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Abstract

Background. Previous studies suggested that exposure to traumatic events during childhood
and adulthood and post-traumatic stress disorder (PTSD) are associated with a dysregulation
of different neuroendocrine systems. However, the activity of the renin-angiotensin-aldoster-
one-system (RAAS) in relation to trauma/PTSD has been largely neglected.

Methods. Traumatization, PTSD, and plasma concentrations of renin and aldosterone were
measured in 3092 individuals from the general population. Subgroups according to
the status of traumatization (‘without trauma’; ‘trauma, without PTSD’, ‘PTSD’) were formed
and compared regarding renin and aldosterone concentrations. Additionally, we calculated the
associations between the number of traumata, renin, and aldosterone concentrations. Finally,
associations of PTSD with renin/aldosterone levels were controlled for the number of
traumata (‘trauma load’).

Results. Levels of renin, but not aldosterone, were increased in traumatized persons without
PTSD (p=0.02) and, even stronger, with PTSD (p <0.01). Moreover, we found a dose-
response relation between the number of traumata and renin levels (8=0.065; p <0.001).
Regression analyses showed PTSD as a significant predictor of renin (£=0.38; p<0.01).
This effect was only slightly attenuated when controlled for trauma load (8= 0.32; p <0.01).
Conclusions. Our results suggest that traumatization has lasting and cumulative effects on
RAAS activity. Finding elevated renin levels in PTSD independent from trauma load supports
the concept of PTSD as a disorder with specific neuroendocrine characteristics. Alternatively,
elevated renin levels in traumatized persons may increase the risk for developing PTSD. Our
findings contribute to explain the relationship between traumatic stress/PTSD and physical
disorders.

Introduction

Evidence from clinical and epidemiological studies suggested that traumatic stress in child-
hood and adulthood is related to a wide range of somatic disorders and particularly cardiovas-
cular disease (CVD) (Goodwin and Stein, 2004; Baker et al., 2009). For example, in their study
using data from the US national comorbidity survey, Goodwin and Stein found that childhood
sexual abuse was associated with a significantly increased risk for different cardiac diseases
(Goodwin and Stein, 2004). Other researchers reported that exposure to combat trauma, nat-
ural disasters, and sexual or physical assault was associated with various somatic disorders
including CVD (Boscarino, 1997; Gallo et al., 2014).

Post-traumatic stress disorder (PTSD), one of the most common and severe psychological
sequelae of trauma exposure, was found to be associated with increased risk for CVD: Spitzer
et al. investigated the relationship of trauma exposure, PTSD, and physical illnesses in the gen-
eral population and found increased rates of renal diseases, stroke, angina pectoris, and heart
failure in traumatized persons (Spitzer et al, 2009). Those individuals positive for PTSD
showed even higher odds ratios (OR) for angina pectoris and heart failure and were addition-
ally at higher risks of peripheral artery disease than traumatized individuals without PTSD.
Boscarino found positive associations of mortality from early-age heart disease with the
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level of post-traumatic symptoms in a large sample of male
Vietnam veterans (Boscarino, 2008).

Results from clinical and experimental studies indicated that
dysregulation of different neuroendocrine systems is involved in
the relation between trauma, PTSD, and somatic health outcomes.

Altered activity of the hypothalamic-pituitary—adrenal (HPA-)
axis as well as the sympathoadreno-medullary (SAM-) system has
been found in persons with a history of trauma and current
PTSD. Heim et al. reviewed a series of studies investigating endo-
crine alterations in individuals with a history of childhood trauma
and found increased pituitary—-adrenal and autonomic responses
to mild stress (Heim et al., 2008). Moreover, an evidence showed
that increased stress reactivity in response to childhood trauma is
further enhanced when additional traumas occurred during adult-
hood (Heim et al., 2002). In PTSD, cortisol levels were found to
be reduced under baseline conditions [for review (Meewisse et al.,
2007)] and increased in the presence of psychological stress [for
review (de Kloet et al., 2006)].

