARR

1)
 

Mid-morning, seated
 

for
 

5 –
 

15 min
2)

 
If antihypertensives required, use

 
doxazosin, prazosin, or CCB, 

singly
 

or in combination
 

for
 

1 month
 

before
 

sampling

Adapted from GORDON RD, 2004





Correlazione Renina attiva/PRA basale
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Correlazione Renina attiva/PRA dopo Capoten
R= ,68936042; R²= ,4729616
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Correlazione aldosterone Centro di 
PD/aldo centri PAPY

R= ,47196374; R²= ,21935566 
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R2 = 0,9729
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Correlazione Renina attiva/PRA basale
R= ,52709439; R²= ,27550640
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Nonepithelial Mechanisms of Aldosterone Action

McFarlane, JCEM 2003

STROKE
HEART

FAILURE

KIDNEY
FAILURE

Angiotensinogen

Angiotensin I

Angiotensin II

Aldosterone

Genomic/non genomic 
effects

Renin

Increased
Blood Pressure

Vasoconstriction
Increased

 
sympathetic

 
activiry

Increased

 
inflammation

 
and 
atherosclerosis

myocardial

 

fibrosis
hypertrophy
ischemia 
incresed QT-interval
Decreased

 

RR variability

Renal

 

fibrosis
nephropathy



New Concepts of Aldosterone Biology
Preclinical studies show: 

•
 

Aldosterone has physiological and patho-physiological 
effects in nonepithelial tissues including heart, 
vasculature, and brain.

•
 

Mineralocorticoid receptors are also located in non 
epithelial tissues including cardiomyocytes, brain, and 
blood vessel wall (VSCM and endothelial cells) and 
circulating monocytes, role of these receptors is less well 
understood.

•
 

Aldosterone is proinflammatory and has pathologic 
effects including cerebral vascular disease, myocardial 
fibrosis, nephrosclerosis1



Aldosterone Actions in the Heart

In animal
 

models
 

aldosterone in conjunction
 

with
 

a 
high-salt

 
diet

 
produces

 
hypertension, cardiac

 hypertrophy, and cardiac
 

fibrosis.

Pathological
 

actions
 

of aldosterone are 
independent

 
of systolic

 
bloood

 
pressure

 
, 

hypokaliemia, and cardiac
 

hypertrophy, 
demonstrating

 
a direct   cardiovascular

 
effect

 
of 

aldosterone

Aldosterone  has
 

direct effects, activating
 

an
 inflammatory

 
cascade, leading

 
to

 
cardiac

 
fibrosis.



Unilateral 
renal 

artery 
stenosis

Aldosterone 
infusion in 
uninephric 

rat

Infrarenal 
aortic

banding

Plasma FibrosisHBP LVH

Ang II
Aldosterone

Ang II
Aldosterone

Ang II
Aldosterone

Yes Yes Yes

Yes Yes Yes

Yes Yes No

Fibrosis

Fibrosis

No Fibrosis

Ang II, angiotensin II; HBP, high blood pressure; LVH, left ventricular hypertrophy 
Reprinted with permission from Brilla CG et al. Circ Res. 1990;67:1355

Aldosterone Contributes to Myocardial Fibrosis and 
Left Ventricular Hypertrophy





 
AldosteroneAldosterone

Cardiac FibroblastsCardiac Fibroblasts



 
Collagen SynthesisCollagen Synthesis



 
Collagen DepositionCollagen Deposition

Myocardial FibrosisMyocardial Fibrosis



 
LV StiffnessLV Stiffness

Heart FailureHeart Failure

LV DysfunctionLV Dysfunction

LV, left ventricular
Weber KT. N Engl J Med. 2001;345:1689

Myocardial Fibrosis in Heart Failure:Myocardial Fibrosis in Heart Failure: 
Classic Classic AldosteroneAldosterone HypothesisHypothesis



Ang II + NaCl + ADX Ang II + NaCl + ADX + 
Aldosterone

AldosteroneAldosterone--Induced Cardiac Vascular Induced Cardiac Vascular 
Inflammatory LesionsInflammatory Lesions

Ang

 

II:

 

angiotensin

 

II; NaCl:

 

salt; ADX:

 

adrenalectomy

Ang II/Salt-Hypertensive Rat Model

Martin-Berger CL et al. Hypertension. 2001; 38:500



Current Concepts of Aldosterone-induced 
Myocardial Injury

Rocha R, et al. Endocrinology. 2000;141:3871. Rocha R, et al. AJP. 2002;283:H1802. 



Aldosterone Induces Coronary Vascular 
Inflammatory Damage : Effect of MR Antagonism

ALDO

ALDO+
Eplerenone

Rocha R, et al. Am J Physiol Heart Circ Physiol. 2002 Nov;283(5):H1802-1810

Coronary Injury Macrophage Infiltration

ED-1

ED-1



Vehicle Aldosterone Aldosterone + Eplerenone

TGF- b1

0

2

4

6

8

10

Week 1 Week 2 Week 4

COX-2

0

2

4

6

8

10

*
†

*,†

* *

*,†

Osteopontin

0
2
4
6
8

10
12
14
16 *

*

*,† *,†

MCP-1

0

2

4

6

8

10

Week 1 Week 2 Week 4

*,†
*,†

* *

*

*P < 0.05 vs NaCl †P < 0.05 vs Aldo/NaCl.Rocha R et al. Am J Physiol. 2002;283(5):H1802-H1810.

