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Abstract 
Occupational exposure to aluminum was reported to be associated with vari-
ous neurotoxic effects including cognitive impairment, depression, anxiety, 
and also Alzheimer’s disease. The purpose of the present study was to evaluate 
the level of vulnerability to stress in workers exposed to aluminum. The corre-
lation between vulnerability to stress and depression was also investigated. 
This was a retrospective study that included 135 participants, 99 were exposed 
to aluminum, and 36 were not exposed to aluminum. Vulnerability to stress 
and depression was assessed using a self-rating scale developed in-house. Vul-
nerability to stress was reported in various degrees in a total of 84 participants, 
69 (69.70%) participants from the exposed group and 15 (41.67%) partici-
pants from the control group. Out of the 84 participants with vulnerability to 
stress, 51 had depression also. Excellent resistance to stress was reported in 51 
out of 135 participants, 30 (30.30%) in the exposed group and 21 (58.33%) in 
the control group. Out of the 51 participants with excellent resistance to stress, 
only 2 participants had depression. The results of the present study suggested that 
exposure to aluminum is correlated with vulnerability to stress. The level of 
vulnerability to stress is increasing with the level of exposure to aluminum. 
Furthermore, since vulnerability to stress is correlated with depression, higher 
exposure to aluminum might be a risk factor for depression. 
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1. Introduction 

Aluminum constitutes approximately 8% of the surface layer of the earth’s crust 
[1] and is spread in the environment as a result of natural processes and also 
different activities done by human beings. The general population is exposed to 
aluminum from various sources that include water, food, air, cosmetics, drugs, 
and vaccines [2]. Given that the use of aluminum is increasing due to its applica-
tions in a broad range of fields [3], professional exposure to aluminum and its 
compounds can represent an important risk factor for workers in the metal re-
fining processes and secondary industries [1]. Several studies have shown increased 
concentrations of aluminum in the serum and urine of aluminum occupationally 
exposed workers, probably because aluminum is better absorbed through the respi-
ratory tract than the digestive tract, the most common way of entering the body un-
der non-professional exposure conditions [4] [5]. Aluminum toxicity is a result of 
multiple mechanisms because the Al(III) ion has increased biological reactivity and 
causes changes in biological systems [6]. Aluminum crosses the blood-brain barrier 
and interferes with the cellular homeostasis of iron, thus influencing iron-dependent 
processes. It influences certain neurotransmitters such as serotonin, glutamate, 
and gamma-aminobutyric acid (GABA) [7] [8].  

Various studies showed that occupational exposure to aluminum can cause 
neurotoxic effects that include cognitive impairment, depression, anxiety, mem-
ory impairment, and personality change [9] [10] [11]. Furthermore, aluminum neu-
rotoxicity involvement in the development of Alzheimer’s disease was studied inten-
sively and more information became available in the last two decades regarding 
the association between exposure to aluminum from various sources and Alz-
heimer’s disease [12] [13]. 

Psychiatric disorders, especially depression and anxiety, represent one of the 
most important causes that affect work capacity and lead to absenteeism and loss 
of productivity, with high economic costs. In the USA, annual losses of over 44 
billion dollars due to workers diagnosed with depression have been estimated by 
Battams et al. (2014) [14]. Stress represents a mechanism or a physiological 
process through which the body responds to various challenges that occur daily 
during both personal and professional activities. The ability to maintain a bal-
ance between the effects of different stress factors and the response of the human 
body to these stress effects characterizes homeostasis and assures survival. The 
balance is maintained by hormones (cortisol) and neurotransmitters, cytokines, 
and growth factors. But prolonged and uncontrolled exposure to various stress 
factors can cause long-term neurobiological changes that are closely related to 
depression [15]. Stress has an important subjective component in the sense that 
the same stress factor can be considered as a challenge or something easy to 
manage by one person while at the same time it can be considered as a threat to 
another person [16]. Individual differences in response to stress have a genetic 
component but these are also influenced by personal life experiences. There are 
individuals who have an increased sensitivity to common, minor stress factors 
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which makes them much more vulnerable to stress. This sensitivity was called 
“vulnerability to stress” [17].  