There is a close relation of the renin-angiotensin-aldosterone-
system (RAAS) with the HPA-axis and the SAM-system in stress
response (Groeschel and Braam, 2011). The RAAS is the key regu-
latory system for blood-pressure levels. Stress-associated sympa-
thetic activation leads to an increased release of renin and,
subsequently, to increased levels of Angiotensin II (ANG II)
(Yang et al, 1994), the primary effector of the RAAS. Under
the conditions of acute stress, enhanced ANG II concentrations
mediate the release of glucocorticoids and aldosterone from the
adrenal cortex (Armando et al, 2001). In contrast, aldosterone
release was found to be reduced in the presence of chronic stress
due to downregulated adrenal ANG II receptors (Aguilera, 1993).
Also, the activity of the aldosterone synthetase, the rate-limiting
enzyme in aldosterone metabolism, was found to be inhibited
under chronic stress conditions (Aguilera, 1993). Finally, adreno-
corticotropic hormone (ACTH), which is a potent stimulating
factor for the release of cortisol as well as aldosterone from
the adrenal cortex, is regulated by a negative feedback circuit:
Stress-induced increase in cortisol levels results in the suppression
of ACTH output, and subsequently, in reduced cortisol and
aldosterone release (Miller et al., 2007).

Only few studies investigated RAAS activity in relation to
chronic stress in humans: Héfner et al. reported on elevated
renin and aldosterone levels in depressed individuals living
alone (Hafner et al.,, 2012). Terock et al. found associations of
chronic psychosocial stress imposed by ‘living alone’ with elevated
renin, but not aldosterone levels in a community-based sample
(Terock et al., 2017).

The RAAS has been linked with effects on a wide range of organ
systems including the brain. Consistent with these findings, thera-
peutic and protective effects of angiotensin-converting enzyme
inhibitors (ACE-I) and ANG II receptor blockers (ARB) on differ-
ent brain functions including stress reduction have been found.
Specifically, Khoury et al. examined the relation between prescrip-
tion of different antihypertensive drugs and symptoms of PTSD
(Khoury et al., 2012). The authors found that intake of ACE-I
and ARBs, but not of other antihypertensive drugs, was associated
with reduced PTSD symptoms, indicating that the RAAS may take
in a critical role in the regulation of stress response in PTSD
patients. These findings were recently replicated and extended in
a study by Nylocks et al. who demonstrated that the protective
effects of ACE-I and ARBs on PTSD were mitigated by a common
polymorphism of the ACE gene (Nylocks et al., 2015). In another
study, inhibition of type I angiotensin receptors with a common
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ACE-I enhanced extinction of fear memory in mouse models of
PTSD-like symptoms (Marvar et al., 2014).

In summary, there is a substantial evidence for altered HPA-
and SAM-activity associated with trauma and PTSD, while the
role of the RAAS is unclear. Using data from a large general popu-
lation sample, we sought to investigate the levels of renin and
aldosterone in relation to the number of traumatic events and
the occurrence of PTSD adjusting for behavioral and metabolic
risk factors as well as life-time diagnosis of depression and anti-
hypertensive medication. Based on the previous studies showing
differential effects of chronic v. acute stress on renin and aldoster-
one levels, we hypothesized that (i) exposure to traumatic events
would be associated with increased renin, but not aldosterone
levels, that the number of traumatic events is associated with
renin levels (ii) and that (iii) individuals suffering from PTSD
show higher levels of renin, but not aldosterone, compared with
traumatized participants without PTSD and to non-traumatized
individuals.

Methods and materials
General population sample

Data were obtained from the first follow-up of the Study of Health
in Pomerania (SHIP), a population-based cohort study from the
general population (Volzke et al., 2011). A multi-stage sampling
scheme was adopted from the World Health Organization’s
Monica Project, Germany. The target population was comprised
of adult German residents in northeast Germany living in three
cities and 29 communities, with a total population of 212 157.
A two-stage stratified cluster sample of adults aged 20-79 years
had been drawn from local population registration files. The net
sample comprised 6267 eligible persons, of which 4308 persons
participated at baseline SHIP-0 between 1997 and 2001. The
first follow-up examination (SHIP-1) was conducted 5 years
after baseline and included 3300 individuals aged 25-88 years.

The investigations were carried out in accordance with the
Declaration of Helsinki, including written informed consent of
all participants. The survey and study methods of both the studies
were approved by the institutional review boards of the University
of Greifswald.