Time Course of Proinflamatory Molecule Expression in 
the Heart of Aldosterone/NaCl Hypertensive Rats

Relative mRNA 
Expression

Relative mRNA 
Expression



Weber AM J  Patol, 2002

Collagen volume fraction in rat hearts
A marker of fibrosis



Effects of Aldosterone on Heart: 
Summary

1Rocha R et.al. Endocrinology. 2000;141:3871

 

2Rocha R et al. Hypertension. 2001;38:479

Data from hypertensive rat model contribute to  
new hypothesis about aldosterone-dependent 
pathologic process that is independent of the level 
of angiotensin

 
II1

Process progresses from localized 
inflammation to vascular and myocardial 
fibrosis, ultimately leading to myocardial 
injury1

Localized vascular injury can generate focal areas 
of ischemia and ultimately lead to infarction2



Aldosterone actions in the Blood Vessel Wall
Extraadrenal

 
Production of Aldosterone by

 
Endothelial

 
and Vascular

 Smooth-Muscle
 

Cells
 

in an
 

Intramyocardial
 

Coronary
 

Artery. 

Weber KT et

 

al. N Eng J Med 2001;345:23



Aldosterone actions in the Blood Vessel Wall
Aldosterone-salt

 
administration

 
in rats

 
is

 
able

 
to

 
increase

 
large

 
artery

 stiffness
 

associated
 

with
 

fibronectin
 

(Fn) accumulation, these
 

changes
 were

 
reversed

 
if

 
rats

 
were

 
treated

 
with

 
eplerenone

Lacolley

 

etal. Circulation . 2002;106:2848



Effect of Aldosterone and Mineralocorticoid 
Receptor Blockade on the Kidney

Aldosterone-salt
 

administration
 

in rats
 

resulted
 

in severe tubulointerstitial
 fibrosis

 
with

 
an

 
increased

 
renal

 
collagen

 
content, and  these

 
were

 prevented
 

by
 

concurrent
 

treatment with
 

eplerenone

Nagai

 

Y et

 

al Hypertension. 2005;46:1039
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Renal vascular 
lesions

per 100 glomeruli

Urinary protein
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Eplerenone (n = 9)
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P < 0.001
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20

30
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P < 0.001

Effects of Aldosterone Blockade on Proteinuria 
and Renal Injury in SHRSP

Rocha and Stier, Unpublished data 2003



Effect of Aldosterone and Mineralocorticoid 
Receptor Blockade on the Brain

Cerebral
 

injury
 

and survival
 

with
 eplerenone.

 
(a) Tail-cuff

 
systolic

 
blood

 pressure
 

in saline-drinking, stroke-
 prone, spontaneously

 
hypertensive

 
rats

 (SHRSP) measured
 

before
 

death. (b) 
Survival

 
curves

 
forSHRSP

 
treated

 
with

 vehicle
 

(light green circles, n = 8) or 
eplerenone

 
(dark green circles, n = 7; 

100 mg kg−1d−1; P <0.001). Arrow
 indicates

 
when

 
treatment began. (c) 

Histopathological
 

scores
 

for
 

cerebral
 injury

 
in SHRSP receiving

 
either

 
vehicle

 or eplerenone
 

treatment (P <0.001). 



Aldosterone and Oxidative stress

•
 

Aldosterone is
 

closely
 

associated
 

with
 

vascular
 disease

 
of all

 
sorts, notably

 
atherosclerosis, 

diabetic
 

induced
 

vasculopathy
 

and hypertension-
 induced

 
organ

 
damage.

•
 

The generation of reactive
 

oxigen
 

species, 
particularly

 
via NADPH oxidase

 
is

 
important

 
in 

mediating
 

the effects



Left = NADH
Right = NADPH

*P < 0.0001 vs 1% 
cholesterol diet

Normal 
chow

Normal 
chow/EPL

1% 
cholesterol 

diet

1% cholesterol 
diet/EPL

0

4000

8000

12000

16000

Counts/mg Protein

**

NADH/NADPH Oxidase Activity is Markedly 
Reduced by Aldosterone Antagonism

Eplerenone 50mg/kg twice dailyRajagopalan S, et al. Circulation. 2002;105:2212-6.



Aldosterone Administration to Mice Stimulates 
Macrophage NADPH Oxidase and Increases 

Atherosclerosis Development

Blocking
 

of the mineralocorticoid receptor
 

and inhibition
 

of tissue
 

ACE and/or the 
angiotensin receptor-1 reduced

 
aldosterone deleterious

 
pro-oxidative

 
and 

proatherogenic
 

effects.



Clinical Implications

RandomizedRandomized AldactoneAldactone EvaluationEvaluation StudyStudy (RALES)(RALES)

Pitt B. NEJM, 1999Pitt B. NEJM, 1999

Blockade
 

of MR in moderate to
 severe heart

 
failure

 
reduces

 morbidity
 

and mortality

Rales
 

trials
 

demonstrated
 

a major 
role

 
for

 
aldosterone in the 

progression
 

of heart
 

failure

Patients
 

with
 

moderately
 

severe 
herat

 
failure

 
given

 
low-dose

 spironolactone
 

in addition
 

to
 

best 
practice

 
therapy

 
showed

 
a 30% 

reduction
 

in mortality
 

and a 35% 
reduction

 
in morbidity



Eplerenone Post Heart Failure Efficacy and Survival Study
(EPHESUS)

