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Highlights 

• Adverse childhood experiences (ACE) are a form of early onset psychological trauma. 

• ACE are associated with dysfunctional endocrine responses. 

• ACE can increase the risk of metabolic disorders and psychiatric diseases. 

• Patients with T2DM who reported ACE present poorer glycaemic control. 

• Patients with T2DM and higher stress present poorer metabolic control. 

 

Abstract 

Background: Adverse childhood experiences (ACE) are highly prevalent in the general 

population. As a form of early psychological trauma, ACE alter metabolic, endocrine, and 

immunologic responses, and promote higher risk for several physical and psychiatric diseases in 

adulthood. A relationship has been reported between ACE and the diagnosis and control of type 

2 Diabetes Mellitus (T2DM). This study goal was to evaluate the relationship between ACE, 

perceived stress, and clinical and laboratory profile in a group of T2DM patients.  

Methods: Sixty-six adult patients with T2DM were submitted to a psychosocial evaluation, and 

clinical and laboratory data were retrieved from the clinical charts. The occurrence of ACE and 

stress levels were measured with the Adverse Childhood Experiences Questionnaire – Short 

Version (ACEQ) and the Perceived Stress Scale (PSS-10); metabolic (HbA1c, glycemia, BMI, 

lipid, and tensional profile), health behaviours, and T2DM clinical outcomes were examined. 

Results: The mean age of the participants was 67.3 years (SD 10.5), the majority were males 

(65.2%), with a mean length of disease of 9.2 years. Forty-five reported at least one ACE. 

Participants presented a mean number of 2.4 (SD 2.57) ACE and a PSS-10 score of 15.1 (SD 

7.38). From those presenting macro or microvascular lesions, 67.7% and 65.8%, respectively, 

reported ACE. A trend was found to higher HbA1c and glycaemia in patients with ACE; higher 

perceived stress was associated with poorer metabolic control. 

Conclusions: More severe clinical and laboratory parameters of T2DM were detected in patients 

who reported adverse experiences during childhood. Specific metabolic profile and higher stress 



levels found in this subgroup may indicate a dysfunctional endocrine response determined by 

early-life stressors. 
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1. Introduction  

Adversity has been described as the exposure to circumstances unfavourable to the 

normal human development. [1] During early years adverse circumstances are a form of 

psychological trauma, which are considered to impinge normal development, and to represent a 

supplementary risk to physical and psychological diseases. [2, 3] Adverse Childhood Experiences 

(ACE) are important stressors, which can result in physiological responses that can persist years 

after the threat is over. [4]  Several events may be considered ACE - the direct exposure of a child 

to abuse, which can be physical, emotional or sexual, negligence, either physical or emotional, 

exposure to family disfunction, such as, domestic violence, parental separation and family 

members with alcohol or drug abuse, psychiatric disturbances or prison. [2, 5] In Europe, it is 

estimated that the prevalence for physical abuse is 22.9%, sexual abuse is 9.6% - being twice 

more common in females than males,  emotional abuse reaches 29.1%, physical neglect 16.3%, 

and emotional neglect 18.4%. Being raised in dysfunctional families is also common. 

Consequently, the exposure to parental separation is 14.1% and to domestic violence is 14.6%. 

Having family members with alcohol and drugs dependency, corresponded to, respectively, 16.4 

% and 2.6 %. In addition, 5.3% had a family member in prison and 10% had a family member 

with mental illness.[6] ACEs are strongly interconnected, the exposure to one ACE increases the 

likelihood of being exposed to several types of maltreatment [7]  and enhance the risk of suffering 

severe, emotionally damaging, or chronic abuse. [2, 8] These types of experiences are associated 

to increased morbidity and mortality [1, 7, 9], namely obesity, endocrine, autoimmune, 

cardiovascular, pulmonary, and hepatic diseases, skeletal fractures, and cancer, in adulthood.  [2, 

3, 10-12]  

 Psychological trauma, like physical trauma, can trigger identical and standardized 

physiological stress response. [13, 14] The main controller of the stress reaction is the interaction 

between the hypothalamus and the autonomous nervous system (particularly the sympathetic 

nervous system (SNS)). Hypothalamus is responsible for the production of corticotrophin 

releasing hormone (CRH). [14, 15]  The increase of CRH promotes the anterior pituitary gland to 

release adrenocorticotropic hormone (ACTH), which stimulates the adrenal glands to produce 

glucocorticoids. This constitutes the hypothalamus – pituitary – adrenal (HPA) axis. On a stressful 

situation, the HPA axis is activated, increasing the peripheral release of cortisol, decreasing the 

levels of growth hormone (GH), insulin growth factor 1 (IGF-1), luteinizing hormone (LH) and 

thyroid stimulation hormone (TSH). Stress can also activate the SNS and the adrenomedullary 



systems, resulting in an increase in the noradrenalin, adrenalin, and interleukin 6 (IL-6). [14] High 

levels of catecholamines promotes a HPA axis response, and CRH stimulates the SNS.[15] 

As chronic stressors ACE can lead to an excessive and long activation of the stress 

response system [14]  - chronically Cortisol and Catecholamines elevated levels, suppression of 

the growth axis (decrease in GH) and the reproductive axis (decrease in LH). [15, 16] Early hyper 

or hypo-activation of the stress systems can irreversibly affect cerebral, endocrine, metabolic, 

immunological and behaviour development. [14] Due to this chronic activation of the HPA axis, 

adults who have experienced ACE tend to have elevated basal cortisol levels.[7, 16] The chronic 

hypersecretion of stress peripheral mediators can result in insulin resistance, initial 

hyperglycaemia due to glucose synthesis and release by hepatocytes, accompanied by an 

increased level of insulin. Eventually, the capacity of pancreatic beta-cells to produce insulin 

starts to decrease and hyperglycaemia further increases.[14, 15]  Cortisol can also interfere with 

insulin’s action and inhibit its release by the pancreatic beta-cells. Glucocorticoids induce, 

progressively, insulin resistance, throughout regulation of multiple aspects in the glucose 

transportation system, regulated by insulin. They are also responsible for increasing glucose 

hepatic metabolism and decreasing glycogen production in skeletal muscle. Therefore, chronic 

hypersecretion of stress mediators originates a diabetogenic and pro-inflammatory 

environment,[15] leading to sarcopenia, osteoporosis, osteopenia, metabolic syndrome, 

hypercoagulation and depression. Metabolic syndrome is associated with insulin resistance (with 

or without the presence of T2DM), visceral obesity, dyslipidaemia (levels of triglycerides, total 

cholesterol or of LDL (low density lipoprotein) higher than the 90th percentile, or low levels of 

HDL (high density lipoprotein) lower than the 10th percentile for the general population) and 

arterial hypertension.[4, 14, 15] Elevated basal cortisol levels could also favour fat accumulation 

by inhibiting lipolysis. [17] Obesity is therefore an important risk factor for T2DM, cardiovascular 

and psychological abnormalities. Although ACE led to pro-obesity behaviours, the relationship 

between ACE and obesity persist even when confounding bias are excluded. [17-20] Adults that 

reported ACE present low sensitivity to inhibitory hormonal signals [9], resulting in a diminished 

capacity to glucocorticoids control HPA axis in response to psychosocial stress. [21] The 

exposure to ACE in the first decade of life, leads to clinically significant values of inflammatory 

biomarkers in adulthood [21] and metabolic abnormalities which can contribute to the progression 

of atherosclerosis, aiding the development of cardiovascular diseases. [4] In summary, 

psychological stress represents a potential risk factor for metabolic syndrome. [22-24]   

As previously stated, chronic stress associated with ACE leads to behaviour modification, 

promoting risky behaviours, unhealthy lifestyles, low self-esteem, and conflict in interpersonal 

relationships. Victims of ACE can try to cope through avoidant, self-medicating (alcohol and 

tabaco abuse), compulsive (binge-eating) or self-harming behaviours. Early trauma is associated 

to food disorders, low physical activity, obesity and T2DM. Obesity is, by itself, one of the most 

relevant risk factors for T2DM. [7, 9, 10, 19, 25, 26]. In summary, the relationship between ACE 

and T2DM appear to depend on a dysfunctional health style with less physical activity and less 

quality food intake, and a diminished capacity to glucocorticoids control HPA axis in response to 

psychosocial stress. Bad glycaemic control increases the risk of micro and macrovascular 

repercussions, including cardiovascular disease (main cause of death), lower limb amputation, 

retinopathy, renal failure, and stroke. [27] As T2DM has become one of the most serious public 

health problems in multiple parts of the world in the last decades, [28] understanding the risk 

factors associated with T2DM development is of major importance. Adverse Childhood 

