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P R E F A C E

The last four editions of Basic Skills in Interpreting Laboratory Data have been made possible by 
the dedicated chapter authors, reviewers, and the publishing staff at the American Society of 

Health-System Pharmacists. It has been my honor to serve as the editor and to work with this team.

For this sixth edition, approximately 90% of the lead authors have served in this capacity for the ear-
lier editions with some exceptions. Paul O. Gubbins, PharmD, and Heather Lyons-Burney, PharmD, 
joined as the lead authors of a new chapter on Point-of-Care Testing, and Nicholas M. Moore, MS, 
MLS (ASCP), updated the chapter on Introduction to Common Laboratory Assays and Technology. 
All of the lead authors are established clinicians and/or experienced faculty at colleges of pharmacy 
or medicine, which enhance the quality of the chapter content.

A whole new group of reviewers has joined this project, and many reviewers are board-certified or 
established experts. Their specialty knowledge and scrutiny of the chapter content have helped to 
ensure that each chapter is up-to-date and content is relevant to clinical practice. As you use this book, 
you will find that the sixth edition includes updated chapter content with references, and almost all 
of the chapters have at least one new Minicase and Learning Point. In addition, the Abbreviations 
in the front of the book and the Glossary in the back have been expanded for reader convenience.

Significant and notable new chapter content:
1. Hematology: Blood Coagulation Tests includes expanded sections on laboratory tests to mon-

itor direct thrombin inhibitors, direct oral anticoagulants, and low molecular weight heparin.
2. Hematology: Red and White Blood Cell Tests includes a discussion of cell types, associated 

cluster of differentiation epitopes or targets, and FDA-approved targeted therapies.
3. Infectious Diseases includes an expanded section on molecular diagnosis of specific viral 

nucleic acids and 1,3-β-glucan detection of fungi.
4. Liver and Gastroenterology Tests includes a new section on laboratory tests to diagnose and 

monitor hemochromatosis.
5. Interpretation of Serum Drug Concentrations includes information on new medications that 

have become commercially available since the last edition.
6. Men’s Health includes an expanded section on PSA testing for screening, staging, and moni-

toring treatment of prostate cancer.

Suggestions for using this book efficiently:
• For a general overview of the laboratory tests for various organ systems or types of diseases, 

use the table of contents to identify the most appropriate section or chapter(s). The chap-
ters are grouped into three major sections: Basic Concepts and Test Interpretations, System 
Disorders and Diagnostic Tests, and Tests for Special Populations. By reading the section 
or a chapter from start to finish, you get a detailed summary of the laboratory tests used to 
evaluate that organ system or disease, why the test is used, what a normal value range is for 
the test, and how to interpret an abnormal laboratory test result. Minicases guide the reader 
through common clinical scenarios about ordering appropriate laboratory tests, interpreting 
results, managing patients, and addressing spurious laboratory tests. Learning points con-
clude each chapter and highlight key concepts about the laboratory tests. Using the book in 
this way will be helpful, especially when used as a companion to a disease state management 
course, a pharmacotherapeutics course, or a course that prepares students for full-time clini-
cal rotations.

• For information on a specific laboratory test, use the alphabetical index to locate the test, and 
then go to the page(s) to access the following information: the purpose of the test; how the test 
result relates to the pathophysiology of a disease or the physiologic function of a cell or organ; 
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the normal range for the test; causes for an abnormal test result; and causes of false-positive 
or false-negative results. This approach will be most useful in the clinical management of a 
patient.

• Quickview charts are provided for some of the most common laboratory tests. These charts 
are standardized template presentations of information that allow readers to quickly learn 
about a specific laboratory test (e.g., what the test is used for, what a normal result is, and 
causes of an abnormal result). This approach also will be most useful in the clinical man-
agement of a patient, but the Quickview content should be supplemented with the in-depth 
information in the chapters about a particular laboratory test. Although this book does not 
provide Quickview charts for all of the laboratory tests discussed, readers can refer to other 
clinical laboratory test handbooks, such as ASHP’s Interpreting Laboratory Data: A Point-of-
Care Guide.

The authors, reviewers, and I hope that Basic Skills in Interpreting Laboratory Data is useful to your 
practice.

 Mary Lee
 May 2017
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μm micrometer
1,25-DHCC 1,25-dihydroxycholecalciferol
17-OHP 17α-hydroxyprogesterone
201TI thallium-201
2,3 DPG 2,3-diphosphoglycerate
25-HCC 25-hydroxycholecalciferol
3SR self-sustained sequence replication
5HT serotonin
6-AM 6-acetylmorphine
6MWT 6-minute walk test
99mTc technetium-99m
201Tl thallium-201 (radio isotope)
α1AC α1-antichymotrypsin
A-G6PD glucose-6 phosphate dehydrogenase variant
A1c glycosylated hemoglobin
A2M, α2M α2-macroglobulin
AACE American Association of Clinical 

Endocrinologists
AAG α1-acid glycoprotein
ABG arterial blood gas
ACA anticentromere antibody
ACC American College of Cardiology
ACCF American College of Cardiology 

Foundation
ACCP American College of Clinical Pharmacy
ACCP anticyclic citrullinated peptide
ACE angiotensin-converting enzyme
ACE-I angiotensin-converting enzyme inhibitor
ACPA anticitrullinated protein antibody
ACR albumin-to-creatinine ratio; American 

College of Rheumatology
ACS acute coronary syndrome
ACT activated clotting time; α1-coded testing
ACTH adrenocorticotropic hormone 

(corticotropin)
ADA American Diabetes Association
ADAM androgen deficiency in aging males
ADCC antibody-dependent cellular cytotoxicity
ADH antidiuretic hormone
ADME absorption, distribution, metabolism, 

excretion
ADP adenosine diphosphate
AFB acid-fast bacilli
AFP α-fetoprotein
AG anion gap
AGPA allergic granulomatosis with polyangiitis
AHA American Heart Association
AIDS acquired immunodeficiency syndrome
ALK anaplastic lymphoma kinase

A B B R E V I A T I O N S
ALL acute lymphoblastic leukemia
ALP alkaline phosphatase
ALT alanine aminotransferase
AMA antimitochondrial antibody
AMI acute myocardial infarction
AML acute myelogenous leukemia
ANA antinuclear antibody
ANCA antineutrophil cytoplasmic antibody
ANF atrial natriuretic factor
ANP atrial natriuretic peptide
anti-HAV IgG IgG antibody against hepatitis A virus
anti-HAV IgM IgM antibody against hepatitis A virus
anti-HBc antibody to hepatitis B core antigen
anti-HbeAg antibody to hepatitis B extracellular  

antigen
anti-HBs antibody to hepatitis B surface antigen
anti-HCV antibody against HCV antigen
anti-HD antibody against hepatitis D
APC activated protein C
APC antigen-presenting cell
apoB apolipoprotein B
APS antiphospholipid antibody syndrome
aPTT activated partial thromboplastin time
ARB angiotensin receptor blocker
ASA aspirin
ASCO American Society of Clinical Oncology
ASCVD atherosclerotic cardiovascular disease
AST aspartate aminotransferase
AT antithrombin
ATP adenosine triphosphate
ATP-K adenosine triphosphate potassium
ATP Adult Treatment Panel
ATP III Adult Treatment Panel III
ATS American Thoracic Society
AUA American Urological Association
AUA-SI American Urological Association Symptom 

Index
AUC area under the (serum concentration time) 

curve
AV atrioventricular
AVP arginine vasopressin
B&B Brown and Brenn
B2M β2-microglobulin
BAL bronchial alveolar lavage; bronchoalveolar 

lavage
BAMT blood assay for Mycobacterium tuberculosis
BBT basal body temperature
BCG Bacillus Calmette-Guérin
bDNA branched-chain DNA
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BGMK-hDAF buffalo green monkey kidney cell line decay 
accelerating factor

BHI brain heart infusion
BHR bronchial hyper-responsiveness
BID twice daily
BMI body mass index
BMP basic metabolic panel
BNP brain natriuretic peptide
BP blood pressure
BPH benign prostatic hyperplasia
BPSA benign form of prostate-specific antigen
BPT bronchial provocation testing
BRAF v-Raf murine sarcoma viral oncogene 

homolog B1
BSA body surface area
BSL biosafety level
BT bleeding time
BUN blood urea nitrogen
C. difficile Clostridium difficile
C3 complement protein 3
C4 complement protein 4
CA cancer antigen
CA carbonic anhydrase
CABG coronary artery bypass graft
CAcorr corrected serum calcium level
CAD coronary artery disease
CAH congenital adrenal hyperplasia
CAN2 chromID Candida agar
cANCA cytoplasmic antineutrophil cytoplasmic 

antibody
CAP College of Pathologists
CAP community-acquired pneumonia
CAT computerized axial tomography
CAuncorr uncorrected serum calcium level (or actual 

measured total serum calcium)
CBC complete blood count
CCFA cycloserine cefoxitin fructose agar
CCNA cell cytotoxicity neutralization assay
CCP cyclic citrullinated peptide
CCR5 chemokine coreceptor 5
cCRP cardiac C-reactive protein
CCT cardiac computed tomography
cd candela
CD clusters of differentiation
CDC Centers for Disease Control and Prevention
CDR complementarity-determining regions
CE capillary electrophoresis
CEA carcinoembryonic antigen
CEDIA cloned enzyme donor immunoassay
CETP cholesteryl ester transfer protein
CF complement fixation
CFTR cystic fibrosis transmembrane conductance 

regulator
CFU, cfu colony-forming units
CFW calcofluor white

CGE capillary gel electrophoresis
CH50 complement hemolytic 50%
CHD coronary heart disease
CHF congestive heart failure
CI chemical ionization
CIS combined intracavernous injection and 

stimulation
CK creatine kinase
CK-BB creatine kinase isoenzyme BB
CK-MB creatine kinase isoenzyme MB
CK-MM creatine kinase isoenzyme MM
CK1 creatine kinase isoenzyme 1
CK2 creatine kinase isoenzyme 2
CK3 creatine kinase isoenzyme 3
CKD chronic kidney disease
CKD-EPI Chronic Kidney Disease Epidemiology 

Collaboration
CLIA-88 Clinical Laboratory Improvement 

Amendments of 1988
CLIA Clinical Laboratory Improvement 

Amendments
CLL chronic lymphocytic leukemia
CLSI Clinical and Laboratory Standards Institute
cm centimeter
CMA cornmeal agar
Cmin minimum concentration (of a drug)
CML chronic myelogenous leukemia
CMP comprehensive metabolic panel
CMR cardiac magnetic resonance
CMV cytomegalovirus
CNA colistin-nalidixic acid
Cnormalized normalized total concentration
CNP c-type natriuretic peptide
CNS central nervous system
CO carbon monoxide; cardiac output; 

cyclooxygenase
CO2 carbon dioxide
CO-Hgb carboxyhemoglobin
COP colloid osmotic pressure
COPD chronic obstructive pulmonary disease
CPE cytopathic effect
CPK creatine phosphokinase
CPPD calcium pyrophosphate dihydrate
cPSA complexed PSA
CrCl creatinine clearance
CREST syndrome characterized by calcinosis, 

Raynaud disease, esophageal motility 
disorder, sclerodactyly, and telangiectasias