Analytic sample

After exclusion of all SHIP-1 participants with missing information
on exposure, outcome, or confounding variables, with extremely
high renin (above 1000 ng/l) or aldosterone (above 500 ng/l) con-
centrations and all pregnant women, our analytic sample com-
prised 3092 participants. Figure 1 provides a detailed overview
over the selection process and composition of our analytic sample.

Interview and examination

Sociodemographic characteristics including behavioral risk factors
were obtained in a computer-assisted face-to-face interview.
Moreover, participants were asked to bring all medication taken
in the last 7 days prior to the examination. The drugs were cate-
gorized according to the anatomical therapeutic chemical (ATC)
classification code. Antihypertensives (ATC C02), diuretics
(ATC Co03), B-blockers (ATC CO07), calcium channel blockers
(ATC C08), ACE-I (ATC C09A, C09B), and ARBs (ATC C09C,
C09D) were classified as altering renin or aldosterone
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concentrations. Participants also underwent a routine medical
examination including measurement of waist circumference.
Smoking and physical activities were evaluated based on self-
report. Smoking was categorized into the categories ‘non-smoker’,
‘smoker’, and ‘ex-smoker’. Participants who reported regular or
irregular smoking during the last 4 weeks were defined as ‘smo-
ker’, those who reported former smoking as ‘ex-smoker’, and all
other persons as ‘non-smoker’. Participants were defined as ‘phys-
ically active’ if they answered affirmatively to the question of
whether they performed any physical exercise. All other persons
were defined as ‘physically inactive’. Heart rate, systolic, and
diastolic blood pressures were measured three times on the
right arm of seated persons, using a digital blood-pressure moni-
tor (HEM-705CP, Omron Corporation, Tokyo, Japan). The mean
of the second and third measurements was used for statistical
analyses. Hypertension was defined as systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg or self-
reported intake of antihypertensive medication.

Assessment of trauma, PTSD, and depressive symptoms

The PTSD module of the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) was applied to assess the occurrence of
PTSD in participants. The PTSD module is a frequently used
instrument in clinical practice (Elhai et al., 2005). At the begin-
ning, participants were asked if they had been exposed to one
of the following events which are enlisted as traumatic events in
the DSM-IV: combat or war-zone experience, physical assault,
rape, childhood sexual abuse, natural disaster, life-threatening
illness, serious or nearly fatal accident, imprisonment and/or
torture, sudden and unexpected death of a loved one, as well as
witnessing or learning about traumas to others. The module
was terminated if the participants responded with ‘no’ to each
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Fig. 1. Selection of the study population.

of these questions. If a participant affirmed exposure to more
than one traumatic event, the person was asked to identify the
most distressing experience and to relate to this event when
answering the subsequent questions. The PTSD symptoms
according to the DSM-IV were then continuously asked in the
interview. If the respondent did not pass the required diagnostic
threshold (e.g. at least one re-experiencing symptom), the inter-
view was also terminated. We also assessed the number of trau-
matic events in order to estimate the severity of traumatic stress.
Co-existing depressive symptoms were assessed using the cor-
responding screening questions of the Composite International
Diagnostic Screener for mental disorders (CID-S) (Wittchen
et al., 1999). The CID-S is a 12-item self-report scale evaluating
the core symptoms of mental disorders according to the
DSM-IV. Two questions covering the dimensions ‘depressed
mood’ and ‘loss of interest’ are included in order to screen for life-
time major depression. Participants were classified as having a
depressive syndrome if at least one positive answer is given.

Laboratory analyses

Trained and certified medical staff collected non-fasting venous
blood samples from the SHIP-1 participants following a standar-
dized protocol. Plasma renin concentrations and plasma aldoster-
one concentrations were measured in EDTA plasma by
radioimmunometric procedures (renin, Renin III generation,
Cisbio Bioassay, Bagnols-sur-Céze Cedex, France; aldosterone,
Coat-A-Count Aldosterone, Siemens Healthcare Diagnostics,
Eschborn, Germany) as previously described (Hannemann,
2012). The aldosterone-to-renin ratio was calculated from both
measures as an index of autonomous aldosterone production.
The serum potassium concentration was determined with indirect
potentiometry with ion-selective electrodes using a Dimension
RxL (Siemens Healthcare Diagnostics, Eschborn, Germany).
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Serum creatinine concentrations were determined with the Jaffé
method (Siemens Dimension RxL; Siemens Healthcare
Diagnostics, Eschborn, Germany). The estimated glomerular fil-
tration rate (eGFR) was calculated using the four-variable
Modification of Diet in Renal Disease formula.

