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Purpose: The incidence of metabolic syndrome (MetS) is increasing, and research indicates a further increased risk of MetS in 
trauma-exposed individuals, which is yet to be fully understood. Therefore, this study aimed to investigate the risk of MetS in trauma- 
exposed inpatients compared to blood donors and the influence of putative associated psychological, biological, and behavioral risk 
factors for MetS.
Patients and Methods: A cross-sectional study of trauma-exposed inpatients (n = 134) compared to blood donors (n = 68) was 
conducted. Clinical data, blood biomarkers, and self-administered questionnaires were collected. Descriptive statistics and multi
variable logistic regression, including interaction analyses, were performed to explore the odds ratio (OR) of MetS among trauma- 
exposed inpatients compared to blood donors as well as the interaction effects of putative risk factors.
Results: A significantly higher age- and gender adjusted OR (OR = 2.51, 95% CI 1.18–5.34) of MetS was found among trauma- 
exposed inpatients compared to the blood donors. Adjusted for education, cigarette smoking, symptoms of disordered eating and 
consumption of selected nutrients, the higher OR of MetS remained significant in the inpatients compared to the blood donors, ranging 
from OR = 2.27 95% CI 1.00–5.14 for symptoms of “dieting” to OR = 3.06 95% CI 1.16–8.10 for adult trauma. A significant 
interaction effect was documented only between group and age (OR = 1.07, 95% CI 1.01–1.13).
Conclusion: The trauma-exposed inpatients in this study had significantly higher age- and gender adjusted risk of MetS compared to 
the blood donors, and psychological and behavioral lifestyle factors appeared to increase the risk of MetS.
Keywords: insulin resistance, metabolism, type 2 diabetes mellitus, mental disorders, posttraumatic stress, disordered eating

Introduction
Metabolic syndrome (MetS), defined as a cluster of metabolic risk factors (ie, abdominal obesity; hyperglycemia; 
hypertriglyceridemia; hypertension; and low high-density lipoprotein (HDL) cholesterol levels),1 is a growing public 
health concern with increased prevalence in the last decades.2 The incidence of MetS is often parallel with obesity and 
type 2 diabetes mellitus (T2DM), which have increased worryingly in the last decades, especially in urban areas.2 MetS 
increases the risk of T2DM, cardiovascular diseases (CVD) and early death.3 During the past decades, the impact of 
trauma exposure on physical health has received more attention, and there is a growing body of evidence that trauma 
exposure and posttraumatic stress disorder (PTSD) are associated with an increased risk of MetS.4–8 A recent 9-year 
longitudinal study found that childhood trauma was associated with poorer metabolic health outcome.9

The association between trauma exposure and risk of MetS, however, consists of a complex interaction between biological, 
psychological, and behavioral risk factors, which are not yet fully understood.10,11 Lifestyle factors (eg, nutrition; physical 
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activity; alcohol use; and cigarette smoking) are widely known to impact the risk of MetS.12–15 With studies documenting 
health risk behaviors after traumatic experiences,16,17 such as poorer diet, and unhealthy consumption of alcohol, physical 
inactivity, and cigarette smoking,16–19 it is reasonable to assume that these behaviors contribute to the increased risk of MetS, 
and thus T2DM, and CVD in trauma-exposed individuals. However, the effect of dietary intake in the relationship between 
trauma and metabolic health outcomes is less consistent.19 Trauma-exposure can disrupt stress regulation and promote 
maladaptive coping behaviors, such as disordered eating behavior. A recent qualitative study20 by our group documented 
trauma-exposed inpatients experiences with the impact of traumatic stress on eating behavior, which over time may increase 
the risk of metabolic dysfunction. Although some research has linked trauma-exposure to increased risk of MetS, few studies 
have focused specifically on trauma-exposed inpatients, a population likely to have severe and/or complex trauma histories. 
Moreover, less is known about how psychological (eg, symptoms of disordered eating) and behavioral (eg, smoking, diet, 
physical activity) risk factors interact with trauma-exposure to influence MetS risk. Therefore, this study aimed to explore the 
risk of MetS in trauma-exposed inpatients compared with blood donors and the interaction effect of putative risk factors for 
MetS.

Materials and Methods
Study Design
A cross-sectional study, based on self-reported surveys as well as clinical and biological measures, was performed. The 
present study is part of a research project exploring the association between traumatic experiences and risk of MetS and 
T2DM.

