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“Cured yesterday of my disease, I died last night 
of my physician.”    
     --Matthew Prior, 1714

Veterinarians are generally well aware of the 
risks of misdiagnosis (incorrectly identifying a 

patient’s disease or diagnosing a disease the patient 
does not have) and missed diagnosis (failing to de-
tect a disease present in a patient). Misdiagnoses and 
missed diagnoses can lead to direct patient harm 
from inappropriate treatment, harm due to a delay in 
obtaining a correct diagnosis and rendering appro-
priate treatment, and increased costs. However, there 
seems to be little discussion in the veterinary litera-
ture or veterinary curriculum of the problem of over-
diagnosis and the risks it poses to veterinary patients. 

The term overdiagnosis is used in a variety of 
ways, and there is some debate about how it should 
be defined.1–3 In the narrowest sense, however, overdi-
agnosis refers to the correct identification of a disease 
that is actually present but that will never cause clini-
cal signs or clinical harm (eg, death).1 More broadly, 
the term refers to a constellation of factors that lead 
to the correct identification of disease for which sub-
sequent testing and treatment, on balance, causes 
patients more harm than good. These factors include 
detection of clinically irrelevant disease through diag-
nostic testing of individuals without clinical abnormal-
ities, the expansion of disease definitions or disease 
detection thresholds to reclassify individuals without 
clinical signs as ill, the incidental identification of clin-
ically irrelevant lesions during diagnostic imaging, the 
process of creating new diseases by reclassifying as 
abnormal physiological or behavioral phenomena pre-
viously considered normal (ie, medicalization), and 
other practices that lead to diagnoses that are techni-
cally correct but do not benefit patients.1–3 

Importantly, it can be difficult to distinguish over-
diagnosis from certain types of misdiagnosis with sim-
ilar consequences. As an example, false-positive diag-
noses provide no benefit to patients and often lead 
to harm from subsequent diagnostic testing or treat-
ment. However, the key distinguishing feature of over-

Overdiagnosis

diagnosis is that the diagnosis is technically correct 
but such diagnosis leads to no benefit for patients.1,2

The problem of overtreatment is often connected 
to the issue of overdiagnosis. Overtreatment is the ap-
plication of therapeutic interventions that provide no 
net benefit or do more harm than good for patients.1 
Because most medical interventions have some po-
tential for harm, and both the benefits and harms of 
any treatment vary from patient to patient, overtreat-
ment can occur even in the absence of misdiagnosis 
or overdiagnosis. However, because overdiagnosis 
is, by definition, the identification of a disease that 
will not cause clinical symptoms, any treatment im-
plemented as a result of overdiagnosis can have no 
benefits. Treatment given as a result of overdiagnosis 
is always overtreatment and can only be neutral or 
harmful, not beneficial for the patient. Overtreatment 
is often discussed along with overdiagnosis because 
reducing overdiagnosis automatically reduces over-
treatment and its associated harm to patients.4–5

How Much of a Problem  
is Overdiagnosis?

Overdiagnosis is now recognized as a common 
and serious problem in human medicine that causes 
substantial harm in terms of unnecessary costs, wasted 
resources, and patient and caregiving suffering.3,6 In-
ternational conferences and special features in major 
medical journals have been dedicated to discussions of 
overdiagnosis and overtreatment7–9; in 2012, a consor-
tium of 70 specialty groups created the online resource 
Choosing Wisely to help physicians and patients make 
evidence-based decisions that reduce overdiagnosis and 
overtreatment.10 Changes in clinical practice guidelines 
and public education strategies have resulted from the 
growing recognition of the risk of overdiagnosis in hu-
man medicine, including highly publicized changes in 
recommendations for prostate cancer screening in men 
and breast cancer screening in women.11,12

In human medicine, screening programs in-
tended to detect cancer in asymptomatic individuals 

Viewpoint

From the Adobe Animal Hospital, 4470 El Camino Real, Los Altos, CA 94022.

Address correspondence to Dr. McKenzie (mckenzievmd@gmail.com).

