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Veterinarians work in environments with numerous 
occupational hazards.1–3 Veterinarians are routinely 

exposed to anesthetic gases, zoonotic diseases, radia-
tion, and work-related mental stress.1–4 Previous stud-
ies have reported the short-term impact of working in 
veterinary medicine, which indicated animal-related 
injuries such as kicks, bites, scratches, and needlesticks 
were the most commonly reported.1–3,5,6 However, no 
known studies have evaluated the long-term impact of 
the occupational hazards of working in veterinary medi-
cine. One way to evaluate the long-term impacts of oc-
cupational hazards is through mortality studies. Propor-
tionate mortality ratios (PMRs) might also help identify 
trends in causes of death that could have been prevent-
ed, leading to recommendations that might improve 
quality of life or life expectancy among veterinarians.
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Previous all-cause veterinarian mortality studies 
do not include female veterinarians. Blair and Hayes 
published 2 veterinarian mortality studies7,8 in the 
early 1980s. The first all-cause mortality study7 fo-
cused on cancer among US veterinarian decedents 
who died during 1966 through 1977. The second 
all-cause mortality study8 evaluated US veterinar-
ians who died during 1944 through 1977. Both of 
these studies included only veterinarian decedents 
who were white and male and who predominately 
specialized in food animal or equine medicine.7,8 In 
the 1970s, the female veterinary student population 
started to increase.9 In 2019, 63% of US veterinar-
ians were female and over 75% of veterinary school 
students were female.10 Furthermore, as companion 
animals have become more important in society, the 

OBJECTIVE
To assess proportionate mortality from all causes for male and female US veterinarians during 1979 through 2015.

SAMPLE
Death records for 11,620 veterinarians.

PROCEDURES
For this proportionate mortality ratio (PMR) study, information for veterinarians who died during 1979 through 2015 
was obtained from AVMA obituary and life insurance databases and submitted to a centralized database of US death 
records to obtain underlying causes of death. Decedent data that met records-matching criteria were imported into 
a software program for calculation of PMRs for all causes stratified by sex and indirectly standardized for age, race, 
and 5-year calendar period with 95% CIs.

RESULTS
11,620 decedents consisted of 11,049 (95%) males and 571 (5%) females with a median age at death of 77 years. 
Proportionate mortality for all veterinarian decedents was higher than expected for melanoma (PMRs, 2.1 and 2.2 
for males and females, respectively), suicide (PMRs, 2.1 and 3.5 for males and females, respectively), and transpor-
tation injuries (PMRs, 1.7 and 1.6 for males and females, respectively). Proportionate mortality for all decedents was 
lower than expected for respiratory cancers (PMRs, 0.6 and 0.5 for males and females, respectively), diabetes melli-
tus (PMRs, 0.7 and 0.4 for males and females, respectively), heart disease (PMRs, 0.9 and 0.6 for males and females, 
respectively), and respiratory disorders (PMRs, 0.7 and 0.6 for males and females, respectively).

CLINICAL RELEVANCE
Results indicated proportionate mortality from malignant melanoma, transportation injuries, and suicide for male 
and female veterinarians was higher than the general population. These data may help stakeholders improve veteri-
narian workplace safety and health guidelines.
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focus of the veterinary profession has shifted to pre-
dominately companion animal medicine.11,12 In 2019, 
over 75% of all employed US veterinarians worked in 
companion animal medicine.10 Other all-cause vet-
erinarian mortality studies have limited the analysis 
to specific regions or populations in the US. In 1966, 
a veterinarian mortality study published by Botts et 
al13 included only deaths among white male Missouri 
veterinarians. In 1995, an all-cause mortality study 
by Miller and Beaumont14 included female veterinar-
ian decedents but was limited to veterinarian dece-
dents identified through the archives of the Califor-
nia State Board of Examiners in Veterinary Medicine. 
International veterinarian mortality studies have fo-
cused specifically on suicide.15–19

Understanding mortality causes among male and 
female US veterinarians in the context of the changing 
demographics and species specialization in the vet-
erinary profession could help identify trends in specific 
causes of death during an expanded study period and 
describe death patterns by occupational characteristics. 
The purpose of the study reported here was to conduct 
an updated assessment of proportion-
ate mortality from all causes among 
male US veterinarians and to investigate 
proportionate mortality from all causes 
among female US veterinarians.

Materials and Methods
Data sources

Veterinarian decedent informa-
tion for this study was obtained from 
JAVMA obituary information collected 
by the AVMA and settlements on life 
insurance policies obtained through 
AVMA membership. When informa-
tion was available, the AVMA dece-
dent records provided first, middle, 
and last names; date of birth; state of 
death; sex; race; membership status 
(eg, member or nonmember); name of 
veterinary school and graduation year; 
primary employment facility type (eg, 
general practice, academic, industry, 
or government); primary function per-
formed (eg, clinical medicine, teaching, 
research, or regulatory work); and pri-
mary species treated. Decedent infor-
mation from the AVMA was matched 
to death records in the National Death 
Index (NDI), a centralized death- 
records database managed by the CDC 
National Center for Health Statistics,20 
to obtain each decedent’s underlying 
cause of death. Further information on 
data sources for this study have been 
described in a previous report.21

