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Background: Patients with schizophrenia have a higher risk for cardiovascular diseases, which 

is associated with early mortality compared with the nonschizophrenic population. Early diag-

nosis of cardiovascular diseases in asymptomatic periods in patients with schizophrenia would 

enhance their quality of life and reduce mortality. Echocardiography, carotid ultrasonography, 

and ankle brachial index (ABI) measurement are known to be beneficial methods of detecting 

subclinical cardiovascular diseases and of risk stratification. The present study investigated 

carotid intima media thickness (CIMT) and ABI and echocardiographic parameters measured 

via conventional and tissue Doppler echocardiography in patients with schizophrenia in com-

parison with a control group.

Methods: The present case-control study included 116 patients with schizophrenia and 88 

healthy patients. Participants with any current comorbid psychiatric disorder, current or lifetime 

neurological and medical problems, current coronary artery disease, diabetes, hypertension, 

hypothyroidism, or hyperthyroidism or who were using antihypertensives, antidiabetic agents, 

or antiobesity drugs were excluded. High-resolution B-mode ultrasound images were used to 

measure CIMT. Conventional and tissue Doppler measurements were performed according to 

the recommendations of the American Society of Echocardiography.

Results: Low ABI, mitral ratio of the early (E) to late (A) ventricular filling velocities, septal E′, 
septal S′, lateral E′, lateral S′, septal E′/septal A′, lateral E′/lateral A′, and high septal A′, 
mitral E/septal E′, mitral E/lateral E′, and CIMT values were observed in the schizophrenia 

group compared with the control group.

Conclusion: Doppler parameters supported the hypothesis that patients with schizophrenia 

are at high risk for cardiovascular diseases.

Keywords: schizophrenia, carotid intima media thickness, ankle brachial index, tissue Doppler 

echocardiography

Introduction
Schizophrenia is a chronic, disabling psychiatric disorder with two to three times higher 

mortality rates than those seen in the general population. The lifetime prevalence is 

approximately 1% in schizophrenia patients.1 In addition to the disease’s chronicity, 

patients with schizophrenia have a higher risk for physical diseases, including diabetes, 

metabolic syndrome, and cardiovascular diseases, compared with the nonschizophrenic 

 population. Quality of life and expected survival are decreased in patients with schizo-

phrenia because of these concomitant chronic diseases.2–5 Cardiovascular diseases, 

which are among the leading causes of morbidity and mortality worldwide, are more 

common in patients with schizophrenia; however, they usually remain underdiag-

nosed.6–8 Studies have shown that risk factors for cardiovascular diseases such as obesity, 
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diabetes, metabolic syndrome, hypertension, dyslipidemia, 

smoking, and sedentary lifestyle are also more common in 

patients with schizophrenia than in the nonschizophrenic 

population.6,9–13 Treatment of comorbid physical diseases in 

patients with schizophrenia would enhance quality of life 

and reduce early deaths. Thus, providing physical health 

care in addition to mental health care is an important part 

of the treatment of patients with schizophrenia.4,14 The fol-

lowing measurements have been recommended for early 

diagnosis of comorbid physical diseases during the follow-up 

of patients with schizophrenia: fasting glucose, body mass 

index (BMI), fasting triglycerides, fasting cholesterol, waist 

circumference, hip circumference, high-density lipoprotein/

low-density lipoprotein ratio (HDL/LDL), blood pressure, 

and symptoms of diabetes.15

Carotid intima media thickness (CIMT) and the ankle 

brachial index (ABI) are well-studied surrogate markers of 

early atherosclerosis. It has been demonstrated that CIMT 

and ABI are in an independent relationship with enhanced 

vascular morbidity and mortality.16 ABI is the ratio of the 

ankle brachial systolic blood pressures; values smaller than 

0.90 indicate the presence of atherosclerosis. Low ABI 

values also serve as a predictor for cardiovascular events 

and mortality and help identify asymptomatic patients at 

risk.17–19 In recent years, CIMT has drawn interest as another 

predictor of cardiovascular events, and its validity as a suit-

able measure of atherosclerotic disease has been proven in 

many studies performed in different populations.20,21  Doppler 

echocardiography can accurately assess cardiac output, 

pulmonary artery pressures, and right- and left-ventricular 

filling pressures in patients with cardiovascular diseases.22 

In many patients with cardiac disease, diastolic functions are 

impaired first, followed by systolic functions. Tissue Doppler 

echocardiography is able to detect diastolic function impair-

ment in its early phase, even in an asymptomatic period.23,24 

Because patients with schizophrenia have a high risk for 

cardiovascular diseases, monitoring diastolic functions via 

echocardiography would be beneficial for early diagnosis 

of cardiovascular diseases. The present study explored ABI, 

CIMT, and echocardiographic parameters measured via con-

ventional and tissue Doppler echocardiography in patients 

with schizophrenia without previously known cardiovascular 

disease in comparison with a healthy control group.

