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A U-shaped relationship between systolic blood pressure
and panic symptoms: the HUNT study
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Background. Previous studies on the relationship between blood pressure (BP) and psychological morbidity are
conflicting. To resolve this confusing picture we examined the hypothesis that there is a non-linear relationship
between panic and systolic BP (SBP) and explored the association of generalized anxiety symptoms with SBP.

Method. We used data from the population-based Nord-Trendelag health study (HUNT) in which all 92936
individuals aged >20 years residing in one Norwegian county were invited to participate. Panic was assessed using
one item from the anxiety subscale of the Hospital Anxiety and Depression Scale (HADS) and generalized anxiety
with the remaining six items of this subscale. SBP was the mean of two measurements by an automatic device.

Results. A total of 64871 respondents had SBP recorded (70 %). Both unadjusted (1n=61408) and adjusted analyses
provided evidence for a non-linear relationship between panic and SBP, represented by a U-shaped curve with a
minimum prevalence of panic at around 140 mmHg. The relationship was strengthened after adjustment for
confounders, with the quadratic term significantly associated with panic (p=0.03). Generalized anxiety symptoms
were associated only with low SBP.

Conclusions. The U-shaped relationship between SBP and panic provides a unifying explanation for the separate
strands of published literature in this area. The results support the hypothesis that high BP and panic disorder could
share brainstem autonomic and serotonergic abnormalities. By contrast, generalized anxiety symptoms were more
common only at lower BPs, suggesting that any biological link between panic and high BP does not extend to
generalized anxiety.
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Introduction self-reported hypertension, which is prone to
measurement bias (Weisman et al. 1990), or did not
adjust for confounders apart from age and sex (Davies
et al. 1999). Other studies have supported the link be-
tween hypertension and panic but these have been
small and selected patients from secondary care
(Noyes et al. 1978; Katon, 1984, 1986) or were uncon-
trolled (Kaplan, 1997). Overall, although these studies
provide some clinical insight, their limitations mean
that they do not provide robust evidence for a re-
lationship between hypertension and panic.
Psychological morbidity is a broad term that
includes depression, generalized anxiety disorder
(GAD) and also panic, and all are associated with each
other (Wittchen & Essau, 1993). Whereas autonomic
symptoms are prominent in panic attacks, GAD is
characterized by pervasive worry, with restlessness

Very different conclusions have been drawn about the
association between hypertension and psychological
morbidity, especially panic attacks, which are discrete
episodes of fear or anxiety that reach a peak quickly
and in which several somatic, autonomic or cognitive
symptoms are experienced. Clinical observation sug-
gests that panic attacks are associated with transient
increases in blood pressure (BP)), perhaps through an
increase in catecholamine release (White & Baker,
1986; Wilkinson ef al. 1998). Several studies have
also reported higher rates of panic attacks or panic
disorder with hypertension (Weissman et al. 1990;
Davies ef al. 1999). However, these studies either used

* Address for correspondence: Dr S. J. C. Davies, Academic Unit of
Psychiatry, University of Bristol, Oakfield House, Oakfield Grove,
Bristol BS8 2BN, UK.

(Email: simon.davies@bristol.ac.uk)

https://doi.org/10.1017/50033291711003047 Published online by Cambridge University Press

and muscle tension. Perhaps it is not surprising that,
in studies using hypertension as a dichotomous end-
point, all kinds of relationships have been reported.
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For instance, in some studies hypertension as a categ-
ory was associated with measures of anxiety disorders
distinct from panic (Markovitz et al. 1991, 1993; Jonas
et al. 1997; Paterniti et al. 1999; Perez et al. 2001;
Gafarov et al. 2007), and with depression (Rabkin et al.
1983; Barrett-Connor & Palinkas, 1994; Jonas et al.
1997; Davidson et al. 2006; Patten et al. 2009), but in
others no association with anxiety (Kahn et al. 1972;
Sparrow et al. 1982; Shinn et al. 2001) or depression
(Paterniti et al. 1999 ; Shinn et al. 2001 ; Wiehe et al. 2006)
was found.