Experiences can be seen as a potentially modifiable risk factor for T2DM and obesity  [10, 17]  

Our aim is to evaluate the association between adverse childhood experiences (ACE) and 

higher levels of perceived stress and the development and control of type 2 Diabetes Mellitus 

(T2DM), and the metabolic profile. The overall prevalence of Diabetes Mellitus, in Portugal, in 

2018, was 13.6%, reflecting a growth of 16.3% in the last 10 years, and T2DM is the most 

prevalent type. [27, 29] However, DM can be asymptomatic, so its prevalence may be 

underestimated. [30]  



We characterized a population of T2DM patients and collected metabolic, sociodemographic, 

behavioural, clinical, and psychometric data. To the best of our knowledge, this is the first study 

addressing the occurrence of ACE and its impact in Portuguese patients with Type 2 diabetes.[8, 

28, 31-37]  

 

2. Methods 

The study followed an observational cross-sectional design. 

2.1. Population 

2.1.1. Participant Selection 

Adult patients with T2DM, hospitalized in Centro Hospitalar Universitário São João 

(CHU São João) were invited to participate in the study. Those who voluntarily agreed to 

participate were screened for the presence of ACE and their levels of perceived stress was 

measured. All the patients were non-insulin dependent and free major neurologic pathologies. 

Those whose clinical data was not provided were excluded from the study. 

2.1.2. Psychosocial evaluation 

Participants who signed the informed consent form fulfilled two self-report psychological 

measures - the “Adverse Childhood Experiences Questionnaire – Short Version” , and the 

“Perceived Stress Scale”. 

The “Adverse Childhood Experiences Questionnaire – Short Version” is a self-report tool 

for adults, to determine whether they had experienced Adverse Childhood Experiences (ACE) or 

not.[38] The short version, validated in the Portuguese population, was used [1], being constituted 

by 17 dichotomous questions. The questionnaire reflects the subject’s experiences until they 

pertain 16 years old age, and questions cover diverse types of ACE, emotional, physical, and 

sexual abuse, emotional, and physical negligence, parents’ separation or divorce, exposure to 

domestic violence, substance abuse in the household, mental illness or suicide in the household 

and family member in prison. The total score of ACE is the sum of all positive answers. If a 

person answers affirmatively to one question, it is considered to have been exposed to ACE. [1, 

38]  

The “Perceived Stress Scale” (PSS) is a self-report instrument that aims to measure how 

the events are appraised as stressful, in consequence of their unpredictability, uncontrollability or 

their excess. [39] In this study, we used the Portuguese version of the PSS-10 [40, 41], which 

makes a good compromise in the number of items, making it easy to fill, and presenting acceptable 

psychometric properties. [40, 42]  It is important to note that the PSS-10 reflects the perceived 

stress in the last month, not addressing isolated events. The PSS-10 uses a Likert scale with 5 

points (0 never; 1 almost never; 2 sometimes; 3 often; 4 very often) and the results vary between 

0 and 40. [40] The cut-off 18 [43]  (which represents the 75th quartile) was used to classify levels 

of perceived stress into low to moderate (PSS-10 <18) or high (PSS-10 ≥18).   

Sociodemographic variables and health behaviours were also collected and included in the 

analysis.  

2.2. Clinical and metabolic evaluation  

2.2.1. Clinical evaluation 

This evaluation considered the presence of T2DM complications, microvascular or 

macrovascular disease, the time since the diagnosis and the number of hospitalizations. It should 

be noted that the investigators only have the information of the hospitalizations that happened in 

public hospital, so these variables can be underestimated. 



2.2.2. Evaluation of Metabolic Profile 

Glycated haemoglobin (HbA1c) and glycaemia were used to assess T2DM. HbA1c is the 

most reliable method of evaluation of control in T2DM since it constitutes the mean glycemia 

levels of the last three months, not showing as many biological variations, as glycemia. [44] To 

evaluate obesity, body mass index (BMI) was measured. In adults, male or female, obesity is 

present when BMI ≥ 30 kg/m2 and excess weight is defined as BMI ≥ 25 kg/m2. The lipid profile 

included total cholesterol, high density lipoprotein (HDL) fraction of cholesterol, low density 

lipoprotein (LDL) fraction of cholesterol and triglycerides. To evaluate the blood pressure profile 

one register of systolic blood pressure (SBP) and diastolic blood pressure (DBP) was measured. 

All the metabolic parameters were retrieved from the clinical charts. 

2.3. Procedures 

Patients hospitalized in CHU São João that obey the inclusion criteria and did not present 

any exclusion criteria, were invited to fulfil the two questionnaires. They received information 

about the study procedures and purpose, and the need to collect data from the clinical records. All 

the participants signed a consent form, approved by the Ethical Committee. 

 

2.4. Ethical considerations 

The study was submitted to the ethical committee of CHU São João. The project’s number 

was 337/2020 and the submission was made 08 of September 2020. The committee approved the 

project in the 13 of October 2020. 

 

2.5. Statistical analysis 

The statistical analysis was performed using the IBM SPSS statistics 26. The two 

questionnaires applied allowed the division of the participants according to the presence of 

adverse childhood experiences and the presence of high levels of perceived stress. To study the 

relationship between these groups and the metabolic profile, the Kolmogorov-Smirnov and the 

Shapiro-Wilk tests were used to evaluate the distribution of the continuous variables. Those who 

presented a normal distribution were evaluated using the T-test for independent variables and the 

others were evaluated using the Mann-Whitney U test. The Pearson’s Correlation test was used 

to evaluate associations between variables. Categorical variables were evaluated using the chi-

square and the Fisher’s exact tests. 

 

3. Results 

3.1. Population Sociodemographic and Psychometric characterization according to the 

presence of ACE. Table 1 

The mean age of the participants is 67.27 years old (standard deviation (SD) of 10.57 years).  

Forty-five participants presented at least one ACE.  The mean number of ACE reported by 

the participants that presented at least one ACE was 3.51 (SD 2.39), the highest number of ACE 

reported was 11.  

The two groups of patients divided according with ACE presence presented similar 

sociodemographic characteristics. 



Perceived Stress in the last month was evaluated using the PSS-10, and the mean score in the 

total sample was 15.12 (SD 7.38). No statistically significant differences were found (p= 0.367) 

when comparing patients with or without ACE. (Table 1). 

 

Table 1: Sociodemographic and Psychometric characterization of the studied population, showing the 

differences of the subgroups with or without the presence of at least one ACE. 

 Total 

n = 66 

Without ACE 

n = 21 

With ACE 

n = 45 

 

P 

 

Age (years)1 67.27 (10.57) 66.76 (12.93) 67.51 (9.42) 0.825a 

Gender2 Male 43 (65.2) 14 (66.7) 29 (64.4) 0.860b 

Female 23 (34.8) 7 (33.3) 16 (35.6) 

School (years)1 5.98 (2.88) 5.83 (3.10) 6.03 (2.84) 0.892a 

Marital 

Status2 

Single 5 (7.7) 1 (5.0) 4 (8.9) 0.616c 

Married 55 (84.6) 19 (95.0) 36 (80.0) 

Widowed 4 (6.2) 0 4 (8.9) 

Divorced 1 (1.5) 0 1 (2.2) 

Total Ace Score1 2.39 (2.57) 0 3.511 (2.39)  

Total PSS-10 Score1 15.12 (7.38) 13.76 (2.39) 15.76 (6.99) 0.233a 

a p value obtained using Mann-Whitney U Test.  b p value obtained using the Chi-Square test. c p value obtained using 

the Fisher’s exact test. 1 Mean (Standard Derivation). 2n(%) 

 

3.2. Characterization and prevalence of ACE. Table 2 

Of all the different ACE contemplated in the ACEQ, physical abuse was the most reported 

(n=22) followed by emotional abuse (n=21). Men presented higher prevalence in emotional abuse, 

physical abuse, sexual abuse, physical negligence and having a family member in prison. Women 

presented higher scores in emotional negligence, exposure to parental separation, and parental 

violence, exposure to alcohol or other drugs dependence and exposure to mental illness of a family 

member. Women have a superior prevalence of sexual abuse, however in our study the 2 cases of 

sexual abuse were reported by man. 