Participants, Recruitment and Study Setting
Figure 1 illustrates the flow of the study sample. Trauma-exposed adult (≥18 years) inpatients, both male and 
female, were recruited from a psychiatric clinic in South-Eastern Norway from November 3rd, 2020, to 
February 22nd, 2023. All patients in the study had a history of traumatic experiences and had received treatment 
for severe trauma-related disorders in the specialist health service for many years. According to the criteria for 
receiving treatment at the clinic, the inpatients had no current severe symptoms of psychosis, severe eating 
disorders, and/or self-harm, acute suicidality, substance use, or violent behaviors. Additional exclusion criteria for 
the inpatients were lack of trauma history, pregnancy, type 1 diabetes mellitus, age ≥70 years, lack of consent 
competence, language barriers, and substantial amount of missing data. All inpatients admitted during the inclusion 
period were offered the opportunity to participate in the study, if not excluded due to the exclusion criteria. The total 
number of unique admissions to the clinic during the study inclusion period was 200 of which 142 consented to 
participate, four withdrawn their consent to participate and four were excluded after inclusion due to the exclusion 
criteria. The clinic offers inpatient treatment to adults (≥18 years) with severe mental disorders such as PTSD, 
anxiety, and depression. The clinic has 26 beds where patients receive intensive psychological treatment for a period 
of three months.

Adult (≥18 years) blood donors, both male and female, were recruited as a comparison group from the Blood Center 
at Innlandet Hospital Trust in the period August 2022–October 2022. During this period, a total of six days were 
allocated to recruit blood donors. The exclusion criteria for the blood donors were pregnancy, type 1 diabetes mellitus, 
age ≥70 years, lack of consent competence, language barriers, and substantial amount of missing data. All blood donors 
scheduled to donate blood on these specific days were invited to participate in the study, if not excluded due to the 
exclusion criteria. The total number of blood donors donating blood these days was 110 and 70 consented to participate. 
Afterwards, two blood donors were excluded due to the exclusion criteria. In general, active blood donors represent 
a healthy population that is easily accessible, making it simpler, more efficient, and more cost-effective to collect data or 
biological material from them compared to a randomly selected group.
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Figure 1 Study sample flow chart.
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Data Collection
Of practical reasons, self-administered questionnaires were completed by trauma-exposed inpatients either on paper or in 
digital form. The blood donors answered all questionnaires in paper form. A nurse at the clinic instructed the participants 
(inpatients and blood donors) in completing the questionnaires and dietary record. The inpatients and blood donors 
returned their answers over a period of approximately two to three weeks.

For the inpatients, clinical measurements (height (cm); weight (kg); waist circumference (cm); blood pressure; fasting 
blood samples) were collected by a nurse at the clinic between 07.00 and 08.00 am during the first 14 days of their stay. 
The blood samples were centrifuged directly and sent to the laboratory for analysis on the same day. For blood donors, 
clinical measurements (ie, weight (kg); waist circumference (cm); and blood pressure) were collected by the same nurse 
immediately before donating blood at varying times throughout the day. The height (cm) was self-reported. Blood 
pressure was measured after sitting down for 5–10 minutes. The participants were instructed not to speak during blood 
pressure measurement. Weight was measured in the absence of a jacket/large jumper, belt, shoe, and contents of pockets. 
Waist circumference was measured by placing the measuring tape in a horizontal plane midway between the lower rib 
and upper part of the iliac crest. Blood donors were advised to eat before donating blood. Non-fasting blood samples 
from the blood donors were collected by technicians at the blood bank and sent directly for centrifugation and analysis at 
the hospital laboratory.

The blood samples were analyzed at the same health-care institution. However, although at two different laboratory 
departments, both laboratory departments used similar procedures and instruments. The same blood pressure device, 
scale, and waist measurement tape were used for both inpatients and blood donors.

For the inpatients, socio-demographics, health and lifestyle-related information, the dietary record, questions about 
previous traumatic experiences, the Eating Attitude Test (EAT)21 12-item version (EAT-12) by Lavik, Clausen and 
Pedersen,22 and the Sleep Condition Indicator (SCI)23 were collected in paper form. The International Physical Activity 
Questionnaire Short Form (IPAQ-SF),24 Symptom Check List 10 (SCL-10), the short version of the Symptom Check List 
90 (SCL-90)25 were collected digitally using CheckWare.26 Information about diagnoses based on the International 
Classification of Diseases 10th Revision (ICD-10) codes27 and medication were collected from the inpatient records by 
the first author.

For the blood donors, all questionnaires, including demographics, health and lifestyle-related information, were 
collected in paper form.

Definitions and Measurements
Socio-demographics (ie, age, gender, ethnicity, civilian status, work status, income and education level) and health 
related information (medication, previous pregnancy diabetes, diabetes in near family (parent/sibling/child), previously 
detected high blood glucose, polycystic ovary syndrome (PCOS)), were mapped. No additional data on medication 
adherence or compliance were collected beyond the patients’ medication lists.