Materials and methods
subjects
The present research is a case-control study. The study 

group was composed of 116 patients with schizophrenia, 

aged between 18 and 65 years (27 women and 89 men), who 

were recruited from the Mazhar Osman Bakırköy Education 

and Research Hospital Department of Psychiatry in Istanbul, 

Turkey. All patients had already met the criteria for schizo-

phrenia according to the Diagnostic and Statistical Manual of 

Mental Disorders, Fourth Edition (DSM-IV).25 The DSM-IV 

criteria for schizophrenia were determined using the Turkish 

version of the Structured Clinical Interview for DSM-IV.26,27 

All patients and healthy control participants were Turkish. 

Exclusion criteria were any current comorbid psychiatric 

disorder; current or lifetime neurological and medical 

problems; current coronary artery disease (CAD); diabetes; 

hypertension; hypothyroidism; hyperthyroidism; using anti-

hypertensives, antidiabetic agents, or antiobesity drugs; and 

an inability or refusal to provide informed consent.

In addition, 88 healthy control participants (35 women and 

53 men) who were age- and BMI-matched were included in 

the present study. Control patients were selected from among 

healthy individuals with no clinical evidence of schizophrenia 

and other psychiatric histories, no current medical problems, 

no neurologic problems, and no mental retardation. This study 

was carried out according to the Helsinki Declaration guide-

lines and was approved by the ethics committee of the Bakırköy 

Sadi Konuk Education and Research Hospital. Most of the 

patients were competent enough to provide written informed 

consent after a full explanation of the procedures of the study. 

Consent was obtained from the caretakers of patients who were 

not competent enough to provide written informed consent. All 

healthy controls accepted to participate in the study, and all of 

them provided written voluntary informed consent.

aBi determination
ABI was measured by a single observer in both groups after 

a 15 minute rest in a supine position. Systolic pressures of 

brachial arteries of both arms and systolic pressures of both 

ankles were measured, using a contour-wrapped 12 cm cuff 

and an 8 MHz Doppler probe (Sonotrax 8-MHz Ultrasonic 

Vascular Pocket Doppler, Stork Radio, Boca Raton, FL, 

USA). The cuff was inflated to above the audible systolic 

pressure (for 20 mm Hg) in each artery. Then, the cuff was 

slowly deflated and the first audible sound by Doppler probe 

was recorded as systolic pressure. Six systolic artery pres-

sures (right arm brachial artery, left arm brachial artery, right 

dorsalis pedis artery, left dorsalis pedis artery, right tibialis 

posterior artery, left tibialis posterior artery) were measured. 

Of the same-side dorsalis pedis and tibial posterior artery 

pressures, the highest one was written on the numerator as 

the systolic ankle pressure. The highest arm systolic pressure 
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was written on the denominator, and the ratio of ankle systolic 

pressure to brachial artery systolic pressure was calculated. 

The same calculation was performed for the other ankle. The 

lowest ratio was accepted as the ABI.

ciMT ultrasound scanning procedure
High-resolution B-mode ultrasound images (GE Vivid I 

system, GE Healthcare, Milwaukee, WI, USA) (with 3.5 or 

5 MHz transducers) with a 7.0 MHz linear array transducer 

were used to measure CIMT. To measure CIMT, patients 

were placed in a supine position and asked to turn their 

heads to the opposite direction of the carotid artery and to 

keep their necks extended. Measurements were performed 

at a distance of 1 cm from the bifurcation of the internal and 

external carotid artery branches. CIMT was measured in the 

anterior, posterior, and lateral projections. The mean wall 

thickness of the common carotid artery was used as the key 

variable for statistical analysis because of its strong associa-

tion with cardiovascular risk factors. CIMT was considered 

to be increased when it was more than 0.9 mm, whereas 

arteriosclerotic plaques were considered to be present when 

it was 1.5 mm or more.28 For each variable, the mean value 

of measurements performed by two readers was used. The 

interobserver variability was evaluated on the measurements 

obtained from all patients.

