von Kénel et al. BMC Psychiatry 2011, 11:98
http://www.biomedcentral.com/1471-244X/11/98

BMC
Psychiatry

RESEARCH ARTICLE Open Access

Distress related to myocardial infarction and
cardiovascular outcome: a retrospective
observational study

|1,2*

Roland von Kanel'?", Roman Hari', Jean-Paul Schmid?, Hugo Saner’ and Stefan Begré'

Abstract

Background: During acute coronary syndromes patients perceive intense distress. We hypothesized that
retrospective ratings of patients’ Mi-related fear of dying, helplessness, or pain, all assessed within the first year
post-MI, are associated with poor cardiovascular outcome.

Methods: We studied 304 patients (61 + 11 years, 85% men) who after a median of 52 days (range 12-365 days)
after index MI retrospectively rated the level of distress in the form of fear of dying, helplessness, or pain they had
perceived at the time of Ml on a numeric scale ranging from 0 ("no distress”) to 10 ("extreme distress”). Non-fatal
hospital readmissions due to cardiovascular disease (CVD) related events (i.e, recurrent MI, elective and non-elective
stent implantation, bypass surgery, pacemaker implantation, cerebrovascular incidents) were assessed at follow-up.

proportional hazard models.

The relative CVD event risk was computed for a (clinically meaningful) 2-point increase of distress using Cox

Results: During a median follow-up of 32 months (range 16-45), 45 patients (14.8%) experienced a CVD-related
event requiring hospital readmission. Greater fear of dying (HR 1.21, 95% Cl 1.03-1.43), helplessness (HR 1.22, 95% Cl
1.04-1.44), or pain (HR 1.27, 95% CI 1.02-1.58) were significantly associated with an increased CVD risk without
adjustment for covariates. A similarly increased relative risk emerged in patients with an unscheduled CVD-related
hospital readmission, i.e, when excluding patients with elective stenting (fear of dying: HR 1.26, 95% Cl 1.05-1.51;
helplessness: 1.26, 95% Cl 1.05-1.52; pain: HR 1.30, 95% Cl 1.01-1.66). In the fully-adjusted models controlling for
age, the number of diseased coronary vessels, hypertension, and smoking, HRs were 1.24 (95% CI 1.04-1.46) for fear
of dying, 1.26 (95% Cl 1.06-1.50) for helplessness, and 1.26 (95% Cl 1.01-1.57) for pain.

Conclusions: Retrospectively perceived Ml-related distress in the form of fear of dying, helplessness, or pain was
associated with non-fatal cardiovascular outcome independent of other important prognostic factors.
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Background

Myocardial infarction (MI) is an unexpected life-threaten-
ing event which is perceived as stressful by many patients
who may expect death or serious disability [1,2]. For
instance, after symptom onset three out of four patients
with an acute coronary syndrome (ACS) indicated to have
experienced moderate or high levels of MI-related distress,
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including being frightened and thinking they might be
dying when symptoms came on [3]. In another study, fear
of dying and perceived severity of MI (e.g. fright of recur-
rent chest pain) together accounted for more than half of
the variance in distress perceived during MI [4]. Fear of
dying and distress were also highly associated with inten-
sity of chest pain at the time of MI [3]. Given that chest
pain experience is greatly modulated by affective states [5],
chest pain intensity was discussed as an equivalent of emo-
tional distress perceived at the time of MI [3].

Distress during ACS profoundly impacts psychological
adjustment in the wake of the cardiac event, particularly
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bringing on symptoms of anxiety, depression, and post-
traumatic stress disorder. For instance, patients who
were more distressed and frightened during ACS
showed higher levels of anxiety and depressive symp-
toms, one week and three months, respectively, after the
cardiac event [3]. Fright and the intensity of acute pain
during ACS were both associated with posttraumatic
stress symptoms three months later [6,7]. We found
that retrospectively assessed levels of MI-related fear of
dying, helplessness, or pain were associated with post-
traumatic stress symptoms after a median of 40 days fol-
lowing MI [8].