By contrast, large population-based studies, using
continuous BP measures rather than a hypertension
diagnosis, have reported associations between low BP
and general psychological morbidity and related
symptoms such as fatigue (Wessely et al. 1990; Pilgrim
et al. 1992), including the population-based Nord-
Trendelag health study (HUNT; Hildrum et al. 2007).
Indeed, in some countries a syndrome of low BP,
tiredness and anxiety is well recognized (Pemberton,
1989). Measures of anxiety and depression have
therefore been associated with both low and high BP.
These contradictory results have yet to be reconciled.
We previously stated a hypothesis that links hyper-
tension to panic (Davies et al. 2010). Given the con-
flicting evidence from previous studies, the current
study was planned to test the hypothesis that there is a
non-linear relationship between systolic BP (SBP) and
panic and an association of low BP with generalized
anxiety and depression. We chose to study systolic
rather than diastolic BP (DBP) as both the initial case
reports of the association (White & Baker 1986) and
our own study examining the effect of serotonin ma-
nipulation on BP reactivity (Davies et al. 2006) sug-
gested a larger effect on SBP than DBP.

Method

We used data from HUNT 2, a cross-sectional study in
which all individuals aged >20 years residing in one
county in central Norway were approached for par-
ticipation in a general health study (www.ntnu.no/
hunt/english). Invitations were sent to 92936 eligible
people and included a questionnaire and appoint-
ments for physical tests and blood samples.
Information on age, place of residence and marital
status were obtained from the National Population
Registry. The Norwegian Data Inspectorate, the
Regional Committee for Ethics in Medical Research
and the HUNT Publication Review Board approved
the protocols for HUNT 1, HUNT 2, and for this study.
All participating subjects in HUNT 2 provided written
consent. All residents who had BP measurement
completed (n=64871) were included in the present
analyses.
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Measures of panic, anxiety and depressive symptoms

Psychological morbidity was measured using the self-
administered Hospital Anxiety and Depression Scale
(HADS; Snaith & Zigmond, 1986). The HADS com-
prises 14 items each based on four-point Likert scales:
seven items for anxiety symptoms and seven for de-
pressive symptoms. The anxiety questions cover worry
and tension, with one item asking about panic.

The following variables were used as outcome
measures:

(a) Panic. We defined two binary variables: (1) ‘fre-
quent panic’, respondents scoring 3 (panic feelings
very often in the past week) compared to those
scoring 2, 1 or 0 on the HADS panic item, and
(2) ‘panic’, respondents scoring 3 or 2 on the
HADS panic item (panic feelings very often or
quite often in the past week) compared to those
scoring 1 or 0.

(b) Generalized anxiety symptoms. This was achieved by
adding the scores for six HADS-Anxiety items
omitting the item referring to panic (maximum 18),
and assigning the uppermost quartile to a score of
1 and the remainder to a score of zero. The upper
quartile was defined at a score of 6/18, the 76th
centile.

(c) Depressive symptoms. These were defined as being
present in the upper quartile of the HADS de-
pression score (maximum 21). A cut-off has not
been determined in a Norwegian population and
thus we preferred to define our outcome as the
upper quartile, which here was at a score of 6/21,
the 77th centile.

Measurement of BP

As described previously (Hildrum et al. 2007), BP was
measured by a trained nurse at the beginning of the
screening procedure using an arm cuff of appropri-
ate size connected to a Dinamap 845Xt device
(Langhammer et al. 2000). BP was measured auto-
matically at 1-min intervals, beginning when the par-
ticipant had been seated for 2 min with the arm resting
on a table. The mean of the second and third readings
was used here.

Statistical analysis

Multivariate logistic regression was used (the
‘Logistic’ command in Stata 10; Long & Freese, 2006)
to estimate odds ratios (ORs) for panic, generalized
anxiety and depressive symptoms according to SBP. In
addition to the SBP term, a quadratic term (SBP
squared) was included in each regression model to test
for a non-linear relationship.
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Table 1. Demographics of respondents with systolic blood pressure (SBP) <150 mmHg

and >150 mmHg (uppermost quartile)

SBP SBP

<150 mmHg >150 mmHg P
n 49154 15717
Age (years) 45.4 64.3 <0.001
Married or living with partner (%) 80.7 83.7 <0.001
Female (%) 53.3 52.5 0.080
Current smoker (%) 319 21.3 <0.001
Education <9 years (%) 29.5 61.3 <0.001
In employment, education or 74.3 36.3 <0.001

military service (%)

BMI (kg/m?) 25.9 27.8 <0.001
Previous myocardial infarction 2.7 5.2 <0.001

BMI, Body mass index.

Three logistic regression models were constructed
for each outcome variable as follows:

(2) Crude model with only SBP and SBP squared as
independent variables,

(b) Adjustment 1: model incorporating age, age
squared, gender, smoking status, exercise, partner
status, work status, education level, hyper-
thyroidism, total cholesterol, triglycerides, cancer,
disability and headaches.