Traumatic experiences, defined by ICD-10 criterion:27

A stressful event or situation - of an extremely threatening or catastrophic nature, which is likely to cause extensive and highly 
unpleasant reactions to most people. 

was measured using a five-item structured self-report form. Question one, two and three ask if the participant in 
childhood has experienced 1) sexual abuse; 2) physical abuse; 3) other traumatic experiences that have subsequently 
caused significant problems. The last two questions ask if the participant, in adulthood, has experienced 4) sexual or 
physical abuse; 5) other traumatic experiences that have subsequently caused significant problems. The answer options 
are No (0); Yes, once (1); Yes, several times (2). A trauma score denoting the extent of trauma experienced was 
constructed by calculating the total scores for questions dealing with the history of trauma in childhood and adulthood. 
The maximum severity scores are six for childhood trauma and four for adult trauma. These questions have previously 
been used in two studies on Norwegian psychiatric inpatients,28,29 although not formally validated.
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MetS was identified on the basis of a collection of risk factors; abdominal obesity (waist circumference in males >94 cm, 
females ≥80 cm), and two or more of the following conditions: hypertension (blood pressure ≥130 mmHg systolic or 
≥85 mmHg diastolic or specific treatment for hypertension); fasting triglycerides ≥1.7 mmol/L (non-fasting triglycerides 
≥2.0 mmol/L30) or specific treatment for high triglycerides; HDL cholesterol (≤1.03 mmol/L in males, ≤1.29 mmol/L in 
females or specific treatment for low HDL); and HbA1c ≥5.7% = 39 mmol/mol.1,30

T2DM was identified based on the HbA1c value (limit 6.5% = 48 mmol/mol31), or if the inpatients used medication 
for T2DM.

Body mass index (BMI) was calculated using the following formula: weight (kg)/height (cm)2 = BMI.
Dietary record: A scannable self-administered paper-based food frequency questionnaire (FFQ) constructed by the 

University of Oslo was used to collect data on dietary consumption over the last 12 months. The questionnaire consists of 
256 questions on food and beverages, including portion sizes. The FFQ has been validated in various groups of 
Norwegian adults.32,33 The answers were scanned by using Teleform program, version 6.0 (Datascan, Oslo, Norway). 
Nutrient intake was computed using the Food and Nutrient Calculation System AE22 developed by the Department of 
Nutrition, University of Oslo. The food database is updated regularly.

Physical activity level was assessed using the International Physical Activity Questionnaire Short Form (IPAQ-SF),24 

developed to measure physical activity and inactivity in adults (18–65 years). The instrument is a seven-question self- 
administered questionnaire that maps the time spent on low, middle, and intense activities, including sitting still. Physical 
activity level was processed according to the IPAQ processing guidelines,34 using a scoring spreadsheet developed by 
Cheng.35 Physical activity level was explored both as a three-level variable of weekly physical activity (low; moderate; 
high) and as a continuous variable using metabolic equivalent of task (MET). IPAQ-SF is evaluated to have acceptable 
reliability and validity for sitting and vigorous physical activity, and fair validity of walking, in a Norwegian sample of 
males.36

Tobacco use was assessed by asking, “Do you smoke/use Swedish snus?” with yes/no/sometimes answer options. The 
answer “sometimes” was later recoded as “yes”.

Sleeping condition was assessed using the Sleep Condition Indicator (SCI),23 a questionnaire consisting of eight 
questions with five different response options monitoring the quality of sleep in the last month. The total score ranges 
from 0 to 32. Lower scores reflect more sleep disturbance, and a score ≤16 indicates probable insomnia,37 SCI has shown 
convergent validity across various study samples.23,38 The current version was constructed by a forward-backward 
translation in a previous study by our group.29

Mental distress was assessed using the Symptom Check List 10 (SCL-10), a short version of the Symptom Check List 
90 (SCL-90).25 The SCL-10 is widely used and found to have acceptable validity in a Norwegian adult sample.39 The 
questionnaire measures psychological distress and consists of 10 questions about depression and anxiety symptoms in the 
last week, with response alternatives 1 = not bothered; 2 = slightly bothered; 3 = quite a bit bothered; 4 = very much 
bothered. The mean scores were calculated based on the answers. A score >1.85 has been considered to indicate 
symptoms of anxiety and depression.39

Disordered eating was measured using the 12-item version of the Eating Attitude Test (EAT),21 by Lavik, Clausen and 
Pedersen.22 The response options are as follows: 1) never; 2) rarely; 3) often; 4) always. The questionnaire is considered 
a valid instrument measuring symptoms of disordered eating in Norwegian adolescence.40,41 Higher scores indicate more 
disordered eating patterns. To maintain the focus on eating disorders, the scores of the three subscales were examined; 
“dieting”, related to an avoidance of fattening foods and preoccupation with being thinner; “bulimia and food pre
occupation”, reflecting thoughts about food as well as those indicating bulimia; and “oral control”, related to self-control 
of eating and perceived pressure from others to gain weight.42

Mental disorders were based on the ICD-10 codes.27

The included instruments have, to our knowledge, not yet been validated in a sample of Norwegian trauma-exposed 
inpatients.
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Sample Size Determination
The current study is a part of a larger project investigating the risk of T2DM in trauma-exposed patients. In this project, 
the calculation of statistical power was based on HbA1c. Normal values for HbA1c for non-diabetics are 4.3–6.1%, while 
the diagnostic criterion for diabetes is ≥6.5%.31 The average of HbA1c in the patient population was expected to be about 
6.2%. Given the heterogeneity within the sample, we expected a large variation in the collected material and therefore 
based our calculations on a standard deviation (SD) of approximately 2.5. Assuming a one-sample t-test where the 
sample mean is compared against a normal mean of 5.2%, the following power levels were calculated: 80% power – 51 
observations, 98% power – 100 observations. To accommodate the risk of potential dropout we aimed to recruit 150 
inpatients and 70 blood donors (comparison group).

