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Abstract 
Background: Stress can impact human health in multiple ways. 
Among the related mechanisms are the hormonal systems of the 
hypothalamic–pituitary–adrenal axis, which produces cortisol. Current 
research aims to evaluate the relationship between the daily variation 
of salivary cortisol dosages and the level of stress in caregivers of 
patients with Alzheimer's disease (AD). 
Methods: A sociodemographic questionnaire was applied to 25 
caregivers, as well as the 36 Item Short-Form Health Survey and Beck’s 
Depression Inventory. In the 25 patients of the caregivers, the 
Instrumental Activities of Daily Living of the patient and Clinical 
Dementia Rating were assessed. Saliva samples were collected to 
assess the cortisol level of the caregivers three times over one day for 
each caregiver, (morning, afternoon and evening) to investigate the 
correlation of the aforementioned questionnaires with the age and 
degree of kinship among caregivers of elderly patients to investigate 
the correlation with the results of the previously described tests, and 
the age and degree of relatedness of caregivers and elderly patients. 
Results: There was a significant positive correlation between daily 
cortisol levels and increasing caregiver age. However, the daily dosage 
of salivary cortisol was not significantly associated with the stress level 
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of the caregivers of patients with AD, suggesting that this is not a 
good neuroendocrine marker of response to mood disorders. This 
fact can be related to intrinsic and extrinsic factors to the caregiver. 
Conclusions: Compared with previous studies that correlate cortisol 
and stress in humans, our findings suggest that the stress mechanism 
may be more complex and depend on more factors than the levels of 
this hormone. Thus, further work is required to delineate possible 
cortisol modulators, as well as the type of stress that target this 
population and their ability to adapt and face adversity in their work.
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Introduction
Population aging brings with it an increase in the incidence and 
prevalence of dementias, such as Alzheimer’s disease (AD)1. 
AD is characterized by a progressive decline in cognitive and 
functional abilities, requiring an increasing need for clinical 
care of patients2,3. Studies have shown that these caregivers 
are subject to chronic diseases caused by their intense work  
routine with patients4–6.

Research indicates that stress can lead to a number of changes 
in the individual’s brain7,8. Deficits in the domains of attention, 
working memory and executive function, mediated by the pre-
frontal cortex7 have already been verified in caregivers of 
patients with dementia9,10. In addition, the impairment of declara-
tive memory dependent on the hippocampus region may also 
result from the chronic physical and emotional overload suffered  
by these caregivers11,12.

The main reason for the cognitive impairment of chronically 
stressed individuals is hypothalamic–pituitary–adrenal (HPA) 
axis dysfunction coupled to changes in glucocorticoid levels, 
especially cortisol, and changes in lower affinity receptors of 
these hormones. Hypercortisolemia, besides being neurotoxic 
when prolonged13, may induce changes in the morphology 
and physiology of structures related to cognitive functions  
in the organism14.

Another condition related to prolonged periods of stress, exces-
sive release of glucocorticoids and hyperactivity of the HPA axis 
is in hypocortisolemia, induced in these cases by failures in the 
ability of self-adjustment of allostatic systems15. Two theories 
justify the etiology of hypocortisolemia; the first correlates 
hypocortisolemia with the increase of the negative feedback  
sensitivity of the HPA axis16 and the second relates to adrenal 
insufficiency, caused by the chronicity of the response. Thus, the  
individual initially develops hypercortisolemia; however, the HPA  
axis collapses or fatigues and leading to hypocortisolemia15.

Allostatic biological mechanisms usually develop in the organ-
ism in an individual way based on the experiences lived by 
the individual, especially in the form of adaptive responses to 
stress. These are usually coordinated and involve different func-
tional systems, particularly the nervous, endocrine and immune 
systems. Regarding the functioning of the HPA axis, research 
shows that as adults experience life events associated with stress-
ful problems, innumerable biological triggers are developed  
that are associated with the incidence of psychopathologies17.

