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ENGLISH SUMMARY
Background: Clinical observations indicate that pressure pain sensitivity (PPS) of the chest bone
might be useful as a biofeedback marker for behavioral adjustment in patients with ischemic heart
disease, similar to the use of home measurement of blood sugar as a biofeedback marker in diabetes
patients. As such, reducing an elevated PPS has been found to reduce cardiovascular risk factors.
The current thesis explores the possible association between PPS and a pre-selected set of
cardiovascular risk factors. Recent research has found that these cardiovascular risk factors are also
associated with persistent stress.
Objectives: Firstly, to test the association between PPS and a pre-selected group of established
physiological and psychological cardiovascular risk factors. Secondly, to test if a PPS-guided
intervention, using daily PPS-guided cognitive reflection and repeated cutaneous sensory nerve
stimulation, can reduce an elevated PPS, and subsequently, if this reduction is associated with
concomitant reductions in the pre-selected group of cardiovascular risk factors.
Methods: Outcome variables included PPS and a pre-selected set of cardiovascular risk factors: 1)
physiological risk factors: blood pressure, heart rate, work of the heart measured as pressure-rateproduct, and autonomic nervous system function measured by the tilt-table response; and 2)
depression score measured by the Major Depression Inventory. Using these outcome variables, the
association between PPS and the included cardiovascular risk factors was tested in a series of
clinical and experimental studies. Cross-sectional studies were carried out on healthy people (N
=308), and in patients with stable ischemic heart disease (N = 361). In addition, randomized clinical
trials with a 3-month follow-up period were conducted on healthy people (N = 42), and on patients
with stable ischemic heart disease (N = 213). Furthermore, a short-term experimental physiological
study (N = 361) combined with a 3-month prospective randomized intervention study (N= 181) was
conducted in the same group of patients with stable ischemic heart disease.
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Results: 1) PPS was associated with the pre-selected cardiovascular risk factors: autonomic nervous
system function, blood pressure, heart rate, pressure-rate-product and depression score. 2) The
intervention studies showed that when compared to a control treatment, the active treatment reduced
an elevated PPS, and that this reduction was associated with concomitant and clinically relevant
changes in the pre-selected cardiovascular risk factors. The effects were more pronounced if the
risk factor in question was elevated at baseline.
Conclusions: PPS was found to be associated with a pre-selected set of established cardiovascular
risk factors. The combination of daily PPS-guided cognitive reflection and cutaneous sensory nerve
stimulation reduced an elevated PPS measure, and this reduction was associated with significant
and clinically relevant changes in the included cardiovascular risk factors. As such the findings
suggest that PPS monitoring may be a useful composite measure for this group of cardiovascular
risk factors.
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DANISH SUMMARY (DANSK RESUME)
Baggrund: Kliniske observationer tyder på at måling af tryk følsomeden på brystbenet (PPS) kan
være anvendeligt som et biofeedback mål for adfærdsmæssig justering hos patienter hjertesygdom.,
svarende til hvad gælder for hjemme blodsukker måling hos diabetes patienter. Således har en
reduktion af et forhøjet PPS vist sig at reducere kardiovaskulære risiko faktorer. Den aktuelle
afhandling undersøger den mulige kobling mellem PPS og en forudbestemt samling af
kardiovaskulære risiko faktorer. Forskning gennemført inden for de senere år har vist, at disse risiko
faktorer også er koblede til vedvarende stress.
Formål: For det første, at teste, koblingen mellem PPS og en forudbestemt samling af
kardiovaskulære risiko faktorer, For det andet, at teste hvorvidt en PPS-guided behandling, der
består af daglig PPS- guided kognitiv reflektion og kutan sensorisk nerve stimulation kan reducere
et forhøjet PPS, og dernæst, hvorvidt denne reduktion er sammenfaldende med en reduktion i de
forudbestemte kardiovaskulære risiko faktorer.
Metoder: De anvendte effekt variable omfattede PPS og en bred vifte af kardiovaskulære
risikofaktorer: 1) fysiologiske risikofaktorer: blodtryk, puls, hjertets arbejde målt som pulsblodtryk-sproduktet, autonom funktion målt som reaktion på en vippetest, samt depressions score
målt ved spørgeskemaet: Major Depression Inventory.
spørges. Med brug af disse effektvariable blev koblingen mellem PPS og de anvendte
kardiovaskuläre risikofaktorer testet i en række række kliniske og eksperimentelle studier.
Tværsnitsstudier blev gennemført på raske personer (N =308) og på patienter med stabil iskæmisk
hjertesygdom (N = 361). Randomiserede kliniske interventionsstudier blev gennemført på raske
personer (N = 42) og på personer med stabil iskæmisk hjertesygdom (N = 213). Derudover blev et
kort-tids eksperimentelt studie (N = 361) kombineret med et prospektivt randomiseret
interventionsstudie (N= 181) på den samme gruppe af hjertepatienter.
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Resultater: 1) PPS var koblet til de forudbestemte kardiovaskulære risiko faktorer: autonom
funktion, blodtryk, puls, puls-blodtryks-produkt og depressions score. 2) Interventionsstudierne
viste, at sammenlignet med en kontrol behandling, medførte den aktive behandling en reduktion i
PPS. Og denne reduktion var sammenfaldende med en klinisk relevant reduktion i de forudbestemte
kardiovaskulære risiko faktorer. Disse effekter var mere udtalte hvis den pågældende risikofaktor
var forhøjet ved behandlingens start.
Konklusioner: PPS var koblet til en forudbestemt samling a fetablerede kardiovaskulære risiko
faktorer. Kombinationen af daglig PPS-guided kognitiv reflektion og kutan sensorisk nerve
stimulation førte til en reduktion af et forhøjet PPS. Og denne reduktion var sammenfaldende med
klinisk relevante reduktioner i de forudbestemte kardiovaskulære risiko faktorer. På den baggrund
taler resultaterne for, at PPS kan anvendes som et samlet mål for denne gruppe kardiovaskulære
risiko faktorer.
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CHAPTER 1: INTRODUCTION
1.1 CLINICAL OBSERVATIONS LEADING TO THE HYPOTHESES OF THE THESIS
The explorative process, prior to setting the hypotheses to be tested in the five studies of this thesis,
contained a series of consecutive steps of observations and developments during the period between
1985 and 2008, which are described below and illustrated in Figure 1.
Transcutaneous electrical nerve stimulation (6) and cutaneous sensory nerve
stimulation were found to help angina pectoris patients (7-12), possibly by reducing sympathetic
tone (9;12;13). Cutaneous sensory nerve stimulation was found to have an enhancing effect on
existing homeostatic mechanisms controlling the cardiovascular system, and possibly mediated by
the autonomic nervous system function (14), a finding that was later confirmed by others (15;16).
Inspired by Traditional Chinese Medicine (17), clinical observations during a one-year
study program in Japan, and clinical observations of patients with ischemic heart disease, the
following intervention strategy was tested prospectively in consecutive patients with advanced
angina pectoris (18-20) and in patients with stroke (21). The patients were asked to evaluate the
level of soreness (by finger pressure) of the chest bone every morning and evening as a biofeedback
marker for stress, and to use this information for behavioral adjustment – a practice similar to the
daily blood sugar measurements taken by diabetes patients. Secondly, they were asked to conduct
cutaneous sensory nerve stimulation morning and evening on a pre-selected group of tender points
on the body surface. The aim was to reduce the soreness of these points for preventative purposes,
as well as to reduce the soreness and subsequent angina pain by using it in an ad hoc manner in the
event of angina pectoris. In addition, the participants could choose whether or not to participate in a
comprehensive self-care-based intervention program that included physical and cognitive exercise
in order to obtain and maintain a low level chest bone soreness, as well as receive diet
recommendations. The patients reported that: i) the preventative cutaneous sensory nerve
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stimulation by finger pressure reduced the tenderness of the chest bone in less than a minute, ii)
most often, the soreness of the chest bone was high during an angina attack, and iii) that finger
pressure, when used during an angina attack was associated with a reduction of the soreness and a
concomitant relief of the angina pain within a few minutes (20).
In a 3-year prospective non-randomized comparative clinical database study,
including 168 consecutive patients with advanced angina pectoris, the patients observed that the
intervention worked according to the intended aim. Compared to the year before at the start of the
intervention, the 3-year number of in-hospital days was reduced by 90%. The use of medication and
need for invasive treatment were both reduced by 80% (20).
In order to quantify the chest bone soreness as a pressure pain sensitivity (PPS)
threshold in a blinded manner, a device with that quality was developed in collaboration with the
Danish Technical University (22).
Subsequently, in a series of pilot studies, PPS was found to be associated with the
following cardiovascular risk factors: blood pressure, heart rate, pressure-rate product, autonomic
dysfunction and depression score (3;22-24). In addition, the PPS-guided non-pharmacological and
self-care-based intervention was found to reduce PPS with concomitant reduction in these
cardiovascular risk factors (3;22-24).

Given this background, the studies included in this thesis tested the following hypotheses:
Hypothesis 1: PPS is associated with a pre-selected group of established cardiovascular risk
factors; and
Hypothesis 2: The combination of daily PPS-guided cognitive reflection and cutaneous sensory
nerve stimulation reduces an elevated PPS with a concomitant decrease in these cardiovascular risk
factors.

13

Figure 1: Diagram of the flow of studies and developments leading to the current thesis.
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1.2 PRESSURE PAIN SENSITIVITY AND AUTONOMIC NERVOUS SYSTEM
Pressure pain is a conscious experience and therefore involves considerable psycho-social
components (25). It has a bi-directional relationship with the sympathetic part of the autonomic
nervous system (26).

Modulation of pain sensation is initiated by cognitive and emotional processing in the brain (27) by
attention (28) as well as by social factors (29). The cellular sites of modulation are the polymodal
receptors, which are identical throughout the evolutionary chain: from fish to higher vertebrates to
humans (30;31). Furthermore, it has been suggested that the sensitivity of these receptors serves as
a non-cognitive alarm and defence system, thus changing sensitivity during stress in order to
enhance survival (32).
Two distinct polymodal receptors have been identified: the A-delta receptor with a
low pressure pain threshold, and the C receptor with a high threshold (32;33). It is possible that the
molecular site of modulation is the Ca2 permeable channel subgroup TRPV 4 (34). Resent research
indicates that TRPV 4 can be stimulated by a variety of exogenous and endogenous substances,
including sympathetic input (35).

The physiological background for the PPS measure and PPS-related nerve stimulation
All cutaneous sensory neurons can be classified as A-Beta, A-delta or C fibers. A-beta fibers only
conduct non-noxious signals such as touch and vibration to the spinal cord, A-delta fibers and C
fibers conduct both noxious and non-noxious signals (27). The mechanisms for the processing and
transmitting of these signals are not fully understood, but several integrated neurological pathways
are involved (27). Nociceptive alarm impulses (e.g. the PPS measure), reach the dorsal part of the
spinal cord by A-delta and C fibers. From here, the impulse reaches the thalamus primarily through
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the lateral spinothalamic tract pathway in the spinal cord. If sufficiently powerful, the stimulus
activates limbic structures (e.g. mainly, the amygdale) and initiates a stress response (e.g. increases
sympathetic tone). The non-noxious impulses, from A-delta and C fibers, reach the thalamus
through a different spinal pathway: the anterior spinothalamic tract. And in contrast to the noxious
stimulus, the non-noxious impulse leads to a different hypothalamic response mediated by oxytocin:
activating homeostatic cardiovascular control (36;37), and reducing the sympathetic tone, if
elevated (38).
Against this background, a functional, structural and molecular basis for the suggested
hypothesis of an association between PPS and autonomic nervous system function may be present.
And similarly, non-noxious stimulation of the cutaneous sensory receptors may stimulate
cardiovascular homeostatic control and sympathetic tone.

Measurement of pressure pain sensitivity
The standard in measuring pressure sensitivity is by algometry (39). In algometry, the pressure pain
threshold is recorded as the threshold at which the person feels pain when increased pressure is
gradually applied to the measurement site by a handheld instrument. Algometry is also the standard
measurement method in pain research related to musculoskeletal pain, deep somatic tissue
hyperalgesia, and chronification of pain (39;40). As such, algometry has been used to assess and
understand hypersensitivity and hyperalgesia in somatoform pain disorders (41): the presence of
generalized hyperalgesia in rheumatic arthritis (42), chronic fatigue syndrome (43), and chronic
whiplash pain (44), chronic pelvic pain (45), as well as in fibromyalgia (46), and osteoarthritis (47).
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1.3. ISCHEMIC HEART DISEASE, AUTONOMIC NERVOUS SYSTEM FUNCTION AND
CARDIOVASCULAR RISK FACTORS
Ischemic heart disease was found to be a leading cause of death in the Global Burden of Disease
study (48). The cardiovascular system is controlled and influenced by not only a unique intrinsic
system, but also by the autonomic nervous system and the endocrine system (49;50).
A broad range of physiological, biochemical and psychological cardiovascular risk
factors has been identified, all of which have a close association with the autonomic nervous
system: heart rate (51;52), the work of the heart measured as systolic blood pressure x heart rate
product (53;54), the metabolic syndrome characteristics (e.g. hypertension, disturbed glucose and
lipid metabolism and abdominal fat distribution) (55-58), chronic low-grade inflammation (59) and
depression (60), as well as autonomic nervous system dysfunction measured as the vagal function
(61).

1.4 THE TERM, CONCEPT, AND MEASUREMENT OF PERSISTENT STRESS
At the time of the initiation of the studies of this thesis, the link between ischemic heart disease and
persistent stress was not generally accepted (62). However, the link is now generally acknowledged
(64;65). Furthermore, studies conducted by others have shown that the included cardiovascular risk
factors are also associated with persistent stress (56;57;61;65), and that persistent stress may lead to
impaired pain control and an elevated pain sensitivity (46;66;67). On this background, the possible
association between PPS and persistent stress becomes a natural part of the discussion, with
possible implications from the current findings. For this purpose, an introduction to the term, the
concept and the measurement of persistent stress is included below.
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The term ‘stress’ has several meanings and definitions, and was still under debate,
when the current studies were initiated (68-70). However, at the time of writing this thesis, the
theory proposed by McEwen had received general acceptance (71-74). Stress involves a stressor
and a stress response (68;71). The imminent or perceived stimulus that initiates the stress response
is called the stressor. The stress response is controlled by the autonomic nervous system (68).

It is essential to distinguish between two forms of stress referred to in this thesis: transient stress
and persistent stress, both of which are defined below. Other terms are also used for the same
concept: acute or chronic stress (69), and allostasis or allostatic overload (75).

Transient stress
Transient stress (or allostasis) may be defined as the physiological state of preparedness,
automatically induced in the body through neural/hormonal signals from the brain, when we are
acutely challenged or we acutely feel or anticipate a threat/a challenge (68;71).
The transient stress response is essential for survival. It functions as an adaptive
response to the challenges of life (71). When the challenge/threat is over, the body gradually returns
to its former state of homeostasis (71;76). The ability to effectively and quickly return to
homeostasis and subsequently initiate a new transient stress response when needed is called
‘resilience’ (69;72).

Persistent stress
Persistent stress (or allostatic overload) is the result of a prolonged imbalance between the stressor
load and the capacity of the adaptive transient stress response (68;69;73;75), and may be defined as
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a dysfunction of neurological/hormonal processes in the brain due to a prolonged exposure of the
hormones involved in transient stress (68;73).
The persistent stress condition leads to a dysfunction of the adaptive transient stress
response and, accordingly, may lead to a variety of physiological, psychological, social, and mental
dysfunctions or problems (77;78). It may negatively affect work performance (79) as well as
general health (80), and be associated with the development of elements of the metabolic syndrome
(56;57;81), as well as ischemic heart disease, depression, and type 2 diabetes (58;82).
Persistent stress has been found to be associated with widespread increased pain
sensitivity, leading to both hyperalgesia (pain induced by noxious stimuli) and allodynia (pain
induced by non-noxious stimuli) (83;84). The cause has been suggested to be a dysfunction of the
intrinsic pain modulation system (47), which mediates pain inhibition in the spinal dorsal root when
pain signals ascend from the periphery through C sensory and A-delta fiber neurons (85).
Autonomic nervous system dysfunction may be involved in this dysfunction of the pain modulation
system (46;86;87).

Measurement of stress
Because it is not possible to measure stress directly, physiological markers such as heart rate, heart
rate variability, blood pressure, plasma catecholamines, and plasma or salivary cortisol levels are
used alone or in combination with behavioral observations and self-reported responses on personal
questionnaires. As such, allostatic overload (i.e. persistent stress in this thesis) was originally
developed as a composite measure of chronic stress-related disequilibrium generated from 10
different outcome measures (88).

As the autonomic nervous system controls the efferent stress response, measuring its function and
dysfunction may be one way to identify and characterize the stress response. Furthermore, as the
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autonomic nervous system also controls pain perception, measuring autonomic nervous system
function may link the stress response with the pain response. Tilt-table testing is one of several
standard methods for evaluating the response dynamics of the sympathetic branch of the autonomic
nervous system (89-91). Tilt-table testing leads to a controllable stimulation of the sympathetic part
of the autonomic nervous system mediated by gravity stress and assessed by the response of systolic
blood pressure and heart rate (89;91). Autonomic nervous system dysfunction has been found to be
linked to hypertension (92), post-traumatic stress disorder (63), and to depression in connection
with ischemic heart disease (93). Persistent stress has also been found to be associated with a
reduced pain threshold, and thus increased cutaneous sensitivity (85;94), and autonomic nervous
system dysfunction has been suggested as the link between the two (46). On this background,
measurement of PPS and the PPS response to tilt-table testing may represent possible ways to
measure the stress response and autonomic nervous system function.
Structural changes in the central nervous system have been observed in combination
with changes in stress resilience (95;96), suggesting that stress resilience is related to central
nervous system structures, and is measurable and modifiable (69). Therefore, autonomic nervous
system dysfunction, as assessed by a change in tilt-table testing response, might be linked to a state
of reduced brain resilience.
Today, the standard way of measuring the physiological link between stress and the
autonomic nervous system is heart rate variability, which measures cardiac vagal activity (97-99).
In addition, a broad range of stress-related questionnaires have been developed, such as Cohen’s
Perceived Stress Scale (100), the Karolinska Exhaustion Disorder Scale (101), the Trier Social
Stress Test (102), or the Shiron Melamen Burnout Questionnaire (103) .
However, with respect to the aim of the current studies, heart rate variability is
influenced by beta-blockade medicine, which is used by the majority of patients with ischemic heart
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disease. Therefore, for the current studies, a measure not influenced by beta-blockade medicine was
used.
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CHAPTER 2: AIMS AND HYPOTHESES OF THE THESIS
The overall aims of the current thesis are to address the following hypotheses:
Hypothesis 1: PPS is associated with a pre-selected group of established cardiovascular risk
factors; and
Hypothesis 2: The combination of daily PPS-guided personal reflection and cutaneous sensory
nerve stimulation reduces an elevated PPS with a concomitant decrease in these cardiovascular risk
factors.

Specifically, this was done by investigating the following research questions based on the five
papers of this thesis:
1. Is the PPS measure associated with the following cardiovascular health risk factors:
a. Physiological variables: blood pressure, heart rate, and workload of the heart
measured by the pressure-rate-product and autonomic nervous system function
assessed by the tilt-table response.
b. Psychological variable: depression score assessed by the Major Depression
Inventory questionnaire?
2. Is the combination of daily PPS-guided cognitive reflection and daily cutaneous sensory
nerve stimulation effective in reducing an elevated PPS, when compared to a control
treatment in a randomized design, and:
a. Is a reduction of an elevated PPS associated with a concomitant reduction in the
included cardiovascular risk factors?
1. Physiological variables: blood pressure, heart rate, pressure-rate-product, and
autonomic nervous system function.
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2. Psychological variable: depression score assessed by the Major Depression
Inventory questionnaire.
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CHAPTER 3: MATERIALS AND METHODS
3.1 STUDY DESIGN AND STUDY POPULATIONS
Table I: Study design, study populations and aims of the five studies of the thesis
Study design, study

Research questions

populations and number

Thesis
paper

of participants (N)
Cross-sectional studies
Healthy office workers,

1. Is PPS associated with quality of life?

N = 308

2. Are PPS measurements reliable?

(1)

3. Does PPS screening work?
4. Is PPS feasible for home use?
Healthy office workers,
N = 42

1. Is PPS associated with biochemical and physiological

(3)

cardiovascular risk factors?

Patients with ischemic

1. Is PPS associated with quality of life?

heart disease, N = 361

2. What is the concurrent validity of the new PPS

(2)

measurements when compared to measures from
another algometric device?
Intervention studies
Healthy office workers,
N = 42

1. Is a reduction in an elevated PPS associated with

(3)

changes in biochemical and physiological cardiac risk
factors?
2. Does PPS screening work?
3. Does a PPS-guided intervention reduce an elevated
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PPS as well as biochemical and physiological cardiac
risk factors?
4. Does PPS work in home use?
Patients with ischemic

1. Does PPS screening work?

heart disease,

2. Does a PPS-guided intervention reduce an elevated

N = 213

(4)

PPS, reduce depression, and improve questionnaireevaluated quality of life?
3. It PPS feasible for home use?

Experimental studies
Patients with ischemic
heart disease
Short-term experimental
study,
N = 361

1. Is PPS associated with autonomic nervous system

(5)

function?
2. Does resting PPS work for autonomic nervous system
dysfunction screening?

Prospective randomized
intervention study,
N = 181

1. Is a reduction in an elevated PPS associated with a

(5)

reversal of autonomic nervous system dysfunction?
2. Does PPS work for screening?
3. Does a PPS-guided intervention reverse autonomic
nervous system dysfunction?
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3.2 PROCEDURES AND ANALYSES COMMON TO ALL FIVE PAPERS
PPS measurement
For research purposes, the following procedure is used: the subject is placed in a supine position,
and receives the following verbal instruction: “You will gradually experience an increase in
pressure, firstly on the index finger and secondly on the chest bone. As soon as you feel discomfort,
you say ‘stop’. Accordingly, it is not a matter of how much pressure you can tolerate, but rather
when it feels natural for you to withdraw from the pressure”.
The measurement on the index finger is used as a control point and for introducing the
procedure. The location for measuring on the sternum is identified by palpation as the most tender
point within the area between the third, fourth and fifth inter-costal space, reflecting the area of
segmental innervations of the heart (104) (Figure 2). When the researcher observes a noxious
withdrawal reflex or a startle reflex during the procedure, the pressure is determined as the PPS
measure.
The technique used for PPS measurement at home exclusively relates to the
observation of discomfort by the subject.

Figure 2: The PPS measurement device and measurement site
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The PPS measurement device is an algometer that transforms the pressure applied into a logarithmic
scale of sensitivity levels from 30 to 100. The value of 100 equals the highest measurable level of
sensitivity, whereas the value of 30 equals the lowest measurable level of sensitivity. An increase in
30 PPS units equals a 100% increase in sensitivity. The final version of the instrument (Ull Meter
®) was patented (Patent No EP 1750772 B1). In Table II, PPS measures as shown on the instrument
are converted into kilogram pressure per square centimeter measurement pad (e.g. the pad used is 2
cm2), and this is converted to SI units (kPa) (e.g. 1 kg/cm2 = 98 kPa).

With respect to the use of PPS as a measure for autonomic nervous system function, a pilot study
showed that the PPS measure was not influenced by the beta-blockade medication (105). On this
background, the change in PPS response to a tilt-table test was regarded as a suitable method to
assess the possible association between PPS and the sympathetic part of the autonomic nervous
system function as well as the association between PPS and the physiological stress response.
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Table II: Conversion table between PPS measure, SI units (kPa), and pressure applied per
cm2
PPS measure as

Pressure in kg/cm2

PPS measure

shown on the display

(approximately)

in SI units (kPa)
(approximately)

30

4

400

45

3

300

60

2

200

75

1.5

150

90

1

100

PPS: pressure pain sensitivity.
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Table III: Outcome measures for the five papers of this thesis
Outcome categories

Outcome measure

Thesis study

Physiological

Heart rate, blood pressure and pressure-rate-

(3;5)

cardiovascular risk factors

product.
Autonomic nervous system function assessed by
heart rate, systolic blood pressure and PPS
response to tilt-table testing

Biochemical cardiac risk

Serum glycated hemoglobin (HbA1c), YKL 40

factors of the metabolic

and lipids; Body Mass Index, Visceral Fat Index

(3)

syndrome
Quality of Life and

SF-36 questionnaire scores for physical and

depression measure

mental health

Composite clinical

(1;2;4)

Major Depression Inventory score

(1;2;4)

WHO (Five) Well-Being Index

(1;2;4)

Number of elevated health risk factors

(3)

Number of autonomic nervous system

(5)

measures

dysfunction risk factors
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Statistics common to all five studies
The statistical package for the social sciences (SPSS) for Windows was used in all analyses (IBM
Corp., Armonk, NY, USA, version 18 or 19).
Because correlation coefficient analysis was an essential part of the evaluation in this
thesis, distinction was made between significant correlation coefficients and clinically relevant
correlation coefficients; the former evaluated from significance tests, the latter from the size of the
correlation coefficient (r); r < 0.1: no correlation; r ≥ 0.1: weak correlation; r ≥ 0.3: moderate
correlation; and r ≥ 0.5: strong correlation (106;107).
Given that correlation analysis does not evaluate cause and effect relationships,
intervention studies were included in which only the one outcome measure, PPS, was changed.
With respect to the statistic power of the current studies, in general statistic terms,
when re-testing a hypothesis, this fortifies the evidence. In the current series of studies, the
hypotheses were established in long-term clinical observations, and subsequently tested positively
in a series of pilot studies (3;22-24) prior to the studies of the thesis.
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3.3 THE INDIVIDUAL PAPERS OF THE THESIS

Paper 1: Cross-sectional study in healthy office workers
Participants
All 433 employees in a large Danish company within the finance sector were invited to participate.
Of these, 308 (71%) accepted the invitation.

Variables (see Table III)
In addition, and in order to elucidate a potential influence from demographic confounding factors,
supplementary and thus new variables are included in the thesis: 1) Concomitant disease:
hypertension, diabetes, ischemic heart disease, and cancer; 2) use of medication; 3) life style: (a)
How often do you exercise at least 30 minutes? (1: daily; 2: weekly; 3: monthly; 4: never). (b) How
often do you use alcohol? (1: never; 2: less than 14 units per week (females), less than 21 units per
week (males); 3: more). (c) How is your use of tobacco? (1: never smoked; 2: stopped > 1 year ago;
3: current user, <15 units per day; 4: current user >15 units per day).

Analyses
Non-parametric analyses were used, as PPS data were not normally distributed. To test the
association between PPS and quality of life, Spearman correlation analysis was used. This test was
also used to test measurement reliability as the correlation between repeated measurements; 5
seconds between measurements conducted by professionals and one full day between measurements
when PPS measurements were conducted at home. To test the between-measurement difference
throughout the full PPS scale, a Bland-Altmann analysis was used. To test the PPS as a screening
tool, Chi-square odds ratio analysis, two step categorization and Receiver Operating Characteristic
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curve analyses were used. To test for potential systematic measurement error in long-term use, trend
analysis for the 4-month observation period was used.
A supplementary Cohen Kappa coefficient analysis was carried out with respect to the
two-step categorization reliability.