The aforementioned studies suggest that distress con-
ceptualized as MI-related fear of dying, helplessness or
pain might be an important clinical entity, since it is
associated with negative affective risk factors for cardio-
vascular morbidity and mortality, including depression,
anxiety, and posttraumatic stress disorder [9-11]. Vir-
tually all descriptions of negative affect distinguish
among anxiety and related constructs (e.g. fear) and
depression and related constructs (e.g. helplessness)
[12]. Therefore, MI-related fear of dying and helpless-
ness could be understood as part of the negative affec-
tive spectrum being associated with poor cardiovascular
prognosis in the aftermath of MI. Moreover, increasing
attempts have been made to dismantle negative affective
constructs in order to identify for instance the “cardio-
toxic” components of depression in patients with coron-
ary heart disease [13]. In other words, MI-related fear of
dying and helplessness may seem to tap into specific
qualities of negative affect, thereby having the potential
to emerge as risk factors of poor cardiovascular prog-
nosis and as specific targets for behavioral interventions
in their own right. Several processes might help to
explain the putative relation between Ml-related distress
and subsequent CVD-related events. As has been shown
for other types of negative affect, these might relate to
poor life style choices, low adherence with cardiac ther-
apy, and distinct pathophysiologic processes directly
harming the cardiovascular system [14].

As a first step of testing the value of MI-related distress
for post-MI prognosis, we investigated the hypothesis that
greater fear of dying, helplessness, or pain intensity (i.e.,
perceived distress during acute MI) would be associated
with increased risk of future hospital readmissions due to
non-fatal cardiovascular events and related interventions.
We further hypothesized that MI-related distress would be
associated with poor cardiovascular outcome independent
of other important prognostic factors.

Methods

Study participants

All participants provided written informed consent to
the study protocol that was approved by the ethics
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committee of the Canton of Bern, Switzerland, as part
of the ongoing longitudinal Swiss Heart and Mind
Study. The flowchart shows the recruitment of the 304
patients available for the present investigation. As pre-
viously detailed [15], between 01/2005 and 04/2007, we
approached 951 consecutive patients referred to the
Department of Cardiology, Inselspital, Bern University
Hospital, Switzerland. Inclusion criteria were a verified
acute ST-elevation or non-ST-elevation M], living within
a 90-min drive from the University Hospital, and suffi-
cient knowledge of German. Response rate was 44.8%
(426/951). Within a median of 52 days (range 12-365),
participants in the present study were sent home rating
scales to assess distress perceived during MI. For the
follow-up investigation, patients were contacted again by
mail and asked for their consent to participate in assess-
ment of cardiovascular outcome since assessment of
Ml-related distress.

Assessment of patient characteristics

Patient characteristics including sex, age, type of index
MI (first-time vs. recurrent MI), left ventricular ejection
fraction (LVEF) measured by ventriculography during
coronary angiography, and the number of diseased cor-
onary vessels, were abstracted from hospital charts
recorded at the time of the index MI. Hypertension
(yes/no) was defined by either a positive history for
treatment or systolic and/or diastolic blood pressure
>140/90 mmHg at rest. Diabetes (yes/no) was defined
by a positive history that, if unclear, was verified by one-
time glucose level >200 mg/dl. The status of current
smoking (yes/no) was also obtained from the charts.
Data on LVEF, hypertension, diabetes, and smoking sta-
tus were missing in 9 (3.0%), 6 (2.0%), 14 (4.6%), and 15
(4.9%) patients, respectively. The use (yes/no) of aspirin,
statins, beta blockers, and angiotensin-converting
enzyme (ACE) inhibitors was noted with respective data
missing in 4 (1.3%), 5 (1.6%), 9 (3.0%), and 4 (1.3%)
patients, respectively.

Assessment of distress perceived during myocardial
infarction

The patients retrospectively rated three aspects of sub-
jective perception of distress related to MI on a numeric
rating ranging from 0 to 10 points [8]: a) fear of dying:
“During my referral to the hospital, the emergency unit,
or the intensive care unit, I was afraid I was dying.” (0 =
absolutely not true, 10 = absolutely true); b) helplessness:
“When the doctor told me I had a heart attack, I was
frightened, felt helpless, and was afraid of losing control
of the situation.” (0 = absolutely not true, 10 = abso-
lutely true); c) pain intensity: “Please indicate how
strong your pain was during the heart attack.” (0 = no
pain at all, 10 = intolerable pain). Cronbach’s alpha for
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the three scales was 0.76 suggesting acceptable reliability
for the measured construct of “MI-related distress”.

