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Abstract

Animal experiments have been widely conducted in the life sciences for more than a century, and have long been

a subject of ethical and societal controversy due to the deliberate infliction of harm upon sentient animals. How-

ever, the harmful use of animals may also negatively impact the mental health of researchers themselves. We

sought to evaluate the anxiety level of researchers engaged in animal use to analyse the mental stress from animal

testing. The State Anxiety Scale of the State-Trait Anxiety Inventory (STAI) was used to evaluate how research-

ers feel when they conduct animal, as opposed to non-animal, based experiments (95 non-animal and 98 animal

testing researchers). The Trait Anxiety Scale of STAI was employed to measure proneness to anxiety, namely the

base trait of the researchers. Additionally, the information on sex, age, education, income, and total working peri-

ods was collected. While the Trait Anxiety scores were comparable (41.5 ± 10.9 versus 42.9 ± 10.1, p = 0.3682, t-

test), the State Anxiety scores were statistically significantly higher for animal users than non-animal users

(45.1 ± 10.7 versus 41.3 ± 9.4, p = 0.011). This trend was consistent for both male and female. Notably, younger

animal testers (≤ 30 years of age) with less work experience (≤ 2 years) and lower income level (≤ 27,000 USD)

exhibited higher anxiety scores, whereas these factors did not affect the anxiety level of non-animal users. The

present study demonstrated that participation in animal experiments can negatively impact the mental health of

researchers.
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INTRODUCTION

Large numbers of animals are sacrificed each year world-

wide in biomedical research and safety testing of chemi-

cals and other regulated products. According to Taylor

et al. (1), the total number of animals sacrificed for the

experiments was estimated to be upwards of 115.3 mil-

lion worldwide in 2005. Statistical reports in most coun-

tries reflect a steady increase in animal use, particularly

within the academic sector with the creation and continu-

ous breeding of genetically modified strains of mice and

other animals, and this trend has triggered calls for stron-

ger measures to prevent non-vital research and increased

investment in a human biology-based research and testing

paradigm and associated scientific tools and technologies

(2,3). Governmental responses have to date included legis-

lative restrictions on cosmetic animal testing and trade in

35 countries or markets (4), launch of the U.S. interagency

‘Tox21’ collaboration between the National Institutes of

Health, Environmental Protection Agency and Food and

Drug Administration (5), and announcements of a national

animal reduction strategy in the United Kingdom (6).

Beyond issues on their ethical (7) and scientific (8) jus-
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tifications, animal experiments may also impose a nega-

tive impact on the mental health of individuals involved in

animal use. Researchers often subject animals to poten-

tially painful and distressing procedures over the course of

experiments, and most animals are ultimately sacrificed at

the experiment’s conclusion. For some researchers, this

harmful use of animals goes against their personal moral

code, resulting in feelings of internal conflict, guilt and

remorse. These conditions may result in chronic job stress

as suggested by Rollin (9), who demonstrated that mental

stresses can be incurred from breaching of personal ethics

and compunction. For example, Reeve et al. (10) reported

that substantial proportion of workers in animal shelters

(44% of 335 people) involved in euthanizing animals

reported feeling a level of stress comparable to that incurred

by “hit by a truck.” In this context, it is highly probable

that the conduct of animal experiments may negatively

impact the mental health of researchers, yet few studies

appear to have addressed this issue.

Job stress can be closely linked with individual health

conditions and organisational productivity. Workers with

job stress drink more alcohol and may experience higher

occurrences of hyperlipidemia, sleep disorder and mental

depression (11,12). Job stress is also negatively correlated

with job satisfaction (13) and can eventually result in avoid-

ance behaviour towards anxiety-provoking situations (14),

potentially leading to job instability and productivity loss

at the occupational level. Job stresses are broadly investi-

gated across different occupational groups. However, there

is no universally accepted definition for job stress (15),

and each researcher has developed his/her own definition.

Job stress can be illustrated as the psychological distress

incurred from the interaction between organisational stress-

ors (e.g., work overload, role conflict, and level of partici-

pation) and individual intrinsic stressors (e.g., personality,

and family problems) (16,17). To evaluate these multi-fac-

torial stressors, several types of instruments have been

employed, such as Karasek’s Job Content Questionnaire

(JCQ) , Beck Depression Inventory (BDI) (12), and the

Job Stress Survey (JSS) (18,19). Among these, JCQ was

the most frequently used to examine job stress (20,21).

