
ORIGINAL ARTICLE

Effects of common chronic medical conditions on psychometric
tests used to diagnose minimal hepatic encephalopathy
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Abstract Many chronic medical conditions are accompanied
by cognitive disturbances but these have only to a very limited
extent been psychometrically quantified. An exception is liver
cirrhosis where hepatic encephalopathy is an inherent risk and
mild forms are diagnosed by psychometric tests. The preferred
diagnostic test battery in cirrhosis is often the Continuous Re-
action Time (CRT) and the Portosystemic Encephalopathy
(PSE) tests but the effect on these of other medical conditions
is not known. We aimed to examine the effects of common
chronic (non-cirrhosis) medical conditions on the CRT and
PSE tests. We studied 15 patients with heart failure (HF), 15
with end stage renal failure (ESRF), 15 with dysregulated type
II diabetes (DMII), 15 with chronic obstructive pulmonary dis-
ease (COPD), and 15 healthy persons.We applied the CRT test,
which is a 10-min computerized test measuring sustained atten-
tion and reaction time stability and the PSE test, which is a
paper-pencil test battery consisting of 5 subtests. We found that
a high fraction of the patients with HF (8/15, 0.002) or COPD
(7/15, p=0.006) had pathological CRT test results; and COPD
patients also frequently had an abnormal PSE test result (6/15,
p<0.0001). Both tests were unaffected by ESRF and DMII.
Half of the patients with HF or COPD had psychometrically
measurable cognitive deficits, whereas those with ESRF or
DMII had not. This adds to the understanding of the clinical
consequences of chronic heart- and lung disease, and implies

that the psychometric tests should be interpreted with great
caution in cirrhosis patients with heart- or lung comorbidity.
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Introduction

Many common chronic medical conditions are accompanied by
cognitive disturbances but these have only to a very limited
extent been quantified by means of psychometric tests. An ex-
ception is liver cirrhosis where hepatic encephalopathy (HE) is
an inherent risk and mild forms are diagnosed using psychomet-
ric tests. Heart failure (HF), end stage renal failure (ESRF), type
II diabetes (DMII) and chronic obstructive pulmonary disease
(COPD) can all cause brain disturbances (Athilingam et al.
2013; Bugnicourt et al. 2013; Cannon et al. 2015; Geijselaers
et al. 2015; Kurella Tamura et al. 2010; Leto and Feola 2014;
Ravona-Springer et al. 2014; Yaffe et al. 2010) and the cognitive
impairment found in these chronic medical conditions have
many features similar to HE: impairment is known to vary with
age and disease severity; causes are multi factorial and to a high
degree unclear; inflammation and oxidative stress are central in
the pathogenesis. Further, as seen in HE, a broad spectrum of
nonspecific cognitive domains is often affected.

The preferred diagnostic test battery used to diagnose and
quantify HE is often the Continuous Reaction Time test (CRT)
and the Portosystemic Encephalopathy test (PSE). The CRT
test is used routinely in Scandinavia as a screening tool for
minimal hepatic encephalopathy (MHE) and the PSE is hav-
ing more widespread use and often serves as an inter-study
comparator (Goldbecker et al. 2013; Lauridsen et al. 2012). It
has been shown that the reaction time stability measured by
the CRT test is severely affected in metabolic but not organic
brain disturbance and the reaction time stability is unaffected
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by gender, age and intelligence level (Elsass et al. 1985;
Lauridsen et al. 2013). Likewise, the age corrected PSE test
results are not affected by gender and education (Schomerus
and Hamster 1998). Still, the effect on these tests of non-
cirrhosis medical conditions is not known. This issue is im-
portant to our understanding of the cognitive consequences of
chronic organ failure and because comorbid medical condi-
tions are present in 40 % of cirrhosis patients and, via their
cognitive effects, may confound the diagnosis of HE (Jepsen
2014; Jepsen et al. 2008). Apart from being able to cause brain
disturbances the medical conditions we have chosen to focus
on often co-exist with cirrhosis and impact mortality (Jepsen
2014; Jepsen et al. 2008). DMII is the most frequently occur-
ring chronic medical comorbidity present in 10 % of cirrhosis
patients; HF or COPD is present in approximately 5 % and
have a marked additive effect on mortality rates; and severe
renal disease is present in 1 % and had an even more profound
impact on mortality (Jepsen 2014; Jepsen et al. 2008). Other
conditions i.e., psychiatric disorders, organic brain disease,
alcoholism and ulcers are also common in cirrhosis, but for
the purpose of this study they are not relevant because they
have an obvious effect on brain functioning or are unlikely to
cause brain involvement. The aim of this study was therefore
to test the effects of HF, ESRF, DMII and COPD on the two
established and validated psychometric tests used in diagnos-
ing MHE: The continuous reaction time (CRT) and the
Portosystemic Encephalopathy (PSE) tests.

