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Recent research strongly supports the hypothesis that posttraumatic stress disorder (PTSD) can be accompanied
by obesity and related metabolic disturbances. The mechanisms of these associations are however still not well
deﬁned, although disturbed functions in the sympathetic-adrenergic nervous system together with the disturbed
release of hormones via the endocrine HPA (hypothalamic-pituitary-adrenal) axis apparently play a role. Leptin
resistance and ghrelin excesses might contribute to a disturbed hypothalamic function, and also disturb other
cerebral functions, leading to dysfunctional reward signaling and uncontrolled appetite combined with a tendency to alcohol abuse. Secondarily, cortisol stimulation will contribute to the development of central obesity
which is known to facilitate the development of metabolic syndrome, including slightly increased levels of
inﬂammatory biomarkers such as C-reactive protein and ﬁbrinogen. While previous therapeutic strategies have
focused on early psychotherapeutic interventions in PTSD, the present review emphasizes the importance of
better therapeutic approaches regarding the somatic correlates of the syndrome. Strict regulation of dietary
meals and food composition with minimal intake of sweets and saturated fat, as well as alcohol avoidance, can
provide a basic therapeutic framework. A cognitive psychotherapeutic approach with graduated desensitization
toward trigging factors, combined with pharmacotherapy, is discussed in the present review.

1. Introduction

concentration diﬃculties, and increased alertness to stimuli that reminds of the traumatic event [14]. Symptoms may occur early or a few
weeks after the trauma, but in some cases, the latency time is considerably longer [15]. Anxiety, depression, suicidal thoughts, alcohol or
drug abuse, can follow PTSD [16]. Also in uncomplicated cases, PTSD
represents a signiﬁcant burden on our society.
Of particular relevance is that PTSD in recent studies appears to be
linked to obesity development and metabolic complications. The large
health costs associated with complicated PTSD accompanied by comorbidities will give rise to a signiﬁcant burden on health care systems
and aﬀected individuals [17]. A range of obesity-related diseases may
accompany PTSD, such as type 2 diabetes (T2DM), insulin resistance,
cardiovascular disease, and dyslipidemia [18,19]. But still, there is no
current strategy for treating or preventing PTSD associated metabolic
disturbances, and further research has been requested [20,21].
The present review aims at updating our knowledge on relations
between obesity and PTSD, as well as clarifying the challenges related

Today, obesity and its comorbidities represent a signiﬁcant global
health challenge, and the number of people with obesity is still increasing [1,2]. In Scandinavia and in the United States, the prevalences
of obesity in the general populations are now about or above 25% and
35%, respectively [3,4]. And worldwide the obesity rates present an
increasing trend [5]. Obesity has been attributed to a sedentary lifestyle
together with aﬄuent intake of energy-rich food with copious amounts
of fat and sugar [6]. However, in recent years psychological factors
including anxiety, emptiness feelings, and posttraumatic stress have
emerged as possible background factors of obesity and its comorbidities
[7,8]. Here, it is relevant that the prevalence rate of the severe variant
of stress, posttraumatic stress disorder (PTSD), is also rather high, with
variations around 8% in populations in the Western world [9–13].
PTSD is characterized by symptoms of relapse of the traumatic event
(ﬂashbacks), and symptoms of increased irritability together with
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is that epigenetic programming of the hyperactive stress response
system in a fetus of a mother under stress can lead to autonomic,
neuroendocrine, and immune dysfunction. This subsequently leads to
an atherosclerotic process and a negative eﬀect on brain structures by
transmitting negative signals through interoceptive pathways many
years before the development of arterial hypertension or other cardiovascular diseases [34]. Moreover, adaptive changes in the cardiovascular system in response to external stressful situations can lead to
cardiometabolic and structural changes in arteries, endothelial dysfunction, and development of hypertension. In turn, cardiovascular
events can provoke psychological acute-phase reactions, which may
lead to the development of depression, anxiety, and post-traumatic
stress disorder [35].
Psychological factors and stress are usually associated with behavioral and lifestyle problems such as smoking, physical inactivity, poor
nutrition, alcohol abuse, and sleep problems. Stress-related health behaviors contribute to the development of traditional cardiometabolic
risk factors, including hypertension, dyslipidemia, insulin sensitivity,
and increase in body mass index [36].
Inﬂammation characterized by increased levels of biomarkers such
as CRP, tumor necrosis factor alpha (TNFα), and interleukin-6 (IL-6),
also appear to occur more frequently in adults who have been exposed
to adversity early in life [37]. Individuals with obesity and metabolic
comorbidities, including T2DM and cardiovascular disease, have also
often experienced other psychological stressors, such as social isolation
or socioeconomic diﬃculties [38]. It is conceivable that constant stress
related to lack of social contacts and emptiness feelings can lead to
increased intake of fast-food with a high content of sugar and saturated
fat [39].

Fig. 1. Eﬀects of PTSD via the sympathetic nervous system and via the hypothalamus-pituitary-adrenal axis (HPA axis). While the adrenaline and noradrenaline response gives rise to increased blood pressure, increased cortisol
levels are associated with central obesity.

3. Potential mechanisms in the links between chronic stress,
PTSD, and obesity

to the treatment of PTSD-associated metabolic dysfunctions with the
purpose of improving therapeutic strategies.