Nonetheless, work environment may vary considerably

across different occupational groups and specific stressful

situations, such as “disruptive students” for teachers and

“work shift” for nurses, can occur (22). As such, the JCQ

may not be applicable in all cases. For such outliers, anxi-

ety as one major aspect of mental stress (23) can be mea-

sured as a surrogate index for job stress, which is directed

towards specific stressful events. The State-Trait Anxiety

Inventory (STAI), which measures the anxiety perceived

by respondents incurred from specific events, is the repre-

sentative tool for evaluating anxiety ensued from job

stress (24,25). STAI also provides the information about

baseline personality (trait anxiety), so the influence of

individual stressors can be assessed as well.

Here we examined the effects of laboratory animal

experiments on the anxiety level of researchers with STAI

in comparison with non-animal-based experiments in an

effort to illuminate the job stress and negative impact of

animal experiments on the mental health of workers.

MATERIALS AND METHODS

Study protocol and questionnaire development. The

study protocol was reviewed and approved by the Institu-

tional Review Board of Ewha Womans University (IRB

no. 123-6). The survey was composed of two parts: socio-

demographic questions and State-Trait Anxiety Inventory

(STAI). The STAI was used to measure the anxiety of

researchers, and has been translated and adapted into more

than 40 languages (26). The most recent Korean version

of STAI-KYZ, which was developed by Han et al. (27)

was employed in this study. The current version of STAI-

KYZ (including original STAI) is available at http://

www.mindgarden.com/145-state-trait-anxiety-inventory-

for-adults.

The STAI is separated into two-parts for measuring state

and trait anxiety. State anxiety is a transitory emotion

characterised by physiological arousal (24,28). State anxi-

ety scale evaluates how the respondents feel “right now”

with response to external stress, while trait anxiety scale

evaluates how the respondents feel “in general,” namely

the individual’s inherent tendency. The state anxiety scale

is also useful for measuring anxiety occurring from spe-

cific events or imaginary situations. In this study, instruc-

tions were provided at the beginning of questionnaire,

stating, e.g., “Read each statement and choose the most

appropriate answer to indicate how you feel when you

conduct animal testing (for animal users) or non-animal

testing (for non-animal-users).” Both scales consisted of

20 items. All items were scored on a 4-point Likert-type

response scale (from “Not at all” to “Very much so”).

Scores ranged from 20 to 80, with higher scores reflecting

a greater level of anxiety.

Participants’ trait anxiety scale, ranging from 20 to 80,

was dichotomised as “high anxiety subjects” (score less

than 45.8) and “low anxiety subjects” (score equal to or

higher than with 45.8) based on the average trait anxiety

score of the Korean population in general (27). In previ-

ous research, median scores of the American population

were used to distinguish the subjects with low and high

anxiety (29,30).

Sociodemographic information including gender, age

(20 or under vs 21-25 vs 26-30 vs 31-35 vs 36-40 vs 41-45

vs 46-50 vs 50 or older), educational level (high school vs

vocational/technical school (2 years), Bachelor’s degree,

Master’s degree, Doctoral degree), annual income (under

20 million KRW, 20-30, 30-40, 40-50, or over 50 million
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KRW), types of experiment mainly involved in (animal-

vs. non-animal), and total working periods (in months)

was collected. In this study, total working years were strat-

ified into three levels: under 2 years, 2~8 years and over 8

years, representing early-career, mid-career and late-career

stage, respectively, according to A. Cohen’s career stage

theory (31). Annual income was converted to USD based

on an exchange rate of ₩1,100/$ (as of September 2016).

Data collection. The target population consisted of

scientists working in the bioscience sector at Korean uni-

versities, research institutes, as well as cosmetic and phar-

maceutical companies. Institutes where animal and non-

animal researchers work together were favoured to reduce

the selection bias. Participants involved in animal or non-

animal experiments were included, while those working

outside the field of biology were excluded. Each partici-

pant was divided into animal or non-animal experiments

group by types of experiment they mainly involved in.

Organisations consenting to participate were sent ques-

tionnaires by email or mail. The first page of the question-

naire was devoted to the information on the study objectives

and contents.

The data collection period ran from September through

December 2015. The survey was ID-blind; however, mobile

phone numbers were collected to provide financial reim-

bursement (a mobile gift card that amounted to $4 USD).

Mobile numbers were codified to create recipient ID and

locked for any further participation. Therefore, research-

ers could participate in the survey only once. Personal

mobile numbers were immediately discarded after reim-

bursement was provided. All personal information col-

lected from the survey was kept confidential.