Assessment at follow-up

The follow-up period referred to the time interval
between assessment of distress and a semi-structured tel-
ephone interview during which patients were asked
whether they had been hospitalized because of a new car-
diovascular event or related intervention specified as fol-
lows a priori: recurrent MI, elective and non-elective
percutaneous coronary intervention with stent implanta-
tion, coronary artery bypass grafting, pacemaker implan-
tation, cardiac arrhythmia, cardiac arrest, cerebrovascular
insult, transient ischemic attack, hypertensive crisis, heart
failure. A positive answer was verified by contacting the
treating physician by phone. We also asked whether the
patient had received mental health treatment (i.e. antide-
pressants, psychotherapy) and whether he or she had had
non-specific chest pain after the index MI. Eleven
patients confirmed the latter and were excluded from the
analysis because thoracic pain might potentially affect
retrospective ratings of distress.

Statistical analysis

Data were analyzed using SPSS 15.0 statistical software
package (SPSS Inc. Chicago, IL). Two-tailed level of sig-
nificance was set at p < 0.05. Differences between
groups were calculated using Student’s ¢ test, Pearson
chi-square test, and Fisher’s exact test where appropri-
ate. Pearson correlation coefficients were computed to
estimate the correlation between two variables. We ran
three separate Cox proportional hazard models to esti-
mate the relative risk (hazard ratio with 95% confidence
interval) of a hospital readmission during follow-up
because of a CVD event or CVD-related intervention
(combined endpoint) as the outcome in relation to a
2-point increase of MI-related distress ratings. That is,
we first assessed distress measures with the 10-point
scale, then divided the score by two, and used the
obtained value in analysis. Using a 0 to 10 numeric rat-
ing scale, changes of approximately 2 points or 30% to
36% represent clinically meaningful changes in pain
severity [16]. For the sake of consistency, we similarly
judged a change of 2 points on the 0 to 10 numeric rat-
ing scales for fear of dying and helplessness to be clini-
cally meaningful.

To avoid overfitted and thus unstable models, the 45
outcome events (Figure 1) allowed us to force a maxi-
mum of four potentially confounding variables in addi-
tion to the respective distress measure (i.e., a maximum
of five independent variables) all in one block into the
equation [17]. Confounders of recurrent cardiac events
in post-MI patients were defined a priori, being age [18]
severity of CHD, as indexed by the number of diseased
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coronary vessels [19], and the major CVD risk factors
hypertension [20] and smoking [21].

Results

Patient characteristics and cardiovascular readmissions
The median duration of follow-up after assessment of
MI-related distress measures was 32 months (range 16-
45) during which a CVD-related hospital readmission
occurred in 45 patients (14.8%). The type of CVD events
and interventions is shown in Figure 1. The characteris-
tics of the entire sample as well as stratified by CVD-
related readmission are given in Table 1. Compared to
patients with no CVD-related readmission, those who
experienced a cardiovascular event or related interven-
tion were more frequently hypertensive and scored
higher on all distress ratings. No group difference was
seen in terms of demographic characteristics, severity of
CHD, cardiac medication, and mental health treatment.

Bivariate correlations with distress measures related to
myocardial infarction

There were positive associations among all distress mea-
sures; i.e., between fear of dying and helplessness (r =
0.79, p < 0.001), fear of dying and pain (r = 0.40, p <
0.001), and helplessness and pain (r = 0.33, p < 0.001).
More time elapsed since the MI correlated with greater
fear of dying (r = 0.12, p = 0.032) but not significantly
so with helplessness or pain. Younger age was associated
with higher scores of fear of dying (r = -0.24, p < 0.001),
helplessness (r = -0.23, p < 0.001), and pain (r = -0.16, p
= 0.006). Smokers showed greater helplessness than non-
smokers (3.35 + 3.57 vs. 2.44 + 2.71, p = 0.020). Patients
who had received antidepressant medication indicated
greater fear of dying (3.94 + 3.63 vs. 2.56 + 3.10, p =
0.040), greater helplessness (3.88 + 3.42 vs. 2.62 + 3.04,
p = 0.025), and more intense pain (6.94 + 3.11 vs. 5.90
2.88, p < 0.049) during MI than those who were not pre-
scribed antidepressants. There were no significant corre-
lations between any distress measure and gender,
hypertension, diabetes, measures of CHD severity, car-
diac medications, and psychotherapy since index MI.