Patients and methods

Patients were recruited form Hospital of Southwest
Jutland’s medical out patient clinics from April 2013 to
March 2015. All were aged>18 years, had no liver dis-
ease or known cerebral impairment, none used psychoac-
tive medications on the test day; all had a stable chronic
medical condition and no other significant competing co-
morbid diseases. Patients were ineligible if creatinine
was>150 mg/dL except in the case of ESRF. We included
4 patients groups: 15 patients with HF New York Heart
Association Class (NYHA) IIA–IIIA all of whom received
standard medical treatment including angiotensin
converting enzyme antagonists (9/15), diuretics (9/15)
and beta blockers (14/15); 15 ESRF patients immediately
prior to haemodialysis with mean creatinine 819.3 mg/dL
(SD 220.1, 95 % CI 697.4–941.2); 15 patients with DMII
and a BMI of 34 (SD 7.1, 95 % CI 30.1–37.9), mean
hemoglobin A1c 62.9 (SD 18.8, 95 % CI 52.5–73.2) of
whom 4 had one or more diabetic complications, 3 were
insulin treated and the rest received oral anti diabetics.
Lastly, 15 patients with moderate to severe COPD with
mean forced expiratory volume/ forced vital capacity
(FEV1/FVC) of 41.2 (SD 12.5, 96 % CI 34.5–48.9).

Three received home oxygen therapy and all were treated
with standard inhalation in various combinations.

Fifteen age matched healthy persons with no chronic med-
ical conditions or known brain impairment served as a refer-
ence group.

The cognitive functions of all patients and controls were
evaluated between 9 am and 5 pm using two psychometric
tests at the same occasion. Test staff was thoroughly trained
prior to patient inclusion.

The continuous reaction time test (CRT) A simple and fast,
computerized test of 10 min duration which measures and
combinesmotor reaction speed, sustained attention, and inhib-
itory control – all key functions of daily life (Lauridsen et al.
2013). The test is run from a normal lab top computer using
dedicated software, headphones, and a handheld trigger but-
ton (EKHO, www.Bitmatic.com, Aarhus, Denmark). The
patient is left alone to complete the test after a 2–min
instruction. During the test the patient is presented with 150
randomly occurring, sound stimuli (beeps at 500 Hz and
90 dB at 2–6 s intervals). The patient must press the button
as fast as possible in response to each beep. During the test the
programme registers response times and calculates the 10, 50
and 90 percentiles and a CRTindex (the ratio: 50 percentile/
(90 minus 10 percentile)), which is a measure of intra personal
reaction time stability. A CRTindex value below 1.9 is abnor-
mal and indicates MHE.

The portosystemic encephalopathy test (PSE)Measures at-
tention, working speed and -accuracy, visual orientation, and
visuo-spatial construction and has been shown to predict overt
HE and death (Kato et al. 2004; Montagnese et al. 2011). PSE
is a 15-min paper-pencil test battery comprised of 5 sub-tests:
Digit Symbol test (DST), Number Connection Test A (NCT-
A), Number Connection Test B (NCT-B), Serial Dotting Test
(SDOT), and Line Tracing Test (LTT, time and errors). Four
versions of the test battery are available to prevent learning
effect at repeated testing. Staff must be present for guidance
and timing during the entire test session and post-test manual
calculation of the final test result – the portosystemic hepatic
encephalopathy score (PHES) that is calculated within very
few minutes using age-adjusted norms. The PHES is a com-
posite score calculated from the time (seconds) spent on each
sub-test converted into a score that ranges between -3 and 1.
The LTT is converted into 2 scores – a time score and an error
score. A score of 0 is given for a performance within +/- 1 SD.
The PHES is the sum of the scores and ranges from −18 to 6.
A result below -4 is abnormal and may indicate MHE. We
evaluated the test using the age adjusted norm data provided
in the German test manual.

Study approval The Danish National Committee on Health
Research Ethics approved the study (approval code
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S-20120196) and all participants gave their written informed
consent.

Statistical analysis Statistical analysis and graphing was per-
formed using GraphPad Prism 6.0 for Mac. CRTindex is a
continuous numeric outcome variable whereas the PSE test
result (portosystemic hepatic encephalopathy score, PHES)
is a discrete numeric variable. CRTindex and PHES did not
show Gaussian distribution therefore test results between dis-
ease groups were compared using Kruskal–Wallis test with
multiple comparisons and ANOVA. We used Pearson r to
describe correlation between variables. Results were consid-
ered statistical significant at p≤0.05. In contingency analysis
Chi-square test or Fisher’s exact test was used.