By using a rat model of PTSD, Edwards et al. [40] found that the
animals could use alcohol consumption in their strategies to deal with
traumatic stress, and these investigators also reported altered cerebral
activities in prefrontal and temporal loci of the animals. Secondarily,
disturbances in neuro-endocrine links appear to lead to increased or
uncontrolled consumption of high-fat foods, sugar and even alcohol in
the animals [41]. It is known from observations in humans that severe
PTSD symptoms to a signiﬁcant degree are comorbid with alcohol
misuse and dependence [42]. Increased PTSD symptoms are also linked
to more frequent alcohol cravings, presumably through activation of
reward systems in the amygdala or locus coeruleus [43]. Consumption
of alcohol may also aggravate the impacts of stress-induced neuropsychiatric outcomes. For example, the volume of the hippocampus
has been found to be reduced in patients with PTSD [44], and it is well
known that alcohol abuse may exacerbate these deﬁcits [45]. Ideally,
alcohol or drug abuse should, therefore, be carefully monitored in future studies on PTSD.
PTSD also leads to disturbed functions of satiety hormones. During
the vicious circle of aﬄuent intake of high-fat food combined with
sweets and alcohol abuse, comorbidities with hyperinsulinemia and
leptin resistance, as well as ghrelin disturbances may develop. And
severe PTSD symptoms have been linked to obsessive disorder with
emotional eating [46].
Observed changes in cognition reported in patients with PTSD may
be related to changes that lead to ampliﬁcation of reward activation of
consumptive behaviors. Earlier PTSD studies have reported various
degrees of structural changes in amygdala and hippocampus, which
may reﬂect the severity of PTSD symptoms [47]. These changes may
also inﬂuence brain responses to food intake stimulants, and thereby
contribute to the development of obesity [25].

2. Stress, anxiety, PTSD, and somatic manifestations
Somatic manifestations of PTSD appear to occur through neuroendocrine links leading to activation of the sympathetic-adrenergic
nervous system together with the release of hormones via the endocrine
HPA (hypothalamic-pituitary-adrenal) axis [22]. Even anxiety and nonspeciﬁc stress can aﬀect neuroendocrine links and the HPA axis (Fig. 1),
thereby leading to increased levels of circulating cortisol, and secondarily also the development of metabolic dysfunctions and central
obesity [23,24]. PTSD has been linked to a signiﬁcantly (about 1.5-fold)
elevated risk to develop obesity [25]. Also, childhood adversity is
considered to predispose individuals to the development of complex
PTSD and secondarily to central obesity later in life [26]. Furthermore,
childhood traumatic events have been linked with metabolic syndrome,
and also the development of T2DM and cardiovascular disease [18].
High levels of stress-related hormones, especially catecholamines and
cortisol, seem to predispose for altered adipokine proﬁle accompanied
by metabolic complications, in particular, if traumatic events occurred
in early life, either childhood or adolescence [27,28]. Although the
catecholamines and some other factors [29] may induce lipolysis
(Fig. 1), this eﬀect appears to be counteracted by hyperinsulinemia and
the leptin resistance characterizing obesity [30–32].
Clinical practice suggests that stress often accompanies arterial
hypertension. A meta-analysis of a large-scale population-based study
performed in practically healthy young people showed that psychological factors like anxiety, anger, chronic stress, and post-traumatic
stress disorder are connected with an elevated occurrence of cardiovascular pathology approximately 1.5 times, which indicates the causal
role of psychological factors in these diseases [33].
Diﬀerent hypotheses explain the connection between psychological
stress and cardiovascular disease development. One of these hypotheses
2
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4. Obesity, metabolic disorders, and leptin resistance

studies are indispensable to translate these observations into the therapeutic administration of anti-ghrelin drugs to prevent stress-induced
psychiatric disorders like PTSD and accompanying feelings of hunger
after energy-rich food and sweets.

In addition to a dysfunctional endocrine HPA axis, patients with
PTSD appear to have alterations of the cerebral reward systems, accompanied by enhanced dopamine release in nucleus accumbens,
which is known to be a key aspect both of disturbed eating behaviors
and drug, alcohol or gambling addiction [48]. Some studies of functional changes in the brain of PTSD patients have reported that these
changes overlap with appetite-related brain areas. For example, a
functional MRI study showed that PTSD patients tested during the
performance of a cognitive task with an aﬀective challenge had parietal
and frontal activations [49]. These same areas are presumed to be
implicated in the cognitive control of food intake.
Polypeptide leptin secreted by adipocytes plays a signiﬁcant role in
the regulation of lipid metabolism. In individuals with severe obesity,
elevated leptin levels and leptin resistance are usually observed. Leptin
can inhibit the transcription of the insulin gene and its secretion
through the sympathetic nervous system [50]. Recent studies have
shown that leptin contributes to the development of oxidative stress
through enhancing the macrophages phagocytic activity and the induction of pro-inﬂammatory cytokine synthesis (TNF-a, IL-6, IL-2) and
interferon-gamma. It leads to damage of endothelial cells, monocytes,
neutrophils, and also increased levels of markers for endothelial cell
dysfunction [51]. It has been suggested that the pro-inﬂammatory effects of leptin are associated with structural and functional similarity
with the IL-6 cytokine [52]. Obesity can be characterized as chronic
low-grade inﬂammation with an ever-increasing level of oxidative
stress. After exceeding a certain level, oxidative stress damages cellular
structures which lead to a decrease in the synthesis of antioxidant
substances and the development of complications associated with
obesity [53]. In a study conducted on rats with genetically determined
obesity, it was shown that hyperphagia entailed hyperinsulinemia followed by increased lipogenesis. This leads to ectopic deposition of
triacylglycerol outside adipocytes, increased formation of fatty acids,
impaired non-oxidative metabolism, and ceramide synthesis, which
causes functional changes and apoptosis in beta cells and cardiomyocytes with subsequent development of cardiomyopathy [54]. Increased
size and number of adipocytes leads to hyperproduction of cytokines,
decreases the sensitivity of the peripheral tissues to insulin, accelerates
atherogenic processes, and increase the levels of free fatty acids, triglycerides, and low-density lipoproteins, hyperlipidemia, hyperglycemia, and hypertension.
It has been suggested that both hyperinsulinemia and leptin dysfunction are consequences of PTSD. Failure of increased leptin levels to
suppress appetite and mediate weight loss characterizes a state of leptin
resistance, which may be observed in morbidly obese individuals [55].
Today it is known that several mechanisms attenuate leptin signaling
and promote hypothalamic leptin resistance. For instance, observations
have indicated that hyperinsulinemia leads to leptin resistance [56,57].
Leptin and insulin appears to share a pathway in the central signaling.
Research indicates that insulin has a role as an endogenous antagonist
to leptin. Thus, normalization of hyperinsulinemia may ameliorate
leptin resistance [58], and may thereby normalize the neuropeptide Y
(NPY) response and secondarily also regulate the HPA-axis.
NPY levels seem to be consistently elevated in individuals who in
their past have had PTSD, but not in currently suﬀering individuals.
This suggests that NPY may have a function in stress recovery, which
might regulate appetite and eating behaviors [59]. Other adipokines
and appetite-regulating hormones, like adiponectin and ghrelin, need
more research to fully understand their possible relationships with
PTSD.
When using a rodent PTSD model Meyer et al. found that ghrelin,
the hunger hormone, was upregulated by stress [59]. And increases in
ghrelin appeared to be necessary for the implemented stress to increase
the memory of fear since blocking the ghrelin receptor abolished the
stress-related enhancement of fear memory [60]. However, human