AMI, Rales, LVEF < 40%
Standard therapy

Eplerenone
25-50 mg daily

N=3313

Placebo
N= 3319

Randomized
3-14 days
Post AMI

1012 deaths

Primary endpoints: All cause mortality
CV mortality + CV hospitalizations

Secondary endpoints: CV mortality
CV hospitalizations
All cause mortality + all cause hospitalizations

Other endpoints: new onset of atrial fibrillationflutter
NYHA functional class
Quality of life Pitt B. N Engl

 

J Med. 2003



KaplanKaplan--MeirMeir stimatesstimates of the Rate of Death of the Rate of Death fromfrom
AnyAny CauseCause

Pitt B. N Engl

 

J Med. 2003

RR: relative risk. CI: confidence

 

interval



KaplanKaplan--MeirMeir stimatesstimates of the Rate of Death of the Rate of Death fromfrom
CardiovascularCardiovascular CausesCauses or or HospitalizationHospitalization forfor

CardiovascularCardiovascular EventsEvents

Pitt B. N Engl

 

J Med. 2003
RR: relative risk. CI: confidence

 

interval



Pitt B. N Engl

 

J Med. 2003

KaplanKaplan--MeirMeir stimatesstimates of the Rate of of the Rate of SuddenSudden Death Death 
fromfrom CardiacCardiac CausesCauses

RR: relative risk. CI: confidence

 

interval



Soylu, Jpn

 

Heart

 

J, 2004

The influence of Aldosterone on the development of left ventricular 
geometry and hypertrophy in patients with essential hypertension

Clinical Implications



Primary
 

Aldosteronism
Essential

 
Hypertension

PrevalencePrevalence of of EccentricEccentric and and concentricconcentric LeftLeft 
VentricularVentricular HypertrophyHypertrophy (LVH) in (LVH) in PrimaryPrimary 
Aldosteronism and Aldosteronism and EssentialEssential HypertensionHypertension

20

40

60

0

80

p<0,01p<0,01

N SN S

EccentricEccentric
LVHLVH

ConcentricConcentric
LVHLVH

ShigematsuShigematsu Y: Hypertension, 1997Y: Hypertension, 1997



Changes in left ventricular anatomy in essential
hypertension (EH) and primary aldosteronism (PA)

Rossi GP et al. Hypertension 1996

Men

Women

PA  (black) , EH  (white)

A significantly
 

higher
 

proportion
 

of patients
 

with
 

LVH and LV 
concentric

 
remodeling

 
was

 
found

 
in the PA patient

 
groups. 



Kozakova M et al, Hypertension. 2003 41:230-6.

Myocardial ultrasonic backscatter in hypertension: 
relation to aldosterone and endothelin

The data of this study suggest that in human hypertension, circulating aldosterone and 
immunoreactive endothelin may induce alterations in left ventricular myocardial 

texture, possibly related to increased myocardial collagen content. 

ultrasonic

 

integrated

 

backscatter

 

signal

 

(IBS) 



Videodensitometric analysis of the Left Ventricle 
Myocardial Texture

CVIs, septum

 

ventricular; CVIpw, LV posterior

 

wall; CVIm, mean

 

of the two

 

indexes

These parameters are significantly lower in primary aldsoteronism than in essential 
hypertension

Rossi et

 

al. Hypertension, 2002



The 4E–Left Ventricular Hypertrophy Study
This

 
study

 
compared

 
LVH regression

 
during

 
treatment with

 
eplerenone, enalapril, 

and their
 

combination
 

in patients
 

with
 

hypertension. 

Pitt B, et al. Circulation. 2003;108:1831

Hypertension with
 

echocardiographic
 

evidence
 

of LVH

14-day placebo run-in

EPL 200 mg
(n=64)

ENAL 40 mg
(n=71)

EPL 200 mg/
ENAL 10 mg

(n=67)

∆
 

LV mass by
 

MRI
∆

 
SBP/DBP
∆

 
UACR

Safety



4E-LVH- Mean Changes from Baseline in SBP/DBP

Pitt B, et al. Circulation. 2003;108:1831
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–20
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Eplerenone 
(N=50)

Enalapril 
(N=54)

EPL/ENAL 
(N=49)

Mean Change 
LV mass 

(%)

*P < 0.05 vs baseline within each treatment group
†P = 0.007 vs eplerenone alone

4E LVH- Mean Changes from Baseline in LV Mass

Pitt B, et al. Circulation. 2003;108:1831

MRI Cohort



MyocardialMyocardial 
FibrosisFibrosis 

and Necrosisand Necrosis Central Central 
Hypertensive Hypertensive 

EffectsEffects

ProthromboticProthrombotic 
EffectsEffects

SodiumSodium 
RetentionRetention

VentricularVentricular 
ArrhythmiasArrhythmias

Autonomic DysfunctionAutonomic Dysfunction
–– CatecholamineCatecholamine 

potentiationpotentiation
–– Decreased heartDecreased heart 

rate variabilityrate variability

Potassium Potassium 
and and 

Magnesium Magnesium 
LossLoss

EndothelialEndothelial 
DysfunctionDysfunction

Vascular Vascular 
Inflammation, Inflammation, 
Fibrosis, andFibrosis, and 

InjuryInjury

ImpairedImpaired 
FibrinolysisFibrinolysis

Aldosterone: Important Contributor 
to Cardiovascular Disease



The Pathways of Biosynthesis of Aldosterone
by the Adrenal Cortex



The Renin–Angiotensin–Aldosterone System 

Aldosterone binds
 

to
 a cytosolic

 
receptor

 (Mineralocorticoid 
Receptor, MR) in the 
principal

 
cell

 
and 

stimulates
 

sodium
 reabsorption

 
across

 the luminal 
membrane through a 
well-defined

 
sodium

 channel. 