Statistical Analysis
Statistical analyses were performed by using SPSS version 28 for Windows (SPSS Inc., Chicago, IL, USA). The 
Kolmogorov–Smirnov test was used to test for normality. Groups were compared using the Independent Sample t-test 
for normally distributed continuous variables, chi-square test for categorical variables, Fisher’s exact test for tables with 
expected cell frequency ≤5, and Mann–Whitney U-test for non-normally distributed continuous variables. All statistical 
tests were two-tailed, with a significance level ≤0.05. Multivariable logistic regression models were applied to estimate 
the odds ratios (ORs) with 95% confidence intervals (95% CIs) of MetS in inpatients compared to blood donors. In 
addition, interaction analyses were performed to study the possible interactions between the groups and putative risk 
factors for MetS. The criteria for variables entering the multivariable logistic regression models were based on p-values 
≥0.05 from the binary analyses. Additionally, selected nutrients (ie, salt, sugar and trans-fat) were included based on 
theoretical rationale. The univariate model presents crude ORs for MetS. The multivariable model presents age-, gender 
and risk factors (in separate models) adjusted ORs for MetS between inpatients (2) and blood donors (1). The interaction 
model presents age-, gender and risk factor (in separate models) adjusted interaction ORs for MetS for Group*risk factor. 
Risk factor variables with few observations were not included in the logistic regression model. The variance inflation 
factor (VIF) was used to detect multicollinearity for the variables included in the binary regression models. Variables 
with a VIF above 8.00 (ie, saturated fat, carbohydrates, and starch) were excluded.

Ethics
All participants received oral and written information about the study and provided written informed consent for 
participation. The authors assert that all procedures contributing to this work complied with the ethical standards of 
the relevant national and institutional committees on human experimentation and the Helsinki Declaration of 1975, as 
revised in 2013. All procedures involving human subjects/patients were approved by the Ethics Committee of Regional 
Committees for Medical and Health Research Ethics (REK) (#78587 in REK South-East B) and the Data Protection 
Officer at Innlandet Hospital Trust (#135535).

Results
Sociodemographic Characteristics of the Study Sample
Table 1 presents a descriptive summary of the demographic characteristics of the study sample. A total of 134 adult (≥18 years) 
trauma-exposed inpatients, more females (n = 105, 78.4%) than males (n = 29, 21.6%), and 68 blood donors, more females 
(n = 40, 58.8%) than males (n = 28, 41.2%) were included. Compared to the blood donors, the proportion of females were 
significantly higher among the inpatients, and the median age was significantly lower (41.0 years, IQR = 31.0, 51.0 and 49.0 
years, IQR = 34.0, 56.8).

Compared to the blood donors, the inpatients had lower levels of education and income. Additionally, a significantly 
higher proportion of blood donors were involved in job-related activities, while a higher proportion of the inpatients were 
recipients of social welfare compared to blood donors. A significantly lower proportion of the inpatients lived with 
a partner compared to the blood donors.
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Clinical, Metabolic, Lifestyle and Psychiatric Characteristics of the Study Sample
Table 2 presents differences in clinical, metabolic, lifestyle and psychiatric characteristics between trauma-exposed 
inpatients and blood donors. For an additional descriptive summary of the study sample, see Supplemental Material Table 1.

Table 1 Descriptive Summary of Demographics Differences in the Study Sample

n Inpatients  
(n = 134, 100%)

n Blood Donors  
(n = 68, 100%)

P value

Age (years): Median (IQR) 134 41.0 (31.0, 51.0) 68 49.0 (34.0, 56.8) 0.012b

Gender 134 68 0.005c

Female: N (%) 105 (78.4) 40 (58.8)
Male: N (%) 29 (21.6) 28 (41.2)

Ethnicity 116 65 1.000d

European: N (%) 113 (97.4) 63 (96.9)
Other: N (%) 3 (2.6) 2 (3.1)

Education level 118 65
Education level: Median (IQR) 3.0 (3.0, 4.0) 4.0 (3.0, 4.5) 0.014b

Higher education ≤1 year: N (%) 55 (46.6) 42 (64.6)

Income 118 65
Income: Median (IQR) 4.0 (3.0, 4.0) 6.0 (5.0, 6.0) <0.001b

≥300 000 NOK: N (%) 61 (51.7) 62 (95.4)

Work status 65
Job-related activity: N (%) 116 61 (52.6) 63 (96.9) <0.001c

Recipient of social welfare*: N (%) 119 96 (80.7) 2 (3.1) <0.001c

Marital status 116 65
Living with a partner: N (%) 61 (52.3) 53 (81.5) <0.001c

Notes: *Recipient of social welfare = disability benefit; work assessment allowance; sickness benefits. Bold values indicate 
statistically significant results. aIndependent sample t-test; bMann–Whitney U-test; cPearson’s chi-square test; dFisher’s exact test.