5. Cytokines
Potential modulators in the interplay between PTSD and obesity, in
addition to leptin and NPY, may be certain cytokines and other adipokines [61] PTSD seems to impact inﬂammatory biomarkers, indirectly or directly [62]. Among observed alterations are increased IL-6
[63], and an increase in CRP and the intercellular adhesion molecule 1
(ICAM-1) [64]. A twofold increase in the CRP-value in PTSD has been
observed [65], which is comparable to the CRP increases characterizing
patients with metabolic syndrome [66]. The relationship between
PTSD-associated obesity and T2DM may be mediated through the
concomitantly increased levels of leptin and caveolin 1 [67] And the
accompanying increased serum amyloid A levels together with a persistent elevation of leptin may reﬂect or contribute to a low-grade inﬂammation with raised cardiovascular risk [68,69]. Another inﬂammatory biomarker, namely ﬁbrinogen, which also operates as a
coagulation factor and thereby is considered a risk biomarker for cardiovascular disease, is also elevated in PTSD [70]. Thus, in a study
examining, if present stress inﬂuences ﬁbrinogen in patients or controls,
the PTSD patients had higher concentrations of ﬁbrinogen both at
baseline and after stress in comparison with controls (persons without
PTSD) [71]. Taken together, research indicates an association between
PTSD and the development of inﬂammatory and metabolic conditions,
although detailed mechanisms need to be outlined.
6. Discussion
It appears from the reviewed research that patients who have PTSD
also are at increased risk for developing obesity, thereby linking PSTD
to obesity comorbidities such as T2DM, cardiovascular disorders, and
metabolic syndrome. Recent research has substantiated that PTSD increases the risk of metabolic and cardiovascular disorders. PTSD appears to be the psychiatric disease that most commonly is associated
with obesity [72]. And when PTSD occurs together with depressive
symptoms, it leads to especially high risk to develop metabolic syndrome [73], with cardiovascular disease being a frequently occurring
endpoint. Thus, in a prospective study of survivors of the World Trade
Center, persons with PTSD who had been physically injured during the
attacks were found to have had three times increased the risk to develop
cardiovascular disease in comparison with persons without PTSD or
injuries [74]. In another prospective study of survivors of the World
Trade Center attacks, PTSD was found to signiﬁcantly predict T2DMdevelopment [75]. Taken together, the studies reviewed in the present
paper show obesity-related and metabolic comorbidities with PTSD.
The suggested mechanisms include altered endocrine responses in the
HPA axis together with functional alterations in the CNS and distortion
of the adipokine interplay.
In this connection, a crucial aim is to address the challenges of
implementing prophylaxis against the development of PTSD-associated
obesity and metabolic dysfunctions. While previous therapeutic strategies have focused solely on psychotherapeutic interventions [76], it is
clear that somatic PTSD correlates should not be neglected.
An appropriate psychotherapeutic approach in complicated PTSD
appears to be a cognitive behavioral therapy combined with desensitization techniques [77]. Cognitive restructuring and psychoeducation
under optimized therapeutic relationship, combined with exposure via
narrative traumatic experiences as active ingredients may maximize
treatment eﬀects [78]. In addition, therapists should detect alcohol and
drug misuse at an early stage, and dieticians should be part of the
treatment team.
Regarding dietary approach, a rational approach is to recommend a
3
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basic framework consisting of regular meals together with minimal
intake of sweets and saturated fat. Adequacy with regard to minerals
and trace nutrient appears to be of importance. It has been reported
that magnesium deﬁciency can exacerbate anxiety and aggravate T2DM
[79]. This may also occur for zinc deﬁciency [80]. Recent reports have
outlined that a lack of vitamin D is associated with increased anxiety
and pain [81]. When deﬁcient, vitamin D supplementation may have a
positive eﬀect, as adequate vitamin D supplementation can have therapeutic importance in the treatment of anxiety [82]. Long-term dietary
habits with low intake of sugar and adequate intake of mono-unsaturated and poly-unsaturated fat - from vegetables and ﬁsh - is recommended for the general population [83]. This is also because of the
importance of adequate intake of fat-soluble vitamins. Several of these
constituents may exert anti-inﬂammatory eﬀects in metabolic syndrome [84].
As regards pharmacological approach, clinical use of anti-ghrelin
treatments may become a successful approach in the future [59], but
human studies are indispensable to translate the positive observations
in animal experiments into therapeutic use for prevention of PTSD and
metabolic complications. Other pharmaceuticals under investigation
are a combination of bupropion and naltrexone, which appear promising [85]. Recently developments of GLP agonists with once-a-week
administration bear promises with regard to improved prophylaxis of
the pre-diabetic patients [86].
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7. Conclusion
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In summary, recent research strongly supports the hypothesis that
PTSD leads to obesity and related metabolic disturbances. The mechanisms of these associations are however still not well deﬁned.
Further research should try to determine how the signiﬁcant association
between PTSD and metabolic risks may occur. The present evidence
might suggest that PSTD is linked to altered brain and neuroendocrine
activity leading to altered food consumption and altered food decisions
that cause obesity. But this is not yet fully conﬁrmed. It is also important in future research to explore the association between PSTD and
altered inﬂammatory cytokines and adipokines. Of importance, as PTSD
has a prevalence that remains high, this particular type of obesity needs
speciﬁc and adequate treatments. Currently, there are not available any
targeted and eﬀective measures for obesity that is associated with
PTSD. Therefore, it is a need to develop and test from bench-to-bed
promising treatment strategies, which target this obesity type.