Case selection
The AVMA provided demograph-

ic and employment information for 

13,469 veterinarians who died during 1979 through 
2015 (Figure 1). Each AVMA record was reviewed and 
included if the record contained a date of death be-
tween January 1, 1979, and December 31, 2015, full 
name, and birth month and year. Because of project 
financial restrictions, 238 AVMA records were exclud-
ed using a standard software (SAS version 9.4; SAS 
Institute Inc.) survey selection procedure. Detailed in-
formation on case selection and the record exclusion 
process has been described in a previous report.21 Us-
ing the NDI submission criteria,20 12,501 veterinarian 
decedents were submitted to NDI, and 11,648 (93.2%) 
of these matched a single NDI record based on the 
NDI selection criteria.20 Available software (Life Table 
Analysis System [LTAS] version 4.0; CDC National In-
stitute for Occupational Safety and Health) was used 
to compare specific causes of mortality among the 
veterinarian decedents to the general US popula-
tion.22 Of the 11,648 decedents matched to NDI re-
cords, 11,620 (99.8%) met LTAS import requirements 
(nonmissing data for underlying cause of death and 
exposure start date) and were included in analyses.

Figure 1—Flow diagram depicting selection, inclusion, and exclusion of 
death records for use to assess proportionate mortality from all causes 
among male and female veterinarians in the US from 1979 through 2015. 
The initial data set for deceased US veterinarians was collected by ex-
amination of records from JAVMA obituary information collected by the 
AVMA and terminated life insurance policies obtained through AVMA 
membership. For study purposes, the date of graduation from veterinary 
school was considered the exposure start date. LTAS = Life Table Analysis 
System. NDI = National Death Index.
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Statistical analysis
PMRs were calculated using LTAS and stratified 

by sex. The LTAS program indirectly standardizes for 
age, race, and 5-year calendar period by calculating a 
weighted sum of proportions for the exposed (study 
population) and unexposed (general US population) 
for each stratum, with the weights being the total 
observed deaths among the exposed population for 
each stratum.22,23 The 5-year calendar period PMRs 
were also used to examine trends over time. PMRs 
were calculated by dividing the observed number of 
deaths for a specific cause of death by the expected 
number of deaths for a specific cause. The LTAS cal-
culated the expected number of deaths by multiplying 
the total decedent population by the proportion of US 
deaths for a specific cause.22,24 Therefore, PMR values 
> 1.00 indicated the proportionate mortality from a 
specific cause of death was greater than the general 
US population.24 The LTAS assumed a Poisson distri-
bution to calculate P values (< 0.05 or < 0.01) and 95% 
CIs; values were considered statistically significant at 
P < 0.05.22 Cell sizes of < 5 were suppressed to comply 
with NDI data presentation requirements.

Results
Study demographics

Of 11,620 decedents included in the analysis, 
11,049 (95%) were male and 571 (5%) were female. 
The median age at death was 77 years (range, 25 to 
107 years) for males and 51 years (range, 26 to 100 
years) for females (Table 1). Two-thirds (66%) of the 

decedents worked in an occupational position clas-
sified as clinical. Approximately 50% (n = 5,799) of 
the decedents had available species specialization 
information; of these, 3,650 (31% of all decedents or 
63% [3,650/5,799] of decedents with available spe-
cies specialization information) worked exclusively 
or predominantly with companion animals.

Comparison with general US population
Cancer—Male veterinarians were 2.1 (95% CI, 

1.74 to 2.49) times as likely to die from brain can-
cer, 2.1 (95% CI, 1.74 to 2.57) times as likely to 
die from melanoma, and 1.6 (95% CI, 1.04 to 2.27) 
times as likely to die from a nonmelanoma type 
skin cancer, compared with the general US popu-
lation (Table 2). Among lymphatic and hematopoi-
etic system cancers, male veterinarian decedents 
were 2.1 (95% CI, 1.14 to 3.49) times as likely to 
die from Hodgkin lymphoma, 1.9 (95% CI, 1.50 to 
2.27) times as likely to die from multiple myeloma, 
1.6 (95% CI, 1.35 to 1.82) times as likely to die from 
leukemia, and 1.3 (95% CI, 1.12 to 1.56) times as 
likely to die from non-Hodgkin lymphoma, com-
pared with the general US population. Cancer of 
the pancreas (PMR, 1.5; 95% CI, 1.32 to 1.73) was 
the only digestive organ cancer and prostate can-
cer (PMR, 1.4; 95% CI, 1.26 to 1.53) was the only 
male genital cancer significantly different, com-
pared with the general US population.