There is a growing body of evidence linking hormones besides 
cortisol as being responsible for stress responses, including  
progesterone and dehydroepiandrosterone (DHEA)18, and brain-
derived neurotrophic factor (BDNF)19–24. Improved understanding 
of stressors, their mechanisms and co-influences are essen-
tial for a better understanding of the physiology of stress and of  
psychological disorders that are implicated in this physiological 
condition. Thus, the objective of this study was to evaluate the 
relationship between the daily variation of salivary cortisol  

dosages and the level of depression in caregivers of patients with 
AD.

Methods
Participants
The study population consisted of caregivers of elderly patients 
with AD (n=25) and patients admitted to the Association for 
Research and Assistance to Patients with Alzheimer’s (AEPAPA) 
(n=25) in the city of Guarapuava (PR). In order to determine 
the size of the sample, we considered all patients that fit the 
inclusion criteria of the study and are serviced by AEPAPA.  
In this study, the age cut-off used to classify patients as eld-
erly was based on the criteria proposed by the World Health 
Organization (WHO), which defines individuals aged 60 years 
or older from developing countries as elderly. In order to  
identify and select the caregivers, AEPAPA was asked for an 
official list, containing identification, address and telephone 
number of the registered elderly. Subsequently, the cadastral  
data was confirmed with the Social Worker, with the intention 
of eliminating the names of the deceased or who had changed 
their residence or changed their city. A telephone appoint-
ment was initially made by the social worker of the AEPAPA. 
In case of refusal or absence (three attempts were made to con-
tact each domicile), the subject was excluded. On the day  
of the visit, the professional, together with a nurse from the 
AEPAPA, made the verbal invitation to participate in the 
research, by means of a previous explanation of all the stages 
of the study and, later completing the Informed Consent Form 
(TCLE) by the participants. In the case of illiterate caregiv-
ers, the informed consent form was signed by a family member 
responsible after reading the terms to the caregiver. AEPAPA  
is a Civil Society with a care purpose, responsible for  
providing home care to the elderly, with Public Utility, accord-
ing to Law No. 2157/2013, contained in the Official Gazette 
of the Municipality from August 24 to 30, 2013. The ethical  
precepts of voluntary, enlightened and consensual participation  
of each participant were respected through a Free and Informed 
Consent Term – informed consent form signed by the par-
ticipant (caregiver and patient). The project was approved 
by the Ethics Committee on Human Research of the Health  
Sciences Sector, the State University of West Paraná Center  
(896 296/2014).

Procedure
This descriptive cross-sectional study began with the collec-
tion of data and salivary material from caregivers in the home 
of the elderly with AD, by a team composed of a nurse, a  
psychologist, a social worker, a pharmacist and a nutritionist 
from AEPAPA in the period from December 2014 to December 
2015. The study was quantitative and used formal instruments to  
collect the data as questionnaires, scales and tests based on the 
work of 25. Initially, the caregivers who agreed to participate were 
asked to refrain from eating, drinking caffeine, brushing their  
teeth and vigorous exercise for 2 h before the collection of  
cortisol.

Participants provided the first saliva sample in the morning, 
between 08:00 and 09:00 hours, after which the questionnaires 
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were applied to the caregiver and the elderly patient. Ini-
tially, the sociodemographic characterization of the caregivers 
was based on the following aspects: relationship to the elderly 
patient, age, race, marital status, number of children, schooling, 
income, type of housing, hygiene conditions and basic  
sanitation in the residence where they performed their care 
work. The remaining tests included information such as the 
analysis of the caregiver’s quality of life through the 36-Item 
Short Form Survey (SF-36) and the investigation of affec-
tive and somatic cognitive behavioral manifestations in  
the face of a possible picture of depression presented by the 
caregiver with the application of the Beck Depression Inven-
tory (BDI), as well as the evaluation of the Instrumental Activi-
ties of Daily Living of the patient (IADL) with the help of the 
Lawton Scale, which focuses on assessing the elderly person’s 
ability to maintain an independent life that interferes with  
the degree of caregiver activity, and classification of the stage 
of Alzheimer’s disease using the Clinical Dementia Rating  
(CDR)26–29.

