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Chapter 6

Abstract
Self-report (i.e., explicit) measures of affect cannot fully explain the cardiovascular 
(CV) responses to stressors. Measuring affect beyond self-report (i.e., using implicit 
measures) could add to our understanding of stress-related CV activity. The Implicit 
Positive and Negative Affect Test (IPANAT) was administered in two studies to test its 
ecological validity and relation with CV responses and self-report measures of affect. 
In study 1 students (N = 34) viewed four film clips inducing anger, happiness, fear, or 
no emotion, and completed the IPANAT and the Positive And Negative Affect Scale 
at baseline and after each clip. Implicit negative affect (INA) was higher and implicit 
positive affect (IPA) was lower after the anger inducing clip and vice versa after the 
happiness inducing clip. In study 2 students performed a stressful math task with (n 
= 14) or without anger harassment (n = 15) and completed the IPANAT and a Visual 
Analogue Scale as an explicit measure afterwards. Systolic (SBP), diastolic (DBP) blood 
pressure, heart rate (HR), heart rate variability (HRV) and total peripheral resistance 
(TPR) were recorded throughout. SBP and DBP were higher and TPR was lower in 
the harassment condition during the task with a prolonged effect on SBP and DBP 
during recovery. As expected, explicit negative affect (ENA) was higher and explicit 
positive affect (EPA) lower after harassment, but ENA and EPA were not related to 
CV activity. Although neither INA nor IPA differed between the tasks, during both 
tasks higher INA was related to higher SBP, lower HRV and lower TPR and to slower 
recovery of DBP after both tasks. Low IPA was related to slower recovery of SBP and 
DBP after the tasks. Implicit affect was not related to recovery of HR, HRV, and TPR. In 
conclusion, the IPANAT seems to respond to film clip-induced negative and positive 
affect and was related to CV activity during and after stressful tasks. These findings 
support the theory that implicitly measured affect can add to the explanation of 
prolonged stress-related CV responses that influence CV health.
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Psychosocial stressors such as marital stress and job stress are increasingly recognized 
as contributors to the development or progress of cardiovascular (CV) disease (see for 
example 3,5,6,9,115,263-266). Still, studies have been inconclusive on the mechanisms 
underlying the relationship between psychosocial stress and CV diseases (8,9). This 
might be related to the inability of the used measurements of psychological stress to 
explain CV activity (23-25). The current paper addresses this issue by validating a test that 
indirectly assesses affect and is expected to more closely relate to psychophysiological 
responses; the Implicit Positive and Negative Affect Task (IPANAT; 84,291).

The reactivity hypothesis of stress has been the main focus of the field and 
emphasizes the acute physiological responses during a stressor. However, accumulating 
literature suggests that prolonged stress responses and not, or to a lesser extent, 
the reactivity during stressors, determine the detrimental consequences for health. 
In other words, measuring the CV activity during stressors might not fully represent 
that part of the physiological stress response that explains the development of CV 
or other diseases. Slow recovery from stressors and anticipatory responses to them 
might be of equal or even greater importance (10-16). Moreover, this prolonged activity 
leads to a pathological state that is often described as allostatic load (115) and is the 
final biological pathway to organic disease. Earlier research focusing on reactivity to 
a stressor has overlooked these different forms of the maladaptive stress response 
(i.e., prolonged physiological activation). These forms of prolonged activation have 
been attributed to ongoing cognitive representation of the stressors, which is known 
as perseverative cognition. Perseverative cognition, often manifested as rumination 
or worry, has been associated with prolonged CV activity (17-22, 292).

The assessment of psychological stress to explain related CV responses is typically 
done through self-report methods such as keeping a worry and mood diary or 
completing questionnaires like work stress scales or trait questionnaires of worry, 
anxiety, or general negative affect (e.g., 22-25,292,293). However, several findings indicate 
that these measures do not fully explain the prolonged CV responses to stressors 
(23-25). Brosschot et al. (2007, 22) for example found that individuals that experienced 
stressors and worry during the day displayed increased cardiac activity during sleeping 
at night, when conscious worry and affect-related cognitions are absent. Moreover, 
Pieper et al. (2010, 25) demonstrated that cardiac effects of worry in real life continued 
after worry episodes ceased and were not due to negative affect or biobehavioral 
variables such as movement or smoking. Additionally, Gerin and colleagues (23,24) 
found that slow blood pressure (BP) recovery after an experimental stressor was not 
due to explicit worrisome thoughts. These findings seem to indicate that part of the 
psychological stress response affects the CV system in a way that is not addressed by 
self-report measures. Brosschot and colleagues (26,27) have hypothesized that this 
part is explained by ongoing unconscious (or implicit) stress-related cognition. This 
unconscious stress-related cognition would represent a general negative state that 
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Chapter 6

one is unable to express, but that does affect physical wellbeing. Concepts related to 
unconscious stress-related cognition have already been widely used within cognitive 
and social psychology, such as implicit affective attitudes, self-esteem, and emotion 
(see for example 39,43,44,53), and have been demonstrated to influence for example 
decision making processes (42) and affective evaluation (47). Implicit stress-related 
cognition cannot be measured with self-report methods, because for these methods 
deliberate processing of the assessed construct is required (74).

Various instruments have been designed to measure affective processing at an 
implicit level (i.e., implicit measures) such as the affective Implicit Association Test 
(IAT; 76,82) and the IPANAT (84). In the current study, we examined the IPANAT as 
an implicit measure of stress-related cognition operationalized as implicit affect 
(84). The IPANAT is suggested to operate as an implicit measure of affect through 
the process of affect misattribution (47,83,86,294). Similar to the original studies of 
Zajonc and colleagues (1980, 47) in the IPANAT ambiguous stimuli are presented, 
namely a set of nonsense words, of which the affective value is rated on a six point 
scale for 12 emotional adjectives. The assumption is that the participants, again as 
in Zajonc’s studies, respond in accordance with their current affective state, without 
being fully aware of the construct being measured (84). The implict negative affect 
scale (INA) of the IPANAT has been shown to predict cortisol responses to a speech 
stressor and increases in circadian cortisol concentrations (85). The latter was recently 
partly replicated by Mossink, Verkuil, Burger, Tollenaar, and Brosschot (2015, 87). In 
Brosschot et al. (2014, study 2, 88) INA, measured with the IPANAT, was related to 
slower recovery of BP after a math stressor with anger harassment, whereas explicit 
negative affect (ENA) showed no significant relationship. However, in that study no 
control group for extra negative affective changes due to harassment was used, which 
limits inferences on the application of the IPANAT as implicit measure of stress-related 
cognition. In the current study, the harassment manipulation was again tested and 
a control group with only a math task was added to the design to test whether it is 
the specific affective component of anger harassment that affects INA and IPA as 
measured with the IPANAT.