CRH corticotrophin-releasing hormone
CRP C-reactive protein
CSF cerebrospinal fluid
Css, avg average steady-state concentration (of a drug)
CT computed tomography
cTnC cardiac-specific troponin C
cTnI cardiac-specific troponin I
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cTnT cardiac-specific troponin T
CVD cardiovascular disease
CX circumflex
CXCR4 CXC chemokine coreceptor
CYP cytochrome P450 drug metabolizing 

enzymes
CYP2C19 cytochrome P450 2C19 enzyme
CYP2D6 cytochrome P450 2D6 enzyme
CYP3A4 cytochrome P450 3A4 enzyme
CYP450 cytochrome P450 enzyme
CYP4F2 cytochrome P450 4F2 enzyme
CZE capillary zone electrophoresis
D&C dilation and curettage
D5W 5% dextrose in water
DASH dietary approaches to stop hypertension
DAT direct agglutination test
DAT direct antibody test
DCCT Diabetes Control and Complications Trial
DCP des-gamma-carboxyprothrombin
DDAVP desmopressin
dTT dilute thrombin time 
DDT dichlorodiphenyltrichloroethane
DFA direct fluorescent antibody
DHA docosahexaenoic acid
DHEA dehydroepiandrostenedione or 

dehydroepiandrosterone
DHEAS dehydroepiandrosterone sulfate
DI diabetes insipidus
DIC disseminated intravascular coagulation
DIM dermatophyte identification medium
DKA diabetic ketoacidosis
dL deciliter
DLCO diffusing capacity of the lung for carbon 

monoxide
DM diabetes mellitus
DNA deoxyribonucleic acid
DNP dendroaspis natriuretic peptide
DO2 oxygen delivery
DOAC direct oral anticoagulant
DPD dihydropyrimidine dehydrogenase
DPP-4 dipeptidyl peptidase-4
dsDNA double-stranded DNA
DST dexamethasone suppression test
DTI direct thrombin inhibitor
DTM dermatophyte test medium
E2 estradiol
EBM esculin base medium
EBV Epstein-Barr virus
ECD energy coupled dye
ECG electrocardiogram
ECMO extracorporeal membrane oxygenation
ECT ecarin clotting time
ECW extracellular water
ED emergency department
EDTA ethylenediaminetetraacetic acid

EGFR epidermal growth factor receptor
eGFR estimated glomerular filtration rate
EF ejection fraction
EI electron ionization
EIA enzyme immunoassay
EIB exercise- or exertion-induced 

bronchospasm
EKG electrocardiogram
ELISA enzyme-linked immunosorbent assay
ELVIS enzyme-linked virus-inducible system
EM electron microscopy
EMB eosin methylene blue
EMIT enzyme-multiplied immunoassay technique
EOF electroosmotic force
EPA eicosapentaenoic acid
EPS expressed prostatic secretions
ER estrogen receptor
ERS European Respiratory Society
ERV expiratory reserve volume
ESA erythrocyte-stimulating agent
ESBL extended-spectrum β-lactamase
ESC European Society of Cardiology
ESI electrospray ionization
ESR erythrocyte sedimentation rate
ESRD end-stage renal disease
Etest epsilometer test
ETIB enzyme-linked immunoelectrotransfer blot
EU ELISA units
EUCAST European Committee on Antimicrobial 

Susceptibility Testing
EULAR European League Against Rheumatism
FA fluorescent antibody
Fab fraction antigen-binding
FAB fast atom bombardment
FAB French-American-British
FACS fluorescence-activated cell sorting
FALS forward-angle light scattering
FANA fluorescent antinuclear antibody
FDA Food and Drug Administration
FDP fibrin degradation product
FEF25–75 forced expiratory flow at 25% to 75% of 

vital capacity
FEF forced expiratory flow
FENa fractional excretion of sodium
FENO fractional exhaled nitric oxide
FEV1 forced expiratory volume in 1 second
FiO2 fraction of inspired oxygen
FISH fluorescence in situ hybridization
FITC fluorescein isothiocyanate
fL femtoliter
FM Fontana-Masson
FN false negative
FP false positive
FPG fasting plasma glucose
FPIA fluorescence polarization immunoassay
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fPSA free prostate specific antigen
FRC functional residual capacity
FSH follicle-stimulating hormone
FTA-ABS fluorescent treponemal antibody absorption
FVC forced vital capacity
FWR framework regions
g gram
G-CSF granulocyte colony–stimulating factor
G6PD glucose-6 phosphate dehydrogenase
GA gestational age
GADA glutamic acid decarboxylase autoantibodies
GAP group A streptococcus
GAS group A streptococci
GC gas chromatography
GC-MS gas chromatography and mass spectrometry
GERD gastroesophageal reflux disease
GF Gridley fungus
GFR glomerular filtration rate
GGT, GGTP gamma-glutamyl transferase; gamma-

glutamyl transpeptidase
GHB gamma-hydroxybutyrate
GI gastrointestinal
GIP glucose-dependent insulinotropic peptide
GLC gas liquid chromatography
GLP-1 incretin hormones glucagon-like peptide-1
GLUT glucose transporter
GM-CSF granulocyte/macrophage colony-

stimulating factor
GMS Gomori methenamine silver
GnRH gonadotropin-releasing hormone
GOLD Global Initiative for Chronic Obstructive 

Lung Disease
gp glycoprotein
GPA granulomatosis with polyangiitis
GTF glucose tolerance factor
H&E hematoxylin and eosin
H. Pylori Helicobacter pylori
HAAg hepatitis A antigen
HAP hospital-acquired pneumonia
HAV hepatitis A virus
Hb; hgb hemoglobin
HbA1c glycated hemoglobin
HBcAg hepatitis B core antigen
HBeAg hepatitis B extracellular antigen
HBsAg hepatitis B surface antigen
HBV hepatitis B virus
hCG human chorionic gonadotropin
HCO3

– bicarbonate
HCT, Hct hematocrit
HCV hepatitis C virus
HDAg hepatitis D antigen
HDL high-density lipoprotein
HDL-C high-density lipoprotein cholesterol
HDV hepatitis D virus
HER-1 human epidermal growth factor receptor 1

HER-2 human epidermal growth factor receptor 2
HEV hepatitis E virus
HFpEF heart failure with preserved ejection 

fraction
HFrEF heart failure with reduced ejection fraction
HGA human granulocytic anaplasmosis
Hgb hemoglobin
HHS hyperosmolar hyperglycemic state
HIPA heparin-induced platelet activation
HIT heparin-induced thrombocytopenia
HIV human immunodeficiency virus
HIV-1 human immunodeficiency virus type 1
HLA human leukocyte antigen
HLA-B27 human leukocyte antigen B27
HLA-DQ human leukocyte antigen coded DQ genes
HLAR high-level aminoglycoside resistance
HME human monocytic ehrlichiosis
HMG-CoA 3-hydroxy-3-methyl-glutaryl-coenzyme A
HMWK high-molecular weight kininogen
HPA hypothalamic pituitary axis
HPF high-power field
HPLC high-performance (or pressure) liquid 

chromatography
HPV human papillomavirus
HR heart rate
hr hour
hs-CRP high-sensitivity C-reactive protein
HSG hysterosalpingogram, 

hysterosalpingography
hsTnI high-sensitivity troponin I
hsTnT high-sensitivity troponin T
HSV herpes simplex virus
Ht height
HTN hypertension
I intermediate
IA immunoassay
IA-2A insulinoma-associated-2 autoantibodies
IAA insulin autoantibodies
IAT indirect antibody test
IBW ideal body weight
IC inspiratory capacity
IC50 inhibitory concentration 50%
IC90 inhibitory concentration 90%
ICA immunochromatographic assay
ICA islet cell cytoplasmic autoantibodies
ICTV International Committee on Taxonomy of 

Viruses
ICU intensive care unit
ICW intracellular water
ID immunodiffusion
IDC International Diabetes Center
IDL intermediate-density lipoproteins
IDMS isotope dilution mass spectrometry
IFA immunofluorescence assay; indirect 

fluorescent antibody
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IFN-γ interferon gamma
IgA immunoglobulin A
IgD immunoglobulin D
IgE immunoglobulin E
IgG immunoglobulin G
IgM immunoglobulin M
IHC immunohistochemistry
IHD ischemic heart disease
IIEF International Index of Erectile Function
IIM idiopathic inflammatory myopathy
IMA inhibitory mold agar
INR international normalized ratio
IP interphalangeal
iPSA inactive PSA
IPSS International Prostate Symptom Score
IQ inhibitory quotient
IRMA immunoradiometric assay
IRV inspiratory reserve volume
ISE ion-selective electrode
ISI International Sensitivity Index
ITP idiopathic thrombocytopenic purpura
IV intravenous
J joule
JIA juvenile idiopathic arthritis
JRA juvenile rheumatoid arthritis
JVP jugular venous pressure
k constant of proportionality
K kelvin
Kcorr corrected serum potassium level
KDIGO Kidney Disease Improving Global 

Outcomes
kg kilogram
KIMS kinetic interaction of microparticles in 

solution
Km Michaelis constant
KOH potassium hydroxide
KRas V-Ki-ras2 Kirsten rat sarcoma viral 

oncogene homolog
Kuncorr uncorrected serum potassium level (or 

actual measured serum potassium)
L liter
LA latex agglutination
La/SSB La/Sjögren syndrome B
LAD left anterior descending
LBBB left bundle branch block
LC liquid chromatography
LCAT lecithin cholesterol acyltransferase
LCR ligase chain reaction
LDH lactate dehydrogenase
LDH1 lactate dehydrogenase isoenzyme 1
LDH2 lactate dehydrogenase isoenzyme 2
LDH3 lactate dehydrogenase isoenzyme 3
LDH4 lactate dehydrogenase isoenzyme 4
LDH5 lactate dehydrogenase isoenzyme 5
LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol
LE lupus erythematosus
LFT liver function test
LH luteinizing hormone
LHRH luteinizing hormone–releasing hormone
LIS laboratory information system
LMP last menstrual period
LMWH low molecular weight heparin
Lp(a) lipoprotein(a)
Lp-PLA2 lipoprotein-associated phospholipase A2
LPL lipoprotein lipase
LSD lysergic acid diethylamide
LTA light transmittance aggregometry
LUTS lower urinary tract symptoms
LVEF left ventricular ejection fraction
m meter
m2 meters squared
MAbs monoclonal antibodies
Mac MacConkey
MAC membrane attack complex
MAC Mycobacterium avium complex
MALDI matrix-assisted laser desorption/ionization
MALDI-TOF matrix-assisted laser desorption ionization 

time-of-flight
MAP mitogen-activated protein
MAT microagglutination test
MBC minimum bactericidal concentration
MBP mannose-binding protein
mcg microgram
MCH mean corpuscular hemoglobin
MCHC mean corpuscular hemoglobin 

concentration
MCP metacarpophalangeal
MCT medium chain triglycerides
MCTD mixed connective tissue disease
MCV mean corpuscular volume
MDMA 3,4-methylenedioxy-N-methamphetamine 

(Ecstasy)
MDR multidrug resistant
MDRD Modification of Diet in Renal Disease
MDx molecular diagnostics
mEq milliequivalent
mg milligram
MHA Mueller-Hinton agar
MHA-TP microhemagglutination Treponema 

pallidum
MHC major histocompatibility complex
MI myocardial infarction
MIC minimum inhibitory concentration
MIC50 MIC value representing 50% of a bacterial 

population
MIC90 MIC value representing 90% of a bacterial 

population
MIF microimmunofluorescence
min minute
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mL milliliter
mm millimeter
mm3 cubic millimeter
mmol millimole
mTOR mammalian target of rapamycin
moAb monoclonal antibody
mol mole
MOTT mycobacteria other than tuberculosis
MPO myeloperoxidase
MPV mean platelet volume
MRI magnetic resonance imaging
mRNA messenger ribonucleic acid
MRO medical review officer
MRP1 multidrug resistant protein 1
MRP2 multidrug resistant protein 2
MRP3 multidrug resistant protein 3
MRSA methicillin-resistant Staphylococcus aureus
MS mass spectrometry
MSSA methicillin-susceptible Staphylococcus 

aureus
mTOR mammalian (or mechanistic) target of 

rapamycin
MTP metatarsophalangeal
N newton
NA nucleic acid
NAAT nucleic acid amplification test
NACB National Academy of Clinical Biochemistry
NAEPP National Asthma Education Prevention 