Table 2 Differences in Clinical, Metabolic, Lifestyle and Psychiatric Characteristics Between Trauma-Exposed Inpatients and Blood 
Donors

n Inpatients  
(n = 134, 100%)

n Blood Donors  
(n = 68, 100%)

P value

Clinical data

Waist circumference (cm): Median (IQR) 134 88.5 (77.0, 102.8) 68 87.0 (77.8, 97,3) 0.317a

Waist curcumference (cm) ≥80 in females and ≥94 in males: N (%) 134 81 (60.4) 68 39 (57.4) 0.762c

Systolic blood pressure: Median (IQR) 133 121.0 (109.5, 130.0) 68 136.5 (124.3, 147.0) <0.001b

Diastolic blood pressure: Median (IQR) 133 78.0 (71.0, 85.0) 68 84.0 (77.0, 90.0) <0.001a

Hypertension: N (%) 133 50 (37.6) 68 47 (69.1) <0.001c

Antihypertensive medication: N (%) 134 20 (14.9) 58 1 (1.5) 0.005d

MetS: N (%) 134 42 (31.3) 68 14 (20.6) 0.134c

Biomarkers
HbA1c ≥39-47 mmol/mol (pre-diabetic): N (%) 134 5 (3.7) 68 1 (1.5) 0.666d

HbA1c ≥48 mmol/mol: N (%) 134 3 (2.2) 68 0 (0.0) 0.327d

Triglycerides: Median (IQR) 132 1.2 (0.8, 1.7) 68 1.2 (1.0, 2.0) 0.050b

Triglycerides*: N (%) 132 34 (25.8) 68 16 (23.5) 0.863c

Blood sugar regulation medication: N (%) 134 5 (3.7) 68 0 (0.0) 0.170d

HDL-Cholesterol: Median (IQR) 130 1.4 (1.1, 1.6) 68 1.4 (1.1, 1.7) 0.213b

HDL-Cholesterol ≤1.03/1.29 mmol/l: N (%) 130 47 (36.2) 68 14 (20.6) 0.035c

Cholesterol lowering medication: N (%) 134 18 (13.4) 58 0 (0.0) <0.001d

Lifestyle characteristics

(Continued)
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Of the inpatients, 6.0% had HbA1c ≥39 mmol/mol compared to 1.5% of the blood donors. Significant differences were 
found for median triglycerides, probably because the patients’ samples were collected in a fasting state, whereas the blood 
donors were collected in a non-fasting state. While none of the blood donors reported using blood sugar regulation 
medications, 3.7% of the inpatients did so. Compared to the blood donors, a significantly higher proportion of the trauma- 
exposed inpatients had HDL cholesterol ≤1.03 in males and ≤1.29 females compared to the blood donors. While none of the 
blood donors reported using cholesterol-lowering medications, 13.4% of the trauma-exposed inpatients did. Compared to the 
blood donors, the inpatients had significantly lower systolic and diastolic blood pressure than the blood donors. However, 
a significantly higher proportion of the trauma-exposed inpatients used antihypertensive medication. While significantly lower 
physical activity levels, lower alcohol consumption, and a higher proportion of cigarette smokers were found among the 
inpatients compared to the blood donors, no significant differences were found in the proportion of those using Swedish snus 
or in the consumption of monitored nutrients.

The inpatients showed a significantly higher frequency of symptoms of mental distress (SCL-10), insomnia (SCI), 
disordered eating (EAT-12), and trauma scores compared to the blood donors. Among the inpatients, 72.4% were diagnosed 

Table 2 (Continued). 

n Inpatients  
(n = 134, 100%)

n Blood Donors  
(n = 68, 100%)

P value

Physical activity level: 96 61 0.003b

Low: N (%) 96 44 (45.8) 61 12 (19.7)

Moderate: N (%) 96 20 (20.8) 61 19 (31.1)

High: N (%) 96 32 (33.3) 61 30 (49.2)
Smoking: N (%) 118 27 (22.9) 65 5 (7.7) 0.014d

Swedish snus: N (%) 116 35 (30.2) 65 13 (20.0) 0.162c

Carbohydrate consumption: Median (IQR) 126 217.3 (172.7, 316.6) 65 238.0 (183.7, 312.6) 0.582b

Sugar consumption g.: Median (IQR) 126 33.7 (14.4, 61.9) 65 31.6 (20.0, 45.5) 0.582b

Salt mg.: Median (IQR) 126 6751.5 (5515.0, 10,414.0) 65 7414.0 (5794.0, 10,114.0) 0.719b