The present studies address two issues. First, the IPANAT’s content validity has 
hitherto only been tested with simple affective stimuli, namely pictorial emotional 
stimuli. Furthermore, although associations of the IPANAT with physiological measures 
have been found its relationship with explicit measures of affect are underappreciated 
(for a review see 83,84). For example Quirin, Kazen, Rohrmann, and Kuhl (2009, 85) 
found a relationship between the negative, but not the positive, subscales of implicit 
and explicit affect. However, this observational study measured changes in cortisol 
levels, but not in affect. Thus, the interpretation of both the relationship between 
implicit and explicit affect and the ability of the IPANAT to capture direct changes 
in affect due to stressful experiences cannot readily be applied to the current ideas 
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about unconscious stress-related cognition. In the current two studies content validity 
was examined under more realistic conditions by providing negative and positive 
emotional film clips in one study, which are more ecologically valid than simple 
pictures and have been suggested to elicit prolonged affective responses compared 
with pictures (e.g., 295-297), and by deploying a more naturalistic stressor, namely 
a math task with and without anger harassment in a second study. Moreover, in the 
first study we assessed the IPANAT’s ability to detect changes in (implicit) affect and 
in the second study we relate the IPANAT subscales to physiological parameters 
to more specifically address the theory that changes in these parameters can be 
related to affect measured implicitly. We expected that the emotional film clips and 
especially anger harassment would evoke affect-congruent changes on the IPANAT 
subscales that are at least partly independent of explicit affect. Second, it addresses 
whether CV responses during a stressor and recovery from it, as a model of prolonged 
CV activation, are associated with implicit affect as measured with the IPANAT and 
whether this association is at least partly independent of that of explicit affect. More 
precisely, we expected that INA would be related to a higher reactivity to a stressor 
and slower recovery from it, and vice versa for implicit positive affect (IPA).

Furthermore, we expected stronger affective and CV effects for the math stressor 
with harassment. CV recovery is typically longer after emotional stressors than after 
physical or neutral stressors, while reactivity (i.e., responses during these stressors) is 
often equally high (e.g., 13,88 study 1). This difference in recovery is taken to be due 
to prolonged explicit stress-related cognition, or high ENA or low explicit positive 
affect (EPA), or both. Here, we hypothesized that it is also due to implicitly measured 
affect, that is, high INA or low IPA or both. Consequently, we expected that a more 
strongly negative emotional stressor (math with harassment) would lead to slower 
CV recovery and higher negative and lower positive affect, measured explicitly and 
implicitly, than a relatively more neutral stressor (math without harassment). We also 
expected that the slower CV recovery after harassment would be explained by the 
stronger affective responses, and that implicit affect explains CV recovery over and 
above explicit affect.

In sum, previous findings suggest that the IPANAT might be a suitable implicit 
measure of stress-related affective cognition, but its content validity and its ability 
to explain CV activity, expressed as reactivity and recovery to an emotional stressor, 
have not been thoroughly examined. In the present article two studies are reported 
that tested whether the IPANAT is able to detect changes in affective state induced 
by emotional film clips (study 1) and whether it can explain CV responses to a stressor 
beyond explicit measures of affect (study 2). In addition, it was tested whether the 
IPANAT scores were related to the general and differential CV responses to a stressor 
with and without anger harassment and to CV recovery after these stressors.
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Chapter 6

Study 1

Method
Participants and procedure
A total of 34 (64.7% female; mean age of 24.0 (SD = 8.51) students of Leiden University 
with sufficient understanding of the Dutch language enrolled in the experiment for 
course credits or five euro. Participants provided informed consent and received the 
standard instructions for the questionnaires after which they were seated in front of a 
computer and were asked to put on a Sennheiser HD201 headphone. In random order, 
four film clips were shown that were previously validated to elicit anger, happiness, 
fear, and a neutral state. The film clips were English versions identical to code 15 (1:17 
min), 24 (2:45 min), 65 (3:57 min) and 55 (0:40 min), respectively, from the FilmStim 
database (297). The volume accompanying the film fragments was set at medium 
(45-55 dB). The IPANAT and Positive And Negative Affect Scale (PANAS; 251) were 
administered at baseline and after each video clip (see Figure 1). In one case the 
PANAS was not completed after the anger film clip. The study was approved by the 
Independent Ethics Committee of the Institute of Psychology of Leiden University, 
under number 5148415681.

FIGURE 1 Timelines of both studies. In study 1 T0 represents the baselines measurement of 
affect, while T1 – T4 represent the affect measures after each film clip (indicated with F1 – F4). 
During study 2 cardiovascular activity was measured throughout. For analyses the last min of 
baseline, the five-min stressor and 15 separate min of the recovery were used, as indicated with 
a curved line
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Implicit and explicit affect
A Dutch translation of the IPANAT as a measure of implicit affect was provided (84,88). 
Respondents rated six artificial words (vikes, tunba, ronpe, belni, sukov, safme) for 
emotional adjectives on a six-point Likert scale. In the version we used, the IPANAT 
for discrete emotions (83), 12 emotional adjectives are used. The mean scores per 
adjective for all artificial words were computed and summarized in the mean scores 
of INA (sad, gloomy, unhappy, annoyed, irritated, angry, afraid, frightened, scared) 
and IPA (joyful, cheerful, happy). In this particular study the IPANAT was used as a 
repeated measure by providing the entire IPANAT at baseline and two nonsense 
words, randomly selected from the pool of six words, after each film clip. Repeated 
presentation of the same full test was likely to cause carryover and training effects 
or boredom, resulting in erroneous scoring. Filling out the full version IPANAT takes 
about 5 min and as a repeated measure about 2 min for each administration. In the 
current sample the IPANAT administered at baseline was found to be reliable with 
Cronbach’s α =.75 for INA and Cronbach’s α =.89 for IPA, which is comparable to the 
reliability found by Quirin, Kazen and Kuhl (2009, 85).

At all measurement points explicit affect was measured with the PANAS, which 
measures positive and negative affect on two 10 item scales with emotional adjectives 
(251). Participants indicate on a five-point scale the extent to which the items apply 
to their current affective state. The PANAS was found reliable in this sample with 
Cronbach’s α =.90 for ENA, Cronbach’s α =.87 for explicit positive affect (EPA), which 
is comparable with reliability found by Crawford and Henry (2004, 298) in a large 
nonclinical sample. The implicit and explicit affective responses to video clips were 
compared with the affective responses at baseline.

Results
The demographical information of all participants is provided in Table 1. Mean affect 
scores are displayed in Table 2. In this within-subject design, the effect of the film 
clips on affect was determined with four one-way repeated measures ANOVA’s, one 
for each affect measure. There were significant differences between film clips on all 
affect measures, INA: Wilks’ λ = .51, F(4, 30) = 7.32, multivariate partial η2 = .49; IPA: 
Wilks’ λ = .44, F(4, 30) = 9.64, multivariate partial η2 = .56; ENA: Wilks’ λ = .28, F(4, 29) 
= 18.6, multivariate partial η2 = .72; EPA: Wilks’ λ = .47, F(4, 29) = 8.31, multivariate 
partial η2 = .53, all p <. 001.