2. Aim of the Study 

The aim of this retrospective, observational study was to evaluate the vulnerabil-
ity to stress and depression rate in workers exposed to aluminum.  

3. Material and Methods 
3.1. Subjects 

The study included 135 patients hospitalized in Colentina Clinical Hospital Bu-
charest, Occupational Medicine Clinic due to respiratory and musculoskeletal dis-
orders. The study included all patients working in the same aluminum processing 
company that were hospitalized in the clinic. The patients were selected based 
on predefined inclusion and exclusion criteria as follows. The main inclusion 
criteria included: age range from 20 and 65 years; working in the aluminum in-
dustry; at least 1-year experience of work in the aluminum industry; subjects 
with musculoskeletal and respiratory pathology. The main exclusion criteria 
included: age over 65 years; interruption of professional activity in the aluminum 
industry for more than one year at the date of evaluation; major mental illnesses; 
Parkinson’s or Alzheimer’s disease; history of stroke; excessive alcohol consump-
tion; the presence in the last 6 months in the subject’s life of some highly stressful 
events (death of a family member or close friend, divorce, accident or diagnosis 
of a severe pathology); Parkinson’s or Alzheimer’s disease.  

This study was conducted in accordance with the ethical principles that have 
their origin in the Declaration of Helsinki and that are consistent with Good 
Clinical Practice. Informed consent was obtained from all study subjects, and the 
study was approved by the appropriate ethics committee. 

3.2. Evaluation of Vulnerability to Stress and Depression 

Vulnerability to stress and depression was assessed using a self-rating scale de-
veloped in-house. The self-rating scale consisted of a questionnaire addressing 
health status, smoking, alcohol consumption, coffee consumption, eating dis-
orders, sleeping disorders, weight issues, headache, irritability, asthenia, apathy, 
fatigue, palpitations, precordial pain, blood pressure, joint pain, sexual activity 
disorders, dyspeptic syndrome, dyspnea, cough, intake of medication, work is-
sues, stress factors. Each subject received and completed the self-rating scale by se-
lecting for each item the appropriate option (1 (always), 2 (frequently), 3 (neutral), 
4 (sometimes) and 5 (never)) depending on how much of the time the statement 
was applicable to the subject. The results were interpreted as follows:  
- For vulnerability, score below 50: excellent resistance to stress; score above 

50: vulnerable to stress which was further depicted as score 50 - 69: some vul-
nerability to stress; score 70 - 95: serious vulnerability to stress; score over 95: 
extreme vulnerability to stress. 
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- For depression, a score of 0 - 9 was considered to be within the normal range.  

3.3. Data Analysis 

Data obtained was presented in tabular format and descriptive statistic is pro-
vided.  

4. Results 

Out of the 135 patients included in the study, 99 were exposed to aluminum and 
36 were not exposed. From the exposed group, 38 patients were electrometal-
lurgists, 49 locksmiths, and 12 smelters. Of these professional categories, the 
most exposed to aluminum was the category of smelters, followed by electrome-
tallurgists and locksmiths. The patients not exposed to aluminum worked in the 
aluminum industry, but they had office-based jobs carrying out different admin-
istrative tasks. The subjects not exposed to aluminum were treated as a control 
group.  

4.1. Vulnerability to Stress Levels in the Study Population  

Out of 135 subjects, 51 (37%) reported excellent resistance to stress. There were 
30 (30.30%) subjects out of 99 in the exposed group and 21 (58.33%) subjects out 
of 36 in the control group. The distribution of the vulnerability to stress results 
in the study population is provided in Table 1. 

In the exposed group, out of the 49 locksmiths, 16 (32.65%) had excellent re-
sistance to stress, 14 (28.57%) had some vulnerability to stress, 7 (14.28%) had 
serious vulnerability to stress, and 12 (24.48%) had extreme vulnerability to 
stress.  