Paper 2: Cross-sectional study in patients with stable ischemic heart disease
Participants
All 1,181 patients from the Departments of Cardiology at Gentofte and Herlev Hospitals, who had
participated in the local cardiac rehabilitation programs during the period of 1999-2011, were
invited to participate via a standard invitation letter. Of these, 361 persons accepted and
participated.

Variables (see Table III)
The included outcome measures for quality of life, depression and well-being are shown in Table
III.

Analyses
As the criteria for the use of parametric statistics were fulfilled, these were used, including unpaired
t-test, one-way ANOVA with post-hoc Bonferroni adjustment and simple linear regression analysis.
Multiple linear regression with backward elimination of non-significant variables was performed
using PPS and Clinical Stress Questionnaire score as independent variables, and PPS or Clinical
Stress Questionnaire score together with age, gender, Major Depression Inventory score, and SF-36
Physical Composite Scale score as independent variables.
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Measurement of PPS by two different algometers
The PPS measurement device used in this thesis was tested against another and broadly accepted
pressure algometer (Algometer Type II, Somedic AB, Sweden). Using the Somedic algometer, the
pressure pain threshold was defined as the algometer pressure applied when the person verbally
expressed the experience of pain. In this technique, the applied pressure is held stable at a predefined pressure (30 kPa/s), and the subject is informed to say ‘stop’ when the pressure is regarded
as painful. The calculated accumulated pressure is used as the pressure-pain-threshold measure.
This is somewhat different from the measurement technique of PPS used in the current studies, in
which the pressure threshold was defined as the pressure applied when an objective withdrawal
reflex is observed or when the person verbally expresses the experience of pain before a withdrawal
reflex is observed. The applied pressure at this point is regarded as the pressure pain threshold.
Furthermore, the rate for increasing the applied pressure is approximately 60 kPa/s, allowing a
measurement time of 3-5 seconds.

Paper 3: Randomized interventional study in office workers
Participants
Among the 308 office workers included in the first study, 64 people with a resting PPS ≥ 60 were
invited to participate in the intervention study, 44 agreed to participate and 42 completed the study.

Variables (see Table III)
In addition, a composite clinical measure was generated from the number of elevated health risk
factors using the following points of discrimination: systolic blood pressure ≥ 130 mmHg, diastolic

33

blood pressure ≥ 85 mmHg, heart rate ≥ 70 beats per minute, pressure-rate-product ≥ 9100 mmHg 
beats per minute, total cholesterol ≥ 5.0 mmol/L and HbA1c ≥ 5.0%.

Interventions
In the active intervention group, the participants received a PPS-guided non-pharmacological selfcare based intervention: all subjects were instructed by a professional instructor to perform PPS
measurements at home twice daily: in the morning before breakfast, and in the evening before going
to bed. The purpose of the PPS measure was to serve as a guide for behavioral adjustments
according to the measure. Immediately after each PPS measurement and as a mandatory stressreducing intervention, the participants were instructed to conduct cutaneous sensory nerve
stimulation by finger pressure (e.i. acupressure) on specific points on the chest bone and on the back
between the shoulder blades using the following procedure: 1) identify the most tender spot within
the marked area on the body surface, 2) apply finger pressure without causing pain, 3) hold the
pressure for 30 – 60 seconds until the tenderness is noticeably reduced. All subjects received a
personal PPS measurement instrument, an instruction manual and were individually instructed in
how to measure, how to reflect on the measure, and how to conduct cutaneous sensory nerve
stimulation. The participants were offered a second appointment and/or 1-2 phone contacts with the
instructor if needed. The participants were instructed to report their PPS measurements each day on
their personal login on a website. On the website, each participant was able to track his/her results
and changes in PPS during the intervention period. The professional instructor followed the web
monitoring of each patient, and if measurements were missing for more than one week or did not
show a decrease in PPS, the instructor contacted the participant.
The control group received a one-hour oral instruction in general stress management,
but no further information.
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Analyses
Non-parametric analyses were used, as PPS data were not normally distributed: Wilcoxon twosample test for between-group analysis, Mann Whitney one-sample test for within-group analysis,
and Spearman’s rho for correlation analysis. The use of the block randomization procedure for
effect analysis was taken into account by means of a general linear mixed model in a variance
component testing context, where subjects were nested within locations and locations were nested
within groupings (intervention/control). Fischer’s Exact Test evaluated between-group difference
with respect to the ratio of elevated health risk factors.

Paper 4: The longitudinal randomized intervention study in patients with ischemic heart
disease
Participants
Two hundred and thirteen patients with stable ischemic heart disease, who participated in the crosssectional study (Study 2) and who had PPS ≥ 60 units were included in a 3-month individually
randomized controlled study, of which 106 were allocated to the active intervention group, and 107
to the control group.

Variables (see Table III)
The included questionnaire-derived outcome measures for depression, well-being and general
physical and mental health are shown in Table III.
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Interventions
The active intervention was identical to the one used in the study of office workers (Study 3). In
contrast to the study of office workers, the control group participants in this study were told that
their stress level was elevated and the associated potential impact on their disease. Furthermore,
they received a book on general stress management.

Analyses
As the criteria for the use of parametric statistics were fulfilled, paired and non-paired t-tests were
used. Data were analyzed on an intention-to-treat basis; for testing of statistical significance, all
randomized patients were included regardless of subsequent adherence to the treatment. Cohen
effect size was used to compare the active group with the control group with respect to the Major
Depression Inventory score and the WHO (Five) Well-Being Index, using intention-to-treat data.

Paper 5: Experimental physiological study in patients with ischemic heart disease
Participants
Participants in this study also took part in Study 4. This randomized experimental intervention
group consisted of the 86 patients in the active group and the 95 patients in the control group who
completed a second tilt-table test after the intervention period.

Procedures
The autonomic nervous system function was measured by the systolic blood pressure and heart rate
response to a tilt-table test. The PPS response to tilt-table testing was included as an extra variable.
The tilt-table test stimulates the autonomic nervous system by orthostatic stress, initiated by passive
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repositioning from supine to 70 degrees upright. During tilt-table testing, the subject was positioned
on the tilt-table and fastened in a supine position, and the following procedure was carried out: 1) a
10-minute rest period in the supine position (first and second set of recordings) (i.e. resting values);
and 2) passive tilting to an angle of 70 degrees and a subsequent 7-minute rest in that position (see
Figure 3).

Figure 3: Time line for Tilt Table Test

Variables (see Table III)
In addition, four individual risk factors for autonomic nervous system dysfunction were included in
addition to that of verified ischemic heart disease: chest pain at rest, an elevated level of persistent

37

stress defined as resting PPS ≥ 60 arbitrary units, an elevated resting systolic blood pressure (≥ 130
mm Hg), and overt depression (a Major Depression Inventory score ≥ 20).

Analyses
As the criteria for the use of parametric statistics were fulfilled, Pearson’s correlation analysis was
used with respect to analyses of associations. Non-parametric Wilcoxon and Mann-Whitney tests
were used for between-group and within-group comparisons. Fischer’s Exact Tests were used for
analysis when frequencies were compared.
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CHAPTER 4: RESULTS
4.1 RESULTS FROM THE FIVE INDIVIDUAL PAPERS
Paper 1: The cross-sectional study in office workers
Description of the study sample
The demographic data of the study group are shown in Table III.
Table IV: Demographic data of the office worker study population (Study 1)
Variables

Study group

Number of participants (N)

308

Male, n (%)

142 (46)

Age in years, median (interquartile range)

42 (34-47)

Morbidity
Hypertension, n (%)

35 (11)

Diabetes, n (%)

5 (2)

Heart disease, n (%)

3 (1)

Cancer, n (%)

6 (2)

Depression, n (%)

14 (5)

Life style
Engagement in 30 minutes of exercise, median

Once weekly: median and interquartile range are

and interquartile range

identical

Use of alcohol; medians and interquartile

Less than 14 units per week (females)/

ranges

Less than 21 units per week (males). Medians and
interquartile ranges are identical

Use of tobacco; median and interquartile range

Median: Never smoked; Interquartile range: never
smoked – stopped less than a year ago

(N = total number of participants, n = number of subgroup of participants)
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Results
Statistically significant, but weak correlations were found between PPS and questionnaire-evaluated
health. PPS measurement reliability and categorization agreement were high for research use as
well as for home use. With 5 seconds between measurements and conducted by 10 different
observers, no significant between-observer differences were found; the categorization agreement
was 89%. The Cohen Kappa coefficient was 0.9 with respect to categorization reliability between
the repeated measures (supplementary data). A Bland Altmann plot demonstrated similar betweenmeasurement differences throughout the PPS scale. People with a PPS ≥ 60 units had an elevated
health risk profile based on their responses in questionnaires when compared to people with a PPS ≤
40 (all p < 0.05) (all odd ratios > 2). When categorizing a person with PPS ≥ 60 units as persistently
stressed (27% of subjects), and using the Major Depression Inventory score, and SF-36
Questionnaire score, for risk calculations, the remaining 73% of the subjects with no elevated risk
factors were identified with an 80% specificity. Using Receiver Operating Characteristic analyses
for sensitivity and specificity evaluation, the area below the Receiver Operating Characteristic
curve was > 0.6 and significant in all cases (all p < 0.01) (Figure 4). No significant systematic
measurement error was found in long-term home use.
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Figure 4: Receiver Operating Characteristic (ROC) curve for Major Depression Inventory
score and PPS. The curve shows the connection between Major Depression Inventory score and
PPS cut points (MDI score ≥ 20, PPS ≥ 60, respectively) with respect to sensitivity and specificity
(for example showing that 0.6 in sensitivity corresponds with a 0.8 in specificity). The size of the
area below the curve = 0.68 (p < 0.01).

Paper 2: Cross-sectional study in patients with stable ischemic heart disease
Description of the study sample
The study population is presented in Table V.

Results
At baseline, the PPS was found to be significantly and weakly correlated with SF-36 Mental
Component Summary, SF-36 Physical Component Summary, Major Depression Inventory score,
Clinical Stress Questionnaire score, and Canadian Cardiovascular Society Functional Classification
of Angina Pectoris (all p < 0.05)(all r < 0.2). At the post-intervention measurement, the
corresponding correlations were larger: PPS versus Major Depression Inventory score (r = 0.3; p <
0.0001); PPS versus WHO (Five) Well-Being Index (r = − 0.3; p = 0.001), PPS versus SF-36
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Mental Component Summary (r = − 0.2; p = 0.02), and versus SF-36 Physical Component
Summary (r = − 0.3; p = 0.004) (N= 183) (Supplementary data).

Table V. Demographic data of the study group with ischemic heart disease (Studies 2, 4, 5).

N

Cross-sectional

Intervention study

Intervention study

study

Active group

Control group

study (4)

study (4)

361

106

107

Male, n (%)

286 (79)

64 (74)

70 (74)

Age in years, mean (SD)

63 (7.9)

62 (8.1)

63 (7.9)

Past myocardial infarction, n (%)

229 (63)

58 (67)

59 (62)

Treated with PCI, n (%)

242 (67)

60 (70)

66 (70)

Treated with CABG, n (%)

102 (28)

22 (26)

23 (24)

Heart failure, n (%)

111 (31)

26 (30)

36 (38)

Diabetes, n (%)

28 (13)

20 (19)

8 (8)

Have been treated for depression, n (%)

49 (14)

12 (14)

16 (17)

Cardiac variables

Cardiac risk factors

(N = total number of participants; n = number of subgroup participants; PCI = Percutaneous
coronary intervention; CABG = coronary artery bypass grafting)
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Measurement of PPS by two different algometers and with additional analyses
The internal correlation between repeated measurement with 5 seconds between measurements was
r = 0.89 (both p < 0.0001) (N = 39) for both instruments when measurement was applied on the flat
anterior surface of the tibia bone (Figures 5a and 5b). The correlation coefficient between
measurements conducted by the two instruments was r = 0.83 (Figure 5c), and the mean difference
was 18 kPa (p > 0.1). In the same experiment, pressure pain threshold of the sternum was conducted
using the PPS device and the definition of pressure pain threshold used in this thesis. With 5
seconds between these measurements on the sternum, the internal correlation was r = 0.97 (p <
0.0001) (Figure 5d). This correlation coefficient is significantly higher than the internal correlation
coefficients obtained by the two different instruments on the tibia (both p = 0.03). The mean
differences between the two repeated measurements on the tibia with 5 seconds between
measurements were 48 kPa for the established and new algometer alike. For the new algometer and
using the two-criteria measurement techniques for the pressure pain threshold, the mean difference
between two repeated measurements on the sternum was 22 kPa, which was significantly less than
both pressure pain threshold measurements on the tibia (both p < 0.0001).
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Figure 5a.

Figure 5b.

Figure 5c.

Figure 5d.

Figure 5: Correlations between pressure pain threshold measurements: (5a) measurement on
the tibia bone, 5 seconds between measurements using a commonly used algometer, and using
verbal determination of pressure pain threshold, only (r = 0.89) (p < 0.0001); (5b) measurement on
the tibia bone, 5 seconds between measurements, using the new algometer device and using verbal
determination of pressure pain threshold, only (r = 0.89) (p < 0.0001); (5c) mean measurements on
the tibia bone when the two algometers of Figures 5a and 5b are compared (r = 0.83) (p < 0.0001);
(5d) measurement on the sternum using the new algometer and using the determination technique
which includes nociceptive withdrawal reflex in the determination of the pressure pain threshold, (r
= 0.96) (p < 0.0001). (Alg_leg 1 and Alg_leg 2: first and second by Sometic algometer; PPS_leg 1
and PPS_leg 2: first and second leg measurement by the new algometer used in this thesis;
ALG_mean and PPS_mean: mean measurement by the Sometic and the new algometer,
respectively; PPS1_chest and PPS2_chest: first and second measurement on the sternum by the new
algometer).
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Paper 3: The longitudinal randomized intervention study in office workers
Description of the study sanple
Among the study population (N = 42), the baseline mean PPS was 77. Based on the relevant cut-off
levels, 42% had an elevated systolic blood pressure, 25% an elevated heart rate, 55% an elevated
Body Mass Index, 59% an elevated serum total cholesterol, and 40% an elevated glycated
hemoglobin.

Results
The PPS correlated significantly with systolic blood pressure (correlation coefficient r = 0.24),
Body Mass Index (r = 0.34), Visceral Fat Index (r = 0.26), as well as total cholesterol, low-density
lipoprotein (LDL) cholesterol and triglyceride (all r > 0.20). Changes in PPS during the intervention
period correlated moderately to strongly with the changes in heart rate, pressure-rate-product, Body
Mass Index, Visceral Fat Index, YKL-40, and total cholesterol, while for Hb1Ac, the correlation
was only significant for the group with elevated Hb1Ac at baseline (all r > 0.3)(Figure 6).
During the intervention, when the elevated PPS measure was reduced, concomitant
and clinically relevant and statistically significant reductions were observed for the active group
when compared to the control group, with respect to PPS (42%), systolic blood pressure (8%),
pressure-rate-product (10%), total cholesterol (13%), LDL cholesterol (16%), and total number of
elevated health risk factors (50%) (all p < 0.05). With respect to the total number of elevated risk
factors, this was reduced in 71% of the people in the active group, compared to 20% in the control
group (p < 0.003). For people with an elevated cardiovascular physiological risk factor at baseline
(e.g. blood pressure, heart rate; pressure-rate-product; total cholesterol and LDL cholesterol),
significant reductions and response rates of ≥ 85% were observed for the active group, while no
significant changes were observed in the control group.
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When adjusted for the use of the block randomization procedure, a significant
between-group effect of the intervention was found for PPS, LDL cholesterol and total number of
elevated health risk factors.
With respect to compliance, the office workers in the active group recorded their PPS
measure on average every second day during the first month, every third day during the second
month, and every fourth day during the third month.

Figure 6: The association between changes in PPS and changes in physiological and
biochemical cardiovascular health factors associated with persistent stress. The correlation
coefficients (r) between changes in resting PPS (∆PPS) changes in factors of cardiovascular
physiology: heart rate and pressure-rate-product (∆HR and ∆PRP), fat distribution (∆BMI and
∆Visceral Fat Index), fat metabolism (∆ Total cholesterol), glucose metabolism (∆Hb1Ac), and
low-grade inflammation (∆YKL-40) (all p < 0.05; N = 42). *for people with elevated Hb1Ac at
baseline only (N = 17); **correlation is not significant (p > 0.1).
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Paper 4: Longitudinal randomized intervention study in patients with ischemic heart disease
Description of the study sample
The study population is presented in Table V. No significant between-group differences were found
with respect to the primary and secondary effect variables. However, with respect to self-reported
diabetes and heart failure, heart failure was significantly more common in the control group, and
diabetes in the active intervention group.

Results
When compared to the control group, the Major Depression Inventory score and the PPS were both
reduced significantly in the active group, by 22% and 28%, respectively. With respect to the WHO
(Five) Well-Being Index, the score increased significantly in the active group and non-significantly
in the control group, with a significant between-group difference at 3 months.
The effect size on the active group versus the control group was 0.12 for Major
Depression Inventory, 0.11 for WHO (Five) Well-Being Index, and 0.63 for PPS when all patients
were included. However, the effect size increased to 0.35 for the subgroup of patients with a Major
Depression Inventory score ≥ 15 as a sign of incipient depression.
For the subgroup of patients with a Major Depression Inventory score ≥ 20 as a sign
of overt depression, the effect size was 0.9. The mean Major Depression Inventory score for these
patients in the active group changed from 26 to 15, and for the control group from 24 to 22 arbitrary
units (p = 0.1). In these patients, the change in PPS correlated strongly and significantly with the
change in Major Depression Inventory score (r = 0.62; p = 0.03); the change in WHO (Five) WellBeing Index score (r = − 0.74; p = 0.006); and the change in SF-36 Physical Component Summary
(r = − 0.85; p = 0.002) (N = 13) (Figure 7) (Supplementary data).
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With respect to compliance, 94 patients (89%) reported repeated PPS measurements at
home. The mean number of recorded PPS measures was 90 during the 3-month observation period.

Figure 7: The association between changes in PPS and changes in psychological
cardiovascular health risk factors associated with persistent stress during the intervention
trial. The correlation coefficients (r) between changes in resting PPS (∆PPS) and changes in factors
of cardiovascular quality of life in patients with stable ischemic heart disease, an elevated PPS
measurement (i.e. ≥ 60) and an elevated Major Depression Inventory score (i.e. ≥ 20 at baseline
(∆PPS, ∆SF-36, ∆MDI, ∆WHO = changes during intervention period for the four variables,
respectively) (N = 13).

Paper 5: Experimental physiological study patients with ischemic heart disease
Description of the study sample
The study population of the short-term experimental study is presented in Table V. The study group
of the randomized intervention study consisted of 74% men, and the mean age of the study group
was 63 years. All had by definition ischemic heart disease, 65% had had a previous myocardial
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infarction, 70% percutaneous coronary intervention, 25% coronary artery bypass graft, 34% heart
failure, and 15% had been diagnosed with depression. Eighty-six patients were randomized to the
active group and 95 to the control group.

Results
The short-term experimental study
During tilt-table testing, mean PPS was reduced from 65 to 61 units and systolic blood pressure was
reduced from 137 mmHg to 131 mmHg, whereas mean heart rate increased from 61 to 67 beats per
minute (all p < 0.0001). The change in PPS during tilt-table testing correlated positively to the
change in systolic blood pressure (r = 0.44) and heart rate (r = 0.49) (both p < 0.0001). The higher
the resting PPS, the lower the PPS response to tilt-table testing (r = - 0.37; p < 0.0001) (Figure 8).
When including the four additional risk factors for autonomic nervous system dysfunction (e.g.
chest pain at rest, depression, systolic blood pressure ≥ 130 mmHg and resting PPS ≥ 60), it was
found that the higher the number of risk factors, the lower the PPS response to tilt-table testing. The
group with no additional autonomic nervous system risk factors had a mean increase of +4 units in
PPS during tilt-table testing, compared to – 2, - 5, – 8, and –19 for the groups with one, two, three
and four additional risk factors, respectively (r = - 0.21; p < 0.0001)(Figure 9)
Using resting PPS of 60 units as the discrimination point for an elevated level of
persistent stress, there was a significant between-group difference with respect to the PPS response
to tilt-table testing, when the group with resting PPS of < 60 (N = 155) (mean change: +1 PPS
units) was compared to the group with resting PPS of ≥ 60 (N = 206) (mean change: - 7 PPS units)
(between-group p < 0.0001).
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The prospective randomized intervention study
The greater the reduction in resting PPS during the intervention period, the greater the increase in
the PPS response to tilt-table testing over 3 months, with a strong correlation between the two (N =
181) (r = 0.52; p < 0.0001) (Figure 10). A reduction in PPS of ≥ 15 was regarded as the minimum
clinically relevant difference. When the group of patients who obtained this difference was
compared to the group who did not, the former group obtained a mean of +12 PPS units in PPS
response to tilt-table testing during the intervention period, compared to – 4 PPS units in the latter
group (between-group p < 0.0001). Furthermore, the increase in PPS response to tilt-table testing
correlated significantly with a concomitant reduction in the number of autonomic nervous system
dysfunction risk factors (r = - 0.23; p < 0.003)
When compared to the control group, the active intervention group had a significant
reduction in resting PPS and number of autonomic nervous system dysfunction risk factors, a
significant increase in the one-minute PPS response to tilt-table testing, while the 7-minute response
reached a p-value of 0.07.
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Figure 8: The association between baseline PPS (Resting PPS) and change in PPS during
baseline tilt-table testing (∆ PPS Tilt test) (r = - 0.37; p < 0.0001; N = 361).
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Figure 9: The association between mean change in PPS during tilt-table testing (∆ PPS Tilt
test) and number of autonomic nervous system dysfunction (ANSD) risk factors, including
chest pain at rest, hypertension (systolic blood pressure ≥ 130), depression (Major Depression
Inventory score ≥ 20), and elevated level of persistent stress (resting PPS ≥ 60 units)(r = – 0.21, p <
0.0001; N = 361). The horizontal lines indicate 95% confidence intervals.
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Figure 10: The association between change in resting PPS during the study period (∆ PPS)
and change in PPS during tilt-table testing, when baseline and post-intervention tilt-table
testing are compared (∆∆ PPS Tilt test) (r = – 0.52, p < 0.0001; N = 177). Vertical line indicates
minimal important difference (see text) with respect to reduction in resting PPS during intervention
period (15 units).
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CHAPTER 5: GENERAL DISCUSSION
The results of this thesis can be summarized as follows:
1) In the cross-sectional studies, the PPS measure was weakly or moderately associated with
the included cardiovascular risk factors. However, when measured longitudinally, and in
response to an intervention aimed at reducing PPS, these associations were moderate to
strong, and especially so in people with an elevated cardiovascular risk factor at baseline.
Associations between PPS and cardiovascular risk factors included: physiological measures
of autonomic nervous system function, systolic and diastolic blood pressure, heart rate, and
pressure-rate-product; and one psychological measure, a depression score.
2) When compared to a control intervention, an active non-pharmacological intervention
including daily PPS-guided cognitive reflection and daily cutaneous sensory nerve
stimulation resulted in a statistically significant reduction in resting PPS with concomitant
statistically significant reductions in autonomic nervous system function, diastolic and
systolic blood pressure, heart rate, pressure-rate-product, and depression score.

The PPS measurement device and algometry
Algometry is the standard measurement method in pain research related to musculoskeletal pain,
and deep somatic pain (39). As such, it has been used for a long time to assess and understand
hypersensitivity and hyperalgesia in somatoform pain disorders (41), and the presence of
generalized hyperalgesia in conditions such as rheumatoid arthritis (42), chronic fatigue syndrome
(43), chronic whiplash pain (44), chronic pelvic pain (45), and fibromyalgia (46).
The new PPS measurement device used in the current studies showed a strong
association with an existing algometric device, when measuring pressure pain threshold. The PPS
measure showed similar between-measurement difference along the full PPS scale and no
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systematic error in long-term home use. Furthermore, the new device was found to be feasible for
individual home-based measurement, a feature that was outside the scope of the existing algometric
device. It should be emphasized that the new PPS measurement device rests on established and
thoroughly tested technology, an algometric determination of pressure pain threshold. The technical
novelties are the blinded measure of the pressure pain threshold, and a measurement pad that allows
measurement of the pressure pain threshold of the periosteum of the chest bone rather than the skin
superficial to the bone. However, the main novelty is the context in which pressure pain threshold is
used.

The association between PPS, autonomic nervous system dysfunction and the persistent stress
response
The current findings invite a discussion about the possible association between PPS, autonomic
nervous system dysfunction and persistent stress.
In terms of contemporary scientific findings, autonomic nervous system dysfunction
may link: i) an elevated PPS, impaired pain control and persistent stress (46;66;67), ii) ischemic
heart disease, depression, and persistent stress (64;65), and iii) metabolic syndrome and persistent
stress (56;57). From this viewpoint, the current findings of a link between PPS, autonomic nervous
system dysfunction, and cardiovascular risk factors associated with persistent stress is not
surprising.
However, novel and surprising findings, which support this notion are provided by a
third study with ischemic heart disease patients, which is not part of this thesis (105). In this study,
it was found that beta-adrenergic receptor blockade medication inhibited the secondary effects on
depression score and systolic blood pressure response to tilt-table testing, when resting PPS was
reduced during the 3-month intervention. However, the changes in resting PPS and PPS response to
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tilt-table testing during the 3 months were not influenced by the medication. This medication
inhibits the efferent physiological stress response induced by the autonomic nervous system.
Accordingly, these findings show that: i) the regulation of PPS is located above the beta-adrenergic
receptors in the autonomic nervous system hierarchy, ii) PPS is directly related to the physiological
stress response, iii) a part of the neurological control of the included physiological cardiovascular
risk factors are located inferior to the these receptors in this hierarchy, and iv) a part of the
neurological pathogenic mechanisms of depression in ischemic heart disease patients is located
inferior to these receptors as well (Figure 11).
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Figure 11. The possible link between PPS, autonomic nervous system function, the
physiological stress response, physiological cardiovascular risk factors and depressive
symptoms in patients with ischemic heart disease. The internal and direct association between
PPS, the physiological stress response and the autonomic nervous system function is illustrated by
the triangular relationship between the three. The beta-adrenergic receptor inhibits or facilitates the
link between these and the physiological cardiovascular risk factors and depressive symptoms.
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The association between PPS and the included cardiovascular risk factors
The results of the studies support the first hypothesis of this thesis: that PPS is associated with
cardiovascular risk factors including blood pressure, heart rate, pressure-rate-product, autonomic
nervous system function, and depression. However, it should be emphasized that the hypothesis that
a reduction of an elevated PPS is associated with concomitant lowering of cardiovascular risk
factors does not necessarily imply a cause and effect relationship between PPS and these risk
factors. These associations were weak to moderate in the cross-sectional studies, moderate to strong
in the intervention studies, and even stronger if the outcome measures were elevated at baseline.
In the cross-sectional studies, the association may have been weakened by the fact that
(i) the PPS measure may have reflected both transient and persistent stress; (ii) the association with
a risk factor may have required a more persistent stress burden and thus an elevated PPS for a
prolonged period of time before the risk factor was elevated as well, such as has been suggested for
blood pressure (108); and (iii) the risk factor may have been elevated for reasons other than
persistent stress, in which case the risk factor may have been elevated without a corresponding
increase in PPS.
In the intervention studies, the association may have been stronger due to people with
a low PPS measure at baseline being excluded in these studies , as the intervention was aimed at
reducing PPS, if this was elevated. As such, a possible link between cardiovascular risk factors
associated with persistent stress and PPS is reinforced, if the intervention succeeds in reducing PPS
and this reduction is subsequently associated with a concomitant reduction in the included risk
factor.
The intervention used was non-pharmacological, and due to the nature of the
intervention, would mediate any effect via existing homeostatic mechanisms. The risk factor would
more likely be reduced if it was elevated at baseline, and be more likely to remain unchanged if not
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elevated. This may make the association even stronger, if PPS as well as the cardiovascular risk
factors were elevated at baseline. This mechanism is in contrast to that of pharmaceutical
intervention such as beta-blockade intervention, which lowers heart rate and blood pressure,
regardless of whether baseline values are high or low. For that reason, such intervention is
contraindicated in people with low resting pulse or low blood pressure.
As such, it makes sense that the associations were weak in the cross-sectional studies,
stronger in the interventional studies and even more so, when both outcome measures were elevated
at baseline.