echocardiography
Patients were examined in the left lateral decubitus position, 

using a Vivid I (Vingmed Medical Systems, GE Healthcare, 

Milwaukee, WI, USA) phased array system equipped with 

conventional and tissue Doppler technology. Measurements 

were performed according to the recommendations of the 

American Society of Echocardiography.29 The ejection frac-

tion was calculated using Simpson’s method.30 The mitral 

inflow velocity pattern was recorded using the pulsed-wave 

Doppler sample volume positioned between the tips of the 

mitral leaflets. Three consecutive beats were measured and 

averaged for each parameter. From the apical 4-chamber 

view, peak early (E) and late (A) transmitral velocities, 

deceleration time, isovolumetric relaxation and contraction 

times, and mitral ratio of the E to A ventricular filling veloci-

ties were measured. On tissue Doppler imaging, the mitral 

annular septal and lateral velocities were recorded from the 

two- and four-chamber views. A 3–5 mm pulse-wave  Doppler 

volume was placed, and tissue Doppler imaging signals 

were recorded. The Nyquist limit frequency was adjusted 

to 15–20 cm/second with minimum gain and low-filter 

settings. Early and late diastolic velocities were obtained. 

Systolic myocardial function was evaluated by measuring 

the peak systolic velocity.

statistical analysis
Data were analyzed using Predictive Analytics Soft Ware 

 statistics 18 (IBM Corporation, Armonk, NY, USA). 

 Normality testing was performed by the Kolmogorov–

Smirnov test. Descriptive statistics were expressed as fre-

quency tables and cross tables for categorical variables and as 

a median, minimum, and maximum for numerical variables. 

Paired comparisons of nonnormally distributed continuous 

variables were performed using the Mann–Whitney U-test. 

The statistical significance level was set at P,0.05.

Results
Demographic and clinical properties  
of participants
One hundred sixteen patients who were diagnosed with 

schizophrenia and 88 healthy individuals were enrolled in 

the present study. The median age was 38 years in the patient 

group (PG) and 38.5 years in the healthy control group (HC). 

Median age was statistically similar in both groups. The 

percentage of men (76.72%) was higher in the PG compared 

with the HC (60.23%; P=0.026). The percentage of women 

(23.28%) was higher in the PG compared with the HC 

(39.77%). BMI, rate of smokers, and diagnosis of diabetes 

mellitus or hypertension were similar between groups. The 

family history of CAD was more common in the HC. Thirty 

(25.86%) of 116 patients with schizophrenia had a history 

of CAD in their first-degree relatives, and 51 (57.96%) of 

88 healthy controls reported a family history of CAD in 

their first-degree relatives (P,0.001). The median values of 

BMI, serum glucose, serum total cholesterol, serum triglyc-

eride, and serum LDL-cholesterol were found to be similar 

between groups. Serum HDL-cholesterol level was lower 

in the PG compared with the HC (36 mg/dL vs 42 mg/dL; 

P,0.001). The demographic and clinical characteristics of 

116 patients with schizophrenia and 88 controls are presented 

in Table 1.

comparisons of aBi, right ciMT,  
and left ciMT between groups
The median values of ABI were, respectively, 1.07 (0.91–1.38) 

and 1.16 (0.9–1.45) in the PG and the HC, and ABI was signifi-

cantly higher in the HC (P,0.001). The median value of right 

CIMT was 0.58 mm (0.38–1.08 mm) in the PG, which was 

significantly greater than in the HC (0.51 mm; 0.38–0.69 mm;  

P,0.001). The median value of left CIMT was 0.56 mm 
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Table 1 Demographic, clinic, and laboratory characteristics of 
schizophrenia and control groups

Variable Schizophrenia  
group (n=116)

Control  
group (n=88)

P-value

age, year 38 (18–60) 38.5 (18–61) Ns
gender  
 Male 89 (76.72) 53 (60.23) 0.026
 Female 27 (23.28) 35 (39.77)
BMi, kg/m2 27.99 29.3 Ns
smoker 55.2 62.5 Ns
Diabetes mellitus 9 (7.75) 2 (2.27) Ns
hypertension 7 (6.03) 5 (5.68) Ns
Family history of  
coronary artery disease