Program
NASBA nucleic acid sequence-based amplification
NASH nonalcoholic steatohepatitis
NCCB nondihydropyridine calcium channel 

blocker
NCEP National Cholesterol Education Program
ng nanogram
NHL Non-Hodgkin lymphoma
NK cells natural killer (T) lymphocytes
NKDEP National Kidney Disease Education 

Program
NKF KDOQI National Kidney Foundation Kidney 

Disease Outcomes Quality Initiative
NLA National Lipid Association
nm nanometer
NNRTI non-nucleoside reverse transcriptase 

inhibitor
NNS number needed to screen
NQO1 NADPH quinone dehydrogenase 1
NQMI non Q-wave myocardial infarction
NRTI nucleoside reverse transcriptase inhibitor
NSAID nonsteroidal anti-inflammatory drug
NSCLC non-small-cell lung cancer
NSTEMI non-ST-segment elevation myocardial 

infarction
NT-proBNP N-terminal-proBNP
NTM nontuberculous mycobacteria

NYHA New York Heart Association
OA osteoarthritis
OAT organic anion transport
OATP1 organic anion-transporting polypeptide 1
OATP2 organic anion-transporting polypeptide 2
OCT organic cation transport
OGTT oral glucose tolerance test
OSHA Occupational Safety and Health 

Administration
P1G1O1 one live birth, one pregnancy, no 

spontaneous or elective abortions
P-gp P-glycoprotein
Pa Pascal
pAB polyclonal antibody
PaCO2 partial pressure of carbon dioxide, arterial
PAD peripheral arterial disease
PAE postantibiotic effect
PAI1 plasminogen activator inhibitor 1
pANCA perinuclear antineutrophil cytoplasmic 

antibody
PaO2 partial pressure of oxygen, arterial
PAS periodic acid-Schiff
PBC primary biliary cirrhosis
PBMC peripheral blood mononuclear cell
PBP penicillin-binding protein
PC20FEV1 provocation concentration of the 

bronchoconstrictor agent that produces a 
20% reduction in FEV1

PCA postconceptional age
PCI percutaneous coronary intervention
pCO2 partial pressure of carbon dioxide
PCOS polycystic ovary syndrome
PCP phencyclidine
PCR polymerase chain reaction
PCSK9 proprotein convertase subtilisin/kexin  

type 9
PD pharmacodynamic
PDA potato dextrose agar
PE phycoerythrin
Peaksteady state Peak concentration of a drug in serum 

or plasma
PEA phenylethyl alcohol
PEFR peak expiratory flow rate
PET positron emission tomography
PF3 platelet factor 3
PF4 platelet factor 4
PFA potato flake agar
PFGE pulsed-field gel electrophoresis
PFT pulmonary function test
pg picogram
PG prostaglandin
PG2 prostacyclin
pH power of hydrogen or hydrogen ion 

concentration
PHY phenytoin
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Ph Philadelphia
PICU pediatric intensive care unit
PID pelvic inflammatory disease
PIP proximal interphalangeal
PK pharmacokinetic
PKU phenylketonuria
PL phospholipid
PMA postmenstrual age
PMN polymorphonuclear leukocyte
PNA postnatal age
PNA-FISH peptide nucleic acid fluorescent in situ 

hybridization
PO per os (by mouth)
pO2 partial pressure of oxygen
POC point-of-care
POCT point-of-care testing
PPAR peroxisome proliferator-activated receptor
PPD purified protein derivative
PPG postprandial glucose
PPI proton pump inhibitor
PR progesterone receptor
PR3 proteinase 3
PRN as needed
PRU P2Y12 reaction units
PSA prostate specific antigen
PSAD prostate specific antigen density
PSB protected specimen brush
PSM patient self-management
PST patient self-testing
PT prothrombin time
PTCA percutaneous transluminal coronary 

angioplasty
PTH parathyroid hormone
q every
Q perfusion
QC quality control
QID four times daily
qPCR real-time polymerase chain reaction
QRS electrocardiograph wave; represents 

ventricular depolarization
QwMI Q-wave myocardial infarction
R resistant
R-CVA right cerebral vascular accident
RA rheumatoid arthritis
RAAS renin-angiotensin-aldosterone system
RADT rapid antigen detection test
RAEB refractory anemia with excess blasts
RAIU radioactive iodine uptake test
RALS right-angle light scattering
RBC red blood cell
RBF renal blood flow
RCA right coronary artery
RDW red cell distribution width
RF rheumatoid factor
RhMK rhesus monkey kidney

RI reticulocyte index
RIA radioimmunoassay
RIBA recombinant immunoblot assay
RIDTs rapid influenza diagnostic tests
RNA ribonucleic acid
RNP ribonucleoprotein
Ro/SSA Ro/Sjögren syndrome A antibody
RPF renal plasma flow
RPR rapid plasma reagin
RR respiratory rate
RSA rapid sporulation agar
RSAT rapid streptococcal antigen test
RSV respiratory syncytial virus
RT reverse transcriptase; reverse transcription
RT-PCR reverse-transcriptase polymerase chain 

reaction
RV residual volume
S susceptible
S Cys C serum cystatin C
S:P ratio saliva:plasma concentration ratio
SA sinoatrial
SaO2 arterial oxygen saturation
SAMHSA Substance Abuse and Mental Health 

Services Administration
SAT serum agglutination test
SBA sheep blood agar
SBT serum bactericidal test
Scl70 scleroderma-70 or DNA topoisomerase I 

antibody
SCr serum creatinine
ScvO2 central venous oxygen saturation
SD standard deviation
SDA Sabouraud dextrose agar
SDA strand displacement amplification
sec second
SEGA subependymal giant cell astrocytoma
SGE spiral gradient endpoint
SGLT sodium glucose cotransporters
SHBG sex hormone-binding globulin
SI International System of Units
SIADH syndrome of inappropriate antidiuretic 

hormone
SID strong iron difference
SIG strong ion gap
SLE systemic lupus erythematosus
Sm Smith antibody
SMBG self-monitoring blood glucose
SNP single nucleotide polymorphism
SNRI serotonin–norepinephrine reuptake 

inhibitor
SnRNP small nuclear ribonucleoprotein particle
SPECT single-photon emission computed 

tomography
SPEP serum protein electrophoresis
SRA C-serotonin release assay
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ssDNA single-stranded DNA
SSRI selective serotonin reuptake inhibitor
STD sexually transmitted disease
STEMI ST segment elevation myocardial infarction
SV stroke volume
SVC slow vital capacity
SvO2 venous oxygen saturation
T3 triiodothyronine
T3RU triiodothyronine resin uptake
T4 thyroxine
TAT turnaround time
TB tuberculosis
TBG thyroxine-binding globulin
TBI total body irradiation
TBPA thyroid-binding prealbumin
TBW total body water
TBW total body weight
TC total cholesterol
TCA tricyclic antidepressant
TDM therapeutic drug monitoring
TEE transesophageal echocardiography
TF tissue factor
TFPI tissue factor pathway inhibitor
TG triglyceride
THC total hemolytic complement
TIA transient ischemic attack
TIBC total iron-binding capacity
TID three times daily
TJC The Joint Commission
TK tyrosine kinase
TKI tyrosine kinase inhibitor
TLA total laboratory automation
TLC therapeutic lifestyle changes
TLC thin layer chromatography
TLC total lung capacity
TMA transcription mediated amplification
TN true negative
TnC troponin C
TNF tumor necrosis factor
TnI troponin I
TnT troponin T
TP true positive; tube precipitin
tPA tissue plasminogen activator
TPMT thiopurine methyltransferase
TPN total parenteral nutrition
TR therapeutic range
TRH thyrotropin-releasing hormone
TRUS transrectal ultrasound of the prostate
TSB trypticase soy broth
TSH thyroid-stimulating hormone
TST tuberculin skin test

TT thrombin time
TTE transthoracic echocardiography
TTP thrombotic thrombocytopenic purpura; 

total testing process
TTR time in therapeutic range
TV tidal volume
TXA2 thromboxane A2
type 1 DM type 1 diabetes mellitus
type 2 DM type 2 diabetes mellitus
U urinary creatinine concentration
U1RNP uridine-rich ribonuclear protein
UA unstable angina
UCr urine creatinine
UFC urine-free cortisol
UFH unfractionated heparin
UGT1A1 uridine diphosphate glucuronyl 

transferase
UKPDS United Kingdom Prospective Diabetes 

Study
ULN upper limit of normal
uNGAL urine neutrophil gelatinase associated 

lipocalcin
uPA urokinase plasminogen activator
UTI urinary tract infection
UV ultraviolet
V total urine volume collected; ventilation; 

volt
VAP ventilator-associated pneumonia
VC vital capacity
Vd volume of distribution
VDRL Venereal Disease Research Laboratory
VISA vancomycin-intermediate Staphylococcus 

aureus
VKORC1 vitamin K epoxide reductase complex 

subunit 1
VLDL very low-density lipoprotein
Vmax maximum rate of metabolism
VPA valproic acid
VO2 oxygen consumption
VRE vancomycin-resistant enterococci
VTE venous thromboembolism
vWF von Willebrand factor
VZV varicella zoster virus
W watt
WB western blot
WBC white blood cell
WHO World Health Organization
WNL within normal limits
Wt weight
WT wild type
yr year
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3

1 DEFINITIONS AND 
CONCEPTS

Karen J. Tietze

Laboratory testing is used to detect disease, guide treatment, monitor response to 
treatment, and monitor disease progression. However, it is an imperfect science. 
Laboratory testing may fail to identify abnormalities that are present (false nega
tives [FNs]) or identify abnormalities that are not present (false positives [FPs]). 
This chapter defines terms used to describe and differentiate laboratory tests and 
describes factors that must be considered when assessing and applying laboratory 
test results.

DEFINITIONS

Many terms are used to describe and differentiate laboratory test characteristics and 
results. The clinician should recognize and understand these terms before assessing 
and applying test results to individual patients.

Accuracy and Precision
Accuracy and precision are important laboratory quality control measures. Labora
tories are expected to test analytes with accuracy and precision and to document the 
quality control procedures. Accuracy of a quantitative assay is usually measured in 
terms of analytical performance, which includes accuracy and precision. Accuracy 
is defined as the extent to which the mean measurement is close to the true value. 
A sample spiked with a known quantity of an analyte is measured repeatedly; the 
mean measurement is calculated. A highly accurate assay means that the repeated 
analyses produce a mean value that is the same as or very close to the known spiked 
quantity. Accuracy of a qualitative assay is calculated as the sum of the true posi
tives (TPs) and true negatives (TNs) divided by the number of samples tested 
 (accuracy = [(TP + TN) ÷ number of samples tested] × 100%). Precision refers to 
assay reproducibility (i.e., the agreement of results when the specimen is assayed 
many times). An assay with high precision means the methodology is consis
tently able to produce results in close agreement. The accuracy of those results is 
a  separate issue.

Analyte
The analyte is the substance measured by the assay. Some substances, such as phen
ytoin and calcium, are bound extensively to proteins such as albumin. Although 
the unbound fraction elicits the physiological or pharmacological effect (bound 
substances are inactive), most routine assays measure the total substance (bound 
plus unbound). The free fraction may be assayable, but the assays are not routine. 
Therefore, the reference range for total and free substances may be quite different. 
For example, the reference range is 10–20 mcg/mL for total phenytoin, 1–2 mcg/
mL for free phenytoin, 9.2–11 mg/dL for total serum calcium, and 4–4.8 mg/dL for 
free (also called ionized) calcium.

Some analytes exist in several forms and each has a different reference range. 
These forms are referred to as fractions, subtypes, subforms, isoenzymes, or isoforms. 