(c) Adjustment 2: model incorporating the variables
listed in adjustment 1 and the following, which
might lie on the causal pathway: use of anti-
hypertensive medication, diabetes, history of
myocardial infarction, history of angina, history of
stroke and body mass index (BMI).

Missing data

A non-participant study has been performed in HUNT
2 and little difference in the prevalence of chronic so-
matic diseases and use of cardiovascular medication
was reported between those who participated in this
part of the HUNT study and a randomly selected
sample of those who declined (Langhammer et al.
2000). We approached the issue of missing data as a
result of confounders by comparing the subjects with
complete data for all variables, including confounders
(n=43541), with those who had exposure and out-
come data but some missing data from one or more
confounders (n=17876). We further carried out a
crude analysis in the complete case dataset to examine
the possible impact of missing data. We adjusted for
variables associated with missingness to ameliorate
any bias as a result of data missing at random for the
outcome (Carpenter et al. 2006).
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Results
Description of sample

There were 64 871 respondents for whom data on SBP
were recorded, amounting to 69.8 % of those invited to
participate. Of these, 15717 [24.2%, 95% confidence
interval (CI) 23.9-24.6] had SBP >150 mmHg
(Table 1). Compared to those with SBP <150 mmHg,
respondents with SBP >150 mmHg were older, had
greater BMI, had spent less time in education and
were much less likely to be in employment, education
or military service, and were less likely to be current
cigarette smokers (Table 1).

Association of SBP with psychological morbidity
(Table 2)

Panic variables

Of 61408 who completed the panic item, 493 partici-
pants (0.80%, 95% CI 0.73-0.87) reported ‘frequent
panic” and 2501 (4.07 %, 95% CI 3.92—4.23) “panic’.
There was evidence for a non-linear relationship
between ‘frequent panic” and SBP, represented by a
U-shaped curve with a local minimum score around
140-150 mmHg (Fig. 1). The y axis of the curve rep-
resents the probability of any individual with a given
BP reporting frequent panic (i.e. the predicted pro-
portion of individuals with that BP reporting frequent
panic). When testing for the non-linear relationship,
the quadratic term improved the fit of the model
(likelihood ratio test, p=0.04). The associations be-
came stronger as more potential confounding factors
were added to the model. In numerical terms, the 5%
of participants with an SBP >180 mmHg had an OR
for frequent panic of 1.56 (95% CI 0.861-2.84)
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Table 2. Odds ratios (ORs) and 95 % confidence intervals (Cls) following logistic regression with dichotomous panic, generalized
anxiety and depression variables referring to symptoms experience in the past week, for (i) crude calculation with only systolic blood
pressure (SBP) and (SBP)? as exposures, (ii) adding core confounders (adjustment 1) and (iii) adding core and extended confounders

(adjustment 2)

OR Crude OR Adjustment 1* OR Adjustment 27
Frequent panic
n 61408 43974 43541
SBP (/10 mmHg) 0.73 (0.51-1.03) 0.63 (0.40-0.98) 0.60 (0.38-0.95)
(p=0.073) (p=0.041) (p=0.029)
(SBP)* (/10 mmHg ) (quadratic term) 1.011 (0.999-1.022) 1.017 (1.001-1.032) 1.017 (1.002-1.033)
(p=0.065) (p=0.033) (p=0.025)
Panic
n 61408 43974 43541
SBP (/10 mmHg) 0.67 (0.57-0.79) 0.82 (0.66-1.03) 0.84 (0.67-1.05)
(p<0.001) (p=0.084) (p=0.130)
(SBP)* (/10 mmHg) (quadratic term) 1.012 (1.007-1.018) 1.006 (0.999-1.014) 1.005 (0.997-1.013)
(p<0.001) (p=0.102) (p=0.187)
GAD symptoms (upper quartile)
n 53515 39755 39395
SBP (/10 mmHg) 0.79 (0.72-0.87) 0.86 (0.77-0.97) 0.89 (0.79-0.9999)
(p<0.001) (p=0.012) (p=0.050)
(SBP)? (/10 mmHg) (quadratic term) 1.006 (1.003-1.009) 1.004 (0.9996-1.008) 1.003 (0.998-1.007)
(p<0.001) (p=0.074) (p=0.212)
Depressive symptoms (upper quartile)
n 58 492 42306 41897
SBP (/10 mmHg) 1.19 (1.10-1.30) 0.95 (0.85-1.06) 0.95 (0.85-1.07)
(p<0.001) (p=0.340) (p=0.414)
(SBP)? (/10 mmHg ) (quadratic term) 0.997 (0.994-0.9995) 1.000 (0.997-1.004) 1.000 (0.996-1.004)
(p=0.023) (p=0.839) (p=0.995)

*OR Adjustment 1 (core confounders): age, age squared, gender, smoking status, exercise, partner status, work status,

education level, hyperthyroidism, total cholesterol, triglycerides, cancer, disability, headaches.
+ OR Adjustment 2 (core and extended confounders): all confounders in adjustment 1, in addition to antihypertensive

medication, diabetes, history of myocardial infarction, history of angina, history of stroke, body mass index (BMI).

