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Preliminary evidence of acylated 
ghrelin association with depression 
severity in postmenopausal women
Maria Fernanda Naufel1, Amanda Paula Pedroso1, Lila Missae Oyama1, 
Mônica Marques Telles1, Helena Hachul2,3 & Eliane Beraldi Ribeiro1*

We have previously shown increased depression and anxiety scores in postmenopausal overweight 
women, when compared to overweight premenopausal women. The mechanisms responsible 
for these alterations are not understood. Although ghrelin involvement in mood modulation has 
been suggested, its role is still ambiguous and has not been evaluated in postmenopause. Here we 
investigated the association of ghrelin with depression and anxiety symptoms in postmenopausal 
women. Fifty-five postmenopausal women with depression symptoms, who were not in use of 
hormones or antidepressants, were included in the study. Depression symptoms were evaluated by 
Beck’s Depression Inventory (BDI) and Patient Health Questionnaire-9 (PHQ-9) and anxiety symptoms 
were evaluated by Beck’s Anxiety Inventory (BAI). Women were allocated into three groups, according 
to BDI classification of mild, moderate, or severe depression symptoms. Anthropometric, biochemical 
and hormonal parameters were analyzed. Total and acylated ghrelin levels were higher in the severe 
depression than in the mild depression group. Multivariate regression analyses showed positive 
associations of BDI scores with acylated ghrelin and BMI, and of PHQ-9 scores with acylated ghrelin 
and homeostasis model assessment of insulin resistance (HOMA-IR). BAI scores associated positively 
with waist-to-hip ratio. To the best of our knowledge, this is the first demonstration of an association 
between acylated ghrelin and the severity of depression symptoms in postmenopausal women. This 
association may reflect either a physiological response aimed at fighting against depression symptoms 
or a causal factor of this mental disorder.

The postmenopause-associated symptoms impact negatively women’s quality of life. We have previously found 
clinical and experimental evidence of a connection between the lack of ovarian hormones and increased rates 
of obesity, anxiety and  depression1–3. Additionally, a bidirectional association between obesity and depression 
has been  suggested4,5. The factors involved in the association of these disturbances in postmenopausal women 
have not been fully explored.

Ghrelin is a gastrointestinal hormone secreted mainly by the gastric mucosa cells that signals peripheral 
energy status to the brain, having an orexigenic effect dependent on the activation of the type 1a growth hormone 
secretagogue receptor (GHSR1a). Ghrelin circulates in two major forms, namely des-acyl and acyl ghrelin, the 
latter having a medium chain fatty acid attached to its serine 3 residue, a posttranslational modification essential 
for its binding to  GHSR1a6,7. Although des-acyl ghrelin has been first considered an inactive molecule, it has later 
been suggested that both forms are functional, although with distinct  roles8. Besides its role in growth hormone 
release and regulation of energy homeostasis, ghrelin has been shown to participate in a myriad of physiologi-
cal processes including glucose homeostasis, neurogenesis, sleep/awake rhythm, learning and memory, stress 
responses, among  others9.

Stimulation of food intake and reduction of energy expenditure and lipid oxidation have been described 
as effects of acylated  ghrelin10–12 and the involvement of hypothalamic neurons in these actions has been 
 demonstrated13,14. Interestingly, it has been shown that des-acyl ghrelin impairs the orexigenic effects of acyl 
ghrelin at the  hypothalamus15,16. Ghrelin also takes part in the hedonic regulation of food intake, through actions 
in several brain regions implicated in the food reward-associated  behavior17–19.
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Ghrelin involvement in modulation of mood disorders has also been investigated but its role in depression 
and anxiety is still ambiguous. Although some studies in rodents have shown antidepressant and anxiolytic effects 
of total and acylated  ghrelin20–22, other reports have evidenced depressogenic and anxiogenic  roles23–25. Clini-
cal data about ghrelin levels in depressive patients are also controversial. While some studies have reported no 
changes in acylated ghrelin levels in depressive  patients26, others have reported  decreased27 or increased  levels28. 
The clinical heterogeneity observed in major depressive disorder might contribute, at least in part, to these 
inconclusive results. An association between total ghrelin levels and eating disorders in depressive individuals 
has been  shown29. Intriguingly, among depressive patients, the ones who were experiencing increased appetite 
presented lower acylated ghrelin levels than both the ones reporting decreased appetite and the healthy  subjects30.

Reduced serum total and acylated ghrelin has been observed in postmenopausal  women31–33 and estrogen 
replacement therapy was able to increase acylated ghrelin  levels34 and to improve hypothalamo-pituitary sensi-
tivity to acylated  ghrelin35. Weight loss has also been shown to raise total ghrelin levels in this  population36. In 
rodents, the involvement of estrogens in the regulation of total ghrelin expression has been  indicated37 and an 
antidepressant-like effect induced by ghrelin in ovariectomized mice has been  shown38.

We were not able to find any studies investigating ghrelin’s association with mood disorders in postmeno-
pausal women. A better comprehension of the postmenopause-associated changes and the factors influenc-
ing them will certainly improve the management of the symptoms affecting the quality of life of middle-aged 
women. In the present study, we hypothesized that ghrelin influences the depression and anxiety symptoms in 
postmenopausal women.

Results
Postmenopausal women that were classified with mild depression according to BDI showed lower scores for 
anxiety symptoms (BAI scores,  H(2, n=55) = 21.20006, p < 0.0001) than the groups classified with moderate (p =  10–6) 
or severe depression (p <  10–7) (Table 1).

There were no significant differences in anthropometric parameters among the 3 groups (Table 2). As shown 
in Table 3, the severe depression group had higher levels of total and acylated ghrelin than those of the mild 
depression group  (H(2, n=50) = 6.17622, p = 0.045 and  H(2, n=49) = 8.63559, p = 0.013, respectively). All other clinical 
parameters failed to show significant differences among the 3 groups.