Female veterinarian decedents were 2.2 (95% 
CI, 1.01 to 4.21) times as likely to die from melano-
ma and 2.5 (95% CI, 1.65 to 3.59) times as likely to 
die from ovarian cancer, compared with the general 

Characteristics 	 Males (n = 11,049)	 Females (n = 571)	 Total (n = 11,620)

Age at death (y)			 
  25–34	 90 (< 1)	 48 (8)	 138 (1)
  35–44	 278 (3)	 124 (22)	 402 (3)
  45–54	 600 (5)	 150 (26)	 750 (6)
  55–64	 1,348 (12)	 115 (20)	 1,463 (13)
  65–74	 2,277 (21)	 53 (9)	 2,330 (20)
  ≥ 75	 6,456 (58)	 81 (14)	 6,537 (56)
			 
Position type			 
  Clinical*	 7,214 (65)	 422 (74)	 7,636 (66)
  Nonclinical	 3,364 (30)	 95 (17)	 3,459 (30)
  Unknown	 471 (4)	 54 (9)	 525 (5)
			 
Species specialization†			 
  Companion animal	 3,289 (30)	 361 (63)	 3,650 (31)
  Food animal	 1,211 (11)	 18 (3)	 1,229 (11)
  Mixed animal	 583 (5)	 29 (5)	 612 (5)
  Equine	 270 (2)	 21 (4)	 291 (3)
  Other	 20 (0.2)	 0 (0)	 20 (0.2)
  None or not listed	 5,676 (51)	 142 (25)	 5,818 (50)

*Decedents were classified in clinical position if the AVMA decedent record listed their employ-
ment facility type as general practice or their primary function performed as clinical medicine.

†Species specialization was classified according to AVMA market research statistic definitions.

Table 1—Numbers (%) of 11,620 veterinarians who died during 1979 through 2015 strat-
ified by sex and then further grouped by age at death, veterinary position type, and spe-
cies specialization. Decedents were classified in clinical position if the AVMA decedent 
record listed their employment facility type as general practice or their primary function 
performed as clinical medicine. Species specialization was classified according to AVMA 
market research statistic definitions.
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US population. The proportionate mortality for fe-
male veterinarian decedents dying from breast can-
cer was not significantly different from the general 
US population.

Male and female veterinarian decedents were 
less likely than the general US population to die 
from cancer of the respiratory system, with male 
veterinarian decedents 0.6 (95% CI, 0.59 to 0.70) 
and female veterinarian decedents 0.5 (95% CI, 
0.33 to 0.82) times as likely to die from any respira-
tory system cancer. Among cancers of the respira-
tory system, male veterinarian decedents were 0.6 
(95% CI, 0.59 to 0.69) times and female veterinar-
ian decedents were 0.6 (95% CI, 0.34 to 0.84) times 
as likely to die from cancer of the lungs, trachea, 
or bronchi, compared with the general US popu-
lation. Additionally, male veterinarian decedents 
were 0.6 (95% CI, 0.35 to 0.99) times as likely to 
die from larynx cancer, compared with the general 
US population.

Noncancer—Male veterinarian decedents were 
2.1 (95% CI, 1.87 to 2.32) times as likely to die from 
intentional self-harm or suicide (Table 3); a detailed 
analysis of suicide mortality among veterinarians 
was published previously.21 Male veterinarian dece-
dents were 1.7 (95% CI, 1.45 to 1.88) times as likely 
to die from a transportation injury, compared with 
the general US population. Among transportation-
related injuries, male veterinarian decedents were 
1.7 (95% CI, 1.33 to 2.02) times as likely to die from 
injuries in a motor vehicle traffic accident where the 
decedent was the driver, compared with the gener-

al US population. However, the proportionate mor-
tality for male veterinarian decedents was not sig-
nificantly different from the general US population 
for motor vehicle traffic injuries where the decedent 
was a passenger (PMR, 1.2; 95% CI 0.56 to 2.15). 
Female veterinarian decedents were 3.5 (95% CI, 
2.73 to 4.39) times as likely to die from suicide and 
1.6 (95% CI, 1.10 to 2.13) times as likely to die from 
transportation injuries, compared with the general 
US population.

Male veterinarians were 0.4 (95% CI, 0.28 to 
0.65) times as likely to die from tuberculosis or 
HIV-related diseases, 0.7 (95% CI, 0.59 to 0.79) 
times as likely to die from diabetes mellitus, 0.7 
(95% CI, 0.68 to 0.77) times as likely to die from re-
spiratory disorders, and 0.9 (95% CI, 0.91 to 0.97) 
times as likely to die from heart disease, compared 
with the general US population. Female veterinar-
ian decedents were 0.4 (95% CI, 0.14 to 0.83) times 
as likely to die from diabetes mellitus, 0.6 (95% CI, 
0.43 to 0.76) times as likely to die from heart dis-
ease, and 0.6 (95% CI, 0.36 to 0.88) times as likely 
to die from respiratory disorders, compared with 
the general US population.