Palmer

 

M, N Eng

 

J Med; 2004 351:585 



Representation of an Aldosterone-Responsive

Epithelial Cell

Fuller

 

P et

 

al. Hypertension 2005; 46: 1227



The Nongenomic Actions of Aldosterone
Rapid

 
Nongenomic

 
Effects

 
of Aldosterone on:                       

Kidney

Colon Heart

Vascular
 

wall

Mechanisms
 

by
 

which
 

aldosterone 
actions

 
may

 
be

 
mediated

 
at cellular

 level

The classic genomic pathway:

the ligand (  ) bounds directly the 
receptor with DNA (A-B)

Rapid effects
 

may be mediated by 
the MR (C) or by a putative novel 

transmembrane receptor
 

(D).     



In 1955 Jerome Conn described
 

the syndrome
 

of 
primary

 
aldosteronism characterized

 
by

 hypertension, hypokalemia, suppressed 
plasma renin activity, and increased 
aldosterone excretion

Primary Aldosteronism (PA)
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PAC/PRA Ratio in the screening of Primary 
Aldosteronism 

Using
 

the PAC/PRA ratio has
 

resulted
 

in 
much

 
higher

 
prevalence

 
stimates

 
for

 
PA
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studies published in the last decade



Adrenal CT/ MRI  scan (scintiscan ?)

Normal
Micronodularity
Bilateral masses

Unilateral hypodense
nodule >1 cm

Low probability
APA

High probability
APA > 40-yrs

consider
< 40-yrs

AVS

Consider screen
for GRA

No lateralization
with AVS

Lateralization
with AVS

IHA:
Pharmacologic

therapy

GRA:
Pharmacologic

therapy

APA or PAH:
Unilateral laparoscopic

adrenalectomy
Modified

 

from

 

Young WF. Trends

 

Endocrinol

 

Metab, 1994

Determining the subtype of PA in order to define therapy



Serum K+ mEq/L

90,4

9,6

0

50

100%

<3.5 > 3.5

Most patients with primary aldosteronism 
are normokalemic

(n=1174)

PAPY STUDY







Aldosterone: 
pathophysiology and clinical 
aspects in hypertension

the capsule 
the zona glomerulosa

the zona fasiculata

the zona reticularisFranco Mantero
Chair of Endocrinology
University of Padua Medical School



Mineralocorticoid Receptor 
“Protection” by 11-HSD2 against Occupation by 

Glucocorticoids

HOHO

CHCH22 OHOH

CC OO

OO

OHOH

CortisolCortisol

1111--HSD2HSD2

HCHC
HOHO CHCH22 OHOH

CC OO

OO

AldosteroneAldosterone

OO

MineralocorticoidMineralocorticoid
receptorreceptor

OO

CHCH22 OHOH
CC OO

OO

OHOH

CortisoneCortisone



Glucocorticoid Remediable Aldosteronism 
(GRA)

•
 

First described
 

in 1966 (DJ Sutherland; (DJ Sutherland; Can Med Can Med AssocAssoc J 1966) J 1966) 

•
 

Autosomal
 

dominant
 

inheritance
•

 
Severe hypertension in infancy

 
or adulthood

•
 

Family history
 

of:
Hypertension
Cerebrovascular Accidents

•
 

Severe hypokalaemia (50% of cases) especially with diuretics
•

 
Resistent Hypertension

•
 

Suppression of the Renin Angiotensin
 

System
•

 
Normal

 
or elevated

 
plasma Aldosterone 

•
 

Response to low doses of dexamethasone



Determining the subtype of PA 
Dynamic tests

Posture test: increase
 

of >50% of PAC after 2 h 
supine position predicts

 
IHA or Angiotensin-II

 responders
 

APA

Angiotensin-II stimulation test 1

Captopril supression test 1

Dexamethasone supression test: a PAC value < 
4 ng/dl after 0.5 mg oral dexamethasone for 4 
days is highly predictive

 
of GRA 2

1 Mantero F. J Endocrinol

 

Invest

 

2003; 26: 92; 2Litchfield WR et

 

al. 1997; 82: 3570



Renin and Aldosterone 
measurement in 

Hypertension 
screening 

Renin and Aldosterone 
measurement in 

Hypertension 
screening

Romolo M Dorizzi
Laboratorio Analisi Chimico Cliniche ed Ematologia 
Ospedale Civile Maggiore – Verona

romolo.dorizzi@azosp.vr.it



















In conclusion, normokalemia does not exclude 
the diagnosis of hyperaldosteronism. Patients 

with resistant hypertension should be 
systematically evaluated for this condition, 

using the PAC/PRA ratio and the suppression- 
stimulation tests.





ARR should not be done as a routine 
procedure on all patients with 

hypertension and the diagnosis of 
hyperaldosteronism should not be based 
solely on the finding of a raised ARR.



We believe that primary aldosteronism is 
probably a common form of 

hypertension. Such hypertension 
appears aldosterone-driven, is identified 
quite easily by the ARR and is effectively 

managed with appropriate treatment. 