The Pearson’s correlations were calculated including all women and all the variables assessed in the study, 
which included psychological scores, metabolic hormones and anthropometric measurements. Table 4 shows 
only the variables having at least one significant correlation with the psychological scores. A complete table con-
taining all the correlations across all parameters is included as supplementary material (Supplementary Table 1).

BDI scores correlated positively with both total and acylated ghrelin levels and with WHR, and presented a 
tendency to a positive correlation with body mass index (BMI). BAI scores correlated positively skeletal muscle 

Table 1.  Depression (BDI and PHQ-9) and anxiety (BAI) scores. Variables with normal distribution were 
analyzed by ANOVA and presented as mean ± standard error. Variables not normally distributed were analyzed 
by Kruskall–Wallis test and presented as median (minimum–maximum). *Vs. mild depression. Bold values 
indicate statistical significance of p < 0.05.

BDI classification Mild depression n = 26 Moderate depression n = 22 Severe depression n = 7 p-value

BDI 12 (10–16) 21 (17–29)* 36 (32–37)* < 0.0001

BAI 10 (3–25) 21.5 (7–43)* 31 (15–43)* < 0.0001

PHQ-9 7.8 ± 0.8 15.8 ± 1.2* 22.9 ± 1.4* < 0.0001

Table 2.  Anthropometric characteristics. Variables with normal distribution were analyzed by ANOVA and 
presented as mean ± standard error. Variables not normally distributed were analyzed by Kruskall–Wallis test 
and presented as median (minimum–maximum).

BDI classification Mild depression n = 26 Moderate depression n = 22 Severe depression n = 7 p-value

Age (years) 57.3 ± 0.9 57.6 ± 0.8 55.4 ± 1.2 0.486

Age of menopause onset (years) 49.0 (40–56) 50.0 (38–55) 47.5 (37–52) 0.916

Years in menopause 7.8 (1–24) 8.0 (2–25) 7.9 (3–20) 0.585

BMI (kg/m2) 27.6 (18.9–34.2) 29.8 (22.7–38.5) 29.6 (21.2–38.1) 0.085

Body fat (kg) 25.4 (11–55) 32.1 (19–70) 31.5 (15–45) 0.081

Percentage body fat 38.5 ± 1.4 41.8 ± 1.4 41.9 ± 3.0 0.244

Skeletal muscle mass (Kg) 22.3 ± 0.7 25.1 ± 0.9 23.2 ± 1.8 0.101

Fat free mass (Kg) 41.5 ± 1.3 44.8 ± 1.3 41.6 ± 2.3 0.142

Waist/hip ratio 0.94 ± 0.01 0.97 ± 0.01 0.99 ± 0.02 0.093

Basal metabolic rate (Kcal) 1261.6 ± 27.2 1354 ± 28.06 1289 ± 62.0 0.132



3

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5319  | https://doi.org/10.1038/s41598-021-84431-2

www.nature.com/scientificreports/

mass (SMM), waist-hip ratio (WHR), fat free mass (FFM), and basal metabolic rate (BMR). PHQ-9 scores 
correlated positively with total and acylated ghrelin and with WHR, insulin, glucose, and homeostasis model 
assessment of insulin resistance (HOMA-IR) (Table 4).

Table 3.  Clinical data. Variables with normal distribution were analyzed by ANOVA and presented as 
mean ± standard error [n]. Variables not normally distributed were analyzed by Kruskall–Wallis test and 
presented as median (minimum–maximum) [n]. *Vs. mild depression. Bold values indicate statistical 
significance of p < 0.05.

BDI classification Mild depression Moderate depression Severe depression p-value

Total cholesterol (mg/dL) 204.1 ± 8.4 [26] 210.9 ± 9.2 [21] 200.0 ± 16.5 [7] 0.792

HDL (mg/dL) 59.3 ± 3.3 [20] 62.1 ± 4.6 [14] 55.2 ± 8.0 [5] 0.696

LDL (mg/dL) 120.5 (79–187) [20] 131.0 (59–171) [14] 114.5 (97–140) [4] 0.829

Non-LDL (mg/dL) 149.1 ± 8.4 [20] 148.1 ± 13.1 [14] 135.5 ± 7.1 [4] 0.821

Triglycerides (mg/dL) 89.5 (37–261) [24] 114.5 (60–191) [18] 128.0 (69–193) [7] 0.167

Glucose (mg/dL) 91.0 (76–155) [25] 97.0 (83–149) [20] 98.0 (96–180) [6] 0.112

Insulin (μU/mL) 7.0 ± 0.7 [24] 8.9 ± 0.9 [22] 7.5 ± 1.5 [7] 0.259

HOMA-IR 1.66 (0.37–3.81) [23] 1.86 (0.95–5.29) [20] 2.01 (0.72–4.91) [6] 0.256

HOMA-ß 72.3 (30.8–163.8) [23] 95.7 (36.1–146.2) [20] 52.2 (26.5–138.8) [6] 0.277

Cortisol (ng/mL) 5.5 (2.4–12) [24] 4.8 (1.6–24.3) [20] 4.3 (3.7–6.1) [5] 0.511

FSH (mUI/mL) 85.5 (38–149) [26 78.1 (33–120) [22] 78.9 (41–118) [7] 0.838

Leptin (ng/mL) 34.3 (3.4–98.6) [26] 35.9 (7.9–60.6) [20] 26.9 (3.7–56.4) [7] 0.686

Total ghrelin (pg/mL) 355.8 (149–758) [24] 445.1 (283–997) [20] 557.1 (409–1406)* [6] 0.045

Acylated ghrelin (pg/mL) 85.7 (23–391) [24] 91.7 (17–445) [18] 222.4 (75–907)* [7] 0.013

Adiponectin (ng/mL) 2.94 (1.12–7.2) [26] 2.75 (1.0–5.5) [21] 3.40 (1.4–3.6) [7] 0.566

Table 4.  Pearson correlation coefficients Only the variables showing at least one significant correlation are 
shown. Bold values indicate statistical significance of p < 0.05.