[9]

[10]

[11]

[12]

[13]

[14]
[15]

Conﬂicts of interests
The authors declare no conﬂicts of interest.

[16]

Transparency document
[17]

The Transparency document associated with this article can be
found in the online version.

[18]

Acknowledgments

[19]

Innlandet Hospital Trust and Inland Norway University for Applied
Sciences are acknowledged for support.

[20]

References

[21]
[22]

[1] A.A. Cooke, R.M. Connaughton, C.L. Lyons, A.M. McMorrow, H.M. Roche, Fatty
acids and chronic low grade inﬂammation associated with obesity and the metabolic syndrome, Eur. J. Pharmacol. 785 (2016) 207–214.
[2] M. Ng, T. Fleming, M. Robinson, B. Thomson, N. Graetz, C. Margono, E.C. Mullany,
S. Biryukov, C. Abbafati, S.F. Abera, J.P. Abraham, N.M. Abu-Rmeileh, T. Achoki,
F.S. AlBuhairan, Z.A. Alemu, R. Alfonso, M.K. Ali, R. Ali, N.A. Guzman, W. Ammar,
P. Anwari, A. Banerjee, S. Barquera, S. Basu, D.A. Bennett, Z. Bhutta, J. Blore,
N. Cabral, I.C. Nonato, J.C. Chang, R. Chowdhury, K.J. Courville, M.H. Criqui,

[23]
[24]
[25]