The PPS-guided intervention
The current studies show that daily PPS-guided cognitive reflection and daily cutaneous sensory
nerve stimulation reduce an elevated PPS, and that this reduction is followed by a concomitant
reduction in the included cardiovascular risk factors associated with persistent stress. However, due
to the nature of the studies, it is not possible to distinguish between the effect from the PPS-guided
cognitive reflection and the effect from repeated cutaneous nerve stimulation. Accordingly, such
distinction was not part of the aim of the studies.
Others have found corresponding results showing that stress reduction by other means
had an effect on individual cardiovascular risk factors. Those studies found that cognitive therapy
reduced the risk of new myocardial infarctions (109), and group-based psychotherapy prolonged
life (110), mental stress reduction improved quality of life and reduced blood pressure in ischemic
heart disease patients (111), a combination of mental and physical stress reduction as seen in Yoga
and Qicong reduced blood pressure and serum cholesterols (112;113), and listening to music was
found to reduce blood pressure and heart rate (114). In line with these findings, stress reduction
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therapies have been recommended in the treatment of hypertension (115;116) and ischemic heart
disease (117).
With respect to the included daily repeated cutaneous sensory nerve stimulation,
previous studies suggest that it may increase exercise performance and reduce angina attack rate in
patients with ischemic heart disease (7;9;10), mediated by a reduced sympathetic tone (9).
Furthermore, it has been found that such cutaneous sensory nerve stimulation enhances
cardiovascular homeostatic mechanisms (14). Similar effects have been obtained by transcutaneous
electrical nerve stimulation (118;119) and by electrical spinal cord stimulation (120;121). Other
researchers have found that cutaneous sensory nerve stimulation reduced low back and neck pain
(122;123). A recent review concludes that it may improve patient outcomes, but rigorous trials are
needed (124). Given this background, the current findings may suggest that the daily repeated
cutaneous sensory stimulation has an independent effect, lowering the sympathetic tone, if elevated.

Strengths and limitations
The main points of methodological strength of the included studies are: (1) inclusion of pre-selected
and pre-tested effect variables; (2) the use of a prospective randomized design; (3) the potential
influence from the many possible confounders being taken into account in large scale studies in
patients with stable ischemic heart disease by obtaining extensive background information; (4) the
inclusion of a large-scale and strictly experimental physiological study of patients with stable
ischemic heart disease that due to the nature of the study excluded patient expectation-related bias;
(5) the hypotheses and research questions were tested in pilot studies prior to the studies of the
thesis; and (6) with respect to the conduct of the PPS measurement, it is considered a strength that
the PPS measure in the cross-sectional study in the 308 office workers was conducted by10
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different observers, who, before the study, had received 3 months of education in both the theory
and practice of PPS measurement.

It is debatable whether the determination of the pressure pain threshold used in the current thesis
represents a methodological weakness. When compared to a standard algometric procedure, the
current technique was not found to be inferior.

Some important general methodological aspects should be raised: (a) How much and for how long
does PPS need to be elevated before the included variables become affected in a measurable way?
(b) How much and for how long does an elevated resting PPS need to be reduced before the
included effect variables are influenced by this reduction in a measurable way? (c) Are the included
effect variables elevated for reasons other than stress? (d) Does a reduction of an elevated resting
PPS only affect the included variable, if this variable is influenced by stress and is elevated as well?
We have addressed these challenges in various ways:
a) In the cross-sectional study in ischemic heart disease patients, the group was
divided into tertiles with respect to time since ischemic heart disease diagnosis and the most
recently completed cardiac rehabilitation. No significant impact of time was found. However, only
patients who had undergone cardiac rehabilitation for more than 6 months were included. As such,
it cannot be ruled out that a potential impact of time can be identified in the time period
immediately after disease onset or the most recent cardiac rehabilitation.
(b) By pooling data from two consecutive measurements with months between
measurements in cross-sectional studies, the potential influence from confounding factors may be
elucidated. Personal potential confounding factors are thought to be stable within the individual
during these time periods. Such data showed consistent results in office workers and ischemic heart
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disease patients, thus suggesting that the observed associations between PPS and cardiovascular
health risk factors are not subject to significant influence from a variety of potential confounding
factors within and between the included study groups.

A statistical limitation arising from the use of correlation analysis in the study of associations and
reliability should be discussed. It can be argued that other statistical analytical methods might have
been used: such as Cohens Kappa coefficient in the analysis of categorization agreement, intra-class
correlation analyses when comparing PPS measures conducted by different observers, and Bland
Altman analysis when comparing two different algometric devices. We used Pearson’s parametric
and Spearman’s non-parametric correlation analyses. Scatter plots have been included to show
linearity and homoscedasticity. The observed correlation coefficients were often moderate to strong,
which minimizes the potential bias from the use of correlation analysis. As a supplementary
analysis, the Cohen Kappa coefficient was 0.9 with respect to categorization agreement in the study
of office workers, which is considered a “strong to almost perfect agreement” (125). Since
correlation analysis cannot be used to evaluate cause and effect relationships, intervention studies
have been included in which only one outcome measure was reduced, that is, PPS. Concomitant and
meaningful changes in the other variables underscore the cause and effect relationship between PPS
and the included cardiovascular risk factors. And this analysis has a higher priority in the evaluation
than the correlation analysis. With respect to the risk of mass significance, the tested associations
were established during long-term clinical observations and tested positive in a series of pilot
studies prior to the studies of this thesis. Thus, the studies of this thesis were designed to re-test the
associations between pre-defined variables, which minimize the risk of mass-significance. On this
basis, it is likely that these limitations do not affect the overall conclusions significantly.
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Other methodological limitations include:
(1) In the studies involving office workers, we did not specifically address the
presence of a chronic pain syndrome among the participants. However, we asked for information on
daily use of medication, and no use of pain-relieving medication was reported. With respect to comorbidity, the presence of hypertension, diabetes, cancer, and heart disease was not different from
that of the general Danish population, neither was their lifestyle. Accordingly, we regard the study
population to be fairly representative of Danish office workers. In the intervention study, the
relatively small sample size is a limitation with respect to an evaluation of the investigated
intervention. However, with respect to the screening aim of the study and possible association
between a reduction in an elevated PPS measure and concomitant changes in relevant
cardiovascular risk factors, this limitation seems of minor importance.
(2) In the clinical intervention study in patients with ischemic heart disease, it is a
limitation that the intervention study ended up being underpowered, when evaluating the effect on
depression. In contrast to the study of office workers, the controls in the heart study had some
treatment in order to diminish stress: they were informed that they had an elevated stress level, and
received a book on general stress management. The book explained that an elevated stress level was
a risk factor in patients with ischemic heart disease. In addition, the book gave information on stress
reduction methods. The purpose for the information given to the control group was to strengthen the
separate effect of the biofeedback method used with the PPS measure in combination with sensory
nerve stimulation provided to the actively treated group. However, it should be emphasized that the
inclusion of these two specific aspects of the comprehensive intervention program used in the early
studies on patients with ischemic heart disease (18-20) and stroke (21)was chosen because other
scientists have demonstrated that the other elements of the intervention program used; e.g. diets
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(126), physical exercise (127) and cognitive exercises or counselling (109;110) each have a positive
effect on ischemic heart disease prognosis.
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CHAPTER 6: GENERAL CONCLUSIONS
1) Hypothesis 1 of the thesis is confirmed by the current five studies of this thesis: PPS is associated
with established cardiovascular risk factors. These factors include blood pressure, heart rate,
pressure-rate-product, autonomic nervous system function and depression score.

2) Hypothesis 2 of the thesis is confirmed by the current five studies of this thesis: the combination
of daily PPS-guided cognitive reflection and daily cutaneous sensory nerve stimulation reduces an
elevated PPS measure and this reduction is associated with concomitant clinically relevant
improvements in the included cardiovascular risk factors: blood pressure, heart rate, pressure-rateproduct, autonomic nervous system function and depression score. As such the PPS measure may
represent a useful monitoring tool as a composite measure for the included risk factors.

3) Including contemporary findings from research outside the studies of this thesis, it may
furthermore be concluded that PPS is associated with persistent stress. As such, the PPS may
represent a useful monitoring tool for persistent stress.

65

CHAPTER 7: PERSPECTIVES AND IMPLICATIONS
Potential research implications of the PPS measure


Clinical studies on the use of PPS as a measure of physiological stress, transient as well as
persistent.



Large-scale prospective randomized studies that address the observed association between
PPS and cardiovascular risk factors. Such studies may include other means of assessment for
the autonomic nervous system such as heart rate variability.



Inclusion of PPS in ongoing and/or new large prospective population cohort studies in order
to gain further understanding of the epidemiological applicability.



Studies elucidating the distribution of PPS across different population groups, age groups,
and between the sexes.



Large-scale clinical studies that evaluate the usefulness of the combined PPS measurement
and intervention on relevant clinical variables in healthy people and people with ischemic
heart disease, hypertension and stroke.



Small to medium size clinical studies evaluating the usefulness of the combined PPS
measurement and intervention on other non-communicable diseases such as cancer,
diabetes, depression, chronic obstructive lung disease, and chronic non-malignant pain.



Experimental physiological studies that explore the physiological background for the PPS
measure, which may include studies exploring the involvement of neurological receptors in
the PPS measure and potentially identifying the engaged receptors, studies elucidating the
link between PPS, the hypothalamus, and regulation of the cardiovascular system.



Studies elucidating the usefulness of the PPS measure in top athletes and the general sport
populations.
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Studies using other intervention modalities for the reduction of an elevated PPS measure
such as physical exercise and sports, music, singing and dancing, meditation, mindfulness,
yoga, Tai Qi, Qigong, psychological counseling and group therapy, psychotherapy and
cognitive therapy.



Neuro-scientific studies exploring the possibility of pharmaceutical reduction of an elevated
PPS measure.

Potential implications of the PPS measure for practical use
In contrast to pharmaceutical treatment, the PPS measure is not associated with any known risks,
side effects or complications. Furthermore, the PPS measure and the PPS–guided intervention were
found to work well in combination. This suggests potential practical applications.
The PPS measure may be a practical tool for people interested in measuring their level
of physiological stress. This interest may be of particular interest for people having stressful job
positions and life situations. Also people having regular returning stress demands in their job like
performing artists, surgeons, flight traffic controllers, and soldiers in combat may also benefit.
Active sports participants in competitions may find the PPS measure useful as actually
demonstrated in the paper on Olympic sailors (24).
In clinical practice, patients with chronic diseases of any kind may find the PPS
measure useful.

Ethical aspects of the PPS measure.
The PPS measure may be a useful tool for research and a number of practical purposes as discussed
above. However, for any kind of physiological measurement, a risk of adverse effects is potentially
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present. Although the PPS measure is harmless in itself, it may still be used inappropriately. As an
example of such inappropriate use: employers may want to screen and monitor their employees’
PPS values, which might be used for determining the suitability of employees for jobs.
For some people, knowledge related to their level of stress may introduce fear and
worry if they have a high PPS value. If no possibility for lowering the value existed, this might be
an ethical problem. However, several methods are available for stress reduction. Accordingly,
measurement of PPS is not unethical.
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CHAPTER 8: FUNDING AND DISCLOSURES
Søren Ballegaard (SB) invented the PPS instrument used to measure PPS. He is also a shareholder
of the company that owns the PPS instrument. In order to avoid bias, SB was not involved in the
patient contact and collection of data in the studies of this thesis, as all measurement and collection
of data took place in locations to which SB had no access. With regard to statistical analyses, SB
participated in these, but all analyses were performed a second time by an independent expert in
statistics.
The studies on office workers received financial support from Willis Limited. The
studies on patients with ischemic heart disease received financial support from the Johan Schrøder’s
Family Foundation, The Lundbeck Foundation, Else and Mogens Wedells-Wedellsborg
Foundation, and Carpenter Sophus Jacobsen and wife Astrid Jacobsens’s Foundation. During the
conduct of the studies that comprise this thesis, the PhD candidate was employed by Care A/S. No
public or private funding was involved with regard to preparing the manuscript of the thesis. No
other disclosures were reported.
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The association between pressure pain sensitivity, and answers to
questionnaires estimating psychological stress level in the workplace
A feasibility study
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Abstract
Objectives. To examine the association between pressure pain sensitivity (PPS) at the sternum as a measure of persistent
stress assessed by questionnaires in a working population. Methods. In 308 office employees PPS measurement was compared to Quality of life questionnaires: SF-36 for general physical and mental health, the Major Depression Inventory
(MDI); 50 specific clinical symptoms for persistent stress; subjective evaluation of present and long-term stress level on a
7-point ordinal scale. Repeated measures were used to validate the PPS method. Results. A significant correlation between
PPS and a persistent stress condition evaluated from SF-36, MDI and a number of clinical symptoms were found (all
p ⬍ 0.01). Persons with PPS ⱖ 60 units had an elevated health risk profile based on the questionnaires, when compared to
persons with PPS ⱕ 40 (all p ⬍ 0.05) (all odds ratios ⬎ 2). When categorizing a person with PPS ⱖ 60 as persistently stressed
(27% of subject), and using SF-36, MDI and the number of stress signs for risk calculation, the remaining 73% of the
subjects, with no elevated health risk factors, were identified with an 80% specificity. During home measurements, with a
full day between measurements, between-measurement correlation coefficient was 0.87 and categorization reproducibility
87% (both p ⬍ 0.001). Conclusions. In office workers, the PPS measurement correlated to several QOL questionnaires
and was found useful for persistent stress screening. Validation studies demonstrated sufficient reproducibility including
during self measurement at home.
Key Words: Psychological stress, physiological stress, SF 36 questionnaire, Depression questionnaire, stress test, depression

Introduction
Presently, no international consensus on biochemical,
psychological, or physiological methods for measuring a transient and persistent stress condition exists
[1,2]. This is due to the difficulty of identifying one
consistent and single measure of stress, since the
individual stress response is complex and involves
most body functions [3]. Measuring stress in a place
of work is a challenge. Using physiological markers
might be preferable, but they have shortcomings.
Thus physiological markers like catecholamine levels in urine or corticol in sputum are influenced by
other factors than stress. The most important are
physical exercise, use of tobacco, alcohol and coffee
and tea drinking during work. Furthermore, corticol levels have major diural fluctuations making
interpretation of the results difficult. In addition,

sample collection is very resource demanding
under field conditions. Accordingly, questionnaires
addressing general mental and physical health may
represent one possible workplace measure of the
complex and comprehensive influence of stress on
human functions. The SF 36 questionnaire and the
Major Depression Inventory have been internationally recognized as stress measurement methods and
have been found useful for stress evaluation in
workplace situations [4–7].
In this context it is essential to distinguish between
transient and persistent stress. Transient stress is
characterized by increased preparedness, induced
through neural and hormonal signals as a response
to perception of a challenge like a dangerous or painful situation, or the demand of an acute performance.
When the threat or challenge is over, homeostasis is
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re-established [8,9]. In contrast, persistent stress is
caused by prolonged exposure to the same challenges
as in transient stress, but without sufficient restitution in between, which leads to a variety of physiological and psychological dysfunctions [10,11].
Persistent stress may affect work performance, as
well as general health negatively [12], and may lead
to features of the metabolic syndrome [13–15], and
ischemic heart disease [3,16]
In observations of normal persons during an
acute stress load, as well as in patients with chronic
diseases like ischemic heart disease, stroke and
breast cancer, stress perception has been coupled
to increased pain sensitivity on specific locations of
the skin of the chest bone [17–19; Axelsson et al;
unpublished data). This hypersensitivity seems to
be explained by the presence of cutaneous polymodal nociceptors, which respond to pressure, heat
and acidity [20] and are sensitive to sympathetic
stimulation [21]. They may lead to activation of a
noxious withdrawal reflex (NWR) [22]. The NWR
is regarded as a reliable and objective tool for
exploring pain control systems in humans [23].
From the evolutionary survival purpose of the
stress response, it makes sense that the human
warning system sensitivity (Pressure pain sensitivity) and defence system sensitivity (withdrawal
reflex sensitivity) increase in order to protect the
vital heart region.
In search of a method to measure the integrated
response of stress, we have developed a new handheld algometric device, which makes it possible to
quantify the level of sensitivity at a distinct point on
the body, the sternum within the area between the
third, fourth and fifth intercostals space reflecting the
area of the segmental innervation of the heart [24],
and we have designated the measure as Pressure Pain
Sensitivity (PPS). We have then shown that the PPS
measure seems well correlated to several well-known
reactions to stress, like changes in blood pressure,
pulse rate, work of the heart and salivary cortisol
during transient stress, the resting pulse rate and
work of the heart as measures for persistent stress
in 181 consecutive out-patient clinic patients with
chronic diseases as well as to the presence of the
NWR in both situations [17].
In the present study we hypothesized that PPS
may be used to estimate the level of persistent stress
in the working population. In a group of office workers our aims thus were: To examine the association
between PPS and standardized questionnaires on
quality of life (QOL) which have been found useful
in work-life stress evaluation; to evaluate the PPS
measure as a screening tool for identifying persons
with a level of persistent stress that may need intervention; and to evaluate if the PPS measure could be
used as a home measurement device with respect to
compliance and possible long-term adaptation of the
measure.

Material and methods
Subjects and study design
Four-hundred and thirty-three persons employed in
a large Danish company within the finance sector
were invited to participate in the study, and 308
(71%) accepted to participate. The participants were
characterized according to their job-description as
16 senior managers, 30 managers, 130 office workers
and 132 office assistants.
PPS was measured in the workplace in the supine
position by a professional instructor on all participants and they answered the set of included questionnaires: SF-36, Major Depression Inventory,
clinical symptoms and demographics. Subjects with
a resting PPS at baseline ⱖ 60 (n ⫽ 60) were educated to self-measurement of PPS and to perform
measurements twice daily for 3 months.
The following precautions were taken to minimize bias: Reading of the instrument was not visible
during measuring neither for subject nor researcher;
and the PPS measuring researcher had no access to
the answers of the used questionnaires.
Measurement variables
Pressure Pain Sensitivity. PPS of the sternum was
recorded using an instrument (Ull Meter), which
mathematically transformed the pain threshold into a
logarithmic scale of sensitivity levels (from 0–100 PPS
units). An increase in 30 PPS units corresponds to a
100% increase in sensitivity. The method is previously
described in details [17]. The measurement site is the
sternum within the area between the third, fourth and
fifth intercostals space (Figure 1) reflecting the area
of the segmental innervation of the heart [24].
SF-36 questionnaire. The SF-36 questionnaire was
used as an internationally validated questionnaire to
assess general mental and physical health (Quality Of
Life: QOL) by two main scores: Mental Component
Summary (MCS) and Physical Component Summary (PCS) [25,26]. A score of 100 indicates perfect
well-being. The SF-36 has been used in large population studies as an assessment tool of the long-term
adverse health effects from work-related stress [4],
and early retirement from the labour market [27].
Major Depression Inventory. The Major Depression
Inventory (MDI) is a validated questionnaire for
measurement of depression [28], and a measure
above 20 indicates overt depression. The link between
stress and depression is well established [5–7].
Clinical symptoms. On a symptom check-list (Table I),
the participants registered the possible occurrence of
59 different clinical symptoms, found to be associated with persistent stress, experienced within the
last 4 weeks. The choice and use of these symptoms
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Pressure pain sensitivity and QOL

Figure 1. Measurement site for PPS measurement. The level of
the nipples corresponds to the 4th intercostal space.

is based on an explorative testing in 250 cardiac
nurses, and it was found that the number of these
clinical symptoms correlated significantly to the PPS
measure (r ⫽ 0.3; p ⬍ 0.001) (unpublished). A large
part of these symptoms are also found on the
stress symptoms checklist used by Washington State
University [29]. These symptoms were not pointed
out as possible stress symptoms, but were intentionally described as general health complaints, and were
put in a random order with respect to impact on
quality of life.
Elevated health risk factor. An elevated health risk factor was defined with the following point of discrimination for each of the used questionnaires, the SF-36
scales: (MCS and PCS scales) ⱕ the 25 % percentile
for the general Danish population, matched for age
and gender [25], the MDI score: a score ⱖ 20 [28],
the clinical symptoms: ⬎ 10 symptoms.
Lifestyle and medical history. The following questions
were used on a 7-step ordinal scale: Perceived present level of stress; perceived average level of stress
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during the last 3 months. A four point ordinal scale
(1: daily; 2: weekly; 3: monthly; 4: never) was used
with respect to: Use of acupressure, relaxation, attention to diet, and daily physical exercise of minimum
30 min. Use of alcohol was recorded as: 1, never; 2,
less than 14 units per week for females and less than
21 units per week for males; 3, more. Use of tobacco
was recorded as: 1, never smoked; 2, stopped more
than one year ago; 3, current user but less than
15 units per day; 4, current user more than 15 units
per day. With respect to disease, the subjects were
asked if they had present or previous hypertension,
diabetes mellitus, cancer or heart disease.
Statistics
(i) To test the hypothesis that a high PPS is associated
with an elevated health risk profile with respect to
the used questionnaires a correlation analysis was
used. Furthermore, an odds ratio analysis was made
with respect to the likelihood of having an elevated
health risk, evaluated from the included questionnaires, if PPS was high. (ii) To test if PPS could be
used as a screening tool, two step categorizations
were made for included questionnaires; (‘elevated
health risk factor group’ versus ‘no elevated risk
factor group’). In order to test the sensitivity and
specificity of using PPS ⱖ 60 as a diagnostic discrimination point for an elevated level of persistent stress
measured as an elevated health risk factor with
respect to SF 36, MDI and number of clinical symptoms. Receiver Operation Characteristic curves
(ROC) were made as a way to evaluate the true
positive rate (sensitivity) as a function of the false
positive rate (100 minus specificity). In this analysis
we used the same discrimination points for ‘elevated

Table I. Clinical symptoms: The participants were asked to mark if they had experienced any of the following within the past 4 weeks.
1. Back pain
2. Headache

21. Fatigue
22. ‘Butterflies’ in my stomach

3. Ringing in the ears
4. Hot flushes

23. ‘Lump in my throat’
24. Forgetfulness

5. Lack of energy
6. Anxiousness
7. Stomach pains/stomach ache
8. Decreased tolerance for noise or odor
9. Loss of appetite or comfort eating
10. Muscle tension
11. Frequent infections
12. Worsening of chronic illness
13. Increased frequency of making mistakes
14. Rapid heartbeat
15. Anger outbursts, that I cannot control
16. Clumsiness
17. Reduced zest of life
18. Reduced sex drive
19. Feeling of reduced time for relaxation
and pleasure
20. Impatience

25. Difficulty concentrating
26. Restlessness
27. Reduced sense of humour
28. Reduced empathy
29. Social withdrawal
30. Low spirits
31. Grinding teeth
32. Cannot get worries out of my mind
33. Vision related difficulties
34. Anxiety/fear
35. Reduced tolerance to others
36. Difficulty in thinking clear
37. Cry easily
38. Insomnia/difficulty sleeping
39. Overly aggressive
40. Indecision/difficulty making
decisions

41. Irritability/‘short fuse’
42. Increased use of stimulants (coffee,
cigarettes, alcohol)
43. Increased use of prescription drugs
44. Increased use of over the counter drugs
or natural medicines
45. Dizziness
46. Increased sick leave
47. Reduced initiative
48. Joint pains
49. Cold hands/feet
50. Reduced judgement
51. Circular thinking or myriad of thoughts
52. Nausea or vomiting
53. Pressure/pain in the chest
54. Irregular heart rhythm
55. Increased sensitivity to light and touch
56. Irregular motion
57. Tender muscles
58. Reduced sexual endurance (men)
59. Irregular toilet visits
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Table II. Demographic data. All values are baseline values and shown as median with inter quartile
limits.
Numbers
PPS
Age (years)
Gender distribution (% females)
SF-36*
Physical function
Bodily pain
General health perceptions
Vitality
Mental health
Physical component summary
Mental component summary
MDI Depression score
Clinical symptoms (number)

308
42 [34–47]
54%
100
84
85
70
84
54
55
5
6

[94–100]
[62–84]
[72–92]
[55–80]
[76–88]
[51–57]
[50–58]
[3–9]
[4–11]

83 (27%)
34 [30–37]
42 [36–49]
55%
100
84
87
75
88
56
56
4
6

[95–100]
[72–100]
[77–97]
[60–85]
[77–92]
[52–58]
[52–58]
[2–8]
[4–10]

141 (46%)
48 [45–52]
42 [34–46]
51%

84 (27%)
69 [63–76]
39 [32–45]*
56%

98 [90–100]
84 [62–84]
84 [72–92]
75 [55–80]
84 [76–88]
54 [52–57]
56 [50–59]
5 [3–8]
6 [4–10]

95 [93–100]*
72 [62–84]***
80 [62–92]***
60 [48–80]*
80 [67–88]***
53 [50–56]*
53 [46–58]*
6 [4–10]***
8 [5–14]*

The SF-36 results have been compared to norm data for correction of age and gender when calculating
differences. Only significant items are given.
*Significance test between group 1 and 3; *p ⬍ 0.05; **p ⬍ 0.01; ***p ⬍ 0.001.

health risk factor’ for MDI, SF-36 and clinical
symptoms questionnaires as presented above.
Group comparison, analysis of variance, simple
correlation and odds-ratio (OR) evaluations were
performed using non-parametric analyses: MannWhitney U, Kruskal-Wallis, Spearman and Chi- square
tests. Non-parametric tests were used since PPS data
were not normally distributed. A multivariate linear
regression analysis was performed (in subjects with
PPS ⬎ 30, compromising 77% of the material) to
examine whether PPS was independently associated
with the following co-variables: Age, sex, physical
and mental components summary (SF-36), MDI
depression score and clinical symptoms. Standardized coefficient (β) is given for the linear regression
analysis. All values are two tailed, and a p-value below
0.05 was considered statistically significant.
The statistical software package SPSS version 18
(SPSS Inc, Chicago, II) was used for all analyses.