Correlations

BDI BAI PHQ-9

Pearson 
correlation p-value (2-tailed)

Pearson 
correlation p-value (2-tailed)

Pearson 
correlation p-value (2-tailed)

Total ghrelin 0.4841 < 0.001 0.2377 0.096 0.3380 0.016

Acylated ghrelin 0.5529 < 0.001 0.1373 0.347 0.3400 0.017

Body mass index 0.2558 0.059 0.2180 0.110 0.2280 0.093

Skeletal muscle 
mass 0.1358 0.303 0.2909 0.031 0.1359 0.322

Waist/hip ratio 0.3474 0.009 0.4442 0.001 0.4142 0.002

Fat free mass 0.1364 0.330 0.2970 0.031 0.1376 0.326

Basal metabolic 
rate 0.1533 0.264 0.2905 0.031 0.1327 0.334

Insulin 0.0579 0.680 0.2460 0.076 0.3715 0.006

Glucose 0.2301 0.104 0.2109 0.137 0.2769 0.049

HOMA-IR 0.1629 0.264 0.2686 0.062 0.4315 0.002

Table 5.  Linear regression model for predictors of BDI among 49 postmenopausal women. R = 0.62,  R2 = 0.38, 
adjusted  R2 = 0.36,  F(2,46) = 14.38, p < 0.0001. The model was adjusted for waist/hip ratio (p = 0.395). Bold values 
indicate statistical significance of p < 0.05.

Dependent variable: BDI

Predictors Beta coefficients Standard error p-value

Acylated ghrelin 0.027 0.0055 < 0.001

Body mass index 0.526 0.2164 0.019

Intercept − 0.179 6.3668 0.977
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The linear regression models for BDI, BAI and PHQ-9 are shown in Tables 5, 6 and 7, respectively. For BDI as 
the dependent variable (Table 5), the independent variables acylated ghrelin, BMI, and WHR were tested. Total 
ghrelin was not included due to its multicollinearity with acylated ghrelin. We found that WHR failed to show 
a significant influence. The final model explained 38% of BDI variations (2 predictors, statistical power = 0.99, 
effect size = 0.64) and showed that acylated ghrelin levels and BMI were positively associated with depression 
symptoms (BDI scores). The final model implies that, for every one-unit increase in BMI, the BDI score increases 
0.52 (95% CI 0.08–0.96), and that for every one-unit increase in acylated ghrelin the BDI score increases 0.027 
(95% CI 0.018–0.042).

For BAI scores, SMM, BMR, and insulin showed non-significant influence. Due to multicollinearity, we tested 
SMM and not FFM. The final model equation predicted 18% of BAI scores variations (1 predictor, statistical 
power = 0.99, effect size = 0.19) and showed that only WHR was positively associated with BAI scores (Table 6). 
The model implies that every 0.1 unit of WHR increase (95% CI 27.8–119.6) is associated with 8.1 increases in 
BAI scores.

For PHQ-9 as the dependent variable, WHR showed non-significant influence. Due to multicollinearity 
between total and acylated ghrelin and among glucose, insulin, and HOMA-IR variables, we selected acylated 
ghrelin and HOMA-IR for the regression analyses. The final model explained 26% of PHQ-9 variations (2 predic-
tors, statistical power = 0.94, effect size = 0.35), showing positive association of acylated ghrelin and HOMA-IR 
with PHQ-9 scores (Table 7). The final model implies that for every one-unit increase in HOMA-IR the PHQ-9 
score increases 2.37 (95% CI 0.73–4.01), and that for every one-unit increase in acylated ghrelin the PHQ-9 score 
increases 0.015 (95% CI 0.008–0.032).

Discussion
The present results indicated that, after menopause, depressive and anxious symptoms are associated with both 
acylated ghrelin levels and parameters indicative of obesity and insulin resistance.

Among the postmenopausal women evaluated in the present study, all having some degree of depressive 
symptoms, we observed that the anxiety symptoms were higher in the groups with moderate and severe depres-
sion, when compared to the mild depression group. Moreover, the BAI scores correlated positively with those 
of the BDI and PHQ-9 inventories. These data are in agreement with previous studies reporting a bidirectional 
association between depression and anxiety symptoms in the general  population39–41. Suggested mechanisms for 
this association emphasized the existence of common neurobiological basis for anxiety and depression symptoms, 
including abnormal activity of the hypothalamic–pituitary–adrenal axis (HPA axis), dysfunction of the γ-amino 
butyric acid (GABA) system, increased oxidative stress, and disturbance of neural  plasticity42–44.

The three groups of depressive postmenopausal women presented median values of body parameters cat-
egorized as overweight, abdominal obesity, and high percentage of body  fat45 (WHO, 2008), in agreement with 
previous  reports46,47. These alterations have been associated with metabolic, sleep, cardiovascular, and psycho-
logical disorders in postmenopausal  women1,46,48. These considerations emphasize the importance of monitoring 
the anthropometric parameters and encouraging healthy lifestyle habits in order to avoid weight gain in this 
population.

Moreover, an important influence of total and abdominal obesity on mental disorders has been described 
in middle-aged  women1 as well as in the general adult  population49. Here, we demonstrate such a connection 
in postmenopausal women, as WHR associated positively with BAI scores and BMI associated positively with 

Table 6.  Linear regression model for predictors of BAI among 53 postmenopausal women. R = 0.44,  R2 = 0.20, 
adjusted  R2 = 0.18,  F(1,51) = 12.54, p < 0.01. The model was adjusted for skeletal muscle mass (p = 0.678), basal 
metabolic rate (p = 0.577), and insulin (p = 0.354). Bold values indicate statistical significance of p < 0.05.