4

D.K. Cundiﬀ, K.C. Dabhadkar, L. Dandona, A. Davis, A. Dayama, S.D. Dharmaratne,
E.L. Ding, A.M. Durrani, A. Esteghamati, F. Farzadfar, D.F. Fay, V.L. Feigin,
A. Flaxman, M.H. Forouzanfar, A. Goto, M.A. Green, R. Gupta, N. Hafezi-Nejad,
G.J. Hankey, H.C. Harewood, R. Havmoeller, S. Hay, L. Hernandez, A. Husseini,
B.T. Idrisov, N. Ikeda, F. Islami, E. Jahangir, S.K. Jassal, S.H. Jee, M. Jeﬀreys,
J.B. Jonas, E.K. Kabagambe, S.E. Khalifa, A.P. Kengne, Y.S. Khader, Y.H. Khang,
D. Kim, R.W. Kimokoti, J.M. Kinge, Y. Kokubo, S. Kosen, G. Kwan, T. Lai,
M. Leinsalu, Y. Li, X. Liang, S. Liu, G. Logroscino, P.A. Lotufo, Y. Lu, J. Ma,
N.K. Mainoo, G.A. Mensah, T.R. Merriman, A.H. Mokdad, J. Moschandreas,
M. Naghavi, A. Naheed, D. Nand, K.M. Narayan, E.L. Nelson, M.L. Neuhouser,
M.I. Nisar, T. Ohkubo, S.O. Oti, A. Pedroza, D. Prabhakaran, N. Roy, U. Sampson,
H. Seo, S.G. Sepanlou, K. Shibuya, R. Shiri, I. Shiue, G.M. Singh, J.A. Singh,
V. Skirbekk, N.J. Stapelberg, L. Sturua, B.L. Sykes, M. Tobias, B.X. Tran,
L. Trasande, H. Toyoshima, S. van de Vijver, T.J. Vasankari, J.L. Veerman,
G. Velasquez-Melendez, V.V. Vlassov, S.E. Vollset, T. Vos, C. Wang, X. Wang,
E. Weiderpass, A. Werdecker, J.L. Wright, Y.C. Yang, H. Yatsuya, J. Yoon, S.J. Yoon,
Y. Zhao, M. Zhou, S. Zhu, A.D. Lopez, C.J. Murray, E. Gakidou, Global, regional, and
national prevalence of overweight and obesity in children and adults during 19802013: a systematic analysis for the Global Burden of Disease Study 2013, Lancet 384
(9945) (2014) 766–781.
W.B. Droyvold, T.I. Nilsen, O. Kruger, T.L. Holmen, S. Krokstad, K. Midthjell,
J. Holmen, Change in height, weight and body mass index: longitudinal data from
the HUNT Study in Norway, Int. J. Obes. (Lond.) 30 (6) (2006) 935–939.
C.C. Imes, L.E. Burke, The obesity epidemic: the United States as a cautionary tale
for the rest of the world, Curr. Epidemiol. Rep. 1 (2) (2014) 82–88.
W.H. Organization, Obesity and Overweight, (2018) https://www.who.int/newsroom/fact-sheets/detail/obesity-and-overweight.
G.L. Ambrosini, D.J. Johns, K. Northstone, P.M. Emmett, S.A. Jebb, Free sugars and
total fat are important characteristics of a dietary pattern associated with adiposity
across childhood and adolescence, J. Nutr. (2016).
O.M. Farr, B.J. Ko, K.E. Joung, L. Zaichenko, N. Usher, M. Tsoukas, B. Thakkar,
C.R. Davis, J.A. Crowell, C.S. Mantzoros, Posttraumatic stress disorder, alone or
additively with early life adversity, is associated with obesity and cardiometabolic
risk, Nutr. Metab. Cardiovasc. Dis. 25 (5) (2015) 479–488.
T.B. Vanitallie, Stress: a risk factor for serious illness, Metabolism 51 (6 Suppl. 1)
(2002) 40–45.
H. Jin, N.M. Lanouette, S. Mudaliar, R. Henry, D.P. Folsom, S. Khandrika,
D.K. Glorioso, D.V. Jeste, Association of posttraumatic stress disorder with increased prevalence of metabolic syndrome, J. Clin. Psychopharmacol. 29 (3) (2009)
210–215.
D.G. Kilpatrick, H.S. Resnick, M.E. Milanak, M.W. Miller, K.M. Keyes,
M.J. Friedman, National estimates of exposure to traumatic events and PTSD prevalence using DSM-IV and DSM-5 criteria, J. Trauma Stress 26 (5) (2013) 537–547.
K.M. Scott, R. Bruﬀaerts, G.E. Simon, J. Alonso, M. Angermeyer, G. de Girolamo,
K. Demyttenaere, I. Gasquet, J.M. Haro, E. Karam, R.C. Kessler, D. Levinson,
M.E. Medina Mora, M.A. Oakley Browne, J. Ormel, J.P. Villa, H. Uda, M. Von Korﬀ,
Obesity and mental disorders in the general population: results from the world
mental health surveys, Int. J. Obes. (Lond.) 32 (1) (2008) 192–200.
A. Burri, A. Maercker, Diﬀerences in prevalence rates of PTSD in various European
countries explained by war exposure, other trauma and cultural value orientation,
BMC Res. Notes 7 (2014) 407.
R.C. Kessler, A. Sonnega, E. Bromet, M. Hughes, C.B. Nelson, Posttraumatic stress
disorder in the national comorbidity survey, Arch. Gen. Psychiatry 52 (12) (1995)
1048–1060.
W.H. Organization, The ICD-10 Classiﬁcation of Mental and Behavioural Disorders:
Clinical Descriptions and Diagnostic Guidelines, WHO, Geneva, 1992.
F.K. Arnberg, P.A. Rydelius, T. Lundin, A longitudinal follow-up of posttraumatic
stress: from 9 months to 20 years after a major road traﬃc accident, Child Adolesc.
Psychiatry Ment. Health 5 (1) (2011) 8.
R.M. Giaconia, H.Z. Reinherz, A.C. Hauf, A.D. Paradis, M.S. Wasserman,
D.M. Langhammer, Comorbidity of substance use and post-traumatic stress disorders in a community sample of adolescents, Am. J. Orthopsychiatry 70 (2) (2000)
253–262.
D.E. Arterburn, M.L. Maciejewski, J. Tsevat, Impact of morbid obesity on medical
expenditures in adults, Int. J. Obes. (Lond.) 29 (3) (2005) 334–339.
J.W. Rich-Edwards, D. Spiegelman, E.N. Lividoti Hibert, H.J. Jun, T.J. Todd,
I. Kawachi, R.J. Wright, Abuse in childhood and adolescence as a predictor of type 2
diabetes in adult women, Am. J. Prev. Med. 39 (6) (2010) 529–536.
T. Tamayo, H. Christian, W. Rathmann, Impact of early psychosocial factors
(childhood socioeconomic factors and adversities) on future risk of type 2 diabetes,
metabolic disturbances and obesity: a systematic review, BMC Public Health 10
(2010) 525.
O.M. Farr, D.M. Sloan, T.M. Keane, C.S. Mantzoros, Stress- and PTSD-associated
obesity and metabolic dysfunction: a growing problem requiring further research
and novel treatments, Metabolism 63 (12) (2014) 1463–1468.
V. Michopoulos, A. Vester, G. Neigh, Posttraumatic stress disorder: a metabolic
disorder in disguise? Exp. Neurol. 284 (Pt B) (2016) 220–229.
M. Furtado, M.A. Katzman, Neuroinﬂammatory pathways in anxiety, posttraumatic
stress, and obsessive compulsive disorders, Psychiatry Res. 229 (1-2) (2015) 37–48.
R.R. Klatzkin, A. Baldassaro, E. Hayden, The impact of chronic stress on the predictors of acute stress-induced eating in women, Appetite 123 (2018) 343–351.
C. Tsigos, G.P. Chrousos, Hypothalamic-pituitary-adrenal axis, neuroendocrine
factors and stress, J. Psychosom. Res. 53 (4) (2002) 865–871.
S.L. Pagoto, K.L. Schneider, J.S. Bodenlos, B.M. Appelhans, M.C. Whited, Y. Ma,
S.C. Lemon, Association of post-traumatic stress disorder and obesity in a nationally
representative sample, Obesity Silver Spring (Silver Spring) 20 (1) (2012) 200–205.