Mi-related distress and CVD-related hospital readmissions
As shown in Table 2, for a 2-point increase in fear of
dying, helplessness, or pain, there was a respective
increase of 21%, 22%, and 27% in the relative risk of a
CVD-related hospital readmission without adjustment
for covariates. No one distress measure turned out to be
significant if entered together in one block into the
equation (fear of dying: HR 1.05, 95% CI 0.79-1.39, p =
0.74; helplessness: 1.12, 95% CI 0.85-1.49, p = 0.41; pain:
HR 1.18, 95% CI 0.94-1.50, p = 0.16).

It is possible that at the time of distress assessment,
the 10 patients who underwent elective stenting during
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Figure 1. Flowchart: recruitment of 304 eligible patients with myocardial infarction

n=951 patients with index MI and meeting inclusion criteria approached

l — 525: did not respond to survey

n=426 returned NRS asking for fear of dying, helplessness, and pain perceived during MI

l — 16: had died

— 16: declined to participate

n=394 consented to participate in the follow-up investigation

— 11: index MI >1 year ago

— 9: missing items on NRS

— 6: died during follow-up

l — 44: no outcome data (e.g., not responding, no interest)

— 9: CVD-related readmissions before completing NRS

— 11: unexplained chest pain since index MI

n=304 available for follow-up investigation

l_’ n=259: no CVD-related hospital readmission during follow-up

n=45 hospital readmissions because of CVD-related events
12 recurrent MI

12 non-elective PCI with stent implantation

10 elective PCI with stent implantation

4 coronary artery bypass graft

2 pace-maker implantation

5 cerebrovascular events

Figure 1 CVD, cardiovascular disease; MI, myocardial infarction; PCl, percutaneous coronary intervention; NRS, numeric rating scale.

follow-up already knew about a planned readmission
such that they might differ in their distress ratings from
the 35 patients who experienced an unscheduled CVD-
related event. Therefore, we conducted a sensitivity ana-
lysis excluding patients having undergone elective stent
implantation; this analysis showed an increase in the
relative risk for an unscheduled CVD-related hospital
readmission of 26%, 26%, and 30%, respectively, for a 2-

point increase in fear of dying, helplessness, or pain
(Table 2).

Table 3 shows the multivariate-adjusted hazard mod-
els that included 286 patients of whom 43 experienced a
CVD-related hospital readmission during follow-up.
Compared to the results from the unadjusted analysis
(Table 2), the effect size of the relationship between a 2-
point increase in any distress measure and the relative
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Table 1 Characteristics of 304 patients per cardiovascular disease readmissions

All (n = 304) Readmission (n = 45) No readmission (n = 259) p-value
Women (%) 155 6.7 17.0 0.115
Age (years) 609 + 106 599 £ 111 61.0 £ 105 0512
Time between MI and distress assessment (days) 747 + 578 712 + 545 753 + 584 0.669
Recurrent Ml (%) 9.5 1.1 93 0.782
1-, 2-, 3-vessel disease (%) 434,326, 240 289,422,289 4509, 309, 232 0.100
Left ventricular ejection fraction (%) 50.1 =106 505+ 9.2 500 = 109 0.794
Hypertension (%) 604 750 579 0.032
Diabetes (%) 11.7 93 121 0.798
Current smoker (%) 40.8 455 400 0.509
Aspirin (%) 983 100 98.1 1.000
Statin (%) 96.7 100 96.1 0.367
Beta blocker (%) 895 927 92.1 1.000
ACE inhibitor (%) 68.9 69.8 68.8 0.894
Antidepressants (%) 11.2 133 10.8 0610
Psychotherapy (%) 79 44 85 0.550
Fear of dying (score) 71 +3.18 378 + 357 253 +308 0.015
Helplessness (score) 276 + 3.10 382 + 354 258 + 2.99 0.030
Pain (score) 6.01 + 292 6.87 + 291 5.86 + 2.90 0.033

ACE, angiotensin-converting enzyme; MI, myocardial infarction.

risk of a CVD-related event was maintained or increased
even slightly when taking into account age, the number
of diseased coronary vessels, hypertension, and smoking.
Hypertension, but not age, the number of diseased cor-
onary vessels, and smoking emerged as a significant pre-
dictor of outcome in all of the three multivariate
models.