We compared ACE report in our population with Europe’s estimated ACE prevalence.  Our 

patients presented higher scores of emotional and physical abuse, physical negligence, exposure 

to parental violence and exposure to mental illness in the family household than the European 

population, but lower sexual abuse, emotional negligence, parental separation and imprisonment 

of a family member.  (Table 2).  

Table 2 - ACE distribution and comparison with the European Estimated Prevalence and by gender. 

 ACEQ 1 European Estimated 

Prevalence (2014)2 

Gender Distribution2 

Males Females 

Emotional Abuse 21 (31.8) 29.1 32.6 30.4 

Physical Abuse 22 (33.3) 22.9 39.5 21.7 

Sexual Abuse 2 (3.0) 9.6 3.0 0 



Emotional 

Negligence 

12 (18.2) 18.4 14.0 26.1 

Physical 

Negligence 

18 (27.3) 16.3 30.2 21.7 

Parental 

Separation 

7 (10.6) 14.1 7.0 17.4 

Exposure to 

Parental 

Violence 

18 (27.3) 14.6 23.3 34.8 

Exposure to 

Alcohol or Drug 

Dependence 

13 (19.7) 16.4a 

2.6b 

14.0 30.4 

Exposure to 

Mental Illness 

8 (12.1) 10.0 11.6 13.0 

Prison of a 

Family Member 

1 (1.5) 5.3 1.5 0 

1 n(%). 2 %. a Alcohol dependence b Illegal drugs dependence 

 

3.3. Population Sociodemographic and Psychometric characterization according to the 

levels of perceived stress. Table 3 

Patients were divided in two groups according to the PSS score:  43 patients classified as low 

to normal stress levels and 23 patients classified as high level. 

Both groups presented similar age (p= 0.071), gender distribution (p= 0.593), education 

(p=0.928) and marital status (p= 0.190). 

Patients with higher stress level (23.13; SD 4.65) showed a trend to higher total ACE score 

(mean of 3.09; SD 3.10), although the difference was not statistically significant (p= 0.196).  

Table 3:Sociodemographic and Psychometric characterization of the studied population, showing the 

differences of the subgroups according to the levels of perceived stress.  

  

Total 

 

n = 66 

Low to Moderate 

Levels of 

Perceived Stress 

n = 43 

 

High Levels of 

Perceived Stress 

n = 23 

 

p  

Age1 (years) 67.27 (10.57) 69.16 (10.45) 63.74 (10.07) 0.071a 

Gender2 Male 43 (65.2) 29 (67.4) 14 (60.9) 0.593b 

Female 23 (34.8) 14 (32.6) 9 (39.1) 

School1 (years) 5.98 (2.88) 6.07 (3.01) 5.75 (2.63) 0.928a 

Marital 

Status2 

Single 5 (7.7) 2 (4.8) 3 (13.0) 0.190c 

Married 55 (84.6) 38 (90.5) 17 (19.5) 

Widowed 4 (6.2) 2 (4.8) 2 (8.7) 

Divorced 1 (1.5) 0 1 (4.3) 

Total Ace Score1 2.39 (2.57) 2.02 (2.18) 3.09 (3.10) 0.196a 

Total PSS-10 Score1 15.12 (7.38) 10.84 (4.37) 23.13 (4.65)  

a p value obtained using the Mann-Whitney U test. b p value obtained using the Chi-Square test. c p value obtained 

using the Fisher’s exact test. 1 Mean (Standard Derivation). 2n(%) 

 



3.4. Clinical and Laboratorial characterization. Table 4 

The mean time since diagnosis was 9.16 years (SD 5.14), being higher in the participants 

without ACE (10.15 years; SD 5.16), although this difference was not statistically significant 

(p=0.345). The time since diagnosis was higher in the participants with normal levels of stress 

(9.5 years; SD 5.45), although this difference was not significant (p=0.489). 

On average, the participants had 5.83 (SD 6.86) hospitalizations, with higher number in 

participants without ACE (mean 6.90; SD 11.41). When comparing recent hospitalizations, higher 

number was found in participants with ACE (2.91; SD 2.17) in the last 5 years, and 1.87 (SD 

1.08) in the last year.  

In average, the number of hospitalizations was higher in participants with high levels of 

perceived stress (7.65; SD 10.58), in the last 5 years (3.39; SD 3.10) and last year (2.04; SD 1.19). 

These differences were not statistically significant. 

The presence of T2DM complications was similar regarding the report of ACE (p= 0.627 for 

microvascular complications and p=0.942 for macrovascular complications). Identically T2DM 

complications were present in similar number according to the levels of perceived stress (p= 0.090 

for microvascular complications and p=0.678 for macrovascular complications). 

The variables used to evaluate the metabolic profile were HbA1c, glycemia, BMI, total 

cholesterol, HDL and LDL cholesterol, triglycerides, SBP and DBP. When comparing patients 

with and without ACE a trend was found to poorer glycaemic control, which is translated in higher 

HbA1c and glycaemia, in patients that presented at least one ACE. In this subgroup, the mean 

HbA1c was 7.41 (1.98) and glycaemia presented a mean of 189.53 (99.23).  Forty-one participants 

presented high values of glycaemia (28 presented ACE). Both subgroups presented a mean 

HbA1c and a mean glycaemia higher than the target values (≤7% and ≤130mg/dL respectively). 

The lipid profile included total cholesterol, HDL, LDL and triglycerides. Similar measures 

were detected in both subgroup with subtle differences – higher total cholesterol and triglycerides 

in the subgroup without ACE, and lower HDL, LDL in subgroup with ACE. The mean 

triglycerides value was 170.58 mg/dL (SD 94.43 mg/dL). Normal triglycerides are defined as 

levels <150mg/dL [47], all the subgroups presented means superior to normal. 

Within the 66 participants, 30 presented low levels of HDL. The LDL target values depend 

on the cardiovascular risk. If the cardiovascular risk is very high, the target value of LDL is 

<55mg/dL, if the cardiovascular risk is high, the target value is <70mg/dL [45]. The average 

values of LDL, in both groups were superior to the target values defined, which indicates a poor 

control. Very high cardiovascular risk was present in 45 patients, 42 of which with elevated LDL, 

and high cardiovascular risk in 21, 14 of which presented hight levels of LDL.  

The mean SBP was 134.23 mmHg (SD 21.16 mmHg) and the mean DBP was 72.95 mmHg 

(SD 11.69). The therapeutic target to T2DM is a SBP <140mmHg and a DBP <90mmHg[46], and 

all the average values are within the normal range.  

A trend was found to higher levels of HbA1c, poorer lipid profile and higher levels of DBP 

in the patients that presented higher levels of perceived stress. All the variables of the lipid profile 

presented higher mean values in the participants with higher perceived stress levels, although not 

statistically different. The average values of LDL in the subgroup with normal stress levels (88.56 

mg/dL; SD 41.06) and in the subgroup with high stress levels (93.22 mg/dL; SD 42.99), were 

superior to the target values defined. All the subgroups presented triglycerides level above the 

normal. 