In electrometallurgist group, out of 38 electrometallurgists, 11 (28.94%) had 
excellent resistance to stress, 6 (15.78%) had some vulnerability to stress, 11 (28.94%) 
had serious vulnerability to stress while 10 (26.31%) had extreme vulnerability to 
stress.  

In the smelter group, out of 12 electrometallurgists, 3 (25%) had excellent re-
sistance to stress, 5 (41.66%) had some vulnerability to stress, none had serious 
vulnerability to stress, and 4 (33.33%) had extreme vulnerability to stress.  

The distribution of the vulnerability to stress results in the exposed group is 
provided in Table 2. 

 
Table 1. Vulnerability to stress results in the study population.  

Group 
Excellent  
resistance  
to stress 

Some  
vulnerability  

to stress 

Serious  
vulnerability  

to stress 

Extreme  
vulnerability  

to stress 

Exposed group 
(n = 99) 

30 
(30.30%) 

25 
(25.25%) 

18 
(18.18%) 

26 
(26.26%) 

Control group 
(n = 36) 

21 
(58.33%) 

11 
(30.55%) 

3 
(8.33%) 

1 
(2.77%) 
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Table 2. Vulnerability to stress results in the exposed group. 

Group 
Excellent 

resistance to 
stress 

Some  
vulnerability 

to stress 

Serious  
vulnerability 

to stress 

Extreme  
vulnerability 

to stress 

Locksmith 
(n = 49) 

16 
(32.65%) 

14 
(28.57%) 

7 
(14.28%) 

12 
(24.48%) 

Electrometallurgist 
(n = 38) 

11 
(28.94%) 

6 
(15.78%) 

11 
(28.94%) 

10 
(26.31%) 

Smelter 
(n = 12) 

3 
(25%) 

5 
(41.66%) 

0 
0% 

4 
(33.33%) 

4.2. Distribution of Depression Cases Depending on the Presence  
and Level of Vulnerability to Stress  

In total, there were 53 (39.25%) cases of depression identified in the total study 
population.  

The presence of depression was investigated in correlation with the level of 
vulnerability to stress. Out of the total of 51 subjects with excellent resistance to 
stress reported in the whole study population, only 2 (3.92%) cases of depression 
were identified. Whereas, out of the total 84 cases with various levels of vulnera-
bility to stress, 51 (60.71%) cases of depression were identified. The distribution 
of depression cases depending on the presence of vulnerability to stress is pre-
sented in Table 3.  

Furthermore, the presence of depression was evaluated depending on the level 
of vulnerability to stress. From the total of 135 subjects, 36 (26.66%) had some 
vulnerability to stress, 21 (15%) subjects had a serious vulnerability to stress and 
27 (20%) subjects had an extreme vulnerability to stress.  

Out of 36 subjects with some vulnerability to stress, 8 (22.22%) had depres-
sion. Out of 21 subjects with serious vulnerability to stress, 18 (85.71%) had de-
pression and 25 (92.59%) subjects out of the 27 subjects with extreme vulnera-
bility to stress, had depression. The distribution of depression cases depending 
on the level of vulnerability to stress is presented in Table 4.  

5. Discussions 

In this retrospective observational study, the vulnerability to stress and depres-
sion rate in workers exposed to aluminum was evaluated using a self-rating scale 
developed in-house. The study included 135 subjects, 99 with professional ex-
posure to aluminum and 36 non-exposed subjects. 

The results of this study showed that the controlled group had higher rate for 
excellent resistance to stress (85%) as compared to the group exposed to alumi-
num. For the interpretation of the results, it should be considered that the pro-
fessional activity of subjects not exposed to aluminum took place in better 
working conditions with fewer risk factors (office activity, administrative tasks). 
In addition, the subjects in the control group might be better educated and could  

https://doi.org/10.4236/odem.2022.104020


I. Ghita et al. 
 

 

DOI: 10.4236/odem.2022.104020 267 Occupational Diseases and Environmental Medicine 
 

Table 3. The distribution of depression cases depending on the presence of vulnerability 
to stress in the study population.  