Subsequently, affect after each film clip was compared with baseline through 
planned comparisons, tested one-sided since our hypotheses had a clear direction 
(e.g257). The results were corrected for multiple comparisons using the Benjamini-
Hochberg procedure with the false discovery rate set at 10% (275-277). Results, displayed 
in Table 3, indicated that compared with baseline (M = 2.55, SD = 0.53) INA scores 
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were significantly higher after the anger inducing film clip (M = 3.00, SD = 1.01) and 
lower after the happiness inducing clip (M = 2.14, SD = 0.77), t(33) = 2.79, p = .009, 
d = 0.56 and t(33) = -3.22, p = .003, d = 0.62, respectively. INA was not significantly 
different after the fear inducing (M = 2.79, SD = 0.80) and neutral film (M = 2.59, SD = 
0.81) clips compared with baseline, t(33) = 1.59, p = .122, d = 0.35 and t(33) = 0.22, p = 
.830, d = 0.06, respectively. Similarly, compared with baseline (M = 3.20, SD = 0.88), 
IPA was significantly lower after the anger inducing clip (M = 2.51, SD = 1.20), t(33) 
= -2.83, p = .008, d = 0.66 and significantly lower after the fear inducing clip (M = 
2.67, SD = 0.84), t(33) = -2.60, p = .014, d = 0.62. IPA was significantly higher after the 

TABLE 1 Baseline characteristics of the total sample (N = 34) of study 1

Measure M SD
Demographics
Age, years 24.0 8.51
Female sex a 23 (70)
BMI 21.5 4.73
In a relationshipa 19 (56)
Biobehavioural variables
Smokea 4 (12)
Smoked units today 0.08 0.28
Cafeine use a 29 (85)
Caffeine units today 0.45 1.03
Alcohol usea 12 (86)
Alcohol units last 24 h 0.39 1.77
Drug usea 4 (12)
Drugs todaya 0 (0)
Current mental health complaints 2 (6)
Current psychological treatment 3 (9)

Abbreviations: BMI = Body mass index.
a Indicated with number of positive responses (percentage)

TABLE 2 Mean affect scores at baseline and after every film fragment in study 1

Implicit Explicit
NA PA NA PA

Phase M SD M SD M SD M SD
Baseline 2.55 0.53 3.20 0.88 1.48 0.67 2.88 0.54
Anger 3.00 1.01 2.51 1.20 2.52a 0.90 2.38a 0.50
Happy 2.14 0.77 3.70 1.06 1.44 0.59 2.75 0.67
Fear 2.79 0.80 2.67 0.84 2.37 0.75 2.52 0.45
Neutral 2.59 0.81 2.95 1.06 1.45 0.54 2.30 0.61

Note. N = 34. Abbreviations: NA = Negative affect, PA = Positive affect.
a N = 33
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happiness inducing film clip (M = 3.70, SD = 1.06), t(33) = 2.46, p = .019, d = 0.51. IPA 
was not significantly changed after the neutral film clip (M = 2.95, SD = 1.06), t(33) = 
1.12, p = .272, d = 0.26.

ENA scores were, compared with baseline (M = 1.48, SD = 0.67), significantly higher 
after the anger inducing clip (M = 2.52, SD = 0.90) and the fear inducing clip (M = 2.37, 
SD = 0.75), t(32) = 5.90, p < .001, d = 1.31 and t(33) = 5.96, p < .001, d = 1.25, respectively. 
ENA was not significantly changed after the happiness inducing (M = 1.44, SD = 0.59) 
and neutral film clips (M = 1.45, SD = 0.54), t(33) = -0.30, p = .767, d = 0.06 and t(33) = 
-0.29, p = .772, d = 0.04, respectively. Finally, compared with baseline (M = 2.88, SD 
= 0.54), EPA was significantly lower after the anger inducing film clip (M = 2.38, SD 
= 0.50), the fear inducing film clip (M = 2.52, SD = 0.45) and the neutral film clip (M 
= 2.30, SD = 0.61), t(32) = -4.92, p < .001, d = 0.96, t(33) = -4.00, p < .001, d = 0.72 and 
t(33) = -4.87, p < .001, d = 1.01, respectively. EPA was not significantly changed after 

TABLE 3 Planned comparisons between affect at baseline and after each film clip in study 1

Comparisons M diff SE t d
Implicit NA
Anger 0.453 0.16 2.79** .56
Happy -0.407 0.13 -3.22** .62
Fear 0.245 0.15 1.59 .35
Neutral 0.033 0.15 0.22 .06
Implicit PA
Anger -0.691 0.24 -2.83** .66
Happy 0.495 0.20 2.46* .51
Fear -0.534 0.21 -2.60* .62
Neutral -0.255 0.23 -1.12 .26
Explicit NA
Anger a 1.027 0.17 5.90*** 1.31
Happy -0.032 0.11 -0.30 .06
Fear 0.891 0.15 5.96*** 1.25
Neutral -0.029 0.10 -0.29 .04
Explicit PA
Anger a -0.521 0.11 -4.92*** .96
Happy -0.12 0.11 -1.19 .21
Fear -0.359 0.09 -4.00*** .72
Neutral -0.582 0.12 -4.87*** 1.01

Note. N = 34. d is calculated with original means and standard deviations. Tests were 
performed one-sided and corrected for multiple comparisons using the Benjamini-Hochberg 
procedure (Benjamini & Hochberg, 1995; Simes, 1986) with the false discovery rate set at 10%. 
Abbreviations: NA = Negative affect, PA = Positive affect.
a N = 33.
*  p < 0.05, **  p < 0.01, ***  p < 0.001
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the happiness inducing film clip (M = 1.75, SD = 0.67), t(33) = -1.19, p = .241, d = 0.21. 
Furthermore, there were no significant correlations between changes in implicit 
affect and explicit affect as displayed in Table 4.

Discussion
In this study we tested whether the IPANAT is able to detect changes in affective 
state. The film clips instigated affect-congruent changes on the IPANAT subscales that 
were unrelated to changes in self-reported affect. These results add to the evidence 
for the IPANAT’s validity by using stimuli that are more ecologically valid than the 
pictures used in the original studies (84). Notably, the fear inducing clip lowered 
IPA, but did not change INA, while the anger evoking clip did change both scales in 
the expected directions. The fear inducing clip might not have effectively evoked 
the targeted emotion, anxiety. Still, although not significantly, it did change INA in 
the expected direction, and yielded expected and significant explicit NA changes. 
Moreover, in the film clip pool (297) the same clip yielded a comparable mean ENA 
of 2.40. Together, this seems to indicate that the negative affect induced by the fear 
clip was not captured by the INA subscale of the IPANAT. Similarly, although explicit 
affect changed in an affect-congruent fashion, no changes in EPA were found after the 
happiness inducing clip. However, considering that EPA did not only decrease after 
the two negative clips, but also after the neutral film clip, the absence of an affect 
after the happiness inducing clip can be interpreted as an affect-congruent effect. An 
alternative explanation could be that the sample had a relatively high positive affect 
at baseline that did not change after the happiness inducing clip, as it was congruent 

TABLE 4 Pearsons product-moment correlations between changes in implicit and explicit affect 
in study 1

Affect Fragment r
ENA EPA

INA Anger .26 .10
Happy .01 -.32+

Fear -.07 .11
Neutral -.01 .33+

IPA Anger -.06 .06
Happy -.06 .32+

Fear .28 -.21
Neutral .10 -.34+

Note. N = 34. Abbreviations: INA = Implicit negative affect, IPA = Implicit positive affect, ENA = 
Explicit negative affect, EPA = Explicit positive affect.
+ p < .10
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with the dominant affective state, but did decrease to a relatively more neutral state 
after the neutral film. Furthermore, one could argue that the differences in length of 
the film clips elicited different intensities of the induced affect (295). However, longer 
exposure time to a film clip did not increase the effect of the film clips (i.e., the fear 
inducing film clip was the longest but did not elicit the largest effect).