Discussion

We investigated the association between retrospectively
rated MI-related fear of dying, helplessness, or pain
intensity and non-fatal CVD outcome. These measures
showed acceptable reliability for a construct of “MI-
related distress” and they are also shown to be clinically
important because of their predictive value for poor

Table 2 Unadjusted relative risk (95% Cl) of distress
measures for cardiovascular disease-related hospital
readmissions

Unscheduled events
(n = 294, 35 events)

Distress Measure All events
(n = 304, 45 events)

Fear of dying 121 (1.03-143) 6 (1.05-1.51)
p = 0020 p = 0012

Helplessness 1.22 (1.04-1.44) 1.26 (1.05-152)
p=0017 p=0013

Pain 127 (1.02-1.58) 1.30 (1.01-1.66)
p = 0033 p = 0042

Relative risks are expressed for a 2-point increase on numeric rating scales for
distress measures. Unscheduled events do not include elective stent
implantation that occurred during follow-up.

psychological adjustment during recovery from MI
[3,6-8]. We found that MI-related distress was asso-
ciated with an increased risk of hospital readmissions
due to cardiovascular events and related interventions
during a mean follow-up of almost three years. This
association was independent of potentially important
prognostic factors, namely age, coronary heart disease
severity, hypertension and smoking: of these, hyperten-
sion alone emerged as a significant predictor of event
risk. The relations between MlI-related distress measures
and CVD event risk seems relevant, as a change of 2
points (or between 30% and 36%) in pain intensity on
numeric rating scales ranging from 0 to 10 is considered
to be clinically meaningful [16]. In our patients a 33%
increase in distress severity would mean an increase in
distress scores from 6 to 8 corresponding to a 1.2- to
1.4-fold increased risk of CVD-related hospital
readmissions.

Our study is on the one hand to be understood as a
first attempt of tracking down the prognosis of post-MI
patients who perceive their MI as stressful. On the
other, it suggests that MI-related distress does not only
predict psychological adjustment post-MI, as was pre-
viously shown [3,6-8], but also CVD outcome. In other
words, the focus of our study was to investigate the pos-
sibly direct association between distress and poor CVD
outcome in post-MI patients by taking demographic fac-
tors, CHD severity, and major CVD risk factors into
account. However, because psychological adjustment
post-MI was variously predicted by distress measures,
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Table 3 Multivariate-adjusted relative risk (95% Cl) of
distress measures for cardiovascular disease-related
hospital readmissions

Entered variables Fear of dying Helplessness  Pain
Fear of dying 124 (1.04-146) - -
p = 0015
Helplessness - 126 (1.06-1.50) -
p = 0010
Pain - - 126 (1.01-1.57)
p = 0042
Age 1.01 (0.87-1.19)  1.01 (0.87-1.18)  0.99 (0.85-1.15)
p =086 p =087 p =092
1-, 2-, 3-vessel 1.27 (0.88-1.84) 1.27 (0.88-1.83)  1.26 (0.87-1.83)
disease
p =020 p =021 p =022
Hypertension 210 (1.02-436) 222 (1.07-460) 2.13 (1.03-4.39)
p = 0.046 p = 0033 p = 0.040
Smoking 124 (066-236) 122 (064-2.32) 120 (0.63-2.30)
p =050 p =056 p =058
Model statistics x? = 1407, ¥’ = 1464, x? = 1203,
df =5, df =5, df =5,
p =0016 p =0012 p = 0034

All covariates were entered in one block together with the respective distress
measure. Relative risks are expressed for a 2-point increase on numeric rating
scales for distress measures and for a 5-year increase for age (i.e,, age values
were divided by 5 before entering the equation). Because of missing data for
hypertension and smoking status, all models included 286 patients and 43
cardiovascular disease-related events.

including fear of dying, helplessness, or pain intensity
[6-9], the extent to which distress is associated with
poor CVD prognosis independent from its psychological
sequel remains unresolved.