Biomedicine & Pharmacotherapy 117 (2019) 108834

J. Aaseth, et al.

[26] C.R. Davis, E. Dearing, N. Usher, S. Triﬁletti, L. Zaichenko, E. Ollen,
M.T. Brinkoetter, C. Crowell-Doom, K. Joung, K.H. Park, C.S. Mantzoros,
J.A. Crowell, Detailed assessments of childhood adversity enhance prediction of
central obesity independent of gender, race, adult psychosocial risk and health
behaviors, Metabolism 63 (2) (2014) 199–206.
[27] K. Michalakis, G. Mintziori, A. Kaprara, B.C. Tarlatzis, D.G. Goulis, The complex
interaction between obesity, metabolic syndrome and reproductive axis: a narrative
review, Metabolism 62 (4) (2013) 457–478.
[28] B. Pierrehumbert, R. Torrisi, N. Glatz, N. Dimitrova, M. Heinrichs, O. Halfon, The
inﬂuence of attachment on perceived stress and cortisol response to acute stress in
women sexually abused in childhood or adolescence, Psychoneuroendocrinology 34
(6) (2009) 924–938.
[29] G. Fruhbeck, J. Gomez-Ambrosi, J. Salvador, Leptin-induced lipolysis opposes the
tonic inhibition of endogenous adenosine in white adipocytes, FASEB J. 15 (2)
(2001) 333–340.
[30] A. Barateiro, I. Mahu, A.I. Domingos, Leptin Resistance and the Neuro-Adipose
Connection, Front. Endocrinol. (Lausanne) 8 (2017) 45.
[31] G. Fruhbeck, J. Gomez-Ambrosi, Modulation of the leptin-induced white adipose
tissue lipolysis by nitric oxide, Cell. Signal. 13 (11) (2001) 827–833.
[32] D. Langin, Adipose tissue lipolysis revisited (again!): lactate involvement in insulin
antilipolytic action, Cell Metab. 11 (4) (2010) 242–243.
[33] C.R. Gale, G.D. Batty, D.P. Osborn, P. Tynelius, F. Rasmussen, Mental disorders
across the adult life course and future coronary heart disease: evidence for general
susceptibility, Circulation 129 (2) (2014) 186–193.
[34] A. Steptoe, M. Kivimaki, Stress and cardiovascular disease: an update on current
knowledge, Annu. Rev. Public Health 34 (2013) 337–354.
[35] N. Pogosova, H. Saner, S.S. Pedersen, M.E. Cupples, H. McGee, S. Hofer, F. Doyle,
J.P. Schmid, R. von Kanel, P. Cardiac Rehabilitation Section of the European
Association of Cardiovascular, C. Rehabilitation of the European Society of,
Psychosocial aspects in cardiac rehabilitation: From theory to practice. A position
paper from the Cardiac Rehabilitation Section of the European Association of
Cardiovascular Prevention and Rehabilitation of the European Society of
Cardiology, Eur. J. Prev. Cardiol. 22 (10) (2015) 1290–1306.
[36] S.S. Pedersen, R. von Kanel, P.J. Tully, J. Denollet, Psychosocial perspectives in
cardiovascular disease, Eur. J. Prev. Cardiol. 24 (3_suppl) (2017) 108–115.
[37] K.J. Hartwell, M.M. Moran-Santa Maria, W.O. Twal, S. Shaftman, S.M. DeSantis,
A.L. McRae-Clark, K.T. Brady, Association of elevated cytokines with childhood
adversity in a sample of healthy adults, J. Psychiatr. Res. 47 (5) (2013) 604–610.
[38] K. Jauch-Chara, K.M. Oltmanns, Obesity–a neuropsychological disease? Systematic
review and neuropsychological model, Prog. Neurobiol. 114 (2014) 84–101.
[39] R. Krolow, C. Noschang, D.M. Arcego, A.P. Huﬀell, M.L. Marcolin, A.N. Benitz,
C. Lampert, R.D. Fitarelli, C. Dalmaz, Sex-speciﬁc eﬀects of isolation stress and
consumption of palatable diet during the prepubertal period on metabolic parameters, Metabolism 62 (9) (2013) 1268–1278.
[40] S. Edwards, B.B. Baynes, C.Y. Carmichael, E.R. Zamora-Martinez, M. Barrus,
G.F. Koob, N.W. Gilpin, Traumatic stress reactivity promotes excessive alcohol
drinking and alters the balance of prefrontal cortex-amygdala activity, Transl.
Psychiatry 3 (2013) e296.
[41] P.M. Johnson, P.J. Kenny, Dopamine D2 receptors in addiction-like reward dysfunction and compulsive eating in obese rats, Nat. Neurosci. 13 (5) (2010) 635–641.
[42] K. Lehavot, C.A. Stappenbeck, J.A. Luterek, D. Kaysen, T.L. Simpson, Gender differences in relationships among PTSD severity, drinking motives, and alcohol use in
a comorbid alcohol dependence and PTSD sample, Psychol. Addict. Behav. 28 (1)
(2014) 42–52.
[43] T.L. Simpson, C.A. Stappenbeck, A.A. Varra, S.A. Moore, D. Kaysen, Symptoms of
posttraumatic stress predict craving among alcohol treatment seekers: results of a
daily monitoring study, Psychol. Addict. Behav. 26 (4) (2012) 724–733.
[44] R.K.L. Eitinger, The Psychological and Medical Eﬀects of Concentration Camps and
Related Persecutions on Survivors: a Research Bibliography, UBC Press, Vancouver,
2014.
[45] D.W. Hedges, F.L. Woon, Alcohol use and hippocampal volume deﬁcits in adults
with posttraumatic stress disorder: a meta-analysis, Biol. Psychol. 84 (2) (2010)
163–168.
[46] L.S. Talbot, S. Maguen, E.S. Epel, T.J. Metzler, T.C. Neylan, Posttraumatic stress
disorder is associated with emotional eating, J. Trauma. Stress 26 (4) (2013)
521–525.
[47] S. Kuhn, J. Gallinat, Gray matter correlates of posttraumatic stress disorder: a
quantitative meta-analysis, Biol. Psychiatry 73 (1) (2013) 70–74.
[48] J.D. Salamone, M. Correa, A. Farrar, S.M. Mingote, Eﬀort-related functions of nucleus accumbens dopamine and associated forebrain circuits, Psychopharmacology
(Berl.) 191 (3) (2007) 461–482.
[49] K.S. Blair, M. Vythilingam, S.L. Crowe, D.E. McCaﬀrey, P. Ng, C.C. Wu,
M. Scaramozza, K. Mondillo, D.S. Pine, D.S. Charney, R.J. Blair, Cognitive control of
attention is diﬀerentially aﬀected in trauma-exposed individuals with and without
post-traumatic stress disorder, Psychol. Med. 43 (1) (2013) 85–95.
[50] C. Rambhojan, L. Lariﬂa, J. Clepier, E. Bouaziz-Amar, F.L. Velayoudom-Cephise,
A. Blanchet-Deverly, C. Armand, J. Plumasseau, J.M. Lacorte, L. Foucan, Vitamin
D. Status, Insulin Resistance, Leptin-to-Adiponectin ratio in adolescents: results of a
1-Year lifestyle intervention, Open Access Maced. J. Med. Sci. 4 (4) (2016)
596–602.
[51] C.J. Hukshorn, J.H. Lindeman, K.H. Toet, W.H. Saris, P.H. Eilers, M.S. WesterterpPlantenga, T. Kooistra, Leptin and the proinﬂammatory state associated with
human obesity, J. Clin. Endocrinol. Metab. 89 (4) (2004) 1773–1778.
[52] G. Fantuzzi, R. Faggioni, Leptin in the regulation of immunity, inﬂammation, and
hematopoiesis, J. Leukoc. Biol. 68 (4) (2000) 437–446.
[53] H. Yaghootkar, C. Lamina, R.A. Scott, Z. Dastani, M.F. Hivert, L.L. Warren,