Alcohol consumption g.: Median (IQR) 126 1.0 (0.0, 4.8) 65 4.9 (1.8, 10.9) <0.001b

Trans-fat: Median (IQR) 126 0.79 (0.54, 1.18) 65 0.74 (0.56, 1.13) 0.944b

Psychiatric characteristics

SCL-10 ≥1.85: N (%) 118 112 (94.9) 64 14 (21.9) <0.001c

SCL-10: Mean (SD) 117 2.84 (0.6) 63 1.48 (0.5) <0.001b

EAT-12: Median (IQR) 118 11.0 (7.5, 15.0) 65 5.0 (3.0, 8.0) <0.001b

Dieting: Median (IQR) 118 6.0 (3.8, 8.0) 65 4.0 (2.0, 5.5) <0.001b

Bulimia and Food Preoccupation: Median (IQR) 118 4.0 (2.0, 6.0) 65 0.0 (0.0, 2.0) <0.001b

Oral Control: Median (IQR) 118 2.0 (1.0, 3.0) 65 1.0 (0.0, 2.0) <0.001b

SCI: Median (IQR) 117 12.0 (7.5, 15.5) 65 27.0 (21.0, 30.5) <0.001b

SCI: ≥16: N (%) 117 91 (77.8) 65 6 (9.2) <0.001c

Trauma score: Median (IQR) 118 6.0 (4.0, 8.9) 65 0.0 (0.0, 0.1) <0.001b

Childhood trauma: N (%) 118 110 (92.2) 65 12 (18.5) <0.001c

Adult trauma: N (%) 118 106 (89.8) 65 18 (27.7) <0.001c

Anti-depressant: N (%) 133 46 (34.6) 58 2 (3.4) <0.001d

Antipsychotics: N (%) 133 34 (25.6) 58 0 (0.0) <0.001d

F43.1 (PTSD): N (%) 134 97 (72.4) - -

F30-F39: N (%) 134 46 (34.3) - -
F40-F48**: N (%) 134 47 (31.3) - -

F60-F69: N (%) 134 40 (29.9) - -

F90-F98: N (%) 134 10 (7.5) - -

Notes: Hypertension = Blood pressure systolic ≥130 mmHg or diastolic ≥85 mmHg. *≥1.7 mmol/l (fasting), ≥2.0 mmol/l (not fasting). **Excluded 43.1 (PTSD). Bold values 
indicate statistically significant results. aIndependent sample t-test; bMann–Whitney U-test; cPearson’s chi-square test; dFisher’s exact test. 
Abbreviations: T2DM, type 2 diabetes mellitus; MetS, Metabolic syndrome; SCL-10, Symptom Check List 10; SCI, Sleep Condition Indicator; EAT-12, Eating Attitude Test 
12; PTSD, Posttraumatic stress disorder.
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with PTSD, 34.3% were diagnosed with affective disorders, 31.3% were diagnosed with neurotic, stress-related, and 
somatoform disorders (excluding PTSD), 29.9% were diagnosed with personality and behavioral disorders, and 7.5% were 
diagnosed with behavioral and emotional disorders with onset usually occurring in childhood and adolescence.

Risk of MetS in Trauma-Exposed Inpatients, and the Interaction Effects Between 
Group and Risk Factors for MetS
Table 3 presents the results (OR with 95% CI) from binary logistic regression models, reporting crude OR for MetS in 
the bivariate models, age, gender and risk factor (in separate models) adjusted OR for MetS between trauma-exposed 
inpatients and blood donors in the multivariable models, and age, gender and risk factor (in separate models) adjusted 
interaction OR for MetS for Group*risk factor in the interaction models.

Age- and gender adjusted ORs for MetS in the multivariable model showed a significantly higher risk of MetS among 
the inpatients compared to the blood donors. Upon adding, in separate models (one at a time), education, smoking, 
symptoms of disordered eating (ie, oral control and dieting), adult trauma, consumption of sugar, alcohol, trans-fat, and 
salt, the increased OR of MetS among inpatients compared to the blood donors remained significant, ranging from an OR 
of 2.27 adjusted for dieting, to an OR of 3.06, adjusted for adult trauma. Adding (only one at time) symptoms of bulimia 
and food preoccupation, physical activity level, mental distress, sleep condition, and childhood trauma, the significantly 
higher OR of MetS among inpatients compared to the blood donors did not remain. A significant interaction effect was 
observed only for age, with an OR of 1.07.