Study population 
Vulnerability  
to stress level 

Depression cases 
Absence of  
depression 

n = 135 

Excellent resistance to stress 
(n = 51) 

2 
(3.92%) 

49 
(96.07%) 

Vulnerability to stress 
(n = 84) 

51 
(60.71%) 

33 
(39.28%) 

 
Table 4. Distribution of depression depending on the level of vulnerability to stress. 

Vulnerability to stress group Level of Vulnerability to stress Depression cases 

N = 84 

some vulnerability to stress 
(n = 36) 

8 
(22.22%) 

serious vulnerability to stress 
(n = 21) 

18 
(85.71%) 

extreme vulnerability to stress 
(n = 27) 

25 
(92.59%) 

 
belong to the category of people that is more resilient or persons with increased 
resistance to stress who are able to face high intensity stress factors without de-
veloping stress related symptoms. The people who were exposed to aluminum 
worked in a more difficult environment (including noise, intense physical effort, 
and unfavorable microclimate) and were most frequently affected by restructur-
ing and organizational changes, aspects that could constitute additional stress 
factors [14].  

In the exposed group, the rate for excellent resistance to stress was getting 
lower with the higher exposure to aluminum. The highest rate of excellent resis-
tance to stress was recorded in case of the locksmiths (less exposed subjects), 
while the lowest rate was in the smelter group (the most exposed subjects). The 
highest rate for extreme vulnerability to stress was recorded in the smelter group, 
while the lowest rate was recorder in the locksmith group. 

Literature data showed the concordance between increased exposure to alu-
minum and the presence of neuropsychic manifestations [18] [19], but the pre-
vious studies did not consider an assessment of vulnerability to stress in exposed 
workers. The increased vulnerability to stress could cause a psychological im-
balance even in the conditions of challenges in everyday life. 

There were 53 (39.25%) cases of depression identified in the total study popu-
lation. The results are in agreement with other studies that evaluated the pres-
ence of depression in workers professionally exposed to aluminum, with statis-
tically significant differences compared to the control group [11] [20] [21]. The 
mechanisms of depression are related to the dysfunction of the serotoninergic 
system, and aluminum inhibits serotonin, an aspect supported by experimental 
studies carried out on rats, which have showed a significant decrease in the level 
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of serotonin in the cortex, hippocampus, striatum and spinal cord, a decrease 
that was maintained even after 60 days of exposure [7].  

As expected, a higher rate of depression was identified in the subjects with 
various levels of vulnerability to stress as 60.71% of the subjects with vulnerabil-
ity to stress had also depression; depression was identified in only 3.92% of the 
subjects with excellent resistance to stress. Furthermore, a higher rate of depres-
sion (92.59%) was identified in the group of subjects with extreme vulnerability 
to stress. The results of the present study suggest that the presence of vulnerabil-
ity to stress is correlated with the presence of depression. The data obtained are 
consistent with the study of Hankin et al. (2010) which supports the link be-
tween individual vulnerability to stress and symptoms of depression [22].  

The study has some limitations apart from the classical limitations of an ob-
servational study. For example, the assessment of vulnerability and depression 
was done based on an in-house self-rating scale. In addition, there was no sam-
ple size calculation and there was no statistical technique applied to consider the 
imbalance of confounders in the exposure group. Further research is therefore 
needed.  

6. Conclusion 

Prolonged and uncontrolled exposure to various stress factors such as aluminum 
can cause long-term neurobiological changes that are closely related to depres-
sion or anxiety. Individual differences in response to stress have a genetic com-
ponent, but these are also influenced by personal life experiences including oc-
cupational and environmental factors. The results of the present study suggested 
that exposure to aluminum is correlated with vulnerability to stress. The level of 
vulnerability to stress is increasing with the level of exposure to aluminum. Fur-
thermore, since vulnerability to stress is correlated with depression, higher ex-
posure to aluminum might be a risk factor for depression. 
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