[54]
[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

5

A. Stancakova, S.G. Buxbaum, L.P. Lyytikainen, P. Henneman, Y. Wu, C.Y. Cheung,
J.S. Pankow, A.U. Jackson, S. Gustafsson, J.H. Zhao, C.M. Ballantyne, W. Xie,
R.N. Bergman, M. Boehnke, F. el Bouazzaoui, F.S. Collins, S.H. Dunn, J. Dupuis,
N.G. Forouhi, C. Gillson, A.T. Hattersley, J. Hong, M. Kahonen, J. Kuusisto,
L. Kedenko, F. Kronenberg, A. Doria, T.L. Assimes, E. Ferrannini, T. Hansen, K. Hao,
H. Haring, J.W. Knowles, C.M. Lindgren, J.J. Nolan, J. Paananen, O. Pedersen,
T. Quertermous, U. Smith, G. Consortium, R. Consortium, T. Lehtimaki, C.T. Liu,
R.J. Loos, M.I. McCarthy, A.D. Morris, R.S. Vasan, T.D. Spector, T.M. Teslovich,
J. Tuomilehto, K.W. van Dijk, J.S. Viikari, N. Zhu, C. Langenberg, E. Ingelsson,
R.K. Semple, A.R. Sinaiko, C.N. Palmer, M. Walker, K.S. Lam, B. Paulweber,
K.L. Mohlke, C. van Duijn, O.T. Raitakari, A. Bidulescu, N.J. Wareham, M. Laakso,
D.M. Waterworth, D.A. Lawlor, J.B. Meigs, J.B. Richards, T.M. Frayling, Mendelian
randomization studies do not support a causal role for reduced circulating adiponectin levels in insulin resistance and type 2 diabetes, Diabetes 62 (10) (2013)
3589–3598.
R.H. Unger, L. Orci, Diseases of liporegulation: new perspective on obesity and
related disorders, FASEB J. 15 (2) (2001) 312–321.
H. Pan, J. Guo, Z. Su, Advances in understanding the interrelations between leptin
resistance and obesity, Physiol. Behav. 130 (2014) 157–169.
R.H. Lustig, Childhood obesity: behavioral aberration or biochemical drive?
Reinterpreting the First Law of Thermodynamics, Nat. Clin. Pract. Endocrinol.
Metab. 2 (8) (2006) 447–458.
H. Nasrat, S.K. Patra, B. Goswami, A. Jain, C. Raghunandan, Study of association of
leptin and insulin resistance markers in patients of PCOS, Indian J. Clin. Biochem.
31 (1) (2016) 104–107.
R. Yehuda, S. Brand, R.K. Yang, Plasma neuropeptide Y concentrations in combat
exposed veterans: relationship to trauma exposure, recovery from PTSD, and
coping, Biol. Psychiatry 59 (7) (2006) 660–663.
R.M. Meyer, A. Burgos-Robles, E. Liu, S.S. Correia, K.A. Goosens, A ghrelin-growth
hormone axis drives stress-induced vulnerability to enhanced fear, Mol. Psychiatry
19 (12) (2014) 1284–1294.
H. Toft, J.G. Bramness, L. Lien, D.S. Abebe, B.E. Wampold, T. Tilden, K. Hestad,
S.P. Neupane, PTSD patients show increasing cytokine levels during treatment
despite reduced psychological distress, Neuropsychiatr. Dis. Treat. 14 (2018)
2367–2378.
A. Rodriguez, S. Ezquerro, L. Mendez-Gimenez, S. Becerril, G. Fruhbeck, Revisiting
the adipocyte: a model for integration of cytokine signaling in the regulation of
energy metabolism, Am. J. Physiol. Endocrinol. Metab. 309 (8) (2015) E691–714.
R. von Kanel, S. Begre, C.C. Abbas, H. Saner, M.L. Gander, J.P. Schmid,
Inﬂammatory biomarkers in patients with posttraumatic stress disorder caused by
myocardial infarction and the role of depressive symptoms,
Neuroimmunomodulation 17 (1) (2010) 39–46.
L. Plantinga, J.D. Bremner, A.H. Miller, D.P. Jones, E. Veledar, J. Goldberg,
V. Vaccarino, Association between posttraumatic stress disorder and inﬂammation:
a twin study, Brain Behav. Immun. 30 (2013) 125–132.
C. Spitzer, S. Barnow, H. Volzke, H. Wallaschofski, U. John, H.J. Freyberger,
B. Lowe, H.J. Grabe, Association of posttraumatic stress disorder with low-grade
elevation of C-reactive protein: evidence from the general population, J. Psychiatr.
Res. 44 (1) (2010) 15–21.
Y. Ding, S. Li, R.L. Ma, H. Guo, J. Zhang, M. Zhang, J. Liu, S. Guo, Association of
homeostasis model assessment of insulin resistance, adiponectin, and low-grade
inﬂammation with the course of the metabolic syndrome, Clin. Biochem. 48 (7-8)
(2015) 503–507.
L. Malcolm, J.L. Kibler, M. Ma, M. Tursich, D. Augustin, R. Greenbarg, S.N. Gold,
Psychophysiological reactivity and PTSD symptom severity among young women,
Int J Psychol Neurosci 2 (3) (2016) 17–34.
V. Catalan, J. Gomez-Ambrosi, A. Rodriguez, C. Silva, F. Rotellar, M.J. Gil,
J.A. Cienfuegos, J. Salvador, G. Fruhbeck, Expression of caveolin-1 in human adipose tissue is upregulated in obesity and obesity-associated type 2 diabetes mellitus
and related to inﬂammation, Clin Endocrinol (Oxf) 68 (2) (2008) 213–219.
J. Gomez-Ambrosi, J. Salvador, J.A. Paramo, J. Orbe, J. de Irala, A. Diez-Caballero,
M.J. Gil, J.A. Cienfuegos, G. Fruhbeck, Involvement of leptin in the association
between percentage of body fat and cardiovascular risk factors, Clin. Biochem. 35
(4) (2002) 315–320.
J. Gomez-Ambrosi, J. Salvador, F. Rotellar, C. Silva, V. Catalan, A. Rodriguez,
M. Jesus Gil, G. Fruhbeck, Increased serum amyloid A concentrations in morbid
obesity decrease after gastric bypass, Obes. Surg. 16 (3) (2006) 262–269.
R. von Kanel, C.C. Abbas, J.P. Schmid, H. Saner, A. Haeberli, M. Stutz, S. Begre,
Momentary stress moderates procoagulant reactivity to a trauma-speciﬁc interview
in patients with posttraumatic stress disorder caused by myocardial infarction, J.
Psychiatr. Res. 44 (14) (2010) 956–963.
W.V. Vieweg, D.A. Julius, A. Fernandez, D.M. Tassone, S.N. Narla, A.K. Pandurangi,
Posttraumatic stress disorder in male military veterans with comorbid overweight
and obesity: psychotropic, antihypertensive, and metabolic medications, Prim. Care
Companion J. Clin. Psychiatry 8 (1) (2006) 25–31.
M. Jakovljevic, D. Babic, Z. Crncevic, M. Martinac, B. Maslov, R. Topic, Metabolic
syndrome and depression in war veterans with post-traumatic stress disorder,
Psychiatr. Danub. 20 (3) (2008) 406–410.
R.M. Brackbill, J.E. Cone, M.R. Farfel, S.D. Stellman, Chronic physical health consequences of being injured during the terrorist attacks on World Trade Center on
September 11, 2001, Am. J. Epidemiol. 179 (9) (2014) 1076–1085.
S.A. Miller-Archie, H.T. Jordan, R.R. Ruﬀ, S. Chamany, J.E. Cone, R.M. Brackbill,
J. Kong, F. Ortega, S.D. Stellman, Posttraumatic stress disorder and new-onset
diabetes among adult survivors of the World Trade Center disaster, Prev. Med. 66
(2014) 34–38.
E.B. Foa, T.M. Keane, M.J. Friedman, J.A. Cohen, Eﬀective Treatments for PTSD:

Biomedicine & Pharmacotherapy 117 (2019) 108834

J. Aaseth, et al.

[76]

[77]
[78]
[79]

[80]

[81]

Practice Guidelines From the International Society for Traumatic Stress Studies,
Guilford, London, 2011.
P.J. Lang, Stimulus control, response control, and the desensitization of fear, in:
D. Levis (Ed.), Foundations of Behavioral Therapy, Routhledge, London, 2017, pp.
148–173.
A.B.B.J.E. Gentry, R. Rhoton, Trauma competency: an active ingredients approach
to treating posttraumatic stress disorder, J. Couns. Dev. 95 (3) (2017) 279–287.
N.B. Boyle, C.L. Lawton, L. Dye, The eﬀects of magnesium supplementation on
subjective anxiety, Magnes. Res. 29 (3) (2016) 120–125.
S.M. Mikalsen, A.L. Bjorke-Monsen, J.E. Whist, J. Aaseth, Improved magnesium
levels in morbidly obese diabetic and non-diabetic patients after modest weight
loss, Biol. Trace Elem. Res. 188 (1) (2019) 45–51.
F.E. Fard, M. Mirghafourvand, S. Mohammad-Alizadeh Charandabi, A. FarshbafKhalili, Y. Javadzadeh, H. Asgharian, Eﬀects of zinc and magnesium supplements
on postpartum depression and anxiety: a randomized controlled clinical trial,
Women Health 57 (9) (2017) 1115–1128.
M. Gaikwad, S. Vanlint, G.L. Moseley, M.N. Mittinty, N. Stocks, Factors associated

[82]

[83]
[84]

[85]

[86]

6

with vitamin d testing, deﬁciency, intake, and supplementation in patients with
chronic pain, J. Diet. Suppl. 15 (5) (2018) 636–648.
M. Bicikova, M. Duskova, J. Vitku, B. Kalvachova, D. Ripova, P. Mohr, L. Starka,
Vitamin D in anxiety and aﬀective disorders, Physiol. Res. 64 (Suppl. 2) (2015)
S101–S103.
N.C.o. Ministers, Nordic Nutrition Recommendations 2012, Integrating nutrition
and physical activity, 2012.
E. Tortosa-Caparros, D. Navas-Carrillo, F. Marin, E. Orenes-Pinero, Anti-inﬂammatory eﬀects of omega 3 and omega 6 polyunsaturated fatty acids in cardiovascular disease and metabolic syndrome, Crit. Rev. Food Sci. Nutr. 57 (16) (2017)
3421–3429.
S.K. Billes, P. Sinnayah, M.A. Cowley, Naltrexone/bupropion for obesity: an investigational combination pharmacotherapy for weight loss, Pharmacol. Res. 84
(2014) 1–11.
E. Brown, D.J. Cuthbertson, J.P. Wilding, Newer GLP-1 receptor agonists and
obesity-diabetes, Peptides 100 (2018) 61–67.