Statistical analyses

Selected sociodemographic and health-related characteristics were
compared between participants without trauma, with trauma but
without PTSD, and with PTSD using measures of descriptive sta-
tistics. Categorical variables are presented as proportions, and the
asymmetrically distributed continuous variables are presented as
medians with 1st-3rd quartiles as recommended by the
STROBE initiative (Vandenbroucke et al, 2007). Group differ-
ences were tested for statistical significance with x> (categorical
data) or Kruskal-Wallis tests (continuous data). Two-tailed p
values <0.05 were considered statistically significant.

We then assessed whether statistically significant group differ-
ences in adjusted mean renin or aldosterone concentrations or the
aldosterone-to-renin ratio exist between persons without trauma,
with trauma but without PTSD, and with PTSD by analysis of
covariance (ANCOVA) [hypotheses (i, iii)]. The effect size was
determined by the calculation of 5. Post-hoc tests followed by
a Bonferroni adjustment of p values for multiple testing were
then applied to assess pairwise differences between the three
groups. These and all following models were adjusted for age,
sex, waist circumference, alcohol consumption, physical activity,
serum creatinine and potassium concentrations, depressive symp-
toms, and intake of medication that alters renin or aldosterone
concentrations. Renin and aldosterone concentrations as well as
aldosterone-to-renin ratios were log-transformed before being
entered in the respective models.

Multivariable logistic regression models were performed to
assess whether the number of traumatic events was associated
with PTSD (dependent variable). In our analytic sample, the num-
ber of traumata ranged between zero and seven (zero traumata n =
1399; one trauma n = 1060; two traumata » = 380; three traumata n
=155; four traumata » = 66; five traumata n = 25; six traumata n =
4; seven traumata n = 3). As the number of individuals with more
than four traumatic events was low, we collapsed these categories to
four or more traumata (n = 98). Finally, we calculated multivariable
linear regression models to assess the associations between the
number of traumata and renin or aldosterone concentrations or
aldosterone-to-renin ratios [hypotheses (ii)]. Moreover, we exam-
ined whether the association between PTSD and renin or aldoster-
one or the aldosterone-to-renin ratio is altered after additional
adjustment for the number of traumatic events. Effect size was esti-
mated by Cohen’s f* in the regression analyses.

In a sensitivity analysis, we repeated all calculation after exclu-
sion of participants taking medication that alters renin or aldos-
terone concentrations.

All statistical analyses were performed with SAS 9.4 (SAS
Institute Inc., Cary, North Carolina, USA).

Results
Descriptive statistics

Sociodemographic and health-related characteristics according to
the three subgroups ‘without trauma’, ‘trauma without PTSD’,
‘PTSD’ are given in Table 1. In all, 1693 of 3092 individuals
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reported at least one traumatic event (54.8%). Out of these
1693 participants, 65 fulfilled criteria for current PTSD (3.8%).
Individuals who had been exposed to traumata were significantly
older (x*=197.77, df =1, p <0.01), showed a higher waist circum-
ference (y*=27.96, df=1, p<0.01), and were more often living
alone (x> =31.16, df = 1, p < 0.01). Traumatic stress with or with-
out PTSD was highly related to increased reporting of depressive
symptoms (y*> = 51.61, df = 1, p < 0.01). We observed that persons
with PTSD had significantly higher renin than those without
trauma (x°=16.94, df=1, p<0.01) and those with trauma but
without PTSD (x*=8.72, df=1, p<0.01), while there were no
group differences in aldosterone concentrations (x> =2.74, df =
1, p=0.10 for ‘PTSD’ v. ‘without trauma’ and %*>=2.53, df=1,
p=0.11 for ‘PTSD’ v. ‘with trauma but without PTSD’).