After completing this chapter, the 
reader should be able to

• Differentiate between accuracy 
and precision

• Distinguish between quantitative, 
qualitative, and semiqualitative 
laboratory tests

• Define reference range and 
identify factors that affect a 
reference range

• Differentiate between sensitivity 
and specificity, and calculate and 
assess these parameters

• Identify potential sources of 
laboratory errors and state the 
impact of these errors in the 
interpretation of laboratory tests

• Identify patient- specific factors 
that must be considered when 
assessing laboratory data

• Discuss the pros and cons of 
point- of- care and at- home 
laboratory testing

• Describe a rational approach to 
interpreting laboratory results

Note: This chapter is based, in part, on the second edition chapter titled  
“Definitions and Concepts” by Scott L. Traub.
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the predictive value indicates the percent of negatives that are 
TNs (Minicase 1).

Qualitative Tests
A qualitative test is a test whose results are reported as either 
positive or negative without further characterization of the 
degree of positivity or negativity. Exact quantities may be mea
sured in the laboratory but are still reported qualitatively using 
predetermined ranges. For example, a serum or urine preg
nancy test is reported as either positive or negative; a bacterial 
wound culture is reported as either positive for one or more 
specific microorganisms or reported as no growth; a urine toxi
cology drug screen is reported as either positive or negative for 
specific drugs; a hepatitis C viral ribonucleic acid (RNA) test 
is reported as positive or negative for hepatitis C viral RNA; 
and an acid fast stain for Mycobacterium is reported as either 
positive or negative.

Quantitative Tests
A quantitative test is a test whose results are reported as an 
exact numeric measurement (usually a specific mass per unit 
measurement) and assessed in the context of a reference range 
of values. For example, serum potassium is reported in milli
equivalents per liter, creatinine clearance (CrCl) is reported in 
milliliters per minute, and LDH is reported in units per liter. 
Some test results are reported as titers (dilutions). A serum 
antinuclear antibody titer of 1:160 is usually associated with 
active systemic lupus erythematosus or other autoimmune 
 diseases, although some patients may have “low titer” disease 
with titers of 1:40 or 1:80. 

Results for the total and each form are reported. For example, 
bilirubin circulates in conjugated and unconjugated subforms 
as well as bound irreversibly to albumin (delta bilirubin). 
Direct bilirubin refers to the sum of the conjugated plus the 
delta forms (water soluble forms); indirect bilirubin refers to 
the unconjugated form (water insoluble form). Lactate dehy
drogenase (LDH) is separated electrophoretically into five dif
ferent isoenzymes: LDH1, LDH2, LDH3, LDH4, and LDH5. 
Creatine kinase (CK) exists in three isoforms: CKBB (CK1), 
CKMB (CK2), and CKMM (CK3). 

Biomarker
A biomarker (biological marker) is a marker (not necessarily 
a quantifiable laboratory parameter) defined by the National 
Institutes of Health as “a characteristic that is objectively mea
sured and evaluated as an indicator of normal biological pro
cesses, pathogenic processes, or pharmacologic responses to 
a therapeutic intervention.”1 Biomarkers are used to diagnose 
and stage disease (i.e., determine the extent of disease), assess 
disease progression, and predict or assess response to therapeu
tic interventions. Tumor markers are biomarkers used to iden
tify the presence of some cancers, to stage disease, or to assess 
patient response to drug and nondrug cancer treatments. Many 
biomarkers are common laboratory parameters. For example, 
glycated hemoglobin A1c (HbA1c) is used to assess long term 
glucose control in patients with diabetes. 

Noninvasive Versus Invasive Tests
A noninvasive test is a procedure that examines fluids or other 
substances (e.g., urine and exhaled air) obtained without using 
a needle, tube, device, or scope to penetrate the skin or enter 
the body. An invasive test is a procedure that examines fluids or 
tissues (e.g., venous blood and skin biopsy) obtained by using 
a needle, tube, device, or scope to penetrate the skin or enter 
the body. Invasive tests pose variable risk depending on the 
method of specimen collection (e.g., pain and bruising associ
ated with venipuncture) and are less convenient than nonin
vasive tests.

Predictive Value
The predictive value, derived from a test’s sensitivity, specific
ity, and prevalence (incidence) of the disease in the popula
tion being tested, is used to assess a test’s reliability (Table 1-1). 
As applied to a positive test result, the predictive value indi
cates the percent of positives that are TPs. For a test with equal 
sensitivity and specificity, the predictive value of a positive 
result increases as the incidence of the disease in the popula
tion increases. For example, the glucose tolerance test has a 
higher predictive value for diabetes in women who are preg
nant than in the general population. A borderline abnormal 
serum creatinine (SCr) concentration has a higher predictive 
value for kidney disease in patients in a nephrology unit than 
in patients in a general medical unit. The lower the prevalence 
of disease in the population tested, the greater the chance that 
a positive test result is in error. The predictive value may also be 
applied to negative results. As applied to a negative test result, 

TABLE 1-1. Relationship of Sensitivity, Specificity, Disease 
Prevalence, and Predictive Value of Positive Testa,b

SENSITIVITY AND 
SPECIFICITY (%) PREVALENCE (%)

PREDICTIVE  
VALUE OF  
POSITIVE TEST (%)

95 0.1 1.9

1 16.1

2 27.9

5 50

50 95

99 0.1 9

1 50

2 66.9

5 83.9

50 99

aThe predictive value of a positive test increases as the disease 
prevalence and sensitivity and specificity of the test increase.
bPredictive value of positive test = [TP ÷ (TP + FP)] x 100%. Predictive 
value of negative test = [TN ÷ (TN + FN)] x 100%. Disease prevalence = 
(TP + FN) ÷ number of patients tested. FN = diseased persons not 
detected by test (false negatives); FP = nondiseased persons positive to 
test (false positives); TN = nondiseased persons negative to test (true 
negatives); and TP = diseased persons detected by test (true positives).
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Reference Range 
The reference range (also known as the reference interval or 
the reference value) is a statistically derived numerical range 
obtained by testing a sample of individuals assumed to be 
healthy. The upper and lower limits of the range are not abso
lute (i.e., normal versus abnormal) but rather points beyond 
which the probability of clinical significance begins to increase. 
The term reference range is preferred over the term normal 
range.3 The reference population is assumed to have a Gauss
ian distribution with 68% of the values within one standard 
deviation (SD) above and below the mean, 95% within ±2 SD, 
and 99.7% within ±3 SD (Figure 1-1). 

The reference range for a given analyte is usually established 
in the clinical laboratory as the mean or average value plus or 
minus two SDs. Acceptance of the mean ±2 SD indicates that 
one in 20 normal individuals will have test results outside the 
reference range (2.5% have values below the lower limit of the 
reference range, and 2.5% have values above the upper limit 
of the reference range). Accepting a wider range (e.g., ±3 SD) 
includes a larger percentage (99.7%) of normal individuals but 
increases the chance of including individuals with values only 
slightly outside of a more narrow range, thus decreasing the 
sensitivity of the test.

Qualitative laboratory tests are either negative or positive 
and without a reference range; any positivity is considered 
abnormal. For example, any amount of serum acetone, por
phobilinogen, or alcohol in serum or plasma is considered 
abnormal. The presence of glucose, ketones, blood, bile, or 
nitrate in urine is also abnormal. The results of the VDRL 
(Veneral Disease Research Laboratory) test, tests for red blood 
cell (RBC) sickling, and the malaria smear are either positive 
or negative.

M I N I C A S E  1

Rapid Streptococcal Antigen Test

In 453 patients with acute pharyngitis symptoms, detection of 
group A β- hemolytic streptococci with a commercial rapid anti-
gen detection test and standard throat culture are compared.2 
The package insert for the rapid streptococcal antigen test (RSAT) 
notes a sensitivity of 95% and a specificity of 98% when used 
according to the manufacturer instructions. 

QUESTION: After reviewing the following results, what conclu-
sions can be made about the clinical performance of the RSAT?

RSAT Results (n = 453): 

True Positives 51

false Positives 12

True Negatives 362

false Negatives 28

DISCUSSION: Calculate sensitivity, specificity, predictive value of 
a positive test, and the predictive value of a negative test.

Sensitivity = (TP ÷ [TP + fN]) × 100% = (51 ÷ [51 + 28 ]) × 100% 
= 64.6%

Specificity = (TN ÷ [TN + fP]) × 100% = (362 ÷ [362 + 12 ]) × 100% 
= 96.8%

Predictive value of positive test = (TP ÷ [TP + fP]) × 100% = (51 
÷ [51 + 12]) × 100% = 81%

Predictive value of negative test = (TN ÷ [TN + fN]) × 100% = (362 
÷ [362 + 28]) × 100% = 92.8%

In this study, RSAT has a lower specificity and sensitivity than 
reported by the manufacturer; the sensitivity depends on proper 
throat swab collection. Appropriate healthcare training is important 
to achieve and maintain maximum sensitivity and positive predic-
tive value of the test.

FIGURE 1-1. Gaussian (random) value distribution with a 
visual display of the area included within increments of 
standard deviation (SD) above and below the mean: ±1 SD = 
68% of total values; ±2 SD = 95% of total values; and ±3 SD = 
99.7% of total values.

Factors That Influence the Reference Range
Many factors influence the reference range. Reference ranges 
may differ between labs depending on analytical technique, 
reagent, and equipment. The initial assumption that the sample 



6 BASIC SKILLS IN INTERPRETING LABORATORY DATA

disease. The higher the test sensitivity, the lower the chance of 
a false negative result; the lower the test sensitivity, the higher 
the chance of a false negative result. However, a highly sensitive 
test is not necessarily a highly specific test (see below).

Highly sensitive tests are preferred when the consequences 
of not identifying the disease are serious; less sensitive tests 
may be acceptable if the consequence of an FN is less signifi
cant or if low sensitivity tests are combined with other tests. 
For example, inherited phenylalanine hydroxylase deficiency 
(phenylketonuria [PKU]) results in increased phenylalanine 
concentrations. High phenylalanine concentrations damage 
the central nervous system and are associated with mental 
retardation. Mental retardation is preventable if PKU is diag
nosed and dietary interventions initiated before 30 days of 
age. The phenylalanine blood screening test, used to screen 
newborns for PKU, is a highly sensitive test when testing 
infants at least 24 hours of age.10 In contrast, the prostate 
specific antigen (PSA) test, a test commonly used to screen 
men for prostate cancer, is highly specific but has low sensi
tivity, especially at low PSA cutoff values of 4–10 ng/mL.11 

Thus, PSA cannot be relied on as the sole prostate cancer 
screening method.

Sensitivity also refers to the range over which a quantitative 
assay can accurately measure the analyte. In this context, a sen
sitive test is one that can measure low levels of the substance; 
an insensitive test cannot measure low levels of the substance 
accurately. For example, a digoxin assay with low sensitivity 
might measure digoxin concentrations as low as 0.7 ng/mL. 
Concentrations below 0.7 ng/mL would not be measurable and 
would be reported as < 0.7 ng/mL whether the digoxin concen
tration was 0.69 ng/mL or 0.1 ng/mL. Therefore, this relatively 
insensitive digoxin assay would not differentiate between medi
cation nonadherence with an expected digoxin concentration 
of 0 ng/mL and low concentrations associated with inadequate 
dosage regimens.

Specificity
Specificity refers to the percent of negative results in people 
without the disease (TN rate).8,9 Specificity assesses the pro
portion of TNs disclosed by the test (Table 12); the lower the 
specificity, the higher the chance of a false positive result. A test 
with a specificity of 95% for the disease in question indicates 

population is normal may be false. For example, the reference 
range is inaccurate if too many individuals with covert dis
ease (i.e., no signs or symptoms of disease) are included in the 
sample population. Failure to control for physiologic variables 
(e.g., age, gender, ethnicity, body mass, diet, posture, and time 
of day) introduces many unrelated factors and may result in an 
inaccurate reference range. Reference ranges calculated from 
nonrandomly distributed (nonGaussian) test results or from 
a small number of samples may not be accurate.

