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Background: While cardiovascular diseases is highly prevalent and an important 
cause of mortality in autistic adults, knowledge on their increased cardiovascular 
risk is limited. Hence, this study aimed to investigate psychological, behavioral, 
and physical factors associated with metabolic syndrome (MetS) in adults with 
autistic traits.

Methods: In total, 17,705 adults from the Lifelines Cohort were included and 
categorized using Autism Spectrum Quotient-10 sum-scores. The quartiles with 
highest (HQ-traits-group females: n  =  2,635; males: n  =  1803) and lowest levels 
of autistic traits (LQ-traits-group, n  =  idem) were analyzed. Using multivariable 
logistic regression, the associations between MetS and (self-reported and 
interviewed) psychological, behavioral, and physically measured factors in these 
stratified groups were investigated.

Results: Among females, MetS was more common in the HQ-traits-group than in the 
LQ-traits-group (10.0% versus 7.5%, p < 0.01), while this was not the case among males 
(HQ-traits-group  13.8% versus LQ-traits-group  13.1%, p = 0.52). In both the female 
and male HQ-traits-group, the presence of MetS was associated with poorer self-
reported health, less daily physical activity, and altered leukocyte counts.

Conclusion: These findings underline the relevance of adequate cardiovascular 
prevention in adults with higher levels of autistic traits. Future research could gain 
more insight into the relationship between cardiovascular risk and autistic traits in 
females, and into tailored cardiovascular prevention.
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Introduction

Autism spectrum disorder (ASD) is associated with an 
approximate two-fold increased mortality risk (1–3). In particular, 
cardiovascular diseases are amongst the most common causes of death 
in adults with ASD (1–4). Several studies have reported an elevated 
risk for cardiovascular diseases in adults with ASD compared to adults 
without ASD, with odds ratios varying approximately from 1.3 to 2.5 
(5–7). Thus, the need to reduce their cardiovascular risk is evident. 
Furthermore, it is relevant to investigate cardiovascular risk in the 
general population in order to take those adults with autistic traits, 
specifically females, with a late or missed ASD-diagnosis into account, 
by analyzing them on the presence of autistic traits, rather than only 
on the presence of an ASD-diagnosis (8).

Metabolic syndrome (MetS) is a globally recognized set of major 
cardiovascular risk factors, namely hypertension, central obesity, 
increased fasting glucose, and dyslipidaemia (9). The prevalence of 
hypertension is not higher in autistic adults than in non-autistic 
adults, based on a recent meta-analysis (10). To our knowledge, the 
prevalence of central obesity, defined by increased waist circumference, 
has not been studied in autistic adults or in adults with autistic traits. 
Regarding the prevalence of diabetes in autistic people, mixed 
outcomes have been reported (5, 6, 11, 12). Previous studies including 
autistic adults investigated different or undefined outcome measures 
of dyslipidaemia, resulting in contradicting results (5, 7, 11, 12). Thus, 
the total prevalence of MetS, defined as the presence of at least three 
of five criteria (9), in adults with autistic traits remains unclear.

For future development of preventive cardiovascular 
interventions, more insight into the psychological, behavioral, and 
physical factors associated with cardiovascular risk (i.e., MetS) in 
autistic adults is needed (7, 10). Therefore, the biopsychosocial factors 
that will be assessed in this study include stress, anxiety, depression, 
alcohol consumption, smoking, physical activity, and immunological 
blood markers (13–18).

We hypothesize that an increased cardiovascular risk in adults 
with autistic traits is associated with the degree of autistic traits and 
related to biopsychosocial factors. Moreover, autistic males and 
females have different cardiovascular risk profiles (7). Therefore, the 
aim of this study is to investigate the prevalence of MetS and which 
psychological, behavioral, and physical factors are associated with 
MetS in female and male adults with autistic traits.

Methods

Study population

Our database consisted of data from two database: the Lifelines 
database and the IADB.nl pharmacy database. We first included adults 
from the general population in the Dutch Lifelines Cohort Study. 
“Lifelines is a multi-disciplinary prospective population-based cohort 
study examining in a unique three-generation design the health and 
health-related behaviors of 167,729 persons living in the North of the 
Netherlands. It employs a broad range of investigative procedures in 
assessing the biomedical, sociodemographic, behavioral, biological 
and psychological factors which contribute to the health and disease 
of the general population, with a special focus on multi-morbidity and 
complex genetics. The Lifelines protocol was approved by the UMCG 
Medical ethical committee under number 2007/152” (19). We used 

the second assessment of the Lifelines Study, which took place 
between 2014 and 2017.

Next, the Lifelines data from the 37,924 participants who 
submitted an autism questionnaire (AUTQ) in 2019 were combined 
with the medication data from the University of Groningen IADB.nl 
pharmacy prescription database. “This is a growing database that 
contains prescription data for more than 20 years from 1996 to 2016 
from approximately 90 community pharmacies and covers an 
estimated population of 900,000 patients. Registration in the database 
is irrespective of health care insurance and age, gender and 
prescription rates among the database population have been found to 
be representative of the Netherlands as a whole (20), and the database 
has been widely used for research. Each person is individually tracked 
throughout the database period and prescription records contain 
information on the date of dispensing, the quantity dispensed, the 
dose regimen, the number of days the prescription is valid, the 
prescribing physician and the Anatomical Therapeutic Chemical code 
(ATC code). Each patient has a unique anonymous identifier; date of 
birth and gender are known. Due to the high patient-pharmacy 
commitment in the Netherlands, the medication records for each 
patient are virtually complete, except for over the counter (OTC) 
drugs and medication dispensed during hospitalization” (21).

For the current study (Figure 1), we included 17,705 participants, 
≥18 years old at the onset of the second Lifelines assessment, who 
self-reported whether they had an ASD-diagnosis, and completed the 
short version of the Autism Spectrum Quotient (AQ-10). The 17,705 
included participants were sex-stratified (10,539 females and 7,212 
males) and then categorized in quartiles based on their AQ-10 
sum-scores, resulting in a female quartile with highest AQ-10 
sum-scores (female HQ-traits-group: n = 2,635), female quartile with 
lowest AQ-10 sum-scores (LQ-traits-group: n = 2,635), male quartile 
with highest AQ-10 sum-scores (male HQ-traits-group: n = 1803), and 
male quartile with lowest AQ-10 sum-scores (LQ-traits-group: 
n = 1803).

