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Research paper 

Cardiovascular autonomic reflex tests using a handheld device in the 
diagnosis of cardiovascular autonomic neuropathy in patients 
with schizophrenia 
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Svend Eggert Jensen a,b, Rene Ernst Nielsen b,c, Kristian Kragholm a, Jesper Fleischer d,e, 
Esben Laugesen f, Christoffer Polcwiartek a 

a Aalborg University Hospital, Department of Cardiology, Aalborg, Denmark 
b Department of Clinical Medicine, Aalborg University, Aalborg, Denmark 
c Aalborg University Hospital, Psychiatry, Aalborg, Denmark 
d Steno Diabetes Center Aarhus, Aarhus, Denmark 
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A R T I C L E  I N F O   
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A B S T R A C T   

Study objective: This study investigated whether schizophrenia and the duration of schizophrenia were associated 
with cardiovascular autonomic neuropathy (CAN) by using heart rate variability (HRV) as a marker. 
Design: Cross-sectional study. 
Setting: The examinations were conducted at the Centre for Psychosis Research and at the Department of Car
diology, Aalborg University Hospital, Aalborg, Denmark. 
Participants: 240 patients with first-episode and chronic schizophrenia and 180 controls. 
Interventions: CAN was assessed by the cardiovascular reflex tests (CARTs): HR, RS ratio, E:I ratio, and VM using a 
handheld device. 
Main outcome measures: One abnormal CART was interpreted as borderline CAN and ≥2 abnormal CARTs 
established definitive CAN. Borderline CAN and definitive CAN together was categorized as overall CAN. Ana
lyses were adjusted for age, sex, smoking, overweight, and hypercholesterolemia. 
Results: A total of 240 patients with schizophrenia (median age 42.5 [28.8, 52.3], 42.9 % women) and 180 
controls (median age 45.8 [24.0, 60.1], 47.8 % women) were included, with 50.8 % of patients with schizo
phrenia having overall CAN compared to 27.2 % among controls. Dividing patients into patients with first- 
episode and chronic schizophrenia, 32.9 % vs 10 % (p < 0.001) and 59.1 % vs 41 % (p < 0.001) had overall 
CAN compared with controls, respectively. Schizophrenia was significantly associated with overall CAN (OR, 
2.80; 95%CI, 1.75–4.50), with an OR of 2.31 (95%CI, 1.14–4.68) for first-episode schizophrenia and an OR of 
2.97 (95%CI, 1.81–4.87) for chronic schizophrenia. 
Conclusion: It was demonstrated that a diagnosis of schizophrenia was associated with CAN. Patients with chronic 
schizophrenia had a significantly higher prevalence of CAN compared to patients with first-episode schizo
phrenia, suggesting an association between the duration of schizophrenia and CAN.   

1. Introduction 

Patients with schizophrenia have a two- to three-fold increased risk 
of mortality [1–6], with a reduced life expectancy of 15–20 years 
compared to the general population [7,8], in part due to a higher 

prevalence of cardiovascular diseases. Other underlying mechanisms for 
reduced life expectancy in this patient group due to cardiovascular 
diseases have been suggested to be lifestyle factors, use of psychotropics, 
and comorbidities such as hypercholesterolaemia, hypertension, 
obesity, metabolic syndrome, and diabetes [7,9,10]. 
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An important factor affecting the high cardiovascular disease burden 
and increased risk of cardiovascular mortality in this population is 
dysfunction of the autonomic nervous system, as indicated by cardio
vascular autonomic neuropathy (CAN) [11]. CAN is a condition that 
leads to sympathetic predominance due to reduced vagus nerve activity, 
inducing an increased heart rate (HR), stroke volume, systemic vascular 
resistance, and renin-angiotensin-aldosterone system overactivity, 
leading to left ventricular dysfunction and potential heart failure [12]. 
Heart rate variability (HRV) is a reliable marker of CAN, and studies 
have suggested a correlation between a reduced HRV and increased CAN 
in patients with schizophrenia [4,13]. This is a complex association, 
with reduced treatment of cardiovascular disease and an increased 
presence of cardiac risk factors making patients with schizophrenia a 
vulnerable group regarding cardiovascular disease. The gold standard 
clinical test of CAN in patients with diabetes, according to the American 
Diabetes Association, is based on controlled active tests [11,14], 
referred to as Cardiovascular Autonomic Reflex Tests (CARTs) [11]. This 
approach could be applied to patients with schizophrenia considering 
their higher risk of cardiovascular diseases. However, CAN assessment 
using recommended CARTs has previously required advanced and time- 
consuming techniques [15]. Yet, modern techniques have made detec
tion of CAN in patients with schizophrenia feasible as shown in a pre
vious Danish study using a hand-held device [16]. 