30 (25.86) 51 (57.96) ,0.001

glucose (mg/dl) 90 (58–176) 87 (70–185) Ns
Total cholesterol (mg/dl) 193 (108–381) 194 (120–303) Ns
Triglyceride (mg/dl) 164.5 (38–537) 160 (52–481) Ns
hDl cholesterol (mg/dl) 36 (22–74) 42 (30–71) ,0.001
lDl cholesterol (mg/dl) 131.5 (43.6–254) 125 (10–231) Ns

Note: Values are presented as median (minimum–maximum), number (%), or %, 
where appropriate.
Abbreviations: hDl, high-density lipoprotein; lDl, low-density lipoprotein; 
NS, not significant; BMI, body mass index.

(0.48–1.17 mm) in the PG, which was also greater than the 

median value in the HC (0.51 mm; 0.33–0.74; P,0.001). 

ABI and CIMT values of the study groups were presented 

in Table 2.

M mode and pulsed-Doppler findings  
in the Pg and hc
The median values of diastolic diameter, systolic diameter, 

interventricular septum, posterior wall, ejection fraction, 

mitral E, deceleration time, isovolumetric relaxation time, 

isovolumetric contraction time, and ejection time were found 

to be similar between groups. The median A peak value 

was 74 cm/second (40–124 cm/s) in the PG, which was 

significantly higher than in the HC (64 cm/s; 33–101 cm/s; 

P=0.003). The median value of diameter of left atrium was 

longer in the PG compared with the HC (median values of 

diameters of left atrium of the PG and the HC, respectively: 

34 mm [25–45 mm] and 30 mm [23–37 mm]; P,0.001). 

The E/A ratio was significantly lower in the PG, at 1.15 

(0.58–2.12) compared with in the HC (1.40; 0.76–2.12; 

Table 2 aBi and ciMT in the schizophrenia and control groups

Variable Schizophrenia  
group (n=116)

Control  
group (n=88)

P-value

aBi 1.07 (0.91–1.38) 1.16 (0.9–1.45) ,0.001
right ciMT (mm) 0.58 (0.38–1.08) 0.51 (0.38–0.69) ,0.001
left ciMT (mm) 0.56 (0.48–1.17) 0.51 (0.33–0.74) ,0.001

Note: Values are presented as median (minimum–maximum).
Abbreviations: aBi, ankle brachial index; ciMT, carotid intima media thickness.

Table 3 M mode and pulsed-Doppler indices in the schizophrenia 
and control groups

Variable Schizophrenia  
group (n=116)

Control  
group (n=88)

P-value

Diastolic diameter (mm) 47.5 (39–61) 47 (39–53) Ns
systolic diameter (mm) 31 (24–39) 30 (23–38) Ns
interventricular  
septum (mm)

11 (8–16) 11 (8–15) Ns

Posterior wall (mm) 10 (7–14) 10 (8–14) Ns
ejection fraction (%) 65 (55–70) 66 (60–74) Ns
Mitral e peak (cm/s) 81 (47–157) 84.5 (42–125) Ns
Mitral a peak (cm/s) 74 (40–124) 64 (33–101) 0.003
Deceleration time (ms) 180 (100–324) 172 (95–286) Ns
isovolumetric relaxation  
time (ms)

85 (52–126) 89 (64–114) Ns

isovolumetric contraction  
time (ms)

47 (32–78) 45 (25–64) Ns

ejection time 279 (101–366) 273 (191–350) Ns
left atrium (mm) 34 (25–45) 30 (23–37) ,0.001
Mitral e/a ratio 1.15 (0.58–2.12) 1.40 (0.76–2.12) ,0.001

Note: Values are presented as median (minimum–maximum).
Abbreviations: E/A ratio, ratio of the early (E) to late (A) ventricular filling 
velocities; NS, not significant.

P,0.001). Conventional parameters measured via Doppler 

echocardiography in the schizophrenia and control groups 

are presented in Table 3.