Brennen A. McKenzie ma, msc, vmd

mailto:mckenzievmd@gmail.com


 JAVMA • Vol 249 • No. 8 • October 15, 2016 885

provide a useful illustration of the problem of overdi-
agnosis. For example, using blood prostate–specific 
antigen (PSA) concentration as a screening test for 
prostate cancer in asymptomatic men has been asso-
ciated with overdiagnosis rates of 5% to 75%, depend-
ing on the population evaluated,4,13–16 with the best es-
timate suggesting that, among men in whom prostate 
cancer is diagnosed on the basis of this screening, 
25% would be expected to never experience clinical 
illness or die because of prostate cancer.3 In the case 
of mammography to screen women for breast cancer, 
the risk of overdiagnosis varies with the age of wom-
en screened and other factors.16,17 The best estimates 
suggest that about 30% of breast cancers detected 
through mammography screening are overdiagnoses, 
but estimates range from < 10% to 90%, depending 
on the population tested.3,13,18,19,a 

Perhaps the most dramatic example of overdi-
agnosis in human medicine involves CT of clinically 
healthy people. This type of screening frequently 
leads to detection of lesions and, ultimately, diagno-
ses of cancer. On the basis of mortality figures, how-
ever, it is likely that a high percentage of neoplasms 
found through such imaging would never have led 
to death and that the detection of these cancers pro-
vided no benefit to the patients.3 

Of course, lesions detected during imaging of nor-
mal individuals, or incidental lesions detected during 
imaging of patients who have other, unrelated, clini-
cal problems, can be clinically important, and the de-
tection and treatment of such lesions can benefit some 
individual patients. Incidental findings are not auto-
matically overdiagnoses. However, such findings are 
also not always clinically important, and further di-
agnostic and treatment interventions may not benefit 
patients or may even result in net harm.  Determining 
how common overdiagnosis is requires identifying 
which findings are likely to be clinically important 
and which probably represent overdiagnosis.

How is Overdiagnosis Identified?
One challenge in identifying overdiagnosis is that 

it can be identified in individual patients only in retro-
spect, after any opportunity for making diagnostic or 
treatment decisions has passed. If, for example, pros-
tate cancer is diagnosed in an asymptomatic man, 
this diagnosis can only be clearly classified as an over-
diagnosis if the condition is left untreated and never 
results in clinical signs or death. Individual patients, 
and veterinary clients, sometimes elect not to pursue 
treatment, and when the identified conditions they 
choose not to treat regress spontaneously or fail to 
produce clinical signs, we can classify these diagno-
ses as examples of overdiagnosis. However, although 
such outcomes provides evidence for the existence 
of overdiagnosis, they are not very useful in guiding 
diagnostic and treatment recommendations for indi-
vidual patients at the time of initial diagnosis.

Fortunately, it is possible to estimate the frequen-
cy of overdiagnosis in specific patient populations by 

collecting and analyzing epidemiological data about 
specific diagnoses and relevant outcomes. This infor-
mation can then help clinicians and policymakers in 
making decisions that affect the treatment of individ-
ual patients by providing a general sense of the po-
tential for overdiagnosis. Such population-level data 
cannot perfectly predict outcomes or determine the 
optimal course of action for individual patients. But 
the use of such data allows clinicians to recognize 
the potential for overdiagnosis and better assess the 
risks and benefits of proceeding with diagnostic and 
treatment interventions.

Overdiagnosis is frequently detected through 
evaluation of epidemiological data on disease occur-
rence and outcome.3,4,13 As an example, consider a 
usually fatal disease. If an increase in the number of 
cases of that disease is accompanied by an increase in 
the number of deaths caused by it, then there likely 
has been a true increase in disease incidence. Howev-
er, if the number of cases of the disease increases but 
the number of deaths caused by the disease remains 
unchanged, then it is likely that there has been an 
increase in overdiagnosis, because newly identified 
cases are not leading to death. Of course, there can 
be other reasons for this type of pattern, such as dis-
covery of more effective treatments that reduce the 
mortality rate even as the number of cases increases. 
But, absent these situations, this pattern can be a use-
ful indicator of overdiagnosis. 