Of the 17,705 included participants, 198 reported having an 
ASD-diagnosis (1.1%). In the ASD-group (n = 198), 21 participants 
(10.6%) met the criteria for having MetS. However, G*Power analysis 
showed that for logistic regression using MetS as outcome and with a 
power of at least 0.8, in the ASD-group at least 43 participants needed 
to meet the criteria for MetS. Thus, the power in the diagnosed 
ASD-group was insufficient for performing regression.

Autistic community involvement
During several brainstorm sessions, our research team was 

advised about relevant research questions and variables by a project-
group of the Dutch ‘Academic Workplace Autism’, which consisted of 
both adults with ASD and clinicians with experience treating people 
with ASD.

Measures

Autistic traits
The AQ-10 is a valid instrument to roughly quantify the level of 

autistic traits in adults with average intelligence (22). It is not designed 
to determine the presence of an ASD-diagnosis, but it can indeed 
be  used to investigate the degree of autistic traits in population 
samples (23–26). The AQ-10 consists of ten questions about the 
following five domains of autistic traits: attention to detail, attention 
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switching, communication, imagination, and social skills (22). The 
questions are scored with a four-point Likert-scale. The minimum 
AQ-10 score is zero and the maximum score is 10; a higher score 
represents the presence of more autistic traits.

Metabolic syndrome
The definition of MetS was the presence of at least three of five 

criteria (9): an increased waist circumference (in males: 102 cm, in 

females: 88 cm; measured by trained Lifelines’ staff), increased fasting 
glucose (serum level 5.6 mmol/L and/or use of blood glucose-lowering 
drugs), decreased HDL-cholesterol (in males:1.0 mmol/L, in 
females:1.3 mmol/L, and/or use of lipid-modifying drugs), increased 
triglycerides (1.7 mmol/L and/or use of lipid-modifying drugs), and/
or hypertension (systolic blood pressure 130 mmHg, and/or diastolic 
blood pressure 85 mmHg, and/or use of antihypertensive drugs). The 
ATC-codes used to assess the use of blood glucose-lowering drugs, 

FIGURE 1

Flow diagram of study population.
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lipid-modifying drugs, and antihypertensive drugs can be found in 
Supplementary Table S1. The use of these drugs was based on 
prescription in the IADB.nl database within a period of 180 days 
before the physical visit of the second Lifelines assessment.

Psychological factors
The presence of depression and anxiety were determined with a 

face-to-face Mini International Neuropsychiatric Interview [MINI; 
based on the DSM-IV-TR (27)]. Depression was defined as any 
current depressive disorder: major depressive disorder or dysthymia. 
The definition of anxiety included any current anxiety disorder: panic 
disorder, agoraphobia, social phobia, or generalized anxiety disorder. 
Long-term Difficulties Inventory (LDI) sum-scores were used to 
assess self-reported stress. Self-reported health was quantified with the 
following 5-point Likert scale RAND-question: ‘How would you rate 
your health generally speaking?’

Behavioral factors
Physical activity was determined with the following question from 

the Short Questionnaire to Assess Health-enhancing physical activity: 
“Adding everything up, on how many days per week on average are 
you involved in cycling, doing odd jobs, gardening, sport, or other 
strenuous activities for at least 30 min?” The prevalence of an average 
alcohol intake of at least three glasses per day [heavy drinking (28, 
29)] was measured with a question from the Flower Food Frequency 
questionnaire (FFQ): “During the past month, how many glasses of 
alcoholic drinks did you drink per day on average?” Smoking was 
assessed with self-report regarding smoking in the past month.

Biological factors
Leukocyte- and subtype-counts were analyzed because they are 

measures of (low-grade) inflammation and a biological stress 
response. Chronic low-grade inflammation is an essential pathogenic 
factor for MetS (30, 31). Blood samples were drawn by trained 
Lifelines’ staff during a physical visit.

Covariates
Self-reported employment status and educational attainment were 

combined to determine socioeconomic status. Employment was 
defined as doing paid work for one or more hours per week. Low 
educational attainment included no education, primary, lower or 
preparatory vocational education, or lower general secondary 
education. Middle educational attainment was defined as: intermediate 
vocational education or apprenticeship, higher general secondary 
education, or pre-university secondary education. High educational 
attainment entailed higher vocational education or university. As 
several types psychotropic drugs can have weight gain as side effect, 
potentially weight-increasing antidepressants, antipsychotics, and 
anticonvulsants were assessed. None of the included participants used 
anticonvulsants. A list of the Anatomical Therapeutic Chemical (ATC) 
codes to identify the use of antidepressants and antipsychotics can 
be found in Supplementary Table S1.

Statistical analysis

We used IBM SPSS Statistics version 25 for all data analyses. 
Basic characteristics, including the prevalence of MetS, were 

compared with univariable analyses in the following groups: female 
HQ-traits-group versus female LQ-traits-group and male HQ-traits-
group versus male LQ-traits-group (Table  1). These univariable 
analyses involved Chi-square tests for categorical variables and 
Student’s t-tests or Mann–Whitney U tests for continuous variables. 
Next, multivariable analyses were performed in the female and male 
HQ- and LQ-traits-groups: psychological, behavioral, and biological 
factors were compared between these sex-stratified groups using 
multivariable regression, with correction for age and socioeconomic 
status (Table 2). Lastly, multivariable logistic regression with the 
presence of MetS as outcome measure was conducted (Table 3). 
These logistic regression models were executed for each of the 
included psychological, behavioral, and biological variables in the 
sex-stratified HQ-traits- and LQ-traits-groups. Age and 
socioeconomic status (employment and education) were included as 
covariates. Because of some missing data in the employment and 
educational attainment (see Supplementary Table S2), we performed 
step-by-step with three models (model 1 adjusted for age; model 2 
adjusted for age and employment; model 3 adjusted for age, 
employment, and educational attainment). Model 3 was the most 
suitable as the point estimates remained similar. From the 
investigated potentially weight gain-inducing psychotropic drugs, 
only antidepressants were frequently used in our study population. 
Therefore, the latter logistic regression models were also performed 
with correction for the use of antidepressants. However, this did not 
result in outcomes leading to different conclusions, since the same 
significant outcomes were found. Transformation of skewed data 
was not indicated, because the assumptions of logistic regression 
were met based on the nature of the distributions and the large 
sample sizes.