The aim of this cross-sectional study was to investigate whether 
patients with schizophrenia have a higher prevalence of CAN compared 
to the general population and to investigate whether the severity of CAN 
is associated with a longer duration of the schizophrenia diagnosis based 
on patients with first-episode and chronic schizophrenia. 

2. Methods and materials 

2.1. Study design and population 

This cross-sectional study analysed data from the Car
dioSchizoStudyGroup, based on data from a large prospective clinical 
cohort study in patients diagnosed with schizophrenia [17], of which a 
subpopulation has already been used in another study [18]. 

In total, 300 patients with schizophrenia >18 years of age were 
planned to be enrolled in this study. Patients were diagnosed according 
to the International Classification of Disease (ICD-10) using the codes 
F20 (Schizophrenia) and F25 (Schizo-affective disorder) [17]. Other 
inclusion criteria were residency in the North Denmark Region and 
being able to give an informed statement of consent. Patients were 
categorized based on the duration of the mental illness into first-episode 
(n = 100) and chronic schizophrenia (n = 200). Criteria for patients with 
first-episode schizophrenia were receiving the diagnosis within the last 
2 years from study inclusion, while criteria for patients with chronic 
schizophrenia were having the diagnosis for >10 years from study 
inclusion. 

For the patients with first-episode schizophrenia, a control group of 
100 participants with no history of mental illness and no history of 
congenital heart disease were planned to be recruited for the study. 

Due to lack of controls for patients with chronic schizophrenia from 
the larger prospective clinical cohort study [17], 100 healthy controls 
from another independent cross-sectional study of patients with diabetes 
were used. Only controls with no diabetes or impaired glucose tolerance 
by oral glucose tolerance test were included due to the nature of the 
independent diabetes study [19]. 

Exclusion criteria for all participants were the lack of ability to 
provide informed consent or to cooperate with the planned study pro
gramme, pregnant or lactating women, and severe claustrophobia [19]. 

2.2. Data collection and management 

For the screening of CAN, a handheld instrument Vagus ™ (Medicus 
Engineering, Aarhus, Denmark) [20] was used. The device recorded and 

calculated RS ratio, E:I ratio, and VM based on a standard lead I ECG 
recording. CARTs, as recommended by the American Diabetic Associa
tion, were evaluated according to published age-related reference in
tervals (Table 1) [15,20–22]. This study utilized the definition of CAN 
according to the American Diabetic Association [22] of no, borderline, 
and definitive CAN. Borderline CAN and definitive CAN together were 
categorized as overall CAN. 

2.3. Covariates 

Data on smoking habits, body mass index (BMI), diabetes, hyper
cholesterolemia, and the use of antipsychotics were included. Patients 
gave information regarding smoking habits, height, and weight through 
a questionnaire. BMI was then calculated from height and weight and 
categorized as normal when BMI < 25 and overweight when BMI > 25 
based on WHO criteria [23]. The definition of diabetes and hyper
cholesterolaemia was based on ICD diagnosis codes or use of antidia
betics or lipid-lowering drugs through Anatomical Therapeutic 
Chemical Classification System (ATC). The use of antipsychotics was 
classified according to ATC. 

2.4. Statistical analysis 

For descriptive statistics, categorical variables were presented as 
number of cases and percentages, while continuous variables were 
presented as medians with first and third quartiles. Chi-square tests were 
performed for comparison of categorical data, and unpaired Wilcoxon 
tests were performed for comparison of continuous data. 

Multivariable logistic regression analysis was used to investigate the 
association between schizophrenia and the presence/absence of CAN, 
adjusted for age, sex, smoking, overweight, and hypercholesterolemia. 
In case of missing data for CART results, the CART variable was inter
preted as normal. This was done to ensure complete-case analysis. 

