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Abstract

Background: During telephone triage, it is difficult to assign adequate urgency to patients with 
chest discomfort. Considering the time of calling could be helpful.
Objective: To assess the risk of acute coronary syndrome (ACS) in certain time periods and 
whether sex influences this risk.
Methods: Cross-sectional study of 1655 recordings of telephone conversations of patients who 
called the out-of-hours services primary care (OHS-PC) for chest discomfort. Call time, patient 
characteristics, symptoms, medical history and urgency allocation of the triage conversations were 
collected. The final diagnosis of each call was retrieved at the patient’s general practice. Absolute 
numbers of patients with and without ACS were plotted and risks per hour were calculated. The 
risk ratio of ACS at night (0 to 9 am) was calculated by comparing to the risk at other hours and 
was adjusted for gender and age.
Results: The mean age of callers was 58.9 (standard deviation ±19.5) years, 55.5% were women 
and, in total, 199 (12.0%) had an ACS. The crude risk ratio for an ACS at night was 1.80 (confidence 
interval 1.39–2.34, P < 0.001): 2.33 (1.68–3.22, P < 0.001) for men and 1.29 (0.83–1.99, P = 0.256) for 
women. The adjusted risk ratio for ACS of all people at night was 1.82 (1.07–3.10, P = 0.039).
Conclusions: Patients calling the OHS-PC for chest discomfort between 0 and 9 am have almost 
twice a higher risk of ACS than those calling other hours, a phenomenon more evident in men than 
in women. At night, dispatching ambulances more ‘straightaway’ could be considered for these 
patients with chest discomfort.
Trial number: NTR7331.
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Background

Adequate triage of patients with chest discomfort and timely diag-
nosis of those with acute coronary syndrome (ACS) is crucial for ini-
tiation of lifesaving early interventions in order to prevent or reduce 
myocardial necrosis (‘time is muscle’) and, thus, improve outcome and 

prognosis (1). Urgency allocation of patients with chest discomfort 
based on telephone triage as done in out-of-hours services for primary 
care (OHS-PC) and emergency medical dispatch centres is, however, 
challenging because it is very difficult to differentiate ACS from other 
reasons for chest discomfort. For the diagnosis of ACS, an abnormal 
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electrocardiogram [repolarization abnormalities (ST and/or T wave)] 
and/or elevated blood levels of troponin I or T are needed. ACS may 
then be further subdivided into ST-elevated myocardial infarction 
(STEMI) and non-ST-elevated myocardial infarction (NSTEMI) if the 
troponin levels are elevated (2). If troponin levels are not elevated (or 
increased over time), it is called unstable angina pectoris (UAP) (2).

In the Netherlands, around 80% of patients with chest pain first call 
the general practitioner (GP) or OHS-PC, while 20% directly call the 
ambulance (112) or are self-referrals (3). In the 20% who called directly 
the emergency medical dispatch centre, 63% received a Priority 1 ambu-
lance and 10% had an ACS (4). In people who first called the OHS-PC, 
70% received a Priority 1 ambulance and also 10% had an ACS (5–7).

Previous studies in the emergency department setting showed cir-
cadian variability in the occurrence of acute coronary events, with 
early morning peak, which was twice as high as in the evening (8–
10). This early morning peak of acute myocardial infarction is con-
sidered related to physiological changes in these hours, such as a rise 
in blood pressure and plasma adrenaline levels, that could possibly 
trigger plaque rupture and thrombosis (8,9,11). Studies in primary 
care setting are lacking and studies dividing the absolute numbers of 
ACS by the number of patients who contacted because of chest pain 
are limited (11). Also, studies about sex differences in the circadian 
rhythm of ACS are limited. If there were a high incidence of ACS 
relative to the number of callers for chest discomfort during certain 
hours, this would facilitate triage at the OHS-PC.

In the Netherlands, the OHS-PC is organized in large services, 
similar to the UK and Scandinavian countries (12). Dutch triage 
nurses use the Netherlands Triage Standard (NTS) to assess the ur-
gency and use five priority levels related to the time within which 
the patients should be seen. The NTS is a semi-automatic computer-
ized decision support system that is based on the Manchester Triage 
Standard (13). Previous studies showed that chest discomfort is the 
most common reason (60.7%) for allocating the highest priority 
(U1; ambulance dispatched, the patient should be seen within 15 
minutes) for those contacting the OHS-PC. In the second place came 
respiratory tract symptoms with just 8.1% ambulances dispatched 
(7). The Dutch triage system is overall safe with only 0.006% calam-
ities a year, but this incidence is higher with around 0.03% in the do-
main of chest discomfort (14,15). Besides safety, also efficiency could 
very likely be improved in the domain chest discomfort because only 
1 out of 10 of the referred patients actually has an ACS (5–7,14).