Adjusted mean renin and aldosterone concentrations
according to trauma and PTSD status

The subsequently performed ANCOVA supported the above find-
ings (Fig. 2). Significant group differences were observed for renin
concentrations (F=9.48, df=2, p<0.01, w=0.11) and the
aldosterone-to-renin ratio (F=3.60, df=2, p=0.03, 1 =0.06) but
not for aldosterone (F=1.23, df=2, p=0.29, n> = 0.06). Post-hoc
tests for pairwise group differences revealed that adjusted mean
renin concentrations were significantly higher in traumatized per-
sons than in those without trauma (t=2.67, df=1, p=0.02) and
even higher in individuals with PTSD (t=3.13, df=1, p <0.01),
while there were no significant differences in aldosterone concen-
trations between the three groups (f=1.03, df=1, p=091 for
‘without trauma’ v. ‘trauma without PTSD’; t=1.35, df=1, p=
0.53 for ‘without trauma’ v. ‘PTSD’; t=1.06, df=1, p=0.86 for
‘trauma without PTSD” v. ‘PTSD’). Thereby, our hypotheses (i)
and (iii) were confirmed. In addition, the aldosterone-to-renin
ratio was lower in participants suffering from PTSD (t=-241,
df =1, p=0.05) than in those without trauma.

Associations between the number of traumatic events and
PTSD

The proportion of persons with PTSD increased with growing
trauma load, from 2.26% in persons with one trauma up to
11.2% in individuals with four or more traumata. Logistic regres-
sion analyses confirmed an association between trauma load and
PTSD. In individuals with at least one trauma, each additional
trauma increased the odds for PTSD (OR 1.63, 95% CI 1.30-
2.03, x*=9.33, df=1, p<0.01). Compared with persons with
one trauma, those with two trauma had an OR of 2.59 (95% CI
1.37-4.90, x> =8.62, df =1, p<0.01) for PTSD, those with three
traumata had an OR of 2.95 (95% CI 1.19-6.82, x2 =5.99, df=
1, p=0.01) and those with four or more traumata had an OR
of 5.65 (95% CI 2.31-13.35, Xz =15.21, df=1, p<0.01).

Associations between the number of traumatic events and
renin or aldosterone concentrations

Multivariable linear regression analyses revealed dose-response
relationships between the number of traumatic events and renin
as well as the aldosterone-to-renin ratio in our analytic sample
(Table 2 and Supplemental Fig. S1) whereby our hypothesis (ii)
was confirmed. When the number of traumata was entered as
continuous variable in the models, we found a significant positive
association for renin (8=0.065, t=0.35, df =1, p <0.001) and an
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Table 1. Characteristics of the study population
Without trauma Trauma without PTSD
Characteristics (n=1399) (n=1628) PTSD (n=65) p df x>
Male, % 47.6 50.9 40.0 0.06 2 5.55
Age, years 50.0 (39.0-60.0) 59.0 (45.0-71.0) 56.0 (45.0-72.0) <0.01 2 197.87
Waist circumference, cm 90.9 (81.2-101.0) 94.0 (84.1-102.8) 95.5 (85.0-103.5) <0.01 2 28.21
Physically inactive, % 60.2 59.5 72.3 0.12 2 4.32
Alcohol consumption, g/day 4.58 (1.31-13.40) 3.43 (0.65-10.97) 1.31 (0.00-5.24) <0.01 2 25.22
Heart rate, bpm 69 (63-76) 68 (61-75) 70 (64-79) <0.01 2 11.13
Systolic blood pressure, mm Hg 130 (118-142) 132 (120-146) 131 (120-150) <0.01 2 11.84
Diastolic blood pressure, mm Hg 82 (75-89) 81 (74-88) 81 (72-89) <0.01 2 13.52
Hypertension, % 46.7 56.1 58.5 <0.01 2 27.66
RAAS medication, % 30.7 47.5 41.5 <0.01 2 89.56
Smoking <0.01 4 20.17
Non-smoker, % 41.7 41.7 27.7
Smoker, % 28.5 23.2 33.9
Ex-smoker, % 29.8 35.2 385
Living together, % 85.4 7.9 66.2 <0.01 2 36.76
N of traumatic events 0(0-0) 1(1-2) 2 (1-3) <0.01 2 2661.29
Depressive symptoms, % 13.0 21.1 73.9 <0.01 2 166.93
eGFR, ml/min/1.73 m? 86.1 (74.7-99.2) 80.8 (69.2-94.3) 85.7 (68.4-101.0) <0.01 2 48.70
Creatinine, umol/l 78.0 (67.0-88.0) 79.0 (69.0-92.0) 76.0 (67.0-86.0) <0.01 2 19.28
Potassium, mmol/l 4.30 (4.10-4.56) 4.30 (4.10-4.54) 4.30 (4.10-4.50) 0.67 2 0.88
PRC, ng/l 7.90 (5.00-12.80) 8.70 (5.30-15.15) 13.80 (7.30-22.50) <0.01 2 30.61
PAC, ng/l 42.0 (26.0-64.0) 43.0 (26.0-64.0) 51.0 (27.0-79.0) 0.25 2 2.76
ARR 5.12 (2.89-9.13) 4.64 (2.39-8.39) 3.65 (1.37-7.19) <0.01 2 16.62
20 p<0.01 60 — 6
p<0.01 p=0.53
55 p=0.86 p=0.05
T 51 p=0.33
a0 = 5 _ p=0.15
B ? : -
g =0.02 g £ ]
& S PERRE X 454 p=0.91 b
10 ] ——
i % % 5
40 -
5 35 2
T T T T T T T T T
Without Trauma Without Trauma Without Trauma
trauma without PTSD o0 trauma without PTSD il trauma without PTSD P