Table 4: Clinical and Laboratorial characterization of the studied population 

  

 

Total 

n = 66 

 

 

 

Without 

ACE 

n = 21 

 

 

With ACE 

n = 45 

Low to 

Moderate 

Levels of 

Perceived 

Stress 

n = 43 

High 

Levels of 

Perceived 

Stress 

n = 23 

 

 

p 

Time since Diagnosis1 (years) 9.16 (5.14) 10.15 (5.16) 8.77 (5.13) 9.5 (5.45) 8.57 (4.57) 0.345a◊ 

0.489a▲ 

Total hospitalizations1 5.83 (6.86) 6.90 (11.41) 

 

5.33 (3.39) 4.81 (3.24) 

 

7.65 

(10.58) 

0.253b◊ 

0.508b▲ 

Hospitalizations in the last 5 

years1 

2.91 (2.46) 2.90 (3.08) 2.91 (2.17) 2.64 (2.02) 3.39 (3.10) 0.473b◊ 

0.319b▲ 

Hospitalizations in the last 

year1 

1.77 (1.01) 1.55 (0.83) 1.87 (1.08) 1.62 (0.88) 2.04 (1.19) 0.313b◊ 

0.147b▲ 

Microvascular 

complications2 

Not 

Present 

28 (42.4) 8 (38.1) 20 (44.4) 15 (34.9) 13 (56.5) 0.627c◊ 

0.090c▲ 

Present 38 (57.6) 13 (61.9) 25 (55.6) 28 (65.1) 10 (43.5) 

Macrovascular 

complications2 

Not 

Present 

35 (53.0) 11 (52.4) 24 (53.3) 22 (51.2) 13 (56.5) 0.942c◊ 

0.678c▲ 

Present 31 (47.0) 10 (47.6) 21 (46.7) 21 (48.8) 10 (43.5) 

Body Mass Index1 (kg/m2) 28.54 (6.85) 28.55 (7.11) 28.54 (6.81) 28.43 

(5.99) 

28.75 

(8.38) 

0.736b◊ 

0.662b▲ 

HbA1c1 (%) 7.53 (1.75) 7.07 (0.92) 7.41 (1.98) 7.37 (1.35) 7.83 (2.31) 0.293b◊ 

0.989b▲ 

Glycaemia1 (mg/dL) 182.33 

(89.35) 

166.90 

(62.63) 

189.53 

(99.23) 

186.33 

(92.16) 

174.87 

(85.34) 

0.645b◊ 

0.385b▲ 

Total Cholesterol1 (mg/dL) 166.27 

(45.11) 

174.81 

(47.32) 

162.29 

(44.01) 

162.70 

(41.91) 

172.96 

(50.86) 

0.277b◊ 

0.400b▲ 

HDL Cholesterol1 (mg/dL) 43.00 (12.43) 43.62 

(12.00) 

42.71 (12.75) 41.67 

(10.61) 

45.48 

(15.23) 

0.785a◊ 

0.239a▲ 

LDL Cholesterol1 (mg/dL) 90.18 (41.47) 91.45 

(41.58) 

89.59 (41.88) 88.56 

(41.06) 

93.22 

(42.99) 

0.545b◊ 

0.793b▲ 

Triglycerides1 (mg/dL) 170.58 

(94.43) 

183.90 

(130.75) 

164.36 

(72.64) 

169.30 

(105.94) 

172.96 

(70.06) 

0.918b◊ 

0.203b▲ 

Systolic Blood Pressure1 

(mmHg) 

134.23 

(21.16) 

134.86 

(23.363) 

133.93 

(20.32) 

135.60 

(22.84) 

131.65 

(17.77) 

0.870a◊ 

0.474a▲ 

Diastolic Blood Pressure1 

(mmHg) 

72.95 (11.69) 73.95 

(11.56) 

72.49 (11.85) 71.65 

(10.93) 

75.39 

(12.88) 

0.639a◊ 

0.218a▲ 

a p value obtained using the independent-samples T test. b p value obtained using the Mann-Whitney U test. c p value 

obtained using the Chi-Square test. ◊p value for the ACE distribution. ▲p value for the Levels of Perceived Stress 

distribution. 1 Mean (Standard Derivation). 2n(%) 



3.5. Unhealthy behaviours. Table 5 

Unhealthy behaviour, specifically alcohol consumption and smoking, were evaluated in the 

studied population. When considering these consumptions and the presence of ACE, no 

statistically significant difference was found (p= 0.412 for tobacco and p=0.394 for alcohol). 

However, ACE total number is higher in the group with unhealthy behaviours. Groups divided 

according to PSS scores did not show statistically significant differences (p=0.066 for tobacco 

and p=0.569 for alcohol). Higher levels of perceived stress were shown in patients with unhealthy 

behaviours. Males consume more alcohol and tobacco than females (p<0.001 and <0.001 

respectively). Age is lower in smokers (p=0.022) and blood pression is higher in patients with 

unhealthy lifestyle. The overall metabolic profile is worst in the patients without unhealthy 

behaviours. The HDL is the exception, being statistically significantly lower in smoker patients 

(p=0.034).  

Table 5: Possible Confounders. Unhealthy Behaviours. 

 Tobacco Alcohol  

No Smoker 

n = 36 

Smoker 

n = 30 

No Consumer 

n = 41 

Consumer 

n = 23 

p 

 

ACE 

Without ACE1  

n = 21 

13 (61.9) 8 (38.1) 15 (71.4) 6 (28.6)  

0.412a◊ 

0.394a▲ With ACE1 

n = 45 

23 (51.1) 22 (48.9) 26 (60.5) 17 (39.5) 

 Total ACE2  1.94 (2.04) 3.10 

(3.00) 

2.30 (2.67) 2.43 (2.25) 0.161b◊ 

0.470b▲ 

Levels of 

Perceived 

Stress 

Low to Moderate1 

n = 43 

27 (62.8) 16 (37.2) 28 (66.7) 14 (33.3)  

0.066a◊ 

0.549a▲ High1 

n = 23 

9 (39.1) 14 (60.9) 13 (59.1) 9 (40.9) 

 Total PSS-102 13.94 (7.30) 16.59 

(7.60) 

14.70 (7.00) 15.43 (8.19) 0.116b◊ 

0.877b▲ 

Gender Males1  

n = 43 

16 (37.2) 27 (62.8) 20 (47.6) 22 (52.4)  

<0.001a◊ 

<0.001a▲ Females1 

n = 23 

20 (87.0) 3 (13.0) 21 (95.5) 1 (4.5) 

 Age2 69.14 (10.99) 64.97 

(8.61) 

67.65 (11.18) 68.39 (8.91) 0.022b◊ 

0.721b▲ 

 BMI2 29.67 (7.51) 27.06 

(6.02) 

28.69 (7.22) 28.50 (6.69) 0.067b◊ 

0.872b▲ 

 HbA1c2 7.56 (1.67) 7.50 

(1.90) 

7.51 (1.49) 7.27 (1.56) 0.874b◊ 

0.563b▲ 

 Glycaemia2 177.14 (77.38) 189.21 

(105.47) 

190.63 (86.24) 168.65 (98.73) 0.944b◊ 

0.112b▲ 

 Total Cholesterol2 168.91 (43.1) 162.97 

(49.47) 

172.35 (42.26) 150.78 (28.47) 0.417b◊ 

0.051b▲ 



a p value obtained using the Chi-Square test.  b p value obtained using the Mann-Whitney U test. c p value obtained 

using the independent-samples T test. ◊p value for tobacco variable. ▲p value for alcohol variable. 1 n(%). 2 Mean 

(Standard Derivation).  

 

3.6. Microvascular and Macrovascular complications. Table 6 

T2DM may present microvascular (retinopathy, nephropathy, and neuropathy) and 

macrovascular (myocardial infarction, stroke, and peripheral arterial disease) complications, 

associated with the length of disease and usually representing a poor glycaemic control. The mean 

time since the diagnoses in the participants without microvascular complications was 7.02 years 

(SD 3.64) and when microvascular complications were present it was 10.73 years (SD 5.54), 

(p=0.004). In terms of macrovascular complications, the mean length of disease was 7.40 years 

(SD 3.63) for those participants without these complications in comparison with participants 

showing macrovascular complications (11.17 years; SD 5.88; p=0.003). Microvascular 

complications where present in higher number when hospitalizations were more frequent - total 

hospitalizations (p=0.006), in the last 5 years (p=0.023) and in the last year (0.017). 

Macrovascular complications showed statistically significantly higher number according number 

of total hospitalizations (p=0.002), and in the last 5 years (p=0.003).  