The other saliva samples were collected in the afternoon, between 
16:00 and 17:00 hours, and at night, between 22:00 and 23:00 
hours, taking into account the circadian fluctuations of cortisol. 
After collection in a Salivette tube (Salivette®, Sarstedt, Ale-
manha), since the biochemical dosage was performed on the 
saliva, the samples were immediately stored in a test tube  
(typically Ultra-High Performance 15 ml centrifuge tubes; VWR, 
Radnor, PA). At the end of the sample collection, the samples 
were sent to the Master Laboratory, a private clinical laboratory,  
in Guarapuava, PR, with no charge on the patient.

In the laboratory, the samples were refrigerated in a freezer  
(-4°C) for 24 hours until processing. Extraction of Salivette  
cotton saliva was performed by centrifugation (10 min at 3000 
rpm) being the cortisol dosage in the saliva was performed by 
electrochemiluminescence immunoassay according to the instruc-
tions of the manufacturer (ECLIA; catalog number 11875116160;  
Roche Diagnosis GmbH, Mannheim, Germany).

Quality of life questionnaire SF-36
The SF-36 questionnaire, applied to caregivers in the study, has 
the advantage of being easy to understand and requiring a short 
application time; therefore, it is well suited to assessing the  
associations of several types of diseases with the quality of life of 
those involved. SF-36 consists of 36 general questions grouped 
into eight domains: functional capacity (10 items), vitality4, 
physical4, pain2, general health5, social2, emotional3 and mental  
health5. Each of these questions is answered with a value between 
0 and 100, where 0 is the worst state of health and 100 is  
the perfect state of health26.

BDI
The BDI, applied to caregivers in the study, is an instrument 
structured in 21 descriptions of affective and somatic cognitive 
symptoms of depression, with answers to each question rang-
ing from 0 to 3 points dealing with the absence of depressive 
symptoms until the presence of symptoms. Originally created by 
Aaron Temkin Beck30, satisfactory evidence of its trustworthiness  

and validity was shown by a study by Cunha, 200131. To 
get a total score to be evaluated, the points of each item are 
added, giving a total score whose maximum does not exceed 
63 points. According to Caixeta, scores from 0 to 9 points  
indicate an absence of depression or minimal depressive symp-
toms; from 10 to 18 points indicate mild to moderate depression, 
from 19 to 29 points indicate moderate to severe depression,  
and 30 to 63 points indicate severe depression28.

IADL with the Lawton Scale
The evaluation of the implementation capacity of IADL was 
performed by applying the Lawton Scale to patients with AD 
in the study. For each task, there are three possible answers, 
with scores ranging from 1 to 3 (1, dependence; 2, ability to 
perform the task with help; and 3, independence). The final 
score is reached by the sum of points of the eight domains and  
ranges from 8 to 24; the higher the score, the more independent  
the individual27,32.

AD stage rating
The AD CDR scale, applied to elderly patients in the study, was 
developed in 1979 at University of Washington’s, St. Louis,  
Missouri, through the project” Memory and Aging”33, to gradu-
ate dementia and classify patients according to the disease 
stage, evaluating the presence or absence of cognitive impair-
ment on a five-point scale (0, 0.5, 1, 2, 3). The six domains 
analyzed by the test were: memory, orientation, judgment 
and problem solving, community function, home and hobby  
function, and personal care. A general CDR score was then  
performed using the individual ratings in the 6 areas, accord-
ing to the standard scoring rules34; so that a CDR score of 0  
indicates no dementia, while CDR scores of 0.5 1, 2 and 3 indi-
cate very mild, mild, moderate and severe dementia, respectively. 
In addition, individual domain scores can be summed, totaling 
a score ranging from 0 (0×6: when there is no impairment  
in any domain) to 18 (3×6: when there is maximum commitment 
in all domains)29.

Data analysis
To describe the results, descriptive tests were carried out with 
measures of central tendency and frequencies. To verify nor-
mality of the sample, the Shapiro–Wilk test was calculated. 
Pearson’s and Spearman’s correlation analyses were applied to 
parametric and non-parametric data, respectively. Also, for the 
association between CDR and cortisol values, the Kruskal–Wallis 
test was applied. The level of significance was set at 5% 
(P<0.05). The analyses were performed using the Statistical  
Package for the Social Sciences software version 22.0.