Trends of deaths over time
We found little variation among PMRs over time 

for most cancer mortalities including respiratory, 
pancreas, and prostate cancers (Figure 2). Propor-
tionate mortality for ovarian cancer among veteri-
narian decedents had the most variation from 1980 
through 2014. Proportionate mortality for nonmela-
noma skin cancer peaked during 1980 through 1984 

	 Males (n = 11,049)	 Females (n = 571)	

Cause of death 	 No. observed	 No. expected	 PMR (95% CI)	 No. observed	 No. expected	 PMR (95% CI)

All malignant cancer	 2,945	 2,708.8	 1.1* (1.05–1.13)	 216	 180.6	 1.2† (1.04–1.37)
   Cancer of buccal cavity and pharynx	 42	 47.3	 0.9 (0.64–1.20)	 ≤ 5	 ≤ 5	 1.8 (0.37–5.17)
   Cancer of digestive organs and peritoneum	 743	 652.7	 1.1* (1.06–1.22)	 44	 31.7	 1.4* (1.01–1.86)
      Esophagus	 90	 83.3	 1.1 (0.87–1.33)	 ≤ 5	 ≤ 5	 2.1 (0.44–6.22)
      Stomach	 67	 63.8	 1.1 (0.81–1.33)	 ≤ 5	 ≤ 5	 0.7 (0.08–2.48)
      Intestines	 247	 223.1	 1.1 (0.97–1.25)	 16	 11.5	 1.4 (0.8–2.26)
      Rectum	 42	 45.7	 0.9 (0.66–1.24)	 ≤ 5	 ≤ 5	 1.6 (0.52–3.73)
      Liver	 70	 85.7	 0.8 (0.64–1.03)	 ≤ 5	 ≤ 5	 1.2 (0.39–2.77)
      Pancreas	 215	 142.3	 1.5* (1.32–1.73)	 13	 7.9	 1.7 (0.88–2.82)
   Cancer of the respiratory system	 573	 889.7	 0.6* (0.59–0.70)	 21	 39.0	 0.5* (0.33–0.82)
      Larynx	 16	 26.2	 0.6† (0.35–0.99)	 —	 —	 —
      Lung, bronchus, trachea	 547	 857.5	 0.6* (0.59–0.69)	 21	 38.1	 0.6* (0.34–0.84)
   Cancer of breast	 ≤ 5	 ≤ 5	 1.5 (0.48–3.45)	 50	 40.0	 1.3 (0.93–1.65)
   Cancer of female genital organs	 —	 —	 —	 43	 23.9	 1.8* (1.30–2.42)
      Ovarian	 —	 —	 —	 28	 11.3	 2.5* (1.65–3.59)
   Cancer of male genital organs	 417	 301.8	 1.4* (1.25–1.52)	 —	 —	 —
      Prostate	 416	 299.6	 1.4* (1.26–1.53)	 —	 —	 —
   Cancer of urinary system	 205	 169.4	 1.2* (1.05–1.39)	 ≤ 5	 ≤ 5	 1.0 (0.26–2.45)
      Bladder	 123	 97.9	 1.3† (1.04–1.50)	 ≤ 5	 ≤ 5	 1.4 (0.17–4.96)
      Kidney	 82	 71.4	 1.2 (0.91–1.42)	 ≤ 5	 ≤ 5	 0.7 (0.09–2.66)
   Cancer of other systems or unspecific sites	 528	 363.1	 1.5* (1.33–1.58)	 37	 25.7	 1.4* (1.01–1.98)
      Bone	 10	 4.7	 2.1† (1.02–3.92)	 ≤ 5	 ≤ 5	 1.8 (0.05–10.01)
      Nonmelanoma	 29	 18.7	 1.6† (1.04–2.27)	 ≤ 5	 ≤ 5	 2.9 (0.07–15.85)
      Melanoma	 105	 49.4	 2.1* (1.74–2.57)	 9	 4.1	 2.2* (1.01–4.21)
      Connective tissue	 30	 15.3	 2.0* (1.32–2.79)	 6	 2.0	 2.9† (1.06–6.32)
      Brain	 127	 60.8	 2.1* (1.74–2.49)	 12	 6.9	 1.7 (0.89–3.03)
   Cancer of lymphatic and hematopoietic system	 432	 281.4	 1.5* (1.39–1.69)	 14	 14.3	 1.0 (0.53–1.64)
      Hodgkin lymphoma	 14	 6.7	 2.1† (1.14–3.49)	 —	 —	 —
      Non-Hodgkin lymphoma	 148	 111.7	 1.3* (1.12–1.56)	 10	 5.2	 1.9 (0.93–3.55)
      Multiple myeloma	 93	 50.1	 1.9* (1.50–2.27)	 —	 —	 —
      Leukemia	 177	 112.8	 1.6* (1.35–1.82)	 ≤ 5	 ≤ 5	 0.6 (0.18–1.65)

*2-sided P < 0.01. †2-sided P < 0.05.
— = No decedents reported.
The PMRs were generated by using Life Table Analysis System software with 95% CIs and 2-sided P values based on an assumed Poisson distribution; values > 1.0 indicate 

that the proportion of deaths for a specific cause is greater than that for the general US population during the study period, with values of P < 0.05 considered significant.

Table 2—Proportionate mortality ratios (PMRs) for all cancer-related deaths among the 11,620 veterinarians de-
scribed in Table 1.
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at 2.9 and steadily decreased to 1.3 during 2010 
through 2014. For Hodgkin lymphoma, proportion-
ate mortality was highest during 1990 through 1994 
(3.9) and 1995 through 1999 (3.4) and was other-
wise at, or around, 1.

Among the nonmalignant causes of death, the 
proportionate mortality for diabetes mellitus, heart 

diseases, and respiratory diseases showed little to no 
variation over seven 5-year calendar periods (Figure 
2). The proportionate mortality for death from trans-
portation injuries was highest during 2005 through 
2009 and overall was consistently greater than 1.5. The 
proportionate mortality for suicide increased over the 
7 time periods.