Results
Data for the PPS and the questionnaires on SF-36
(QOL), depression and clinical symptoms are given
in Table II. No between-group differences were found
with respect to the presented lifestyle questions, PPS
values within different job groups or with respect to
presence of disease (all p ⬎ 0.1).
The office workers had a mental health and
physical health as the normal Danish population,
evaluated from the SF-36 questionnaire. The median
MDI score was 5, (inter quartile range 3–9), and 14
participants had a score above 20, which is indicative
for overt depression. Median number of clinical
symptoms was 6 (inter quartile range 4–11).
The subjects were divided into three groups based
on PPS values: PPS ⱕ 40, PPS between 40 and
60, and PPS ⱖ 60, the latter value regarded as cut
off for an elevated stress level (Table II). Twentyseven percent of the participants had a PPS ⱖ 60.

With this 3-step increase in PPS interval levels 5 out
of 8 subscales (physical function, bodily pain, general
health perception, vitality, mental health) and both
main scales (physical- and mental component summary) of the SF-36 questionnaire demonstrated significantly decreasing scores, i.e. worsening of health.
Increased PPS was also associated with a significant
increase in depression score (MDI) and number of
clinical symptoms. Similarly, significant correlations
were found between PPS and SF-36 score, MDI
score and number of clinical symptoms (Table III).
The correlation between PPS and NWR was
significant as well (r ⫽ 0.38, p ⬍ 0.001).
In contrast to the data obtained by the questionnaires, no significant correlations were found between
PPS and the subjects’ own perception of stress using
ordinal scales from 1–7 (both p ⬎ 0.1). The mean
stress scores for the 3 groups based on PPS were ‘3,
2 and 3’ for the personal perception of the present
level of stress, and ‘4’ for all of the three groups with
respect to the personal perception of the average level
of stress during the past 3 months (both p ⬎ 0.1).
Comparing the groups with PPS ⱕ 40 and ⱖ 60,
respectively, the odds ratio for having an elevated
health risk profile was twice as high for the high PPS
Table III. Correlation between PPS and results from the
questionnaires.

Age
SF-36* scores:
Physical function
Bodily pain
General health perceptions
Vitality
Mental health
Physical component summary
Mental component summary
MDI depression score
Number of clinical symptoms

Correlation
coefficient

p-value
(two-tailed)

⫺0.19

0.001

⫺0.10
⫺0.15
⫺0.20
⫺0.17
⫺0.13
⫺0.13
⫺0.19
0.21
0.19

0.104
0.019
0.001
0.008
0.041
0.041
0.003
0.001
0.003
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Table IV. Numbers of persons having questionnaire results below the 25% percentile (SF-36) or more
than 10 clinical symptoms, as well as Odds Ratio (OR) for the group with PPS ⱖ 60 compared to the
group with PPS ⱕ 40.
Questionnaires
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SF-36
Physical component summary
Mental component summary
Major depression Inventory
Clinical symptoms

Limits for
registration

Low risk
PPS ⱕ 40

High risk
PPS ⱖ 60

⬍25% percentile

13%
21%
4%
22%

29%
40%
9%
39%

ⱖ20
⬎10

group (PPS ⱖ 60), when compared to the low PPS
group (PPS ⱕ 40), which was statistically significant
for the main SF-36 scales and the number of clinical
symptoms (Table IV). With respect to MDI the statistical analysis of the odds ratio was not possible because
of the low number of subjects with an MDI score
ⱖ 20, (3 and 7 in the two groups, respectively).
Validation of the PPS measurement
Reliability of the PPS measurement was tested in two
different situations: (i) with 5 seconds or (ii) a full
day between measurement. When PPS measurements were repeated with 5 seconds between measurement in the 308 office workers and managers,
and conducted by 10 different instructors, a significant correlation between first and second measurement was found (r ⫽ 0.90, p ⬍ 0.001); mean
between-measurement difference was 1.3 PPS units
(SD 7.4, p ⬍ 0.01). A Bland Altman plot demonstrated similar between-measurement difference
throughout the full PPS scale (Figure 2). When PPS
measurements were repeated with a full day between

OR
[95% CL]

2.7
2.5
2.4
2.2

[1.2–6.2]
[1.2–5.1]
[0.6–9.5]
[1.0–4.6]

p-value

0.019
0.013
ns
0.036

measurements (from morning until evening) for the
60 office workers who had the instrument for home
measurement during 3 months, morning and evening PPS value correlated significantly (r ⫽ 0.87,
p ⬍ 0.001), mean difference 2.1 units (SD ⫽ 8.9,
p ⬍ 0.01) the evening value being the highest.
Agreement: the ability to reproduce the two-step
PPS-based categorization (PPS ⱖ 60; PPS ⬍ 60),
was tested in two ways: (i) the categorization agreement, i.e. professional measurement with 5 seconds
between measurements was 89% in the 308 study participants undergoing professional measurement from
10 different instructors; (ii) the home measurement
conducted by the individual participant and with one
full day between PPS measurements: Categorization
agreement was 87% in the 60 office workers measuring
for 3 months (1854 person days) at home.
In addition, the two-step PPS-based persistent
stress categorization was tested against a two-step
categorization (elevated versus not elevated health
risk factor) with respect to the SF-36 and MDI scores,
as well as the number of clinical symptoms. It was
found that the mean PPS measure was significantly

Figure 2. Bland Altman plot for PPS measurement in 282 office workers, done twice with 5 seconds between measurements.
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Figure 3. ROC curve for MDI score ⱖ 20 and PPS score ⱖ 60. The curve shows the connection between MDI and PPS cut-off points
for persistent stress with respect to sensitivity and specificity (showing that 0.6 in sensitivity corresponds with a 0.8 specificity). The size
of the area below the curve is ⫽ 0.68 (p ⬍ 0.01).

higher in the ‘elevated health risk factor group’, when
compared to the ‘not elevated risk factor group’ for
all effect variables: SF-36 MCS scale (mean PPS
57/49, p ⫽ 0.004); SF-36 PCS scale (mean PPS
56/49, p ⫽ 0.004), MDI score (mean PPS 61/51,
p ⫽ 0.012); number of clinical symptoms (mean PPS
58/49, p ⬍ 0.001).
Using ROC analysis for specificity and sensitivity
evaluation of the two-step PPS measure categorization (PPS ⱖ 60; PPS ⬍ 60) against similar two-step
categorization (elevated risk profile/no elevated risk
profile) for SF-36 and MDI scores, and number of
clinical symptoms, the area below the ROC curve
was ⬎ 0.6 and significant in all cases; SF-36 MCS
scale (area 0.62, p ⬍ 0.004), SF 36 PCS scale (area
0.62, p ⬍ 0.004), MDI (area 0.68, p ⬍ 0.01), and
number of clinical symptoms (area 0.65, p ⬍ 0.001).
Figure 3 shows the ROC curve for PPS ⱖ 60 versus
MDI ⱖ 20: With a specificity of 0.8, the sensitivity
was 0.6 for MDI and 0.4 for MCS, PCS and number
of clinical symptoms. Similarly, a sensitivity of 0.8
resulted in a specificity of 0.4 for MDI and MCS
scales and 0.3 for PCS and clinical symptoms.
A possible systematic measurement error in longterm home use due to hypothesized pain threshold
adaptation was addressed by calculating the mean
PPS differences between morning and evening measures during 4 calendar months for the 60 office
workers during home measurement. From morning
to same evening, the differences were; ⫹2.0, ⫹2.0,
⫹1.0, and ⫹3.1, evening being the highest (including 232, 785, 624 and 213 person days, respectively); from evening to next morning, the
corresponding numbers were: ⫺2.0, ⫺1.0, ⫺3.0,

and –2.4, respectively (p for trend during the 4
calendar months: both p ⬎ 0.1). These results indicated that the PPS measure increased slightly during day time and decreased during the night, and
that these day-to-day measurement fluctuations did
not change during the 3 months of observation
(covering 4 calendar months).

Discussion
The study demonstrates that in office workers, the
PPS measure seems well correlated with several measures for QOL and depression, which all are accepted
as associated with persistent stress. Further, the practical PPS measurement seemed feasible and led to a
meaningful result of a stress screening at a workplace.
Finally, the individuals with elevated PPS measure
had sufficient compliance during home measurements and no measurement adaptation over time
was found.
Among many ways of measuring persistent stress
the questionnaires MDI and SF-36 have been
accepted as usable tools although they measure only
parts of the integrated and complex reaction to a
persistent stress load [4,27,30]. PPS correlated to
both MDI score, SF-36 physical and mental components, and also with the scoring of clinical symptoms
of stress. The fact that PPS correlates to all of these
measures opens up the possibility that PPS can be
used as a quick and integrated measure of persistent
stress. Further our results suggest that home-based
measurements might be feasible during follow-up
studies with or without stress intervention.
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PPS correlates also to other markers for increased
sensitivity; the noxious or startle reflex both being
part of an integrated bio-warning and defence function of the polymodal sensor cell [17,31] and both
may be regarded as biological markers for the Diffuse
Noxious Inhibitory Control System (DNIC), which
through the polymodal sensory cells exhibit an ongoing repression on sensory perception. Pressure pain
hypersensitivity has been found due to a DNIC
dysfunction in patients with fibromyalgia, low back
pain and knee arthritis [32–34], and a hypersensitive
startle reflex is part of the Post Traumatic Stress
Syndrome [35]. Accordingly, a link between PPS and
persistent stress may be explained by a dysfunction
of the DNIC system.
With respect to the PPS validation, the PPS measure was found to be reproducible both in the short
term (5 seconds) as well as long term (⬎ 10 hours)
when measured in clinical settings by professionals
and at home as self-measurements in a working population group. The two-step categorization, using
PPS ⫽ 60 as the point of discrimination was found
to be reproducible as well. The results matched the
level of contemporary non invasive diagnostic measures, such as repeated audiometric measurements
(r ⫽ 0.70) [36], armpit versus rectal temperature
(r ⫽ 0.43) [37] and home blood pressure measurement
versus 24 h ambulatory blood pressure monitoring
(r ⫽ 0.57–0.75) [38].
The ROC analysis revealed significant and similar size of the areas below the curve for the chosen
two-step categorizations of PPS, QOL, depression
(MDI) as well as clinical symptoms, with values of
0.62–0.68. For comparison, ROC curve areas for
some commonly used medical procedures are as
follows: 0.53–0.58 for ambulatory 12 lead ECG
recording in the prediction of significant coronary
artery disease [39], 0.65 for fasting glucose measured
preoperatively to Coronary Artery Bypass Grafting
in the prediction of 1-year survival [40], and 0.68 for
exercise ECG in the prediction of significant coronary artery disease as evaluated by coronary angiography [41]. For an 80% specificity of the PPS-based
two-step categorization, the sensitivity was between
0.4 and 0.6. Thus, a low PPS seems to identify individuals with normal QOL according to the SF-36
questionnaire. Furthermore, a low PPS indicates
absence of depression. Also, a low PPS score is
strongly associated with a low number of clinical
symptoms. In this way, the PPS may be a useful tool
for population screening and much quicker than
questionnaire methods. With respect to sensitivity,
the ROC analysis revealed that using the chosen cutoff point, the sensitivity was 40% for the SF-36
questionnaire and clinical symptoms and 60% for
depression. This indicates that using the chosen cutoff points and the choice of a high specificity, the
PPS measure categorization seems to identify many
people without elevation of the chosen measures for

465

persistent stress. It may be discussed whether a high
specificity or a high sensitivity is most feasible for
practical use. A high specificity leads to a high rate
of true negative, which in this study meant that with
a 80% probability 70% of the working group could
be excluded having no need for further educational
or interventional efforts. However, among the remaining 30%, half of them were ‘false positives’ with
respect to persistent stress as measured by the included
questionnaires. Such a result may be acceptable if
the purpose is to screen a workplace for persistent
stress-related conditions.
The present study has several limitations: The
lack of international consensus on how to measure
stress makes a comprehensive validation of any new
measure a challenge. We included questionnaires
which are internationally recognized with respect to
measuring some of the consequences from persistent
stress: Quality of life, mental and physical health, as
well as a newly-developed clinical symptom score
related to stress. A significant correlation between
PPS and number of these clinical symptoms has also
been confirmed in a recent prospective, blockrandomized trial in Opera singing students (unpublished). The impact of time on the development of
persistent stress is a source of bias in the present
study, which has not been addressed.
It is concluded that in office workers, the PPS
measurement correlated to several QOL questionnaires and was found useful for persistent stress
screening. Validation studies demonstrated sufficient
reproducibility including during self measurement
at home.
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Abstract
Background. Chronic stress is prevalent in patients with ischemic heart disease (IHD) and worsens the long-term prognosis. Chronic stress is vaguely defined, but is associated with depressive symptoms, reduced psychological wellbeing, and
reduced quality of life (QOL). Stress seems to induce hyperalgesia.The aim of the present study was to evaluate hyperalgesia by pressure pain sensitivity (PPS) in patients with IHD, and compare PPS to questionnaires measuring depressive
symptoms, reduced psychological wellbeing, and QOL as markers of stress. Design. A cross-sectional study of 361 subjects
with IHD. Methods. PPS was measured on the sternum, and compared to the questionnaires: Clinical stress symptoms
score (CSS), Major Depression Inventory (MDI), WHO-5 Wellbeing Index, and SF-36 QOL score. Results. PPS correlated
to CSS (r ⫽ 0.20, p ⬍ 0.001), MDI (r ⫽ 0.14, p ⫽ 0.02), SF-36 mental component summary score (MCS) (r ⫽ ⫺ 0.10,
p ⫽ 0.049), SF-36 physical component summary score (PCS) (r ⫽ ⫺ 0.17, p ⫽ 0.001), and self-perceived stress level (r ⫽ 0.15,
p ⫽ 0.006). CSS correlated similarly (r ⫽ 0.5–0.7, all p ⬍ 0.001). Comparing subjects within the lowest vs. highest tertiles
of PPS and CSS, the mean MDI score was 4 vs. 15, WHO-5 was 77 vs. 53, SF-36 PCS was 53 vs. 43, and SF-36 MCS
was 58 vs. 46; all p ⬍ 0.001. Conclusions. PPS reflected to a modest degree markers of chronic stress in IHD. PPS and
CSS together might be useful as easy-to use tools for evaluating these markers in IHD patients.
Key Words: Depression, myocardial ischemia, stress psychological, questionnaires, quality of life, pain

Introduction
Chronic stress is associated with ischemic heart disease (IHD) [1,2]. The INTERHEART study found
that people with myocardial infarction (MI) as compared to controls, reported a significantly higher
prevalence of four general life-related stress factors
(stress at work, stress at home, financial stress, and
major life events) [1]. In prospective studies, chronic
stress seemed to be associated with new cardiovascular events and deaths from IHD [3–5].
Several meta-analyses evaluated the effect of
stress-reducing interventions in IHD patients, and
concluded that some, but not all, intervention modalities have a positive effect on stress as evaluated by

questionnaires [6–8]. It is still debated whether stress
reduction reduces the risk of new cardiovascular
events and deaths from IHD. However, a recent randomized study found that cognitive stress-reducing
therapy significantly reduced recurrent cardiovascular events including acute MI [9].
Stress is a vaguely defined concept, which is
typically measured by physiological parameters or
questionnaires. The physiological parameters include
plasma norepinephrine, plasma and salivary cortisol,
blood pressure, heart rate, mean arterial pressure and
the pressure-rate-product, which is a measure for the
work of the heart [10]. However, these parameters
are mostly accepted as the measurements of acute
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stress. The questionnaires cover also persistent stress
but serve to elucidate the elements of two main
topics: either stressors, including stressful life events,
job stress and measurements of negative personal
relationships; or stress appraisal, including perceived
stress and negative affective reactions to stress.
Studies on psychosocial stress have thus been
inconsistent, mostly covering only limited components of the stress concept.
It is well known that stress interacts with the pain
system and influences pain sensitivity [11,12]. In
animals, chronic stress measured as repeated exposures to swim stress or by social defeat models have
been shown to induce hyperalgesia [13]. Hyperalgesia represents an appropriate increase in vigilance to
prevent potential harm, and might be explained by
the activation of cutaneous polymodal nociceptors in
the skin sensitive to pressure, heat and sympathetic
stimulation [14]. In healthy humans and in patients
with IHD and other stress-related disorders, stress
load was coupled to increased pain sensitivity, measurable on the skin of the lower part of the sternum
[15]. The change in pain sensitivity can be measured
by a variety of devices and pain sensitivity thresholds
assessed by handheld devices have gained clinical
acceptance as they are easy to use and can provide
evidence for local and generalized hyperalgesia.
Recently a simple and handheld device has been
designed to assess pressure pain sensitivity (PPS)
[15]. The PPS measure is found to be correlated to
several well-known reactions of stress, like the changes
in blood pressure, pulse rate, work of the heart and
salivary cortisol during transient stress, as well as the
resting pulse rate and work of the heart as measures
of persistent stress in out-patients with chronic
diseases including IHD [15].
The aim of the present study was to evaluate
hyperalgesia by PPS in patients with stable IHD, and
compare PPS to questionnaires measuring depressive symptoms, reduced psychological wellbeing,
reduced quality of life (QOL), and number of clinical
stress signs (CSS) as markers of stress [16,17].

The exclusion criteria were: (1) Hospitalization
due to psychiatric disease prior to IHD, (2) scheduled cardiac surgery, (3) changes in heart medication
within the last month, (4) chronic competing disorder that clearly impaired the patients’ QOL (such
as, severe lung disease or cancer in progress), and
(5) chronic pain syndromes due to arthritis and
fibromyalgia among others.
In accordance to the inclusion and exclusion
criteria, 1129 patients were invited by letter. Out of
640 responders, 386 accepted to participate and provided written informed consent. Finally, 361 participants completed according to the protocol.
In order to study if those patients who did not
respond differed in morbidity from those who participated, a response analysis was made. The response
analysis was based on the data of 200 non-responders and 200 responders obtained from the registry of
the Danish National Board of Health, which recorded
all primary hospital discharge diagnoses in Denmark.
The group that participated was significantly younger
and included more women. However, there was no
difference between participants and non-participants
according to the number of heart-related hospitalizations, number of patients treated with CABG or PCI,
or number of patients with diabetes mellitus.
A website was established for the study (www.
songheart.org), and all participants answered questionnaires on a website with their personal login data,
which was first opened after the study ended in order
to avoid bias.
The questionnaires included the following:
•
•

䊊 MDI, which assesses depressive symptoms
on a score from 0–50, where 0 equals to no
signs of depression.
䊊 WHO-5, which assesses psychological wellbeing. A score of 100 equals best possible
psychological well-being.
䊊 SF-36, which assesses general physical
(PCS) and mental (MCS) QOL. A score of
100 equals best possible QOL.

Study population and methods
A total of 361 patients with established and stable
IHD were included in this study. The patients were
recruited from a database on subjects with established IHD at the departments of Cardiology,
Gentofte University Hospital, and Herlev University
Hospital, Copenhagen, Denmark (HjerteRask). All
patients were rehabilitated during the period of
1999–2011.
The inclusion criteria were: (i) Documented IHD
(defined as MI, percutaneous coronary intervention
[PCI] or coronary artery bypass graft surgery [CABG]),
(ii) completed cardiac rehabilitation more than six
months ago, and (iii) age of 75 years or younger.

A demographic questionnaire including information on IHD, co-morbidity and medical
treatment.
Three validated and reproducible questionnaires, accepted as markers of stress [16]:

•

•

The CSS questionnaire [17]: CSS is a newly
developed score of 56 clinical stress symptoms
experienced during the last four weeks (see
Appendix).
Information on self-perceived stress obtained
on a 7-point Likert scale from non-stressed to
very stressed during the last three months.

The PPS measurement device has been already
described in details [15]. In short, the instrument is a
hand-held device by which a gradually increasing
pressure is applied to the skin on a 1 cm2 area. The

Pressure pain sensitivity in IHD
pressure is ended when the patient (after instructions)
signals that the pain threshold has been reached.
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The PPS measurement procedure
The patient was placed in a supine position and was
accustomed to the feeling of pressure from the PPS
algometer by repeated measurements on the tibia
bone (typically six measures). After 10 minutes of
rest, the most sensitive area on the sternum at the
level of intercostal spaces 3–5 was identified by palpation. The most tender point was selected for PPS
measurement. A gradually increasing pressure performed by the instructor was applied for 2–5 seconds
until the pain threshold was reached. The PPS algometer automatically transformed the pain threshold
into a logarithmic scale of sensitivity levels (from
30–100 PPS units). An increase in 30 PPS units corresponded to a 100% increase in sensitivity. PPS was
measured twice. In case of more than five units’
deviation, a third measurement was performed, and
the mean value of all three measurements was used.
In order to avoid bias, the PPS algometer was
designed in such a way that the reading was only
visible for the participant or the researcher after the
measurement was finished.
Thirty-nine consecutive participants underwent a
supplementary examination where pressure pain
threshold was recorded by the PPS algometer, as well
as by a broadly accepted pressure algometer (Algometer Type II, Somedic AB, Sweden), normally used
to measure diffuse noxious inhibitory control (DNIC)
[18,19]. Measurement site was the fascia of the anterior tibia for both instruments. Each instrument was
used for two consecutive measurements, with five
seconds interval. Measurement site was identical for
both instruments, and the order of measurement was
random. The correlation coefficient between measurements conducted by the two instruments was:
r ⫽ 0.83, p ⬍ 0.001.
Written informed consent was obtained from all
the participants. The study was approved by the local
ethical committee, and was registered on www.clinicaltrials.gov (NCT01513824).

Statistical analysis
Parametric statistics including unpaired t-test, one
way ANOVA with post-hoc Bonferroni adjustment
and simple linear regression analysis were used. Multiple linear regression with backward elimination of
non-significant variables were performed by using
PPS and CSS as dependent variables, and CSS or
PPS together with age, gender, MDI and SF-36 PCS
as independent variables. The effect of a combined
measure of PPS and CSS was evaluated: Patients
within the lowest tertile of both PPS and CSS (low
PPS–low CSS group) were compared to those within
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the highest tertile of both PPS and CSS (high PPS–
high CSS group). As the MDI was considered a measure of depression severity with a cut-off score for
very mild depression at a MDI total score of 15 or
higher, it was planned to perform an item response
analysis for the included participants, as well as the
participants with an MDI score of 15 or higher. The
parametric item response theory analysis was used to
evaluate this models’ requirement that the symptoms
with lower prevalence had to be preceded by the
symptoms with higher prevalence [16]. For this purpose, we used the RUMM (Rasch Unidimensional
Measurement Model) 2030 program [20].The model
was tested through the fit of the model to the actual
scoring, using Conditional Maximum Likelihood
approach, including test for item homogeneity across
variables like severity of depression, gender, and age
[21]. The rejection level of the model according to
the Rasch analysis was p ⬍ 0.05. The level of p ⬍ 0.05
was also regarded as the level of statistical significance in other tests where the statistical package
SPSS version 19 was used.

Results
Thirty-two percent of the invited patients completed
the protocol. The study population consisted of
21% women and 79% men, and the median age was
64 years (range: 33–75 years). All had by definition
IHD, 63% reported having had a previous MI, 67%
had been treated with PCI, and 28% had had a
CABG. Median time from the diagnoses of IHD was
six years (range: 0–33 years), and the median time
from most recently ended cardiac-rehabilitation was
three years (range: 0–13 years).
Concerning co-morbidity, the following were
registered: 31% had diagnosed heart failure. Seven
percent suffered from asthma and 5% from mild
chronic obstructive lung disease. Seven percent
had previously experienced a stroke, 13% had diabetes and 14% had been diagnosed with depression.
Twenty-five percent experienced angina pectoris
corresponding to Canadian Cardiovascular Society
Functional Classification of Angina Pectoris (CCS)
class I, 10% to CCS class II, 1.4% to class III and
0.8% to class IV. Nine percent reported dyspnoea
at an activity level equivalent to New York Heart
Association (NYHA) class III. None had dyspnoea
at rest (NYHA class IV).
Medication. 60% of the patients were treated with
beta-blockers, 96% with anticoagulants or drugs
affecting platelet (thrombocyte) function, 88% with
cholesterol-lowering medicine, 24% with calciumantagonists, and 57% with Angiotensin-II antagonist
and/or Angiotensin converting enzyme inhibitors
(ACE inhibitors). Two percent were treated with
insulin and 8% with oral anti-diabetic drugs. Five
percent used anti-depressive medication.
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Use of healthcare in the last 12 months. 19% of the
patients reported that they had been admitted to the
hospital due to heart diseases, 31% had visited a
cardiology specialist as an out-patient, and 38%
had visited their general practitioner due to heart
diseases.
In total, 62 (17%) of the patients had an MDI
score of 15 or more; whereas, 31 (9%) had an MDI
score of 20 or more. The patients with an MDI score
of 15 or more had a mean PPS score of 69.9, SD 20;
whereas, those with an MDI under 15 had a mean
PPS score of 63.8, SD 19, p ⫽ 0.025.
The item response theory accepted (p ⫽ 0.23)
that the total score of the MDI was sufficient as the
rank ordering of prevalence was the same for all participants (n ⫽ 361) and for the group with an MDI
score of 15 or more (n ⫽ 62). The most prevalent
item was ‘lack of energy’, then came ‘sleep troubles’,
‘restlessness’, ‘lack of interests’, and ‘sadness’. These
five items had a mean score of approximately 1 for
all participants and a mean of 2.8 for those with an
MDI of 15 or more.
The patients were divided into tertiles based on
PPS and CSS. Increasing PPS was associated with
increasing CSS (p ⫽ 0.044) and decreasing SF-36
PCS (p ⫽ 0.008). Increasing CSS was associated with
increasing PPS (p ⫽ 0.002) and MDI score
(p ⬍ 0.001), as well as self-perceived stress-level
(p ⬍ 0.001), decreasing WHO-5 score (p ⬍ 0.001),
and SF-36 PCS and MCS (both p ⬍ 0.001).
A correlation analysis demonstrated several significant correlations (Table I): Increasing PPS correlated to increasing CSS, MDI, self-perceived stress
level, decreasing SF-36 PCS including several of the
sub-items, and decreasing SF-36 MCS including the
sub-item social function. CSS was associated with all
questionnaires evaluated.
In a multiple linear regression analysis with backward elimination of non-significant variables, PPS
was independently associated with CSS (β ⫽ 0.124,

p ⫽ 0.026), SF-36 PCS (β ⫽ ⫺ 0.109, p ⫽ 0.049) and
gender (β ⫽ ⫺ 0.231, p ⬍ 0.001). Whereas, CSS was
independently associated with PPS (β ⫽ 0.077,
p ⫽ 0.040), MDI (β ⫽ 0.621, p ⬍ 0.001) and SF-36
PCS (β ⫽ ⫺ 0.192, p ⬍ 0.001).
Patients with both the lowest PPS and CSS tertile
were compared to those with both highest PPS and
CSS tertile (Table II). The low-low group had considerably different values for all parameters tested
compared to the high-high group (all p ⬍ 0.001).
There was no difference between having/not
having had a cardiac infarction, PCI or CABG and
the results of PPS or questionnaires.
To evaluate if stress-level was influenced by time,
participants were divided into tertiles based on the
time since IHD diagnosis, and time since most
recently ended cardiac rehabilitation, respectively.
No changes were found according to mean PPS,
CSS, stress questionnaire-scores or self-perceived
stress level between the different time durations.
Correlation was found between Angina class and
the following: PPS (r ⫽ 0.162, p ⫽ 0.002), CSS
(r ⫽ 0.378, p ⬍ 0.001), MDI (r ⫽ 0.309, p ⬍ 0.001),
WHO-5 (r ⫽ ⫺ 0.327, p ⬍ 0.001), SF-36 PCS
(r ⫽ ⫺ 0.459, p ⬍ 0.001), SF-36 MCS (r ⫽ ⫺ 0.269,
p ⬍ 0.001), all subgroups of SF-36, and self-perceived
stress-level (r ⫽ 0.212, p ⬍ 0.001). NYHA class did
not correlate significantly to PPS, but did correlate
to CSS (r ⫽ 0.362, p ⬍ 0.001), MDI (r ⫽ 0.318,
p ⬍ 0.001), WHO-5 (r ⫽ ⫺ 0.249, p ⬍ 0.001), SF-36
PCS (r ⫽ ⫺ 0.394, p ⬍ 0.001), SF-36 MCS (r ⫽
⫺ 0.163, p ⬍ 0.001), all subgroups of SF-36, and selfperceived stress-level (r ⫽ 0.113, p ⫽ 0.032).
No differences in stress-levels were seen between
participants according to ⫹/⫺ beta-blocker, cholesterol lowering medication or Angiotensin II-inhibitors/
ACE-inhibitors.
The SF-36 PCS was associated with the use of
healthcare within the last 12 months, being lower
among the patients who were submitted to the hospital