0.025

1.14 (95% CI 0.666-1.96) compared with the group
with BP 127-143 mmHg.
The pattern of results for the association of panic
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Fig. 1. Probability of frequent panic by systolic blood
pressure (mmHg) after adjustment 1. Broken lines indicate
95% confidence limits.

compared with the 30% of participants with BPs
closest to the mean in the range 127-143 mmHg. The
5% with the lowest SBP (<108 mmHg) had an OR of
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and SBP was similar to that for ‘frequent panic’.
However, these associations became weaker as more
confounding factors were added. Nevertheless, in
all cases the U-shaped curve was apparent with
the minimum prevalence of panic at around 150
mmHg.

Generalized anxiety symptoms

In the crude analysis there was evidence for a non-
linear relationship between generalized anxiety
symptoms and SBP but this weakened after adjust-
ment. On inspection of the curves (Fig. 2), lower SBP
was seen to be associated with an increased preva-
lence of generalized anxiety symptoms. There was no
suggestion that higher SBP was associated with any
increased prevalence up to an SBP of 200 mmHg.
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Fig. 2. Probability of Hospital Anxiety and Depression Scale
(HADS) generalized anxiety symptoms by systolic blood
pressure (mmHg) after adjustment 1. Broken lines indicate
95% confidence limits.

Depressive symptoms

The crude analysis showed a different pattern to those
observed for the generalized anxiety and panic vari-
ables. Although SBP was associated with depressive
symptoms in the unadjusted analysis and there was
evidence of non-linearity, the curve was an inverted U
shape. After adjustments, there was no evidence for a
relationship between SBP and depressive symptoms.

Missing data

There were 61408 participants who provided data for
the unadjusted analysis between frequent panic and
BP. The number was slightly different for the other
psychological morbidity outcomes but we concentrate
here on this comparison. Missing data for the con-
founding variables led to a reduction in observations
with available data and for the fully adjusted model
there were 43541 observations in the complete case
analysis. These individuals were compared to those
with some missing data (n=17867). In such a large
sample, all of the confounding variables differed to a
statistically significant level between the two groups
(table available from authors). Those with missing
data reported more illness, were younger, had a lower
educational level and were less likely to be living with
a partner.

All except one of the potential confounding vari-
ables was present in 94% or more of the 61408 with
both exposure and outcome data. The exception was
the headache variable, which was present in 49 888
individuals (81.2%). We compared the unadjusted re-
sults for ‘frequent panic” in the 61408 with the com-
plete case sample (1 =43 541). In this analysis both SBP
(OR 0.57, 95% CI 0.37-0.87, p=0.009) and the quad-
ratic term (OR 1.020, 95% CI 1.05-1.034, p=0.007)
were more strongly related to ‘frequent panic’ than in
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the original analysis [where the ORs were 0.73
(p=0.073) and 1.011 (p=0.065) respectively; Table 2],
suggesting some bias attributable to missing data in
the direction of strengthening the reported associ-
ations.

Discussion

We found that panic symptoms had a U-shaped re-
lationship with SBP in this large cross-sectional study,
such that both high and low SBPs were associated with
an increased probability of panic symptoms relative to
BPs in the middle of the range. For frequent panic, the
U-shaped relationship became stronger as the number
of potential confounding factors included increased.
By contrast, there was evidence that only those with
lower BP reported a higher prevalence of generalized
anxiety symptoms and depression.

This study has some advantages over earlier stud-
ies. The sample size is large and, being population
based, is representative of the general population,
with a good response rate of 70%. Previous studies
have often been of middle-aged and older men,
sometimes in clinical settings, whereas our sample
included both genders across the adult lifespan. A
wide range of confounding variables, often lacking in
previous studies, was available and this gives ad-
ditional confidence in the results, although residual
confounding cannot be ruled out.