Although death is a clear, objective outcome mea-
sure, other clinical outcomes can be assessed to evalu-
ate the potential for overdiagnosis. For example, when 
incidental adnexal masses are detected during imaging 
of postmenopausal women, diagnostic and treatment 
choices can be informed by population data concerning 
the rate of spontaneous resolution or progression and 
the ultimate histopathologic diagnoses of lesions with 
different imaging characteristics.20 Follow-up data for 
untreated lesions can be a useful source of information 
to identify overdiagnosis. Such data can reduce overdiag-
nosis and overtreatment even when the exact outcomes 
for individual patients cannot be perfectly predicted.

What is the Harm  
of Overdiagnosis?

Overdiagnosis can cause waste and misalloca-
tion of medical resources and can also increase mor-
bidity and mortality rates and have a deleterious psy-
chological impact on individual patients and their 
caregivers. The testing leading to overdiagnosis and 
the subsequent follow-up testing and treatment have 
obvious financial costs. It is estimated, for example, 
that overdiagnosis and overtreatment of clinically 
irrelevant lesions detected through mammography 
cost $4 billion annually in the United States alone.21 
Another study22 suggested that treatment of people 
in the United States with mild hypertension that 
does not result in any benefit in terms of reducing 
symptoms or early death may cost $32 billion annu-
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ally. By increasing overall health care costs, overdi-
agnosis and overtreatment reduce the affordability 
of care and consume financial resources that could 
otherwise be used for treatments that actually re-
duce clinical illness.

The most direct consequence of overdiagnosis 
is the physical harm done to patients. All tests and 
treatments have some associated risks. Even if those 
risks are small, a substantial number of patients may 
be unnecessarily harmed if the rate of overdiagnosis 
is particularly high. For example, even though there 
is now widespread awareness that a high proportion 
of prostate cancer diagnoses are overdiagnoses, most 
men with positive PSA screening test results are still 
subjected to additional testing.4 In one review,16 85.9% 
of men with positive PSA screening test results under-
went at least one biopsy procedure. And, treatment of 
prostate cancer can have substantial adverse effects. 
Approximately 50% of men who undergo surgery be-
cause of prostate cancer experience sexual dysfunc-
tion, 30% experience difficulty urinating, and 0.1% to 
0.2% die.16 

These risks may be acceptable in men likely to 
experience clinically important symptoms or to die 
of their prostate cancer without treatment. However, 
for men whose cancer would not become clinically 
relevant in the absence of treatment, such adverse 
effects are a harm with no offsetting benefit. Given 
that many asymptomatic men in whom prostate can-
cer is diagnosed on the basis of PSA screening (likely 
about 25% and perhaps as much as 75%)3,4,13–16 will 
never develop clinical signs or die of this disease if 
left untreated, the risks of treatment may well exceed 
the benefits in this population. It is this concern that 
has led to recent changes in prostate cancer screen-
ing guidelines. 

There is also potential psychological harm as-
sociated with being told one has a serious illness, 
although the impact of this is less easily measured 
than the other harms of overdiagnosis. Research has 
shown, for example, that quality of life diminishes 
after a diagnosis of prostate cancer is made and that 
the risk of suicide and cardiovascular death increases 
immediately following such a diagnosis, even before 
treatment is started.23,24 These risks apply equally 
to men in whom prostate cancer would never have 
caused clinical consequences. 

What Causes Overdiagnosis?
Many factors can increase the risk of overdiagnosis. 