Results
Demographic information
Of the total sample, 88.0% (n=22) of the caregivers were 
female, 68.0% (n=17) of whom were Caucasian. Regarding 
marital status, 56.0% of participants (n=14) were married and 
84.0% (n=21) had up to 4 children, while 16.0% (n=4) reported  
having 5 to 8 children. Regarding the level of education, 8.0% of 
caregivers (n=2) were illiterate, 44.0% (n=11) did not complete 
elementary school and only 4.0% (n=1) had completed higher  
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education. Regarding the type of housing, 92.0% (n=23) resided 
in brick houses, while 8% (n=2) reported living in wooden 
houses. 76.0% (n=19) rated their hygiene conditions as good, 
compared to 24% (n=6) who reported very good hygiene  
conditions; all caregivers had water, electricity and sewage in 
their homes. As to income, 88.0% (n=22) of caregivers reported 
monthly income less than two minimum wages, equivalent to US 
$583.00. By contrast, only 12% (n=3) reported an income of up  
to three minimum wages.

The distribution of participants in terms of their relationship to 
the patients was predominantly close to the patients, with 44.0% 
(n=11) and 24.0% (n=6) of caregivers self-described wives or 
husbands, respectively. Caregivers were family members in 
80.0% (n=20) of cases; among these, 24.0% (n=6) of caregivers 
self-declared as wives or husbands, 8.0% (n=2) as grandchildren 
and 4.0% (n=1) nephews. The remaining 20.0% (n=5)  
were unrelated caregivers.

Questionnaires
With respect to depression affecting caregivers, values obtained 
from the BDI resulted in a mean score of 15.68 (SD=10.05), 
indicating mild to moderate depression in 36.0% (n=9) of 
the caregivers, while 20.0% (n=5) of caregivers were classi-
fied as having moderate to severe depression, 12.0% (n=3)  
as having severe depression and 32.0% (n=8) as not having  
depression.

SF-36 variables showed close variations between functional 
capacity and social aspects among caregivers, with a mean 
score of 74.2 (SD=28.7) for the functional capacity and 64.4 
(SD=28.1) for the social aspect. Regarding functional capacity, 
the variable with the lowest mean score was the physical aspect 
(mean=50, SD=46.8), compared to the aspects of pain (mean=53, 
SD=22.9), general health status (mean=52.7, SD=15.6) and vital-
ity (mean=53.2, SD=19). As for the social aspects, the emotional 
variable (mean=40, SD=48.1) had the lowest score compared with  
mental health (mean=54.2, SD=21.7).

In the evaluation of IADL, the results showed that 70.83% 
(n=17) of patients with AD were not able to maintain an  
independent life, and 20.83% (n = 5) were unable to perform any 

of the nine corresponding functions of the scale. In total, 50.0% 
(n=12) performed some activity with partial help, and 29.17% 
(n=7) were able to perform the activities without help. One  
patient did not participate in the questionnaire.

Regarding the stage of the disease 16.0% (n=4) were in the 
mild stage of AD (CDR 1), 52.0% (n=13) in the moderate stage  
(CDR 2) and 32.0% (n=8) in the severe stage (CDR 3).

Cortisol levels in caregivers
For the salivary cortisol test, 3 samples were collected from 
each patient, accounting for a total of 75 samples. With regard 
to the salivary cortisol dosage in the morning, the median 
value was 0.50 μg/dl, with a minimum of 0.33 μg/dl and maxi-
mum of 1.27 μg/dl (reference value, approximately 0.69 μg/dl).  
Salivary cortisol measured in the afternoon resulted in  
a median value of 0.32 μg/dl, with a minimum of 0.09 μg/dl  
and a maximum of 0.71 μg/dl (reference value, approxi-
mately 0.43 μg/dl). For the tests performed in the evening, the 
median value was 0.68 μg/dl, with a minimum of 0.32 μg/dl 
and a maximum of 1.26 μg/dl (reference value, approximately  
0.35 μg / dl). The cortisol values were analyzed according to the  
values cited by Aardal and Holm, 199535.