Compared to age- and gender adjusted ORs of MetS among the inpatients compared to the blood donors in model 2, 
ORs decreased by 6.0% adjusted for education; 20.3% adjusted for symptoms of bulimia and food preoccupation; 9.6% 
adjusted for symptoms of dieting; 35.5% adjusted for sleep condition; 45.8% adjusted for mental distress; 24.3% adjusted 
for childhood trauma; 21.9% adjusted for physical activity level; 0.4% adjusted for sugar consumption; and increased by 

Table 3 Bivariate and Multivariable Binary Logistic Regression Models Showing Adjusted OR for MetS in 
Trauma-Exposed Inpatients Compared to Blood Donors and Interaction OR for MetS of Group*risk Factor

Variable Bivariate Model Multivariable Model Interaction Model

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Group 1.76 (0.88–3.52) 0.109
Age 1.04 (1.02–1.07) 0.002 2.38a (1.13–5.01) 0.022 1.07a (1.01–1.13) 0.020
Gender 1.16 (0.59–2.27) 0.676 2.51b (1.18–5.34) 0.017 0.76b (0.18–3.32) 0.764

Education 0.86 (0.63–1.18) 0.350 2.36 (1.07–5.23) 0.034 0.94 (0.46–1.92) 0.860
Oral control 0.82 (0.67–1.01) 0.056 3.00 (1.33–6.77) 0.008 1.07 (0.56–2.05) 0.839

Bulimia and food preoccupation 1.09 (0.97–1.24) 0.145 2.00 (0.83–4.78) 0.121 0.82 (0.52–1.29) 0.388

Dieting 1.06 (0.95–1.19) 0.288 2.27 (1.00–5.14) 0.050 0.86 (0.64–1.15) 0.289
Sleep condition 0.96 (0.93–1.00) 0.056 1.62 (0.56–4.68) 0.369 0.90 (0.79–1.02) 0.107

Mental distress 1.61 (1.07–2.41) 0.021 1.36 (0.41–4.49) 0.619 1.43 (0.28–7.36) 0.670
Childhood trauma 1.13 (0.97–1.30) 0.111 1.90 (0.67–5.38) 0.229 0.77 (0.40–1.46) 0.420

Adult trauma 1.07 (0.87–1.33) 0.513 3.06 (1.16–8.10) 0.024 0.70 (0.35–1.39) 0.304

Cigarette smoking 1.26 (0.55–2.89) 0.584 2.55 (1.14–5.69) 0.022 1.53 (0.12–18.78) 0.741
Physical activity level 0.54 (0.35–0.81) 0.003 1.96 (0.86–4.46) 0.110 0.74 (0.29–3.95) 0.537

Sugar 1.00 (1.00–1.01) 0.303 2.50 (1.14–5.50) 0.022 0.98 (0.95–1.00) 0.085

Alcohol 1.00 (0.97–1.03) 0.877 2.62 (1.20–5.72) 0.015 0.99 (0.92–1.07) 0.809
Trans-fat 0.73 (0.39–1.38) 0.335 2.72 (1.24–5.96) 0.012 0.77 (0.18–3.30) 0.721

Salt 1.00 (1.00–1.00) 0.909 2.68 (1.22–5.88) 0.014 1.00 (1.00–1.00) 0.637

Notes: Bold values indicate statistically significant results. Gender was coded as 1 = female and 2 = male; group coded as 1 = blood donors and 
2 = inpatients; cigarette smoking was coded as 0 = non-smoking and 1 = smoking. Physical activity level was coded as 1 = low; 2 = moderate; 3 
= high. Crude model = crude OR for MetS of the listed variables; multivariable model = age, gender and risk factor (only one at time) adjusted 
OR for MetS between trauma-exposed inpatients and blood donors; interaction model = age, gender and risk factor-adjusted interaction OR 
for MetS for Group*risk factor/listed variable. aage adjusted, bage and gender adjusted. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S536015                                                                                                                                                                                                                                                                                                                                                                                                   2675

Roer et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



19.5% adjusted for symptoms of oral control; 21.9% adjusted for adult trauma; 1.6% adjusted for smoking; 4.4% 
adjusted for consumption of alcohol; 8.4% adjusted for consumption of trans-fat; and 6.8% adjusted for salt consumption.

Discussion
This study aimed to explore the risk of MetS in trauma-exposed inpatients compared with blood donors, including the 
interaction effects of associated psychological, biological, and behavioral risk factors for MetS. The main finding of the 
present study was that being in the trauma-exposed inpatient group was associated with a significantly higher age- and 
gender adjusted risk for MetS. Adjusted for level of education, cigarette smoking, symptoms of disordered eating (ie, 
“dieting” and “oral control”) and consumption of selected nutrients, the significantly higher risk of MetS among the 
inpatients remained. However, the increase in MetS risk was abolished upon adjustment for symptoms of bulimia and 
food preoccupation, mental distress, sleep condition, childhood trauma, and physical activity level, indicating these 
factors to be important MetS-associated predictors.