Dependent variable: BAI

Predictors Beta coefficients Standard error p-value

Waist/hip ratio 81.07 22.89 0.0008

Intercept − 59.54 21.93 0.0090

Table 7.  Linear regression model for predictors of PHQ-9 among 44 postmenopausal women. R = 0.51, 
 R2 = 0.26, adjusted  R2 = 0.23,  F(2,41) = 7.31, p < 0.002. The model was adjusted for waist/hip ratio (p = 0.109). Bold 
values indicate statistical significance of p < 0.05.

Dependent variable: PHQ-9

Predictors Beta coefficients Standard error p-value

Acylated ghrelin 0.015 0.006 0.008

HOMA-IR 2.369 0.806 0.005

Intercept 5.770 2.070 0.008
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BDI scores. Also, PHQ-9 scores associated with HOMA-IR. These findings indicate that obesity has a relevant 
influence on psychological symptoms in postmenopausal women.

In the general population, the deleterious influence of obesity exerts on psychological status has been associ-
ated with production of inflammatory mediators, stimulation of the HPA axis, and insulin resistance. Addition-
ally, a role has been attributed to the dissatisfaction with body image and low self-esteem49–51. These mechanisms 
are likely involved in the pathogenesis of anxiety and depression in postmenopause with overweight. Additionally, 
impairment of monoaminergic function due to loss of estrogens could be  relevant52,53. Stressor agents typical of 
this period of women`s life may also play a part, such as changes in social roles, financial insecurity, and empty 
nest  syndrome48,54,55.

Increased incidence of depression has also been demonstrated in type I and type II adult diabetic  patients56. 
A relevance to this association has been attributed to the central actions of insulin, since the hormone mediates 
neuromodulatory, neuroprotective and neurotrophic effects in the  brain57. Impairment of central insulin action 
has been associated with cognitive impairment and depression, through mechanisms involving alterations in 
mitochondrial function, monoamine oxidase expression, and dopamine  turnover58.

In the present study, we found that total and acylated ghrelin levels were significantly higher in the group 
with severe depression, in comparison to the group with mild depression, and that both total and acylated ghre-
lin levels correlated positively with both BDI and PHQ-9 scores. Moreover, in the linear regression analyses, 
acylated ghrelin appeared as an independent factor associated with depression symptoms in both questionnaires. 
This is the first study showing that the higher the serum acylated ghrelin levels, the more severe the depression 
symptoms in depressed postmenopausal women.

Although an association of depression symptoms and ghrelin levels has been studied in distinct populations, 
whether there is a positive or a negative relationship between them has not been established. In eutrophic young 
adults, elevated levels of acylated and des-acyl ghrelin were described in patients with severe and moderate 
 depression28 and in individuals evaluated after suicide  attempts59. In both eutrophic and overweight depressive 
adult patients, total ghrelin levels were higher than those in the respective non-depressive controls and showed 
an important reduction after depression  treatment60,61. Reduction of the hormone levels after citalopram has 
also been reported in young eutrophic adults who, however, had pre-treatment levels of both acylated and 
des-acylated ghrelin even lower than those of the control  group27. In contrast, there are reports of normal 
total and acylated ghrelin levels in overweight adults diagnosed with  depression62 or eutrophic adults showing 
depressive  symptoms26,63. Studies focusing on the ghrelin/depression association in women only are scarce. In 
eutrophic adults, total ghrelin levels were positively correlated with depression incidence in female but not in 
male  individuals64.

The presence of a positive association of ghrelin and depression, as evidenced in the present study, could 
reflect either a physiological response aimed at fighting against depression symptoms or a causal factor of this 
mental disorder. Unfortunately, the available data are not conclusive. In healthy male rats, either juvenile or adult, 
the intracerebroventricular administration of total and acylated ghrelin increased depressive-like  behaviors23,25, 
implicating the hormone as a possible pathophysiological mechanism for depression. A study in humans reported 
that the administration of acylated ghrelin to 7 eutrophic adults with unmedicated major depression failed to 
significantly modify depressive symptoms in both men and  women65. At the best of our knowledge, no other 
interventional studies evaluated ghrelin effects on depression in humans. Contrastingly, there are demonstra-
tions of an anti-depressant effect of ghrelin in murine models of depression induced by chronic  stress20,22,66, what 
suggests that increased endogenous ghrelin levels could be a mechanism aimed at fighting the disease.

The relevance of ghrelin for depression in postmenopause also remains to be determined. The triad ghrelin/
depression/estrogen relationships are probably complex, as indicated by demonstrations that blockade of estrogen 
receptors hindered the anti-depressant effect of ghrelin in ovariectomized  mice38 and that, conversely, estradiol 
administration increased the expression of ghrelin receptors in the arcuate nucleus of female  mice67. There is also 
evidence that estradiol replacement augmented ghrelin-induced stimulation of GH levels in postmenopausal 
 women35.

The above data indicate that, although the majority of animal studies have indicated an anti-depressant effect 
of ghrelin, more studies in humans are necessary to ascertain this aspect.

It is important to clarify that the current findings may not be generalized due to the small sample size of the 
severe depression group. Therefore, the findings need to be interpreted cautiously pending replication in larger 
samples. Future researches direction should note to include a control comparison.

In summary, the present findings confirmed the existence of an association between obesity and anxiety/
depression in postmenopausal women. Moreover, we demonstrated for the first time that acylated ghrelin levels 
associate positively with depression in this population. Further investigations are warranted to assess whether 
the elevated acylated ghrelin levels reflected a risk factor or a protection mechanism.

Methods
This cross-sectional study was designed according to STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines and was approved by the Ethics Committee of the Universidade Federal de 
São Paulo (CEP #921.394/2014). The investigation was conducted in accordance with the Declaration of Helsinki. 
All participants have signed the informed consent.