Reference ranges may change as new information relating 
to disease and treatments becomes available. For example, the 
National Cholesterol Education Program’s 2002 Third Report 
of the Expert Panel on Detection, Evaluation, and Treat
ment of High Blood Cholesterol in Adults (Adult Treatment 
Panel III) lowered and more closely spaced reference range 
cutoff points for low density lipoprotein cholesterol (LDLC), 
high density lipoprotein cholesterol (HDLC), and triglycer
ides (TGs) and recommended dose adjusted drug therapy to 
achieve specific cholesterol goals.4 Based on newer evidence, 
the 2013 American College of Cardiology/ American Heart 
Association Guideline on the Treatment of Blood Choles
terol to Reduce Atherosclerotic Cardiovascular Risk in Adults 
does not recommend specific LDLC treatment targets.5 The 
generally accepted upper limit of normal (ULN) for thyroid 
stimulating hormone (TSH) (4.12 mIU/L) is based on data 
from the National Health and Nutrition Examination Survey.6 
But the availability of more sensitive assays and the recognition 
that the original reference population data were skewed has 
led some clinicians to conclude that the ULN for TSH should 
be lowered.7

Critical Value
The term critical value refers to a result that is far enough out
side the reference range that it indicates impending morbidity 
(e.g., potassium < 2.8 mEq/L). Because laboratory personnel 
are not in a position to consider mitigating circumstances, a 
responsible member of the healthcare team is notified imme
diately on discovery of a critical value test result. Critical val
ues may not always be clinically relevant because the reference 
range varies for the reasons discussed above.

Semiquantitative Tests
A semiquantitative test is a test whose results are reported as 
either negative or with varying degrees of positivity but with
out exact quantification. For example, urine glucose and urine 
ketones are reported as negative or 1+, 2+, 3+; the higher num
bers represent a greater amount of the measured substance in 
the urine but not a specific concentration.

Sensitivity
The sensitivity of a test refers to the ability of the test to identify 
positive results in patients who actually have the disease (TP 
rate).8,9 Sensitivity assesses the proportion of TPs disclosed by 
the test (Table 1-2). A test is completely sensitive (100% sen
sitivity) if it is positive in every patient who actually has the 

TABLE 1-2. Calculation of Sensitivity and Specificitya

SCREENING 
TEST RESULT DISEASED

NOT 
DISEASED TOTAL

Positive TP FP TP + FP

Negative FN TN FN + TN

Total TP + FN FP + TN TP + FP + FN + TN

FN = diseased persons not detected by test (false negatives); FP = 
nondiseased persons positive to test (false positives); TN = nondiseased 
persons negative to test (true negatives); TP = diseased persons 
detected by test (true positives).
aSensitivity = [TP ÷ (TP + FN)] x 100%. Specificity = [TN ÷ (TN + FP)] x 
100%.
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quantitative units worldwide.13 Four base units and symbols are 
designated: length (meter, m), mass (kilogram, kg), time (second, 
s), and substance (mole, mol). Five derived units are designated: 
volume (liter, L, 10–3 m3), force (newton, N, kg ms–2), pressure 
(pascal, Pa, kg m–1 s–2), energy (joule, J, kg m2 s–2), and power 
(watt, W, kg m2 s–3). However, it is difficult for clinicians to relate 
to molar concentrations (e.g., serum cholesterol 4.14 mmol × L–1 
versus 160 mg/dL, or HbA1c mmol/mL versus 8%). In the United 
States, most laboratory results are reported in conventional units. 

Rationale for Ordering Laboratory Tests
Laboratory tests are performed with the expectation that the 
results will

• discover occult disease
• confirm a suspected diagnosis
• differentiate among possible diagnoses
• determine the stage, activity, or severity of disease
• detect disease recurrence
• assess the effectiveness of therapy
• guide the course of therapy
Laboratory tests are categorized as screening or diagnostic 

tests. Screening tests, performed in individuals without signs or 
symptoms of disease, detect disease early when interventions 
(e.g., lifestyle modifications, drug therapy, and surgery) are 
likely to be effective. Screening tests are performed on healthy 
individuals and are generally inexpensive, quick and easy to 
perform, and reliable, although they do not provide a definitive 
answer. Screening tests require confirmation with other clinical 
tests. Diagnostic tests are performed on at risk individuals, are 
typically more expensive, and are associated with some degree 
of risk but provide a definitive answer.14

Comparative features of screening tests are listed in 
Table 1-3. Examples of screening tests include the Papanico
laou smear, lipid profile, PSA, fecal occult blood, tuberculin 
skin test, sickle cell tests, blood coagulation tests, and serum 
chemistries. Screening tests may be performed on healthy out
patients (e.g., ordered by the patient’s primary care provider or 
performed during public health fairs) or on admission to an 
acute care facility (e.g., prior to scheduled surgery). Abnormali
ties identified during screening are followed by more specific 
tests to confirm the results.

that the disease will be detected in 5% of people without the 
disease. Tests with high specificity are best for confirming a 
diagnosis because the tests are rarely positive in the absence 
of the disease. Several newborn screening tests (e.g., PKU, 
galactosemia, biotinidase deficiency, congenital hypothyroid
ism, and congenital adrenal hyperplasia) have specificity levels 
above 99%.12 In contrast, the erythrocyte sedimentation rate 
(ESR) is a nonspecific test; infection, inflammation, and plasma 
cell dyscrasias increase the ESR.

Specificity as applied to quantitative laboratory tests refers 
to the degree of cross reactivity of the analyte with other sub
stances in the sample. Quinine may cross react with or be mea
sured as quinidine in some assays, falsely elevating reported 
quinidine concentrations. Phenazopyridine interferes with 
urine ketone tests using sodium nitroprusside (e.g., Ketostix). 

Specimen
A specimen is a sample (e.g., whole blood, plasma, serum, 
urine, stool, sputum, sweat, gastric secretions, exhaled air, 
cerebrospinal fluid, or tissues) that is used for laboratory anal
ysis. Plasma is the watery acellular portion of blood. Plasma 
contains dissolved proteins (e.g., albumin, globulins, fibrin
ogen, enzymes, and hormones), electrolytes (e.g., sodium, 
potassium, chloride, calcium, and magnesium), lipids, car
bohydrates, amino acids, and other organic substances (e.g., 
urea, uric acid, creatinine, bilirubin, ammonium ions). Serum 
is the liquid that remains after the fibrin clot is removed from 
plasma. Although some laboratory tests are performed only 
on plasma (e.g., prothrombin time, activated partial thrombo
plastin time [aPTT], D dimer, and fibrinogen concentrations) 
or serum (e.g., albumin, creatinine, bilirubin, and acetamino
phen concentrations), other laboratory tests can be performed 
on either plasma or serum (e.g., glucose, cortisol, electrolytes, 
and phenytoin concentrations). Some tests are performed on 
whole blood (e.g., blood gases, hemoglobin, hematocrit, com
plete blood count [CBC], and ESR). 

LABORATORY TEST RESULTS

Units Used in Reporting Laboratory Results
Laboratory test results are reported with a variety of units. For 
example, four different units are used to report serum magne
sium concentration (1 mEq/L = 1.22 mg/dL = 0.5 mmol/L = 
12.2 mg/L). Additionally, the same units may be reported in 
different ways. For example, mg/dL, mg/100 mL, and mg% are 
equivalent units. Enzyme activity is usually reported in terms 
of units, but the magnitude varies widely and depends on the 
methodology. Rates are usually reported in volume per unit of 
time (e.g., CrCl is measured in mL/min or L/hr), but the ESR 
is reported in mm/hr and coagulation test results are reported 
in seconds or minutes. This lack of standardization is confusing 
and may lead to misinterpretation of the test results.

The International System of Units (Système Internationale 
d’Unités, or SI) was created about 50 years ago to standardize 

TABLE 1-3. Comparative features of Screening 
and Diagnostic Laboratory Tests

FEATURE SCREENING TEST DIAGNOSTIC TEST

Simplicity of test Fairly simple More complex

Target population Individuals without 
signs or symptoms 
of the disease

Individuals with signs 
or symptoms of the 
disease

Characteristic High sensitivity High specificity

Disease prevalence Relatively common Common or rare

Risks Acceptable to 
population

Acceptable to 
individual

Source: Reference 15. 
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laboratory specific and patient specific factors that may 
influence the results (Table 1-4). For most of the major tests 
discussed in this book, a Quickview chart summarizes infor
mation helpful in interpreting results. Figure 1-2 depicts the 
format and content of a typical Quickview chart.

Screening tests must be cost effective and population 
appropriate. The number needed to screen is defined as “the 
number of people that need to be screened for a given duration 
to prevent one death or one adverse event.”16 For example, 84 
women between the ages of 40 and 84 years need to undergo 
annual mammographic screening to prevent one death from 
breast cancer.17

Diagnostic tests are performed in individuals with signs 
or symptoms of disease, a history suggestive of a specific dis
ease or disorder, or an abnormal screening test. Diagnostic 
tests are used to confirm a suspected diagnosis, differenti
ate among possible diagnoses, determine the stage of activity 
of disease, detect disease recurrence, and assess and guide 
the therapeutic course. Diagnostic test features are listed in 
Table 13. Examples of diagnostic tests include blood cultures, 
serum cardiac specific troponin I and T, kidney biopsy, and 
the cosyntropin test.

Many laboratories group a series of related tests (screen
ing and/or diagnostic) into a set called a profile. For example, 
the basic metabolic panel (BMP) includes common serum 
electrolytes (sodium, potassium, and chloride), carbon diox
ide content, blood urea nitrogen (BUN), calcium, creatinine, 
and glucose. The comprehensive metabolic panel includes the 
BMP plus albumin, alanine aminotransferase (ALT), aspar
tate aminotransferase (AST), total bilirubin, and total pro
tein. Grouped together for convenience, some profiles may 
be less costly to perform than the sum of the cost of each 
individual test. However, profiles may generate unnecessary 
patient data. Attention to cost is especially important in the 
current cost conscious era. A test should not be done if it is 
unnecessary, redundant, or provides suboptimal clinical data 
(e.g., non steady state serum drug concentrations). Before 
ordering a test, the clinician should consider the following 
questions:

• Was the test recently performed and in all probability 
the results have not changed at this time?

• Were other tests performed that provide the same 
information?

• Can the information be estimated with adequate reli
ability from existing data? 

(For example, CrCl can be estimated using age, height, 
weight, and SCr rather than measured from a 24 hour 
urine collection. Serum osmolality can be calculated 
from electrolytes and glucose rather than measured 
directly.)

• What will I do if results are positive or negative (or 
absent or normal)? (For example, if the test result will 
not aid in clinical decisions or change the diagnosis, 
prognosis, or treatment course, the benefits from the 
test are not worth the cost of the test.)

Factors That Influence Laboratory 
Test Results
Laboratory results may be inconsistent with patient signs, 
symptoms, or clinical status. Before accepting reported lab
oratory values, clinicians should consider the numerous 

TABLE 1-4. factors That Influence Assessment of 
Laboratory Results

Assay used and form of analyte

Free form

Bound form

Clinical situation

Acuity of disease

Severity of disease

Demographics

Age

Gender

Ethnicity

Height

Weight

Body surface area

Drugs

Drug–drug interactions

Drug–assay interactions

Food

Time of last meal

Type of food ingested

Nutritional status

Well nourished

Poorly nourished

Posture

Upright

Supine

Pregnancy

Specimen analyzed

Serum

Plasma

Whole blood (venous or arterial)

Cerebrospinal fluid

Urine

Stool

Sputum 

Other (e.g., tissue, sweat, gastric contents, effusions)

Temporal relationships

Time of day

Time of last dose
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deteriorated reagents, calibration errors, calculation errors, 
misreading the results, computer entry or other documen
tation errors, or improper sample preparation. For example, 
incorrect entry of thromboplastin activity (ISI [international 
sensitivity index]) when calculating the international normal
ized ratio (INR) results in accurately assayed but incorrectly 
reported INR results.