As analyzed in the paragraph above, the percentage of caregiv-
ers who presented cortisol at normal concentration was consid-
erably higher than the percentage of caregivers who exhibited 
cortisol at an altered concentration, in the collection periods 
(morning, afternoon and night). In the morning, 80.0% (n = 20) 
of the caregivers did not present alterations in cortisol dos-
ages, according to the reference values used35, whereas in the 
afternoon the percentage dropped to 72.0% (n = 18) and 60.0% 
(n = 15) at night, according to the circadian cycle of cortisol,  
evidenced in healthy individuals.

Relationship between cortisol levels and questionnaire 
results
Of the variables analyzed by the study, only the age of the  
caregivers was significantly correlated with the dose of sali-
vary cortisol collected in the afternoon (r=0.470; P=0.018), 
as well as when it was correlated with daily cortisol variation,  
corresponding to mean of the cortisol dosage in the three periods  
(r=0.403; P=0.046) (Table 1).

Table 1. Correlation between the salivary cortisol level and its daily 
variation with the variables studied in caregivers of patients with 
Alzheimer’s disease.

Cortisol level IADLs* BDI* SF-36* CDR** Relationship* Age**

Morning −0.005 0.029 −0.032 −0.026 0.289*** 0.192

Afternoon −0.039 0.128 0.098 0.083 0.171 0.470

Evening 0.115 0.177 0.342 0.001 0.160 0.388

Daily variation 0.075 0.151 0.098 0.016 −0.311*** 0.403

*Pearson’s correlation coefficient. **Spearman’s rank correlation. ***p<0.05 vs. age. 
IADL, Instrumental Activities of Daily Living. BDI, Beck Depression Inventory. SF-36, 
36-Item Short-Form Health Survey; CDR, clinical disease rating.
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Figure 1. Association between the Instrumental Activities of Daily Living (IADLs) score and the mean daily level of salivary cortisol of 
three periods (morning/afternoon/evening) (P=0.412/r=0.176) in caregivers of patients with Alzheimer’s disease.

Figure 2. Association between the Beck Depression Inventory (BDI) score and the mean daily level of salivary cortisol of three 
periods (morning/afternoon/evening) (r=0.151; P=0.470) in caregivers of patients with Alzheimer’s disease.

Figure 1, Figure 2 and Figure 3 show a positive correlation 
but no significant variation between nocturnal salivary cortisol 
(μg/dl) and the scores from AIVD, IDB and SF-36. Figure 4 
shows a positive and significant correlation (r=0.403; P=0.046) 
between the daily variation of cortisol dosage (μg/dl) and the  
age of caregivers.

All correlations with significant p values were considered 
weak, owing to the sample size. However, it is possible to 
observe that cortisol values in the morning were correlated with 
the degree of kinship (r=0.289; p<0.05). The correlation was 
weak but inverse between the degree of kinship and the daily  
variation of cortisol (R²=-0.311; p<0.05).

Page 6 of 14

F1000Research 2018, 7:672 Last updated: 31 MAR 2022



Figure 3. Association between the 36-Item Short-Form Health Survey (SF-36) score, and the mean salivary cortisol daily level three 
times (morning/afternoon/evening) (r=0.098; P=0.111) for caregivers of patients with Alzheimer’s disease.

Figure 4. Association between age and mean daily level of salivary cortisol of three periods (morning/afternoon/evening) (r=0.403; 
P=0.046) in caregivers of patients with Alzheimer’s disease.

Table 2 shows the relationship between the CDR scores of 
the patients with AD and the corresponding mean salivary  
cortisol doses (mg/dl) of their caregivers. Mean values of  
salivary cortisol of the caregivers, measured in the morning and  
afternoon periods, remained below the cortisol values considered 
normal for these periods, which are approximately 0.69 μg/dl 
and 0.43 μg/dl, respectively, for the three groups of investigated 
CDRs. This diverged from the mean cortisol scored at night, 

which remained above the reference value considered normal  
for this period, approximately 0.35 μg / dl, for the three analyzed 
groups.

In a horizontal analysis of the table, the mean cortisol levels 
in the specific periods evaluated (morning, afternoon and evening) 
and the mean daily cortisol variation did not change significantly 
(P>0.05) when associated with the CDR groups (Table 2).
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Discussion
Our study showed that daily salivary cortisol levels did not 
differ significantly when associated with the level of depres-
sion in caregivers of patients with AD, suggesting that this 
is not a good marker of neuroendocrine response to mood  
disorders. It is understood that this may be related to intrinsic  
and extrinsic factors to the caregiver.