Study design and study population. Two hundred and thirty-three volunteers that were recruited by 
the Universidade Federal de São Paulo media got in contact with our group. All volunteers were patients of the 
Gynecology Division of the Hospital São Paulo, the main affiliated hospital of the Universidade Federal de São 
Paulo. Of these, 24 refused to participate, 48 were classified with no depression symptoms, and 106 did not meet 
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the eligibility criteria due to: premenopausal stage, age, absence of depressive symptoms, surgical menopause, 
hormone therapy, use of antidepressants, menopausal transition, and use of insulin. The inclusion criteria were: 
women aged 50–65 years, amenorrhea for at least 12 months, follicle-stimulating hormone (FSH) levels greater 
than 30 mUI/mL, depression symptoms, no use of hormonal replacement therapy, antidepressants or insulin. 
The volunteers were medically evaluated for the confirmation of the menopause status.

At the day of the study, the participants arrived between 7 and 8 a.m., after 12 h of fasting. Saliva and blood 
samples were collected and, then a trained dietitian performed the anthropometric assessments. The participants 
were then instructed about the depression and anxiety inventories and answered the questionnaires.

Fifty-five postmenopausal women with depression symptoms were included in the study and were allocated 
into three groups according to the classification of depression symptoms, assessed by the Beck Depression’s 
Inventory (BDI): mild (n = 26), moderate (n = 22) or severe depression group (n = 7). BDI is a questionnaire that 
evaluates the presence and severity of depression symptoms in adults. It is a self-report instrument, consisting 
of 21 questions with a score from 0 to 3 for each question, and with a score range of 0–63. The total score allows 
the classification of depressive-like symptoms as none or minimal (0–9), mild (10–16), moderate (17–29) or 
severe (30–63)68.

To reinforce the results of depression symptoms of the postmenopausal women, we also applied the Patient 
Health Questionnaire-9 (PHQ-9). This self-report questionnaire is composed of 9 questions about common 
depression symptoms, the questions being rated 0 (not at all) to 3 (nearly every day) pointing to the degree of 
severity of depression symptoms that the subject experienced in the previous 2 weeks. The sum of the scores 
indicates: no depression (0–4), mild depression (5–9), moderate depression (10–14), moderately severe depres-
sion (15–19), and severe depression (20–27)69.

Additionally, the Beck Anxiety’s Inventory (BAI) was also applied. This questionnaire has a similar structure 
as BDI, containing 21 questions with four statements about anxiety-like symptoms. The classification according 
to BAI is as follows: minimal (0–7), mild (8–15), moderate (16–25) or severe (26–63)70.

Anthropometric measurements. A trained dietitian took all the anthropometric measurements, which 
were assessed by a tetrapolar bioimpedance system, with 8-point tactile electrodes (InBody 230, Biospace Corp, 
Seoul, Korea) and 2 frequencies (20 and 100 kHz). This system has a reported intra-rater reliability of 0.12% 
(95% CI − 0.02, 0.27) (von Hurst et al. 2015). The data included body mass, height, BMI, body fat, percent-
age of body fat, SMM, FFM, WHR and BMR. The Cunningham equation was used to calculate BMR: 21.6 X 
FFM(kg) + 370 = BMR (kcal/day).

Laboratory analysis. Samples of saliva and blood were collected after 12 h of fasting, between 7:00 and 
8:00 a.m. Cotton roles (Salivette, Sarstedt AG & Co., Nümbrecht, Germany) were used to collect saliva samples 
that were promptly centrifuged and stored at 4 °C. Cortisol levels were determined in the same day by ELISA kit 
with intra-assay variation coefficient of 8.1%, inter-assay variation coefficient of 6.6%, and sensitivity of 2.5 ng/
mL (Labor Diagnostika Nord, Nordhorn, Germany).

Blood was collected into dry tubes (for serum sampling after clotting) or into EDTA tubes (for plasma sam-
pling) and centrifuged (3000×g for 15 min at 4 °C). Both plasma and serum were frozen at − 80 °C. Total and 
acylated ghrelin levels were determined in plasma, while the other hormones were determined in serum samples. 
For ghrelin analyses, the blood samples were collected in EDTA2Na (1 mg/mL) tubes containing 500U/mL of 
serine proteases inhibitor (Pefabloc, Sigma-Aldrich, St Louis, MO, USA). After centrifugation, the plasma was 
acidified with HCl (final concentration of 1 N). Total ghrelin (coefficient of variation (CV): intra-assay 1.1%, 
inter-assay 5.18%, sensitivity 50 pg/mL), active ghrelin (CV: intra-assay 0.88%, inter-assay 7.54%, sensitivity 
15 pg/mL), leptin (CV: intra-assay 1.9%, inter-assay 1.3%, sensitivity 0.78–100.0 ng/mL), and adiponectin (CV: 
intra-assay 7.4%, inter-assay 8.4%, sensitivity 0.2 ng/mL) levels were all assayed using ELISA kits (Milliplex–Mil-
lipore, Billerica, MA). Glucose, FSH, total cholesterol, HDL, LDL, Non-LDL and triglycerides levels were deter-
mined in serum by enzymatic colorimetric methods (Labtest Diagnóstica, Lagoa Santa, MG, Brazil).

The HOMA-IR was estimated by the formula: HOMA-IR = [glucose (mmol/L) × insulin (µU/mL)/22.5]71.

Statistical analysis. The SPSS software version 18.0 (IBM, Armonk, NY, USA) was used to perform all 
statistical analysis. The outliers were excluded according to the Chauvenet’s criterion. Data distribution was ana-
lyzed by the Shapiro–Wilk normality test, while the homogeneity of variance was assessed by Levene test. Para-
metric variables were analyzed by ANOVA and Tukey post hoc test. Nonparametric variables were analyzed by 
Kruskall–Wallis and multiple comparisons test. Relationships between hormonal/anthropometric parameters 
and depression/anxiety scores were determined by the Pearson’s correlation coefficient.