The expanded use of screening tests, increased sensitiv-
ity of diagnostic tests, and use of screening tests in inap-
propriate populations are leading factors that contribute 
to the risk of overdiagnosis in human medicine.3,6,25–30,b 
In addition, psychological factors that affect clinicians 
(physicians and veterinarians), human patients, and veteri-
nary clients can predispose to overdiagnosis.3,6,25–31,b The 
training of physicians and veterinarians, for instance, 
includes an emphasis on systematic methods to prevent 

misdiagnosis and, especially, to reduce the risk of fail-
ing to diagnose uncommon diseases and diseases that 
might present in an atypical manner. Medical students 
are rewarded by instructors for successfully making di-
agnoses, even when the diseases are rare or of question-
able clinical relevance.32–35 Doctors may also be prone 
to overdiagnosis because they are likely to be punished, 
in the form of blame or even litigation, for failing to di-
agnose medical conditions, whereas there are almost 
never any negative consequence for unnecessarily di-
agnosing or treating conditions that would never have 
caused any harm if undiagnosed. Often, the fact that 
overdiagnosis and overtreatment have occurred is not 
even recognized.3,29,32–35,b

As patients, human beings are typically inclined 
to seek a diagnosis and to take action on it even if the 
statistical evidence suggests it is in their best interests 
not to do so. One survey,36 for example, found that 98% 
of people given an incorrect diagnosis of cancer on the 
basis of screening test results were still glad they had 
undergone testing once follow-up evaluations showed 
they actually did not have cancer. Like doctors, many 
patients are inclined to believe more care is better 
care, even if the evidence suggests otherwise.37,38 It is 
likely that similar factors influence the decision-mak-
ing of veterinarians and veterinary clients.

Finally, financial incentives that encourage test-
ing and treatment along with commercial marketing 
efforts designed to create a demand for testing, diag-
nosis, and treatment influence the behavior of clini-
cians and patients, potentially increasing the risk of 
overdiagnosis.39–44 Doctors are unlikely to intention-
ally pursue unnecessary testing and treatment purely 
for financial gain; however, there is evidence that rev-
enue has some impact on doctors’ decision-making. 
For example, federal law specifically prohibits physi-
cians from referring patients to diagnostic facilities in 
which they have a financial interest because research 
has shown these types of financial interests increase 
the number of tests done and the costs to patients.44–46 

Overdiagnosis in the Veterinary 
Context

In contrast to the growing emphasis on recogniz-
ing and preventing overdiagnosis in human medicine, 
little or no attention has been paid to the subject in 
veterinary medicine. The epidemiological data need-
ed to identify overdiagnosis are rarely collected in the 
veterinary field, and there appear to be no published 
reports evaluating the risks of overdiagnosis associ-
ated with common diagnostic practices. The frequen-
cy and costs of overdiagnosis and the harm done to 
veterinary patients are unknown. In the absence of 
relevant data, it is difficult to know how similar the 
problem of overdiagnosis—especially causes and so-
lutions—is between human and veterinary medicine. 

The economic model of veterinary medicine is 
quite different from that for human medicine, and this 
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may reduce the risk of overdiagnosis. For example, 
clients must usually pay directly for testing and treat-
ment, and this may restrain the indiscriminate use of 
diagnostic testing and treatment. By comparison, in 
human medicine, the costs to patients of testing and 
treatment are often indirect and difficult to assess.

Nevertheless, overdiagnosis would still be a 
waste of veterinary client resources and could reduce 
the ability of some clients to pay for necessary or 
beneficial care. Unlike physicians, veterinarians must 
face the problem of economic euthanasia, which can 
lead to the death of patients with treatable conditions 
when resources for care are limited.47 Overdiagnosis 
might also lead owners to elect euthanasia if they are 
emotionally or financially unable to cope with a diag-
nosis, even if the condition ultimately might not have 
caused any important clinical consequences. 

Psychological factors that drive overdiagnosis in 
the human medical field, such as financial interests 
and the expectation that screening and early disease 
detection always benefit patients, are likely also pres-
ent in the veterinary field. In the absence of relevant 
data, it is unknown whether overdiagnosis is more or 
less of a problem in veterinary medicine, compared 
with human medicine, but it likely occurs to some 
extent, given the presence of these and other poten-
tial risk factors. 

An example of a practice that might lead to over-
diagnosis is preanesthetic blood testing of overtly 
healthy elective surgery patients. Preanesthetic test-
ing of overtly healthy individuals undergoing elec-
tive surgery is considered of little value and is not 
routinely recommended in human medicine because 
the evidence suggests it does not reliably reduce com-
plications or mortality rates, and it raises the risk of 
overdiagnosis and subsequent unnecessary or even 
harmful interventions.48,49 Although some individuals 
may benefit, the consensus is that on a population 
level, the practice does not benefit enough patients to 
justify the costs or risk of overdiagnosis. 