An aldosterone to active renin 
ratio (AaRR) of 32 pg/ml was 
taken as the cut-off value, 
equivalent to an ARR of 50 
ng/dl/ng/ml/h. As an elevated 
AaRR is frequent in the general 
hypertensive population.



Two assays
4°C37°C

PRA pitfalls-1PRA pitfalls-1

1-3 ore
pH 5.5-6.0

1-3 ore
pH 5.5-6.0

24 h
Angiotensin I

Ria 1 Ria 2

Prorenin

Renin



PRA pitfalls-2PRA pitfalls-2

4°C

Sample handling
Collection in cold tubes

Stored in ice before centrifugation



Active Renin derives from enzymatic 
cleavage of a 43 amino acid 
prosegment
Prorenin concentration in circulation is 
usually 10 times higher than active 
renin
Cryoactivation significantly increases 
Renin concentration

Prorenin-Renin
cryoactivation
Prorenin-Renin
cryoactivation



PRA pitfalls-3PRA pitfalls-3

Angiotensinogen

Estroges

Liver diseases
Heart 

diseases



Prorenin
Prosegment covering the 
active site and the epitope
Not measured by the Direct 
renin assays

Active Renin 
Prosegment cleaved                
Active site exposed                 
Epitope exposed measured by 
the Direct renin assays

Prorenin vs Active Renin



Direct Renin: principle      
of the assay 

Direct Renin: principle       
of the assay

A sandwich is 
formed only in 

presence of 
renin molecules 

that bridge 
both antibodies



Direct  Renin - 
Advantages 
Direct  Renin - 
Advantages

Completely automated
Non-isotopic
Reduced workload 
Accurate and sensitive
Standardized assay (WHO 68/356)
More consistent (inter-assays and 
inter-laboratories)





Measurements of irR were highly 
correlated with PRA in 

hypertensive subjects, and the 
correlation between ARR derived 
by measuring PRA or irR is also 

excellent.



NTNT

HTHT
PAPA













LIAISON LIAISON –– DiaDia--SorinSorin

CEACEA TPATPA
PSAPSA fPSAfPSA
NSE NSE SS--100100
CA 15CA 15--33 AFPAFP
CA 125CA 125 hCG/hCG/ßß--hCGhCG
CA 19CA 19--99 FerritinFerritin
TgTg PCTPCT
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Low 
prevalence

First fallen idolFirst fallen idol



Hypokalemia

Second fallen idolSecond fallen idol



not 
acceptable 

assay

Third fallen idolThird fallen idol

Direct renin



Be not the first by whom 
the new are tried,

Alexander Pope
An Essay on Criticism, 1711 
English poet & satirist (1688 - 1744)

Nor yet the 
last to lay the 
old aside. 

Nor yet the 
last to lay the 
old aside.



TOTAL AND FREE TESTOSTERONE, 
REALLY BETTER THAN A GUESS ?

Giagulli V.A. MD, PhD

O.U. Internal Medicine,Subunit Endocrinology PP.OO. Putignano-Noci-Gioia del Colle ASL Ba/5 
Noci (Ba); O.U. Pathophysiology of Reproduction IRCCS Castellana Grotte (Ba), Italy.

6th AME National Meeting & 3rd

 

Joint Meeting with
 

AACE
Verona, October

 
27-29,2006 



ANDROGENS

The modern definition includes:

1. Sexual effects:

•
 

Differentation and development of male internal and external
 genitalia as well as differentation of secondary characteristics

•
 

Maintenance of reproduction function

•
 

Muscle development

•
 

Bone density

2. Metabolic effects:

•
 

Proteins

•
 

Carbohydrates

•
 

Fat metabolism



PLASMA ANDROGENS

1.
 

Active
 

ones: T and DHT

2.
 

Active
 

ones
 

after being
 

metabolized
 

into
 

T and/or DHT:


 
Androstenedione


 

DHEA(S)

(Important precursor of both active and less active
androgens: 17

 
OH P)



Origin of plasma androgens in 
normal women

30 %

50%

50%

90%

10%

100% circa

Adrenal 
glands

Ovary glands

T 25-50 ng/dl

MC=600 l/24h

A=130-250 
ng/dl

MC=2000 l/24h

DHEA = 520- 
1000 ng/dl

MC = 1500l/24h

DHEAS= 
120-200 μg/dl

MC=15 l/24h

50%

20% 



TARGET ORGANS FOR 
TESTOSTERONE AND 

DIHYDROTESTOSTERONE

T DHT

Neischlag E. & Behre HM, 2004



ANDROGENS PRODUCTION 
AND THEIR METABOLISM



PLASMA TESTOSTERONE LEVELS 
PHYSICAL STATE

45% albumine

22% albumine
T plasma 

levels
33% albumine 22% albumine

2% free

1% free

1.5% free 1% free

Men Women Hirsute women Hyperthyroid women

Vermeulen A. et al  JCEM, 1969, 1999. 



T

Androgens metabolism
Deslypère

 

et

 

al, 1985;Toscano & Horton,1987; Giagulli et

 

al, 1989; Quinkler

 

et

 

al, 2004 

FT + Alb.T

DHEA

DHEA (S)
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WHEN DO WE HAVE TO MEASURE 
ANDROGENS LEVELS IN MEN AND 

WOMEN ?   



ANDROGEN EXCESS IN WOMEN 
(AACE Hyperandrogenism

 
guidelines

 
Endocrine Pract,2001)

Hirsutism, androgenic alopecia, acne, ovulatory dysfunction  
and, in extreme and prolonged cases, even virilization and 
masculinization, are the androgenic features shown by 
women affected by ANDROGEN EXCESS.