In sum, the results suggest that the IPANAT is able to measure changes in affect 
after emotion induction using films that are congruent with the valence of these 
stimuli. Moreover, it measures changes independently of explicit measures.

Study 2

Method
Participants
Thirty three Dutch undergraduate students from Leiden University, The Netherlands, 
were recruited and received eight euro or course credits for participation. Participants 
were randomly assigned to the stressor with harassment and stressor without 
harassment conditions (see below). Two participants had current CV disease and/or 
psychological problems, in one case the experiment failed due to technical difficulties 
and one participant had consumed over 5 units of alcohol in the 24 hrss before the 
experiment. These cases were excluded from the analysis. The final sample with a mean 
age of 21.0 (SD = 2.29) consisted of 18 females (62.1 %). The study was approved by 
the Independent Ethics Committee of the Institute of Psychology of Leiden University, 
under number 3145923676.

Implicit and explicit affect
The Dutch full version IPANAT was used in this study as a single measure one min after 
the termination of the stressor. The artificial word ‘safme’ was omitted as subjects 
reported it was associated with ‘save me’, and thus possibly not sufficiently ambiguous. 
Leaving out one of the words did not affect reliability; Cronbach’s α was .93 for INA 
and .92 for IPA, which is in line with previous findings (84,88).

As an explicit measure of affect a Visual Analogue Scale (VAS) was provided. 
Participants were asked to what extent they felt a certain emotion (e.g., “How annoyed 
are you at this moment?”), using the same emotional adjectives as in the IPANAT. At 
the bottom of the screen a horizontal line of 10 cm was shown, with “not at all” on 
the left and “very much” on the right on which the participants could indicate their 
affect, resulting in a score in the range of -100 to +100, with a higher rating indicating 
increased levels of the adjective. Scores were averaged into ENA and EPA in a similar 
fashion as the IPANAT. With respect to reliability Cronbach’s α’s were .90 and .96 for 
ENA and EPA, respectively.
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Cardiovascular activity
The physiological data were measured continuously throughout the experiment. 
Averages of each outcome measurement were calculated over the last min of baseline, 
the five-min stressor phase, and separately for all 15 min of the recovery. Systolic 
BP (SBP) and diastolic BP (DBP; mmHg) were measured with the Portapres Model-2 
(Finapres Medical Systems, Amsterdam, The Netherlands), a noninvasive method to 
measure BP by placing a finger cuff on the middle finger of the nondominant hand. 
The electrocardiogram (ECG) was recorded with Kendall® 200 Covidien electrodes at 
a sample rate of 200 Hz with BIOPAC MP150 (Biopac Systems, Goleta, CA, USA) and 
visually inspected as well as corrected for movement artifacts with Acqknowledge 
3.9.1.4. SBP, DBP, and HR (bpm) were extracted with a tailor made toolbox in Matlab 
R2012b. A low-pass filter (20 Hz, Blackman 40 coeffients) was applied to the BP signal. 
The ECG signal was up sampled to 1000 Hz and a comb filter (50 Hz, Q = 5) was 
applied. Root mean squared successive differences (RMSSD; ms) was derived from 
the ECG signal as a measure of HRV (95,299,301). Total peripheral resistance (TPR; 
mmHg.min/L) was derived using an approximation of cardiac output (CO) by the 
formula CO = (.002*(SBP – DBP))*HR (229,230,302). From MAP and the approximated 
CO, using the formula TPR = (MAP/CO), estimated TPR was then obtained (189). To 
avoid redundancy, only the outcome measure of interest, TPR, is reported.

Stress induction
All participants were instructed to perform a mathematical task; calculating backwards 
from 9000 in steps of 17 out loud. Emotional stress was induced by an anger harassment 
procedure in the stressor with harassment condition only; participants received seven 
pre-recorded remarks in an angry tone at set times (0:30; 1:00; 1:30; 2:30; 2:40; 4:00, 
and 4:55) during the five min duration of the stressor phase. These harassing remarks, 
such as “You are counting too slow, try to speed up.” and “Could you really try to 
focus now?”, were similar to those used by Radstaak, Geurts, Brosschot, Cillessen, and 
Kompier (2011, 303) and others (e.g., 304,305). Participants in the stressor without 
harassment condition did not receive any harassing remarks, but all participants 
received the instruction to start at 0:00.

Procedure
The study was run by two experimenters, of which one monitored the physiological 
measurements and the other was in contact with the participant. The procedure was 
explained to the participants after which they signed an informed consent before 
starting with the experiment. Demographics and biobehavioral variables were obtained 
followed by placement of the finger cuff and electrodes. The tasks and tests were 
presented via computer (E-Prime 2.0.8.90). A five min baseline period started during 
which participants could read a magazine with neutral content and were asked to sit 
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quietly (e.g., 92). This was followed by the stress induction as described above. The 
immediately ensuing recovery started with a min during which participants did not 
perform any tasks and were instructed to remain seated for measurement purposes. 
This was considered to be different from baseline since cognitive representations of 
the stressor were assumed to be present. After the first min of recovery the IPANAT 
started, followed by the VAS. When finished with the tasks within 15 min after the 
stressor, participants would wait until the 15 min had passed (See Figure 1). Finally, 
the finger cuff and electrodes were removed and participants were asked about 
their thoughts and experiences during and about the experiment before they were 
given a debriefing on the actual purpose of the study and constructs assessed with 
the IPANAT.

Statistical analyses
To represent reactivity, but not recovery, change scores were calculated by subtracting 
baseline values from those during the stressors for all CV outcomes (238) and effects 
of condition (i.e., stressor with and without harassment) were analyzed with one-
sided t tests since our hypotheses had a specific direction (e.g., 257). Hierarchical 
multiple regression was used to assess the association between affect measures 
and physiological outcome variables, after controlling for condition. Recovery was 
analyzed with multilevel analyses for SBP and DBP (306), as it has various advantages 
over repeated measures ANOVAs when analyzing effects of time, such as a better 
handling of missing data and including individual slopes into the model, and thus is 
able to consider multiple levels in the data (e.g., 279). The mean of the CV measure 
during the stressors was included as covariate in the basic growth model. The model 
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Results
The data were inspected for collection errors, missing values, outliers (> 3 SDs from 
the mean), and violation of assumptions for all performed analyses. The distribution 
of RMSSD was skewed and a square root transformation was applied. One participant 
displayed a high SBP at rest (> 175 mmHg) and throughout the experiment, which 
was considered extreme. To be conservative, these data points were not included in 
analyses. Furthermore, one participant provided too many identical responses (i.e., 
1-1-1-1 on the IPANAT) and the data were excluded from the data set. As suggested 
by Quintana and Heathers (2014, 307) differences between conditions regarding 
demographical and biobehavioral variables were examined but none were observed, 
nor were there differences found between conditions in CV outcome measures as 
displayed in Table 5.