247 questionnaires were distributed, and 193 research-

ers were included in the study after 54 incomplete surveys

were excluded. 95 non-animal-users and 98 animal users

responded in total.

Statistical analyses. Required sample size was esti-

mated based on Cohen’s effect size, which can be used at

the planning stage to find the required sample size to

obtain sufficient power (32,33); 0.8 and 0.05 are conven-

tional values for power and the type 1 error (34). The

expected effect size was 0.5 as it indicates a moderate

effect. Finally, we followed Cohen’s table for estimating

sample size in two-tailed t-test, which shows that a total

sample size of 128 (64 participants per group) is necessary.

Survey response data were summarised using Microsoft

Excel®(Microsoft, WA, USA). Incomplete surveys were

excluded. State and trait anxiety scores were regarded as

continuous variables, while gender (male, female), age

(21~30, ≥ 31), educational level (≤ undergrad, ≥ postgrad),

annual income (≤ 27,000 USD, 27,000~45,000 USD, ≥ 45,000

USD), career stage (≤ 2 years, 2~8 years, ≥ 8 years) and

type of experiment (animal, non-animal) were considered

as categorical variables. The age of the respondents were

divided as 21~30 and above 30.

The mean difference between the non-animal user group

and animal users was analysed by unpaired t-test. Kolmog-

orov-smirnov test was used to check normality and when

the normality cannot be assumed, the Wilcoxon Rank Sum

test was used instead of t-test. The demographic distribu-

tion pattern of participants was analysed by the χ2 test. To

analyse the effect of variables with more than 2 levels,

Table 1. Demographic characteristics of the study participants

Characteristics
Number (%)

p-value
Total (n = 193) Non-animal testing (n = 95) Animal testing (n = 98)

Gender

Male 081 (42.0) 30 (31.6) 51 (52.0) 0.004
Female 112 (58.0) 65 (68.4) 47 (48.0)
Age group (years)

21~30 107 (55.4) 61 (64.2) 46 (46.9) 0.016
≥ 31 086 (44.6) 34 (35.8) 52 (53.1)
Educational level

≤ Undergrad 084 (43.5) 44 (46.3) 40 (40.8) 0.441
≥ Postgrad 109 (56.5) 51 (53.7) 58 (59.2)
Annual income (USD)

≤ 27,000 106 (54.9) 65 (68.4) 41 (41.8)
27,000~45,000 046 (23.8) 16 (16.8) 30 (30.6) 0.001
≥ 45,000 041 (21.2) 14 (14.7) 27 (27.6)
Working period (years)

≤ 2 074 (38.3) 44 (46.3) 30 (30.6)
2~8 078 (40.4) 37 (38.9) 41 (41.8) 0.031
≥ 8 041 (21.2) 14 (14.7) 27 (27.6)

p values were estimated based on the χ2 test.
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one-way ANOVA test was used followed by Bonferroni

post-hoc analysis to determine which group was signifi-

cantly different among groups. Differences were deemed

statistically significant at p < 0.05. All statistical analyses

were performed using SAS version 9.4 (SAS Institute Inc,

Cary, NC, USA).

RESULTS

Impact of laboratory animal experiments on the anxiety

level of researchers was examined with STAI question-

naire in comparison with non-animal-based experiments.

Table 1 shows the demographic characteristics of partici-

pants. Females were dominant in the non-animal-user

group (68.4%), while those involved in animal use were

more likely to be male (52.0%). Age of respondents

ranged from 21 to 50, although the great majority were

under 40 (94.3%). Researchers who were in their early-

career stage (working experience 2 years or less), mid-

career (working experience 2 to 8 years) and late-career

stages (8 years or longer) constituted 38.3%, 40.4%, and

21.2% of the sample, respectively.

The mean state anxiety scores are presented in Table 2,

which is further stratified by gender, age group, education

level, income level and career stage. The mean anxiety

score for all participants was 43.2 ± 10.2. While the Trait

Anxiety scores were comparable (41.5 ± 10.9 versus 42.9 ±

10.1, p = 0.3682, t-test), non-animal-users showed anxi-

ety scores of 41.3 ± 9.4 while the animal user group had

scores of 45.1 ± 10.7, which reached statistically signifi-

cant difference (p = 0.011). Regardless of the gender of

the researchers, animal users’ anxiety score was signifi-

cantly higher than that of non-animal-users (p-value being

0.006 and 0.043 for males and females, respectively). The

anxiety level was highest in the female animal user group,

followed by females in the non-animal-user group, male

animal users, and male non-animal users (Fig. 1A).