HIRSUTISM is defined as the presence of terminal hairs in 
women’s body areas where we do not normally expect to find 
them: cheeks, chin, above upper lip, midline chest etc.

VIRILIZATION is characterized by deep voice, increased muscle 
mass, temporal balding, and clitoral enlargement.



HIRSUTISM AND VIRILISM
(PROGESSION OF HIRSUTISM, OBESITY, MENSTRUAL 

IRREGULARITY, GLUCOSE ABNORMALITIS, DISLIPIDEMIA ETC.)

PLASMA T LEVEL

NORMAL

 

MARGINALLY HIGH

 

HIGH

PLASMA FREE T 
LEVEL

IDIOPATHIC HIRSUTISM

 

NORMAL

 

HIGH                 ANDROGEN EXCESS

PLASMA ADG LEVELS

THERAPY

-OESTROGEN

-ORAL CONTRACEPTIVE

THERAPY

-METFORMIN

-SPIRONOLACTONE

-FLUTAMIDE

-CYPROTERONE ACETATO

Rosenfield

 

RL New Engl. J Med., 2005



CG O IH PCOS NCAH
BMI 22±2,5 39,5±8,7*** 22±3.0 28±3,5** 26±3.0*

Cycle R R & O R O & A O
17OHP (ng/ml)  0,9±06 n.d. 1,0±0,9 1,1±06 8,8±2,2***

T (ng/dl) 30,3±9,3 30,6±8,2 40,6±19,2 60,6±25,2** 105,5±89,2***
FT (ng/dl) 0,40±0,11 0,53±0,10* 0,46±0,11 1,15±0,29*** n.d.

SHBG (nM/l) 70±29 58±26** 68±30 52±37** n.d.
A (ng/dl) 170±100 196±74 201±160 265±136** 560±450***

DHEA (ng/dl) 640±210 589±240 622±257 890±322* 690±310
DHEAS (μg/dl) 130±50 128±71 147±65 186±45** 120±106

ADG (ng/dl) 130±30 127±75 168±20* 221±85 ** 350±160***

R=regular cycle; O= oligomenorrhoea; A= amenorrhoea
*= P<005; **=P<001; ***=P<0001 O, IH, PCOS and NCAH vs CG

PHYSICAL CHARACTERISTICS AND PLASMA ANDROGEN LEVELS 
(X ±

 
SD) IN PREMENOPAUSAL WOMEN WITH SIMPLE OBESITY 

(O) (N.18), IDIOPATHIC HIRSUTISM (IH) (N.16), PCOS (N.25), 
N-CAH (N.5) AND WITHOUT HIRSUTISM (CG) (N.40)

Giagulli

 

VA et

 

al,1991,1992; Vermenlen

 

A. & Giagulli

 

VA. 1991



HOW TO DIAGNOSE HIRSUTISM IN 
WOMEN

T> 250 ng/dl
DHEAS> 400 mcg/dl

=ASNs

17 OHP > 200 ng/dl
ACTH TEST (0,25 mg/I.V.) > 1000 ng/dl

=  N-CAH

ELEVATED ANDROGENS LEVELS
ACANTHOSIS NIGRICANS

SERUM FASTING INS. > 80 mcrUI/ml
or a serum INS. (OGTT 3h) > 300 mcrUI/ml

INITIAL SCREENING
-T, DEAS AND 17 OH P
-PRL, F, TSH, FT3 FT4

NORMAL ANDROGENS LEVELS
WITH NORMAL OVULATION

AND HIRSUTISM = HI

Genetic screening 
(CYP 21) 

V281L, P453S, P30L

Morphological study

CT/NMR-tomography

DXM (2-8mg/d 
for 3-5 days)  

suppression test

ELEVATED ANDROGENS LEVELS
OLIGO/ANOVULATIONS
POLYCYSTIC OVARIES

=PCOS

(Rotterdam ESHRE/ASRM consensus, 2003; CARMINA et al. JCEM, 2006)

HIGH ANDROGENS LEVELS 
WITH NORMAL OVULATON 

AND HIRSUTISM = IA



ANDROGEN EXCESS IN WOMEN 
(AACE Hyperandrogenism

 

guidelines,2001; Azziz

 

R. et

 

al JCEM, 2004; Carmina E. et

 

al JCEM, 2006)

Disorders include
1. Specific identifiable disorders (< 10%):

•
 

Classical or non classical adrenal hyperplasia (CAH or 
NCAH) 

•
 

Androgen secreting neoplas (ASNs)

•
 

Hyperandrogenic insulin acanthosis nigrigans (HAIRAN)

2. Functional androngen excess (>85%):

•
 

Polycystic ovary syndrome (PCOS)

•
 

Idiopathic hirsutism (IH)

•
 

Idiopathic Hyperandrogemia (IA)



MALE HYPOGONADISM
(Small

 

testis

 

and phallus, scant

 

pubic

 

and axillary

 

hair, diminishing

 

body 
hair, gynecomastia, eunuchoid

 

tall

 

stature, reduce male musculatur, loss 
libido, impotentia, obesity

 

etc)

PLASMA T LEVEL SUBSTITUTION T 
THERAPY

LOW
NORMAL MARGINALLY 

NORMAL

HIGH

FOLLOW-UP PLASMA FREE 
T LEVEL

LOW
NORMAL

HYPOTESTOSTERONEMIA

-COMPLETE AND 
INCOMPLETE 
ANDROGEN 
RESISTANCE

-5α

 