Results

HF negatively affects the CRT testThe patients with HF had
unstable reaction times and therefore an abnormal CRT result
(CRTindex<1.9) in 8/15 cases (p=0.002). Mean CRTindex
was 1.5±0.22 vs. 2.3±0.08 in the control group (p=0.002).
The PSE test was unaffected in HF patients as 14/15 achieved
a normal result (p=0.30) although mean PHES was slightly
worse (−0.77±0.82 vs. 1.7±0.49, p=0.01). NYHA class was
not correlated to CRTindex and PHES (r=0.05, p=0.88 and
0.19, p=0.57).

ESRF and DMII do not affect the CRT and PSE tests Of
the ESRF patients 12/15 had a normal CRTindex (p=0.2). The

mean CRTindex was not different from that of healthy persons
(2.2±0.12 vs. 2.3±0.08, p=0.65). In the PSE test 2/15 had an
abnormal result (p=0.5) but the mean PSE result was lower
(1.7±0.49 vs. −0.3±0.76, p=0.03). Of the DMII patients 4/10
had an abnormal CRTindex (p=0.09) but their mean
CRTindex did not differ from the control group (2.2±0.21
vs. 2.3±0.08, p=0.8). PHES was also not significantly affect-
ed by diabetes as 2/15 had abnormal PHES (p=0.5) but again
mean PHES was lower (1.7±0.49 vs. −0.6±0.82, p=0.02).

COPD negatively affects both the CRT and PSE tests
Among the COPD patients 7/15 and 6/15 had an abnormal
CRT and PSE test, respectively (p=0.006 and p=0.01). Fur-
ther, the mean CRTindex and PSE result was lower than in the
control group: mean CRTindex 1.7±0.15 vs. 2.3±0.08 (p=
0.004) and mean PHES −4.6±1.3 vs. 1.7±0.49 (p=0.0002).
FEV1/FVC was not correlated to CRTindex or PHES (r=
−0.18, p=0.53 and r=−0.1, p=0.71).

Discussion

Our results show that chronic medical conditions do have
adverse cognitive consequences as measured psychometrical-
ly by the CRTand PSE tests. The effects weremostmarked for
heart and lung failure and were most widespread for the CRT
test. This has not previously been systematically and quanti-
tatively examined except for in chronic liver disease. Demo-
graphics do not explain the differences between the groups as
the groups we studied were comparable regarding age, gender

Table 1 Clinical characteristics and psychometric test results in patients and healthy persons

Group Healthy Persons HF ESRD DM II COPD ANOVA or
contingency
P-value

N 15 15 15 15 15 N/A

Mean age years
(SD, 96 % CI)

64.8
(6.2, 61.4–68.2)

66.3
(14.6, 57.5–75.2)

64.4
(8.8, 59.6–69.2)

56.7
(13.8, 49.0–64.4)

67.8
(10.3, 61.9–73.8)

0.07

Male/female 8/7 13/2 12/3 7/8 7/8 0.06

Blue/white collar workers 9/6 8/7 9/6 11/4 9/6 0.21

Mean Charlson score
(SD, 96 % CI)

N/A 1.7
(1.1, 1.0–2.4)

4.0
(1.9, 2.9–5.0)

2.3
(0.8, 1.8–2.6)

1.4
(0.8, 0.9–1.8)

<0.0001

Mean CRTindex (SD, 96 % CI) 2.3
(0.3, 2.1–2.5)

1.5
(0.8, 1.0–2.0)

2.2
(0.46, 1.9–2.5)

2.2
(0.8, 1.8–2.7)

1.7
(0.57, 1.3–2.0)

0.004

Normal/abnormal CRT 15/0 7/8 12/3 10/4 8/7 < 0,0001

PHES
(SD, 96 % CI)

1.7
(1.9, 0.7–2.8)

−0.77
(2.9, −2.9–1.0)

−0.3
(2.9, −2.0–1.3)

−0.6
(3.2, −2.4–1.2)

−4.6
(4.8, −7.3–−1.7)

0.0008

Normal/abnormal PHES 15/0 14/1 13/2 13/2 9/6 < 0,0001

Values bearing significance are marked in bold

Abbreviations HF Heart failure, ESRF End stage renal failure, DM II Type II diabetes, COPD Chronic obstructive pulmonary disease, CRT Continous
reaction time test, PHES Portosystemic hepatic encephalopathy score
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and educational level and anyway neither age nor gender af-
fects the outcome of either test. Hence, the cognitive defects
are likely to be a consequence of the medical conditions we
studied and this has implications when using the CRTand PSE
test for diagnosing MHE in liver cirrhosis patients.