Fig. 2. Adjusted means with 95% confidence intervals for the plasma renin concentration (PRC), the plasma aldosterone concentration (PAC), and the
aldosterone-to-renin ratio (ARR) according to trauma and post-traumatic stress disorder (PTSD) status. Adjustment for sex, age, waist circumference, smoking sta-
tus, alcohol consumption, physical activity, serum creatinine and potassium concentrations, depressive symptoms, and intake of medication that alters renin or

aldosterone concentrations.

inverse association for the aldosterone-to-renin ratio (8= —0.061,
t=-3.26,df =1, p <0.01), but no association with aldosterone (3
=0.004, t=4.10, df=1, p=0.72). Additional linear regression
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analyses were performed to estimate the effects of the specific
number of traumatic events on renin and aldosterone levels. We
found that, compared with the reference group of persons without
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Table 2. Associations between the number of traumata and the log-transformed plasma renin concentration (PRC), plasma aldosterone concentration (PAC), or
aldosterone-to-renin ratio (ARR)

Exposure Outcome B coefficient S.D. P df t Cohen’s >
0 trauma (reference) PRC 0.12
1 trauma 0.068 0.036 0.06 1 191

2 traumata 0.161 0.052 <0.01 1 3.10

3 traumata 0.075 0.076 0.32 1 0.99

>4 traumata 0.347 0.095 <0.001 1 3.67

Continuous 0.065 0.016 <0.001 1 0.35 0.12
0 trauma (reference) PAC 0.06
1 trauma 0.038 0.027 0.17 1 1.37

2 traumata —0.011 0.04 0.79 1 -0.27

3 traumata 0.107 0.058 0.07 1 1.84

>4 traumata —0.069 0.073 0.34 1 —0.95

Continuous 0.004 0.012 0.72 1 4.10 0.05
0 trauma (reference) ARR 0.06
1 trauma —0.031 0.042 0.47 1 -0.73

2 traumata —0.172 0.061 <0.01 1 —2.82

3 traumata 0.032 0.089 0.72 1 0.36

>4 traumata —0.416 0.111 <0.001 1 —-3.74

Continuous —-0.061 0.019 <0.01 1 —3.26 0.06

Results from fully adjusted linear regression models.

trauma, those with a history of two traumas showed significantly
higher renin levels (§=0.16, t=3.10, df=1, p<0.01) and those
who had been exposed to four or more traumatic events had
even higher levels of renin (8=0.457, t=3.67, df=1, p <0.001).
Comparable associations for aldosterone were not observed.

Associations between PTSD and renin or aldosterone
concentrations

Finally, we assessed whether the association between PTSD
and renin is altered by the trauma load (Table 3). The low-to-
moderate association of PTSD with renin concentrations was
slightly attenuated but remained significant (8=0.316 v. =
0.382, p<0.01 v. p<0.01, £ =0.12 v. f=0.13) after additional
adjustment for the number of traumatic events. Thereby, PTSD
was associated with distinctive alterations of RAAS activity inde-
pendent from the trauma load.