Results

Basic characteristics

The basic characteristics of the females and males in the HQ- and 
LQ-traits-groups are shown in Table  1. The mean ages were not 
different within the female and male groups. In both the female and 
male HQ-traits-groups, the socioeconomic status was lower than in 
the female and male LQ-traits-groups.

Metabolic syndrome

MetS was more common in the female HQ-traits-group than in 
the female LQ-traits-group (10.0% vs. 7.5%, p < 0.01, see Table 1). In 
contrast, among males, the prevalence of MetS in the HQ-traits-group 
was not different from the LQ-traits-group (13.8% vs. 13.1%, p = 0.52). 
The prevalence of MetS was higher in the male HQ-traits-group than 
in the female HQ-traits-group (13.8% vs. 10.0%, p < 0.01).

Psychological, behavioral and biological 
factors associated with MetS

The psychological, behavioral, and biological factors in the female 
and male HQ- and LQ-traits-groups can be found in Table 2.
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Table  3 shows the associations between these psychological, 
behavioral, and biological factors and the presence of MetS. In the 
female HQ-traits-group, the presence of MetS was associated with 
higher stress levels, poorer self-reported health, and the presence of a 
depressive disorder (OR 1.07, 95% CI 1.01–1.13; OR 0.53, 95% CI 
0.43–0.66; OR 1.65, 95% CI 1.03–2.63; see Table 3). To explain, for 
example, a one-point higher score on the LDI stress questionnaire 
increases the odds of having MetS 1.07 times. Regarding behavioral 
factors, the presence of MetS was associated with less physical activity 
and smoking in the female HQ-traits-group (OR 0.88, 95% CI 0.91–
0.95; OR 1.53, 95% CI 1.01–2.30). In other words, one more day of at 
least 30 min of physical activity per week decreases the odds of having 
MetS 0.88 times. In addition, higher total leukocyte-, neutrophil-, 
lymphocyte-, and monocyte-counts were associated with MetS in the 
female HQ-traits-group. However, in the female HQ-traits-group, the 
presence of anxiety disorders, alcohol use of more than two glasses per 
day, eosinophil-counts, and the neutrophil-to-lymphocyte ratio were 
not associated with the presence of MetS.

In the male HQ-traits-group (see Table 3), the presence of 
MetS was associated with poorer self-reported health, less physical 
activity, and higher total leukocyte-, neutrophil-, lymphocyte-, 
and monocyte-counts (OR 0.59, 95% CI 0.48–0.72; OR 0.84, 95% 
CI 0.78–0.92; OR 1.31, 95% CI 1.21–1.43; OR 1.39, 95% CI 1.24–
1.57; OR 2.00, 95% CI 1.54–2.59; OR 13.83, 95% CI 5.39–35.49). 
In this male HQ-group, MetS was not associated with stress levels, 
the presence of anxiety or depressive disorders, alcohol use, 
smoking, eosinophil-counts, and the neutrophil-to-
lymphocyte ratio.

Discussion

Our study showed that in the general population, MetS is more 
common in females with higher levels of autistic traits than in females 
with lower levels of autistic traits. When comparing males with higher 
and lower levels of autistic traits, their prevalence of MetS was not 

TABLE 1  Basic characteristic of HQ-traits-group, LQ-traits-group, and sex-stratified subgroups.

Females Males

HQ-traits-
group 

n  =  2,635

LQ-traits-
group 

n  =  2,635
Value of pa

HQ-traits-
group 

n  =  1803

LQ-traits-
group 

n  =  1803
Value of pa

Age (mean, SD) 49.1 (12.8) 48.6 (11.7) N.S. 51.7 (12.9) 51.9 (11.7) N.S.

AQ-10b sum score (median, IQR) 4 (4–5) 0 (0–1) <0.01 5 (5–6) 1 (0–1) <0.01

Ethnicity (N, %)

Eastern or Western European 2,421 (91.9) 2,484 (94.3) N.S. 1,656 (91.8) 1,677 (93.0) N.S.

Mediterranean or Arabic <10 (<0.4) <10 (<0.4) <10 (<0.6) <10 (<0.6)

Black <10 (<0.4) <10 (<0.4) <10 (<0.6) <10 (<0.6)

Asian <10 (<0.4) <10 (<0.4) <10 (<0.6) <10 (<0.6)

Other 28 (1.1) 15 (0.6) 11 (0.6) <10 (<0.6)

Educational attainment (N, %)

Low 581 (22.0) 302 (11.5) <0.01 389 (21.6) 186 (10.3) <0.01

Middle 863 (32.8) 713 (27.1) <0.01 517 (28.7) 412 (22.9) <0.01

High 733 (27.8) 1,171 (44.4) <0.01 546 (30.3) 860 (47.7) <0.01

Employment (N, %) 1,665 (63.2) 2006 (76.1) <0.01 1,201 (66.7) 1,348 (74.8) <0.01

Use of antipsychoticsc <10 (<0.4) <10 (<0.4) - <10 (<0.6) <10 (<0.6) -

Use of antidepressantsd 63 (2.4) 27 (1.0) <0.01 21 (1.2) <10 (<0.6) -

Metabolic syndromee (N, %) 264 (10.0) 197 (7.5) <0.01 248 (13.8) 236 (13.1) N.S.

WC ≥ threshold (N, %) 1,135 (43.1) 1,005 (38.1) <0.01 463 (25.7) 417 (23.1) N.S.

Hypertension (N, %) 960 (36.4) 839 (31.8) <0.01 954 (52.9) 972 (53.9) N.S.

Triglycerides ≥ threshold (N, %) 273 (10.4) 209 (7.9) <0.01 425 (23.6) 421 (23.3) N.S.