Tissue Doppler parameters  
in the Pg and hc
The mitral annulus septal A′ was higher in the PG compared 

with the HC (P,0.001), whereas the mitral annulus sep-

tal E′, mitral annulus septal S′, mitral annulus lateral E′, and 

mitral annulus lateral S′ were lower in the PG (respectively, 

P=0.003, P,0.001, P,0.001, and P=0.002). The mitral 

annulus lateral A′ was similar between groups. The median 

values of the mitral annulus septal E′/mitral annulus septal 

A′ ratio and the mitral annulus lateral E′/mitral annulus lat-

eral A′ ratio were found to be lower in the PG (P,0.001). 

The median value of the mitral E/mitral annulus septal E′ 
and mitral E/mitral annulus lateral E′ ratios were higher 

in the PG compared with the HC (P=0.004 and P,0.001, 

 respectively). Tissue Doppler parameters of the study groups 

are presented in Table 4.

Discussion
Although no statistically significant difference was found 

between the schizophrenia and control groups with regard 

to cardiovascular risk, except for family history of cardio-

vascular disease, patients with schizophrenia had decreased 

ABI and increased CIMT, which are markers of subclinical 

atherosclerosis; no statistically significant difference in 
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respect with parameters of two-dimensional and M mode 

echocardiography; decreased mitral E/A, which is a con-

ventional diastolic parameter; or decreased mitral annulus 

septal E′, mitral annulus lateral E′, mitral annulus septal E′/
mitral annulus lateral A′, and mitral annulus lateral E′/mitral 

annulus lateral A′ or increased tissue Doppler parameters 

such as mitral E/mitral annulus septal E′ and mitral E/mitral 

annulus lateral E′.
Patients with schizophrenia have a higher risk for cardio-

vascular diseases and acute myocardial infarction compared 

with the nonschizophrenic population; therefore, they have an 

increased risk for mortality resulting from these diseases.31,32 

According to the World Health Organization, eight risk factors 

(alcohol use, tobacco use, high blood pressure, high BMI, high 

cholesterol, high blood glucose, low fruit and vegetable intake, 

and physical inactivity) have accounted for 61% of cardiovas-

cular deaths annually worldwide. The World Health Organiza-

tion also has reported that less exposure to these risk factors 

would increase global life expectancy by almost 5 years.33 It is 

known that these risk factors are more common in patients with 

schizophrenia.34 Early diagnosis of patients with schizophrenia 

with subclinical atherosclerosis is of great importance in terms 

of reducing comorbidities and mortality.

In the present study, patients with schizophrenia and 

control participants were age- and BMI-matched. Participants 

with any current comorbid psychiatric disorder; current or 

lifetime neurological or medical problems; current CAD, 

diabetes, hypertension, hypothyroidism, or hyperthyroidism; 

or who were using antihypertensives, antidiabetic agents, or 

antiobesity drugs were excluded.

There were patients who had hypertension and dia-

betes detected after participation in the study; however, 

no significant difference was found between the study groups 

in terms of the rate of these diseases. Compared with the 

control group, the schizophrenia group had a higher LDL-

cholesterol level with no statistical significance but had a 

significantly lower HDL-cholesterol level. Total cholesterol 

and triglyceride levels were similar in the schizophrenia and 

control groups. It is known that smoking is an important risk 

factor for cardiovascular diseases. In the study by Kelly et al, 

the effect of smoking on mortality was investigated in patients 

with schizophrenia who were aged between 35 and 54 years.35 

The researchers reported that the odds of cardiac-related 

death were increased 12-fold in smokers compared with in 

nonsmokers. In the present study, the rate of smoking was 

55.2%; however, no significant difference was found between 

the study groups in terms of smoking. Receiving continuous 

care (ie, 24 hour care), either inpatient care or care in the 

community, increases the risk for cardiovascular disease in 

patients with schizophrenia by leading to more smoking and 

less physical activity.36 Thus, such a group of patients with 

schizophrenia should be followed more closely.

ABI is known to be a marker of generalized atheroscle-

rosis37 and has predictive importance for atherosclerosis.38 

In the present study, the median ABI value was significantly 

lower in the schizophrenia group than in the control group 

(1.07 and 1.16, respectively; P,0.001). The statistical power 

for ABI is calculated as 0.351. These results may show that 

schizophrenia is an independent risk factor for subclinical 

atherosclerosis. Considering that low ABI values are the 

predictors of cardiovascular diseases, closer follow-up may 

be needed in the schizophrenia group.