Table 6: Microvascular and Macrovascular Complications 

 HDL2 46.03 (13.24) 39.66 

(10.96) 

44.60 (12.58) 40.35 (12.01) 0.034c◊ 

0.219c▲ 

 LDL2 93.37 (40.1) 85.9 

(44.72) 

92.21 (39.58) 83.19 (33.94) 0.491b◊ 

0.327b▲ 

 Triglycerides2 157.40 (69) 183.93 

(118.16) 

169.23 (95.36) 165.61 (97.26) 0.331b◊ 

0.421b▲ 

 SBP2 134.23 (22.53) 135.38 

(18.64) 

131.30 (21.89) 137.26 (20.01) 0.610c◊ 

0.311c▲ 

 DBP2 72.89 (11.1) 73.0 

(12.17) 

72.20 (11.51) 73.35 (12.40) 0.701c◊ 

0.819c▲ 

 Total1 36 (54.5) 30 (45.5) 41 (64.1) 23 (35.9)  

 Microvascular Complications Macrovascular Complications  

p Not present 

n = 27 

Present 

n = 37 

Not present 

n = 34 

Present 

n = 30 

Time Since 

Diagnosis1 

(years) 

7.02 (3.64) 10.73 (5.54) 7.40 (3.63) 11.17 (5.88) 0.004a◊ 

0.003a▲ 

Total 

hospitalizations1 

3.85 (3.17) 7.21 (8.34) 4.09 (3.43) 7.83 (9.08) 0.006b◊ 

0.002b▲ 

Hospitalizations 

in the last 5 

years1 

2.22 (1.93) 3.39 (2.70) 2.23 (1.91) 3.70 (2.81) 0.023b◊ 

0.003b▲ 

Hospitalizations 

in the last year1 

1.41 (0.69) 2.03 (1.13) 1.66 (1.06) 1.90 (0.96) 0.017b◊ 

0.162b▲ 

HbA1c1 (%) 7.59 (1.98) 7.49 (1.59) 7.56 (2.07) 7.50 (1.32) 0.920b◊ 

0.314b▲ 

Glycaemia1 

(mg/dL) 

169.78 (71.60) 190.79 (101.12) 173.34 (75.41) 192.23 

(104.96) 

0.736b◊ 

0.714b▲ 



a p value obtained using the independent-samples T test. b p value obtained using the Mann-Whitney U test. ◊p 

value for the Microvascular Complications distribution. ▲p value for the Macrovascular Complications distribution. 1 

Mean (Standard Derivation). 

 

3.7. Correlations between psychometric variables and clinical and laboratory parameters 

in T2DM 

A positive correlation was found between the PSS-10 total score and the DBP value (p=0.047; 

r=0.246). The ACE total score did not presented correlations with the clinical and laboratory 

parameters studied variables. Age presented a negative correlation with school years attendance 

(p=0.010; p=-0.396). 

As expected HbA1c presented a positive correlation and with the total cholesterol (p= 0.036; 

r=0.260). Age, conversely, showed a negative correlation with HbA1c (p=0.002; r=-0.374). The 

number of hospitalizations in the last 5 years also presented a correlation with HbA1c (p=0.045; 

r=0.250), but no correlation was found for the total number of hospitalization (p = 0.841) or the 

ones that occurred in the last year (p= 0.716).  

HDL presents a negative correlation with the number of hospitalizations in the last 5 years 

(p=0.028; p= -0.272), so the patients with higher number of hospitalizations in the last 5 years 

presented lower levels of HDL.  

Blood pressure parameters are also positively correlated with each other (p<0.001; r=0.505) 

Moreover DBP presented a positive correlation with BMI (p=0.033; r=0.262) and a negative 

correlation with age (0.009; r= -0.321). 

 

4. Discussion 

This study goal was to evaluate the relationship between the occurrence of adverse 

experiences during childhood experiences, the level of perceived stress and the metabolic and 

clinical profile in a group of T2DM patients.  

ACE were present in about two-thirds of the studied population and the most reported 

was physical abuse, which is compatible with the findings of previous studies. [6, 28, 47] Adverse 

experiences have different distributions within gender and women tend to report higher levels of 

ACE. [5, 28, 48]   

In our study the mean values of HbA1c and glycaemia were higher in participants with 

ACE, however the difference was not statistically significant. The patients with ACE showed a 

tendency for poorer glycaemic control. As an early form of psychological trauma, which can 

cause chronic stress, ACE may generate a hyperglycaemic status, which increases the risk for 

T2DM. In patients with T2DM, these types of traumatic events can lead to a worst glycaemic 

control. [25, 49, 50] 

 Of the patients with T2DM complications, which can be microvascular (diabetic 

retinopathy, diabetic nephropathy, and diabetic neuropathy) or macrovascular (myocardial 

infarction, stroke, or peripheral arterial disease), two thirds of them had at least one ACE. These 

experiences cause a hyper-reactivity to stress, increased inflammatory levels and metabolic 

abnormalities, contributing to a pro-atherosclerotic environment. [4] Atherosclerosis is an 

important factor for the development of complications, particularly at macrovascular level. The 

patients with complicated disease presented more hospitalizations, in a statistically significant 

form, although it was not possible to discriminate the reason for the hospitalization. Participants 

with complications seem to present also more comorbidities, resulting in more hospitalizations. 

As indicated in the result section, the mean levels of HbA1c were higher in the participants 



without complications. However, in the literature the lesions are described as more common in 

participants with poorer glycaemic control [27], as shown by higher glycaemia levels in 

participants with complications. These types of lesions appear more frequently when the time 

since diagnosis is longer, as our results showed.  The participants without ACE presented a longer 

length of disease but fewer complications. This could indicate that although with shorter 

evolution, the occurrence of previous traumatic events is associated with more frequent 

microvascular and macrovascular lesions, a more severe evolution of T2DM. The hyperglycaemic 

environment, resulting of the dysfunction of the HPA axis and the pro-inflammatory effect, 

observed in patients with ACE contributed to the vascular lesions. The clinical presentation of the 

participants also include the number of hospitalizations, particularly in the most recent ones, and 

the presence of vascular complications. Overall, the clinical parameters tend to be worst in the 

participants with ACE.  

Adverse Childhood Experiences lead to the development of unhealthy lifestyles that can 

increase the risk of metabolic disease. The unhealthy choices evaluated - tobacco use and alcohol 

consumption were more common in patients with ACE, even though in this subgroup, the 

majority did not present these type of behaviours. [12, 26, 28] The participants with these 

consumptions presented higher levels of reported ACE. One interesting finding in the data is that 

the patients with alcohol and tobacco use presented better glycaemic control, which is not  

corroborate by the literature. Our participants with higher levels of perceived stress in the last 

month presented more unhealthy behaviours in particular tobacco consume in accordance with 

previous reports. [40, 51]  Conversely, higher levels of stress were associated with tobacco and 

alcohol consumption. 

Patients with ACE presented higher mean levels of daily stress and find difficult to deal 

with unpredictable and uncontrollable hassles, measured by the PSS-10. Traumatic experiences 

contribute to the development of psychiatric problems like anxiety. [7, 9] When psychiatric 

disorders are present, the stress levels tend to be higher. It has been postulated that the occurrence 

of early stressful events may impinge stress reactivity in adulthood [16]. Patients with higher 

levels of stress in the last month presented poorer metabolic profile. As said above, psychological 

stress triggers the same response as physical stress, increasing the levels of cortisol and 

sympathetic nervous system. These could be the reason of the poorer metabolic control in the 

patients with higher stress level. The lipid profile seemed to be more affected by the acute stress 

than the chronic stress, in line with previous studies which showed a relationship between acute 

perceived stress and worst lipid control, especially triglycerides. [22, 52, 53]  The perceived stress 

also has an effect in the tensional profile, particularly in the diastolic blood pressure. The 

correlation between the level of stress and the diastolic blood pressure, found in this study, agrees 

with the findings in others. [22] On the other hand, in our sample  older people tend to express 

lower levels of perceived stress, possibly demonstrating the development of coping behaviours  

[40, 51]. As frequently reported, women tend to register higher levels of stress. [40, 51, 54, 55]. 

Gender differences in stress response have been indicated as potential risk factor for health 

problems. 

The BMI levels were similar between the participants independently of the ACE presence 

or the levels of perceived stress, contrary to what is described in the literature.  The presence of 

ACE favours the appearance of pro-obesity lifestyles, such as binge-eating and sedentarism. 