HDL-cholesterol < threshold (N, %) 386 (14.6) 309 (11.7) <0.01 196 (10.9) 163 (9.0) N.S.

Use of lipid-modifying drugs (N, %) 35 (1.3) 26 (1.0) N.S. 41 (2.3) 54 (3.0) N.S.

Increased fasting glucose (N, %) <10 (<0.4) <10 (<0.4) N.S. 10 (0.6) 13 (0.7) N.S.

aUnadjusted value of ps: Chi-square tests for categorical variables and Student’s t-tests or Mann–Whitney U tests for continuous variables. bAQ-10 = short version of the Autism Spectrum 
Quotient. cOnly antipsychotics which are likely to have weight gain as side effect were included (corresponding ATC-codes: see Supplementary Table S1). dOnly antidepressants which are likely 
to have weight gain as side effect were (corresponding ATC-codes: see Supplementary Table S1). eMetabolic syndrome was defined as the presence of three or more of the following criteria: (1) 
waist circumference (WC) above threshold: ≥88 cm in females and ≥102 cm in males, (2) hypertension: systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥85 mmHg, and/or use of 
antihypertensive drugs, (3) triglycerides ≥1.7 mmol/L and/or use of lipid-modifying drugs, (4) HDL-cholesterol <1.3 mmol/L in females and < 1.0 in males, and/or use of lipid-modifying. 
Drugs, (5) fasting serum glucose ≥5.6 mmol/L and/or use of blood glucose-lowering drugs.
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TABLE 2  Psychological, behavioral and biological factors: HQ-traits-group versus LQ-traits-group.

Females Males

HQ-traits-
group, 

n  =  2,635

LQ-traits-
group, 

n  =  2,635
Value of pa Adjusted OR 

(95% CI)b

HQ-traits-
group, 
n  =  1803

LQ-traits-
group, 
n  =  1803

Value of pa Adjusted OR 
(95% CI)b

Psychological

Stress (median, IQR) 2 (1–4) 2 (1–3) <0.01 1.17 (1.14–1.21) 2 (0–3) 1 (0–3) <0.01 1.17 (1.13–1.22)

Self-reported health (median, IQR) 3.0 (3.0–4.0) 3.0 (3.0–4.0) <0.01 0.64 (0.59–0.70) 3.0 (3.0–4.0) 4.0 (3.0–4.0) <0.01 0.65 (0.59–0.71)

Anxiety disorder (N, %) 331 (12.6) 127 (4.8) <0.01 2.80 (2.23–3.52) 146 (8.1) 41 (2.3) <0.01 3.48 (2.39–5.05)

Depressive disorder (N, %) 190 (7.2) 55 (2.1) <0.01 3.39 (2.42–4.74) 80 (4.4) 27 (1.5) <0.01 2.85 (1.77–4.59)

Behavioral

Alcohol use, >2 glasses/day (N, %) 259 (9.8) 275 (10.4) N.S. 0.98 (0.80–1.21) 412 (22.9) 502 (27.8) 0.02 0.70 (0.58–0.84)

Physical activity, days/week (median, IQR) 4.5 (3.0–6.0) 5.0 (3.0–6.0) <0.01 0.94 (0.91–0.98) 4.0 (2.5–6.0) 4.5 (3.0–6.0) <0.01 0.95 (0.91–0.99)

Smoking (N, %) 308 (11.7) 255 (9.7) 0.02 1.14 (0.93–1.39) 212 (11.8) 250 (13.9) N.S. 0.73 (0.58–0.91)

Biological

Total leukocytes (10E9/L) (median, IQR) 5.80 (4.90–6.90) 5.70 (4.90–6.80) <0.01 1.04 (1.00–1.08) 5.80 (4.90–6.83) 5.80 (5.00–6.90) N.S. 0.99 (0.95–1.03)

Neutrophils (10E9/L) (median, IQR) 3.11 (2.48–3.92) 3.03 (2.43–3.78) 0.01 1.05 (0.99–1.10) 3.03 (2.49–3.76) 3.05 (2.50–3.77) N.S. 1.00 (0.93–1.06)

Lymphocytes (10E9/L) (median, IQR) 1.92 (1.58–2.33) 1.91 (1.55–2.32) N.S. 1.00 (0.91–1.11) 1.89 (1.55–2.27) 1.90 (1.54–2.28) N.S. 0.89 (0.78–1.02)

Monocytes (10E9/L) (median, IQR) 0.46 (0.38–0.55) 0.45 (0.37–0.54) <0.01 1.94 (1.24–3.04) 0.52 (0.43–0.62) 0.51 (0.42–0.62) N.S. 0.93 (0.57–1.51)

Eosinophils (10E9/L) (median, IQR) 0.15 (0.10–0.23) 0.15 (0.10–0.23) N.S. 1.01 (0.62–1.65) 0.17 (0.11–0.26) 0.18 (0.12–0.27) N.S. 1.13 (0.65–1.96)

Neutrophil-to-lymphocyte ratio (median, IQR) 1.62 (1.26–2.12) 1.60 (1.21–2.05) N.S. 1.06 (0.98–1.14) 1.64 (1.25–2.14) 1.63 (1.27–2.08) N.S. 1.04 (0.95–1.14)

aUnadjusted p-values: Chi-square tests for categorical variables and Student’s t-tests or Mann–Whitney U tests for continuous variables. bAdjusted for age and socioeconomic status (employment and educational attainment).
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different. These findings are concordant with a previous sex-stratified 
study including adults with an ASD-diagnosis (7).

With respect to the investigated psychological factors, in both 
females and males with higher levels of autistic traits, the presence of 
MetS was strongly associated with poorer self-reported health. Also, 
stress levels and the presence of anxiety disorders were moderately 
associated with MetS in females with higher levels of autistic traits. To 
our knowledge, these findings cannot directly be compared to other 
studies, since the relation between these psychological variables and 
MetS in adults with autistic traits has not been examined previously. 
It does seem that autistic traits, self-reported health, stress and anxiety 
disorders are interrelated, based on previous research (32–34).