Accurate results may be rendered inaccurate by one or more 
specimen related problems. Improper specimen handling 
prior to or during transport to the laboratory may alter ana
lyte concentrations between the time the sample was obtained 
from the patient and the time the sample was analyzed in the 
laboratory.18 For example, arterial blood withdrawn for blood 
gas analysis must be transported on ice to prevent continued 
in vitro changes in pH, PaCO2, and PaO2. Failure to remove the 
plasma or serum from the clot within four hours of obtaining 
blood for serum potassium analysis may elevate the reported 
serum potassium concentration. Red blood cell hemolysis 

Laboratory-Specific Factors
Laboratory errors are uncommon but may occur. Defined as 
a test result that is not the true result, laboratory error most 
appropriately refers to inaccurate results that occur because of 
an error made by laboratory personnel or equipment. However, 
laboratory error is sometimes used to refer to otherwise accu
rate results rendered inaccurate by specimen related issues. 
Laboratory errors should be suspected for one or more of the 
following situations:

• The result is inconsistent with trend in serial test 
results.

• The magnitude of error is great.
• The result is not in agreement with a confirmatory test 

result.
• The result is inconsistent with clinical signs or symp

toms or other patient specific information.
True laboratory errors (inaccurate results) are caused by one 

or more laboratory processing or equipment errors, such as 

QUICKVIEW | Contents of a Typical Quickview Chart
PARAMETER DESCRIPTION COMMENTS

Common reference ranges

Adults Reference range in adults Variability and factors affecting range

Pediatrics Reference range in children Variability, factors affecting range, age grouping

Critical value Value beyond which immediate action usually 
needs to be taken

Disease-dependent factors; relative to reference 
range; value is a multiple of upper normal limit

Inherent activity Does substance have any physiological activity? Description of activity and factors affecting 
activity

Location

Production Is substance produced? If so, where? Factors affecting production

Storage Is substance stored? If so, where? Factors affecting storage

Secretion/excretion Is substance secreted/excreted? If so, where/how? Factors affecting secretion or excretion

Causes of abnormal values

High Major causes Modification of circumstances, other related 
causes or drugs that are commonly monitored 
with this testLow Major causes

Signs and symptoms

High level Major signs and symptoms with a high or 
positive result

Modification of circumstances/other related signs 
and symptoms

Low level Major signs and symptoms with a low result Modification of circumstances/other related 
causes

After event, time to….

Initial elevation Minutes, hours, days, weeks Assumes acute insult

Peak values Minutes, hours, days, weeks Assumes insult not yet removed

Normalization Minutes, hours, days, weeks Assumes insult removed and nonpermanent 
damage

Causes of spurious results List of common causes Modification of circumstances/assay specific

Additional information Any other pertinent information regarding the 
laboratory value or assay

FIGURE 1-2. Contents of a typical Quickview chart.
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Age. Age influences many physiologic systems. Age related 
changes are well described for neonates and young children, 
but less data are available for the elderly and the very elderly 
(usually described as ≥90 years of age). Age influences some 
but not all laboratory values; not all changes are clinically 
significant.

Pediatric reference ranges often reflect physiologic imma
turity, with laboratory values approaching those of healthy 
adults with increasing age. For example, the CBC (hemoglobin, 
hematocrit, RBC count, and RBC indices) ranges are greatly 
dependent on age with different values reported for prema
ture neonates, term neonates, and young children. The fasting 
blood glucose reference range in premature neonates is approx
imately 20–65 mg/dL compared to 60–105 mg/dL for chil
dren two years of age and older and 70–110 mg/dL for adults. 
The SCr reference range for children 1–5 years of age differs 
from the reference range for children 5–10 years of age (0.3– 
0.5 mg/dL versus 0.5–0.8 mg/dL). Reference ranges for children 
are well described because it is relatively easy to identify age 
differentiated populations of healthy children. Most laboratory 
reference texts provide age specific reference values.

Geriatric reference ranges are more difficult to establish 
because of physiologic variability with increasing age and the 
presence of symptomatic and asymptomatic disease states that 
influence reference values. Diet (e.g., malnutrition) also influ
ences some laboratory results. Some physiologic functions 
(e.g., cardiac, pulmonary, renal and metabolic functions) pro
gressively decline with age, but each organ declines at a dif
ferent rate.19 Other physiologic changes associated with aging 
include decreased body weight, decreased height, decreased 
total body water, increased extracellular water, increased fat 
percentage, and decreased lean tissue percentage; and loss of 
cell membranes integrity.19 Published studies sometimes lead 
to contradictory conclusions due to differences in study meth
odology (e.g., single point versus longitudinal evaluations) and 
populations assessed (e.g., nursing home residents versus gen
eral population). Limited data are available for the very elderly 
(≥90 years of age).20 Most laboratory reference texts provide 
age specific reference values.

Despite the paucity of data and difficulties imposed by differ
ent study designs and study populations, there is general con
sensus that some laboratory reference ranges are unchanged, 
some are different but of uncertain clinical significance, and 
some are significantly different in the elderly (Table 1-5). For 
example, decreased lean muscle mass with increased age results 
in decreased creatinine production. Decreased renal function 
is associated with decreased creatinine elimination. Taken 
together, the SCr reference range in the elderly is not differ
ent from younger populations; however, CrCl clearly declines 
with age.

Significant age related changes are reported for the two 
hour postprandial glucose test, serum lipids, and arterial 
oxygen pressure (Table 15). The two hour postprandial glu
cose increases by about 5–10 mg/dL per decade. Progressive 
ventilation perfusion mismatching from loss of elastic recoil 
with increasing age causes progressively decreased arterial 

elevates the serum potassium and phosphate concentrations. 
Failure to refrigerate samples may cause falsely low concentra
tions of serum enzymes (e.g., CK). Prolonged tourniquet time 
may hemoconcentrate analytes, especially those that are highly 
protein bound (e.g., calcium).

Patient-Specific Factors
Laboratory test values cannot be interpreted in isolation of the 
patient. Numerous age related (e.g., decreased renal function) 
and other patient specific factors (e.g., time of day, posture) as 
well as disease specific factors (e.g., time course) affect labo
ratory results. The astute clinician assesses laboratory data in 
context of all that is known about the patient.

Time course. Incorrectly timed laboratory tests produce 
misleading laboratory results. Disease states, normal physi
ologic patterns, pharmacodynamics, and pharmacokinetics 
time courses must be considered when interpreting labora
tory values. For example, digoxin has a prolonged distribution 
phase. Digoxin serum concentrations obtained before tissue 
distribution is complete do not accurately reflect true tissue 
drug concentrations. Postmyocardial infarction enzyme pat
terns are complex and evolve over a prolonged period of time. 
For example, CK increases about six hours following myocar
dial infarction (MI) and returns to baseline about 48–72 hours 
after the MI. Following MI, LDH increases about 12–24 hours 
following MI and returns to baseline about 10 days after the 
MI. Troponin increases a few hours following MI and returns 
to baseline in about five to seven days. Serial samples are used 
to assess myocardial damage.

Laboratory samples obtained too early or too late may miss 
critical changes and lead to incorrect assessments. For example, 
cosyntropin (synthetic adrenocorticotropic hormone [ACTH]) 
tests adrenal gland responsiveness. The baseline 8 a.m. plasma 
cortisol is compared to the stimulated plasma cortisol obtained 
30 and 60 minutes following injection of the drug. Incorrect 
timing leads to incorrect results. The sputum acid fast bacilli 
(AFB) smear may become AFB negative with just a few doses 
of antituberculous drugs, but the sputum culture may remain 
positive for several weeks. Expectations of a negative sputum 
culture too early in the time course may lead to the inappropri
ate addition of unnecessary antituberculous drugs.

Non steady state drug concentrations are difficult to inter
pret; inappropriate dosage adjustments (usually inappropriate 
dosage increases) may occur if the clinician fails to recog
nize that a drug has not reached steady state concentrations. 
Although non steady state drug concentrations may be use
ful when assessing possible drug toxicity (e.g., overdose situ
ations and new onset adverse drug events), all results need to 
be interpreted in the context of the drug’s pharmacokinetics. 
Absorption, distribution, and elimination may change with 
changing physiology. For example, increased/decreased hepatic 
or renal perfusion may affect the clearance of a drug. Some 
drugs (e.g., phenytoin) have very long half lives; constantly 
changing hemodynamics during an acute care hospitalization 
may prevent the drug from achieving steady  state while the 
patient is acutely ill. 
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affects about 13% of AfricanAmerican males and 3% of Afri
canAmerican females in the United States. The Mediterra
nean G6PD variant, associated with a less common but more 
severe enzyme deficiency state, occurs mostly in individuals 
of Greek, Sardinian, Kurdish, Asian, and  Sephardic Jewish 
ancestry.

Other enzyme polymorphisms influence drug metabo
lism. The genetically linked absence of an enzyme may lead to 
drug toxicity secondary to drug accumulation or lack of drug 
effectiveness if the parent compound is an inactive prodrug 
(e.g., codeine). The cytochrome P450 (CYP450) superfamily 
consists of greater than 100 isoenzymes with selective but over
lapping substrate specificity. Some individuals are poor metab
olizers, while some are hyperextensive metabolizers. Several of 
the cytochrome P450 phenotypes vary by race. For example, 
the CYP2D6 poor metabolism phenotype occurs in 5–10% of 
Caucasians, and the CYP2C19 poor metabolism phenotype 
occurs in 10–30% of Asians.30,31

Additional enzyme polymorphisms include pseudocho
linesterase deficiency, phenytoin hydroxylation deficiency, 
inefficient N acetyltransferase activity, inefficient or rapid 
debrisoquine hydroxylase activity, diminished thiopurine 
methyltransferase activity, partial dihydropyrimidine dehy
drogenase inactivity, and defective uridine diphosphate gluc
uronosyltransferase activity.32 Other examples of genetic 
polymorphisms include variations in the β2 adrenoceptor 
gene that influence response to sympathomimetic amines 
and variations in drug transporters such as P glycoprotein, 
multidrug resistance associated proteins (e.g., MRP1, 
MRP2, MRP3), and organic anion transporting polypeptides 
(e.g., OATP1, OATP2).32 

Biologic rhythms. Biologic rhythms are characterized as 
short (<30 minutes), intermediate (greater than 30 minutes but 
less than six days), and long (greater than six days).33 The mas
ter clock, located in the suprachiasmatic nucleus of the hypo
thalamus, coordinates timing signals and multiple peripheral 
clocks.34 A circadian rhythm is a 24 hour, endogenously gener
ated cycle.35 Well described, human circadian rhythms include 
body temperature, cortisol production, melatonin production, 
and hormonal production (gonadotropin, testosterone, growth 
hormone, and thyrotropin). Platelet function, cardiac function, 
and cognition also follow a circadian rhythm.36

Other laboratory parameters follow circadian patterns. 
For example, statistically significant circadian rhythms have 
been reported for CK, ALT, γ glutamyl transferase, LDH, and 
some serum lipids.37,38 Glomerular filtration has a circadian 
rhythm.39 Circadian variations in aminoglycoside pharmaco
kinetics, including netilmicin, amikacin, and gentamicin, have 
been reported.40 Although the clinical significance of diurnally 
variable laboratory results is not well understood, diurnal vari
ability should be considered when assessing laboratory values. 
Obtaining laboratory results at the same time of day (e.g., rou
tine 7 a.m. blood draws) minimizes variability due to circa
dian rhythms. Different results obtained at different times of 
the day may be due to circadian variability rather than acute 
physiologic changes.

oxygen pressure with increasing age. Total cholesterol and 
LDLC increase with age then decline in the very old. 