We found that the emotional caregiver burden, as measured 
by the BDI and SF-36 tests, was also not reflected in the levels 
of cortisol daily. Maria and Jeckel concluded that caregivers 
were more anxious, depressed and stressed than healthy,  
non-caregiving controls, although there was no increase in daily  
levels of salivary cortisol. On the other hand, previous research  
has found that hypo- and hypercortisolism is associated with  
depression and anger36–39.

One explanation for the discrepancy in the variation of cortisol 
levels may be related to difference in perception and adaptation 
to stress by the caregiver, or even the course of the condi-
tion to a chronic state40. Leggett et al., in a study conducted 
with 164 caregivers of individuals with dementia, found  
patterns of hypocortisolism in populations with chronic stress, 
in mothers who take care of adolescents with autism or other  
serious mental disorders, or the parents of patients with cancer, but  
did not obtain the same patterns of cortisol variation in situations 
of non-chronicity41.

It is understood that the mechanism of maintenance of homeos-
tasis in the body in response to the experiences of the individual 
throughout their life, is a dynamic process and involves inter-
actions between biological and psychosocial factors in a way 
that does not always result in neuroendocrine adaptation, since 
the physiological response is dependent on the reaction of indi-
viduals to adverse situations. Therefore, the regulatory factors 
of a possible onset of hormonal disorder are variable, since  
they are influenced by the humoral state, individual experiences, 
social level, intellectual capacity, lifestyle, genetics of the  

individual, religiosity, age and even the biological material used  
to evaluate the analyte39,43,44.

Cortisol is not the only steroid that undergoes changes in 
response to stress. Other hormones, such as BDNF45, DHEA18 and  
progesterone46, interact and influence mood in individuals. There 
are studies that already suggest that the cortisol–DHEA ratio is 
a better marker for cognitive alterations than cortisol or DHEA 
alone, for example47. A previous study has shown that increased 
cortisol–DHEA ratios are related to the cognitive decline 
observed in caregivers of patients with dementia48, and this  
is not observed for cortisol alone.

The differences in the age groups of experimental samples, 
as suggested by the observed effects of age demonstrated by 
this and other work49,50 interfere with the circadian rhythm of  
cortisol. In this study, diurnal cortisol secretion followed a  
circadian rhythm, in line with normal conditions, in order to 
present higher levels of cortisol in the morning and decreasing  
levels throughout the day, for most cases. This is in accordance 
with the literature that predicts higher production of cortisol in 
the second half of the night, with a peak in the early hours of the 
morning and a progressive decrease during the day, with lower 
peaks during the first part of the night51. However, despite the 
positive correlation observed between the age of the caregiver 
and the level of cortisol in the afternoon, as well as in the mean 
cortisol of the three evaluated periods, cortisol changes with  
aging in humans are still considered controversial52.

A limitation of our study was the lack of assessment of the  
coping strategies of caregivers. The majority of studies, includ-
ing those with AD caregivers and chronic stress models, evalu-
ate these strategies through the Coping Inventory for Stressful 
Situations (CISS)53,54. The CISS study is fundamental to under-
stand how stress interferes in people’s health in order to verify 
their ability to adapt to this disorder55,56, which could help  
to understand daily cortisol dosages within normality for most of 
the sample in research.

Table 2. Comparison between the clinical disease rating (CDR) 
of patients with Alzheimer’s disease with the salivary cortisol 
level at different time points in the caregivers these patients.

Cortisol level, µg/dl CDR1 CDR2 CDR3 P-value*

Morning 0.42±0.13 0.57±0.34 0.45±0.35 0.47

Afternoon 0.31±0.09 0.42±0.26 0.39±0.28 0.78

Evening 0.48±0.51 0.36±0.28 0.44±0.37 0.98

Daily variation 0.40±0.16 045±0.28 043±0.29 0.92

Data are expressed as the mean ± SD. *Calculated using the  
Kruskal–Wallis test.
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Other limitations of the study were the absence of data on 
the length of stay of the caregivers with the elderly patients 
affected by AD, as well as the size of the sample in this study. 
These may have impaired the achievement of a significant  
correlation between the cortisol dosages evaluated and the  
other variables.