Regarding the assessed behavioral factors, the presence MetS was 
strongly associated with less physical activity in both females and 
males with higher levels of autistic traits. Moreover, females and males 
with higher levels of autistic traits were less physically active than 
females and males with lower levels of autistic traits. In previous 
studies, adults either with an ASD-diagnosis or autistic traits also 
reported less physical activity (35, 36). Smoking was moderately 
associated with MetS in the females with higher levels of autistic traits 
from our study. However, in our study, females with higher levels of 
autistic traits did not smoke more than females with lower levels of 
autistic traits, which is in line with previous research in autistic adults 
(37). Together, especially enhancement of physical activity should 
be taken into account in the prevention of cardiovascular risk for 
adults with autistic traits.

From the investigated biological factors, MetS was strongly 
associated with leukocyte and several -subtype counts in both males 

and females with higher levels of autistic traits. This association could 
be explained by increased chronic stress levels in adults with higher 
levels of autistic traits, as psychological stress can alter these 
immunological variables through the hypothalamic–pituitary–adrenal 
axis (18). Altered immune responses due to chronic stress are 
interrelated with metabolic activity and increased risk for 
cardiovascular diseases (31, 38, 39). However, MetS itself is also related 
to low-grade systemic inflammation, since the total leukocyte and 
-subtype counts were also associated with MetS in males and females 
with lower levels of autistic traits.

Strengths and limitations

The large sample size is the main strength of this study, reporting 
on a wide range of biopsychosocial variables in adults from a general 
population cohort. Furthermore, our analyses based on the 
participants’ level of autistic traits is a first step to better understand 
the increased risk for cardiovascular diseases in autistic adults and to 
identify cardiovascular risk profiles associated with higher level of 
autistic traits. Another strength of this study is the use of physically 
measured variables (e.g., blood pressure, fasting glucose, waist 
circumference, cholesterol levels) and linked medication data from the 
IADB.nl database to define the presence of MetS in participants.

Temporality was not examined in our study, because of the cross-
sectional design. Also, the AQ-10 scores were assessed on a later 
moment in time (on average 4 years later) than the measures of MetS 
and psychological, behavioral, and biological factors. However, it has 

TABLE 3  Multivariable logistic regression with the presence of metabolic syndrome as outcome.

Females Males

HQ-traits-group, 
n  =  2,635

LQ-traits-group, 
n  =  2,635

HQ-traits-group, 
n  =  1803

LQ-traits-group, 
n  =  1803

Metabolic syndrome 
(OR, 95% CI)a

Metabolic syndrome 
(OR, 95% CI)a

Metabolic syndrome 
(OR, 95% CI)a

Metabolic syndrome 
(OR, 95% CI)a

Psychological

Stress 1.07 (1.01–1.13) 1.05 (0.97–1.13) 1.01 (0.94–1.08) 1.12 (1.03–1.22)

Self-reported health 0.53 (0.43–0.66) 0.54 (0.44–0.68) 0.59 (0.48–0.72) 0.47 (0.38–0.58)

Anxiety disorder 1.13 (0.74–1.72) 1.68 (0.91–3.10) 1.44 (0.88–2.38) 1.42 (0.58–3.50)

Depressive disorder 1.65 (1.03–2.63) 1.93 (0.79–4.69) 1.58 (0.85–2.91) 1.06 (0.31–3.65)

Behavioral

Alcohol use of >2 glasses/day 1.00 (0.57–1.78) 1.87 (1.12–3.12) 1.28 (0.85–1.95) 1.84 (1.25–2.70)

Physical activity (days/week) 0.88 (0.91–0.95) 0.90 (0.83–0.98) 0.84 (0.78–0.92) 0.85 (0.78–0.92)

Smoking 1.53 (1.01–2.30) 1.51 (0.93–2.45) 1.05 (0.66–1.66) 1.69 (1.12–2.53)

Biological

Total leukocytes (10E9/L) 1.41 (1.30–1.52) 1.42 (1.29–1.55) 1.31 (1.21–1.43) 1.20 (1.09–1.31)

Neutrophils (10E9/L) 1.49 (1.34–1.65) 1.56 (1.38–1.77) 1.39 (1.24–1.57) 1.45 (1.28–1.65)

Lymphocytes (10E9/L) 2.32 (1.87–2.87) 1.64 (1.29–2.09) 2.00 (1.54–2.59) 1.47 (1.15–1.87)

Monocytes (10E9/L) 6.76 (2.81–16.28) 7.11 (2.35–21.50) 13.83 (5.39–35.49) 9.50 (3.71–24.35)

Eosinophils (10E9/L) 2.40 (0.84–6.87) 2.94 (0.98–8.89) 1.84 (0.69–4.86) 2.28 (0.71–7.33)

Neutrophil-to-lymphocyte ratio 1.07 (0.90–1.26) 1.25 (1.04–1.49) 1.12 (0.94–1.34) 1.17 (0.99–1.39)

aAdjusted for age and socioeconomic status (employment and educational attainment).
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previously been investigated that the AQ-10 test–retest reliability was 
adequate with a time interval of 6 to 12 months (40). It could 
be debated whether differences in AQ-10 scores between males and 
females had an effect on the found associations. However, the 
statistical AQ-10 variance was smaller in males than in females from 
the HQ-traits-groups. Also, the adult AQ-10 was validated for both 
men and women (22). Moreover, categorization of our study 
population in reversed order (first into HQ-/LQ-traits-groups and 
then sex-categorization) did not lead to other main study results. Next, 
it should be noted that in the Lifelines Cohort, only people with the 
ability to fill in self-report questionnaires were eligible for inclusion. 
Thus, our study results cannot be generalized to adults with (cognitive) 
disabilities impacting self-report. Lastly, since 25 (12.6%) of the 
participants with ASD from the 198 participants with ASD in the total 
study population were not included in the final analysis of female and 
male HQ- and LQ-traits-groups, our study was not able to cover all 
people diagnosed with ASD in our Lifelines Cohort sample.

Implications

Healthcare providers, such as general practitioners and 
psychiatrists, should be alert to assess cardiovascular risk factors when 
providing care for females with autistic traits, because of their 
increased prevalence of MetS. This implies that a wider range of 
females with higher levels of autistic traits, other than only those with 
an ASD-diagnosis based on previous research (7), should be included 
in timely cardiovascular preventive interventions. Next, adults with 
autistic traits and their healthcare providers should be educated about 
the factors associated with MetS in this population. Future studies 
could gain more insight into the pathway through which autistic traits, 
biopsychosocial factors, and cardiovascular risk factors interact, 
especially in females.