Genetics, ethnicity, and gender. Inherited ethnic and/or 
gender differences are identified for some laboratory tests. For 
example, the hereditary anemias (e.g., thalassemias and sick
ling disorders such as sickle cell anemia) are more common in 
individuals with subSaharan African, Asian, Middle Eastern, 
and Mediterranean, ancestry.28 Glucose6 phosphate dehydro
genase (G6PD) deficiency is an example of an inherited sex 
linked (X chromosome) enzyme deficiency found primarily 
in men of African, Asian, Middle Eastern, and Mediterranean 
ancestry.29 The AG6PD variant occurs mostly in Africans and 

TABLE 1-5. Laboratory Testing: Tests Affected by Aging

No change

Amylase

Lipase

Hemoglobin

Hematocrit

RBC count

RBC indices

Platelet count

WBC count and differential

Serum electrolytes (sodium, potassium, chloride, bicarbonate, 
magnesium)

Coagulation

Total iron-binding capacity

Thyroid function tests (thyroxine, T3RU)

Liver function tests (AST, ALT, LDH)

Some change (unclear clinical significance)

Alkaline phosphatase

ESR 

Serum albumin

Serum calcium

Serum uric acid

Thyroid function tests (TSH, T3)

Clinically significant change

Arterial oxygen pressure

Two-hour postprandial glucose

Serum lipids (total cholesterol, LDL, TGs)

Serum testosterone (in men)

Serum estradiol (in women)

No change but clinically significant decrease in renal function

SCr 

ALT = alanine aminotransferase; AST = aspartate aminotransferase; 
ESR = erythrocyte sedimentation rate; LDH = lactate dehydrogenase; 
LDL = low-density lipoprotein; TSH = thyroid-stimulating hormone; 
T3 = triiodothyronine; T3RU = triiodothyronine resin uptake; RBC = red 
blood cell; SCR = serum creatinine; TGs = triglycerides; WBC = white 
blood cell.
Source: References 19–27.
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pregnancy increases serum hormone concentrations (e.g., 
estrogen, testosterone, progesterone, human chorionic gonad
otropin, prolactin, corticotropin releasing hormone, ACTH, 
cortisol, and atrial natriuretic hormone). The plasma volume 
increases by 30–50%, resulting in a relative hyponatremia 
(e.g., serum sodium decreased by about 5 mEq/L) and modest 
decreases in hematocrit. The metabolic adaptations to preg
nancy include increased RBC mass and altered carbohydrate 
(e.g., 10–20% decrease in fasting blood glucose) and lipid (e.g., 
300% increase in TGs and a 50% increase in total cholesterol) 
metabolism. Pregnancy changes the production and elimina
tion of thyroid hormones, resulting in different reference val
ues over the course of pregnancy.43 For example, T4 binding 
globulin increases during the first trimester, but pregnancy 
associated accelerated thyroid hormone metabolism occurs 
later in the pregnancy. Other physiologic changes during 
pregnancy include an increased cardiac output (increases by 
30–50%), decreased systemic vascular resistance, increased 
glomerular filtration rate (increases by 40–50%), shortened 
prothrombin and partial thromboplastin times, and hyper
ventilation resulting in compensated respiratory alkalosis and 
increased arterial oxygenation.44

Other Factors
Organ function, diet, fluid status, patient posture, and altitude 
also affect some laboratory tests.

Organ function. Renal dysfunction may lead to hyper
kalemia, decreased CrCl, and hyperphosphatemia. Hepatic 
dysfunction may lead to reduced clotting factor produc
tion with prolonged partial thromboplastin times and pro
thrombin times. Bone marrow dysfunction may lead to 
pancytopenia.

Diet. Serum glucose and lipid profiles are best assessed in 
the fasting state. Unprocessed grapefruit juice down regulates 
intestinal CYP3A4 and increases the bioavailability of some 
orally administered drugs.

Fluid status. Dehydration is associated with a decreased 
amount of fluid in the bloodstream; all blood constituents (e.g., 
sodium, potassium, creatinine, glucose, and BUN) become 
more concentrated. This effect is called hemoconcentration. 
Although the absolute amount of the substance in the body 
has not changed, the loss of fluid results in an abnormally high 
concentration of the measured analyte. The converse is true 
with hemodilution. Relativity must be applied or false impres
sions may arise (Minicase 2).

Posture. Plasma renin release is stimulated by upright pos
ture, diuretics, and low sodium diets; plasma renin testing usu
ally occurs after two to four weeks of normal sodium diets 
under fasting supine conditions.

Altitude. At high altitude, hemoglobin initially increases 
secondary to dehydration. However, hypoxia stimulates eryth
ropoietin production, which in turn stimulates hemoglobin 
production resulting in increased hemoglobin concentration 
and increased blood viscosity. Serum hemoglobin reference 
ranges are adjusted progressively upward for individuals liv
ing above 1000 feet.45 

Other well described biologic rhythms include the eight 
hour rhythm for circulating endothelin, the approximately 
weekly (circaseptan) rhythm for urinary 17 ketosteroid 
excretion, the monthly rhythms of follicle stimulating hor
mone [FSH], luteinizing hormone, progesterone pro
duction, and the seasonal rhythms for cholesterol and 
25 hydroxycholecalciferol.41,42

Drugs. The four generally accepted categories of drug–labo
ratory interactions include methodological interference; drug 
induced, end organ damage; direct pharmacologic effect; and 
a miscellaneous category. Many drugs interfere with analyti
cal methodology. Drugs that discolor the urine interfere with 
fluorometric, colorimetric, and photometric tests and mask 
abnormal urine colors. For example, amitriptyline turns the 
urine a blue green color and phenazopyridine and rifampin 
turn the urine an orange red color. Other drugs directly 
interfere with the laboratory assay. For example, high doses 
of ascorbic acid (>500 mg/day) cause false negative stool 
occult blood tests. Some drugs interfere with urinary fluo
rescence tests for urine catecholamines by producing urinary 
fluorescence themselves (e.g., ampicillin, chloral hydrate, and 
erythromycin).

Direct drug induced, end organ damage (e.g., kidney, liver, 
and bone marrow) change the expected laboratory results. For 
example, amphotericin B causes renal damage evidenced by 
increased SCr. Bone marrow suppressants, such as doxorubi
cin and bleomycin, cause thrombocytopenia. Some drugs alter 
laboratory results as a consequence of a direct pharmacologic 
effect. Thiazide and loop diuretics increase serum uric acid by 
decreasing uric acid renal clearance or tubular secretion. Nar
cotics, such as codeine and morphine sulfate, increase serum 
lipase by inducing spasms of the sphincter of Oddi. Urinary 
specific gravity is increased in the presence of dextran. Other 
examples of drug–laboratory interactions include drugs that 
cause a positive direct Coombs test (e.g., isoniazid, sulfon
amides, and quinidine), drugs that cause a positive antinuclear 
antibody test (e.g., penicillins, sulfonamides, and tetracyclines), 
and drugs that inhibit bacterial growth in blood or urine cul
tures (e.g., antibiotics).

Thyroid function tests are a good example of the complexity 
of potential drug induced laboratory test changes. Thyroxine 
(T4) and triiodothyronine (T3) are displaced from binding 
proteins by salicylates, heparin, and high doses of furosemide. 
Free T4 levels initially increase, but chronic drug administra
tion results in decreased T4 levels with normal TSH  levels. 
Phenytoin, phenobarbital, rifampin, and carbamazepine stim
ulate hepatic metabolism of thyroid hormone, resulting in 
decreased serum hormone concentration. Amiodarone, high 
dose β adrenergic blocking drugs, glucocorticosteroids, and 
some iodine contrast dyes interfere with the conversion of 
T4 to T3. Ferrous sulfate, aluminum hydroxide, sucralfate, 
colestipol, and cholestyramine decrease T4 absorption. Soma
tostatin, octreotide, and glucocorticosteroids suppress TSH 
production.

Pregnancy. Pregnancy is a normal physiologic condition that 
alters the reference range for many laboratory tests. Normal 
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per test cost is usually higher with POCT, cost analyses must 
consider the per unit cost of the test as well as other costs such 
as personnel time, length of stay, and quality of life.

The major disadvantages of POCT include misuse or mis
interpretation of results, loss of centrally generated epidemio
logical data, documentation errors, inappropriate test material 
disposal, and quality assurance issues. All laboratory testing 
must meet the minimum standards established by the Clinical 
Laboratory Improvement Amendments of 1988 (CLIA88).49 
Under CLIA88, tests are categorized into one of three groups 
based on potential public health risk: waived tests, tests of mod
erate complexity, and tests of high complexity. Waived tests 
(e.g., fecal occult blood test) pose no risk of harm to the patient 
if used incorrectly or use such simple and accurate methodolo
gies that inaccurate results are unlikely. Many POCT meet the 
criteria for waived status but increasingly sophisticated POCT 

NONCENTRALIZED 
LABORATORY TESTS

Point- of-Care Testing
Point- of- care testing (POCT), also known as near patient testing, 
bedside testing, or extra- laboratory testing, is clinician directed 
diagnostic testing performed at or near the site of patient care 
rather than in a centralized laboratory.46,47 The POCT equipment 
ranges from small, hand held devices to table top analyzers. In 
vitro, in vivo, and ex vivo POCT refer to tests performed near 
the patient (e.g., fingerstick blood glucose), in the patient (e.g., 
specialized intra arterial catheter that measures lactate), and just 
outside the patient (e.g., intra arterial catheter attached to an 
external analyzer). Although POCT is not a new concept, recent 
technological advances (e.g., microcomputerization, miniatur
ization, biosensor development, etc.) have rapidly expanded the 
variety of available POCT beyond the traditional urinalysis dip
sticks or fingerstick blood glucose monitors (Table 1-6). 

The major advantages of POCT include reduced turnaround 
time and test portability. Reduced turnaround time is especially 
advantageous in settings where rapidly available laboratory 
test results may improve patient care (e.g., emergency depart
ments, operating rooms, critical care units, accident scenes, and 
patient transport). Reduced turnaround time also enhances 
patient care in more traditional ambulatory settings by reduc
ing patient and provider time and minimizing delays in initi
ating therapeutic interventions. Patient care sites without local 
access to centralized laboratories (e.g., nursing homes, rural 
physician practices, and military field operations) also benefit 
from POCT. Other POCT advantages include blood conserva
tion (POCT usually require drops of blood as opposed to the 
several milliliters required for traditional testing); less chance 
of preanalytical error from inappropriate transport, storage, 
or labeling of samples; and overall cost savings. Although the 

M I N I C A S E  2

Interpretation of Laboratory 
Parameters in Dehydration

Jenny M., a 27- year- old female, was lost in the woods for several 
days without food or water. It was warm when the sun was out but 
cool at night. When rescued, she was happy to be found but was 
confused and weak. She had multiple scratches on her arms and 
legs and a deep gash across her cheek. Jenny M. was not taking 
any prescription or nonprescription medications. 

On arrival in the emergency department, Jenny M. is weak, 
lethargic, and confused. Pertinent findings on physical examina-
tion include hypotension, tachycardia, tachypnea, and decreased 
skin turgor. Her mouth and lips are very dry. A BMP and CBC is 
ordered. The BMP was notable for elevated serum electrolytes, 
BUN, and SCr. The BUN- to- creatinine ratio is >20 to 1. The CBC is 

notable for an elevated white blood cell count with an increased 
percentage of bands and elevated platelets, hematocrit, and 
hemoglobin. fluid resuscitation and antibiotics are ordered. 

QUESTION: The prescribed antibiotic is dosed according to renal 
function. The manufacturer provides dosing recommendations 
based on estimated CrCl using the Cockcroft Gault equation. Is it 
appropriate to use this patient’s admission creatinine to estimate 
her CrCl? 