However, it appears to exist a relationship between ACE and obesity, even when the confounding 

agents are excluded. [17-20, 28] Higher levels of perceived stress also appear to be associated 

with obesity. [22, 56-58]  

More severe clinical and laboratory parameters of T2DM was detected in patients who 

reported adverse experiences during childhood or higher levels of perceived stress, which show 

the possible association between phycological stress, either in its acute form (measured by the 

perceived stress in the last month) or in chronic form (measure by the presence of ACE), and the 

metabolic profile in T2DM patients. The results suggest the possibility of a dysfunctional 



endocrine response, provoking a hyperglycaemic and pro-inflammatory environment, caused by 

the traumatic psychological experiences in early age.  

This study focused on a small population of T2DM, with only 66 participants, which 

proved to be insufficient for more statistically significant results. In part, the small population is 

due to the SARS-Cov2 pandemic, which limited the free access of the investigators to the hospital, 

reducing the number of possible participants. It is recommended in future studies to use a larger 

population. 

Other limitation was the access to the number of hospitalizations, because the authors 

only had information concerning public hospitals. If the patients were hospitalized in private 

hospitals, that information was not available. Therefore total number of hospitalizations and the 

most recent, can be underestimated.  

The participants were hospitalized in the “Centro Hospitalar e Universitário de São 

João” for different reasons, and different comorbidities could be present. This could be a 

limitation and a potential source of bias. In terms of the laboratory parameters, the most recent 

measurement was collected. Longitudinal laboratory assessment could have contributed to 

uncover causality relationship between psychosocial variables and laboratory profile. 

An important lifestyle parameter would have been the physical activity. People that 

present ACE, tend to present a more sedentary lifestyle. This variable was not available in 

patients’ clinical records. Future studies should evaluate the role of physical activity in T2DM 

control in the presence of ACE. 

In summary, the results of the present study suggest a trend of poorer glycaemic control 

in patients with ACE and T2DM, and a trend of poorer metabolic control in patients with higher 

levels of stress. 

Type 2 Diabetes Mellitus is a very common disease and when aggravated with a poor 

glycaemic and metabolic control can be associated to high levels of morbidity and mortality.  

Adverse childhood experiences and the higher levels of stress contribute to a more severe 

presentation of T2DM, a major public health concern, and its detection could be an opportunity 

for better vigilance and higher quality of clinical care.  
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1) Title and abstract 

a) The study’s design was not provided in the title or abstract. The study’s design was not provided in the title or 

abstract. The authors indicate the study’s design in the methods section, in page 9 “The study followed an 

observational cross-sectional design.” 

b) “Sixty-six adult patients with T2DM were submitted to a psychosocial evaluation, and clinical and laboratory 

data were retrieved from the clinical charts.”; “More severe clinical and laboratory parameters of T2DM were 

detected in patients who reported adverse experiences during childhood. Specific metabolic profile and higher 

stress”. 

2) Introduction: 

2) “In summary, the relationship between ACE and T2DM appear to depend on a dysfunctional health style with 

less physical activity and less quality food intake, and a diminished capacity to glucocorticoids control HPA axis 

in response to psychosocial stress.”; “As T2DM has become one of the most serious public health problems in 

multiple parts of the world in the last decades, understanding the risk factors associated with T2DM development 

is of major importance. Adverse Childhood Experiences can be seen as a potentially modifiable risk factor for 

T2DM and obesity.” 

3) “Our aim is to evaluate the association between adverse childhood experiences (ACE) and higher levels of 

perceived stress and the development and control of type 2 Diabetes Mellitus (T2DM), and the metabolic 

profile.”; “We characterized a population of T2DM patients and collected metabolic, sociodemographic, 

behavioural, clinical, and psychometric data.” 

3) Methods: 

4) “The study followed an observational cross-sectional design.” 

5)  “Adult patients with T2DM, hospitalized in Centro Hospitalar Universitário São João (CHU São João) were 

invited to participate in the study”. The periods of recruitment, exposure, follow-up, and data collection are not 

included in the Methods section. 

6) “Adult patients with T2DM, hospitalized in Centro Hospitalar Universitário São João (CHU São João) were 

invited to participate in the study. Those who voluntarily agreed to participate were screened for the presence of 

ACE and their levels of perceived stress was measured. All the patients were non-insulin dependent and free 

major neurologic pathologies. Those whose clinical data was not provided were excluded from the study.” 

7) “The total score of ACE is the sum of all positive answers. If a person answers affirmatively to one question, it 

is considered to have been exposed to ACE”; “The cut-off 18 (which represents the 75th quartile) was used to 

classify levels of perceived stress into low to moderate (PSS-10 <18) or high (PSS-10 ≥18).”; “the presence of 

T2DM complications, microvascular or macrovascular disease, the time since the diagnosis and the number of 

hospitalizations.”; “Glycated haemoglobin (HbA1c) and glycaemia were used to assess T2DM”; “evaluate 

obesity, body mass index (BMI)”; “included total cholesterol, high density lipoprotein (HDL) fraction of 

cholesterol, low density lipoprotein (LDL) fraction of cholesterol and triglycerides. To evaluate the blood 

pressure profile one register of systolic blood pressure (SBP) and diastolic blood pressure (DBP)”. 

8) “Participants who signed the informed consent form fulfilled two self-report psychological measures - the 

“Adverse Childhood Experiences Questionnaire – Short Version”, and the “Perceived Stress Scale”.” “All the 

metabolic parameters were retrieved from the clinical charts.”; “(…) were invited to fulfil the two questionnaires. 

They received information about the study procedures and purpose, and the need to collect data from the clinical 

records.” 

9) No efforts to address bias were specified in the text.  

10) “Patients hospitalized in CHU São João that obey the inclusion criteria and did not present any exclusion criteria, 

were invited to fulfil the two questionnaires.” 

11) “The two questionnaires applied allowed the division of the participants according to the presence of adverse 

childhood experiences and the presence of high levels of perceived stress.”; “the Kolmogorov-Smirnov and the 

Shapiro-Wilk tests were used to evaluate the distribution of the continuous variables” 

12)  
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a) “To study the relationship between these groups and the metabolic profile, the Kolmogorov-Smirnov and the 

Shapiro-Wilk tests were used to evaluate the distribution of the continuous variables. Those who presented a 

normal distribution were evaluated using the T-test for independent variables and the others were evaluated using 

the Mann-Whitney U test. The Pearson’s Correlation test was used to evaluate associations between variables. 

Categorical variables were evaluated using the chi-square and the Fisher’s exact tests.” 

b) “T-test for independent variables and the others were evaluated using the Mann-Whitney U test.”; “evaluated 

using the chi-square and the Fisher’s exact tests.” 

c) Missing data were not addressed in the statistical analysis. 

d) No analytical methods of sampling strategy were applied. 

e) No sensitivity analyses was applied. 

4) Results 

13) Participants 

a) “Forty-five participants presented at least one ACE.”; “divided in two groups according to the PSS score: 

43 patients classified as low to normal stress levels and 23 patients classified as high level.” 

b) Of all the participants that agreed in participating in the study, they filled both questionnaires, so no reason 

of non-participation was pointed out. 

c) The use of a flow diagram was not considered in this study. 