Table I. Pearson’s correlation analysis with respectively pressure pain sensitivity and clinical stress signs
as dependent.
Pressure pain sensitivity
correlation coefficient (p-value)
Pressure pain sensitivity
Clinical stress signs
Major Depression Inventory
WHO
SF-36 physical component score
Physical functioning
Bodily pain
Role physical
General health
SF-36 mental component score
Vitality
Social functioning
Role emotional
Mental health
self-perceived stress level

0.197
0.141
⫺ 0.090
⫺ 0.170
⫺ 0.154
⫺ 0.125
⫺ 0.102
⫺ 0.177
⫺ 0.104
⫺ 0.067
⫺ 0.129
⫺ 0.096
⫺ 0.100
0.156

1
(⬍ 0.001)
(0.007)
(0.088)
(0.001)
(0.003)
(0.017)
(0.054)
(0.001)
(0.049)
(0.206)
(0.014)
(0.069)
(0.059)
(0.004)

Clinical stress signs
correlation coefficient (p-value)
0.197 (⬍ 0.001)
1
0.694 (⬍ 0.001)
⫺ 0.619 (⬍ 0.001)
⫺ 0.406 (⬍ 0.001)
⫺ 0.397 (⬍ 0.001)
⫺ 0.478 (⬍ 0.001)
⫺ 0.510 (⬍ 0.001)
⫺ 0.483 (⬍ 0.001)
⫺ 0.534 (⬍ 0.001)
⫺ 0.671 (⬍ 0.001)
⫺ 0.461 (⬍ 0.001)
⫺ 0.471 (⬍ 0.001)
⫺ 0.633 (⬍ 0.001)
0.454 (⬍ 0.001)
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Table II. Comparisons between a low stress group defined as the lowest tertile of pressure pain sensitivity and clinical stress signs and a
high stress group defined as the highest tertile of both pressure pain sensitivity and clinical stress signs.
The lowest tertile of pressure pain
sensitivity and lowest tertile of Clinical
stress signs, (PPS ⬍ 56, CSS ⬍ 5),
mean (SD)
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N
Pressure pain sensitivity
Clinical stress signs score
Major Depression Inventory
WHO-5
SF-36 physical component summary score
SF-36 mental component summary score

42
2.1
3.55
77.2
53.0
58.1

56
(7.7)
(1.4)
(4.14)
(11.3)
(5.34)
(4.57)

due to heart diseases (p ⫽ 0.001), or had visited a
cardiology specialist as an out-patient (p ⫽ 0.032).
Furthermore, subjects reporting to have visited their
general practitioner due to heart diseases during the
last 12 months rated significantly higher on the CSS
(p ⫽ 0.009) and lower on both theWHO-5 (p ⫽ 0.006),
SF-36 PCS (p ⫽ 0.047), and the SF-36 MCS
(p ⫽ 0.012). No differences in PPS measure were
found.

The highest tertile of pressure pain
sensitivity and highest tertile of
Clinical stress signs (CSS)
(PPS ⬎ 73 ⫹ CSS ⬎ 10), mean (SD)

p value

40
91 (8.5)
18 (6.1)
15.2 (10.2)
53.1 (18.9)
42.7 (9.44)
45.8 (10.2)

p ⬍ 0.001
p ⬍ 0.001
p ⬍ 0.001
p ⬍ 0.001
p ⬍ 0.001
p ⬍ 0.001

PPS and CSS associations to questionnaires

The present study showed that the concept of measuring PPS was modestly, but statistically significantly associated to the number of clinical stress
signs (CSS), depressive symptoms (MDI), both
mental and physical wellbeing (SF-36 QOL score),
as well as to the self-perceived stress level in IHD, all
markers of the chronic stress concept anticipated
being present in a chronic somatic disease like IHD
[16,17].
As anticipated, the different questionnaires correlated internally as they contained common elements. For example, three of the five items in WHO-5
were also included in the SF-36 MCS. However,
PPS showed an independent association to CSS
and SF-36 PCS, while CSS showed an independent
association to PPS, MDI and SF-36 PCS.

We found modest associations between the PPS and
questionnaires evaluated. In contrast, CSS score
demonstrated a rather substantial and significant
association to PPS, as well as all questionnaires evaluated. This was independent of the way in which the
data was presented.
In our data analyses, we evaluated the use of a
combination of PPS measurement and CSS scoring,
dividing subjects into an anticipated low stress group
(low PPS–low CSS) and a high stress group (high
PPS–high CSS). This analysis demonstrated a difference in all parameters tested. Thus, we suggest that
the combination of PPS and CSS may be useful and
easy-to-use tools for evaluating these markers of
stress in patients with IHD.
The PPS measure seemed to be reproducible and
measurable both by a professional and the subject
itself with high precision [17]. This pointed at the
possibility of monitoring chronic stress by a combination of PPS-measurement and CSS-scoring, as
well as a bio-feedback guided stress management
approach. However, this had to be evaluated in a
prospective trial.
While measuring PPS on patients with a previous
CABG, we applied the pressure on a scare. No significant difference in mean PPS was found between
the subjects with/without a previous CABG.

Transient or persistent stress

PPS in patients with IHD and healthy subjects

Evaluation of chronic work-related stress burden in
office workers had demonstrated a correlation
between increasing PPS and increasing chronic
stress by means of MDI, the CSS score, and several
elements of SF-36 including both PCS and MCS
[17]. However, the PPS measure may also reflect
acute stress. Regarding this, we have already demonstrated a close correlation between PPS and
blood pressure, heart rate, mean arterial pressure
and pressure-rate product in acute stress in opera
singers during performance [15]. Thus, PPS at the
chest bone seemed to reflect both an acute and
chronic stress burden.

The absolute value of the PPS measurement in IHD
was higher than in healthy subjects. In a previous
study, we found a median PPS of 48 (IQR 39–61)
in 308 healthy working officers [17]. However, in the
present study, the IHD patients had a median PPS
of 64 (IQR 50–79). We have previously suggested a
cut-off level at 60 in PPS as an increased sign of
stress [17]. Given this, 58% of the IHD patients and
27% of healthy subjects had a PPS value above 60,
which could suggest increased stress level in IHD
patients. The healthy subjects had a mean age of 42
years as compared to 64 years in the IHD patients,
which may weaken the comparison. In both groups,

Discussion
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increasing age was associated with a small and insignificant decrease in PPS, so the difference in age
between the groups did not explain the difference
in PPS.
Time dependence
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No effect of time since rehabilitation could be found
on the stress-level in patients suggesting that the perception of stress among subjects with IHD is not
obviously associated with a more recent episode of
IHD, at least if this is more than 6 months ago.
Patophysiology
Chronic stress seems to induce a central pain sensitization [11,12]. This has been hypothesized to be
caused be a defect in the diffuse noxious inhibitory
control system (DNIC) [18]. This afferent/efferent
system operates via the sensory nociceptive nervesystem, and a defect in DNIC seems to lead to a state
of more diffuse hyperalgesia as seen in many chronic
pain conditions such as chronic osteoarthritis or
fibromyalgia [19,22]. Although pressure algometry is
the golden standard in pain research an inherent
limitation will always be the fact that the measure is
based on a subjective sensation of pain. In the present study we compared two hand held devices and
found a close correlation.
Limitations
As usually seen in epidemiological research, we had
a rather low attendance rate: 32% of the invited population and 56% of those who responded to our invitation participated in the study. However, a response
analysis showed that there was no difference between
participants and non-participants with regard to the
severity of the heart disease, as well as the number
of people with diabetes. This suggested that the study
sample was representative, even though variables
with significant impact might have been missed.
Conclusions
PPS reflected, to a modest degree, markers of chronic
stress in IHD as depressive symptoms, reduced wellbeing, and reduced QOL. PPS and CSS together
might be useful as easy-to-use tools for evaluating
these markers in IHD patients.
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Appendix
Clinical stress signs score (CSS). The participants were asked to mark if they had experienced any of the
following within the past 4 weeks.
1. Back pain
2. Headache
3. Ringing in the ears
4. Hot flushes
5. Lack of energy
6. Stomach pains/stomach ache
7. Decreased tolerance for noise or odor
8. Loss of appetite or comfort eating
9. Muscle tension
10. Frequent infections
11. Worsening of chronic illness
12. Increased frequency of making mistakes
13. Rapid heart beat
14. Anger outbursts, that I cannot control
15. Clumsiness
16. Reduced zest of life
17. Reduced sex drive
18. Feeling of reduced time for relaxation and
pleasure
19. Impatience
20. Fatigue
21. ‘Butterflies’ in my stomach
22. ‘Lump in my throat’
23. Forgetfulness
24. Difficulty concentrating
25. Reduced sense of humour
26. Reduced empathy
27. Social withdrawal
28. Low spirits

29. Grinding teeth
30. Cannot get worries out of my mind
31. Vision related difficulties
32. Anxiety/fear
33. Reduced tolerance to others
34. Difficulty in thinking clear
35. Cry easily
36. Insomnia/difficulty sleeping
37. Overly aggressive
38. Indecision/difficulty making decisions
39. Irritability/‘short fuse’
40. Increased use of stimulants (coffee, cigarettes,
alcohol)
41. Increased use of prescription drugs
42. Increased use of over the counter drugs or
natural medicines
43. Dizziness
44. Increased sick leave
45. Reduced initiative
46. Joint pains
47. Cold hands/feet
48. Circular thinking or myriad of thoughts
49. Nausea or vomiting
50. Pressure/pain in the chest
51. Irregular heart rhythm
52. Increased sensitivity to light or touch
53. Irregular motion
54. Tender muscles
55. Reduced sexual endurance (men)
56. Irregular or more often toilet visits
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The association between changes in pressure pain sensitivity and
changes in cardiovascular physiological factors associated with
persistent stress
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BENNY KARPATSCHOF4, FINN GYNTELBERG2 & JENS FABER3,5
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Care, Hellerup, 2The National Research Center for the Working Environment, Copenhagen, 3Department of
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Abstract
Objectives. To evaluate the possible association between pressure pain sensitivity of the chest bone (PPS) and cardiovascular physiological factors related to persistent stress in connection with a three-month PPS-guided stress-reducing experimental intervention programme. Methods. Forty-two office workers with an elevated PPS ( 60 arbitrary units) as a sign
of increased level of persistent stress, completed a single-blinded cluster randomized controlled trial. The active treatment
was a PPS (self-measurement)-guided stress management programme. Primary endpoints: Blood pressure (BP), heart rate
(HR) and work of the heart measured as Pressure-Rate-Product (PRP); Secondary endpoints: Other features of the metabolic syndrome. Results. PPS decreased and changes in PPS after the intervention period were significantly associated
with HR, PRP, body mass index (BMI) and visceral fat index (all correlation coefficients  0.2, p  0.05). Compared to
the control cluster group, the active cluster group obtained a significant reduction in PPS, Low-density lipoprotein (LDL)
cholesterol and total number of elevated risk factors (p  0.05). On an individual level, significant and clinically relevant
between-group reductions were observed in respect to BP, HR, PRP, total and LDL cholesterol, and total number of
elevated risk factors (p  0.05). Conclusions. The stress intervention method applied in this study induced a decrease in
PPS which was associated with a clinically relevant decrease in resting blood pressure, heart rate, work of the heart and
serum cholesterols.
Key Words: Stress, pressure pain threshold, blood pressure, heart rate, pressure-rate-product, BMI, cholesterol

Introduction
No international consensus on biochemical, psychological, or physiological methods for measuring stress
conditions exists [1,2]. This is due to the difficulty
of identifying one consistent and single measure of
stress, since the individual stress response is complex
and involves most body functions [3].
In this context it is essential to distinguish between
transient and persistent stress. Transient stress is characterized by increased preparedness, induced through
neural and hormonal signals as a response to perception of a challenge like a dangerous or painful situation, or the demand of an acute performance. When
the challenge is over, homeostasis is re-established
[4,5]. In contrast, persistent stress is caused by

prolonged exposure to the same challenges as in
transient stress, but without sufficient restitution in
between, which may lead to a variety of physiological
and psychological dysfunctions [6,7]. Persistent
stress may affect work performance [8], as well as
general health negatively [9], and seems associated
with the development of elements of the metabolic
syndrome (i.e. hypertension, disturbed cholesterol
and glucose metabolism, and abdominal fat distribution) [10–12], as well as ischemic heart disease,
depression, and type 2 diabetes [3,13]. Post Traumatic Stress Syndrome (PTSD) is also regarded as
a result of persistent stress, and a direct link between
PTSD and cardiovascular disease has been suggested,
with the metabolic syndrome, autonomic dysfunction,
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insulin resistance and low grade inflammation as the
key potential common pathways [14,15].
Since stress is not directly measurable, physiological markers such as heart rate, blood pressure,
plasma catecholamines and plasma or salivary cortisol levels are often used, together with behavioral
observations and answers to personal questionnaires.
The physiological markers are regarded as the most
objective [5]; however, they are also influenced by
other factors than stress such as physical activity,
smoking, and diurnal variation [6,7]. Chronic stress
is associated with widespread increased pain sensitivity [16], which may be due to activation of cutaneous
polymodal nociceptors [17] responding to mechanical stimuli, noxious heat, and inflammatory mediators. These polymodal nociceptors are subject to
modulation by cognitive and emotional processing in
the brain [18], by attention [19], by social factors
[20] and by sympathetic input [21]. This afferentefferent system is designated the diffuse noxic inhibitory control system (DNIC), which may be regarded
as a house-keeper with regard to pain sensation [22].
Pain sensation is measured by algometry, and we
have developed a simple device which measures
pressure pain sensitivity of the chest bone blindly
(PSS) [23]. PPS correlates closely to another painalgometer which is often used for the evaluation of
DNIC [24]. We have previously demonstrated that
transient stress results in a short-term change in PPS
which correlates closely to changes in blood pressure,
pulse rate, work of the heart and saliva cortisol, and
that PPS correlates to resting pulse rate and resting
work of the heart in patients with chronic disease,
mainly ischemic heart disease, thus bridging PPS to
chronic stress. These correlations were absent when
using index finger as a control measurement site
[23]. In analogy, we found in two cross-sectional
studies on 308 office workers and 361 patients with
stable ischemic heart disease, that resting PPS was
related to quality of life, degree of depression and
clinical stress symptoms [24,25].
In the present study we tested if a long-term
reduction of an elevated resting PPS as a result of a
stress-reducing program was associated with a concomitant decrease in established cardiovascular
physiological and biochemical health risk factors previously shown to be associated with persistent stress.
Accordingly, a reduction of an elevated PPS measure
is a premise for the study, and a test with regard to
the possible significant between-group effect of the
used intervention is a secondary aim, only.

Methods
Study design
The study design is an experimental prospective
interventional feasibility field study using natural,
geographically selected cluster randomization. Prior
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to the start of the study, a pilot study in 36 students
from two academic opera singing schools was used
to test experimental set-up and form the hypotheses
[26]: Is a reduction of an elevated PPS measure associated with a concomitant reduction in cardiophysiological and biochemical variables, which are linked
to persistent stress, and in particular if these variables
are elevated at baseline?
The randomization was conducted cluster-wise,
based on six geographical different locations (i.e.
offices). All participants from the one location were
randomized to either an active or a control group in
order to minimize bias from between-participant
communication within each location. Since two locations had the highest number of employees, these two
offices were allocated to each study-arm, in order to
minimize the level of uneven numbers of office workers in the two study groups. The randomization was
conducted for all locations at the same time, and for
logistic reasons, it was done before the screening
took place and with information of the participants
after the screening. Since the numbers of participants
at the sites were different, an inequality between
numbers in the subsequent active and control groups
had to be accepted.
The target group of the intervention, the hypotheses, the data collection and the data analysis focused
on the individual participants, rather than the clusters. Furthermore, the study focused exclusively on
persons with an elevated stress level, identified by a
screening procedure, since we have previously demonstrated that a resting PPS  60 was associated with
significantly elevated health risk factors evaluated
from quality of life questionnaires related to persistent stress, when compared to subjects with a PPS
 60 [25]. Such a screening procedure, if effective,
would be cost-effective in occupational relations when
compared to the situation in which all employees are
allocated to the intervention. Therefore subjects with
a resting PPS  60 were excluded from this study.

Participants
All 433 office workers employed at an international
insurance company were invited to participate in the
study in which only persons with a resting PPS  60
(arbitrary units) were included. Three-hundred and
eight (71%) accepted the invitation, 180 office workers underwent screening for participating in the
active intervention group and 128 persons for participating in the control group. Twenty-one percent
(n  64) of the participants had a PPS  60 after 10
min of rest, of which 42 completed the study; 31 in
the active group (18 female/13 males) (median age
36 years) (3 clusters) and 11 in the control group (8
female/3 males) (median age 33 years) (2 clusters).
The study population has been described in detail
previously [25]. The employees of this company were
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chosen as they were accessible as well as they were
regarded as representative for modern international
office workers in general.
The interventions
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The chosen control intervention served as a control
with regard to stress management, but with no intentional focus on PPS. Accordingly, if PPS remained
unchanged in this group during the observational
period, the findings of this group could be used to
address the potential influence from time (i.e. the
three-month observational period) and unknown
confounding factors.
(1) Active groups: Two hours of group instruction
lecture in the Ull Care program (for detail, see
below), including instruction of home PPS
measurement. In addition a personal instructor providing 3 personal face-to-face technical
consultations (lasting 30 min each) and 5 telephone consultations (lasting 15 min each) on
the technical issues, only; a personal PPS
measurement instrument and an Ull Care
instruction booklet identifying the key issues
of the program, access to both a web page for
personal track recording of the PPS measure
and a web version of the full Ull Care program
(www.ullcare.com).
(2) Control groups: A 1-h group lecture on general stress management.
The Active Intervention: Ull Care®
Ull Care® is a stress-management program using
the PPS measure as a biofeedback marker for stress.
The main effort is a daily self-care program with a
professional back-up dependent on demand. The
program includes: (1) Daily mandatory PPS measurement at home as a behavioral guideline for the
stress level, thus followed by reflection, as well as by
daily acupressure; and (2) request to use supplementary stress reduction modalities based on one’s own
preferences (relaxation, breathing and mindfulness
exercises, physical exercises, cognitive exercises and
diet). The program has been evaluated and found
usable previously in open prospective observational
clinical data base studies in patients with ischemic
heart disease and stroke [33–35].
Procedure
PPS, blood pressure and heart rate were recorded on
each office location, after 10 min of rest in supine
position and before blood sampling. All data were
recorded before and after the three-month period of
observation. The subjects were informed not to
smoke tobacco, drink coffee or alcohol, take medication or do heavy physical exercise 2 h prior to the
examinations.

Minimizing bias
The following special precautions were taken to minimize bias: (i) Block randomization was used in order
to minimize effect bias from the between-participant
communication within each location; (ii) the reading
of the PPS instrument was not visible during measuring; (iii) recordings of blood pressure and heart
rate were done after measuring PPS as the PPS measurement is not fully automatically conducted but
involves the researcher applying pressure from the
instrument to the chest bone of the subject; (iv) the
intervention was conducted at home by the individual participant; and (v) the professionals conducting
the physiological measurements and blood sampling
were blinded with regard to the randomization of the
participant.
Outcome measures
PPS was the experimental key endpoint, since a change
in PPS was the premise for the study design.
Study endpoints
Primary endpoints were: Cardiac physiological measures: Blood pressure (BP), heart rate (HR), work of
the heart measured as Pressure-Rate-Product (PRP).
Secondary endpoints were: Results of blood tests (with
regard to glucose metabolism, fat metabolism, inflammation and stress response), body composition, BMI
and total number of elevated risk factors. Compliance was measured by the frequency of which the
participants put their PPS measurements into their
web journal. All endpoints were regarded as individual endpoints, in order to study the possible association between PPS and the included physiological
and biochemical risk factors, when an intervention
with the target to reduce an elevated PPS measure
was introduced. And as such, the study could only
meet its primary aim if PPS on an individual basis
was reduced after intervention; consequently, the
analysis of a potential significant between-group
effect of the intervention for the used variables is the
secondary aim of the study, only.

Pressure pain sensitivity (PPS)
An algometric instrument (Ull Meter, UllCare Ltd,
DK 2900 Hellerup, Denmark) was used for measurement of the pressure pain sensitivity on the sternum
[23]. For analysis, the mean of two consecutive measurements was used; if the between-measurement
difference was more than 10 arbitrary units, a third
measurement was performed and the result was
calculated as the mean of all three. Measurements
were carried out with the participants in the supine
position after 10 min of rest.

Pressure pain sensitivity and intervention
Blood pressure, heart rate and Pressure-Rate-Product
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Blood pressure (mm Hg) and heart rate (beats/min)
were recorded by Thuasne automatic blood pressure
monitor, model W0840 002 001 (Microlife ref. BP3AA1-2, BP 243 - 92307 Levallois-Perret Cedex,
France). For analysis, the mean of two consecutive
measurements was used; if the between-measurement difference was more than 10%, a third measurement was carried out and the result was calculated
as the mean of all three. The measurements were
conducted in the supine position after 10 min of rest.
Pressure-Rate-Product (PRP) (mm Hg  beats/min)
was calculated as systolic blood pressure (SBP) 
heart rate.

Elevated cardiovascular physiological measure
and Minimal Important Difference
The following points of discrimination were used
when defining an elevated cardiac risk factor:
Resting heart rate (HR) ( 70 beats/min) [27], resting blood pressure (BP) ( 130/85 mmHg) [28],
and consequently resting Pressure-Rate-Product
(PRP) ( 9100 mmHg  beats/min), total cholesterol ( 5.0 mmol/L) [29], and Hb1Ac ( 5.0%).
A Minimal Important Difference (MID) from before
to after intervention was defined as  10% reduction,
if elevated at baseline. As in the pilot study, the total
number of elevated risk factors is used as a composite
secondary endpoint.

Body mass index (BMI)
The weight and height of each participant were
measured; body mass index (kg/m2) was calculated
as weight/height2.

Body composition
Visceral fat (arbitrary units) were measured using a
bioelectrical impedance tetra polar device, which
includes both metal footpads and hand electrodes
(Body Composition Monitor, Omron BF-500 [Omron
Medizintechnik, Mannheim, Germany]) [30].
Blood analyses
Blood analyses were conducted on blood samples
obtained after overnight fasting for the evaluation of:
(1) Glucose metabolism: Hemoglobin A1c (HbA1c)
(routine laboratory method), (2) Fat metabolism:
Total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, and triglyceride concentrations (routine
laboratory methods); (3) Low grade inflammation:
YKL-40 (as measured by ELISA, Quidel, CA, USA).
YKL-40 reflects the innate immune system and as
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such is a marker of low grade inflammation, and
seems to be independently associated with the development of cardiovascular disease [31,32].

Statistics
Non-parametric statistics were used due to the small
number of participants and a skewed distribution of
the included variables (Wilcoxon two-sample test for
between-group analysis, Mann-Whitney one-sample
test for within group analysis, and Pearson’s test for
correlation analysis). Response rate was calculated as
the number of persons in the active group with a
reduction of minimum one measurement unit in the
effect variable divided by the total number of persons
in the active group completing the trial. Betweengroup difference with regard to ratio of elevated risk
factors, Fischer’s exact test was used. Two-sided
analysis was used in the intervention part and onesided statistics in the test of association between PPS
and cardiovascular physiological variables, as the latter
previously has been tested positively [23,26].

Correlation between PPS and cardiovascular
physiological factors
To test the possible association between PPS and
cardiovascular physiological factors related to persistent stress, the following challenges need to be
addressed: (i) A PPS measure may reflect both acute
and chronic (persistent) stress [23], and an association to a physiological parameter or a cardiovascular
risk factor may require a more persistent stress burden and thus PPS elevation for a prolonged time, as
it, for example, has been suggested with regard to
blood pressure [36]; (ii) both PPS as well as cardiovascular physiological risk factors such as blood
pressure and serum cholesterol might only be influenced in a positive way by stress intervention if these
variables are elevated at baseline; (iii) the used cardiovascular factor may be elevated for other reasons
than persistent stress; in this case, the risk factor may
be elevated without a corresponding elevated PPS;
(iv) an intervention with the aim to reduce stress may
only affect the stress component of the cardiovascular physiological factor; (v) in order to elucidate the
effect of time, while eliminating potential bias from
unknown confounding factors, data from pre- to
post-observation period may be pooled as these, yet
unknown confounding factors are expected to remain
stable within an individual during the observation
period, a hypothesis which is tested by correlation
analysis of pre- and post-observation period values
for each effect variable. In conclusion, the correlation
between PPS and the used cardiovascular physiological factors may be (1) conditional (example: If
the level of persistent stress has been elevated for a
certain period of time), (2) partial (example: The link
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is related to the stress component of the physiological variable, only), (3) heterogeneous (example: Be
influenced by a heterogeneous distribution of yet
unknown confounding factors [social-economic variables and gender as such examples] within or between
the study groups), (4) multi-factorial (example: The
link is mediated by the central cardiovascular regulatory systems as the common nominator), and (5)
and/or non-linear (example: One variable needs to
change to certain degree in order to induce changes
in another variable, as is observed in pharmaceutical
treatments).
In the present study, these challenges are met as
follows: (1) Only patients with an elevated resting
PPS measure were included in this study; (2) pooled
data from before and after treatment were used in
order to eliminate the possible bias from the correlations being partial, conditioned, heterogeneous or
non-linear, as well as the possible bias from person
related psycho-social and psychological factors, as
such factors were considered stable within the observation period; and (3) furthermore, with bias from
these factors being eliminated, the effect of time
could be addressed by having a control group which
was expected to have unchanged PPS during the
observational period. As statistical correlation analysis for repeated data samples does not exist, the
statistical significance of observed correlation coefficients is based on independent samples, as this
methodological shortcoming was considered of
minor clinical importance.

are nested within groupings (intervention/control).
Subjects within locations and locations are the variance components and are assumed random. Groupings are a fixed effect. A possible effect of intervention
is then correctly tested against locations within
groupings in the balanced case. Since this case is
unbalanced, a Satterthwaite approximation is used
to find the correct variance and degrees of freedom
to use [37]. In order to perform the analysis in a
non-parametric manner each variable was rank transformed before analysis. This analysis was performed
using the GLM procedure, SAS 9.3. The statistical
program SPSS, version 18 (SPSS Inc, Chicago, IL,
USA) was used for all other analyses.