Mortality by species specialization
Among the 5,799 veterinarian decedents for 

whom species specialization data were available, 

	 Males (n = 11,049)	 Females (n = 571)

Cause of death 	 No. observed	 No. expected	 PMR (95% CI)	 No. observed	 No. expected	 PMR (95% CI)	

Tuberculosis and HIV-related diseases	 24	 55.0	 0.4* (0.28–0.65)	 —	 —	 —
Disease of blood and blood-forming organs	 87	 58.2	 1.5* (1.20–1.84)	 ≤ 5	 ≤ 5	 1.2 (0.24–3.42)
Diabetes mellitus	 184	 268.0	 0.7* (0.59–0.79)	 6	 15.7	 0.4* (0.14–0.83)
Mental and psychological disorders	 270	 300.6	 0.9 (0.79–1.01)	 10	 11.9	 0.8 (0.40–1.54)
Nervous system disorders	 599	 425.2	 1.4* (1.30–1.53)	 17	 19.2	 0.89 (0.52–1.42)
Heart diseases	 3,244	 3,455.6	 0.9* (0.91–0.97)	 50	 86.5	 0.6* (0.43–0.76)
   Hypertension with heart disease	 83	 104.8	 0.8† (0.63–0.98)	 ≤ 5	 ≤ 5	 0.5 (0.11–1.55)
   Ischemic heart disease	 2,376	 2,651.9	 0.9* (0.86–0.93)	 36	 55.9	 0.6* (0.45–89)
   Chronic endocardium disease	 120	 88.9	 1.4* (1.12–1.61)	 ≤ 5	 ≤ 5	 0.7 (0.08–2.49)
   Cardiomyopathy	 143	 124.5	 1.1 (0.97–1.35)	 ≤ 5	 ≤ 5	 0.2 (0.01–1.12)
Other circulatory disorders	 998	 906.5	 1.1* (1.03–1.17)	 27	 37.8	 0.7 (0.47–1.04)
   Cerebrovascular disease	 678	 582.5	 1.2* (1.08–1.26)	 19	 23.3	 0.8 (0.49–1.28)
   Hypertension without heart disease	 55	 70.3	 0.8 (0.59–1.02)	 —	 —	 —
All respiratory disorders	 826	 1,141.5	 0.7* (0.68–0.77)	 22	 38.0	 0.6* (0.36–0.88)
   Pneumonia	 224	 295.9	 0.8* (0.66–0.86)	 12	 8.7	 1.4 (0.71–2.40)
   Chronic obstructive pulmonary disease	 362	 620.9	 0.6* (0.52–0.65)	 7	 19.5	 0.4* (0.14–0.74)
   Asthma	 10	 9.7	 1.0 (0.49–1.89)	 ≤ 5	 ≤ 5	 0.4 (0.01–2.40)
All digestive disorders	 314	 382.6	 0.8* (0.73–0.92)	 15	 29.0	 0.5* (0.29–0.85)
Cirrhosis and other chronic liver diseases	 90	 148.7	 0.6* (0.49–0.74)	 7	 15.0	 0.5* (0.19–0.96)
All skin and subcutaneous tissue disorders	 11	 12.5	 0.9 (0.44–1.58)	 ≤ 5	 ≤ 5	 1.1 (0.03–6.32)
All musculoskeletal disease	 32	 31.7	 1.0 (0.69–1.43)	 9	 4.4	 2.0 (0.93–3.86)
All genito-urinary disease	 187	 242.0	 0.8* (0.67–0.89)	 8	 8.9	 0.9 (0.39–1.77)
All transportation injuries	 243	 146.7	 1.7* (1.45–1.88)	 38	 24.5	 1.6* (1.10–2.13)
   Motor vehicle—driver	 93	 56.4	 1.7* (1.33–2.02)	 13	 7.6	 1.7 (0.91–2.91)
   Motor vehicle—passenger	 10	 8.5	 1.2 (0.56–2.15)	 ≤ 5	 ≤ 5	 1.1 (0.29–2.76)
Falls	 134	 100.4	 1.3* (1.12–1.58)	 ≤ 5	 ≤ 5	 1.6 (0.51–3.68)
Violence	 350	 192.8	 1.8* (1.63–2.02)	 82	 28.4	 2.9* (2.29–3.58)
Intentional self-harm	 326	 156	 2.1* (1.87–2.32)	 72	 20.7	 3.5* (2.73–4.39)

See Table 2 for the key.

Table 3—Proportionate mortality ratios for all non–cancer-related deaths among the 11,620 veterinarians described 
in Table 1.