REDUCTASE 
DEFICENCY

(AACE Hypogonadism

 

Guidelines, 2002; BHASIN S. et

 

al JECM, 2006)



(F)T PLASMA LEVELS IN NORMAL 
MEN IN FUNCTION OF AGE

T in function of age (N.220)
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A., 1996, Kaufman JM & Vermeulen A Endocr. Rev.,2005
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LABORATORY CRITERIA FOR AGE ASSOCIATED
HYPOGONADISM

(Kaufman JM & Vermenlen A, 2005; Neischlag E et al , 2005; Bhasin S. et al, 2006)

L.n. tranformed T levels in healthy young men 20-40
years old:

Mean: 673 ng / dl
M - 2.5 S.D.: 319 ng / dl =11 nMol/l

L.n. transformed FT (dialysis or calculated from T
and SHBG capac.)

Mean : 14 ng/dl
M - 2.5 S.D.: 6.5 ng/dl=0.225 nMol/l

P.S. Increased LH levels not required !



PREPUBERTAL HYPOGONADISM

Hypogonadotropic
Kallmann'sS

Craniopharyngioma

Abnorm

 

caryotype
Klinefelter's S

Norm

 

caryotype
Noonan's S
Anorchia

RX

Norm.sex.different

Normal/High (F)T
5a redutctase

deficit
Androgen

 

resist.

Low (F)T
LH resistance
Enz.defects

Impaired

 

sex.different

Hypergonadotropic

Prepubertal

 

hypogonadism

AACE Hypogonadism
 

Guidelines, 2002



POSTPUBERTAL HYPOGONADISM
 

AACE Hypogonadism

 

Guidelines, 2002; Neischlag

 

E

 

et

 

al , 2005

Hypogonadotropic
Hyperprolactinemia
Panhypopituitarims

Hypergonadotropic
Orchitis
trauma

Age
 

associated: Late-onset

Postpubertal
 

Hypogonadism

Fertily disorders



FT VERSUS LH IN ELDERLY MEN
(Kaufman JM., & Vermeulen

 

A.,2005)

0
2
4
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8
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12

0 2 4 6 8 10 12
LH I.U./l

FT
 n

g/
dl

R = 0.38
P<0.01

- LLN of FT LLN of LH



Total and free testosterone, 
better than a guess?

The laboratory
 

point
 

of view

A. Fortunato
Ospedale “San Bortolo”

 

–

 

Vicenza
antonio.fortunato@ulssvicenza.it



Sensitivity



tT4
tTSTfTST

tT4     100 nmol/L
tTST

 
5 nmol/L

fTST
 

10 pmol/L

Sensitivity



Specificity



Free 
hormone 

Free 
hormone

Protein-hormone

complex

Protein-hormone

complex

Free proteinFree protein

[fH] = [bH]/ K[fP]

AVAILABLE FOR TISSUECIRCULATION



Sex Hormone-Binding Globulin

•
 

SHBG is the carrier protein for estrogen 
and testosterone
–

 
SHBG-bound fraction is unavailable for 
biological activity

•
 

Production regulated by estrogen-
 testosterone balance

–
 

Estrogen stimulates SHBG production
–

 
Testosterone decreases SHBG synthesis

Selby C. Ann Clin Biochem. 1990;27:532-541. 



Testosterone and Estrogen 
Circulation in the Body

Simon JA. Fert Steril. 2002;77:S77-S82. 
Demers LM. In: Redmond, G, ed. Androgenic Disorders. Raven Press, New York, NY; 1995:21-34.

~65% bound 
to SHBG

~30% bound 
to albumin

~0.5-2% free

Bioavailable
 

Testosterone

~1.8% free~60% bound 
to albumin

~35% bound 
to SHBG

Bioavailable
 

Estrogen



AVAILABLE FOR TISSUE

CIRCULATION

fTSTfTST

fSHBGfSHBG

fAlbfAlb

fSSBGfSSBG

SHBG-TSTSHBG-TST

Alb-TSTAlb-TST

SSBG-TSTSSBG-TST [fTST] =
[bTST]i

Ki [fP]i



Assays for Measuring Testosterone

•
 

Commercial assays for testosterone lack sensitivity 
and reliability
–

 
Do not accurately measure low ranges found in women

•
 

Total testosterone immunoassay
–

 
With or without purification

•
 

Analog tracer free testosterone assay
–

 
Not labor intensive, reproducible

–
 

Level of accuracy is controversial

•
 

Salivary measures
–

 
Highly variable

Guay

 

AT. Fertil Steril. 2002(suppl 4);77:S83-S88.



Assays for Measuring Testosterone (cont’d)

•
 

Equilibrium dialysis or equilibrium ultrafiltration
–

 
“Gold standard”

 
for measuring free testosterone

–
 

Difficult, time consuming

•
 

Gas chromatography-mass spectrometry

Guay

 

AT. Fertil Steril. 2002(suppl 4);77:S83-S88.
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Ligand
 

Assays



Antigen Antibody Detection

binding proteins
auto-antibodies
induced antibodies
inactivating enzymes
non-specific binding to surfaces

pH
salt
detergents
sample viscosity
buffer contaminants

E. Ezan

 

and J. Grassi,Immunoassays, 2000

enzymes
enzyme inhibitors
radioactive contaminants
endogenous fluorophores

rheumatoid factors
interfering antibodies
cross-reacting substances



to
 

be
 

dialysed

dialysed

binding
 

protein
free hormon

bound
 

hormon

EQUILIBRIUM DIALYSIS



Ab

SHBG-TST

free-analogousfree-TST

Alb-TST SSBG-TST

Analog tracer not bound to protein

SHBG-TST

free-TST

Alb-TST SSBG-TST

SHBG-analogous Alb-analogous SSBG-analogous

Ab

free-analogous

Analogous bound
to other protein?