For better safety and efficiency, there is an urgent need for deter-
minants that improve prediction and, thus, help triage nurses in their 
task (7). If there are hours with a high incidence of ACS as compared 
to the total number of telephone calls, then considering the time 
of calling could help to improve the triage. Therefore, we assessed 
whether there are certain time periods in which there is a higher risk 
ratio of ACS and whether sex differences influence this risk ratio.

Methods

The study design and data collection are published before in our study 
design paper (15). In short, we performed a cross-sectional study with 

a random sample of 1655 calls of people calling the OHS-PC for chest 
discomfort between 2014 and 2016. We selected calls on the basis of 
International Classification for Primary Care codes (K01, K02, K03, 
K24, K74, K75, K76, K77, K93, L04, P74, R02 and R98) and key-
words (thoracic pain, chest pain, myocardial infarction, heart attack 
and their common abbreviations). On purpose, we sampled broadly 
to capture the entire domain of patients that could be suspected of 
ACS. We drew a random sample of all available calls of these pa-
tients (270 000 between 2014 and 2016) with the Random Number 
Generator (RAND) function in Microsoft Excel.

We re-listened telephone triage recordings in order to collect in-
formation about the characteristics of patients and their conversa-
tion on symptoms, medical history, urgency allocation and whether 
a supervising GP was involved in the triage. Nine OHS-PC in the 
Netherlands participated, serving a total population of 1.5 million 
people. The final diagnoses were provided by the patients’ GP, and 
this was based on the electronic medical file and cardiologist dis-
charge letters. An ACS was based on the cardiologist’s diagnosis, 
including information on levels of (high sensitivity) troponin and 
electrocardiography.

In the OHS-PC, trained triage nurses used the NTS to generate an 
urgency allocation. The NTS is hierarchically ordered with key ques-
tions, and answers are linked to urgency recommendations. Linked 
to the nurse’s urgency allocation is the time frame within which a 
physician should see the patient (16): direct, within 15 minutes [by 
ambulance or GP (U1)]; urgently, within 1 hour (U2); less urgent, 
within 3 hours (U3); non-urgent, the same day (U4) or telephone 
advice (U5). The GP may see the patient at the patient’s home or at 
the OHS-PC. Triage nurses can always consult the supervising GP 
on call (17).

Data analyses
We plotted the absolute numbers of patients calling for chest dis-
comfort hourly, subdivided into patients with and without a final 
diagnosis ACS, and we calculated the risks of ACS per hour by 
dividing the absolute number of ACS by the total number of callers 
with chest discomfort per hour. The risk ratio of ACS was calculated 
over several time periods. The aim was to find a time period in which 
the risk of ACS was high and also practical in use. We performed sep-
arate analyses for men and women and used the likelihood ratio test 
to assess the difference. Adjusted risk ratios for ACS were calculated 
after correction for gender and age below and over 40 years.

We compared patient and call characteristics and urgency allo-
cation between callers at night and callers at other hours. For com-
parison of dichotomous variables, we used the Chi (2) test and, for 
continuous variables, the independent sample t-test. Finally, we com-
pared the correlation between urgency allocation and the final diag-
nosis ACS. Data analysis was performed using SPSS, IBM version 21.

Results

Of the 1655 patients with chest discomfort, the mean age was 
58.9 [standard deviation (SD) ±19.5] years, and 919 (55.5%) were 

Key messages

• Risk of acute coronary syndrome in out-of-hours services primary care is twice as high at night compared to 
daytime.

• This effect was evident in men but not significant in women.
• Triage may be improved in both safety and efficiency applying this knowledge.
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women. In total, 199 (12.0%) had an ACS: 82 (8.9%) women and 
117 (15.9%) men (P < 0.001); 41.7% an NSTEMI, 26.6% a STEMI, 
24.1% UAP and 7.5% a non-classified ACS.

Variation was small in the absolute numbers of ACS during 24 
hours (see Fig. 1). The incidence of ACS varied with a peak from 
0 to 9 am of 17.7% compared to 9.8% at the remaining hours. 
The highest risk of ACS was between 2 and 5 am with 21.5%, and 
the lowest between 4 and 7 pm with 6.8%. In Figure 2, the dis-
tribution of risks for ACS per hour is plotted, subdivided for men 
and women. The risk ratio for an ACS from 0 to 9 am was 1.80 
[confidence interval (CI) 1.39–2.34, P < 0.001] compared to other 
hours; for men, 2.33 (CI 1.68–3.22, P < 0.001) and, for women, 
1.29 (CI 0.83–1.99, P = 0.256). The difference in risk ratios for 
men and women was statistically significant (P = 0.030). The ad-
justed risk ratio for ACS from 0 to 9 am compared to other hours 
was 1.82 (1.07–3.10, P < 0.001) after correction for both age 
and sex.

The baseline characteristics for those calling at night and those 
calling at other hours are presented in Table  1. Patients calling 
between 0 and 9 am were significantly older [61.4 (SD ±19.7) 
years vs. 57.9 (±19.3) years, P = 0.001], had less patient decision 
delay (calling <12 hours after symptom onset, 83.1% vs. 70.4%, 
P < 0.001) and received more often the highest urgency 1 (54.5% vs. 
42.1%, P < 0.001) than those calling at other hours.