The diagnosis of MHE is important to establish because
MHE negatively impacts quality of life, the risk of encepha-
lopathy related hospital admission and is treatable by simple
means (Groeneweg et al. 1998; Luo et al. 2011; Patidar et al.
2014). However, the MHE diagnosis can only be assigned to
patients with known liver disease and no other cause for cere-
bral impairment (Vilstrup et al. 2014). We knew beforehand

that HF and COPD could cause cognitive impairment and we
have now established that this is in fact detected by two of the
tests most commonly used to find MHE. Consequently, MHE
cannot casually be diagnosed using the CRT and PSE test in
cirrhosis patients with concomitant HF and/or COPD. This
finding is both pathophysiologically plausible and in accor-
dance with other studies.

In HF, cognitive decline is reported to occur in 30–80 %;
and both organic (occult embolic infarction) and metabolic
(chronic hypo-perfusion, sustained low-grade systemic in-
flammation) mechanisms play a role (Athilingam et al.
2013; Cannon et al. 2015). It has previously been shown that
organic encephalopathy does not compromise the CRT test i.e.
the reaction time stability (Elsass et al. 1985). Hence, our
results point towards the metabolic component as being the
cause for an abnormal CRT test in HF patients. In previous
psychometric studies HF has been found to compromise pri-
marily psychomotor speed, attention, learning memory and
executive function (Leto and Feola 2014; Nordlund et al.
2015). These mental qualities are largely the qualities mea-
sured by the CRT test so our quantitative findings are well in
line with the general understanding. Some of the affected do-
mains may improve after medical treatment and examining
HF patients before and after treatment onset would have been
interesting (Leto and Feola 2014). An association between
ejection fraction and cognitive function remains to be
established and in our small study group we also did not find
such an association (Huijts et al. 2013).

The cognitive impairment in COPD seems also to be of
mixed organic and metabolic origin: inflammation and oxida-
tive stress caused by hypoxia and hypercapnia and vascular
insults related to smoking seem to play a role (Dal Negro et al.
2014). A correlation to the degree of hypoxemia and forced
expiratory volume has also been reported although we were
not able to confirm this in our data (Cleutjens et al. 2014;
Dodd et al. 2010). The COPD related cognition defects man-
ifests in a variety of ways but attention deficits are prominent
and in accordance with the abnormal CRT test results we
observed. COPD patients have previously been shown to have
poor results in NCT-A and B tests (subtests of PSE test bat-
tery) indicative of low psychomotor speed and poor cognitive
flexibility and shifting capacity (Dal Negro et al. 2014, 2015).
We also found problems in relation to motor speed and accu-
racy in the PSE test and the most striking observation was that
only two patients performed within +/−1 SD in the line tracing
(time) and only one in the serial dotting tests. COPD inhala-
tion treatments do not seem to improve cognition noteworthy
but home oxygen treatment has been shown to improve NCT-
A and B results (Dal Negro et al. 2015; Dodd et al. 2010).
Interestingly, all 3 patients in our small study achieved normal

Fig. 1 PHES and CRTindex in healthy persons and patients with
common medical conditions. Patients with heart failure and COPD
often have lower mean reaction time stability when compared to
healthy persons; and COPD patients also a lower mean PHES.
Abbreviations HF Heart failure, ESRF End stage renal failure,
DM II Type II diabetes, COPD Chronic obstructive pulmonary
disease, CRT Continous reaction time test (abnormal if below
1.9), PHES Portosystemic hepatic encephalopathy score
(abnormal if below -4)
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scores in the PSE test, which includes the NCT-A and B and
this could be an effect of oxygen treatment.

DMII did not significantly impact the tests we used but
DMII is often associated with mild cognitive impairment es-
pecially in case of long-term poor glycemic control and the
same is the case for ESRF where cognition worsens with
declining eGFR (Davey et al. 2013; Ravona-Springer et al.
2014; Silverwood et al. 2014; West et al. 2014; Zammit
et al. 2015). However, such defects as clinically described
were not documented by our psychometric tests. A recent
study examined the effect of diabetes and nephropathy on
the PSE and 3 other tests for MHE and in accordance with
our findings, it was concluded that the PSE test was not influ-
enced by diabetes and low estimated glomerular filtration rate
(eGFR) (Goldbecker et al. 2013). The effect of COPD or HF
was not evaluated in that particular study.

In conclusion, our study provides new and useful knowledge
on the clinical consequences of heart- and lung failure, and im-
plies that psychometric tests should be interpreted with great
caution in cirrhosis patients with heart- or lung comorbidity
(Table 1 and Fig. 1).
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