Explicit and Implicit Affect
To examine the effect of the stressor with and without harassment on affect independent 
samples t tests were performed, one-sided (e.g., 257), and corrected for multiple 
comparisons using the Benjamini-Hochberg procedure with the false discovery rate 
set at 10% (275-277). In response to the stressor higher levels of ENA were reported by 
participants after the stressor with harassment (M = -46.2, SD = 37.6) compared with 
the stressor without harassment (M = -74.97, SD = 21.89), t(26) = 2.47, p = .020, 95% CI 
[4.83, 52.6], d = 0.93. Furthermore, after the stressor with harassment lower EPA (M = 
-7.60, SD = 43.2) was reported compared with the stressor without harassment (M = 
31.9, SD = 36.3), t(27) = -2.67, p = .013, 95% CI [-69.9, -9.15], d = 0.99. However, there was 
no condition effect on INA (with harassment: M = 2.97, SD = 0.54, without harassment: 
M = 2.97, SD = 0.46), t(26) = 0.030, p = .976, 95% CI [-0.38, 0.39], d = 0.01, nor on IPA 
(with harassment: M = 3.34, SD = 0.75, without harassment: M = 3.43, SD = 0.52), t(26) 
= -0.37, p = .713, 95% CI [-0.59, 0.41], d = 0.14. In sum, there was no condition effect 
on implicit affect, but there was an expected condition effect on ENA.

As exploratory analyses the associations between the affect measures were 
examined. INA was not significantly related to IPA or EPA, rs < -.20, ps > .05, or ENA, 
r(28) = .16, p > .05, IPA was not significantly related to ENA, r(28) = -.20, p > .05, and 
marginally significantly related to EPA, r(28) = .32, p = .09. ENA and EPA showed a 
strong inverse relationship, r(28) = -.83, p < .001.

Cardiovascular reactivity
First, we examined whether there were statistically significant changes in CV activity 
from baseline during both tasks using paired t tests, one-sided (e.g., 257), and corrected 
for multiple comparisons using the Benjamini-Hochberg procedure with the false 
discovery rate set at 10% (275-277). Compared to baseline in both conditions there 
was an increase in SBP, DBP, and HR and a decrease in TPR (see Table 6). No significant 
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decrease was found for RMSSD. Second, we examined the effect of the stressor with 
and without harassment on the CV measures using independent samples t tests, again 
one-sided (e.g., 257) and with the Benjamini-Hochberg correction (275-277). These 
tests indicated that the stressor with harassment elicited significantly higher SBP (M = 
23.3, SD = 9.43) compared with the stressor without harassment (M = 12.6, SD = 8.56), 
t(25) = 3.07, p = .005, 95% CI [3.51, 17.8], d = 1.19. DBP was significantly higher in the 
stressor with harassment (M = 12.9, SD = 1.40) compared with the stressor without 
harassment (M = 8.98, SD = 4.26), t(26) = 2.27, p = .032, 95% CI [-2.13, 0.09], d = 1.61, 

TABLE 5 Baseline characteristics for the total sample of study 2 by condition

Harassment
(n = 14)

No harassment
(n = 15)

Measure M SE M SE t/χ2

Demographics
Age, years 20.6 0.69 21.3 0.52 -0.73
Female sex a 7 (50) 11 (73) 1.68
BMI 21.7 0.91 22.2 1.07 -0.30
Biobehavioral variables
Smokea 2 (14) 1 (6) -0.45
Daily Smoking 0.93 0.73 0.60 0.60 0.35
Cafeine use a 11 (79) 9 (60) -1.17
Daily caffeine intakec 1.50 0.49 0.90 0.26 1.09
Alcohol usea 12 (86) 13 (87) -0.01
Weekly alcohol consumption 3.09 0.76 2.72 0.97 0.30
Drug usea 1 (7) 0 (0) -1.11
Exercise a 11 (79) 13 (87) -0.33
Weekly exercise (hrss) 3.11 0.75 3.37 0.96 -0.21
Visits to GP (last 6 months) 0.79 0.21 1.00 0.45 -0.43
Cardiovascular measures
SBP b 129.2 3.23 124.5 3.55 0.97
DBP 68.3 2.02 68.5 1.95 -0.16
HR 72.2 2.01 79.4 3.27 -1.93+

RMSSD b 6.14 0.41 5.78 0.35 0.66
TPRb 3.17 0.06 3.19 0.10 -0.16

Note. A square root transformation was applied to RMSSD. There were no significant 
differences between the conditions. Abbreviations: BMI = Body mass index, GP = General 
practitioner, SBP = Systolic blood pressure, DBP = Diastolic blood pressure, HR = Heart rate, 
RMSSD = Root mean square of successive differences, TPR = Total peripheral resistance.
a Indicated with number of positive responses (percentage), Pearson χ2 was used as test 

statistic.
b N = 28.
c Levene’s Test indicated unequal variances, df = 19.9.
+ p < 0.10, tested two-sided
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respectively. Furthermore, TPR was significantly lower in the stressor with harassment 
condition (M = -1.44, SD = 0.42), compared with the stressor without harassment (M 
= -0.34, SD = 0.26), t(18.62) = 3.07, p = .036, 95% CI [-2.13, -0.08], d = 1.16, respectively. 
No significant differences (p > .10) in HR (d = 0.62) and RMSSD (d = 0.12) were found 
between conditions. These findings were confirmed by RM-ANOVAs. Gender, body 
mass index (BMI), and smoking were not related to the outcome measures and were 
not included in the models.

Cardiovascular reactivity and affect
The association between implicit and explicit affect and CV reactivity was examined 
with a hierarchical regression analysis for each CV outcome measure resulting in five 
separate models. In all the models condition was added at step 1 and explicit affect 
at step 2. Since we expected that implicit affect would explain CV activity over and 
above explicit affect, we added INA and IPA in step 3. Even though ENA and EPA were 
highly correlated, r(28) = -.83, p < .001, VIF and tolerance were of acceptable levels 
in all tests and thus the assumption of multicollinearity was not violated (308). The 
final models are displayed in Table 7.