Cluster analysis

Correlations between PPS and cardiovascular
physiological and metabolic factors

The cluster randomized design was taken into
account in the analysis by means of a general linear
mixed model in a variance components setting where
subjects are nested within locations and locations

Results
Baseline data
Data for the study group are presented in Table I.
Forty-two percent of the 42 subjects completing the
trial had elevated systolic BP ( 130 mm Hg), 23%
elevated diastolic BP ( 85 mm Hg), 25% elevated
resting HR ( 70 beats/min), 27% elevated PRP
( 9100 mmHg  beats/minute), 55% elevated BMI
( 25), 59% elevated serum total cholesterol ( 5.0
mmol/L), and 40% elevated Hb1Ac ( 5.0%) with
no significant differences between the active and the
control group, or between groups of subjects who
completed or dropped out.

For all used cardiovascular physiological factors and
metabolic syndrome characteristics the correlation
between pre- and post-observation period variables

Table I. Physiological and biochemical data on the office worker population divided into active and control group. For each group is shown
baseline and follow-up data. Within-group differences are shown for each group. In addition between-group differences are shown in
respect to effect, measured as difference between before and follow-up values. No significant between group differences were observed at
baseline (all p  0.1). All values are shown as median (Inter quartile range).
Active group (n  31)
Baseline
PPS (resting) (arbitrary units)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats/min)
PRP (mm Hg  beats/min)
BMI (kg/m2)
Visceral fat (arbitrary units)
HbA1c (%)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglyceride (mmol/L)
YKL-40 (μg/L)
Elevated Risk factor (number)
∗∗∗p  0.001; ns  non significant.

77 (16)
127 (15)
80 (13)
66 (14)
8591 (2706)
24.5 (4.0)
7 (3)
5.0 (0.3)
5.4 (1.1)
1.4 (0.8)
3.3 (1.4)
1.0 (0.6)
44 (22)
2 (2)

After intervention
45
117
75
66
7638
24.8
6
5.0
4.6
1.4
2.7
1.0
49
1

(30)***
(17)***
(11) ***
(11)
(1926)***
(4.7)
(3)
(0.2)
(1.4)***
(0.5)
(1.3)***
(0.7)
(40)
(2)***

Control group (n  11)
Baseline
77
122
76
63
7722
24.7
5
5.0
5.0
1.5
3.0
1.0
41
1

(21)
(16)
(19)
(25)
(2330)
(5.3)
(4)
(0.5)
(0.9)
(0.5)
(1.3)
(0.8)
(22)
(2)

After intervention
65
117
73
65
7725
25.3
5
5.0
5.2
1.5
2.9
1.1
42
2

(26)
(12)
(19)
(16)
(3024)
(5.0)
(3)
(0.5)
(1.1)
(0.6)
(1.2)
(0.7)
(32)
(2)

p-value for change
between groups
0.003
0.04
0.02
0.05
0.005
ns
ns
ns
0.02
ns
0.05
ns
ns
0.003
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were significant (all correlation coefficients  0.6;
all p  0.001), thus supporting the hypothesis that
they are not significantly influenced by unknown
confounding factors during the observation period,
which makes pooling of pre- and post-observation
period data for analysis possible.
Pooling the data from baseline and after three
months follow-up (n  42), PPS correlated significantly to systolic BP (r  0.24; p  0.01); BMI
(r  0.34; p  0.003), visceral fat index (r  0.26;
p  0.02), serum total cholesterol (r  0.23; p  0.04),
LDL cholesterol (r  0.21; p  0.05), and triglyceride
(r  0.23; p  0.04). Correlations to diastolic BP and
PRP only showed trends (both p  0.06).
Changes in PPS during the intervention period
correlated to changes in HR (r  0.42; p  0.003)
(n  42), PRP (r  0.30; p  0.03), BMI (r  0.44;
p  0.01), visceral fat index (r  0.39; p  0.02),
YKL-40 (r  0.44; p  0.01), and total cholesterol
(r  0.2; p  0.1), while for Hb1Ac the correlation
was only significant for the group with elevated
Hb1Ac at baseline (r  0.57, p  0.01) (n  17)
(Figure 1).
When further reviewing the correlation between
changes in PPS and heart rate (Figure 2), it was
found that among the 11 participants in the active
group with an elevated HR ( 70) at baseline, 10
experienced a reduction in HR after intervention
(p  0.01) and all 11 experienced a decline in PPS.
In contrast, among the participants with a normal HR
and an elevated PPS, a reduction in PPS after the
intervention was not associated with a corresponding
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Figure 2. Changes in resting PPS (delta PPS) versus changes in
resting heart rate (delta HR) for the active intervention group.
Two groups are viewed: (1) baseline HR elevated  70 beats per
minute (crosses); (2) baseline HR not elevated (circles). Among
the 11 patients with elevated HR at baseline, 10 experienced a
reduction in heart rate after intervention (p  0.01), whereas those
20 persons with HR  70 did not experience any significant
change in HR (p  0.1).

decline in HR (p  0.1). Among subjects with a
normal heart rate at baseline a significant number of
participant had an elevated heart rate at the follow-up
examination (p  0.002) (Ficher Exact Probalitiy
Test). Concerning PRP, systolic and diastolic blood
pressure and serum cholesterol similar patterns were
observed: Significant reduction for the subjects in the
active group with elevated baseline values, whereas
no significant changes were observed in the active
group without elevated baseline values nor among the
subjects in the control group with elevated baseline
values (both p  0.1).
Effect of intervention

Figure 1. The correlation coefficients (r) between changes in
resting PPS (∆ PPS) and changes in factors of cardiovascular
physiology (∆ heart rate [HR] and ∆ Pressure-Rate-Product
[PRP]), fat distribution (∆ body mass index [BMI] and ∆ Visceral
fat), fat metabolism (∆ cholesterol), glucuose metabolism
(∆ Hb1Ac), and low grade inflammation (∆ YKL-40) (all p  0.05;
n  42). *for persons with elevated Hb1Ac at baseline, only
(n  17); **correlation is not significant (p  0.1).

At baseline, no significant between-group differences
were observed. When compared to the control group,
the individuals of the active group demonstrated a
significant decrease in PPS (mean change in active
group [95% confidence limits]:  25 [ 14 to  25]
versus control group:  9 [ 1 to  20] (p  0.003),
SBP  13 mm Hg [ 3 to  21] vs.  4 mm Hg
[2 to  14] (p  0.04); DBP  8 mm Hg [ 2 to  1]
vs.  2 mm Hg [5 to  6] (p  0.02); HR  2 beats
per min [3 to  6] vs. 5 beats per min [10 to  4]
(p  0.05); PRP  1000 mm Hg  beats per min
[ 400 to  2100] vs.  100 mm Hg  beats per min
[1100 to  500] (p  0.005); LDL cholesterol  0.5
mmol/L [ 0.3 to  0.9] vs.  0.1 mmol/L [0.1 to
 0.7] (p  0.05); Total cholesterol  0.6 mmol/L
[ 0.4 to  10] vs. 0 mmol/L [0.1 to  0.8] (p  0.02)).
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In respect to the total number of elevated cardiovascular physiological risk factors (systolic blood
pressure, diastolic blood pressure, heart rate, PRP,
and/or serum total cholesterol), the median number
in the active group was reduced from 2 at baseline
to 1 after intervention (71% obtained a reduction)
(p  0.0001). In the control group the median
number increased from 1 at baseline to 2 after
intervention (20% obtained a reduction) (p  0.1)
(between-group difference: p  0.003) (Table I).
These changes corresponded to median reductions
in the active group of 42% in PPS (response rate
90%) (e.g. response rate  the number of persons in
the active group with a reduction in the effect variable
divided by the total number of persons in the active
group completing the trial), 10% in PRP (response
rate 81%), 13% in total cholesterol (response rate
86%), and 16% in LDL cholesterol (response rate
90%) (all p  0.001), Participants in the active group
who had elevated cardiovascular physiological risk
factors at baseline demonstrated rather robust reductions: Elevated BP at baseline: 13 out of 14 participants (93%) showed a reduction in BP (p  0.001);
elevated HR: 10 out of 11 (91%) demonstrated a
reduction (p  0.01); elevated PRP: 10 of 10 (100%)
demonstrated a reduction (p  0.002); elevated total
serum cholesterol: 11 out of 13 (85%) (p  0.001);
elevated LDL cholesterol: 14 out of 16 (88%)
(p  0.001) demonstrated reduction. In the control
group, no significant differences were observed
between pre- and post- treatment values (Table I).
When adjusted for cluster randomization a significant between-group difference in effect was found
for PPS, LDL cholesterol and total number of elevated health risk factors (all p  0.05) (Table II).
Among the participants in the active group no
side-effects, complications or instrument failures
were reported during the full length of observation
period. In respect to compliance, their PPS measurements were recorded in the webjournal on average
every other day during the first month of intervention, every third day during the second month and
every fourth day during the third months.

Discussion
In this prospective observer-blinded cluster randomized controlled interventional trial, in otherwise
healthy office workers, it was found that a reduction
of an elevated PPS was associated with statistically
significant and clinically relevant reductions in resting blood pressure, heart rate, work of the heart
(PRP), serum total and LDL cholesterol levels, and
total number of elevated cardiovascular risk factors.
The results suggest a causal association between
PPS and a variety of important cardiovascular
physiological factors and metabolic syndrome characteristics associated with persistent stress: Heart
rate, blood pressure, work of the heart (PRP), total
cholesterol, LDL cholesterol, triglyceride, BMI,
visceral fat, the inflammation marker YKL-40, and
long-term glucose levels. Accordingly, PPS may be
able to identify a group of office workers who will
benefit from a stress-reducing intervention program.
In continuation of this, the study results suggest we
should use any interventional method to reduce an
elevated resting PPS.
The stress-reducing intervention program used in
this study was associated with a clinically relevant
change in several cardiovascular physiological factors
in the active group, and without any risk to the person in connection with home use of the PPS measurement device during a three-month period. A
variety of factors known to be associated with persistent stress, such as markers of cardiac physiology, fat
distribution and metabolism, glucose metabolism,
and vascular inflammation were all correlated in a
meaningful way to PPS, when a reduction of an elevated PPS was reduced experimentally. This may
suggest a common mechanism behind the observed
correlations This is in accordance with the findings
of others, suggesting a link between persistent stress,
cardiovascular physiology and the metabolic syndrome [11,12,38,39], indicating a common physiological disturbance in hypertension, obesity, diabetes
mellitus, metabolic syndrome and persistent stress
[40,41].

Table II. Cluster randomization adjustments showing: Individual and between-group significance,
average cluster sample size, cluster intra class correlation coefficients, and between-cluster group
significance test (one sided p-values).
Variable
Delta_PPS
Delta_SYS
Delta_ DIA
Delta_ HR
Delta_PRP
Delta_LDL
Delta_KOL
Delta_Sum_Risk

Individual
significance test

Average cluster
sample size

Cluster intra class
correlation coefficient

Cluster
significance test

0.002
0.02
0.04
0.04
0.004
0.05
0.02
0.001

8.4
8.4
8.4
8.4
8.4
7.5
7.5
7.5

0.18
0.41
0.42
0.79
0.77
0.06
0.44
0.15

0.01
0.20
0.05
0.45
0.35
0.01
0.06
0.01
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For BP, HR, PRP, serum total and LDL cholesterol, and total number of elevated cardiovascular
physiological risk factors, they all decreased significantly and concomitantly with PPS in the active
group during the intervention period. They were,
however, not reduced significantly and concomitantly
with a reduction in PPS neither among the control
group nor among subjects in the active group who
had elevated baseline PPS, but a normal BP, HR,
PRP, serum total and LDL cholesterol. One may
question if our observation presents the ‘regression
towards the mean’? However, among the group with
normal HR at baseline, a significant number had
elevated HR at the follow-up examination, when
compared to baseline. Furthermore, the total number of elevated risk factors was reduced in the active
group and increased in the control group, with a
significant between-group difference. These observations counteract the ‘regression towards the mean’
hypothesis. On this background it may be suggested
that the observed effects of a reduction in PPS may
be related to a stimulation of existing cardiovascular
homeostatic mechanisms.
We have previously stated [23] that the observed
stress-induced hyperalgesia of the chest region,
probably mediated by specific cutaneous polymodal
nociceptor sensor cells, represents a meaningful survival response by unconsciously increasing the warning system sensitivity (i.e. the PPS measure) and
defense system reactivity (i.e. the withdrawal reflex)
[19,42], This notion is supported by the previous
finding that PPS is correlated to another marker for
increased sensitivity, the startle and noxious withdrawal reflex [23,25], and by the fact that a hypersensitive startle reflex is part of the diagnostic criteria
for the PTSD [43].
Limitations and strengths
The present study has some limitations: (i) The small
number of participants; (ii) the cluster randomization that led to an uneven distribution of subjects in
the active and the control groups; (iii) furthermore,
the between-cluster variation for some of the outcome measured weakened the statistical power with
regard to the intervention effect analysis. However,
this underlines the potential usefulness of the PPS
measure to identify persons, across clusters, who
have elevated health risk factors, and who may benefit from the intervention on an individual level; (iv)
for the correlation analysis as well as for the effect
analysis, baseline data were only recorded for the
PPS  60 group. Although it may be argued that it
may be relevant to study also persons with a PPS
measure  60, this was not an aim of the present
study; (v) the time offered by a professional coach
was not the same between the active and the control
group, which in itself may have a positive intervention effect, but this study did not intend to test the
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intervention method in itself; (vi) it may also be
discussed if the conducted efforts to minimize bias
were sufficient. However, with respect to test the possible link between changes in PPS and changes in
cardiovascular physiological and biochemical variables, they should be considered comprehensive and
sufficient; (vii) it may be a weakness that at the follow-up examination, no significant between-group
differences were found. However, in respect to the
number of elevated risk factors, an increase was
found in the control group and a reduction in the
active group, suggesting that in real-life conditions,
such an outcome as that of the present study may
still be attractive, stressing the need of a control
group as included in this study; (viii) body composition was measured by bioimpedance and not by
the golden standard Dual X-ray absorptiometry
(DXA). This was due to the nature of the study being
a field study. However, the methodology used with a
tetra polar bioimpedans device correlates acceptably
to DXA, and is a especially suited for repeated
measurements on the same person [30].
Conclusions
This study supports previous findings of an association between PPS, stress and cardiovascular physiological markers. The PPS measure seems to be a
suitable tool for identifying persons with persistent
stress who may respond to a stress-reducing intervention programme.
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Abstract
Background: Depressive symptoms and reduced quality of life (QOL) are parts of the chronic stress syndrome and
predictive of adverse outcome in patients with ischemic heart disease (IHD). Chronic stress is associated with increased
sensitivity for pain, which can be measured by algometry as Pressure Pain Sensitivity (PPS) on the sternum.
Aim: To evaluate if stress focus by self-measurement of PPS, followed by stress reducing actions including acupressure, can
decrease depressive symptoms and increase psychological well-being in people with stable IHD.
Design: Observer blinded randomized clinical trial over 3 months of either intervention or treatment as usual (TAU).
Statistical analysis: Intention to treat.
Methods: Two hundred and thirteen participants with IHD were included: 106 to active treatment and 107 to TAU. Dropout: 20 and 12, respectively. The active intervention included self-measurement of PPS twice daily followed by acupressure
as mandatory action, aiming at a reduction in PPS. Primary endpoint: change in depressive symptoms as measured by Major
depression inventory (MDI). Other endpoints: changes in PPS, Well-being (WHO-5) and mental and physical QOL (SF-36).
Results: At 3 months PPS decreased 28%, to 58, in active and 11%, to 72, in TAU, p,0.001. MDI decreased 22%, to 6.5, in
active group vs. 12%, to 8.3 in TAU, p = 0.040. WHO-5 increased to 71.0 and 64.8, active group and TAU, p = 0.015. SF-36
mental score sum increased to 55.3 and 53.3, active and TAU, p = 0.08.
Conclusions: PPS measurements followed by acupressure reduce PPS, depressive symptoms and increase QOL in patients
with stable IHD.
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compared with the general population [2]. In out-patients the 12month odds ratio of major depression has been found to be 2.3
times higher in individuals with cardiac disease as compared with
those with no medical illness [3]. In initially healthy people clinical
depression as well as depressive mood is associated with a

Introduction
The bidirectional interaction between depression and ischemic
heart disease (IHD) has been documented numerous times and is
generally accepted [1]. After an acute myocardial infarction (MI)
the risk of being depressed is approximately 3 times increased as
PLOS ONE | www.plosone.org
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significantly increased risk of developing IHD [4]. Further,
depression after a MI doubles both the risk of a cardiac re-event
during the first 2 years post MI, as well the risk of 2 years mortality
[5].
Depression, quality of life and general well-being is all part of
the chronic stress concept [6]. Stress is vaguely defined but is
generally accepted as a risk factor for a poor outcome in IHD [7].
Chronic stress is associated with cardiovascular re-events and
death from IHD and patients with MI have been shown to have
higher stress levels when measured both as stress at work, stress at
home, financial stress and major life-event stress [7,8].
Chronic stress and depression is associated with widespread
increased pain sensitivity, leading to both hyperalgesia (pain
induced by noxious stimuli) and allodynia (pain induced by nonnoxious stimuli) [9,10]. The increase in pain sensitivity might be
due to the neuroplastic effects of chronic stress on pain circuitry
i.e. the diffuse noxious inhibitory control system (DNIC) [9,11].
DNIC is an endogenous pathway mediating inhibition of lamina I
neurons in the spinal dorsal root when pain signals ascend from
the periphery through sensory C fiber neurons distributed wide
spread over the body in the epidermis and up through the spinal
cord [11]. Patients with hypersensitivity to pain have been shown
to have an impaired DNIC modulation [12,13]. Theoretically an
intervention aiming at restoring this afferent-efferent disturbance
may be beneficial for treating the increased pain sensitivity and at
the same time lowering the stress-level and depressive symptoms.
It has previously been theorized that therapies such as acupuncture may exert their effects through activation of DNIC [11].
The gold standard in measuring pain sensitivity is by algometry.
Recently a simple and handheld algometric device has been
designed to asses pressure pain sensitivity (PPS) [14]. The PPS
measure has in patients with IHD been found to be significantly
correlated to the major depression inventory score (MDI), WHO5’s well-being index as well as to the SF-36 quality of life (QOL)
score [15].
Several studies have evaluated the effect of various stressreducing interventions in patients with IHD and some have shown
to improve the prognosis and to reduce the risk of new
cardiovascular events [16,17]. We hypothesize that an intervention built on an increased focus on stress and the ability to perform
stress reduction should be beneficial for patients with IHD. In
analogy to people with diabetes measuring blood glucose levels, a
therapy based on a daily semi-objective stress-measurements based
on PPS followed by stress-reducing actions theoretically leads to
increased empowerment and may have a positive effect on stressparameters.
Acupressure, i.e. applying a continuous pressure for approximately one minute at specific hyperalgesic points at the body, has
been shown to reduce both local and spreading pain in chronic
low back pain and neck pain syndromes [18,19] and we have
observed that acupressure results in an acute reduction in pain
sensitivity and PPS [20].
Thus we hypothesized that the combination of daily selfmeasurements of PPS aiming at increased empowerment followed
by acupressure aiming to restore DNIC, together would resolve in
a reduction of the following elements of chronic stress: Depressive
symptoms measured by MDI, general well-being measured by
WHO-5, and physically and mentally QOL measured by SF-36
QOL-score.
Aiming to test this hypothesis we performed an observer blinded
randomized clinical trial with blinded outcome assessment over 3
month in which the active group measured PPS twice daily
followed by acupressure as mandatory action. Our primary end
point was changes in MDI.
PLOS ONE | www.plosone.org

Methods
Ethics Statement
The original protocols and a CONSORT checklist are available
as supporting information (see Protocol S1 (Danish), Protocol S2
(English), Checklist S1). The study was approved by the local
ethical committee (The Regional Ethical Committee of the
Copenhagen Region, Denmark, Kongensvaenge 2, DG-3400
Hilleroed, www.regionh.dk/vek, identifier: H-4-2010-135, and
amendment 31962) and the Danish Data Protection Agency
(identifier: 2011-41-7022), and was registered on www.
clinicaltrials.gov (identifier: NCT01513824). All participants gave
their written informed consent after oral and written information
about the study. The study was performed according to the
declaration of Helsinki.

Study Population
361 patients with IHD participated in a cross-sectional study on
the associations between PPS and stress in patients with IHD [15].
From previous studies it seems that PPS$60 indicates an increased
chronic stress level [21]. Participants from the cross-sectional study
with PPS$60, were enrolled in the RCT. Two hundred and
thirteen of the 361 patients from the cross-sectional study fulfilled
the criteria of having PPS above 60 (see consort, Fig. 1). All
participants fulfilled the following additional inclusion criteria and
none of the exclusion criteria: Inclusion criteria: 1) documented IHD
defined as having had a MI, percutaneous coronary intervention
(PCI) or coronary artery bypass graft surgery (CABG), 2)
completed cardiac rehabilitation more than six months prior to
inclusion, 3) age 75 years or younger at inclusion; exclusion criteria:
1) hospitalization due to psychiatric disease prior to IHD, 2)
scheduled cardiac surgery, 3) changes in heart medication within
the last month prior to inclusion, 4) a chronic competing disorder
clearly impairing the patients QOL, 5) chronic pain syndromes
such as fibromyalgia or severe arthritis [15].

Randomization
After the baseline visit the participants were allocated randomly
with a 1:1 ratio to either the intervention arm or to treatment as
usual (TAU). Randomization was stratified according to age, sex,
MDI, diabetes, and chronic heart failure. The randomization was
performed and carried out by an external statistician using a
computerized randomization sequence with a block size of 16,
which was unknown to the investigators. The participants received
the allocation result by a confidential e-mail generated automatically. One hundred and six participants were allocated to active
intervention and 107 to TAU.

Study Design
A single center, two-armed, parallel-group, observer-blinded
randomized clinical superiority trial. The participants were
enrolled at the trial cite in Copenhagen (Denmark).

Intervention Procedure
Active group. All subjects were instructed by a professional
instructor (who had undergone education in PPS instruction and
measurement and performing acupressure by passing a 4 week
course plus a practical examination) to perform PPS measurements twice daily, in the morning (before breakfast) and in the
evening (before going to bed). After the measurement, if the PPS
level and thus the stress-level was high, the participant should
perform acupressure as a mandatory stress-reducing procedure, as
well as reflection on both the PPS level and on ones general feeling
of need for stress handling on a voluntary basis.
2
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Figure 1. Consort.
doi:10.1371/journal.pone.0097553.g001

songheart.org. On the website each participant was able to track
results and changes in PPS during the intervention period.
Both the active and the TAU group was informed at baseline,
that their stress level was elevated and received a booklet on
general stress handling principles [23].

All subjects received a personal PPS measurement instrument,
together with an instruction manual and were individually
instructed during a 45 minutes period at their private homes on
how to use the PPS device. This included education in performing
acupressure. The acupressure procedure has previously been
described in ‘‘Magnusson et al,’’ [22]. In brief acupressure is
performed by applying finger pressure for one minute sufficiently
enough to feel the pressure but without causing pain. The pressure
is applied on two points of the body: at the sternum, at the level of
the fourth intercostal space and on the back 1.5 inch lateral to the
spinal process of the fourth and fifth thoracic vertebra [22].
The participants were offered a new appointment and/or 1–2
phone contacts with the instructor if they had problems with selfmeasurements of PPS after the visit, or had other questions.
The participants were instructed to report their PPS measurements each day on their personal login on the website www.
PLOS ONE | www.plosone.org

Predefined Endpoints
Primary end-point.

Change in MDI from baseline to follow

up after three months.
Secondary endpoints. Changes in stress-level as measured
by PPS as well as changes in well being as measured by WHO-5.
Tertiary endpoints. Changes in quality of life as measured
by SF-36 physical (PCS) and mental (MCS) QOL scale.
Predefined subgroup analysis. The stress-reducing effects
in participants with the highest depression/stress level measured as
the subgroup of participants with MDI$15 at baseline and the
3
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Cohens effect size was used to compare active to TAU group
using ITT data. The effect size was evaluated according to
Hedgen and Olkin as the difference in mean change score from
baseline to follow up between active group and TAU divided by
the pooled standard deviation [25,26]. In relation to clinically
significant effects, the following have been proposed: Effect size,
0.19, minor clinically significant effect; 0.20–0.39 small effect; the
interval between 0.40 and 0.69, medium effect and .0.70, a large
effect [27].
Analyses were performed using the statistical package SPSS
version 19. All statistical tests were two-sided and p-values below
0.05 were considered statistically significant.

subgroup of participants having the highest 50% of both PPS and
Clinical stress signs score (CSS) at baseline.

Outcome Measures
PPS. Before and after three months all participants came to
the metabolic ward in the morning. The PPS level was measured
by a professional after 5–10 min of resting in a supine position.
The PPS measurement procedure has previously been described in
details [14,15]: The most sensitive area on the sternum was
identified by palpation. The instructor applied a gradually
increasing pressure with the PPS algometer on the most sensitive
point until the pain threshold was reached. The PPS algometer
transforms the pressure applied into a logarithmic scale of
sensitivity level from 30 to 100. One hundred equals the highest
sensitivity level, and thus the highest stress-level, 30 equals lowest
measurable stress-level. An increase in 30 PPS units equals a 100%
increase in sensitivity [14].
Questionnaires. A website was established for the study
(www.songheart.org) and each participant received a personal
profile with login. The day prior to the visit at the metabolic ward,
the participants answered the following questionnaires on their
www.songheart.org profile: 1) MDI, assessing depressive symptoms on a score form 0–50, zero being equivalent to no signs of
depressive symptoms, 2) WHO-5, assessing psychological wellbeing with 100 equivalent to best psychological well-being, 3) SF36, assessing PCS and MCS QOL with 100 equivalent to best
QOL. At baseline a fourth questionnaire was included, measuring
CSS as well as a demographic questionnaire. The CSS score is a
newly developed score of 56 clinical stress symptoms experienced
during the last four weeks [15]. The demographic questionnaire
included questions on social status, employment status, cardiac
medical history, co-morbidity and medication. This questionnaire
should be answered before the baseline visit.