Certain limitations must, however, be acknowl-
edged. Our ascertainment of panic and generalized
anxiety are only by the proxy measures available in
the HADS questionnaire (the former relying upon a
single question) and are therefore prone to measure-
ment error. However, assuming that any error in-
troduced in the measure is random in relation to BP,
such random measurement error usually makes it
more difficult to find a hypothesized association and
should not reduce the validity of our findings. There
remains a possibility that the public’s perception of the
word ‘panic’, or its Norwegian equivalent ‘panikk’,
could differ from clinicians’ understanding of panic
symptoms or panic disorder.

Similarly, SBP was measured only at one time-
point, albeit as the mean of two BP readings. The
possibility that our findings are due to chance must
also be considered, although our hypothesis about a
non-linear relationship was formulated before per-
forming these analyses so this should reduce the
possibility of a type 1 error. There were some missing
data introduced by including confounding variables,
although our sensitivity analyses suggested this did
not have a major influence on our findings. Although
we were able to control for 16 potential confounding
variables, we were unable to examine other possible
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confounders such as use of serotonin-promoting anti-
depressants. Finally, the cross-sectional design pre-
cludes investigation of any temporal relationships
between BP and panic.

Our findings provide an explanation for the two
separate strands of published literature on the re-
lationship of hypertension and psychological mor-
bidity. Studies undertaken in clinical settings have
reported an association of high BP with panic and
sometimes with other measures of anxiety, although
all had important methodological limitations. The
present study has therefore provided the most robust
evidence to date of the association of high BP with
panic. By contrast, studies that have examined the
whole range of BP in the community have found that
low BP is associated with measures of psychological
morbidity. We suggest two reasons for this seemingly
complicated picture. First, that there is a specific as-
sociation between panic and high BP, but only in a
population-based study with large numbers such as
HUNT will individuals with the highest BPs be pres-
ent in sufficient numbers to find the association be-
tween high BP and panic. Our second observation is
that many studies that have reported an association
between lower BP and psychological morbidity have
not distinguished between general measures of
psychological morbidity and panic. Our results dem-
onstrate that different patterns of association are seen
for panic and generalized anxiety with BP.

The association between low BP and general
measures of psychological morbidity, including panic,
has defied explanation (Wessely et al. 1990; Pilgrim
et al. 1992). The possibility there is parasympathetic
activation in panic (Nutt, 1989) or that low BP could
induce reflex tachycardia, which in turn leads to panic
or anxiety symptoms (Rainey ef al. 1984), might be
relevant. Both the temporal relationship of psycho-
logical morbidity and low BP and the biology under-
lying this association deserve further study.

We previously proposed a biological explanation
for the excess of panic attacks and panic disorder in
hypertensive populations (Davies et al. 2007) that in-
volves autonomic dysfunction, as suggested by Grassi
& Kiowski (2002). Control mechanisms for both BP
and panic symptoms converge in the brainstem and
sympathetic activation mediated through the C1 cells
of the rostral ventrolateral medulla may lead to hy-
pertension and the sympathetic elements of panic.
Reductions in the inhibitory activity of serotonergic
neurons in the ventrolateral periaqueductal gray on
C1 cells could account for the association between
high BP and the autonomic components of panic dis-
order. Barton et al. (2007) reported that, among
patients with major depression, those who addition-
ally had co-morbid panic disorder had elevated

https://doi.org/10.1017/50033291711003047 Published online by Cambridge University Press

whole-body and cardiac sympathetic activity and this
was abolished by treatment with selective serotonin
reuptake inhibitors (SSRIs). Taken together, these
findings could also explain how serotonin-promoting
drugs treat panic disorder and may additionally be
effective in reducing cardiovascular morbidity as
has been suggested, although not confirmed, in de-
pression following cardiovascular events (Glassman
et al. 2002). It provides an explanation for evidence
that SSRIs may help to control hypertension when co-
morbid with panic disorder (Polydk, 2001). Transi-
ently depleting serotonin also impairs control of the
BP response to stress in panic disorder (Davies et al.
2006). As autonomic symptoms are less prominent in
GAD, the biological plausibility of the link between
generalized anxiety symptoms and hypertension is
weaker and that is reflected in the findings of this
study, in which generalized anxiety symptoms were
more common only in those with low BP.

Whatever the mechanisms of the association of high
BP and panic at the right-hand end of the U-shaped
curve delineated here, both panic disorder and hy-
pertension are readily amenable to treatment through
a range of medications and other strategies. Although
many different factors contribute to hypertension, it is
important for clinicians to be aware of the potential for
co-morbidity of panic and high BP, so that patients
presenting with either of these common problems can
be screened and offered treatment for the other.
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