In contrast, preanesthetic screening of overtly 
healthy patients is often recommended in small ani-
mal medicine and is sometimes presented as a nec-
essary part of good patient care.50–53 The intent is to 
detect subclinical conditions that might influence the 
risks of anesthesia and surgery, and there is evidence 
that such testing frequently uncovers abnormali-
ties.54–56 However, these abnormalities often do not 
alter the anesthetic plan or affect the complication 
rate. This raises the question of whether this practice 
generates a net benefit or harm or has no overall ef-
fect on morbidity and mortality rates in these surgi-
cal patients. The evidence does not currently exist to 
definitively answer this question. 

It is worth considering, though, that the potential 
for net harm does exist, and the practice cannot be as-
sumed to be benign or beneficial overall in the absence 
of data demonstrating this. Perhaps such testing reduc-
es overall perioperative morbidity and mortality rates by 
detecting occult disease that would raise anesthetic or 

surgical risk. Or perhaps it leads to detection and ben-
eficial treatment of disease unrelated to the immediate 
surgical issue. However, preanesthetic testing of overtly 
healthy veterinary patients might also lead to the detec-
tion and subsequent investigation or treatment of diseas-
es that would never have caused harm to these patients. 
And such testing might cause harm by discouraging 
beneficial surgical interventions if owners or veterinar-
ians elect not to proceed with these interventions ow-
ing to clinical laboratory abnormalities that might not 
actually impact the risk of the procedure or well-being 
of the patients. In the worst case, clients might elect eu-
thanasia sooner on the basis of a perception that their 
pet has a disease diagnosed by such screening even if 
that disease is not yet causing clinically important ab-
normalities. Without relevant data, it is difficult to evalu-
ate the overall benefit or harm of such a practice.

How Can Overdiagnosis  
Be Prevented?

The first steps in reducing overdiagnosis are  
understanding the phenomenon and appreciating its 
causes. Appropriate epidemiological data must be col-
lected and analyzed to determine the risk of overdiag-
nosis associated with particular diagnostic practices 
in specific patient populations. Knowing the extent 
of the problem, the costs and harm to patients result-
ing from overdiagnosis, and the specific risk factors 
in veterinary medicine is crucial to developing effec-
tive strategies to reduce overdiagnosis and mitigate 
the harm it causes.

Clearly, research to identify the extent of over-
diagnosis in the veterinary context is needed. It may 
be possible to compare the incidence and mortal-
ity rate for typically fatal diseases when screening 
tests are introduced to determine whether screen-
ing reduces the mortality rate or only increases the 
number of cases diagnosed, as is done in human 
medicine. Follow-up studies of patients whose own-
ers decline treatment could be done to compare 
outcomes between treated and untreated patients, 
which would help clarify the risks and benefits of 
treatment and the extent of overdiagnosis.  Reports 
of follow-up data for incidental lesions detected on 
imaging that are left untreated could help determine 
the rate of progression or spontaneous resolution, 
which would better inform decisions about when to 
intervene when such lesions are detected. And post-
mortem studies can help identify the prevalence of 
lesions that do not lead to clinical disease or death, 
which could better inform decisions about treat-
ment when such lesions are detected antemortem 
(this is one of the key sources of information that 
has led to a recognition of the extent of overdiagno-
sis of prostate cancer in men).  There are many ways 
to develop the evidence base necessary to identify 
and reduce overdiagnosis in veterinary medicine.

However, even in the absence of such data, it may 
be possible to reduce the risk by applying strategies 
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found to be helpful in human medicine. The growing 
awareness of overdiagnosis and overtreatment in hu-
man medicine has led to varied efforts to reduce the 
risk and protect patients. Such efforts have included 
education of clinicians and patients concerning be-
havioral risk factors, amendment of clinical practice 
guidelines to reduce the use of some diagnostic pro-
cedures associated with overdiagnosis, and expan-
sion of research efforts to identify and quantify over-
diagnosis.3–12 Similar efforts could be undertaken in 
veterinary medicine.