Sensitivity analysis

After exclusion of all participants taking medication that alters
renin or aldosterone concentrations, a population of 1862 indivi-
duals, including 38 with PTSD, resulted. We observed a tendency
toward increasing renin concentrations with the number of trau-
mata or PTSD but the results missed statistical significance
(Supplemental Tables S1-S3 and Supplemental Fig. S2).

Discussion

To our best knowledge, this is the first study systematically inves-
tigating the activity of the RAAS in relation to the number of
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traumatic events and current PTSD. It adds to the previous stud-
ies that primarily focused on specific traumas and their relation
with other neuroendocrine systems. Our findings suggest that
chronic stress imposed by traumatization and PTSD relates to
the activation of the RAAS with increased renin levels, while we
did not find evidence for altered aldosterone levels. More specif-
ically, we found elevated renin levels in traumatized persons com-
pared with non-traumatized participants and a dose-response
relationship between the number of traumas and renin concentra-
tions. These findings suggest that traumatic stress has long-lasting
and cumulative effects on the RAAS. Particularly persons who
had been exposed to four or more traumatic events were affected
by a marked increase in plasma renin concentrations, indicating
that the subgroup of severely traumatized persons is at specific
risk for a dysregulation of the RAAS.

These results add to and extend previous findings showing that
trauma causes long-term dysregulation in the HPA-axis and the
autonomic nervous system (Plotsky and Meaney, 1993; Heim
et al., 2000, 2003). Moreover, they contribute to explain previous
results showing dose-response relationships between childhood
and adulthood adversities and various physical and mental dis-
eases (Felitti et al., 1998; Anda et al., 2006). In persons with
PTSD, renin levels were considerably higher than in traumatized
individuals without PTSD and were still significantly elevated
when controlled for the trauma load. These findings support
the concept of PTSD as a mental health condition with specific
neuroendocrine characteristics and are in line with the results
from animal models showing enhanced plasma renin activity in
response to acute as well as chronic psychological and physio-
logical stress (Jindra and Kvetnansky, 1982; Aguilera et al,
1995). The autonomic nervous system is the main effector for
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Table 3. Associations between post-traumatic stress disorder (PTSD) and the log-transformed plasma renin concentration (PRC), plasma aldosterone concentration

(PAC), or aldosterone-to-renin ratio (ARR)

Exposure Outcome B coefficient s.D. p df t Cohen’s >

Full adjustment

PTSD PRC 0.382 0.111 <0.001 1 3.44 0.12
PAC 0.101 0.085 0.24 1 1.18 0.06
ARR —0.281 0.131 0.03 1 —2.15 0.06

Full adjustment + number of traumata

PTSD PRC 0.316 0.112 <0.01 1 2.81 0.13
PAC 0.099 0.086 0.25 1 1.14 0.05
ARR —0.218 0.132 0.10 1 —1.65 0.06

Results from fully adjusted linear regression models.

stress-induced renin release, and enhanced activity of the auto-
nomic nervous system in PTSD patients at baseline as well as in
response to acute stress was found in previous studies (Cohen
et al., 1998, 2000). Stress-induced renin release is mediated by
stimulating renal S-adrenergic receptors. There is an evidence
showing that blockade of renal B-receptors by administration of
propranolol diminishes the increased renin activity in response
to stress (Golin et al., 1988). Given that treatment with propran-
olol immediately after trauma exposure has repeatedly been found
to reduce symptoms of PTSD, our results support the concept of
renin to take in a critical role in the pathophysiology of PTSD
(Pitman et al., 2002; Vaiva et al., 2003).