SBP was not significantly associated with ENA and EPA. However, INA and IPA 
were marginal significantly associated and explained an additional 16.1% of the 
variance, F(5,19) = 2.60, p = .059, ∆F = 2.58, p = .104. The final model explained 40.7% 
of the variance, with condition, t(24) = 2.10, p = .049, and INA, t(24) = 2.19, p = .041, 

TABLE 6 Cardiovascular activity during manipulation in study 2

Total Samplea Condition
Harassment No Harassment

Measureb M SE t M SE M SE t
 SBP 144.1 2.92 -8.75*** 153.4 4.53 137.2 3.14 -3.07**

 DBP 78.7 1.71 -11.6*** 78.9 2.67 77.7 2.31 -2.27+

 HR 85.2 1.89 -5.75*** 82.8 3.36 86.8 2.51 -1.63
 RMSSD 5.84 0.24 1.14 6.09 0.38 5.63 0.30 0.31
 TPR 9.26 0.344 3.48** 8.67 0.497 9.74 0.478 2.33+

Note. All tests were performed one-sided and corrected for multiple comparisons using 
the Benjamini-Hochberg procedure with the false discovery rate set at 10%. A square root 
transformation was applied to RMSSD. Abbreviations: SBP = Systolic blood pressure, DBP 
= Diastolic blood pressure, HR = Heart rate, RMSSD = Root mean square of successive 
differences, TPR = Total peripheral resistance.
a Compared with baseline.
b Stressor with harassment has two missing values for SBP and RMSSD and one for DBP and 

HR. Stressor without harassment has one missing value RMSSD and TPR.
+  p < 0.10, **p < 0.01, ***p < 0.001
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as significant univariate predictors. These results indicate that condition and a high 
level of INA were associated with an increased SBP. Regarding DBP, ENA, and EPA, nor 
INA and IPA were significantly associated with the outcome measure. However, in the 
final model IPA was a marginal significant univariate predictor, t(25) = 1.76, p = .093, 
(i.e., higher IPA, higher DBP). The total variance explained was 33.2%. HR reactivity 
was not associated with ENA and EPA, nor INA and IPA. Total variance explained, by 
condition, was 25.2%. For RMSSD, ENA, and EPA were not significantly associated. 
However, although INA and IPA did not significantly affect the model, F(5,19) = 1.79, 
p = .16, ∆R2 = .30, ∆F = 4.17, p = .032, INA was a significant univariate predictor in 
the model, t(24) = -2.67, p = .015. The model explained 32.0% of the total variance 
and indicates that a higher INA was associated with a decrease in RMSSD during the 
stressor. Finally, reactivity of TPR was significantly associated with ENA and EPA at 
step 2 and explained 17.8% of the variance compared with step 1, F(3,20) = 4.86, p = 
.011, ∆R2 = .18, ∆F = 3.08, p = .07. In the final model INA and IPA showed a significant 
association, F(5,18) = 5.27, p = .004, ∆R2 = .172, ∆F = 3.82, p = .041, and explained 
58.4% of the total variance. INA was the only significant univariate predictor in the 
model, t(23) = -2.63, p = .017. Again, a higher INA was related to a decrease in TPR 
during the stressor.

Cardiovascular recovery and affect
Multilevel modeling was applied to SBP and DBP. First, a growth model was fitted to 
the data to model the change over time, Model 1 (306). Second, two separate models 
for the implicit (Model 2) and explicit (Model 3) scales were fitted that included the 
affect scales and their interaction with Time and Time2, to examine the relation of 
the affect measures independently. Finally, a model was fitted that included both 
subscales (Model 4), to examine the hypothesis that implicit affect can explain CV 
activity over and beyond explicit affect. The models were evaluated with and without 
condition as a predictor, but adding condition did not improve the models. Models 
without condition are reported.

To model SBP recovery, a heterogeneous autoregressive covariance structure 
was applied to the error variance, as is appropriate for fitting growth models (see for 
example 278). The slope of Time was allowed to vary randomly between participants. 
Results are displayed in Table 8a. There were significant associations of Time as well 
as Time2, indicating that the recovery slope was composed of a linear decrease as 
well as a quadratic change (Model 1). The latter represented a trend with the fastest 
decrease at the beginning and a (small) increase in SBP towards the end of the 
recovery phase. Adding INA and IPA and their interactions with Time and Time2 
(Model 2) improved the model, ∆AIC = 70.8 and ∆BIC = 48.1. IPA in interaction with 
Time and Time2 showed marginal significance, B = -1.13, t(58.2) = -1.94, p = .057 and 
B = 0.06, t(43.6) = 1.90, p = .098 respectively, indicating that higher IPA was related 
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to a stronger linear decrease of SBP and a stronger quadratic response. Thus, higher 
IPA was associated with a faster recovery of SBP, especially in the beginning of the 
recovery phase as displayed in Figure 2. By adding ENA and EPA (without implicit 
affect) and interactions with Time and Time2 (Model 3), the fit also improved, ∆AIC 
=68.1 and ∆BIC = 45.5. However, no individual predictors were found. Additionally, 
the AIC and BIC were higher than Model 2, with -2.72 and -2.56 respectively, indicating 
a better fit of Model 3. When both implicit and explicit affect and interactions with 
Time and Time2 were added to the model (Model 4), it was a better fit to the data 
compared with Model 1, ∆AIC = 141.1 and ∆BIC = 96.2, Model 2, ∆AIC = 70.3 and ∆BIC 
= 48.1, and Model 3, ∆AIC = 73.0 and ∆BIC = 50.7. The interactions of IPA and Time, 
B = -1.54, t(55.2) = 2.30, p = .025, and Time2, B = 0.08, t(44.2) = 2.30, p = .026, were 
significantly associated with recovery of SBP in the final model. INA, ENA, and EPA 
were not associated with SBP.

To model DBP recovery, an autoregressive covariance structure was applied to 
the error variance, as is appropriate for fitting growth models (see for example 278). 
The slope of Time was allowed to vary randomly between participants. Results are 
displayed in Table 8b. There was a significant association of Time and Time2, indicating 
that the recovery slope was composed of a linear increase as well as a quadratic 
change representing an increase at the beginning and an decrease in DBP towards 
the end of the recovery phase (Model 1). Adding INA and IPA and interactions with 
Time and Time2 (Model 2) improved the model, ∆AIC = 80.0 and ∆BIC = 56.5. Here, 
INA showed a positive significant interaction with Time, B = 0.50, t(89.0) = 2.06, p = 
.043, and a negative significant interaction with Time2, B = -0.04, t(67.4) = -2.26, p = 
.027. These associations indicate that higher INA was related to a smaller decrease in 
DBP with in fact a slight increase at first. Additionally, the IPA by Time interaction was 

FIGURE 2 Mean predictive values of SBP over each of the 15 min of recovery (Model 4) displayed 
for high and low implicit positive affect. For display purposes scores of implicit positive affect 
were dichotomized
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significant, B = -0.45, t(89.5) = -2.46, p = .016, indicating that higher IPA was related to 
a faster linear recovery of DBP over time. Adding EPA and ENA to the model did not 
substantially improve the model (Model 3). When both implicit and explicit affect and 
interactions with Time and Time2 were added to the model (Model 4), the fit did not 
improve and the associations between implicit affect and DBP recovery remained. 
The results are illustrated in Figure 3. Separate models of both SBP and DBP were 
also run with gender, BMI, and smoking as covariates. Adding these covariates to 
the models did not change the associations of implicit and explicit affect with SBP 
and DBP recovery.