Results
Table 1 shows the demographic characteristics of the participants from the active and TAU group respectively as well as
together. There were no significant differences between the two
groups regarding age, gender, psychometric measurements, social
status, employment status, cardiac variables or risk factors, nor
medication. However a group difference was found regarding comorbidities on self-reported heart failure and self-reported
diabetes mellitus (Table 1).
Twenty dropouts (19%) were reported in the active group and
12 (11%) in the TAU group, p = 0.18. (Fig. 1) Drop outs were
similar to those who completed with regard to sex, age, MDI and
WHO-5 scores.

Adaptation of the Interventional Procedure
Ninety four in the active group reported repeated PPS
measurements at home, in mean 90 measurements over three
months (range 6–192).

Primary Endpoint, MDI
MDI was significantly reduced by 22% after three months in the
active group and by 12% in the TAU group. The reduction was
significantly greater in the active group as compared with the
TAU group, which resulted in a difference between the two groups
at three months, p = 0.040 (Table 2).

Blinding
The professional instructor measuring PPS was blinded with
regard to all results of online questionnaires as well as to the results
of the randomization. Further the PPS device was designed in a
way making the measure non-visible before the end of each
measurement for both instructor and patient. The patients were
instructed before randomization not to reveal the result of the
randomization to the research personal performing the follow up
investigations at three months. Statistical analysis was performed
prior to the unveiling of the randomization codes.

Other Endpoints
WHO-5, increased by 6.4% in the active group and by 3.7% in
the TAU group from baseline to follow up (p = 0.015 and
p = 0.158, respectively), which resulted in significantly different
levels between active group and TAU at 3 months (p = 0.016)
(Table 2).
PPS was significantly reduced by 28% after three months in the
active group and 11% in the TAU group (both p,0.001), and at 3
months the PPS values had become different between the two
groups (p,0.001).
SF-36 PCS was improved in both groups although not reaching
statistically difference at three months, p = 0.14. SF-36 MCS
improved in the active group (p = 0.004), however, the difference
after three month compared with TAU values only tended to be
significant (p = 0.09) (Table 2).

Estimation of Sample Size
In the original and approved protocol, sample size was
calculated based on an anticipated effect size of 0.4, alpha of
0.05 and beta of 0.20 which corresponded to a sample size of 300
patients.

Statistical Analysis
Data were evaluated by parametric statistics including paired
and non-paired t-test on an intention to treat basis (ITT). Both the
observed and values are reported. For testing of statistical
significance we included all randomized patients in our analysis
regardless of subsequent adherence to treatment. We imputed
missing values treating the outcomes as dependent variables using
multiple imputations. For this we used a linear regression model
with the following predictor variables: Allocation, sex, and age.
The imputation was conducted using 100 imputations and 20
iterations. The pooled estimates from these imputations were
subsequently used for analysis [24].
PLOS ONE | www.plosone.org

Subgroup Analyses
Two subgroup analyses were performed: One on subjects with
MDI$15 at baseline and another on subjects having both the PPS
and CSS within the upper half at baseline (Table 3).
Fourty-two participants had MDI$15 at baseline and 21 were
randomized to active and 21 to TAU group, and 18 subjects in
each group completed the study (Table 3). Fifty-nine patients had
both PPS.81 and CSS$8 at baseline, corresponding to the
4
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Table 1. Distribution of baseline factors according to treatment group.

Full sample

Active group

Treatment
as usual

N

213

106

107

Male (n, %)

156 (73%)

78 (74%)

78 (73%)

NS*

Age in years (mean, SD)

62 (8.1)

62 (8.1)

62 (8.2)

NS

MDI (mean, SD)

8.9 (7.4)

8.4 (7.7)

9.4 (7.0)

NS

WHO-5 (mean, SD)

65 (19)

67 (19)

63 (19)

NS

PPS (mean, SD)

81 (13)

81 (13)

81 (13)

NS

SF-36 PCS (mean, SD)

48 (8.4)

48 (9.1)

48 (7.6)

NS

SF-36 MCS (mean, SD)

52 (9.3)

53 (9.3)

52 (9.3)

NS

CSS (mean, SD)

9.7 (7.1)

9.2 (6.5)

10 (7.6)

NS

Married or cohabiting (n, %)

175 (82%)

83 (78%)

92 (86%)

NS

Have children (n, %)

190 (92%)

97 (91%)

96 (90%)

NS

P-value

Psychometrics

Social status

Employment status
Employed (n, %)

106 (50%)

54 (51%)

52 (49%)

NS

Unemployed (n, %)

4 (2%)

3 (3%)

1 (1%)

NS

Retired (n, %)

92 (47%)

46 (44%)

52 (48%)

NS

Selfreported time (years) since
diagnosed with IHD (mean, SD)

7.5 (5.8)

8.2 (6.5)

6.8 (5.0)

NS

Treated with PCI (n, %)

147 (69%)

73 (69%)

74 (69%)

NS

Treated with CABG (n, %)

52 (24%)

27 (25%)

25 (23%)

NS

Resting pulse (mean, SD)

61 (11)

61 (11)

60 (11)

NS

MAP (mean, SD)

98 (10)

98 (9.7)

97 (11)

NS

BMI (mean, SD)

27.6 (4.3)

27.8 (4.3)

27.4 (4.4)

NS

Triglyceride (mean, SD)

1.5 (0.9)

1.4 (0.7)

1.5 (1.0)

NS

Current smoker (n, %)

22 (10%)

9 (9%)

13 (12%)

NS

Cardiac variables

Cardiac risk factors

Self reported co-morbidity
Heart failure (n, %)

72 (34%)

29 (27%)

43 (40%)

P = 0.047

Chronic obstructive lung disease (n, %)

13 (6%)

5 (5%)

8 (8%)

NS

Diabetes (n, %)

28 (13%)

20 (19%)

8 (8%)

P = 0.013

Previous cerebral insults (n, %)

15 (7%)

7 (7%)

8 (8%)

NS

Have been treated for depression (n, %)

32 (15%)

12 (11%)

20 (19%)

NS

Beta-blockers (n, %)

125 (60%)

65 (61%)

60 (57%)

NS

Cholesterol-lowering medication (n, %)

188 (90%)

94 (89%)

94 (88%)

NS

Calcium antagonists (n, %)

47 (23%)

26 (25%)

21 (20%)

NS

Angiotensin-II antagonist and/or
ACE inhibitors (n, %)

115 (55%)

56 (53%)

59 (55%)

NS

Diuretics (thiazide or furosemide) (n, %)

74 (36%)

40 (39%)

34 (33%)

NS

Anti-depressive medication (n, %)

12 (6%)

4 (4%)

8 (8%)

NS

Medication

*NS: p.0.05 between active group and TAU.
doi:10.1371/journal.pone.0097553.t001

highest 50% of PPS as well as of CSS. Twenty-nine were allocated
to active treatment and 30 to TAU, of whom 24 and 26
respectively completed the study (Table 3).

PLOS ONE | www.plosone.org

Effect Size
The effect of active vs. TAU for the whole group was 0.12 for
MDI, 0.11 for WHO-5 and 0.63 for PPS. Effect size for the
subgroup with MDI$15 was 0.35 for MDI, 0.21 for WHO-5 and
0.43 for PPS and for the subgroup with both the highest PPS and
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51.9 (9.23)

PP

47.6 (7.90)
51.9 (9.31)

PP

ITT

47.8 (7.68)

ITT

80.6 (13.3)

PP

63.3 (18.4)
80.9 (13.3)

PP

ITT

62.5 (19.0)

9.34 (6.21)

PP

ITT

9.40 (6.99)

ITT

Treatment as usual
(TAU), baseline
(mean, SD)

53.3 (6.92)

53.3 (9.72)

47.7 (8.56)

47.7 (9.61)

71.8 (17.5)

72.1 (20.5)

65.2 (19.2)

64.8 (20.9)

8.32 (6.23)

8.31 (6.74)

Treatment as usual
(TAU),follow up
(mean, SD)

0.094

0.85

,0.001

0.158

0.025

Baseline vs.
follow up, P

53.1 (9.28)

52.7 (9.35)

48.8 (8.50)

48.2 (9.14)

82.4 (12.3)

80.8 (13.3)

67.2 (19.1)

66.7 (19.1)

7.93 (6.72)

8.36 (7.70)

Active group,
baseline
(mean, SD)

55.1 (7.84)

55.3 (9.34)

50.5 (6.47)

49.5 (9.99)

59.7 (20.6)

58.4 (22.1)

71.2 (15.4)

71.0 (18.3)

6.12 (5.35)

6.48 (6.58)

Active group,
follow up
(mean, SD)

Only statistical analyses using ITT data are presented.
ITT: intention to treat; PP: per protocol; TAU: treatment as usual; MDI: major depression inventory; PPS: pressure pain sensitivity; CSS: Clinical stress signs.
doi:10.1371/journal.pone.0097553.t002

SF-36 mental
component
summary

SF-36 physical
component
summary

PPS

WHO-5

MDI

Statistical
analyses

Table 2. Results of questionnaires and PPS before and at three months follow up in.

0.004

0.04

,0.001

0.015

0.001

Baseline vs.
follow up, P

0.08

0.14

,0.001

0.016

0.040

3 month analysis
TAU vs. active,
P

0.13

0.14

0.63

0.11

0.12

Effect size
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51.3 (22.7)

44.9 (7.39)

46.3 (8.71)

43.0 (8.43)

43.2 (8.76)

78.1 (14.3)

78.7 (16.5)

92.8 (6.19)

49.5 (9.38)
49.7 (9.05)

49.8 (11.0)

42.3 (9.15)

41.9 (9.50)

83.3 (13.1)

83.8 (15.3)

56.7 (18.9)

56.6 (19.9)

12.1 (7.22)

12.5 (8.6)

48.6 (11.8)

42.2 (7.64)

42.4 (7.93)

94.3 (5.62)

PP

57.7 (20.0)

ITT

56.1 (21.7)

PP

12.1 (7.18)

PP
ITT

13.3 (9.8)

ITT

TAU: baseline TAU: follow up
(mean, SD)
(mean, SD)

41.7 (11.0)

PP

42.2 (8.88)
42.0 (11.3)

PP
ITT

42.4 (8.91)

ITT

83.8 (12.5)

PP

39.8 (17.5)
85.0 (12.7)

ITT

PP

51.1 (22.9)

15.5 (8.19)

16.1 (8.31)

0.64

0.99

,0.001

0.09

0.55

TAU: Baseline
vs follow up, P

0.14

0.60

0.017

0.015

,0.001

TAU: Baseline vs
follow up, P

48.47 (9.42)

47.3 (9.42)

47.6 (7.80)

43.3 (9.41)

95.9 (6.06)

96.4 (5.31)

55.2 (22.3)

54.3 (22.9)

12.3 (7.90)

14.3 (9.9)

Active group:
baseline
(mean SD)

39.9 (10.0)

38.9 (8.58)

48.9 (9.61)

45.0 (10.7)

85.1 (13.1)

86.1 (12.7)

41.6 (17.3)

41.3 (15.4)

19.3 (4.18)

21.4 (6.19)

Active group:
baseline
(mean SD)

52.1 (10.2)

52.9 (8.92)

51.8 (5.87)

47.3 (9.75)

74.8 (23.5)

77.3 (22.1)

68.6 (18.2)

67.0 (19.6)

8.25 (7.52)

9.11 (8.30)

Active group:
follow up
(mean, SD)

45.5 (10.4)

48.5 (11.5)

48.3 (8.32)

45.7 (9.93)

72.8 (20.0)

71.9 (20.4)

57.1 (16.1)

56.8 (16.7)

12.6 (6.86)

14.2 (7.55)

Active group:
follow up
(mean, SD)

0.004

0.009

,0.001

,0.001

,0.001

Active group:
Baseline vs
follow up, P

0.001

0.66

,0.001

,0.001

0.005

0.199

0.044

0.223

0.066

0.15

Three month
follow up
TAU vs active,
P

0.48

0.40

0.23

0.36

0.44

Active group:
Three month
baseline vs follow follow up
up, P
TAU vs active, P

Results of questionnaires and PPS before and at three months follow up in subjects from active and treatment as usual groups. Only statistical analyses using ITT data are presented.
ITT: intention to treat; PP: per protocol; TAU: treatment as usual; MDI: major depression inventory; PPS: pressure pain sensitivity; CSS: Clinical stress signs.
*) Forty-two participants had MDI$15 at baseline. Twenty-one were randomized to active and 21 to TAU group. Thirty-six participants, 18 active and 18 controls completed the study.
**) Fifty-nine patients had PPS.81 and CSS$8 at baseline, corresponding to the highest 50% of both PPS and of CSS. Twenty-nine
were allocated to active treatment and 30 to TAU, of whom 24 and 26, respectively, completed the study.
doi:10.1371/journal.pone.0097553.t003

SF-36 mental
component summary

SF-36 physical
component summary

PPS

WHO-5

MDI

High PPS and high CSS
(PPS.81 and CSS$8)**

SF-36 mental
component summary

SF-36 physical
component summary

PPS

39.8 (18.4)

ITT

19.4 (4.91)

PP

MDI

WHO-5

20.5 (6.59)

ITT

MDI $15*

TAU: baseline TAU: follow up
(mean, SD)
(mean, SD)

Statistical
analyses

Table 3. Subgroup analyses.

0.51

0.47

0.46

0.62

0.52

Effect size

0.52

0.01

0.43

0.21

0.35

Effect size
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CSS, the effect size was 0.52 for MDI, 0.62 for WHO-5 and 0.46
for PPS.

might have performed PPS measurements without reporting them
on the website. The current study serves as proof of concept
concerning repeated PPS measurements at home followed by
acupressure and reflection in general as a stress-reducing
intervention.
PPS measures pain sensitivity threshold like other algometers
within pain research. We have recently demonstrated a close
correlation between PPS and another pressure pain algometer
[15].
An inherent weakness of pressure pain algometry is the fact that
there is no objective measure of pain threshold since it is the
subject itself that reacts to discomfort and ends the measurement.
Therefore a potential bias to repeated measurements is habituation both mentally and physically. If present this could result in a
progressive reduction in PPS over time. We have performed
validation studies in which we have found a very close association
between two measurements performed within 5 seconds as well as
with one day between measurements [31]. This suggests that a
drift towards lowering of the PPS value due to repeated
measurements is probably of minor importance.
In the present study the PPS measure was reduced with 22 units
in the active group. The PPS device is constructed such that a
reduction of 30 units equals a doubling of the pressure applied to
the sternum. This quite robust change also speaks against a drift in
PPS sensation due to habituation.
The instructors measuring PPS at baseline as well as after three
months were blinded to the randomization results, the answers of
the questionnaires, the results of the PPS home measurements and
to the concrete PPS result while measuring at baseline and follow
up visits. The latter is due to the construction of the PPS device,
which first shows the result of the pressure when ending the
pressure, thus revealing only the final result.
Chronic illness in general is associated with both stress and
depressive symptoms which includes IHD [33]. Chronic stress and
depression are associated with increased pain sensitivity, clinically
presenting with widespread hyperalgesia [10]. A 28% reduction in
pain sensitivity from baseline to follow up as found in the present
study may be of clinical relevance.
Whether the reduction in pain sensitivity is the primary event
leading to reduced feeling of depressive symptoms and increased
well-being as found by an improvement in MDI and WHO-5
results, or the intervention works primarily by changing depressive
symptoms and well-being and thereafter leads to a reduction in
pain sensitivity is not clear. Concerning the mandatory intervention, acupressure, it is a well known clinical observation, that
acupressure on a distinct sore point of the body leads to pain
reduction locally with a spreading effect into the surroundings,
which also has been demonstrated in females with chronic neck
pain [18]. Further, the use of acupressure in low back pain has
been proven in a RCT setting [19]. We have observed an acute
reduction in PPS due to acupressure over the sternum, and it is
postulated that acupressure works by reducing pain sensitivity by
restoring DNIC [11]. If this is the primary effect of our
intervention, the primary event will be reduced pain sensitivity.
On the other hand the reflection on ones stress level based on
repeated PPS measurements could also be the leading event
resulting in increased empowerment which might result in a
reduction of depressive symptoms and increased well-being as the
primary effect. Several studies have found that psychological
interventions including cognitive, behavioral and educational
approaches all aiming at enhanced empowerment has been
effective in reducing depression and anxiety in patients with
IHD [16,34]. Cognitive stress-reducing therapy has also been
found to reduce recurrent cardiovascular events [17]. These

Discussion
In the present randomized interventional trial we found, that in
patients with stable IHD the combination of daily self-measurements of PPS followed by acupressure and reflection on PPS as a
surrogate for current stress-level resulted in a modest but
statistically significant improvement in PPS, MDI and WHO-5.
This beneficial effect of the intervention program was more
pronounced in subgroups of patients with higher baseline levels of
components of the chronic stress syndrome, such as elevated MDI,
as well as the combination of an elevated PPS and CSS. These
subgroup analyses, however, were hampered by a limited sample
size.
The primary endpoint was a reduction in MDI. MDI was
chosen as a well validated often used psychometric questionnaire
on depressive symptoms. It is well known that patients with IHD
as well as other chronic diseases have increased levels of depressive
symptoms which leads to a poor outcome [28]. The intervention
resulted in a reduction in MDI of 22% in the active group while
the TAU group only demonstrated a reduction of 12%, resulting
in a significant difference between the active and the TAU group
at follow up. This corresponded to a small effect size of 0.12.
When looking at the subgroups, however, the reduction in MDI
was much greater resulting in an effect size of 0.35 in the MDI$15
subgroup representing participants with the most depressive
symptoms and 0.52 for the high PPS high CSS group representing
the participants with an elevated chronic stress level. These effect
sizes are clinically significant [27]. Thus our findings point to a
greater effect of our intervention among more psychologically
vulnerable subjects. These data on effect size should be compared
to the effect size of antidepressants found in placebo-controlled
clinical trials of treatment resistant patients with overt depression
of approximately 0.40, although our patients did not have overt
depression [29]. Further, a meta-analysis on exercise training, a
well-known and beneficial treatment, on depressive symptoms
among patients with a chronic illness, demonstrated an effect size
of 0.30 in patients with mild-to-moderate depression [30].
Similar to a positive effect on MDI we found a beneficial effect
of the intervention on general well-being as measured by WHO59s well-being index. The intervention resulted in an increase in
WHO-5 with a small effect size, however subgroup analysis
demonstrated a substantially increase in well-being, although the
difference at three months between the active and the TAU group,
did not reach statistically significance probably due to a limited
number of subjects in the subgroup analyses.
The intervention was based on the concept that self-measurement of pain sensation threshold measured by PPS resulted in an
awareness of ones current stress-level, leading to reflection as well
as to action i.e. increased empowerment, aiming at improving
overall well-being.
Acupressure was the only mandatory action for reducing pain
sensation in the intervention program. General advice about stress
reduction was presented for both the active and the TAU group in
the form of a booklet on stress-coping [23].
Parts of the intervention program have been used with success
previously in patients with advanced angina pectoris in a nonrandomized fashion [31,32]. The intervention procedure was
accepted by the participants of the active group, in terms of
repeated PPS measurements reported the website. The participants reported in mean 90 measurements over the three month
period. This is probably a lower bound since the participants
PLOS ONE | www.plosone.org
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studies imply that the empowering part of the intervention may be
the primary effect.

Conclusions
Self-measurements of PPS followed by acupressure as a
mandatory action and otherwise individual reflection, in subjects
with stable IHD resulted in a reduction in PPS, reduced amounts
of depressive symptoms and increased well-being. This effect
seemed more pronounced among the most psychologically
vulnerable subjects. Due to the study ending up being underpowered further studies which are properly powered should be
performed in order to establish the impact of this new type of
intervention.

Strengths and Limitations
Limitations. We aimed at 300 and included 213 participants. The power analysis was based on an effect size of 0.40, but
we only obtained an effect size of 0.12. This means that the study
ended up underpowered. However looking at both primary
endpoint (MDI) and the other endpoints we found a rather clear
tendency towards a beneficial effect on all parameters studied
during intervention. This indicates that all bights the effect size
was rather small, it seems real and is not a result of a type 1 error.
Although the study was underpowered we did find significant
changes probably avoiding a rather large risk of a type 2 error.
The randomization procedure included DM and chronic heart
failure yes/no, however, the randomization ended up with
significantly more diabetics in the active group and in contrast
less patients with chronic heart failure compared with the TAU
group. Given the small number of diabetics and patients with
heart failure the consequence of this randomization failure is
probably mild or absent.
The study was single blinded. This was intentionally since the
intervention was of an open nature i.e. the participants should
reflect on the PPS measurements and also because sham PPS
measurement giving false values did not seem ethically acceptable.
However, the single-blinded design may have caused bias to the
results of the intervention and may have affected the responses
from the participants regarding the questionnaires. With regard to
the PPS measurements they were performed by professionals who
did not have knowledge about the allocation to active or control
group. Further the PPS device was designed in a way making the
measure non-visible before the end of each measurement for both
instructor and patient. Thus the results from PPS measurements
can be regarded as double blinded.
Strengths. Rather few in- and exclusion criteria make our
study representative to most patients with IHD, further the
intervention technique used is easy to adapt and use, and without
side effects.
Statistical evaluation was performed by an ITT analysis using
all randomized subjects (n = 106). This is the most correct,
however not always used in RCT [35].

Perspectives
The concept of biofeedback guided stress handling, i.e.
increased patient empowerment, based on frequent self-measurement of PPS might be broadened out to other chronic illnesses like
diabetes, as well as to otherwise healthy subjects on work places
where the employees demonstrate signs of increased stress due to a
high psychological stress demand.
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Abstract
Background. We tested the hypothesis that pressure sensitivity of the sternum (PPS) is associated with autonomic
nervous system (ANS) function as assessed by tilt table test (TTT). in patients with stable ischemic heart disease.
Objectives. (1) To evaluate an association between PPS and systolic blood pressure (SBP) and heart rate (HR) responses
to TTT; and (2) to test the hypothesis that a reduction of resting PPS raises the PPS, SBP and HR responses to TTT
response and lowers risk factors for ANS dysfunction (ANSD). Methods. Cross-sectional study: In 361 patients with stable
ischemic heart disease we measured PPS, SBP, and HR during TTT. Intervention study: We reassessed subjects with persistent stress who concluded a stress intervention trial by a second TTT. Results. Cross-sectional study: Resting PPS and the
PPS response to TTT were correlated (r   0.37). The PPS response to TTT was correlated with that of SBP (r  0.44)
and HR (r  0.49), and with the number of risk factors for ANSD (r   0.21) (all p  0.0001). Intervention study: A reduction in resting PPS was associated with an increment in PPS response to TTT (r   0.52, p  0.0001). The greater this
increment, the greater was the reduction in ANSD risk factors (r   0.23; p  0.003). Conclusion. The results are consistent with the hypothesis that PPS at rest and in response to TTT reflects ANS function.
Key Words: Autonomic nervous system dysfunction, depression, pressure pain sensitivity, pressure pain threshold, stress, tilt table test

Abbreviations: ANS, autonomic nervous system; ANSD, autonomic nervous system dysfunction; CSS,
Clinical stress score: Questionnaire which assesses clinical stress symptoms; HR, heart rate; MDI, Major
Depression Inventory: A questionnaire which assesses depression; MID, minimum important difference; PPS,
pressure pain sensitivity of the chest bone measured by an Ull Meter®; SBP, systolic blood pressure; SF 36,
Short Form 36: A questionnaire which assesses mental and physical health by 36 questions, two main scores
and 8 subscores; SF 36, MCS, SF 36 main score: Mental component summary for mental health; SF 36, PCS,
SF 36 main score Physical Component Summary for physical health; TTT, tilt table test; WHO5, WHO Quality
of Life questionnaire assessing quality of life by 5 questions.

Introduction
Autonomic nervous system (ANS) dysfunction is
associated with increased risk of ischemic heart disease morbidity and mortality, independent of other
risk factors [1]. ANS controls sudomotor (sweating),

cardiovagal, and adrenergic functions [2] and tilt
table test (TTT) is used to evaluate ANS [2–4].
TTT leads to a controllable stimulation of ANS, as
assessed by systolic blood pressure (SBP) and heart
rate (HR) [2–4].
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We developed a device that measures pressure
pain sensitivity over the sternum (PPS), with a high
PPS measure indicating high sensitivity and a low
pressure pain threshold [5]. The results obtained by
this algometer are in close agreement with another
pain algometer, developed for the evaluation of pain
sensitivity threshold [6]. The PPS value is measured
at the chest bone, and the values are increased both
by transient and persistent stress [5–7]. During
transient stress, such as imposed by an opera performance or cycling PPS, HR, and SBP values change
in parallel [5–7].
In patients with stable ischemic heart disease
(IHD), we examine whether stress (transient or persistent), as measured by PPS, is associated with ANS
function assessed by PPS, SBP, and HR responses to
TTT, and by the number of risk factors for ANSD, in
both a cross-sectional and an interventional protocol.
Methods
Design
The study included: (1) A cross-sectional evaluation
of an association between resting PPS and the PPS

response to TTT, an association between the PPS
and the HR and SBP responses to TTT, and the
association between the responses to TTT and
ANSD; and (2) an interventional, prospective,
randomized controlled study on the changes in (i)
PPS, HR and SBP during TTT, and (ii) number of
ANSD risk factors, when an elevated resting PPS is
sought reduced by a self-care-based, PPS measurement device supported non-pharmacological stress
management intervention program.
Patients
The cross-sectional study included 361 patients with
stable IHD. Patients were recruited from a database
on subjects with established IHD at the departments
of Cardiology, Gentofte and Herlev University Hospitals, Denmark. All subjects had been rehabilitated
between 1999 and 2011. Inclusion criteria were: (1)
IHD (myocardial infarction, percutaneous coronary
intervention (PCI) or coronary artery bypass grafting
(CABG), (2) completed cardiac rehabilitation more
than 6 months ago, and (3)  75 years as described
[6] (Table I). The interventional study included the
213 patients who had elevated PPS  60 (58%) at

Table I. Baseline demographics according to study groups.

n
Male, n (%)
Age in years, mean (SD)
Psychometrics
Major depression inventory, mean (SD)
WHO-5 wellbeing score, mean (SD)
Pressure pain sensitivity, mean (SD)
SF-36 physical component, mean (SD)
SF-36 mental component, mean (SD)
Clinical stress score, mean (SD)
Cardiac variables
Past myocardial infarction, n (%)
Treated with percutaneous coronary intervention, n (%)
Treated with coronary artery bypass grafting, n (%)
Resting pulse, mean (SD)
Mean arterial pressure, mean (SD)
Cardiac risk factors
Body mass index, mean (SD)
Triglyceride, mean (SD)
Current smoker, n (%)
Self-reported comorbidity
Heart failure, n (%)
Chronic obstructive lung disease, n (%)
Diabetes, n (%)
Previous stroke, n (%)
Have been treated for depression, n (%)
Medication
Beta-blockers, n (%)
Cholesterol-lowering drugs, n (%)
Calcium antagonists, n (%)
Angiotensin-II antagonists and/or ACE inhibitors, n (%)
Diuretics, n (%)

Cross-sectional
study

Intervention study
Active group

Intervention study
Control group

361
286 (79)
63 (7.9)

86
64 (74)
62 (8.1)

95
70 (74)
63 (7.9)

8.3
66
65
49
53
8.3

(7.1)
(18)
(20)
(9.0)
(9.8)
(6.8)

8.2
67
82
49
53
8.4

(7.0)
(19)
(12)
(8.3)
(9.4)
(6.1)

9.1
63
80
48
52
9.8

(6.1)
(18)
(13)
(7.7)
(9.0)
(7.0)

229
242
102
61
100

(63)
(67)
(28)
(10)
(11)

58
60
22
61
98

(67)
(70)
(26)
(11)
(10)

59
66
23
61
98

(62)
(70)
(24)
(10)
(11)

27.7 (4.2)
1.5 (0.9)
35 (10)

27.9 (4.5)
1.4 (0.8)
7 (8)

27.2 (4.5)
1.5 (1.0)
12 (13)

111
19
47
24
49

(31)
(5)
(13)
(7)
(14)

26
4
17
4
12

(30)
(5)
(20)
(5)
(14)

36
5
7
7
16

(38)
(5)
(7)
(7)
(17)

216
319
85
207
108

(60)
(88)
(24)
(57)
(30)

53
77
24
45
34

(62)
(90)
(28)
(52)
(40)

52
86
18
52
30

(55)
(91)
(19)
(55)
(32)

Except for the prevalence of known diabetes no significant differences between the active and control group were found.