All the variables showing significant correlations with the psychological scores were tested in multivariate 
linear regression analyses to identify predictors for depression and anxiety symptoms. However, some of our 
data were missing at random (MAR) due to the fact that some samples were out of range for the assays used. 
Thus, the model for BDI included 49 women, the model for BAI included 53 women, and the model for PHQ-9 
included 44 women.

The sample size of a minimum of 44 participants was calculated considering a statistical power of 0.85, an 
effect size of 0.31, alpha level of 0.05, and 3 predictors.

Received: 5 November 2020; Accepted: 16 February 2021



7

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5319  | https://doi.org/10.1038/s41598-021-84431-2

www.nature.com/scientificreports/

References
 1. Naufel, M. F. et al. Age and leptinemia association with anxiety and depression symptoms in overweight middle-aged women. 

Menopause. 26, 317–324 (2019).
 2. Dornellas, A. P. S. et al. High-fat feeding improves anxiety-type behavior induced by ovariectomy in rats. Front. Neurosci. 12, 557. 

https ://doi.org/10.3389/fnins .2018.00557  (2018).
 3. Boldarine, V. T. et al. High-fat diet induces depressive-like behavior in ovariectomized rats. Sci. Rep. 9, 10551. https ://doi.

org/10.1038/s4159 8-019-47152 -1 (2019).
 4. Luppino, F. S. et al. Overweight, obesity, and depression: A systematic review and meta-analysis of longitudinal studies. Arch. Gen. 

Psychiatry. 67, 220–229 (2010).
 5. Milaneschi, Y., Simmons, W. K., van Rossum, E. F. C. & Penninx, B. W. Depression and obesity: Evidence of shared biological 

mechanisms. Mol. Psychiatry. 24, 18–33 (2019).
 6. Kojima, M. et al. Ghrelin is a growth-hormone-releasing acylated peptide from stomach. Nature 402(6762), 656–660 (1999).
 7. Hosoda, H., Kojima, M., Matsuo, H. & Kangawa, K. Ghrelin and des-acyl ghrelin: Two major forms of rat ghrelin peptide in 

gastrointestinal tissue. Biochem. Biophys. Res. Commun. 279, 909–913 (2000).
 8. Delhanty, P. J. D., Neggers, S. J. & van der Lely, A. J. Mechanisms in endocrinology: Ghrelin: The differences between acyl- and 

des-acyl-ghrelin. Eur. J. Endocrinol. 167, 601–608 (2012).
 9. Müller, T. D. et al. Ghrelin. Mol. Metab. 4(6), 437–460 (2015).
 10. Theander-Carrillho, C. et al. Ghrelin action in the brain controls adipocyte metabolism. J. Clin Invest. 116, 1983–1993 (2006).
 11. Lin, K. H., Liou, T. L., Hsiao, L. C. & Hwu, C. M. Clinical and biochemical indicators of homeostasis model assessment estimated 

insulin resistance in postmenopausal women. J. Chin. Med. Assoc. 74, 442–447 (2011).
 12. Zakhari, J. S., Zorrilla, E. P., Zhou, B., Mayorov, A. V. & Janda, K. D. Oligoclonal antibody targeting ghrelin increases energy 

expenditure and reduces food intake in fasted mice. Mol. Pharm. 9, 281–289 (2012).
 13. Nakazato, M. et al. A role for ghrelin in the central regulation of feeding. Nature 409, 194–198 (2001).
 14. Cowley, M. A. et al. The distribution and mechanism of action of ghrelin in the CNS demonstrates a novel hypothalami circuit 

regulating energy homeostasis. Neuron 37, 649–661 (2003).
 15. Inhoff, T. et al. Desacyl ghrelin inhibits the orexigenic effect of peripherally injected ghrelin in rats. Peptides 29, 2159–2168 (2008).
 16. Fernandez, G. et al. Des-acyl ghrelin directly targets the arcuate nucleus in a ghrelin-receptor independente manner and impairs 

the orexigenic effect of ghrelin. J. Neuroendocrinol. 28(2), 12349. https ://doi.org/10.1111/jne.12349  (2016).
 17. Perello, M. et al. Ghrelin increases the rewarding value of high-fat diet in an orexin-dependent manner. Biol. Psychiatry. 67, 880–886 

(2010).
 18. Skibicka, K. P. et al. Divergent circuitry inderlying food reward and intake effects of ghrelin: Dopaminergic VTA_accumbens 

projection mediates ghrelin’s effect on food reward but not food intake. Neuropharmacology 73, 274–283 (2013).
 19. Goldstone, A. P. et al. Ghrelin mimics fasting to enhance human hedonic, orbitofrontal cortex, and hippocampal responses to 

food. Am. J. Clin. Nutr. 99, 1319–1330 (2014).
 20. Lutter, M. et al. The orexigenic hormone ghrelin defends against depressive symptoms of chronic stress. Nat. Neurosci. 11, 752–753 

(2008).
 21. Mahbod, P. et al. Desacyl ghrelin decreases anxiety-like behavior in male mice. Endocrinology 159, 388–399. https ://doi.org/10.1210/

en.2017-00540  (2018).
 22. Han, Q. et al. Ghrelin exhibited antidepressant and anxiolytic effect via the p38-MAPK signaling pathway in hippocampus. Prog. 