Conclusion

In females with higher levels of autistic traits, the prevalence of 
MetS is higher than in females with lower levels of autistic traits. In 
both males and females with higher levels of autistic traits, the 
presence of MetS is strongly associated with poorer self-reported 
health, less physical activity, and altered leukocyte and -subtype 
counts. Earlier and adequate cardiovascular preventive measures are 
indicated for adults with relatively more autistic traits. To decrease 
morbidity and mortality of adults with high levels of autistic traits, 
future research should focus on implementation of cardiovascular 
prevention for adults with autistic traits.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: All data collected for the study, including individual 
(pseudonymized) participant data and a data dictionary defining each 
field in the set, are available via the Lifelines Research Office and 
Statistics Netherlands (CBS). Access to this dataset and other available 
data from the Lifelines cohort and CBS can be requested by scientists. 

Access will be  granted after evaluation of an application form 
describing the research proposal (including a data selection) and a 
signed Data and Material Transfer Agreement. Data will be released 
in a secure environment. Requests to access these datasets should 
be  directed to Director General of Statistics Netherlands (CBS), 
AanvraagMicrodata@cbs.nl; https://www.lifelines.nl/researcher/
how-to-apply.

Ethics statement

The studies involving humans were approved by University 
Medical Center Groningen, Medical Ethical Committee. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

EW: Conceptualization, Formal analysis, Investigation, 
Methodology, Visualization, Writing – original draft, Writing – review 
& editing. LN: Conceptualization, Supervision, Writing – review & 
editing. PL: Conceptualization, Writing – review & editing. HG: 
Conceptualization, Writing – review & editing. MT: Conceptualization, 
Methodology, Supervision, Writing – review & editing. JB: Data 
curation, Writing – review & editing. EH: Writing – review & editing. 
HH: Funding acquisition, Writing – review & editing. ER: 
Conceptualization, Writing – review & editing. RV: Conceptualization, 
Supervision, Writing – review & editing. WE: Conceptualization, 
Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. “This work, the 
Lifelines initiative, was supported by subsidy from the Dutch Ministry 
of Health, Welfare and Sport, the Dutch Ministry of Economic Affairs, 
the University Medical Centre Groningen and the Provinces in the 
North of the Netherlands (Drenthe, Friesland, Groningen)” (19). Our 
study was supported by a grant from the Netherlands Organisation for 
Health Research and Development (NWO-ZonMw) (grant number 
639003101). “The IADB.nl and the PharmLines Initiative are funded 
by the University of Groningen, Groningen Research Institute of 
Pharmacy” (20).

Acknowledgments

We wish to acknowledge the services of the Lifelines Cohort 
Study, all study participants, the contributing research centres 
delivering data to Lifelines, and the participating IADB.nl pharmacies 
for providing their data for research. We also thank the members of 
Dutch ‘Academic Workplace for Autism’ for contributing to this study 
by sharing useful insights regarding the importance of selected study 
outcomes for the autistic population.

https://doi.org/10.3389/fpsyt.2023.1303840
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
mailto:AanvraagMicrodata@cbs.nl
https://www.lifelines.nl/researcher/how-to-apply
https://www.lifelines.nl/researcher/how-to-apply


Warreman et al.� 10.3389/fpsyt.2023.1303840

Frontiers in Psychiatry 09 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1303840/
full#supplementary-material

References
	1.	Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, Bölte S. 

Premature mortality in autism spectrum disorder. Br J Psychiatry. (2016) 208:232–8. doi: 
10.1192/bjp.bp.114.160192

	2.	Hwang YIJ, Srasuebkul P, Foley KR, Arnold S, Trollor JN. Mortality and cause of 
death of Australians on the autism spectrum. Autism Res. (2019) 12:806–15. doi: 
10.1002/aur.2086

	3.	Schendel DE, Overgaard M, Christensen J, Hjort L, Jørgensen M, Vestergaard M, 
et al. Association of Psychiatric and Neurologic Comorbidity with Mortality among 
Persons with Autism Spectrum Disorder in a Danish population. JAMA Pediatr. (2016) 
170:243–50. doi: 10.1001/jamapediatrics.2015.3935

	4.	Shavelle RM, Strauss DJ, Pickett J. Causes of death in autism. J Autism Dev Disord. 
(2001) 31:569–76. doi: 10.1023/a:1013247011483

	5.	Croen LA, Zerbo O, Qian Y, Massolo ML, Rich S, Sidney S, et al. The health status 
of adults on the autism spectrum. Autism. (2015) 19:814–23. doi: 
10.1177/1362361315577517

	6.	Hand BN, Angell AM, Harris L, Carpenter LA. Prevalence of physical and mental 
health conditions in Medicare-enrolled, autistic older adults. Autism. (2020) 24:755–64. 
doi: 10.1177/1362361319890793

	7.	Weir E, Allison C, Warrier V, Baron-Cohen S. Increased prevalence of non-
communicable physical health conditions among autistic adults. Autism. (2021) 
25:681–94. doi: 10.1177/1362361320953652

	8.	Lai MC, Baron-Cohen S. Identifying the lost generation of adults with autism 
spectrum conditions. Lancet Psychiatry. (2015) 2:1013–27. doi: 10.1016/
S2215-0366(15)00277-1

	9.	Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. 
Harmonizing the metabolic syndrome: a joint interim statement of the international 
diabetes federation task force on epidemiology and prevention; National Heart, Lung, 
and Blood Institute; American Heart Association; world heart federation; international 
atherosclerosis society; and International Association for the Study of obesity. 
Circulation. (2009) 120:1640–5. doi: 10.1161/CIRCULATIONAHA.109.192644

	10.	Dhanasekara CS, Ancona D, Cortes L, Hu A, Rimu AH, Robohm-Leavitt C, et al. 
Association between autism Spectrum disorders and cardiometabolic diseases: a 
systematic review and meta-analysis. JAMA Pediatr. (2023) 177:248–57. doi: 10.1001/
jamapediatrics.2022.5629