Due to a low occurrence of diabetes, adjustments were not made in 
the general model, but a sensitivity analysis excluding all patients with 
diabetes was performed due to an overweight of diabetes among pa
tients with schizophrenia compared with controls. Moreover, a sub
group analysis was performed on the following: patients with first- 
episode vs. chronic schizophrenia, patients with first-episode 

Table 1 
Presentation of the different CARTs, how they are performed, and the limit for 
an abnormal test result.  

CARTs Examination activity Abnormal test 
result 

HR The participant rested for 4 min in a lying position 
during ECG-recording. 

>100 bpm 

RS The participant stood up quickly for 1 min after lying 
down. As soon as the participant was standing, the 
ECG-recording started. The ratio was calculated as the 
difference between the minimum and maximum HR. 

<1.03 

E:I The participant breathed deeply, 6 breaths per min, for 
a minute, following the pace of a bar on the display of 
the device. The participant was sitting down during the 
examination, and the ECG-recording was performed 
during the deep breathing. The ratio was calculated as 
the mean maximum of HR. 

<1.17 

VM The participant performed a forced exhale through a 
mouthpiece for 15 s against a pressure of 40 mmHg. 
The ECG-recording started at the beginning of the 
exhale and lasted for 45 s after the exhale with normal 
breathing. The ratio was calculated as the difference 
between the minimum and maximum HR during 
forced expiration and normal breathing. 

<1.20 

Abbreviations: HR = heart rate. RS = response to standing. E:I = expiration: 
inspiration. VM = valsalva maneuver. 
Adapted from (Risk factors for the presence and progression of cardiovascular 
autonomic neuropathy in type 2 diabetes [17]). 
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schizophrenia vs. controls, and patients with chronic schizophrenia vs. 
controls. 

A two-sided p-value <0.05 was considered statistically significant. 
All data management and analysis were performed using R version 4.0.1 
(R Foundation for Statistical Computing, Vienna, Austria). 

2.5. Ethics 

The above-mentioned studies obtained ethical approval by the 
research ethics committee (N-20140047 and M-20080059) and were 
conducted in accordance with the Declaration of Helsinki. All study 
subjects gave written informed consent prior to enrolment. 

3. Results 

3.1. Study population 

A total of 300 patients, subdivided in 100 patients with first-episode 
schizophrenia and 200 patients with chronic schizophrenia, were 
enrolled in this study. A total of 76 patients with first-episode schizo
phrenia and 164 patients with chronic schizophrenia were eligible in the 
present study, with 80 and 100 controls, respectively (Fig. 1). 

3.2. Characteristics of patients with schizophrenia and controls 

The median age of patients with schizophrenia was 42.5 years 
compared to 45.8 years for controls. 42.9 % of patients with schizo
phrenia were female compared to 47.8 % of controls. Patients with 
schizophrenia had a significantly higher prevalence of smoking and 

Fig. 1. Flowchart of the study population.  
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overweight compared to controls, whereas the prevalence of hyper
cholesterolemia did not differ significantly between the two groups. 90 
% of patients with schizophrenia were using antipsychotics and had a 
significantly higher median HR of 75 compared to a median HR of 62 for 
controls (Table 2.1). Tables 2.2 and 2.3 show characteristics for each 
schizophrenia group compared to their controls. 

3.3. Association between schizophrenia and CAN 

A total of n = 122 (50.8 %) of patients with schizophrenia had overall 
CAN compared to n = 49 (27.2 %) of controls. Overall CAN was detected 
in n = 25 (32.9 %) in patients with first-episode schizophrenia and n =
97 (59.1 %) in patients with chronic schizophrenia (Fig. 2). 

Schizophrenia was associated with a significantly increased risk of 
overall CAN (OR, 2.80; 95%CI, 1.75–4.50) (Fig. 2), both in patients with 
first-episode (OR 2.31; 95%CI, 1.14–4.68) and patients with chronic 
schizophrenia (OR, 2.97; 95%CI, 1.81–4.87), adjusted for age, sex, 
smoking, overweight, and hypercholesterolemia. Borderline CAN was 
associated with schizophrenia (OR 1.73, 95%CI, 1.05–2.86), albeit not 
significantly when stratified by first-episode and chronic schizophrenia. 
For definitive CAN, patients with schizophrenia had an increased OR of 
16.07 (95 % 95%CI, 5.21–49.56), solely driven by the findings in the 
group of patients with chronic schizophrenia (OR; 17.73; 5.79–54.26), 
whereas no association was shown with first-episode schizophrenia 
(Fig. 2). 