Analog tracer bound to protein



It works ….
…. when sample is “normal”!

Analog
 

tracer



Effect of Estrogen and Estrogen-Androgen Therapy on 
SHBG and T/SHBG ratio

Simon JA,

 

et al. Menopause. 1999;6:138-146.

SHBG (μg
 

DHT bound/dL) T/SHBG Ratio
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EE=esterified

 

estrogens; MT=methyltestosterone



In this issue of JCEM, the papers by 
Wang et al. (2) and Miller et al. (3) both 
carefully evaluate the accuracy and 
reliability of assays for serum total T in 
men and free T in women, 
respectively.Wecomplement

 
the 

authors for their well-conceived and 
well-designed studies examining the 
performance and validity of T assays. 
These reports serve as excellent 
models for the rigorous assessment of 
the accuracy of T assays, so important 
in clinical medicine and research.

February

 

2004



June

 

1997

I believe that some of the conclusions need to be changed because the
values for plasma free testosterone appear to be incorrect.
I believe that some of the conclusions need to be changed because the
values for plasma free testosterone appear to be incorrect.



What are free and bioavailable testosterone? Testosterone is 
present in the blood as "free" testosterone (2-3%) or bound 
testosterone. The latter may be bound to either albumin (a serum 
protein) or to a specific binding protein called Sex Steroid Binding 
Globulin (SSBG) or Sex Hormone Binding Globulin (SHBG). The 
binding of testosterone to albumin is not very tight and is easily 
reversed; so the term bioavailable testosterone (BAT) refers to the 
sum of free testosterone plus albumin-bound testosterone.  
Alternatively, it is the fraction of circulating testosterone that is not 
bound to SSBG. It is suggested that BAT represents the fraction of 
circulating testosterone that readily enters cells and better reflects 
the bioactivity of testosterone than does the simple measurement of 
serum total testosterone. Also, varying levels of SSBG can result in 
inaccurate measurements of BAT. Decreased SSBG levels can be seen 
in obesity, hypothyroidism, androgen use, and nephritic syndrome. 
Increased levels are seen in cirrhosis, hyperthyroidism, and estrogen 
use. In these situations, measurement of free testosterone may be 
more useful. However, technically, free testosterone is difficult to 
measure accurately.



SHBG 
Also known as: Testosterone-estrogen Binding Globulin (TeBG) 
Formal name: Sex Hormone Binding Globulin 
Related tests: Testosterone, Free Testosterone, Bioavailable 
Testosterone

Why get tested? 
To help evaluate whether the concentration of SHBG is affecting the 
amount of testosterone available to the body’s tissues 

When to get tested? 
If your total testosterone results seem inconsistent with clinical 
signs, suggesting a testosterone deficiency or excess production 

Sample required? 
A blood sample drawn from a vein in your arm



1999

2005

2003





METHODS

Total TESTOSTERONE Free TESTOSTERONE



Total TESTOSTERONE



Free TESTOSTERONE







Androgen
 

syntesis

Binding
 

to
 

SHBG

5-reduttasi

DHEA

DHEA-S

Andro-
stenedion Testosterone DHT

Activation

Action on receptor Biological
effect



As to
 

the methodology, neither
 

direct measurement
 

of free 

testosterone by
 

analog
 

assay, nor
 

the FT index
 

(T/ SHB) can be
 recommended, only

 
values

 
obtained

 
by

 
dialysis, ammoniumsulfate

 precipitation
 

or calculation
 

yielding
 

reliable
 

estimates
 

of androgen
 bio-activity. Dialysis

 
and ammoniumsulfate

 
precipitation

 
are however

 work intensive and not
 

widely
 

used.



CONCLUSION
(n.1)

In Women:
• after clinical examination and evaluating medical history, there is no doubt
that serum T is really better than a guess to evaluate the androgen status in 
hyperandrogenism;

•moreover, whenever serum T is marginally high or during a particular therapy
(oestorgens,oral contraceptive etc.) or there are particular clinical symptons or
signs (obesity, acne, midle hirsutism, hyperthyroidism etc), the measuremet
of serum SHBG to calculate the serum FT or the determination of serum
feeble androgens (DHEA(S), A, 17 OHP) or serum ADG might be required

•however, to evaluate androgen deficiency in women, the clinical significance 
of which is doubtful in any cases, due to the lack of accuracy of methods
used in labs, a guess may be as good as unreliable T determinations



CONCLUSION
(N.2)

In men:

• after evaluating medical history and physical examination, there is no doubt
that serum T levels are really better than a guess to evaluate the
androgen status;

• however, whenever circulating T is stlightly normal and there are particular
signs or symptons (obesity, impotence, decreasing muscle mass, loss of   
libido, osteoporosis etc) the measurement of plasma SHBG levels to calculate
FT levels might be required.



THANKS  FOR  YOUR  ATTENTION…
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