	11.	Fortuna RJ, Robinson L, Smith TH, Meccarello J, Bullen B, Nobis K, et al. Health 
conditions and functional status in adults with autism: a cross-sectional evaluation. J 
Gen Intern Med. (2016) 31:77–84. doi: 10.1007/s11606-015-3509-x

	12.	Vohra R, Madhavan S, Sambamoorthi U. Comorbidity prevalence, healthcare 
utilization, and expenditures of Medicaid enrolled adults with autism spectrum 
disorders. Autism. (2017) 21:995–1009. doi: 10.1177/1362361316665222

	13.	Denollet J, Maas K, Knottnerus A, Keyzer JJ, Pop VJ. Anxiety predicted premature 
all-cause and cardiovascular death in a 10-year follow-up of middle-aged women. J Clin 
Epidemiol. (2009) 62:452–6. doi: 10.1016/j.jclinepi.2008.08.006

	14.	Harshfield EL, Pennells L, Schwartz JE, Willeit P, Kaptoge S, Bell S, et al. 
Association between depressive symptoms and incident cardiovascular diseases. JAMA. 
(2020) 324:2396–405. doi: 10.1001/jama.2020.23068

	15.	Rosengren A, Hawken S, Ôunpuu S, Sliwa K, Zubaid M, Almahmeed WA, et al. 
Association of psychosocial risk factors with risk of acute myocardial infarction in 11119 
cases and 13648 controls from 52 countries (the INTERHEART study): case-control 
study. Lancet. (2004) 364:953–62. doi: 10.1016/S0140-6736(04)17019-0

	16.	Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of 
potentially modifiable risk factors associated with myocardial infarction in 52 countries 
(the INTERHEART study): case-control study. Lancet. (2004) 364:937–52. doi: 10.1016/
S0140-6736(04)17018-9

	17.	Cole SW. Social regulation of leukocyte homeostasis: the role of glucocorticoid 
sensitivity. Brain Behav Immun. (2008) 22:1049–55. doi: 10.1016/j.bbi.2008.02.006

	18.	Dhabhar FS, Malarkey WB, Neri E, McEwen BS. Stress-induced redistribution of 
immune cells--from barracks to boulevards to battlefields: a tale of three hormones--
Curt Richter award winner. Psychoneuroendocrinology. (2012) 37:1345–68. doi: 
10.1016/j.psyneuen.2012.05.008

	19.	Scholtens S, Smidt N, Swertz MA, Bakker SJL, Dotinga A, Vonk JM, et al. Cohort 
profile: life lines, a three-generation cohort study and biobank. Int J Epidemiol. (2015) 
44:1172–80. doi: 10.1093/ije/dyu229

	20.	Visser ST, Schuiling-Veninga CC, Bos JH, de Jong-van den Berg LT, Postma MJ. 
The population-based prescription database IADB.Nl: its development, usefulness in 
outcomes research and challenges. Expert Rev Pharmacoecon Outcomes Res. (2013) 
13:285–92. doi: 10.1586/erp.13.20

	21.	Sediq R, van der Schans J, Dotinga A, Alingh R, Wilffert B, Bos JHJ, et al. 
Concordance assessment of self-reported medication use in the Netherlands three-
generation lifelines cohort study with the pharmacy database ia DB.Nl: the pharm lines 
initiative. Clin Epidemiol. (2018) 10:981–9. Published 2018 Aug 16. doi: 10.2147/CLEP.
S163037

	22.	Allison C, Auyeung B, Baron-Cohen S. Toward brief “red flags” for autism 
screening: the short autism Spectrum quotient and the short quantitative checklist for 
autism in toddlers in 1,000 cases and 3,000 controls. J Am Acad Child Adolesc Psychiatry. 
(2012) 51:202–212.e7. doi: 10.1016/j.jaac.2011.11.003

	23.	Ashwood KL, Gillan N, Horder J, Hayward H, Woodhouse E, McEwen FS, et al. 
Predicting the diagnosis of autism in adults using the autism-Spectrum quotient (AQ) 
questionnaire. Psychol Med. (2016) 46:2595–604. doi: 10.1017/S0033291716001082

	24.	Lundin A, Kosidou K, Dalman C. Measuring autism traits in the adult general 
population with the brief autism-Spectrum quotient, AQ-10: findings from the 
Stockholm public health cohort. J Autism Dev Disord. (2019) 49:773–80. doi: 10.1007/
s10803-018-3749-9

	25.	Sizoo BB, Horwitz EH, Teunisse JP, Kan CC, Vissers CTWM, Forceville EJM, et al. 
Predictive validity of self-report questionnaires in the assessment of autism spectrum 
disorders in adults. Autism. (2015) 19:842–9. doi: 10.1177/1362361315589869

	26.	Warrier V, Greenberg DM, Weir E, Buckingham C, Smith P, Lai MC, et al. Elevated 
rates of autism, other neurodevelopmental and psychiatric diagnoses, and autistic traits 
in transgender and gender-diverse individuals. Nat Commun. (2020) 11:3959. Published 
2020 Aug 7. doi: 10.1038/s41467-020-17794-1

	27.	Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The 
Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and 
validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J 
Clin Psychiatry. (1998) 59:22–57.