Neuropsychopharmacol. Biol. Psychiatry. 93, 11–20 (2019).
 23. Hansson, C. et al. Central administration of ghrelin alters emotional responses in rats: Behavioural, electrophysiological and 

molecular evidence. Neuroscience 180, 201–211 (2011).
 24. Currie, P. J. et al. Ghrelin is an orexigenic peptide and elicits anxiety-like behaviors following administration into discrete regions 

of the hypothalamus. Behav. Brain. Res. 226, 96–105 (2012).
 25. Jackson, T. M., Ostrowski, T. D. & Middlemas, D. S. Intracerebroventricular ghrelin administration increases depressive-like 

behavior in male juvenile rats. Front. Behav. Neurosci. 13, 77. https ://doi.org/10.3389/fnbeh .2019.00077  (2019).
 26. Matsuo, K. et al. Neural correlates of plasma acylated ghrelin level in individuals with major depressive disorder. Brain. Res. 1473, 

185–192 (2012).
 27. Barim, A. O. et al. Ghrelin, paraoxonase and arylesterase levels in depressive patients before and after citalopram treatment. Clin. 

Biochem. 42, 1076–1081 (2009).
 28. Tunçel, Ö. K., Akbas, S. & Bilgici, B. Increased ghrelin levels and unchanged adipocytokine levels in major depressive disorder. J. 

Child. Adolesc. Psychopharmacol. 26, 733–739 (2016).
 29. Mills, J. G., Larkin, T. A., Deng, C. & Thomas, S. J. Weight gain in major depressive disorder: Linking appetite and disordered 

eating to leptin and ghrelin. Psychiatry Res. 279, 244–251 (2019).
 30. Simmons, W. K. et al. Appetite changes reveal depression subgroups with distinct endocrine, metabolic, and immune states. Mol. 

Psychiatry. 25(7), 1457–1468 (2020).
 31. Chu, M. C., Cosper, P., Orio, F., Carmina, E. & Lobo, R. A. Insulin resistance in postmenopausal women with metabolic syndrome 

and the measurements of adiponectin, leptin, resistin, and ghrelin. Am. J. Obstet. Gynecol. 194, 100–104 (2006).
 32. Sowers, M. R. et al. Change in adipocytokines and ghrelin with menopause. Maturitas. 59, 149–157 (2008).
 33. Nouh, O., Elfattah, M. M. A. & Hassouna, A. A. Association between ghrelin levels and BMD: a cross sectional trial. Gynecol. 

Endocrinol. 28, 570–572 (2012).
 34. Kellokoski, E. et al. Estrogen replacement therapy increases ghrelin levels. J. Clin. Endocrinol. Metab. 90, 2954–2963 (2005).
 35. Kok, P. et al. Estrogen supplementation selectively enhances hypothalamo-pituitary sensitivity to ghrelin in postmenopausal 

women. J. Clin. Endocrinol. Metab. 93, 4020–4026 (2008).
 36. Soni, A. C., Conroy, M. B., Mackey, R. H. & Kuller, L. H. Ghrelin, leptin, adiponectin, and insulin levels concurrent and future 

weight change in overweight, postmenopausal women. Menopause. 18, 296–301 (2011).
 37. Matsubara, M. et al. Estrogen modulates ghrelin expression in the female rat stomach. Peptides 25, 289–297 (2004).
 38. Fan, J., Li, B. J., Wang, X. F., Zhong, L. L. & Cui, R. J. Ghrelin produces antidepressant-like effect in the estrogen deficient mice. 

Oncotarget. 8, 58964–58973 (2017).
 39. Jacobson, N. C. & Newman, M. G. Anxiety and depression as bidirectional risk factors for one another: A meta-analysis of longi-

tudinal studies. Psychol. Bull. 143, 1155–1200 (2017).
 40. Jacobson, N. C., Lord, K. A. & Newman, M. G. Perceived emotional social support in bereaved spouses mediates the relationship 

between anxiety and depression. J. Affect Disord. 211, 83–91 (2017).
 41. Zhou, Y. et al. Comorbid generalized anxiety disorder and its association with quality of life in patients with major depressive 

disorder. Sci. Rep. 7, 40511. https ://doi.org/10.1038/srep4 0511 (2017).
 42. Cryan, J. F. & Kaupmann, K. Don’t worry ‘B’ Happy!: A role for GABA (B) receptors in anxiety and depression. Trends Pharmacol. 

Sci. 26(1), 36–43 (2005).
 43. Duman, R. S., Aghajanian, G. K., Sanacora, G. & Krystal, J. H. Synaptic plasticity and depression: New insights from stress and 

rapid-acting antidepressants. Nat. Med. 22(3), 238–249 (2016).

https://doi.org/10.3389/fnins.2018.00557
https://doi.org/10.1038/s41598-019-47152-1
https://doi.org/10.1038/s41598-019-47152-1
https://doi.org/10.1111/jne.12349
https://doi.org/10.1210/en.2017-00540
https://doi.org/10.1210/en.2017-00540
https://doi.org/10.3389/fnbeh.2019.00077
https://doi.org/10.1038/srep40511


8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:5319  | https://doi.org/10.1038/s41598-021-84431-2

www.nature.com/scientificreports/

 44. Shahzad, N. et al. Interactions of atenolol with alprazolam/escitalopram on anxiety, depression and oxidative stress. Pharmacol. 
Biochem. Behav. 117, 79–84 (2014).

 45. World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of WHO Expert Consultation. Geneva. (2008). http://
apps.who.int/iris/bitst ream/10665 /44583 /1/97892 41501 491_eng.pdf.