DISCUSSION: No. This patient is severely dehydrated; all labora-
tory parameters are hemoconcentrated. Her admission SCr is high 
and underestimates her renal function; however, it is possible that 
the severe dehydration damaged her kidneys. The best approach 
is to give one dose of the antibiotic and then monitor her renal 
function closely over the next 24–48 hours, redosing the antibiotic 
as indicated.

TABLE 1-6. Common Point-of-Care Tests

Urine pregnancy test

Urine leukocytes or nitrite

Blood glucose

INR

Hemoglobin

Fecal occult blood

Throat swab for group A streptococci

C-reactive protein

Quantitative β-human chorionic gonadotropin

HbA1c

Nose/throat swab for influenza

Platelet count

HbA1c = glycated hemoglobin; INR = international normalized ratio.
Source: Reference 48.
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GUIDELINES FOR INTERPRETING 
LABORATORY RESULTS

Laboratory results must be interpreted in context of the patient 
and the limitations of the laboratory test. However, a laboratory 
result is only one piece of information; diagnostic and thera
peutic decisions cannot be made on the basis of one piece of 
information. Clinicians typically give more weight to the pres
ence or absence of signs and symptoms associated with the 
medical problem rather than to an isolated laboratory report. 
For example, an asymptomatic patient with a serum potassium 
concentration of 3 mEq/L (reference range: 3.5–5 mEq/L) does 
not cause as much concern as a patient who has a concentration 
of 3.3 mEq/L but is symptomatic. Tests for occult disease, such 
as colon cancer, cervical cancer, and hyperlipidemia, are excep
tions to this logic because the patients being tested are asymp
tomatic. Baseline results, rate of change, and patterns should 
be considered when interpreting laboratory results.

Baseline Results
Baseline studies establish relativity and are especially use
ful when reference ranges are wide or when reference values 
vary significantly among patients. For example, lovastatin and 
other hydroxymethylglutaryl coenzyme A reductase inhibi
tors cause myopathy and liver dysfunction in a small percent
age of patients. The myopathy is symptomatic (muscle pain or 
weakness) and elevates CK concentrations. The drug induced 
liver dysfunction is asymptomatic and causes elevated AST 
and ALT. Some clinicians establish a pretreatment baseline 
profile including CK, AST, and ALT and then conduct periodic 
testing thereafter to identify potential drug induced toxicity. 
 Creatine kinase has a wide reference range (55–170 units/L); 

may be subject to more stringent control. State specific regula
tions may be more stringent than federal regulations.

Home Testing
Home testing refers to patient directed diagnostic and mon
itoring testing usually performed by the patient or family 
member at home. More than 500 Food and Drug Adminis
tration (FDA) approved, home use, nonprescription labo
ratory test kits are marketed; home glucose and pregnancy 
testing are among the most popular (Table 1-7). Many non
FDA approved home testing kits are marketed via the Inter
net. The FDA’s Office of In Vitro Diagnostics and Radiological 
Health maintains a searchable list of approved home testing 
kits (http://www.fda.gov/MedicalDevices/Productsand 
MedicalProcedures/InVitroDiagnostics/LabTest/ucm126079 
.htm). Advantages of home testing include convenience, cost 
savings (as compared to physician office visit), quickly avail
able results, and privacy. Home monitoring of chronic drug 
therapy, such as blood glucose control with insulin therapy, 
may give the patient a better sense of control over the disease 
and improve patient outcomes. Disadvantages of home test
ing include misinterpretation of test results, delays in seeking 
medical advice, and lack of pretest and posttest counseling and 
psychological support. In addition, home test kits typically do 
not provide the consumer with information regarding sensi
tivity, specificity, precision, or accuracy. Home use test kits are 
marketed as either complete test kits (consumers obtain their 
own sample, test the sample, and read the results) or as collec
tion kits (consumers obtain the sample, mail the sample to the 
laboratory, and receive the results by mail or telephone). As 
always, consumers should read and follow the test instructions 
to minimize testing error. 

TABLE 1-7. Types of Nonprescription In Vitro Diagnostic Tests

TEST BODY FLUID OR SPECIMEN TESTED

Alcohol Breath

Blood, fecal occult Feces

Drugs of abuse
(amphetamines, barbiturates, benzodiazepines, cannabinoids, cocaine metabolites, methadone, 
methylenedioxymethamphetamine, morphine, phencyclidine)

Urine, hair

Fertility, male Semen

FSH (menopausal) Urine

Glucose Blood, urine

HDL cholesterol Blood

Hemoglobin Blood

HbA1c Blood

HIV-1 Blood

Human chorionic gonadotropin (pregnancy) Urine, serum

Ketones Blood, urine

Luteinizing hormone (ovulation) Urine

Thyroid-stimulating hormone Blood

Triglycerides Blood

FSH = follicle-stimulating hormone; HbA1c = glycated hemoglobin; HDL = high-density lipoprotein; HIV-1 = human immunodeficiency virus type 1.

http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/LabTest/ucm126079.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/LabTest/ucm126079.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/LabTest/ucm126079.htm
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accurately reflects the patient’s actual serum potassium. Repeat 
testing of suspected spurious laboratory values increases the 
cost of patient care but may be necessary to rule out an actual 
abnormality.

FUTURE TRENDS

As advances in miniaturization produce smaller and more 
portable analytical devices, POCT will progress and become 
more widely available. Real time, in vivo POCT may become 
standard in many patient care areas. Laboratory test specificity 
and sensitivity will improve with more sophisticated testing. 
Genetic testing (laboratory analysis of human deoxyribonucleic 
acid [DNA], RNA, chromosomes, and proteins) will undergo 
rapid growth and development in the next few decades; genetic 
testing will be able to predict an individual’s risk for disease, 
identify carriers of disease, establish diagnoses, and provide 
prognostic data. Genetic links for a diverse group of diseases 
including cystic fibrosis, Down syndrome, Huntington dis
ease, breast cancer, Alzheimer disease, schizophrenia, PKU, 
and familial hypercholesterolemia are established; genetic links 
for many additional diseases will be established. Variations in 
DNA sequences will be well described and linked to individu
alized, disease management strategies.52 Developments in nan
otechnology will provide simple and inexpensive in vitro and 
in vivo assessments. Advances in array based technologies (i.e., 
simultaneous evaluation of multiple analytes from one sample) 
will reduce sample volume and cost.

PATIENT ASSESSMENT

Evaluation of patient laboratory data is an important compo
nent of designing, implementing, monitoring, evaluating, and 
modifying patient specific medication therapy management 
plans. Depending on the setting, state laws, and collaborative 
practice agreements, some pharmacists have the authority to 
order and assess specific laboratory tests (e.g., drug serum 
concentrations, SCr, liver function tests, serum electrolytes) 
or to perform POCT (e.g., lipid screening profiles, prothrom
bin time, HbA1c, rapid strep test). Pharmacists in ambulatory 
clinics and acute care inpatient settings have routine access 
to the same patient laboratory data as all other members of 
the healthcare team, but many community based pharmacists 
do not have access to patient laboratory data. Although lack 
of access to laboratory data is currently a barrier, the increas
ing use of electronic patient charts and databases will improve 
pharmacist access to patient laboratory data.

SUMMARY

Clinical laboratory tests are convenient methods to investi
gate disease related and drug related patient issues, especially 
because knowledge of pathophysiology and therapeutics alone 
is insufficient to provide high quality clinical considerations. 
This chapter should help clinicians appreciate general causes 

establishment of a baseline allows the clinician to identify early 
changes, even within the reference range. The baseline value is 
also used to establish relative therapeutic goals. For example, 
the aPTT is used to assess patient response to heparin antico
agulation. Therapeutic targets are expressed in terms of how 
much higher the patient’s aPTT is compared to the baseline 
control.

Laboratory Value Compared to 
Reference Range
Not all laboratory values above the ULN require intervention. 
Risk to benefit considerations may require that some evi
dence of drug induced organ damage is acceptable given the 
ultimate benefit of the drug. For example, a six month course 
of combination drug therapy including isoniazid, a known 
hepatotoxin, is recommended for treatment of latent tubercu
losis.50 The potential benefit of at least six months of therapy 
(i.e., lifetime protection from tuberculosis in the absence of 
reinfection) means that clinicians are willing to accept some 
evidence of liver toxicity with continued drug therapy (e.g., 
isoniazid is continued until AST is greater than five times the 
ULN in asymptomatic individuals or greater than three times 
the ULN in symptomatic patients).51

Rate of Change
The rate of change of a laboratory value provides the clinician 
with a sense of risks associated with the particular signs and 
symptoms. For example, a patient whose RBC count falls from 
5 million/mm3 to 3.5 million/mm3 over several hours is more 
likely to be symptomatic and need immediate therapeutic 
intervention than if the decline took place over several months.

Isolated Results Versus Trends
An isolated abnormal test result is difficult to interpret. How
ever, one of several values in a series of results or similar results 
from the same test performed at two different times suggests a 
pattern or trend. For example, a random serum glucose concen
tration of 300 mg/dL (reference range ≤200 mg/dL in adults) 
might cause concern unless it was known that the patient was 
admitted to the hospital the previous night for treatment of 
diabetic ketoacidosis with a random serum glucose of 960 mg/
dL. A series of laboratory values adds perspective to an inter
pretation but may increase overall costs.

Spurious Results
A spurious laboratory value is a false laboratory value. The only 
way to differentiate between an actual and a spurious labora
tory value is to interpret the value in context of what else is 
known about the patient. For example, a serum potassium con
centration of 5.5 mEq/L (reference range: 3.5–5 mEq/L) in the 
absence of significant electrocardiographic changes (i.e., wide, 
flat P waves, wide QRS complexes, and peaked T waves) and 
risk factors for hyperkalemia (i.e., renal insufficiency) is most 
likely a spurious value. Possible causes of falsely elevated potas
sium, such as hemolysis, acidosis, and laboratory error, have 
to be ruled out before accepting that the elevated potassium 
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and mechanisms of abnormal test results. However, results 
within the reference range are not always associated with an 
absence of signs and symptoms. Many factors influence the 
reference range. Knowing the sensitivity, specificity, and pre
dictive value is important in selecting an assay and interpreting 
its results. Additionally, an understanding of the definitions, 
concepts, and strategies discussed should also facilitate mas
tering information in the following chapters.

LEARNING POINTS

1. What factors should be considered when assessing a lab-
oratory parameter that is outside the reference range?

ANSWER: The upper and lower limits of the reference 
range are not absolute; by definition, some normal results 
will fall outside the reference range. Other factors to con-
sider include the sensitivity and specificity of the test, 
the critical value for the test, the acuity of the change, 
 drug–drug and drug–test interactions, patient signs and 
 symptoms, laboratory error, specimen handling, patient 
age, and timing of the test.

2. What factors should be considered when discussing PSA 
screening?

ANSWER: Sensitivity and specificity should be consid-
ered. Although PSA is specific for the prostate, it has a low 
sensitivity for detecting prostate cancer and is elevated 
by urethral instrumentation, prostatitis, urinary retention, 
prostatic needle biopsy, and benign prostatic hyperplasia. 
Specificity for prostate cancer is lower in older men with 
benign prostatic hyperplasia than in younger men without 
prostatic hyperplasia. Thus, an elevated PSA level found 
during screening may result in unnecessary biopsies, treat-
ment, and complications. Many authorities do not recom-
mend PSA- based screening for prostate cancer.53 

3. What advantages and disadvantages should be 
 considered when recommending at- home laboratory 
testing kits?

ANSWER: Advantages of patient- directed diagnostic 
and monitoring testing include convenience, cost sav-
ings as compared to a physician office visit, quickly avail-
able results, and privacy. Disadvantages include lack of 
information regarding sensitivity, specificity, precision, or 
accuracy; misinterpretation of the test results; the absence 
of pretest and posttest counseling; and delays in seek-
ing medical advice. Patients who wish to purchase FDA- 
approved home- testing kits should be cautioned to seek 
advice before making treatment decisions based solely on 
home- testing laboratory results. 
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