	28.	Wouters HJCM, van Zeventer IA, van der Klauw MM, Wolffenbuttel BHR, Huls 
G. Association between peripheral blood cell count abnormalities and health-related 
quality of life in the general population. Hema. (2020) 5:e503. Published 2020 Dec 21. 
doi: 10.1097/HS9.0000000000000503

	29.	Rausch C, van Zon SKR, Liang Y, Laflamme L, Möller J, de Rooij SE, et al. Geriatric 
syndromes and incident chronic health conditions among 9094 older community-
dwellers: findings from the lifelines cohort study. J Am  Med Dir Assoc. (2022) 
23:54–59.e2. doi: 10.1016/j.jamda.2021.02.030

	30.	Del Giudice M, Gangestad SW. Rethinking IL-6 and CRP: why they are more than 
inflammatory biomarkers, and why it matters. Brain Behav Immun. (2018) 70:61–75. 
doi: 10.1016/j.bbi.2018.02.013

	31.	Dijkstra-de Neijs L, Leenen PJM, Hays JP, van der Valk ES, Kraaij R, van Rossum 
EFC, et al. Biological consequences of psychological distress in caregivers of children 
with autism Spectrum disorder and its potential relevance to other chronic diseases 
including cancer. Curr Epidemiol Rep. (2020) 7:139–48. doi: 10.1007/
s40471-020-00237-2

	32.	Moseley RL, Turner-Cobb JM, Spahr CM, Shields GS, Slavich GM. Lifetime and 
perceived stress, social support, loneliness, and health in autistic adults. Health Psychol. 
(2021) 40:556–68. doi: 10.1037/hea0001108

https://doi.org/10.3389/fpsyt.2023.1303840
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1303840/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1303840/full#supplementary-material
https://doi.org/10.1192/bjp.bp.114.160192
https://doi.org/10.1002/aur.2086
https://doi.org/10.1001/jamapediatrics.2015.3935
https://doi.org/10.1023/a:1013247011483
https://doi.org/10.1177/1362361315577517
https://doi.org/10.1177/1362361319890793
https://doi.org/10.1177/1362361320953652
https://doi.org/10.1016/S2215-0366(15)00277-1
https://doi.org/10.1016/S2215-0366(15)00277-1
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1001/jamapediatrics.2022.5629
https://doi.org/10.1001/jamapediatrics.2022.5629
https://doi.org/10.1007/s11606-015-3509-x
https://doi.org/10.1177/1362361316665222
https://doi.org/10.1016/j.jclinepi.2008.08.006
https://doi.org/10.1001/jama.2020.23068
https://doi.org/10.1016/S0140-6736(04)17019-0
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/j.bbi.2008.02.006
https://doi.org/10.1016/j.psyneuen.2012.05.008
https://doi.org/10.1093/ije/dyu229
https://doi.org/10.1586/erp.13.20
https://doi.org/10.2147/CLEP.S163037
https://doi.org/10.2147/CLEP.S163037
https://doi.org/10.1016/j.jaac.2011.11.003
https://doi.org/10.1017/S0033291716001082
https://doi.org/10.1007/s10803-018-3749-9
https://doi.org/10.1007/s10803-018-3749-9
https://doi.org/10.1177/1362361315589869
https://doi.org/10.1038/s41467-020-17794-1
https://doi.org/10.1097/HS9.0000000000000503
https://doi.org/10.1016/j.jamda.2021.02.030
https://doi.org/10.1016/j.bbi.2018.02.013
https://doi.org/10.1007/s40471-020-00237-2
https://doi.org/10.1007/s40471-020-00237-2
https://doi.org/10.1037/hea0001108


Warreman et al.� 10.3389/fpsyt.2023.1303840

Frontiers in Psychiatry 10 frontiersin.org

	33.	Amos GA, Byrne G, Chouinard PA, Godber T. Autism traits, sensory over-
responsivity, anxiety, and stress: a test of explanatory models. J Autism Dev Disord. 
(2019) 49:98–112. doi: 10.1007/s10803-018-3695-6

	34.	Warreman EB, Nooteboom LA, Terry MB, Hoek HW, Leenen P, van Rossum E, 
et al. Psychological, behavioural and biological factors associated with gastrointestinal 
symptoms in autistic adults and adults with autistic traits [published online ahead of 
print, 2023 Feb 16]. Autism. (2023) 27:2173–86. doi: 10.1177/13623613231155324

	35.	McCoy SM, Jakicic JM, Gibbs BB. Comparison of obesity, physical activity, and 
sedentary Behaviors between adolescents with autism Spectrum disorders and without. 
J Autism Dev Disord. (2016) 46:2317–26. doi: 10.1007/s10803-016-2762-0

	36.	Hillier A, Buckingham A, Schena D 2nd. Physical activity among adults with 
autism: participation, attitudes, and barriers. Percept Mot Skills. (2020) 127:874–90. doi: 
10.1177/0031512520927560

	37.	Weir E, Allison C, Baron-Cohen S. Understanding the substance use of autistic 
adolescents and adults: a mixed-methods approach. Lancet Psychiatry. (2021) 8:673–85. 
doi: 10.1016/S2215-0366(21)00160-7

	38.	Babio N, Ibarrola-Jurado N, Bulló M, Martínez-González MÁ, Wärnberg J, 
Salaverría I, et al. White blood cell counts as risk markers of developing metabolic 
syndrome and its components in the PREDIMED study. PLoS One. (2013) 8:e58354. doi: 
10.1371/journal.pone.0058354

	39.	Dominguez-Andres J, Netea MG. Long-term reprogramming of the innate 
immune system. J Leukoc Biol. (2019) 105:329–38. doi: 10.1002/JLB.MR0318- 
104R

	40.	Broadbent J, Galic I, Stokes MA. Validation of autism spectrum quotient adult 
version in an Australian sample. Autism Res Treat. (2013) 2013:984205. doi: 
10.1155/2013/984205

https://doi.org/10.3389/fpsyt.2023.1303840
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1007/s10803-018-3695-6
https://doi.org/10.1177/13623613231155324
https://doi.org/10.1007/s10803-016-2762-0
https://doi.org/10.1177/0031512520927560
https://doi.org/10.1016/S2215-0366(21)00160-7
https://doi.org/10.1371/journal.pone.0058354
https://doi.org/10.1002/JLB.MR0318-104R
https://doi.org/10.1002/JLB.MR0318-104R
https://doi.org/10.1155/2013/984205

	Metabolic syndrome in adults with autistic traits: associated psychological, behavioral, and biological factors in females and males – a PharmLines initiative
	Introduction
	Methods
	Study population
	Autistic community involvement
	Measures
	Autistic traits
	Metabolic syndrome
	Psychological factors
	Behavioral factors
	Biological factors
	Covariates
	Statistical analysis

	Results
	Basic characteristics
	Metabolic syndrome
	Psychological, behavioral and biological factors associated with MetS

	Discussion
	Strengths and limitations
	Implications

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