Tilt table test and PPS 
baseline: The patients were randomized to active
treatment (n  106) or control group (n  107).
Dropout was 20 and 12, respectively [8]. As there
were no significant between-group differences at
baseline apart from prevalence of diabetes, the two
groups were treated as one group for the aim of the
present study.Written informed consent was obtained
from all the participants after oral and written
information about the study as approved by the local
ethics committee (ref no. H-4-2010-135), and
registered at www.clinicaltrials.gov (NCT01513824).
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Procedures
Tilt table test. TTT stimulates the autonomic nervous
system by orthostatic stress, initiated by passive
repositioning from supine to 70 degrees upright [2].
ANS function is assessed from the HR and SBP
response to TTT [2,4]. During TTT, the subject was
positioned at the tilt table and fastened in a supine
position, and the following procedure carried out:
(1) 10-min rest in the supine position (first and
second set of recordings); and (2) passively tilted to
an angle of 70 degrees for 7-min rest in that position.
A third and a fourth set of measurements were performed in the beginning and end of this period
(Figure 1). The measurement of HR and SBP
response to TTT is recommended to be after 10 min
[2]. We added measurements right after the upright
tilt position was obtained, as clinical observations
suggest an immediate change in PPS during
transient stress in opera students [5].
Pressure pain sensitivity. An algometric instrument
(Ull Meter®: UllCare Ltd, Lemchesvej 1, DK 2900
Hellerup, Denmark) was used for measurement of
PPS [5]. The instrument measures the pressure pain
threshold, and that value is transformed to a logarithmic scale and inverted into a sensitivity scale
from 30–100 units. The mean of two measurements

3

was used. If the between-measurement difference
was more than 10 units, a third measurement was
performed and the result was calculated as the mean
of the three recordings. A resting PPS  60 units was
used as an arbitrary discrimination point for an elevated level of persistent stress [5].
Systolic blood pressure (SBP), heart rate (HR) and
pressure-rate-product (PRP). Blood pressure and heart
rate were recorded using a Thuasne automatic blood
pressure monitor (W0840 002 001, Microlife ref.
BP-3AA1-2, BP 243-92307, Levallois-Perret Cedex,
France). For analysis the mean of two measurements
was used. If the between-measurement difference
was more than 10%, a third measurement was carried out and the result was calculated as the mean of
the three recordings.
Outcome variables
Cross sectional study outcome variables: (1) Resting
PPS versus changes in PPS, SBP and HR during
TTT. With regard to TTT, the following effect variables were used: Changes in PPS, SBP, and HR during a 7-min period of TTT as recommended by
international standards [9]. In order to test if similar
changes could be obtained using a shorter observation period, changes after 1 min in upright position
were included. (2) The PPS, HR and SBP response
versus numbers of ANSD risk factors.
Four individual risk factors for ANSD were
included in addition to the verified IHD: Chest pain
at rest [9], an elevated level of persistent stress defined
as resting PPS  60 arbitrary units [7], an elevated
resting SBP defined as SBP  130 mm Hg [10], and
depression defined as an MDI (Major Depression
Inventory) score  20 [11]. All participants filled out
the MDI questionnaire, which assesses the degree of
depression, before and after the intervention period.
Intervention study outcome variables: (1) Change in
resting PPS during intervention versus the change in
PPS, HR and SBP response to TTT; and (2) change
in PPS, HR and SBP response to TTT and the
change in number of ANSD risk factors
A minimal important difference (MID) in PPS,
when pre-treatment values were compared to posttreatment values, was arbitrarily set to a 15-unit
reduction, which equals a 50 % increase in applied
physical pressure. Patients, who obtained this effect
as minimum, were defined as responders, and those
who did not were defined as non-responders.
Intervention study: The Stress Reduction Intervention

Figure 1. Time line for tilt table test (TTT).

A total of 181 patients with resting PPS  60 at baseline concluded the 3-month randomized controlled
trial, in which 86 persons were randomized to the
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active group and 95 persons to the control group
(Table I). The cut-off point PPS  60 for categorization of a person as being persistently stressed was
based on previous consecutive studies on risk factor
for impaired health [5,7]. The intervention stress
reduction program (e.g. UllCare®) was carried out
during a 3-month period and was based on the active
group performing a non-pharmacological, self-care
stress-reducing program including a PPS measurement device with the instruction to perform daily
home PPS measurements, instruction in daily
sensory nerve stimulation with the aim to reduce
PPS, and with a professional back-up, depending on
individual demands [8]. The control group received
the information that their level of persistent stress
was regarded as elevated and a booklet of general
stress management [12], but no further instruction.
The program did not include any medication other
than that given at study entrance. Furthermore, it
did not include other maneuvers that might affect
the ANS function independently. In addition, all
participants were instructed not to change any
medication during the observation period.
Minimizing bias
The following precautions were made to minimize
bias: (1) The PPS device was designed in a manner
that made the measurement non-visible to both
instructor and patient until the end of each measurement; (2) blood pressure and heart rate were
recorded after the PPS measurement as the PPS
measurement is not fully automatically conducted,
but involves the researcher applying pressure from
the instrument to the chest bone of the patient;
(3) the professional instructor measuring PPS and
conducting TTT was blinded to the results of randomization; and (4) the patients were instructed
before randomization not to reveal the result of
randomization to the research personal performing
the follow-up investigations after the three-month
period.

Statistics
Non-parametric statistics were used, namely, Wilcoxon two-sample test for between-group analysis,
Mann-Whitney one-sample test for with-in group
analysis, and Pearson’s test for correlation analysis.
Fisher’s Exact Probability Test was used for analysis
of change in the frequency of ANSD risk factors after
intervention. The statistical program, SPSS, version
18 (SPSS Inc, Chicago, IL, USA) was used for all
analyses.
To control for potential bias from regression
towards the mean in respect of the correlation
between resting PPS and changes in PPS during
TTT, the following measures were taken:

(A) In respect of testing for regression towards the mean
for the correlation between resting PPS and change
in PPS during the individual TTT: If change in
PPS during TTT reflects a regression towards
the mean phenomena, the correlation between
first PPS measurement and change in PPS
between first and second measurement should
be the same as the correlation between first
PPS and difference between first and third
PPS measurement. The patient rests between
first and second measurement. The third measurement is conducted after 1 min of TTT.
(B) In respect of the test for regression towards the mean
for changes during intervention period: (i) By comparing active versus control treatment in respect
of change in resting PPS and change in PPS
response to TTT during the 3 months of intervention, it is possible to elucidate the potential
bias from regression towards the mean. Any statistical between-group difference will suggest
that an observed correlation between change in
resting PPS and change in PPS response to
TTT has an independent physiological background on top of any regression towards the
mean effect. (ii) As for pre-treatment TTT, the
post-intervention TTT includes two PPS measurements after 10 min of rest, and a third measurement after 1 min of tilting. If changes in PPS
during TTT during 3 months of intervention
reflect a regression towards the mean phenomena, only, the correlation between change in
resting PPS during the three months of intervention and difference between first and second
PPS measurement should be similar to the corresponding correlation between first and third
measurement. (iii) With regard to 3-month
changes in resting PPS versus 3-month changes
in PPS response to TTT; if these changes should
be exclusively a regression towards the mean
phenomena, similar correlations should be
found for the correlation between 3-month
changes in resting PPS versus changes in PPS
during post-intervention TTT, when first and
second PPS measurement is compared to first
and third PPS measurement; and similarly
when 3-month changes for the difference
between first and second PPS measurement is
compared to the 3-month difference between
first and third measurement.
Results
Analysis for possible regression towards the mean
(A) Test for regression towards the mean with regard to
the correlation between resting PPS and change in
PPS during the individual TTT: For baseline
measurements the correlation coefficient
between first PPS measurement and change in
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Tilt table test and PPS 
PPS between first and second measurement
was r   0.07 (p  0.1) (n  361) versus
r   0.34 (p  0.0001) for the correlation
between first PPS and difference between first
and third PPS measurement. There is a significant difference between the two correlation
coefficients (p  0.0001). For post-intervention
measurement, the correlation coefficient
between first PPS measurement and change in
PPS between first and second measurement
was r   0.01 (p  0.1), compared to r   0.42
(p  0.0001) (n  181) for the correlation
between first PPS and difference between first
and third PPS measurement. There is a significant difference between the two correlation
coefficients (p  0.0001).
(B) In respect of testing for regression towards the mean
for changes during intervention period: (1) When
the group of patients who received active treatment (n  86) was compared to the group who
received control treatment (n  95) in respect of
the effect of the three months intervention, the
active group obtained: (i) A significant reduction in resting PPS (mean change from 82–60 PPS
units in active group, compared to mean change
from 81–72 in the control group) (betweengroup p  0.0001) (n  181); (ii) a significant
increase in the PPS response to TTT, as measured during the first minute of TTT (mean
change in PPS from  4.5 PPS units to  0.9
PPS units in the active group, compared to
mean change in PPS from  2.9 PPS units
to  1.6 PPS units in the control group (betweengroup p  0.015). When the PPS response was
measured during the entire 7-min length of
TTT; the corresponding changes were
from  5.1 to  0.6 in the active group, compared to  4.4 to  3.0 in the control group
(between-group p  0.07). The within-group
difference was significant in the active group
(p  0.008) and not significant in the control
group (p  0.1). Furthermore a significant
between-group difference was found between
reduction in number of ANSD risk factors
(mean number from 2.0–1.2 in the active group,
compared to mean number from 1.9–1.6 in the
control group; between-group p  0.0001).
(2) For the correlation between change in resting
PPS and the change in PPS during post-intervention TTT, correlation between change in
resting PPS and difference between first and
second PPS measurement was: r  0.14
(p  0.06) versus r   0.34 (p  0.0001) for
the correlation between change in resting PPS
and difference between first and third measurement. There is a significant difference between
the two correlation coefficients (p  0.0001).
(3) In respect of 3-month changes in resting PPS
versus 3-month changes in PPS response to
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TTT, the correlation coefficient between
3-month changes in resting PPS and 3-month
changes in difference between first and second
PPS measurement was: r  0.25 (p  0.001)
versus r   0.41 (p  0.0001) for the correlation between 3-month change in resting PPS
versus 3-month change in difference between
first and third PPS measurement. There is a
significant difference between the two correlation coefficients (p  0.0001).
Cross-sectional study
During TTT, mean PPS was reduced significantly
from 65–61 units (SD: 19 units and 20 units, respectively); mean SBP decreased from 137–131 mm Hg
(SD: 18 and 26 mm Hg, respectively), whereas mean
HR increased from 61–67 beats per min (SD: 10 and
14 beats per minute, respectively) (all p  0.0001)
(n  361).
The change in PPS during TTT correlated positively to the change in SBP (r  0.44) and HR
(r  0.49; both p  0.0001) (n  361); that is for
example the higher the increase in PPS the higher
was the increase in SBP and HR. Similarly, changes
in SBP correlated positively to changes in HR during
TTT (r  0.58, p  0.0001).
The higher the resting PPS, the lower was
the PPS response to TTT (r   0.37; p  0.0001)
(Figure 2). Resting PPS did not correlate to the SBP
or HR response to TTT (both r  0.05 and both
p  0.1).
When resting PPS of 60 units was used as the
discrimination point for an elevated level of persistent stress, the changes in PPS during TTT for the
group with resting PPS  60 (n  155), was (mean 
SD)  1  11 units compared to  7  18 units for
the group with resting PPS  60 (n  206; betweengroup p  0.0001).

Figure 2. Cross-sectional study: The association between baseline
resting PPS and change in PPS during baseline TTT (delta PPS
Tilt test); r 2 0.37; p 0.0001) (n 5361).
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Concerning comorbidity in respect of ANSD risk
factors; 31% had chest pain at rest, 63% had elevated
systolic blood pressure according (resting SBP 
130 mm Hg), 9% had depression (MDI score  20),
and 58% had PPS  60. On including these four
additional risk factors for ANSD, it was observed
that the higher the number of ANSD risk factors, the
lower was the PPS response to tilting (r   0.21,
p  0.0001) (n  361) (Figure 3). The mean change
in PPS during TTT was  4 units for those subjects
with no extra risk factor (n  28),  2 units for one
additional risk factor (n  148),  5 units for two
(n  134),  8 units for three (n  46), and  19 units
for four additional risk factors (n  5) (Figure 3). No
significant correlations were found between number
of ANSD risk factors and changes in SBP or HR
during TTT (both r  0.01, both p  0.1) (n  361).
Intervention study
The obtained changes in resting PPS during the
3-month intervention period correlated negatively to
the PPS response to TTT performed after 3 months
and after the intervention (r   0.38; p  0.0001)
(n  181) (Figure 4); i.e. the greater the reduction in
resting PPS over time, the more positive was the PPS
response to TTT at 3 months. A total of 79 patients
obtained a reduction in PPS  15 units over 3 months
(responders), which was regarded as the minimum
relevant clinical difference (MID); 53 out the
86 patients in the active group (61%) and 26 out of
the 95 patients in the control group (27%) (betweengroup p  0.0001) (Odds ratio for becoming a
responder: 4.1 (95% confidence limits 2.2–7.7).
The 79 responders demonstrated a significant
increase in PPS during TTT at 3 months follow-up

Figure 3. Cross-sectional study: The association between mean
change in PPS during TTT and number of ANSD risk factors,
including chest pain at rest, hypertension (SBP130), depression
(MDI score20), and elevated level of persistent stress (resting
PPS60 units); r 520.21, p 0.0001) (n 5361). The horizontal
lines indicate 95% confidence intervals.

Figure 4. Intervention study: The association between change in
resting PPS during intervention period and change in PPS during
post-intervention TTT (Delta PPS Tilt test after intervention);
r 520.38; p 0.0001) (n 5177). Vertical line indicates minimal
important difference (see text) with respect to reduction in resting
PPS (defined as 15 PPS units).

examination (mean  SD):  4  11 units (intragroup p  0.0001), whereas the 101 non-responders
(i.e. persons obtaining a change  15 PPS units in
resting PPS) demonstrated a significant decrease in
PPS during TTT:  6  13 (intra-group p  0.0001)
(p value for difference between responders and nonresponders  0.0001).
The change in PPS response to TTT from baseline to post-intervention at 3 months was calculated
(e.g. the PPS response to TTT at 3 months minus
the same response at baseline). As such, the change
in PPS response to TTT during the 3 months of
intervention correlated to the change in resting PPS
during the same period (r   0.52, p  0.0001;
n  181) (Figure 5); that is, the greater the reduction
in PPS over 3 months, the greater the increase in the
PPS response to TTT over 3 months. This correlation

Figure 5. Intervention study: The association between change in
resting PPS during intervention period and change in PPS response to
tilting during intervention period: r 520.52, p 0.0001) (n 5177).
Vertical line indicates minimal important difference (see text) with
respect to reduction in resting PPS during intervention period (defined
as 15 PPS units).
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coefficient was 0.50 and 0.54 for active and control
group, respectively (both p  0.0001). On performing
the same analysis in the subgroups of responders and
non-responders, the responders demonstrated a significant increase in PPS response to TTT over the
3-month period (mean change  SD):  12  16 PPS
units (intra-group p  0.0001) in contrast to a significant decrease for non-responders:  4  17 (intragroup p  0.04) (between-group p  0.0001). In the
active group 38 of the 86 patients (44%) obtained an
increase in the PPS response to TTT compared to 20
out of the 95 patients in the control group (20%)
(between-group p  0.0001). (Odds ratio to obtain a
positive PPS response to TTT is: 3.1 (95% confidence limits: 1.6–6.0). However, among patients in
the responder group, an increase in the PPS response
to TTT was found in 72% and 73% of the patients
in the active and control group, respectively (betweengroup p  0.1).
The change in resting PPS during the 3 months
of intervention did not correlate to the change in SBP
and HR response to TTT during the three months
(both r   0.05, both p  0.1). The SBP and HR
response to TTT did not change significantly during
the three months of intervention (both p  0.1).
The number of ANSD risk factors decreased significantly during the intervention period (p  0.0001),
and the reduction in number of ANSD risk factors
correlated significantly to the change in PPS response
to TTT over time (r   0.23, p  0.003) (n  181);
i.e. the greater the increase in PPS response to TTT
during the three months of intervention, the greater
the reduction in numbers of ANSD risk factors. For
responders, the mean frequency of ANSD risk factors
was reduced by 0.7 compared to 0.1 for non-responders (p  0.0001). The reduction in number of ANSD
risk factors did not correlate significantly to the change
in SBP or HR response to TTT during the 3 months
of intervention (r  0.08, and r  0.02, respectively
(both p  0.1). The correlation coefficient for the association between reduction in number of ANSD risk
factors and the change in PPS response to TTT during the 3 months was significantly different from that
of SBP (p  0.005) and that of HR (p  0.02).
Results from one-minute TTT
At the baseline examination the changes in one-minute
PPS response to TTT correlated significantly to resting PPS (r   0.39, p  0.0001) (n  361), and to
number of ANSD risk factors (r   0.21, p  0.0001).
Similarly, the change in one-minute PPS response to
TTT during the 3 months of intervention correlated
significantly to change in number of ANSD risk
factors (r   0.18, p  0.01) and change in resting
PPS (r  0.50, p  0.0001). One-minute PPS response
to TTT did not correlate significantly to the corresponding changes in HR (r  0.00; p  0.1) or SBP
(r   0.01; p  0. 1) (n  361).
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Discussion
The present study demonstrated that the pain sensitivity threshold on the chest bone, measured as PPS
both during rest and as the response to a TTT, seems
to reflect the adrenergic function of the autonomic
nervous system as assessed by the tilt table test. As
such, the present study demonstrated several novel
findings:
(1) The PPS response to TTT was negative in
subjects with stable IHD.
(2) An elevated resting PPS was associated with a
negative PPS response to TTT.
(3) The PPS response to TTT varied in parallel
with that of SBP and HR during TTT.
(4) The higher the number of four independent
risk factors for ANSD (chest pain at rest,
hypertension, depression, and elevated resting
PPS) present in a patient with stable IHD, the
more negative was the PPS response to TTT,
implying that the magnitude of the negative
PPS response to TTT seems to reflect the
degree of ANS dysfunction.
(5) A reduction in an elevated resting PPS after a
period of 3 months of non-pharmacological
stress intervention was associated with an
increase in the PPS response to TTT as well
as a reduction in the number of ANSD risk
factors, with an internal correlation between
the reduction in numbers of ANSD factors
and the increase in PPS response to TTT.
PPS and autonomic nervous system function evaluated
from TTT
TTT causes a transient increase in sympathetic tone
in the initial 5–10 minutes in a healthy population
associated with small changes of HR and SBP, typically an unaltered or small increase of HR and an
unaltered or small decrease of SBP [4]. In the present
population of patients with stable IHD, we found
small but significant changes during TTT, with reductions both of PPS and SBP, increase of HR, and a
strong internal correlation among the three. Tilt table
test is widely used in research and clinical settings for
assessment of adrenergic autonomic (dys)function in
cardiovascular conditions such neutrally mediated syncope, the postural tachycardia syndrome or orthostatic
hypotension [13], as well as in non-cardiovascular
conditions such as diabetes [14], fibromyalgia [15]
and vitamin B-12 deficiency [16].
Pain sensation, as measured by PPS, reflects the
sensation mediated by the subcutaneous sensory
nociceptive C-fibers, and with the polymodal sensor
cell as the sensory unit. These sensors have a widespread distribution in the body [17], and are sensitive
to sympathetic drive [18]. Increased PPS (or reduced
pain threshold) of the chest bone is seen during acute
stress, which we have demonstrated in opera solo
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singers immediately after the peak of their performance (conducted using backstage measurements),
and with a lower PPS before and after one hour of
the performance [17]. In this condition, PPS varied
in parallel to SBP and HR [17], probably reflecting
the transient dynamics of the sympathetic drive [19].
As such these findings are in line with the present
study, suggesting that PPS reflects transient changes
in sympathetic drive.
Increased pain sensation is also found during
conditions with a persistent stress burden, as in
people suffering from chronic diseases as IHD [6],
migraine [20], post traumatic stress syndrome
(PSTD) [21], as well as in patients with a chronic
pain syndrome, such as fibromyalgia and irritable
bowel syndrome [22]. The latter situations are governed by a state of pronounced generalized pain
sensation, which is thought to be due to a disturbance in the afferent-efferent pain sensation system:
The diffuse noxious inhibitory control system
(DNIC) [23], and associated with depression, anxiety, and reduced quality of life [24]. We have previously measured PPS as a measure of pain sensation
in both people with stable IHD [6] and in otherwise
healthy office workers [7] and found an association
between increased PPS on the one side and depression, increased number of clinical stress symptoms
and reduced quality of life on the other. Taken
together these data suggest that PPS at rest reflects
persistent stress.
Increased pain sensation and persistent stress
have further been linked to ANSD in chronic pain
conditions, such as fibromyalgia, irritable bowel syndrome, and migraine [20,25] as well as in post traumatic stress syndrome [26]. In the present study,
resting PPS was associated with the PPS response to
TTT, i.e. the higher the resting PPS, the more negative the PPS response to TTT. We also observed that
patients with an increased persistent stress burden by
means of an elevated resting PPS (i.e.  60 units)
demonstrated a lower and negative PPS response to
TTT when compared to those subjects with a resting
PPS below 60 units. This suggests that a reduced or
even negative PPS response to TTT is associated
with a high level of persistent stress. The SBP and
HR response to TTT is generally accepted as one
way to assess ANS function [1]. We found a close link
between the PPS, SBP and HR response to TTT.
Accordingly, the present findings may suggest a
bridging between ANS function and the PPS response
to TTT, suggesting that the resting PPS and the PPS
response to TTT might be used as a measure of ANS
function.
The ANSD is regarded as an independent prognostic factor in heart disease in regard to survival and
myocardial infarction risk [1]. In the present study,
we found that an increase in the number of four generally accepted signs of ANSD (chest pain at rest,
depression, elevated blood pressure, and persistent

stress by means of PPS measurement at rest [7,27]),
was associated with an incremental reduction in the
PPS response to TTT (Figure 2); as such a positive
PPS response of  4 PPS units was seen in patients
having none of the risk factors, and a negative PPS
response of  19 PPS units was seen in patients
having all four risk factors. Furthermore, when an
elevated resting PPS was reduced, the PPS response
to TTT became positive, which was associated with
a reduction in the number of ANSD risk factors.
Against this background, the present data support
the hypothesis that pain sensation as measured by
PPS, both in the resting state and after tilting, reflects
ANS dynamics as well as ANSD.
Effect of intervention aiming at reducing PPS
The second part of our study was an interventional
part, in which we encouraged the patients with
stable IHD to increase their empowerment regarding stress handling by using PPS measurements at
home on a daily basis as a biofeedback-guided stresshandling approach. For the purpose of the present
study, we merged the active and the control group,
which could be done due to no between-group differences at baseline, and because we only used
behavioral therapy and no pharmacological intervention. Thus, the therapy did not interfere with
pain sensation or response to TTT. We measured
resting PPS and response to TTT before and after
a 3-month period. The resting PPS decreased rather
pronounced during the 3-month period; mean15 units,
and with a significant between-group difference
(more pronounced in the active group). The scale
on the PPS instrument varies from 30–100, and a
decrease of 15 units corresponds to a 50 % increase
in the absolute pressure placed on the sternum [5].
We regard this finding as a clinically relevant reduction in pressure sensitivity. The decrease in resting
PPS was associated with a recovery of the PPS
response to TTT. This was confirmed when comparing the reduction in resting PPS over 3 months with
(i) the PPS response to TTT at 3-months follow-up,
and (ii) the change in the PPS response to TTT over
the 3-month period. Furthermore, those patients
with a reduction in resting PPS greater than 15 units
(defined as responders) during the study period,
demonstrated a positive response in PPS to TTT at
3 months follow-up when compared to those who
did not obtain this effect (defined as non-responders). In addition, although the number of responders
was significantly higher in the active group when
compared to the control group, but among the
responders, no significant between-group difference
was found in regard to increase in the PPS response
to TTT, suggesting that the increase in PPS response
to TTT was obtained from the reduction of resting
PPS, rather from the choice of method to reduce the
resting PPS. Saying so, the odds ratio for obtaining
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the MID effect in resting PPS was four times and
significantly higher in the active group when compared to the control group. Furthermore, a strong
correlation was found between change in resting
PPS and change in PPS response to TTT during the
observation period.
The number of ANSD risk factors decreased
during the intervention period, and the betweengroup difference was statistically significant when
the active and control groups were compared. This
change correlated to the change in PPS response
to TTT over the 3-month intervention period.
These data support the finding at baseline that
resting PPS and the PPS response to TTT might
reflect ANS dynamics and the burden of ANSD
in patients with stable IHD. The findings also suggest that reducing an elevated resting PPS may
improve ANSD.
Strengths and limitations
The strengths of this study were: (i) The large number of participants studied; (ii) the use of a wellestablished experimental procedure with a fully
controlled stimulation of ANS, such as TTT; and
(iii) the previously tested used PPS discrimination
point for an elevated level of persistent stress [5,7].
A limitation of this study may be that a similar study
has not been conducted, thus excluding the possibility to relate the present findings to findings by other
research groups. It may be questioned if the
correlation between changes in PPS and changes in
PPS response to TTT as well as the correlation
between change in resting PPS during the months
of intervention and the change in PPS response
to TTT during the same period are subject to
‘regression towards the mean bias?’ We have
addressed this issue comprehensively, and found no
significant impact.
Conclusions
Resting PPS seems to reflect the autonomic nervous
system function and thus its dysfunction in patients
with stable ischemic heart disease. A reduction of
an elevated PPS in a prospective manner over
3 months was associated with a restoration of
autonomic nervous system dysfunction as measured
by a table tilt test, as well as a reduction in number
of risk factors.
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