In contrast, no statistically significant changes of aldosterone
concentrations in traumatized persons with and without PTSD
were found, which is in line with the results from previous studies
investigating the effects of chronic stress on RAAS activity in ani-
mals and humans (Aguilera et al, 1995; Terock et al., 2017).
Possible mechanisms explaining the lack of aldosterone increase
include the reduction of adrenal ANG II receptors, a reduced
activity of the aldosterone synthetase as well as suppressed
ACTH release due to a negative feedback circuit in the presence
of chronic stress (Aguilera, 1993; Miller et al., 2007). Results
from previous studies indicated that increased activity of the
RAAS may not only be a result of chronic stress imposed by
exposure to trauma or PTSD, but could also be directly involved
in the development of stress-related disorders. For example,
animal studies showed that blockade of brain AT1 receptors
ameliorates stress-related behavior, anxiety, and brain inflamma-
tion (Saavedra et al., 2011). More specifically, AT1 receptors on
corticotropin-releasing factor neurons were found to contribute
to the expression of conditioned fear in mice (Hurt et al,
2015). These findings were supported by the study of Khoury
et al. showing that intake of ARB and ACE-I but not of other anti-
hypertensive drugs were associated with reduced PTSD symptoms
in persons who had been exposed to traumatic events (Khoury
et al., 2012). In line with the concept of neuroendocrine altera-
tions preceding the development of PTSD, some authors reported
that decreased cortisol levels and increased autonomic nervous
system activity at the time of the traumatic event were associated
with a higher risk for the later development of PTSD [for review:
(Yehuda et al., 1998)]. In this context, one could hypothesize that
increased levels of renin and subsequent elevations of ANG II
secondary to traumatic stress may contribute to an increased
vulnerability for developing PTSD.
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In line with the previous findings (Spitzer et al, 2009), we
found significantly lower renal function in traumatized persons.
Given that hypertension, which is closely related to trauma and
PTSD, is an important risk factor for renal disease, it can be
speculated that increased renin, a potent effector for blood pres-
sure, contributes to explain the association between trauma and
renal disease. However, as impaired renal function is restricted
to traumatized persons without PTSD in our sample, the under-
lying mechanism may be more complex.

While our study has some strengths including the large general
population sample and the controlling for different potential
behavioral and metabolic confounders, there are several limita-
tions which need to be acknowledged: First, our results are
based on cross-sectional data which generally do not allow for
causal conclusions. While the causal relationship between expos-
ure to trauma and the increase of renin levels seems relatively
clear, the link between RAAS dysregulation and PTSD may be
more complex. Longitudinal studies are needed to investigate
the direction of causality between RAAS activation and PTSD.

Second, in order to sustain the statistical power of our sample,
we decided not to exclude participants taking antihypertensive
drugs in the main analyses but to adjust the analyses for the intake
of such medication. While results of the sensitivity analyses
pointed in the same direction, the statistical uncertainty increased
markedly.

Third, trauma was assessed based on self-reported retrospective
information. Although the PTSD module of the DSM-IV is well-
established and widely used in clinical practice and research, there
has been some discussion about the accuracy of the obtained infor-
mation. For example, participants may prefer not to completely
disclose certain experiences or have difficulties in recalling particu-
larly painful aspects of their early memory (Edwards et al, 2001).
Results from longitudinal studies indicated that traumatized parti-
cipants tend to underestimate the actual occurrence particularly of
childhood traumatic events (Williams, 1995). Considering these
findings, the relationship between trauma and RAAS activity may
be even stronger than found in our analyses.

Fourth, the lifetime diagnosis of major depressive disorders was
made based on only two questions from the CID-S. Although the
original publication showed satisfactory psychometric properties,
a sensitivity of 62.6% for depressive disorders suggests that a sig-
nificant number of MDD cases may have been missed in our
study. However, more detailed analysis in the original investiga-
tion showed that primarily fairly short depressive episodes were
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not detected by the CID-S, suggesting a rather weak interference
with our results.

Finally, only levels of renin and aldosterone, but not of ANG II
were available to us. When planning the SHIP study, diagnosis
of primary aldosteronism was of particular interest to some
researchers and the aldosterone-to-renin ratio is an established
measure for screening for primary aldosteronism. However, given
the strong functional relationship of renin and ANG II, we believe
that renin levels may be used as an adequate proxy for circulating
ANG II concentrations.

Despite these limitations, our study demonstrating enhanced
renin levels in relation to trauma and PTSD extends existing find-
ings on neuroendocrine alterations in traumatized persons. In
analogy to the HPA-axis, our findings suggest that trauma and
PTSD impact the RAAS. Given the well-established relationship
of RAAS activity with physical disorders and particularly CVD,
these findings contribute to elucidate the complex interaction
between traumatic stress, PTSD, and physical health. Additional
research is needed to investigate the role of a dysregulated RAAS
on the physical health of traumatized individuals. Moreover, longi-
tudinal studies should examine a putatively predictive effect of
elevated renin on the onset of PTSD.
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be found at https://doi.org/10.1017/50033291718001496
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