 46. Davis, S. R. et al. Understanding weight gain at menopause. Climateric 15(5), 419–429 (2012).
 47. Al-Safi, Z. A. & Polotsky, A. J. Obesity and menopause. Best. Pract. Res. Clin. Obstet. Gynaecol. 29(4), 548–553 (2015).
 48. Naufel, M. F. et al. Association between obesity and sleep disorders in postmenopausal women. Menopause. 25, 139–144 (2018).
 49. Gariepy, G., Nitka, D. & Schmitz, N. The association between obesity and anxiety disorders in the population: A systematic review 

and meta-analysis. Int. J. Obes. 34, 407–419 (2010).
 50. Dinan, T. G. Inflammatory markers in depression. Curr. Opin. Psychiatry. 22, 32–36 (2009).
 51. Atlantis, E. & Ball, K. Association between weight perception and psychological distress. Int. J. Obes. 32, 715–721 (2008).
 52. Spinelli, M. G. Depression and hormone therapy. Clin. Obstet. Gynecol. 47, 428–436 (2004).
 53. Steiner, M., Dunn, E. & Born, L. Hormones and mood: From menarche to menopause and beyond. J. Affect. Disord. 74, 67–83 

(2003).
 54. Perez, J. A., Garcia, C. F., Palacios, S. & Perez, M. Epidemiology of risk factors and symptoms associated with menopause in Spanish 

women. Maturitas. 62, 30–36 (2009).
 55. Bener, A., Saleh, N. M., Bakir, A. & Bhugra, D. Depression, anxiety, and stress symptoms in menopausal Arab women: Shedding 

more light on a complex relationship. Ann. Med. Health Sci. Res. 6, 224–231 (2016).
 56. Li, C., Ford, E. S., Strine, T. W. & Mokdad, A. H. Prevalence of depression among US adults with diabetes: Findings from the 2006 

behavioral risk factor surveillance system. Diabetes Care 31, 105–107 (2008).
 57. Blázquez, E., Velázquez, E., Hurtado-Carneiro, V. & Ruiz-Albusac, J. M. Insulin in the brain: its pathophysiological implications 

for states related with central insulin resistance, type2 diabetes and alzheimer’s disease. Front. Endocrinol. 5, 161. https ://doi.
org/10.3389/fendo .2014.00161  (2014).

 58. Kleinridders, A. et al. Insulin resistance in brain alters dopamine turnover and causes behavioral disorders. PNAS 112(11), 3463–
3468 (2015).

 59. Atescelik, M. et al. The relationship between ghrelin and copeptin levels, and anxiety and depression levels in suicide attempts. 
Clin. Psychoph. Neur. 15(3), 256–260 (2017).

 60. Ozsoy, S., Besirli, A., Abdulrezzak, U. & Basturk, M. Serum ghrelin and leptin levels in patients with depression and the effects of 
treatment. Psychiatry Investig. 11, 167–172 (2014).

 61. Kurt, E. et al. The effects of electro convulsive therapy on ghrelin, leptin and cholesterol levels in patients with mood disorders. 
Neurosci. Lett. 426, 49–53 (2007).

 62. Schanze, A. et al. Ghrelin and eating disturbances in psychiatric disorders. Neuropsychobiology. 57, 126–130 (2008).
 63. Kluge, M. et al. Ghrelin plasma levels are not altered in major depression. Neuropsychobiology. 59, 199–204 (2009).
 64. Akter, S. et al. Association of serum leptin and ghrelin with depressive symptoms in a Japanese working population: A cross-

sectional study. BMC Psychiatry. 14, 203. https ://doi.org/10.1186/1471-244X-14-203 (2014).
 65. Kluge, M. et al. Effects of ghrelin on psychopathology, sleep and secretion of cortisol and growth hormone in patients with major 

depression. J. Psychiatr. Res. 45, 421–426 (2011).
 66. Huang, H. J. et al. Ghrelin alleviates anxiety- and depression-like behaviors induced by chronic unpredictable mild stress in rodents. 

Behav. Brain. Res. 325, 33–43 (2017).
 67. Yasrebi, A. et al. Differential gene regulation of GHSR signaling pathway in the arcuate nucleus and NPY neurons by fasting, diet-

induced obesity, and 17β-estradiol. Mol. Cell. Endocrinol. 422, 42–45 (2016).
 68. Beck, A. T., Ward, C. H., Mendelson, M., Mock, J. & Erbaugh, J. An inventory for measuring depression. Arch. Gen. Psychiatry. 4, 

561–571 (1961).
 69. Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 16, 

606–613 (2001).
 70. Beck, A. T., Epstein, N., Brown, G. & Steer, R. A. An inventory for measuring clinical anxiety: Psychometric properties. J. Consult. 

Clin. Psychol. 56, 893–897 (1988).
 71. Matthews, D. R. et al. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and 

insulin concentrations in man. Diabetologia 28, 412–419 (1985).

Author contributions
Research idea and study design: M.F.N., E.B.R. Data acquisition: M.F.N. Data analysis/interpretation: M.F.N., 
A.P.P., L.M.O., M.M.T., H.H., E.B.R. Statistical analysis: M.F.N., A.P.P., H.H., E.B.R. Table preparation: M.F.N., 
A.P.P. Wrote the main manuscript text: M.F.N., A.P.P., E.B.R. Manuscript revision: M.F.N., A.P.P., L.M.O., M.M.T., 
H.H., E.B.R.

Funding
This work was supported by the Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Grants 
453924/2014-0 and 309505/2017-8 to EBR and 158506/2014-6 to MFN), by the Fundação de Amparo à Pesquisa 
do Estado de São Paulo (FAPESP, Grant 2012/03172-4 to EBR) and by the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES—Finance Code 001 to APP).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-84431 -2.

Correspondence and requests for materials should be addressed to E.B.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf
http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf
https://doi.org/10.3389/fendo.2014.00161
https://doi.org/10.3389/fendo.2014.00161
https://doi.org/10.1186/1471-244X-14-203
https://doi.org/10.1038/s41598-021-84431-2
https://doi.org/10.1038/s41598-021-84431-2
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5319  | https://doi.org/10.1038/s41598-021-84431-2

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Preliminary evidence of acylated ghrelin association with depression severity in postmenopausal women
	Results
	Discussion
	Methods
	Study design and study population. 
	Anthropometric measurements. 
	Laboratory analysis. 
	Statistical analysis. 

	References