14) Descriptive data 

a) “The mean age of the participants is 67.27 years old (standard deviation (SD) of 10.57 years). Forty-five 

participants presented at least one ACE. The mean number of ACE reported by the participants that 

presented at least one ACE was 3.51 (SD 2.39), the highest number of ACE reported was 11.”; “(…)43 

patients classified as low to normal stress levels and 23 patients classified as high level. Both groups 

presented similar age (p= 0.071), gender distribution (p= 0.593), education (p=0.928) and marital status 

(p=0.190). Patients with higher stress level (23.13; SD 4.65) showed a trend to higher total ACE score”;  

“The mean time since diagnosis was 9.16 years (SD 5.14), being higher in the participants without ACE 

(…) was lower in the participants with normal levels of stress (9.5 years; SD 5.45)”; “On average, the 

participants had 5.83 (SD 6.86) hospitalizations, (…) , in the last 5 years (3.39; SD 3.10) and last year (2.04; 

SD 1.19).”; “ The presence of T2DM complications was similar regarding the report of ACE”; “Higher 

levels of perceived stress were shown in patients with unhealthy behaviours. Males consume more alcohol 

and tobacco than females”; “The mean time since the diagnoses in the participants without microvascular 

complications was 7.02 years (SD 3.64) and when microvascular complications were present it was 10.73 

years (SD 5.54), (…), and in the last 5 years (p=0.003)”; “ACE total number is higher in the group with 

unhealthy behaviours.”; “Microvascular complications where present in higher number when 

hospitalizations were more frequent – total hospitalizations (p=0.006), in the last 5 years (p=0.023) and in 

the last year (0.017). Macrovascular complications showed statistically significantly higher number 

according number of total hospitalizations (p=0.002), and in the last 5 years (p=0.003)” 

b) Not applied since no missing data was found in the variables of interest. 

15) “When comparing patients with and without ACE a trend was found to poorer glycaemic control, which (…) In 

this subgroup, the mean HbA1c was 7.41 (1.98) and glycaemia presented a mean of 189.53 (99.23). (..)A trend 

was found to higher levels of HbA1c, poorer lipid profile and higher levels of DBP in the patients that presented 

higher levels of perceived stress. All the variables of the lipid profile presented higher mean values in the 

participants with higher perceived stress levels, although not statistically different. and in the subgroup with high 

stress levels (93.22 mg/dL; SD 42.99)”; Table 4; “Age (p=0.022) and blood pression is higher in patients with 

unhealthy lifestyle, and the overall metabolic profile is worst in the patients without unhealthy behaviours. The 

HDL is the exception, being statistically significantly lower in smoker patients (p=0.034)”; Table 5; “A positive 

correlation was found between the PSS-10 total score and the DBP value (p=0.047; r=0.246).” 

16)  

a) No confounder-adjusted estimates were analysed. 
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b)  Explicit in the methods section “The total score of ACE is the sum of all positive answers. If a person 

answers affirmatively to one question, it is considered to have been exposed to ACE”; “The cut-off 18 

(which represents the 75th quartile) was used to classify levels of perceived stress into low to moderate 

(PSS-10 <18) or high (PSS-10 ≥18).” 

c) Not relevant for the present study. 

17)  “Age presented a negative correlation with school years attendance (p=0.010; p=-0.396).”; “HbA1c presented 

a positive correlation and with the total cholesterol (p= 0.036; r=0.260). Age, conversely, showed a negative 

correlation with HbA1c (p=0.002; r=-0.374). The number of hospitalizations in the last 5 years also presented a 

correlation with HbA1c (p=0.045; r=0.250), but no correlation was found for the total number of hospitalization 

(p = 0.841) or the ones that occurred in the last year (p= 0.716).”; ”HDL presents a negative correlation with the 

number of hospitalizations in the last 5 years (p=0.028; p= -0.272), so the patients with higher number of 

hospitalizations in the last 5 years presented lower levels of HDL.”; “Blood pressure parameters are also 

positively correlated with each other (p<0.001; r=0.505) Moreover DBP presented a positive correlation with 

BMI (p=0.033; r=0.262) and a negative correlation with age (0.009; r= -0.321).” 

5) Discussion 

18) “In summary, the results of the present study suggest a trend of poorer glycaemic control in patients with ACE 

and T2DM, and a trend of poorer metabolic control in patients with higher levels of stress.” 

19) “This study focused on a small population of T2DM,”; “Other limitation was the access to the number of 

hospitalizations, because the authors only had information concerning public hospitals. If the patients were 

hospitalized in private hospitals, that information was not available. Therefore total number of hospitalizations 

and the most recent, can be underestimated.”; “The participants were hospitalized in the “Centro Hospitalar e 

Universitário de São João” for different reasons, and different comorbidities could be present. This could be a 

limitation and a potential source of bias.”; “Longitudinal laboratory assessment could have contributed to 

uncover causality relationship between psychosocial variables and laboratory profile.”; “An important lifestyle 

parameter would have been the physical activity. ... This variable was not available in patients’ clinical records.” 

20) “In our study the mean values of HbA1c and glycaemia were higher in participants with ACE, however the 

difference was not statistically significant. The patients with ACE showed a tendency for poorer glycaemic 

control. (…) In patients with T2DM, these types of traumatic events can lead to a worst glycaemic control.”; 

“(…) the mean levels of HbA1c were higher in the participants without complications. However, in the literature 

the lesions are described as more common in participants with poorer glycaemic control, as shown by higher 

glycaemia levels in participants with complications.”; “Overall, the clinical parameters tend to be worst in the 

participants with ACE.”; “One interesting finding in the data is that the patients with alcohol and tobacco use 

presented better glycaemic control, which is not corroborate by the literature. Our participants with higher levels 

of perceived stress in the last month presented more unhealthy behaviours in particular tobacco consume in 

accordance with previous reports.”; “Patients with higher levels of stress in the last month presented poorer 

metabolic profile (…) The lipid profile seemed to be more affected by the acute stress than the chronic stress, in 

line with previous studies which showed a relationship between acute perceived stress and worst lipid control, 

especially triglycerides.”; “The correlation between the level of stress and the diastolic blood pressure, found in 

this study, agrees with the findings in others.”; “The BMI levels were similar between the participants 

independently of the ACE presence or the levels of perceived stress, contrary to what is described in the 

literature.”; “More severe clinical and laboratory parameters of T2DM was detected in patients who reported 

adverse experiences during childhood or higher levels of perceived stress, which show the possible association 

between phycological stress, either in its acute form (measured by the perceived stress in the last month) or in 

chronic form (measure by the presence of ACE), and the metabolic profile in T2DM patients.” 

21) “a small population of T2DM, with only 66 participants, which proved to be insufficient for more statistically 

significant results. In part, the small population is due to the SARS-Cov2 pandemic, which limited the free access 

of the investigators to the hospital, reducing the number of possible participants. It is recommended in future 

studies to use a larger population.” 
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6) Other information 

22) “This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors." 
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GUIDE FOR AUTHORS
.

AIMS AND SCOPE

Metabolism promotes excellence in research by publishing high-quality original research papers, fast-
tracking cutting-edge papers, brief reports, reviews, mini-reviews and meta-analyses, as well as
editorials and commentaries related to all aspects of metabolism. Work considered for publication in
Metabolism includes studies in humans, animal and cellular models. There is a special interest on
randomized controlled trials and meta-analyses. Studies with strong translational potential is also
prioritized.

Published in association with Metabolism Open.

Reporting guidelines checklist
Articles submitted to "Metabolism" should be prepared according to key reporting guidelines, as
defined by the EQUATOR Network. Authors should submit their manuscript together with the
appropriate for each article type guidelines checklist. The latter should be submitted as supplementary
material.

The recommended reporting guidelines per article type are presented below. If the authors select to
follow other reporting guidelines, they should take care to be appropriate for the article type they
submit with.

Recommended reporting guidelines per article type:
"CONSORT" for Randomized controlled trials
"STROBE" for Observational studies
"ARRIVE" for preclinical animal studies
"PRISMA" for Systematic reviews and meta-analyses of randomized controlled trials
"MOOSE" for Systematic reviews and meta-analyses of observational studies
"AGREE" for Clinical practice guidelines
"STARD" for diagnostic accuracy studies
"CARE" for case reports

Submission of the reporting guidelines checklists are not required for editorials, commentaries,
narrative reviews, narrative min-reviews and letters to the Editor.

For further information about reporting guidelines, authors should visit the EQUATOR Network website,
where an updated list of guidelines with links to articles and checklists is maintained.

Original Research Papers
Original Research Papers describe original research findings. They should be no longer than 5000
words, excluding the title page, abstract, references, tables, and figure legends, but including the
abbreviation list, acknowledgements, funding, disclosure statement, and author contributions. They
should contain no more than 10 tables and figures combined and no more than 60 references. Their
final accepted version should, in general, not exceed 8 printed journal pages; additional information
may be included as a supplementary appendix, to be published online. There is a special interest on
randomized controlled trials. Preregistration of randomized controlled trials in a database of clinical
trials is a prerequisite for the submission.