The CIMT is also an indicator of subclinical  atherosclerosis. 

Increased CIMT was shown to be a strong indicator of future 

cardiovascular events.39 Similarly, that CIMT values were 

significantly higher in the schizophrenia group than in 

the control group supported the above-mentioned issue. The 

statistical power for CIMT was 0.965.

It is a known fact that patients with a family history of 

CAD are more prone to atherosclerotic diseases.40 In the 

present study, the rate of participants with a family history 

of CAD was significantly higher in the control group com-

pared with that seen in those in the schizophrenia group. 

In contrast, it is notable that ABI and CIMT have a higher 

predictive value for cardiovascular diseases in patients with 

schizophrenia.

Echocardiography and carotid ultrasonography have been 

reported to be beneficial methods of detecting subclinical 

cardiovascular diseases and for risk stratification.41  Tissue 

Doppler echocardiography, which is similar to routine 

Doppler ultrasonography, has recently gained importance 

Table 4 Tissue Doppler parameters in the schizophrenia and 
control groups

Variable Schizophrenia  
group (n=116)

Control  
group (n=88)

P-value

septal e′ (cm/s) 10.5 (5–18) 12 (6–17) 0.003
septal a′ (cm/s) 10 (4–17) 9 (5–14) ,0.001
septal s′ (cm/s) 8 (4–16) 9 (7–13) ,0.001
lateral e′ (cm/s) 10.5 (4–25) 13.5 (7–20) ,0.001
lateral a′ (cm/s) 10.0 (6–18) 9.9 (5–18) Ns
lateral s′ (cm/s) 8 (4–16) 9 (7–13) 0.002
septal e′/septal a′ 1.13 (0.46–2.00) 1.42 (0.46–2.00) ,0.001
e peak/septal e′ 7.94 (3.59–26.20) 6.92 (4.67–13.29) 0.004
lateral e′/lateral a′ 1.05 (0.41–3.29) 1.67 (0.53–3.20) ,0.001
e peak/lateral e′ 7.71 (3.44–17.44) 6.19 (3.85–9.57) ,0.001

Note: Values are presented as median (minimum–maximum).
Abbreviations: A, late ventricular filling velocity; E, early ventricular filling velocity; 
NS, not significant.
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in the assessment of blood flow; however, different from 

Doppler ultrasonography, its technological properties focus 

on lower-velocity frequency shifts.42 It has been reported 

that tissue Doppler echocardiography is beneficial in detect-

ing cardiac dysfunction in the early period.43,44 The pres-

ent study found the E/A ratio to be significantly lower in 

patients with schizophrenia, whereas most tissue Doppler 

echocardiography parameters were impaired, especially 

mitral E/mitral annulus septal E′ and mitral E/mitral annulus 

lateral E′, which is related to left ventricle end diastolic pres-

sure, compared with those in the control group. The statisti-

cal power for E/A was calculated as 0.899. These results, as 

well, may indicate existing diastolic function and risk for 

cardiovascular disease; therefore, patients with schizophrenia 

should be followed-up closely.

The present study has some limitations. First, there might 

be independent effects of antipsychotic treatment on CIMT 

and diastolic dysfunction. This is likely the study’s major 

limitation. However, further studies are needed for highlight-

ing the effects of antipsychotic treatment on these parameters. 

The female/male bias in the patient group also was a limita-

tion of the present study. The sample sizes of groups in the 

present study might be small for making a general conclusion; 

that is another limitation of our study.

Conclusion
The present study found that low ABI and high CIMT values, 

as well as E/A ratio, and significant differences between the 

schizophrenia and control groups regarding most of the tis-

sue Doppler parameters, support the hypothesis that patients 

with schizophrenia have an increased risk for cardiovascular 

diseases. Moreover, HDL levels were significantly lower in 

patients with schizophrenia without previously known CAD 

compared with those in the control group.

To our knowledge, the present study is the first to 

demonstrate an increased risk for cardiovascular dis-

ease in patients with schizophrenia via methods of ABI, 

CIMT, and tissue Doppler echocardiography. All these 

findings lead to the conclusion that schizophrenia may be 

an independent risk factor for atherosclerosis and heart 

failure. Concomitant physical diseases should be kept 

in mind during follow-up and treatment of patients with 

schizophrenia, and the necessary examinations should be 

performed periodically.
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