3.4. Association between schizophrenia and individual abnormal CARTs 

Schizophrenia was significantly associated with all of the individual 
abnormal CART parameters including RS (OR, 6.39; 95%CI, 
3.07–13.34), E:I (OR, 2.37; 95%CI, 1.43–3.93), and VM (OR, 7.25; 95% 
CI, 2.06–25.53), with analyses divided by first-episode and chronic 
groups shown in Fig. 3. HR was not included in this analysis, as it cannot 
be relied upon as an individual marker of CAN due to its susceptibility to 
other factors such as stress [12]. 

3.5. Supplementary analyses 

Comparing demographics of patients with schizophrenia and their 
controls, patients with first-episode schizophrenia were significantly 
more overweight than controls (Table 2.2). No statistical significance 
was observed regarding overweight in patients with chronic schizo
phrenia vs controls (Table 2.3). In the same comparisons, it was also 
observed that the patients with schizophrenia had a significantly higher 
prevalence of smokers than their controls. 

Significantly lower individual CART parameters and significantly 
higher HR measurements were found in patients with schizophrenia 
compared to controls, also when divided into first-episode and chronic 
groups (Tables S1, S2 and S3). 

A significantly lower E:I was observed in patients with first-episode 

schizophrenia vs controls (Table S2). All three variables RS, E:I, and 
VM were significantly lower in patients with chronic schizophrenia 
compared to controls (Table S3). 

The analysis of the association between schizophrenia and CAN, 
where all patients with prior diabetes were excluded (Fig. S1), showed 
that patients with schizophrenia were significantly associated with 
overall CAN (OR, 2.90; 95%CI, 1.75–4.78). When assessing the degree of 
CAN, schizophrenia was associated with borderline CAN (OR, 1.87; 95% 
CI, 1.09–3.19), both in patients with first-episode schizophrenia (OR, 
2.26; 95%CI, 1.04–4.91) and in patients with chronic schizophrenia 
(OR, 1.73; 95%CI, 0.96–3.10). Schizophrenia was also associated with 
definitive CAN (OR, 16.52; 95%CI, 5.14–53.09), both in patients with 
first-episode (OR, 2.47; 95%CI, 0.22–27.33) and in patients with chronic 
schizophrenia (OR, 18.33; 95%CI, 5.76–58.30). 

4. Discussion 

In this cross-sectional study, it was observed that schizophrenia was 
associated with a significantly increased prevalence of overall CAN. 
More than a 2-fold increased likelihood for overall CAN in patients with 
schizophrenia was observed compared to controls. The highest proba
bility for overall CAN was observed among patients with chronic 
schizophrenia, showing a 17-fold increased likelihood of developing 

Table 2.1 
Demographics for patients with schizophrenia and controls.   

Control (N = 180) Schizophrenia (N = 240) P-value 

Gender    0.372 
Female 86 (47.8 %) 103 (42.9 %)  
Male 94 (52.2 %) 137 (57.1 %)  

Age (years)    0.285 
Median [q25, q75] 45.8 [24.0, 60.1] 42.5 [28.8, 52.3]  

Smoking    <0.001 
Smoker 54 (30.0 %) 115 (47.9 %)  
Former smoker 37 (20.6 %) 63 (26.2 %)  
Non-smoker 89 (49.4 %) 62 (25.8 %)  

Overweight 84 (46.7 %) 164 (68.3 %)  <0.001 
DM 1 (0.6 %) 35 (14.6 %)  <0.001 
Hypercholesterolaemia 19 (10.6 %) 33 (13.8 %)  0.404 
Antipsychotics 0 (0 %) 216 (90.0 %)  <0.001  

Table 2.2 
Demographics for patients with first-episode schizophrenia and controls.   