Fast-Track Publications
Fast track publication is offered for concise studies of great novelty and broad interest to the readers
of Metabolism. These manuscripts describe original research findings of exceptional novelty and
importance, usually in a rapidly growing and competitive field. Submissions for Fast track publications
will be peer-reviewed within 3 days of submission, after initial evaluation by the Editors and authors
will be given up to 4 weeks for revisions; should these papers be accepted, articles will be published
online within 4 weeks from acceptance and will appear in print in the next available issue of the
journal.. The quality of fast track publication must fall within the top 5 percent of all articles published
in Metabolism. Fast track publications could either have the format of a brief report or a regular report.
A brief report must be no longer than 15,000 characters (1,500 - 1,800 words), including spaces, 2
display items, and abstract but excluding references. Abstract is typically a single paragraph of fewer
than 150 words. Fast track brief report allows up to 30 references. A fast track regular report allows

https://www.journals.elsevier.com/metabolism-open
http://www.equator-network.org
http://www.equator-network.org
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up to 4,000 words, up to 100 references and normally has no more than 5 display items. Additional
supplementary information (figures/tables) is allowed, but the number of supplementary displays can
be equal to or less than the total number of main text displays.

Brief Reports
These manuscripts describe limited but novel, focused and straightforward original research findings.
Preliminary data, pilot studies, case reports, case series, or studies with small sample sizes do not
usually qualify, unless they are of exceptional quality, utilize novel methodologies, or report findings
that can form the basis of future, more definitive studies and/or are of great interest to the journal's
readership. They should be no longer than 1500 words, excluding the title page, abstract, references,
tables, and figure legends, but including the abbreviation list, acknowledgements, funding, disclosure
statement, and author contributions. They should contain no more than 2 tables and figures combined
and no more than 20 references. Their final accepted version should, in general, not exceed 3 printed
journal pages; no additional information may be included. Other than the length, the requirements
and review process are the same as for original research papers.

Methods Papers
These manuscripts describe the development of novel methodologies in the field of metabolic
research, including significant refinements of well-established techniques.They should be concise but
detailed enough so that the method can be readily reproduced. Methodologies utilizing proprietary,
non-commercially available tools (whether by the authors themselves or an independent vendor) will
not be considered. The requirements and review process are the same as for original research articles.

Meta-analyses
There is a special interest on meta-analyses. These articles systematically find, select, critique,
and synthesize evidence relevant to well-defined questions in metabolic research. Meta-analyses
of randomized controlled trials should follow PRISMA reporting guidelines, whereas those of
observational studies should follow MOOSE reporting guidelines. A relevant checklist should be
uploaded as a supplementary appendix (please, see on equator network for the relevant checklist).
The requirements and review process are the same as for original research articles. Additional
information (including references to disqualified papers and study summary tables) should be included
as a supplementary appendix, to be published online.

Review Articles
Reviews should be a maximum of 5000 words, excluding the title page, abstract, references,
tables, and figure legends, but including the abbreviation list, acknowledgements, funding, disclosure
statement, and author contributions. Subheadings in the text are recommended to highlight the
content of different sections. An unstructured summary of no more than 200 words is required.
Reviews should contain no more than 10 tables and figures combined and no more than 150
references. Reviews are generally commissioned by the Editors but unsolicited articles will be
considered.

Mini-reviews
Mini-Reviews should be a maximum of 3500 words, excluding the title page, abstract, references,
tables, and figure legends, but including the abbreviation list, acknowledgements, funding, disclosure
statement, and author contributions. Subheadings in the text are recommended to highlight the
content of different sections. An unstructured summary of no more than 200 words is required.
Reviews should contain no more than 6 tables and figures combined and no more than 100 references.

Commentaries
These articles are usually but not necessarily solicited by the journal editors and concisely address a
timely or controversial issue of importance to the journal's readership, usually in response to work
that has been published in the journal (typically, they are published in the same issue). They should be
unstructured (without headings) and should be no longer than 1500 words, excluding the title page,
references, tables, and figure legends, but including the abbreviation list, acknowledgements, funding,
and disclosure statement (if applicable); no abstract or author contributions are required. They should
contain no more than 2 tables and figures combined and no more than 50 references. Their final
accepted version should, in general, not exceed 2 printed journal pages; no additional information
may be included. These articles are not pre-screened and are usually reviewed by members of the
editorial board.
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Editorials
These articles are written by the journal editors or by invited authors. The requirements and review
process are the same as for commentaries, although the scope of the articles may be more liberal.

Letters
These articles are unsolicited short commentaries related to specific points of agreement or
disagreement with the work that has been published recently in the journal (namely, in the past 3
issues). They should be no longer than 500 words (all inclusive), contain no more than 1 table or
figure, and no more than 15 references. Accepted letters will only appear online, not in print.

EDITORIAL PROCESS
Metabolism publishes several categories of articles; all submissions must conform to the journal's
reporting and style requirements and must be written in standard scientific English language. New
submissions, except for solicited articles (eg, mini-reviews, commentaries), will be initially evaluated
in depth by the editorial team that will decide on the overall quality of the work and its suitability for
Metabolism. Manuscripts that do not conform to the general criteria for publication will be returned to
the authors without detailed review, typically within 14 days. This will facilitate prompt notification of
authors and will allow expedited resubmission of the authors' work elsewhere. Otherwise, manuscripts
will be sent for formal review immediately. The editorial board will make every effort to reach initial
decision on these manuscripts within 4-6 weeks from the submission date. If revisions are a condition
of publication, ~8 weeks will be provided to re-submit a revised version of the manuscript. Accepted
manuscripts will generally be published no later than 4 months from acceptance. The journal does
not require submission or publication charges.

Please direct any queries to the Editorial Office: metabolism@elsevier.com or to Andrew Miller,
Executive Publisher at andrew.miller@elsevier.com

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
• E-mail address
• Full postal address

All necessary files have been uploaded:
Manuscript:
• Include keywords
• All figures (include relevant captions)
• All tables (including titles, description, footnotes)
• Ensure all figure and table citations in the text match the files provided
• Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
• Manuscript has been 'spell checked' and 'grammar checked'
• All references mentioned in the Reference List are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
• A competing interests statement is provided, even if the authors have no competing interests to
declare
• Journal policies detailed in this guide have been reviewed
• Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

https://service.elsevier.com/app/home/supporthub/publishing/
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Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Declaration of interest
All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in both places
and that the information matches. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

Author contributions
For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

https://www.elsevier.com/about/policies/publishing-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/about/policies/patient-consent
https://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing/
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics/credit-author-statement
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Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results
In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Registration of clinical trials
Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

http://www.icmje.org
https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/metabolism.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
Peer review
This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word

https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/journals/metabolism/0026-0495/open-access-options
https://researcheracademy.elsevier.com/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing/
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
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processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

https://www.elsevier.com/authors/journal-authors/submit-your-paper
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• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Structured abstract
A structured abstract, by means of appropriate headings, should provide the context or background for
the research and should state its purpose, basic procedures (selection of study subjects or laboratory
animals, observational and analytical methods), main findings (giving specific effect sizes and their
statistical significance, if possible), and principal conclusions. It should emphasize new and important
aspects of the study or observations.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

https://www.elsevier.com/authors/journal-authors/highlights
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Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Illustration services
Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://webshop.elsevier.com/illustration-services/
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Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

https://citationstyles.org
https://citationstyles.org
https://www.mendeley.com/reference-management/reference-manager/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
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Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/metabolism
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.
Examples:
Reference to a journal publication:
[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51–9. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:
[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205
Reference to a book:
[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:
[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281–304.
Reference to a website:
[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].
Reference to a dataset:
[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
xwj98nb39r.1.
Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927–34) (see also Samples
of Formatted References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.elsevier.com/authors/tools-and-resources/data-visualization
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Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

https://www.elsevier.com/authors/tools-and-resources/research-data
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/authors/tools-and-resources/research-data/mendeley-data-for-journals
https://www.elsevier.com/authors/tools-and-resources/research-data/data-statement
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We will do everything possible to get your article published quickly and accurately - please upload
all of your corrections within 48 hours. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

Online proof correction
To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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