Figure 2—Proportionate mortality ratios (PMRs) for vari-
ous causes of death, grouped as major cancers (A), lym-
phatic and hematopoietic cancers (B), or nonmalignant 
causes (C), identified for the 11,620 decedents depicted 
in Figure 1 over seven 5-year periods. The PMRs were 
calculated with the use of LTAS software; values > 1.0 
indicate that the cause-specific proportion of deaths is 
greater for the decedent veterinarians than that for the 
general US population during the same 5-year period.
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PMRs by specialization categories were generally 
similar to those for the whole study population, 
although smaller numbers in some categories pro-
duced results that were not statistically significant. 
Deaths among veterinarians in all species special-
ization categories were higher than expected for 
melanoma and brain cancer, with deaths among 
veterinarian decedents who specialized in equine 
medicine and food animal medicine having the 
highest PMRs (Table 4). Compared with deaths 
among the general US population, veterinarians 
who specialized in companion animal medicine 
were 1.5 (95% CI, 1.16 to 1.97) times as likely to 
die from non-Hodgkin lymphoma and 2.0 (95% CI, 
1.53 to 2.44) times as likely to die from leukemia. 
Veterinarian decedents who specialized in com-
panion animal medicine were 2.1 (95% CI, 1.21 to 
3.43) times as likely to die from ovarian cancer, 
compared with the general US population. Results 
were similar among decedents who specialized in 
mixed animal medicine, food animal medicine, and 
equine medicine, although numbers in these groups 
were small and not all differences were statistically 
significant. Veterinarian decedents who specialized 
in companion animal medicine (PMR, 1.4; 95% CI, 
1.00 to 1.93), food animal medicine (PMR, 2.2; 95% 
CI, 1.35 to 3.40), and mixed animal medicine (PMR, 
3.2; 95% CI, 1.73 to 5.32) were more likely to die 
from motor vehicle injuries where the decedent was 
the driver, compared with the general US popula-
tion. Among veterinarian decedents who special-
ized in equine medicine and those categorized as 
other, PMRs for motor vehicle injuries were above 1, 
but the differences were not statistically significant. 
Veterinarian decedents who specialized in com-
panion animal medicine (PMR, 2.9; 95% CI, 2.52 to 
3.28), food animal medicine (PMR, 2.0; 95% CI, 1.42 
to 2.62), and mixed animal medicine (PMR, 1.7; 95% 
CI, 1.03 to 2.67) were more likely than the general 
US population to die from suicide, and the PMR for 
those categorized as other was also above 1, but 
the difference was not statistically significant.

Veterinarian decedents specializing in com-
panion animal medicine (PMR, 0.6 [95% CI, 0.52 to 
0.69]), food animal medicine (PMR, 0.5; 95% CI, 0.40 
to 0.69), mixed animal medicine (PMR, 0.7; 95% CI, 
0.46 to 0.93), and equine medicine (PMR, 0.6 ; 95% 
CI, 0.32 to 0.97] were less likely to die from cancer 
of the respiratory system, compared with the gen-
eral US population. Similar results were identified 
among these 4 species specialization groups with 
death from diseases of the respiratory systems, 
compared with the general US population. Veteri-
narian decedents specializing in companion animal 
medicine (PMR, 0.6; 95% CI, 0.45 to 0.77) and food 
animal medicine (PMR, 0.4; 95% CI, 0.18 to 0.65) 
were less likely to die from diabetes mellitus than 
the general US population; veterinarian decedents 
specializing in mixed animal medicine and equine 
medicine also had PMRs < 1.0, though it was not 
statistically significant.
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See Table 2 for the key.

Table 4—
Proportionate m

ortality ratios for all causes of death am
ong 5,799 veterinarians described in Table 1 stratified by species specialization during 1979 through 2015.
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Discussion
From 1979 through 2015, both male and female 

veterinarians had a higher-than-expected proportion-
ate mortality for certain cancers, transportation inju-
ries, and suicide. Our study results are similar to the 
Blair and Hayes7 and the Miller and Beaumont14 vet-
erinary mortality studies, indicating veterinarians re-
main at higher risk for these causes of death than the 
general US population. Certain cancers, transporta-
tion injuries, and suicide causes of death among vet-
erinarians should be further evaluated and mitigation 
strategies considered. For example, using industry 
or occupational coding for the veterinary profession, 
cancers among veterinarians might be studied using 
cancer registries, and transportation injuries might be 
evaluated using workers’ compensation data.

We identified a higher-than-expected mortality 
from cancer for both male and female veterinarian 
decedents for all malignant cancers. Malignant mela-
noma was one of the largest cancer contributors for 
the higher-than-expected mortality among male and 
female veterinarian decedents. An established risk 
factor for melanoma is exposure to UV rays from the 
sun, especially among individuals with light-colored 
skin.25,26 Veterinarians who work in food animal med-
icine, mixed animal medicine, and equine medicine 
spend a substantial portion of working hours outside 
exposed to UV rays. The PMR for malignant mela-
noma was higher than expected for all species spe-
cializations; however, veterinarian decedents who 
specialized in equine medicine and mixed animal 
medicine had the highest PMRs, highlighting that 
veterinarians who work in these areas of veterinary 
medicine are at higher risk for melanoma. Because 
of the occupational risk for injuries and the physi-
cal demands of working with large animals in food 
animal or equine medicine, many veterinarians who 
start their veterinary career in these species special-
izations commonly transition to either mixed animal 
or companion animal medicine later in their career.11 
Species specialization data for this study came from 
JAVMA obituaries and could underestimate the num-
ber of veterinarian decedents in food animal medi-
cine and equine medicine species specialization by 
only reporting the decedents’ final species special-
ization focus. A late career transition from large ani-
mal to companion animal medicine could explain the 
higher-than-expected proportionate mortality for 
malignant melanoma among veterinarian decedents 
who specialized in companion animal medicine. Ad-
ditionally, companion animal veterinarian decedents 
who started their veterinary career in either food ani-
mal or equine medicine could have had substantial 
occupational exposure to UV rays earlier in their ca-
reer, leading to development of malignant melanoma 
later. Also, studies have identified ionizing radiation 
as a potential risk factor for malignant melanoma in 
health-care professionals.27–29 Because veterinarians 
are involved with performing patient radiographs, 
the exposure of ionizing radiation through patient 
radiographs could help explain the higher-than- 
expected melanoma PMR for veterinarian decedents 