First-episode 
schizophrenia (N = 76) 

Control (N =
80) 

P-value 

Gender    
Female 34 (44.7 %) 38 (47.5 %)  0.853 
Male 42 (55.3 %) 42 (52.5 %)  

Age (years)    
Median [q25, q75] 24.0 [21.0, 28.0] 23.0 [20.0, 

27.0]  
0.341 

Smoking    
Smoker 45 (59.2 %) 33 (41.2 %)  0.00633 
Former smoker 8 (10.5 %) 3 (3.8 %)  
Non-smoker 23 (30.3 %) 43 (53.8 %)  
Missing 0 (0 %) 1 (1.2 %)  

Overweight 49 (64.5 %) 25 (31.2 %)  <0.001 
DM 4 (5.3 %) 1 (1.2 %)  0.317 
Hypercholesterolaemia    

Yes 3 (3.9 %) 1 (1.2 %)  0.576 
Antipsychotics    

Yes 66 (86.8 %) 0 (0 %)  <0.001 

Abbreviations: DM = diabetes mellitus. 

Table 2.3 
Demographics for patients with chronic schizophrenia and controls.   

Chronic schizophrenia (N 
= 164) 

Control (N =
100) 

P-value 

Gender    
Female 69 (42.1 %) 48 (48.0 %)  0.416 
Male 95 (57.9 %) 52 (52.0 %)  

Age (years)    
Median [q25, q75] 49.0 [41.8, 56.0] 59.0 [52.2, 

64.6]  
<0.001 

Smoking    
Smoker 70 (42.7 %) 21 (21.0 %)  <0.001 
Former smoker 53 (32.3 %) 33 (33.0 %)  
Non-smoker 39 (23.8 %) 46 (46.0 %)  
Missing 2 (1.2 %) 0 (0 %)  

Overweight 115 (70.1 %) 59 (59 %)  0.0863 
DM 31 (18.9 %) 0 (0 %)  <0.001 
Hypercholesterolaemia    

Yes 30 (18.3 %) 18 (18.0 %)  0.999 
Antipsychotics    

Yes 150 (91.5 %) 0 (0 %)  <0.001 

Abbreviations: DM = diabetes mellitus. 
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Fig. 2. CAN analysis in patients with schizophrenia and controls stratified by type of schizophrenia as well as the degree of CAN.  

Fig. 3. The association between schizophrenia and individual abnormal HRV measurements. The threshold of an abnormal test is shown for each individual 
abnormal HRV parameter. 
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definitive CAN compared to controls, while patients with first-episode 
schizophrenia had a 3.6-fold increased likelihood in developing defini
tive CAN. Looking at borderline CAN, patients with schizophrenia had 
almost a 2-fold increased likelihood of developing borderline CAN 
compared to controls, but results were non-significant when divided by 
first-episode and chronic groups. In general, patients with schizophrenia 
had a 2.37–7.25-fold increased likelihood of expressing an abnormal 
individual CART parameter compared to controls (Fig. 3). 

The pathophysiological mechanisms explaining the association be
tween schizophrenia and the development of CAN remain multifacto
rial, but a well-known factor to influence CAN is age [11,24,25]. 
However, in the analysis of this study, when adjusting for several con
founding factors including age, schizophrenia remained significantly 
associated with CAN. This suggests that schizophrenia is a risk factor for 
developing CAN, and clinicians need to be aware of this potential risk 
factor for the development of CAN. 

As mentioned previously, patients with chronic schizophrenia had a 
higher prevalence of CAN than patients with first-episode schizophrenia, 
which could be due to the difference in time since diagnosis. This dif
ference in CAN could possibly be explained by a longer exposure to 
unhealthy lifestyle habits, cardiac risk factors, comorbidities, and anti
psychotics [26]. 

The existence of comorbidities and altered metabolic profiles has 
been shown to be a risk factor for CAN [18,24]. A study by Smith et al. 
found a significantly higher prevalence of comorbidities in patients with 
schizophrenia compared to controls [27], while a reduced HRV in 
another study was associated to an increase in BMI, diastolic pressure, 
triglycerides, and high- and low-density lipoproteins in patients with 
schizophrenia [28]. In the present study, patients with schizophrenia 
likewise demonstrated a higher prevalence of smoking and overweight 
compared to controls which might in part explain the association be
tween schizophrenia and CAN. However, a contradictory cross-sectional 
study found an under-recording of cardiovascular diseases in patients 
with schizophrenia compared to controls [27]. This unexpected finding 
might be explained by a systematic under-recognition and resulting 
undertreatment of cardiovascular disease in patients with schizophrenia 
[27]. This is supported by Attar et al., who found a significant difference 
in the offer and acceptance of cardiac treatment following myocardial 
infarction in patients with schizophrenia, where patients with schizo
phrenia were more prone to decline examination and treatment [29]. 