As mentioned, before recovery of the other outcome measures took place within 
one min after the stressors had ended and could therefore not be modelled over time 
using multilevel analysis. Alternatively, to test the association with the affect measures 
partial correlations were performed on the first min after recovery of the means of HR, 
RMSSD, and TPR, correcting for the preceding reactivity. HR, RMSSD, and TPR were 
not significantly related to implicit or explicit affect. Results are displayed in Table 9.

TABLE 9 Pearson product-moment partial correlations between measures of affect and first 
min of recovery of study 2

Affect HRa RMSSDb TPRb

Implicit NA -.24 .30 .17
Implicit PA -.20 -.14 .25
Explicit NA -.18 -.001 .18
Explicit PA .16 -.05 -23

Note. Controlled for HR, RMSSD, and TPR during the stressor. A square root transformation 
was applied to RMSSD. There were no significant correlations. Abbreviations: NA = Negative 
affect, PA = Positive affect, HR = Heart rate, RMSSD = Root mean square of successive 
differences, TPR = Total peripheral resistance.
a N = 23
b N = 22

Discussion
Study 2 examined whether affect measured at an implicit level, as measured with the 
IPANAT, was associated with CV reactivity to and CV recovery after a stressor with 
or without anger harassment. During both stressors participants showed increased 
SBP, DBP, and HR, and lower TPR compared with baseline. When comparing the two 
conditions, these associations were more pronounced for SBP, DBP, and TPR after the 
stressor with harassment compared with the stressor without harassment. HR and 
RMSSD responses were similar for both conditions. Taken together this suggests a 
more pronounced cardiac controlled vascular response during harassment in addition 
to a math stressor.
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There were no differences between the conditions in implicit affect. In contrast, 
those in the stressor with harassment condition experienced more ENA and less 
EPA as expected. This indicates that the more negative affective component of the 
harassment stressor was only reflected in explicit affect and not in implicit affect. 
However, higher INA was related to higher SBP reactivity and lower RMSSD and 
TPR reactivity during the stressors independent of stressor type. No associations 
between implicit affect and DBP and HR levels were observed during the stressors. 
Unexpectedly, the pattern of recovery was similar for both conditions. Overall, BP 
recovered rather slowly after an initial somewhat faster decrease. Importantly, the 
slow recovery of BP over the course of the recovery was (partly) statistically explained 
by implicit affect, but not by explicit affect. More precisely, slow recovery of SBP was 
related to low IPA, but not to INA. Slow recovery of DBP was partly related to both 
high INA and low IPA. HR, RMSSD, and TPR seem to have recovered rather quickly, that 
is, within the first min after the stressor. For these outcome measures no relationship 
with implicit affect measures was found. Remarkably, explicit affect was not related 
to any of the CV measures.

Taken together, the most salient result of study 2 seems to be that not explicit, 
but implicit affect explained variance in reactivity and recovery, but that at the same 
time explicit, but not implicit affect, was influenced by the stressor types, and thus 
by the experimental increase in negative emotionality. One explanation of these 
contrasting results might be that self-reported (explicit) affect reflected mainly the 
experimental demand characteristic (“the experimenter made me angry so I think 
I am angry”) while implicit affect reflected the core affective state induced by both 
stressors (310), which was not substantially influenced by the harassment, as will be 
discussed below.

General discussion
Traditional self-report measurements of stress, or explicit measures of affect, cannot 
fully explain CV activity. Hence, the relationship between affect as an indicator of 
psychological stress and CV health remains largely indeterminate, and the examination 
of a possible role for implicit measures of affect is warranted. In the present work 
the IPANAT, as a promising implicit measure of affect, was evaluated in two studies 
to examine its ability to assess changes in affective state and explain stress-related 
CV activity beyond explicit measures of affect. In study 1 the IPANAT appeared to be 
able to measure affect-congruent changes in INA and IPA after anger and happiness 
inducing film clips. Of the multiple expected congruent effects only an effect on IPA, 
but not INA, after a fear inducing clip was found. Importantly, implicit affect changed 
independently from explicit affect. Thus, the IPANAT is able to measure changes in 
affect that are generally congruent with the valence of the presented stimuli and 
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independent of explicit affect. We conclude that the differential responses of the 
IPANAT in response to the film clips form an important extension of the modest 
number of available validation studies of the IPANAT and add ecological validity to 
previously used methods (e.g., pictorial stimuli).

Study 2 employed a realistic stressor with and without an enhanced negative 
affective component and continuously measured CV activity. The affective component 
was reflected in differences in explicit affect, but not in implicit affect. Nevertheless, 
only the implicit affect measures, and not the explicit ones, were associated with 
the CV responses to both stressors and their recovery afterwards. Specifically, SBP 
increases and HRV and TPR decreases during the stressors were related to higher INA, 
but implicit affect did not clearly relate to DBP and HR reactivity. Slower recovery of 
SBP was associated with lower levels of IPA, and DBP recovery was associated with 
both IPA and INA in the expected direction. HR, HRV, and TPR showed a very quick 
recovery that was not related to implicit or explicit affect. Thus, the IPANAT adds to 
the understanding of the CV response to stressors were explicit measure do not. These 
results and some unexpected findings, such as the prolonged physiological effects 
of the stressors on BP but not HR, HRV, or TPR, are discussed in more detail below.

Stressors and CV activity
We did not find a direct effect of the manipulation of the stressors on recovery, but 
the differences in recovery can be attributed to the differences in reactivity. The 
stressors yielded higher SBP and DBP and lower TPR, and for all CV measures the 
magnitude of reactivity contributed to speed of recovery. This suggests a role for the 
reactivity, not the stressor itself, in the effect of a stressor on the speed of CV recovery. 
Consequently, the notion of Brosschot et al. (2014, 88) and Linden et al. (1997, 13) that 
an emotional stressor would delay CV recovery compared with nonemotional stressor 
holds to the extent that it increases reactivity that, independent from condition, 
slows down recovery.

In general, the pattern of CV activity in study 2, a vascular (i.e., BP) and myocardial 
(i.e., HR) increase during the stressor and a prolonged recovery that appeared to 
be mostly vascular under cardiac control, is comparable to other studies (e.g., 
8,10,19,304,305,309). The quick recovery of HR is in line with the observation that an 
increase in HR can be seen as primarily reflecting task engagement or effort (e.g., 311), 
and less related to possible emotional aspects of the task that might linger on after 
its completion. Furthermore, the speech activity required in the current stress task 
(i.e., calculating loudly) might also have played a role. Sloan, Korten, and Myers (1991, 
312) found a smaller increase in HR during a mathematical task when vocalization of 
the response was not required. More specifically, changes in respiratory frequency 
due to speaking were found to increase HR. The neccesity to speak ended right after 
the task resulting in a quick decrease of HR. Sloan and colleagues (1991, 312) also 
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attributed the absence of changes in HRV to the effect of speaking on HRV. Thus, 
the findings regarding HR and HRV might not or to a lesser extent be related to the 
psychological component of the stressors but rather to the design characteristcs of 
the study.