who specialized in companion animal medicine.30 
Enforcing occupational safety and health guidelines 
for sun exposure and radiology safety protocols 
could reduce the number of veterinarian deaths from 
malignant melanoma.

Among female veterinarian decedents, mortality 
from ovarian cancer was one of the largest contribu-
tors for an overall higher-than-expected proportionate 
mortality for malignant cancer and suggests female 
veterinarians might be at higher risk of death from 
ovarian cancer. Epidemiological studies on ovarian 
cancer have struggled to define nongenetic factors to 
identify women who are at risk of developing ovarian 
cancer; however, several studies have indicated a rela-
tionship with reproductive history.31 Studies31–33 have 
indicated women who have given birth and breastfed 
have a lower risk of ovarian cancer, compared with 
women who have never given birth or breastfeed. On 
average, it takes approximately 4 years of time-inten-
sive postgraduate training to earn a doctorate in vet-
erinary medicine, and for most women, these train-
ing years occur during the prime reproductive age.9,34 
However, most US veterinary academic institutions 
are not perceived to be supportive of female student 
pregnancies.35,36 Therefore, most female veterinary 
students delay childbirth until they have completed 
their veterinary training and obtained some stability in 
their career.34,35 Although more studies are needed to 
understand how pregnancy and breastfeeding impact 
a women’s risk for ovarian cancer, delaying childbirth 
among female veterinarians could be a risk factor for 
ovarian cancer. Implementing family-friendly policies 
into veterinary education might be a starting point to 
help reduce this risk.37

We found a higher-than-expected proportionate 
mortality for brain cancer and lymphatic and hema-
topoietic system cancers among male veterinarian 
decedents. Blair and Hayes7,8 reported a similar find-
ing for brain cancer and lymphatic and hematopoiet-
ic system cancers in their 1980 and 1982 studies. Al-
though no established risk factors have been defined, 
brain cancers have been associated with radiation, 
biological agents, and chemical exposures,8,38–40 and 
lymphatic and hematopoietic system cancers have 
been associated with radiation, pesticides, solvents, 
and viral exposures.8,38–40 Regardless of species spe-
cialization, most veterinarians work in occupational 
settings involving exposures to radiation, pesticides, 
solvents, and viruses. Through our trend analysis, 
we found the proportionate mortality for Hodgkin 
lymphoma peaked during 1985 through 1999. The 
increase in proportionate mortality for this condition 
during the earlier time periods of this analysis could 
reflect increased understanding of occupational ex-
posures and development of occupational safety and 
health guidelines. To our knowledge, our study is the 
first to examine trends in veterinarian mortality over 
time. Therefore, the relatively low PMR of 0.9 dur-
ing 1980 through 1984 could be an aberrant data 
point that needs further examination, and PMRs of 
1 or less from 2000 forward could represent better 
access to health care by veterinarians combined with 
improved diagnostic capabilities and advancement 
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in treatment protocols.41 Interestingly, female veteri-
narian decedents did not have a higher-than-expect-
ed mortality for brain cancer or lymphatic and hema-
topoietic system cancers. The median age difference 
between male and female veterinarian decedents in 
this study, with female decedents younger at death 
than male decedents, could explain these findings, 
particularly for cancers with long latency periods. 
In the 1980s, the number of female veterinarians 
started to increase when female veterinary students 
exceeded the number of male veterinary students.9 
The late increase in the female veterinarian popu-
lation means female veterinarian decedents were 
more likely to be younger, reducing the median age. 
One study41 indicated that the incidence for Hodgkin 
lymphoma is higher in males than females. Repeat-
ing this analysis in 5 to 10 years could increase the 
power to detect mortality among female veterinar-
ians for multiple causes, including brain cancer and 
lymphatic and hematopoietic system cancers. Ad-
ditional studies are needed to understand associa-
tions, if any, between veterinary occupational expo-
sures and these cancers.