The higher age- and gender adjusted risk of MetS among the inpatients, including the influence of age, supports 
previous research.5,9,43 The association between trauma exposure and MetS is, however, complex,10,11 consisting of 
psychological, biological, and behavioral responses to stress, which directly or indirectly affect the metabolism of the 
body and thus increase the risk of metabolic disease.44

The decreased OR for MetS among the inpatients, after adjusting for childhood trauma, may indicate childhood 
trauma to be an important risk factor for MetS in this sample and support previous research.9 Experiencing trauma early 
in life has been associated with allostatic overload,45 which in turn is associated with low socioeconomic status, physical 
inactivity, cigarette smoking, alcohol consumption, unhealthy eating and thus poorer metabolic and cardiovascular 
health.45 The impact of socioeconomic status on health is well known,46 and experiencing trauma, especially in 
childhood, can contribute to a lower chance of completing higher education.47

The association between depressive symptoms and increased risk of MetS is well established,48 and comorbid 
depression in PTSD patients has been associated with further increased risk of MetS.43 The results of this study support 
this as evidenced in the decreased OR for MetS in the inpatients after adjustment for mental distress. In addition, the 
decreasing OR for MetS among the inpatients after adjusting for sleep condition (SCI) may be explained by the effect of 
poor sleep upon the metabolic and cardiovascular systems.49

Symptoms of “bulimia and food preoccupation” and “dieting” were both associated with increased risk of MetS 
among the inpatients, which is consistent with previous observations.50 Disordered eating may reflect a need to regulate 
emotions and avoid traumatic memories, and some may experience an addiction to food and sweets.20 The significant OR 
of MetS among the inpatients did not remain after adjustment for symptoms of “bulimia and food preoccupation”, 
pointing to bulimia as an important risk factor of MetS in trauma-exposed inpatients.

Furthermore, cigarette smoking, physical inactivity, and excessive consumption of food and snacks with high amounts 
of sugar, trans-fat, and salt are associated with an increased risk of MetS.12 The higher risk of MetS among the inpatients 
remained significant after adjustment for cigarette smoking and nutrients, but not for physical activity level. This 
suggests that physical inactivity is an important risk factor for MetS in trauma-exposed inpatients and might be explained 
by its positive effects on metabolic health.51 The lower consumption of alcohol among the inpatients compared to the 
blood donors may be explained by the clinic’s exclusion criteria. The increased OR of MetS among the inpatients after 
adjusting for trans-fat contradicts previous observations on the impact of trans-fat on metabolic and cardiovascular 
health.52 The significantly higher OR of MetS after adjusting for cigarette smoking might be due to cigarette smokers 
tending to have a lower body weight than non-smokers.53

The rather high prevalence of MetS among the blood donors may reflect the increasing incidence of MetS in the 
general population.2 Furthermore, results from a study of blood donors compared to the general population showed blood 
donors to be more often overweight for several reasons, including medical requirements for blood donation.54

Strengths and Limitations
This study does not come without limitations. There is a risk of detection bias in MetS, which could potentially have led 
to overestimation among the blood donors since fasting blood samples were collected from the inpatients at the clinic, 
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while samples were collected from blood donors in a non-fasting state. Additionally, blood pressure and waist 
circumference were measured only once, potentially impacting the accuracy of these measures and thus the results. 
Information bias may have occurred due to incomplete dietary records, as there may be food that the informant ate 
regularly, which was not listed in their records. Furthermore, the recruited samples were not age- and gender matched. 
Moreover, given the present study sample size, there is a risk of underpowered stratified analyses, and thus type II errors. 
In addition, convenience sampling has its limitations,55 and using active blood donors as a comparison group can present 
a number of challenges, such as bias from the healthy donor effect.56 Active blood donors are a selected group, 
representing a generally healthier subgroup of the population, with a generally healthy cardiovascular status and 
lifestyle,54,56 which potentially have led to an overestimated effect in the patient group of this study. However, attempts 
have been made to adjust for confounding factors in the analyses, allowing transferable validity of the conclusions.

Implications and Further Research
Care provided to inpatients who have experienced trauma should aim to reduce both mental and somatic health 
conditions, and health-care personnel should be aware of the increased risk of MetS that trauma-exposed patients may 
carry. MetS increases the risk of T2DM and CVD and can be largely prevented57 through increased physical activity and 
healthy dietary habits. However, it is important to note that people suffering from traumatic experiences can struggle with 
disordered eating and that symptoms of bulimia and binge eating can contribute to an increased risk of MetS. Therefore, 
mapping symptoms of disordered eating should be considered in this population.

However, the limitations of this study suggest the need for future studies to include larger samples, including 
a comparison group from the general population, who are followed over time.

Conclusion
Trauma-exposed inpatients in this study had a significantly higher age- and gender-adjusted risk of MetS compared to the 
blood donors. Several psychological and behavioral lifestyle factors indicated increased risk of MetS. In particular, childhood 
trauma, higher levels of mental distress, poor sleep and physical inactivity appeared to be associated with an increased risk of 
MetS. The results suggest health-care professionals to be aware of the potential increased risk of MetS among trauma-exposed 
inpatients and prioritize addressing their somatic health conditions. However, given this study cross-sectional design, the 
results of the current study should be interpreted with caution. Future prospective research is needed, within larger samples.
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