In contrast to what is commonly found in threatening situations, namely an increase 
in TPR, we here found a decrease in TPR (99,100). It is possible that the stressors, a 
mathematical task with or without harassment, did not induce a threatened but a 
challenged state. Regarding our findings with TPR the stressors might not have been 
as straining as we had anticipated, for example because of lack of personal relevance 
of the stressors to the participants (99). The findings also suggests that the prolonged 
effects on SBP and DBP cannot be explained by TPR, that recovered within a min after 
the stressor, but are due to other factors that we have not measured directly, such as 
stroke volume or cardiac output. Overall, the results support previous notions that 
researchers should include recovery in the laboratory models of stress, as the activity 
seen during reactivity does not necessarily reflect clinically relevant responses (13).

IPANAT and CV activity
The findings of study 1 add to the understanding of affect, measured at an implicit 
and explicit level, by addressing the ongoing nature of affect through presentation 
of film clips. Furthermore, the absence of changes in INA after the fear inducing clip 
is similar to the study of Quirin, Bode, and Kuhl (2011, 253) in which they showed a 
threat-related film clip and measured INA and IPA but found no changes in implicit 
affect after a threat inducing film clip. This suggests that the INA subscale might not 
be sensitive or specific enough to detect fear. The construct validity, both convergent 
and discriminant, seem supported by study 1: the scores on the IPANAT scales are 
reasonably congruent with the emotional content of the different emotional film 
clips. This was only partially the case for study 2 where only convergent validity 
seems apparent from the expected correlations with physiological measurements 
stress responses. In line with previous research, we observed no association between 
INA and IPA, which explains why the results we found with INA did not always mirror 
those with IPA (84,85).

The stressors in study 2 led to group specific changes in explicit but not implicit 
affect. This is even more surprising considering the independent relation we found 
between implicit affect and CV outcome measures. The increased ENA and decreased 
EPA can be explained by demand characteristics of the stressors. In the condition 
with harassment the affective component was quite obvious to the participants. They 
were told they were not doing a good job. In the stressor group without harassment 
there was no feedback which created an ambiguous setting. These differences might 
very well be what was measured with the explicit measures of affect; the ambiguous 
situation was not experienced as overtly negative. An alternative explanation is that 
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in study 2 that the IPANAT scores were in fact related to the trait component, and 
not the state component, of affect (84). As no baseline measure of the IPANAT was 
taken, the current study does not exclude this possibility; perhaps it is the trait part 
of affect captured by the IPANAT that is related to CV activity. However, it is likely 
that self-reported affect reflected what the participants thought they had to report 
and not necessarily how they were feeling (i.e., their core affect; 310). Moreover, 
core affect might be best reflected on the IPANAT subscales; both stressors elicited 
discomfort which was overridden by demand characteristics of the experiment on 
the explicit level of affect but was displayed in both conditions on the implicit level. 
This explanation is further amplified by the finding that only implicitly measured 
affect contributed to CV activity during and after the stressors. If this interpretation is 
correct, implicit affect scores reflected core affect that was manifested in CV changes. 
This highlights the additional value of implicit measures, or the IPANAT in particular, 
in addressing the relation between stress and CV diseases (76,77,82).

The role of positive affect in the development of disease has not been explicitly 
addressed in the unconscious perseverative cognition hypothesis, which emphasizes the 
health consequences of stress-related cognition beyond awareness (e.g., 27). However, 
in the current study we found that a higher IPA is related to higher DBP reactivity 
and lower IPA is related to slow recovery of both SBP and DBP. This is consistent with 
the results of Quirin and colleagues (85, study 1) who found that increased IPA, not 
INA, measured during two days, was related to a lower cortisol awakening response 
and total diurnal cortisol the following day in addition to EPA. The finding that IPA 
is related to CV activity and cortisol excretion provides new insights in the relation 
between the IPANAT and two biological mechanisms.

Overall, the prolonged BP responses were best explained by implicit affect more 
than any other variable measured. Together these results suggest that stress-related 
cognition beyond self-report is related to physiological effects of stress, but, importantly, 
reduced levels of IPA play an equally detrimental role.

Limitations
The results should be interpreted while considering some limitations. In study 2 the 
sample sizes, particularly regarding the two conditions, were rather small which 
increases the risk for Type 2 error (i.e., the study may have been underpowered to reveal 
statistical significant findings). In this light we have interpreted marginal statistically 
significant findings in both studies as potentially relevant, which was supported 
by the effect sizes. Furthermore, in study 2 there was no neutral condition, merely 
a mathematical task with and without anger harassment. No differences between 
conditions were found for affect measured at an implicit level and CV recovery. Adding 
a true neutral condition without a stressor might provide additional information about 
the ability of the IPANAT to detect INA induced by a psychological stressor and enabling 
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inferences about the role of affect, measured implicitly and explicitly, in physiological 
recovery. Alternatively other methods of stress induction could be considered, such 
as a public speech stressor or the Trier Social Stress Test, which combines a public 
speech with the anger harassment used in study 2 (e.g., 313). Also, we cannot exclude 
the possibility that participants differed, despite randomization, in natural math-
related abilities, which could have been a confounder. Finally, study 1 and 2 did not 
use the same explicit measures and can therefore not be readily compared; it cannot 
be excluded, for example, that we would have found associations of explicit affect 
with CV activity in study 2 if we had used the PANAS used in study 1. To further clarify 
the relation between implicit stress-related cognition and CV health, future studies 
should not be limited to implicit measures of affect after experimentally induced 
stress, but should also apply the measures to daily life (87) and/or in individuals 
with chronic stress. Finally, the current experiments focused on the assessment of 
implicit affect with the IPANAT. However, other measures of implicit constructs to 
assess other aspects of unconscious stress-related cognition (e.g., action tendencies 
or emotion recognition) could also provide more information to clarify the relation 
between psychological stress and CV health.

Conclusion
The IPANAT is the first specific measure of implicit affect. The current two studies 
suggest that it is able to measure differences not only between affective responses 
to pictorial stimuli, as reported previously, but also between fear (with its positive 
subscale), anger and happiness as elicited using film clips (study 1). The findings 
suggest that the IPANAT is associated with CV activity during and after a stressor 
(study 2). Importantly, all findings for the IPANAT were independent of those for 
explicit affect, which were mostly absent.

Notwithstanding the remaining questions and limitations, these findings offer 
support for the theory that stress beyond self-report measures (i.e., unconscious 
stress-related cognition) at least partly relates to CV responses, that, when prolonged 
in daily life, are related to the progress and development of CV diseases. Especially 
because of this relevance for health, further research is needed to clarify the explanatory 
value of the IPANAT and possible other implicit measures of stress-related cognition, 
and their applicability to stress research.
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