Within the animal user group, state anxiety scores were

significantly higher among younger researchers (≤ 30

years) with less working experience (≤ 2 years) and lower

income level (≤ 27,000 USD), whereas significant differ-

ences were not observed in other subgroups (Fig. 1B-1D).

Ages did not affect the anxiety level for non-animal-users

(p = 0.175, Fig. 1B), but animal users in their twenties

scored 47.8 ± 10.7, which was significantly higher than

for the later-stage scientist group (42.7 ± 10.1, p = 0.017).

As a result, anxiety scores of young animal users were sig-

nificantly higher than for young non-animal users (p < 0.001),

although this difference became less significant as they

grew old.

The mean anxiety scores adjusted for working periods

also followed the same pattern (Fig. 1C). Working period

Table 2. Anxiety scores of researchers measured by the state anxiety scores of STAI† (animal testing vs. non-animal)

Non-animal testing (n = 95) Animal testing (n = 98) p-value

All 41.3 ± 9.40 45.1 ± 10.7 < 0.011
a

Gender

Male 37.0 ± 9.20 42.8 ± 8.70 < 0.006a

Female 43.3 ± 8.80 47.6 ± 12.0 < 0.043a

Age group (years)

21~30 40.4 ± 8.30 47.8 ± 10.7 < 0.001a

≥ 31 43.1 ± 10.9 42.7 ± 10.1 < 0.857a

Educational level

≤ Undergrad 40.5 ± 8.40 45.4 ± 12.5 < 0.042a

≥ Postgrad 42.1 ± 10.2 44.9 ± 9.30 < 0.135a

Annual Income (USD)

≤ 27,000 42.0 ± 8.50 49.1 ± 10.4 < 0.001a

27,000~45,000 40.3 ± 12.0 43.6 ± 10.3 < 0.125b

≥ 45,000 39.7 ± 10.2 40.6 ± 9.50 < 0.826b

Working period (years)

≤ 2 40.9 ± 9.20 51.2 ± 8.80 < 0.001a

2~8 42.8 ± 9.30 41.8 ± 10.8 < 0.662a

≥ 8 38.6 ± 10.0 43.2 ± 9.80 < 0.156b

Values represent mean ± SD. †STAI represents State Trait Anxiety Inventory.
aUnpaired t-test. bWilcoxon rank sum test. Wilcoxon rank sum test was applied when the normality assumption was failed.
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had a significant effect on the anxiety level only for ani-

mal users (p < 0.001, ANOVA analysis). Bonferroni post-

hoc analysis was applied and the difference was noted in

the animal user group with less than 2 years of work expe-

rience as compared to those with more experience. Simi-

lar to the effects of age on anxiety, the difference between

non-animal and animal use was greatest for those in early

career stages, and the difference became less significant as

experience increased.

Income level also influenced the anxiety level of animal

users (Fig. 1D). Only within the lowest income group was

there a significant difference between animal- and non-

animal uses. Since age, working period and income were

highly correlated factors, it can be concluded that those

who just started their career were affected most by anxi-

ety incurred from animal use, and this heightened anxiety

seems to dissipate as they reach their mid-career stage.

Trait anxiety significantly affects the state anxiety level

and there is a significant correlation between them, which

means that individual’s anxiety reaction can depend in part

on the level of his/her trait (28). To adjust the effect of trait

anxiety on the level of state anxiety, respondents were

split into two groups: those with low and high anxiety

traits. Low/high anxiety traits were divided according to

the mean trait anxiety score of Korean population (Mean

trait anxiety score = 45.8) (27) Differences between non-

animal and animal users achieved statistical significance

among low-anxiety subjects (37.3 ± 7.3 versus 41.5 ± 9.9,

p = 0.0075), while in the highly anxious group, only lim-

ited extent of difference was noted (47.9 ± 8.6 versus

52.0 ± 8.6, p = 0.0522).