 For example, greater awareness of the possibil-
ity of overdiagnosis and its causes could stimulate 
veterinarians to reevaluate their diagnostic practices. 
The authors46 of one review of overdiagnosis in hu-
man medicine suggest that “Investigation and screen-
ing should be selective and targeted. …Unexpected 
abnormal findings should be considered within the 
context of the full clinical picture, and in most cases 
repeated or otherwise verified before a diagnosis is 
made or treatment considered.” Applying such a strat-
egy in veterinary medicine might be prudent even 
without a quantitative understanding of the extent of 
overdiagnosis in this field.

It is common for developments in human medi-
cine to be borrowed for and adapted to the veterinary 
context. From specific diagnostic and therapeutic in-
terventions to broad-based concepts and approaches 
such as evidence-based medicine, veterinary medicine 
frequently makes use of advances first made in the hu-
man medical field. Detecting and reducing overdiag-
nosis has become an area of intensive research and 
active changes in policy and practice in human medi-
cine because overdiagnosis has been recognized as a 
common and important cause of harm to patients. It 
is incumbent on veterinarians to take note of these de-
velopments and make efforts to identify and mitigate 
overdiagnosis and overtreatment in our own profes-
sion for the sake of our patients and clients.

Footnotes
a. Junod B, Nicot P, Gourgues T. Fatal side effects and cancer 

induced by radiotherapy of overdiagnosed breast cancer in 
France (oral presentation). Preventing Overdiagnosis Confer-
ence, Oxford, England, September 2014.

b. Kaliebe K. How heuristics and mental biases contribute to 
overdiagnosis (poster presentation). Preventing Overdiagno-
sis Conference, Oxford, England, September 2014.

References
1. Carter SM, Rogers W, Heath I, et al. The challenge of overdi-

agnosis begins with its definition. BMJ 2015;350:h869.
2. Morgan DJ, Brownlee S, Leppin AL, et al. Setting a research 

agenda for medical overuse. BMJ 2015;351:h4534.
3. Welch HG, Schwartz LM, Woloshin S. Overdiagnosed: mak-

ing people sick in pursuit of health. Boston: Beacon Press, 
2011.

4. Loeb S, Bjurlin MA, Nicholson J, et al. Overdiagnosis and 
overtreatment of prostate cancer. Eur Urol 2014;65:1046–
1055.

5. Brownlee S. Overtreated: why too much medicine is mak-
ing us sicker and poorer. New York: Bloomsbury, 2007.

6. Moynihan R, Doust J, Henry D. Preventing overdiagnosis: 
how to stop harming the healthy. BMJ 2012;344:e3502.

7. Preventing Overdiagnosis. Conference information 2013–
2016. Available at: www.preventingoverdiagnosis.net. Ac-
cessed Jan 8, 2016.

8. BMJ. Too Much Medicine Campaign. Available at: www.bmj.
com/too-much-medicine. Accessed Jan 8, 2016.

9.  JAMA. Less Is More Topic Collection. Available at: www.ja-
manetwork.com. Accessed Jan 8, 2016.

10. Choosing Wisely. Available at: www.choosingwisely.org. Ac-
cessed Jan 8, 2016.

11. Moyer VA. Screening for prostate cancer: US Preventive Ser-
vices Task Force recommendation statement. Ann Intern 
Med 2012;157:120–134.

12. US Preventive Services Task Force. Screening for breast can-
cer: US Preventive Services Task Force recommendation 
statement. Ann Intern Med 2009;151:716–726.

13. Welch HG, Black WC. Overdiagnosis in cancer. J Natl Cancer 
Inst 2010;102:605–613.

14. Draisma G, Etzioni R, Tsodikov A, et al. Lead time and overdi-
agnosis in prostate-specific antigen screening: importance of 
methods and context. J Natl Cancer Inst 2009;101:374–383.