Patients reporting greater levels of all distress mea-
sures received more frequently antidepressant medica-
tion during follow-up. However, we do not know the
type of antidepressants our patients received. For
instance, particularly selective serotonin reuptake inhibi-
tors seem to improve CVD outcome [22]. Further eluci-
dation of the likely complex psychological pathways
leading from MI-related distress to poor CVD prognosis
is warranted, because these might provide cues for tai-
lored behavioral interventions. For instance, patients
might profit from reassurance and provided safety dur-
ing MI [3] and later on from more trauma-focused cog-
nitive behavioral therapy [23]. Our observation that
distress measures correlated inversely with age might
indicate that younger patients are in particular need of
psychological support during ML

In addition to psychological maladjustment, other
explanations for the association between greater MI-
related distress and an increased future risk of CVD
events might relate to an unhealthy life style, poor com-
pliance with cardiac therapy, and psychophysiologic
alterations [14]. In our study, smokers showed greater
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helplessness than non-smokers. In another study, good
medical recovery from MI was associated with positive
life orientation, which in turn correlated inversely with
helplessness [24]. Psychological stress is also associated
with an unhealthy diet, physical inactivity, and sleep dis-
turbances, all of which may impact cardiovascular health
[14], but were not available in our study. Particularly
distress and fear during ACS were shown to be lower in
regular exercisers than in patients who exercised less
frequently [3]. Depression and PTSD compromise pre-
scribed intake of cardiac medication [25,26], thereby
suggesting another pathway leading from distress via
psychological maladjustment and poor adherence to
increased CVD risk. Future studies may also want to
investigate the physiologic correlates of distress during
MI to investigate their trajectories and predictive value
for CVD-related events. For instance, there is some evi-
dence that elevated heart rate and lowered cortisol in
the immediate aftermath of a psychological trauma pre-
dict the development of posttraumatic stress symptoms
[27,28]. However, it is unknown how this might affect
cardiovascular biology in the longer run.

We observed different results when entering all dis-
tress measures simultaneously into the survival analysis,
namely that distress was no longer associated with out-
comes. Because the inter-correlation among the three
distress measures was substantial, one statistical expla-
nation could be that their separate effects partialled out
each other. Another explanation could be that none of
the distress measure components was associated with
outcomes above and beyond one another suggesting
that they might be equally important in predicting car-
diac outcome individually. In other words, as the three
distress measures might substitute for each other, it
might seem unnecessary to measure all of them in soli-
tude. However, future studies may want to test how dis-
tress measures as proposed here and possibly others
might best be integrated into a unifying measure of dis-
tress to reliably predict cardiac prognosis after ML

We mention several limitations of our study. Although
comparable with our studies in this field, the response
rate of 44.8% of the originally approached 951 patients
was rather low, and, as previously reported, women
responded less than men [9]. This might limit the gen-
eralizibility of our results to the general post-MI popula-
tion and particularly women patients. We assessed MI-
related distress retrospectively bearing the risk of biased
reporting because of concomitant negative affect. We
did not assess negative affect like depression and anxiety
to control our results for this possibility. However,
another study found only borderline significance
between a negative affect scale and distress (including
fear of dying) during ACS [3]. Patients varied consider-
ably in time since index MI which might have variably



von Kénel et al. BMC Psychiatry 2011, 11:98
http://www.biomedcentral.com/1471-244X/11/98

affected distress measurements; for instance, fear of
dying seemed to be greater with more time elapsed
since the index MI. We excluded patients who had
reported unexplained chest pain since index MI but we
did not have data available on symptoms such as thor-
acic pain the patients and their physicians might have
attributed to the heart. Such symptom attributions
might potentially affect retrospective reports of MI-
related distress. There might be events, which have hap-
pened during the time since index MI which may con-
tribute to the retrospective evaluation of distress (e.g.,
familial difficulties, death or other illnesses in the family,
economical problems) for which we could not control
our analysis. The number of outcome events limited the
adjustment of hazard models for additional potentially
important confounding variables like sex and diabetes.

Conclusions

The findings from this study suggest that retrospectively
assessed Ml-related distress in the form of fear of dying,
helplessness, or pain intensity is associated with an
increased risk of future non-fatal cardiovascular events
and related interventions. Numeric rating scales to
assess symptom severity (incl. pain) are widely used in
clinical settings. Particularly, the numeric rating scales
applied in this study to measure distress are easy admin-
istrable even in a busy clinical setting and thus of poten-
tial clinical applicability in screening post-MI patients at
risk of poor cardiovascular outcome. The association
between Ml-related distress and poor cardiac outcome
was independent of other important prognostic factors.
The downstream psychopathology and behavior as well
as the underlying physiology of this association remain
to be elucidated.
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