Regarding the use of antipsychotics, a meta-analysis highlights the 
importance of using a medication-free group as an ideal approach in 
order to analyse the effects of schizophrenia [24], and it has been 
highlighted that antipsychotics leads to a significantly more severe 
reduction in HRV compared to unmedicated patients with schizophrenia 
[30]. This effect may be due to antipsychotics' effect on the development 
of cardiometabolic disorders both directly by affecting the lipid meta
bolism and indirectly by increasing appetite, food intake, and weight 
gain [7,26]. In this study, after consultation with resident psychiatrists, 
it was chosen not to include information regarding type of antipsy
chotics (first and second generation) or e.g. chlorpromazine equivalents 
for the patients with schizophrenia, as it was considered only to be a 
“snapshot in time” and not taking into consideration what might have 
gone before regarding type and dose of antipsychotics, thus possibly 
providing an unclear association in the analysis. 

Another explanation for the association between schizophrenia and a 
higher prevalence of cardiovascular disease is demonstrated by a study 
that investigates advanced glycation end products (AGEs) and schizo
phrenia [31]. AGEs accumulate during the human lifespan, thus a 
biomarker for ageing, and are strongly linked to cardiovascular mor
tality [31]. The study found a 15.1 % elevation of AGEs in recent-onset 
psychosis compared to healthy controls which equals an accumulation 
that normally occurs in approximately 10 years. They also found that 
duration of illness and antipsychotic treatment correlated with AGEs 
[31]. 

As for clinical implications of the study findings, it has already been 

suggested to implement screening for CAN among patients with diabetes 
[15,22]. A similar approach to patients with schizophrenia could be 
advisable, as early recognition and treatment could possibly reduce the 
future prevalence of CAN and development of cardiovascular disease 
[15,22], as suggested with other cardiovascular risk stratification tools 
such as the ECG [18,32,33]. In diabetes patients, it has been observed 
that CAN may be reduced through exercise, lifestyle interventions, ACE 
inhibitors, and beta-blockers [12,15,22] which could again be consid
ered in the treatment of patients with schizophrenia. Also, the use of 
metformin to reduce and prevent antipsychotic weight gain in addition 
to regulating the glucose metabolism would be an option to consider for 
this patient group [34,35]. 

5. Limitations 

Due to problems with completing the CARTs, many patients with 
schizophrenia had missing data in individual HRV parameters which 
was instead interpreted as normal to ensure complete-case analysis. 
However, this approach may underestimate the true association be
tween schizophrenia and CAN. Exclusion of these participants from the 
analysis was not possible due to resulting small study populations, as the 
percentage of missing data in one single CART measurement ranged 
from 13.2 % to 37.2 %. Therefore, missing data was interpreted as 
normal. 

Statistically, a larger sample size could have been beneficial, e.g. it 
would have been possible to only include participants with full CAN 
assessment and match patients with controls 1:1. Especially the VM test 
had a high number of missing data and might need some modification 
for future application. 

Additionally, patients could have been grouped regarding the use of 
antipsychotics and other medications such as ACE-inhibitors and beta- 
blockers, and analyses could have been adjusted for more factors to 
eliminate possible confounders. Regarding the use of antipsychotics, it 
would likewise be of interest to transform antipsychotics into e.g. 
haloperidol equivalent doses in a way to see whether the dose influences 
HRV. 

6. Conclusion 

This cross-sectional study demonstrated that schizophrenia was 
significantly associated with CAN. A correlation between the duration of 
schizophrenia and definitive CAN was also observed, meaning that pa
tients with chronic schizophrenia had a significantly higher rate of CAN 
relative to controls as well as patients with first-episode schizophrenia. 
Early recognition and screening of CAN among patients with schizo
phrenia may help in detecting otherwise unidentified patients at high 
cardiovascular risk. 
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Supplementary data to this article can be found online at https://doi. 
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