Of the nonmalignant causes of death, the high-
est proportionate mortality for both male and fe-
male veterinarian decedents was from suicide. In a 
previous analysis of suicide mortality using this same 
data set, we described the increasing trends over 
time and the risk of suicide among veterinarians as 
multifactorial, including poor work-life balance, high 
workloads, rising veterinary care costs, professional 
isolation, high debt-to-income ratio, and lack of men-
toring.21 Furthermore, the Tomasi et al21 study iden-
tified that veterinarian decedents were more likely to 
use pharmaceutical poisoning as a suicide method, 
compared with the general US population. In 2019, 
a study published by Witte et al42 also illustrated a 
higher risk of suicide using pharmaceutical poison-
ing among veterinarians, compared with the general 
US population, using standardized mortality ratios. 
Furthermore, Witte et al42 found euthanasia solution 
was the most commonly used product among vet-
erinarians decedents who died from pharmaceutical 
poisoning. Previous suicide studies17,19,43–45 indicate 
that individuals considering suicide select accessible 
and familiar methods. Veterinarians have access and 
knowledge of pharmaceutical products, pharmaceu-
tical training to calculate a lethal dose, and training 
to accept euthanasia as a method to relieve suffer-
ing in animals.46–48 Although it does not address the 
underlying risk factors for suicidal ideation, adapting 
administrative controls to limit access to controlled 
drugs might provide an opportunity for veterinarians 
to receive mental health support before accessing le-
thal drugs and reduce the impact of suicides on the 
veterinary profession.42,49

Regarding transportation injuries, veterinar-
ian decedents were more likely to die from motor 
vehicle injuries where the decedent was the driver. 
Furthermore, veterinarian decedents who special-
ized in food animal and mixed animal medicine had 
the highest proportionate mortality from injuries 
in motor vehicle accident where the decedent was 

the driver. Veterinarians, especially those who prac-
tice food animal, equine, or mixed animal medicine, 
spend a substantial portion of their time traveling 
during the workday.50 A previous all-cause mortality 
study7 of US veterinarians reported a higher-than-
expected proportionate mortality for transportation 
injuries. A study by Poole et al2 indicated vehicular 
accidents were an occupational hazard for large ani-
mal practitioners. Furthermore, a European study5 
reported both small animal and large animal vet-
erinarians were more likely to be in a vehicular ac-
cident while commuting for work, compared with 
physicians and other health-care providers. Enforc-
ing current vehicle safety protocols might reduce the 
number of deaths from motor vehicle injuries among 
veterinarians. Recommendations to consider when 
developing these protocols include reinforcing stan-
dard safety laws enforced by local law enforcement, 
such as preventing distracted driving (eg, restricting 
cell phone use) and using seat belts, and practice-
specific policies or procedures, such as requiring 
veterinarians to travel with an assistant as a second 
driver and discouraging other distracted-driving be-
haviors like eating or drinking while driving.51

The lower-than-expected proportionate mortal-
ity for heart disease, diabetes mellitus, and respira-
tory diseases might be explained by veterinarians’ 
socioeconomic status and educational training. 
Compared with the general US population and ow-
ing to their higher socioeconomic status, veterinar-
ians likely have greater access to health care than the 
general US population to medically manage these 
health conditions. Furthermore, veterinarians’ medi-
cal training provides them with an understanding 
of these health conditions and familiarity with early 
warning signs of when to seek medical treatment. 
Smoking is a risk factor associated with heart dis-
ease, diabetes mellitus, and respiratory disease.52,53 
Although we do not know the prevalence among US 
veterinarians, individuals in higher socioeconomic 
positions and other health-care professionals are 
less likely to smoke, compared with the general US 
population.54–56 A lower smoking prevalence among 
veterinarians might also partially explain the lower-
than-expected proportionate mortality for heart 
disease, diabetes mellitus, and respiratory diseases 
among veterinarian decedents.

This study has several limitations. Although PMRs 
provide information on cause of death among a pop-
ulation with an unknown denominator, PMRs do not 
allow for comparison with other studies or popula-
tions.21 Standardized mortality ratio is a stronger sta-
tistical indicator that allows for comparisons among 
populations but requires a population denominator.24 
Additionally, cause-specific PMRs are mutually de-
pendent. A higher cause-specific PMR for one cause 
would result in a lower cause-specific PMR for anoth-
er cause.21,24,57 However, the cause-specific PMRs in 
our study followed a similar pattern as the Blair and 
Hayes7 and Witte et al19 studies, thus supporting our 
study findings. We analyzed the underlying cause of 
death listed on the death certificate; therefore, our 
results do not consider the contributing factors for 
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each veterinarian decedent’s cause of death. By not 
including the contributing factors in our analysis, our 
PMRs might have underestimated the true burden of 
some disease processes. Although we were able to 
include more females than previous studies, repeat-
ing this analysis in 5 to 10 years would, because of 
the inherent lag time of mortality studies, allow more 
representation among female veterinarian decedents. 
Finally, we were unable to link any cause of death to 
occupational exposure. Although we cannot directly 
compare our results to the Blair and Hayes studies,7,8 
the consistency of results among these studies indi-
cates veterinarians are at greater risk for the causes 
of death discussed. Further studies should be consid-
ered to determine whether occupational exposures 
are related to these results.

The findings from the present study provide use-
ful information for the AVMA, state veterinary medi-
cal associations, veterinary schools, and employers 
when reviewing or developing veterinary profes-
sional worker safety and health guidelines and plans. 
The findings also highlight the need for improvement 
in veterinarian suicide prevention and family-friendly 
polices to support veterinarians’ mental and physical 
health. Further studies are needed to explore asso-
ciations between occupational exposure and higher 
mortality among veterinarians.
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