DISCUSSION

Our study demonstrated that participation in animal

experiments might have significant, anxiety-provoking sit-

uation especially for the workers in their early stages. Gen-

der differences were pronounced, with female researchers

exhibiting higher anxiety levels than their male counter-

parts in both animal- and non-animal-user contexts. This

difference is in line with the previous study demonstrating

that the trait anxiety is higher in woman then in men

(14,35). Gender difference may not only affect trait anxi-

ety, but result in the different emotional and cognitive

reactions towards animal experiments. According to Gal-

lop and Beckstead, female students were more concerned

about animal welfare and more sympathetic toward ani-

mals’ pain and suffering (36). For example, more female

students agreed with the statement “I am very concerned

about pain and suffering in animals” than male (82% ver-

sus 65.9%). In addition, fewer female students were posi-

tive towards animal use for testing or health research

(59.2% versus 80.9% for male). This matches well with

our results and strongly supports that female workers may

Fig. 1. Comparison of anxiety scores between non-animal testing and animal testing researchers. The state anxiety scores are
shown by (A) gender, (B) age group, (C) working experience, and (D) income. Data were presented by the box-whisker plots, with
upper or lower whisker extending to the highest or lowest data point with the upper (Q3 + 1.5 (Q3− Q1)) or lower bound (Q1 − 1.5
(Q3 − Q1)). *Significantly different between groups (non-animal and animal users) at p < 0.05. #Significantly different within a group
at p < 0.05. t-test for gender and age, ANOVA for working period and income followed by Bonferroni post-hoc comparisons.
STAI1 = State Anxiety Scores of STAI.
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experience higher levels of anxiety and stress as a result of

involvement in the harmful use of animals (36).

Interestingly, this study also revealed that stress levels

of researchers incurred from animal use may be different

depending on their socioeconomic status. Younger or less

experienced researchers reported higher degrees of anxi-

ety from animal experiments. Researchers in their early-

career stage were more affected by animal experiments

than those in their mid- and late-career stages. This phe-

nomenon can be explained by adaptation and desensitisa-

tion. Technical skills and competence can be improved

and psychological burden rising from unskilled animal use

can be resolved (31,37). For those who were able to adapt

and become desensitised, animal experiments might have

become part of their daily work routine. Conversely, less

experienced researchers who did not adapt may be driven

to resign their position and seek out another that is more in

line with their personal ethical values.

Lastly, we demonstrated that conducting animal experi-

ments may be a stress-provoking situation regardless of

individuals’ proneness to anxiety. Since a strong positive

correlation between state anxiety and trait anxiety was

shown (r = 0.644 for non-animal, r = 0.699 for animal

testing, p < 0.01, Pearson’s Correlation, data not shown),

the contribution of researchers’ baseline trait cannot be

neglected. When we divided respondents into two groups,

participation in animal experiments can be a reason for

greater anxiety even within groups with similar trait anxiety.

Moreover, animal experimentation had significant impacts

on low anxiety subjects, suggesting that even the subjects

with relatively stable mental status were also affected.

However, it shall be interpreted with caution since the sub-

ject number became smaller after stratification.

To our best knowledge, cut-off scores determining the

clinically meaningful state anxiety level have not as yet

been validated. Previously, clinically meaningful state anxi-

ety level was determined as one standard deviation above

the mean (38). Among the Korean population the mean

state anxiety score was 44.27 and the standard deviation,

9.85 (27). As such, scores greater than 54.12 could be

classified as having clinically meaningful anxiety level.

18.4% of animal experiment workers scored above this

cut-off value as compared to 8.4% of non-animal, suggest-

ing that those mainly involved in animal experiments may

be significantly more prone to experiencing anxiety disor-

ders. This phenomenon warrants further examination.

This study has several limitations. In this study, anxiety

was used as an indicator of overall stress. However, vol-

ume of such work undertaken, time spent on animal

related work, severity of procedures should be considered

to understand overall mental stress from animal experi-

ment. Secondly, this study includes a relatively small sam-

ple population, which cannot accurately represent entire

population. Further research with larger, and representa-

tive sample is needed to confirm our findings. Response

bias may have occurred because of the nature of the

assessment. Poulton indicated the participants may avoid

selecting the extreme categories at each end of the rating

scale, reducing the capacity to discriminate between the

stimuli (39). It appears particularly and evidently true with

the case of the rating scale such as STAI (38). Finally, this

study cannot provide clear reasons to explain the statisti-

cal differences between groups. As such, further investiga-

tion using refined study designs and larger sample numbers

is needed.

Notwithstanding with these limitations, to our best knowl-

edge, this study is the first attempt to evaluate the mental

stress of animal experiments on researchers themselves.

There have been many interventions against animal exper-

iments from different stakeholders’ perspectives, but most

have focused on the scientific progress, ethics, animal

welfare or marketing strategy (40) while the mental health

of researchers themselves has been neglected. The

strength of our study lies in providing an insight into the

negative effects of animal experimentation on the mental

health of researchers, which will be inspiring for further

research on the potential adverse impacts of animal exper-

imentation on scientific innovation, industrial competitive-

ness, and society as a whole.
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