In conclusion, we found evidence that stress mechanisms are 
not necessarily linked to changes in the circadian rhythm of 
cortisol observed in caregivers of elderly individuals with 
AD. Therefore, we would suggest that this steroid hormone 
alone is not a reliable neuroendocrine marker for the disorder 
of depression. This evidence underscores the fact that the HPA 
axis does not have a standard relationship with exhaustive  
experiences and associated feelings of individuals. Taking into  
account past work10,40,48,57,58, these findings present a broader 
discussion, in terms of evidence, of cortisol responsiveness 
to caregiver health and possible co-influencers, such as the  
age and the impact of the CDR evolution of these individuals.

In future studies it is important to outline other possible  
cortisol modulators as well as the downstream neurosteroids. 
In addition, a more detailed study of the type of stress that 
reaches this group of caregivers, as well as their ability to adapt 
and face adversity in front of their work, should be included  
in the next analyses. This work is important from a physiologi-
cal and psychological point of view, to understand the hormonal 
effects linked to depression in humans. In addition, this 
study indicates that the focus of the health of caregivers of  
patients with AD should be expanded and efforts to understand 
how routine can reflect on their body in form of disease should  
be made.
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Summary:
This is an interesting study evaluating salivary cortisol levels in Alzheimer's patient 
caregivers with a correlational analysis of multiple measures with morning, afternoon, and 
evening cortisol values. There are a number of issues with the paper that are rectifiable and 
would strengthen it enough for indexing acceptance.

1. 

 
Abstract:

This sentence in the abstract is very long and could be broken up for greater clarity: “Saliva 
samples were collected to assess the cortisol level of the caregivers three….caregivers and elderly patients.“ 
 

1. 

"this is not a good neuroendocrine marker of response to mood disorders" This is a very 
strong conclusion that does not seem warranted from the results of the study and 
considering the vast literature on HPA axis measures and mood disorders. 
 

2. 

“dosage” Were they given cortisol? Maybe this should be "values"?3. 
  
Introduction:

Change “The main reason” to “One reason”.1. 
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Methods:
What time did participants wake up in relation to their first sample collection? What time did 
they go to sleep the night before? Was this a usual amount of sleep for them? Did you 
collect any information about exercise during the day, illness, and smoking? All of these 
affect cortisol levels and should also be accounted for. 
 

1. 

The statistical analysis would be more powerful using a linear regression model with all the 
variables of interest rather than separate simple correlations. Even if you stick to simple 
correlations, you would need to include a multiple comparison correction.

2. 

  
Results:

It would be helpful to put some of the demographic and/or questionnaire data into a table 
for easier readability. 
 

1. 

The x-axis of Figures 1-4 is not clear. Is that showing time? Why are the numbers not in 
order? The figures are confusing and I’m not sure what relationship they are trying to show.

2. 

  
Discussion:

This is a very strong statement and not warranted considering the results of this one small 
study: “Our study showed that daily salivary cortisol levels did not differ significantly when 
associated with the level of depression in caregivers of patients with AD, suggesting that 
this is not a good marker of neuroendocrine response to mood disorders.” 
 

1. 

“possible onset of hormonal disorder” I don’t think you have to have a hormonal disorder to 
have dysregulated cortisol values. 
 

2. 

Under limitations - the authors could also add no measurement of perceived stress. You 
only measured one day of cortisol and only three time-points. You could add pros and cons 
for different cortisol collection methods here (salivary vs blood vs urine), diurnal vs 24-hour 
collections. 
 

3. 

“Therefore, we would suggest that this steroid hormone alone is not a reliable 
neuroendocrine marker for the disorder of depression.” Again, this is a very strong 
statement considering the size and scope of the study and results. 
 

4. 

You need to include a discussion of your results in relation to other papers that have 
evaluated cortisol in caregivers. Here are other papers I found with a quick search that you 
have not cited (de Vugt et al., 20051, Gallagher-Thompson et al., 20062 and Wahbeh et al., 
20083). I am sure there are more.

5. 
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