15. Wever EM, Draisma G, Heijnskijk EA, et al. Prostate-specific 
antigen screening in the United States vs in the European 
Randomized Study of Screening for Prostate Cancer–Rotter-
dam. J Natl Cancer Inst 2010;102:352–355.

16. Ballentine Carter H, Albertsen PC, Barry MJ, et al. Early detec-
tion of prostate cancer; AUA guideline. J Urol 2013;190:419–426.

17. Harding C, Pompei F, Burmistrov D, et al. Breast cancer 
screening, incidence, and mortality across US counties. 
JAMA Intern Med 2015;175:1483–1489.

18. Jorgensen KJ, Gotzsche PC. Overdiagnosis in publicly or-
ganised mammography screening programmes: systematic 
review of incidence trends. BMJ 2009;339:b2587.

19. Loberg M, Lousdal ML, Kalager M. Benefits and harms of 
mammography screening. Breast Cancer Res 2015;17:63.

20.  McDonald JM, Modesitt SC. The incidental postmenopausal 
adnexal mass. Clin Obstet Gynecol 2006;49:506–516.

21. Ong M, Mandl KD. National expenditure for false-positive 
mammograms and breast cancer overdiagnoses estimated at 
$4 billion a year. Health Aff (Millwood) 2015;34:576–583.

22. Martin SA, Boucher M, Wright JM, et al. Mild hypertension in 
people at low risk. BMJ 2014;349:g5432.

23. Heijnsdijk EA, Wever EM, Auvinen A, et al. Quality-of-life 
effects of prostate-specific antigen screening. N Engl J Med 
2012;367:595–605.

24. Fall K, Fang F, Mucci LA, et al. Immediate risk for cardiovas-
cular events and suicide following a prostate cancer diagno-
sis: prospective cohort study. PLoS Med 2009;6:e1000197.

25. Hoffman JR, Kanzaria HK. Intolerance of error and culture of 
blame drive medical excess. BMJ 2014;349:g5702.

26. Coon ER, Quinonez RA, Moyer VA, et al. Overdiagnosis: how 
our compulsion for diagnosis may be harming children. Pe-
diatrics 2014;134:1–11.

27. Merrill JM, Lorimor RJ, Thornby JI, et al. Reliance on high 
technology among senior medical students. Am J Med Sci 
1998;315:35–39.

28. van der Weijden T, van Bokhoven MA, Dinant GJ, et al. 
Understanding laboratory testing in diagnostic uncertain-
ty: a qualitative study in general practice. Br J Gen Pract 
2002;52:974–980.

29. Lysdahl KB, Hofmann BM. What causes increasing and un-
necessary use of radiological investigations? A survey of radi-
ologists’ perceptions. BMC Health Serv Res 2009;9:155.

30. Black W. Advances in radiology and the real versus apparent 
effects of early diagnosis. Eur J Radiol 1998;27:116–122.

31. McKenzie BA. Veterinary clinical decision-making: cognitive 
biases, external constraints, and strategies for improvement. 
J Am Vet Med Assoc 2014;44:271–276.

32. Nevalainen M, Kuikka L, Sjoberg L, et al. Tolerance of uncer-
tainty and fears of making mistakes among fifth-year medical 
students. Fam Med 2012;44:240–246.

33. Samadian S, Farhat A. Problem based learning, litigation, and 
EWTD contribute to too much medicine. BMJ 2013;347:f4790.



 JAVMA • Vol 249 • No. 8 • October 15, 2016 889

34. Woodward C, Ferrier B, Goldsmith C, et al. Billing patterns of 
general practitioner and family physicians in Ontario: a compari-
son of graduates of McMaster Medical School with graduates of 
other Ontario medical schools. Res Med Educ 1988;27:276–281.

35. Emanuel EJ, Fuchs VR. The perfect storm of overutilization. 
JAMA 2008;299:2789–2791.

36. Schwartz LM, Woloshin S, Fowler FJ, et al. Enthusiasm for 
cancer screening in the United States. JAMA 2004;291:71–78. 

37. Mehrotra A, Hussey PS, Milstein A, et al. Consumers’ and pro-
viders’ responses to public cost reports, and how to raise the 
likelihood of achieving desired results. Health Aff (Millwood) 
2012;31:843–851.

38. Karman KL, Maurer M, Yegian JM, et al. Evidence that con-
sumers are skeptical about evidence-based health care. 
Health Aff 2010;29:1400–1406.

39. Mitchell JM. Utilization trends for advanced imaging proce-
dures: evidence from individuals with private insurance cov-
erage in California. Med Care 2008;46:460–466.

40. Mitchell JM. Effect of physician ownership of specialty hos-
pitals and ambulatory surgery centers on frequency of use of 
outpatient orthopedic surgery. Arch Surg 2010;145:732–738.

41. Mitchell JM. Urologists’ self-referral for pathology of biopsy 
specimens linked to increased use and lower prostate cancer 
detection. Health Aff 2012;31:741–749.

42. Als-Nielsen B, Chen W, Gluud C, et al. Association of fund-
ing and conclusions in randomized drug trials: a reflection of 
treatment effect or adverse events? JAMA 2003;290:921–928.

43. Neuman J, Korenstein D, Ross JS, et al. Prevalence of finan-
cial conflicts of interest among panel members producing 
clinical practice guidelines in Canada and United States: 
cross sectional study. BMJ 2011;343:d5621.

44. Levin DC, Rao VM. Turf wars in radiology: updated evidence 
on the relationship between self-referral and the overutiliza-
tion of imaging. J Am Coll Radiol 2008;5:806–810.

45. Gazelle GS, Halpern EF, Ryan HS, et al. Utilization of diag-
nostic medical imaging: comparison of radiologist referral 
versus same-specialty referral. Radiology 2007;245:517–522. 

46. Glasziou P, Moynihan R, Richards T, et al. Too much medi-
cine; too little care. BMJ 2013;347:f4247

47. Tremayne J. Economic euthanasia on the rise. Veterinary 
Practice News June 10, 2009. Available at: veterinaryprac-
ticenews.com. Accessed Jan 8, 2016.

48. Munro J, Booth A, Nichol J. Routine preoperative testing: a 
systematic review of the evidence. Health Technol Assess 
1997;1(12):1–62.

49. Kumar A, Srivastava U. Role of routine laboratory investiga-
tions in preoperative evaluation. J Anaesthesiol Clin Phar-
macol 2011;27;174–179.

50. Lewis HB. Healthy pets benefit from blood work. Ban-
field Data Savant. Available at: www.banfield.com/
getmedia/1216c698 -7da1-4899-81a3-24ab549b7a8c/2_ 
1-Healthy-Pets-benefit-from-blood-work. Accessed Jan 8, 2016.

51. Irwin J. Do tests first: pre-surgical blood work may eliminate 
variety of surprises. DVM 360 Nov 1, 2003.

52. IDEXX Laboratories. Preanesthetic testing: don’t compro-
mise—change happens fast. Available at: www.idexx.com.au/
smallanimal/inhouse/preanesthetic-testing.html. Accessed Jan 
8, 2016.

53. Ward E. Ask the expert: preanesthetic testing in private prac-
tice. NAVC Clinician’s Brief. January 2010. Available at: www.
cliniciansbrief.com/sites/default/files/sites/cliniciansbrief.
com/files/PreanestheticTestingPrivatePractice.pdf. Accessed 
Jan 8, 2016.

54. Alef M, Praun F, von Oechtering G. Is routine pre-anaesthetic 
haematological and biochemical screening justified in dogs? 
Vet Anaesth Analg 2008;35:132–140.

55. Joubert KE. Pre-anaesthetic screening of geriatric dogs. J S 
Afr Vet Assoc 2007;78:31–35.

56. Paepe D, Verjans J, Duchateau L, et al. Routine health screen-
ing: findings in apparently healthy middle-aged and old cats. 
J Feline Med Surg 2013;15:8–19.

For all Viewpoint articles, opinions expressed are those of the au-
thors and do not necessarily reflect the official policy of the AVMA.