In Table 2, the correlations between urgency allocation and diag-
nosis of ACS are presented. Triage nurses dispatched significantly 
more ambulances to patients who turned out to have an ACS than 
no ACS (70.4% vs. 42.1%, P < 0.001) and this was more so at night 
(80.2% vs. 48.9%, P < 0.001).

The final diagnoses of patients without ACS (n = 1456) were in 
2.6% diseases that need urgent treatment (e.g. thoracic aortic dis-
section, acute severe heart failure, and pulmonary embolism) and 
in the remaining 85.4% non-urgent disorders (e.g. musculoskeletal, 
pulmonary, psychiatric or gastrointestinal causes).

Discussion

Patients with chest discomfort who called the OHS-PC between 0 
and 9 am had almost twice as high a risk of an ACS than patients 
calling at other hours. This effect remained after adjustment for sex 
and age, but the risk was highest for men and less evident for women.

An important strength of our study is that we analyzed all pa-
tients calling for chest discomfort, not selectively those with ACS. 
Another strength is that the original and very first conversations 
with patients were available, and analyzed before knowledge of the 
eventual diagnosis, which assures that our results are not affected by 
recall bias as was, possibly, in many of the previous studies.

A limitation is missing values on some clinical variables, a phe-
nomenon common for research with routine care data. Importantly, 
however, we had no missing data for the time of calling, sex category, 
age or the outcome (ACS/no ACS) and, thus, we could perform our 
multivariable analysis without the need for imputing data. Finally, 
the less pronounced circadian effects among women compared to 
men should be interpreted carefully because our study could be 
under-powered for this subgroup analysis.

To the best of our knowledge, this is the first study in the OHS-PC 
setting assessing risks of ACS over 24 hours of patients with chest 
discomfort. Most previous studies analyzed patients with established 
ACS and reported absolute numbers, not risks or risk ratios. They 
reported a peak of ACS early mornings if considering the time of ar-
rival at the hospital (8,10,18). A Swedish study reported likelihoods 
for ACS among patients with chest pain seen at the emergency de-
partment (ED) and reported a peak incidence from 8 to 10 am of 
10.6% and a trough between 6 and 8 pm of 5.6% based on arrival 
time at the ED (9). The incidence peak of ACS from 0 to 9 am in our 
study could at least partly be explained by the fact that we used the 
time of calling (9). Interestingly, in the Swedish study, the incidence 
peak of ACS at the ED was lower than in our study, and the contrast 
between peak and trough was less. In another Swedish study, among 
2205 patients with chest pain calling the dispatcher centre, the odds 

Figure 1. Call time of 1655 patients with chest discomfort calling the OHS-PC between 2014 and 2016, subdivided into those with and without ACS. ACS: acute 
coronary syndrome. OHS-PC: out-of-hours services for primary care.
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ratio among patients with an ACS for calls arriving before lunch at 
the dispatch centre was 2.02 (95% CI 1.22–3.43) compared with 
midnight (11). Possibly, differences in patient decision delay and 
organization of health care between Sweden and the Netherlands 
could have played a role.

We found a significant lower risk of ACS among women than men 
(8.9% vs. 15.9%, P < 0.001) and, among women, there was less dif-
ference in ACS between 0 and 9 am and other hours: 1.29 (CI 0.83–
1.99) vs. 2.33 (CI 1.68–3.22) among men. In the aforementioned 

Swedish study, in an emergency department setting, women also had 
a lower likelihood for ACS than men, but they did not find a sex dif-
ference in the circadian pattern of ACS (9).

To appreciate our findings, presence of radiation of chest pain to 
the left arm had a likelihood ratio of ACS of 1.30 (CI 1.13–1.47), 
presence of sweating 1.34 (1.09–1.65) and nausea and/or vomiting 
1.32 (CI 1.09–1.65) in a meta-analyses of 16 studies with non-
selected patients (19). These symptoms typically are considered 
important items during triage op patients with chest discomfort, 

Figure 2. Risk of ACS per hour of 1655 patients with chest discomfort calling the OHS-PC between 2014 and 2016, subdivided for men and women. ACS: acute 
coronary syndrome. OHS-PC: out-of-hours services for primary care.

Table 1. Baseline characteristics of 1655 patients calling the OHS-PC with chest discomfort between 2014 and 2016, divided into those who 
called between 0 am and 9 am and other hours

Total  
1655

0 am–9 am  
No. (%)  
n = 457

Other hours  
No. (%)  
n = 1198

P-value

Patient characteristics Mean age (SD) 1655 61.4 (19.7) 57.9 (19.3) 0.001
Male sex 736 193/457 (42.2) 543/1198 (45.3) 0.759

Call characteristics Call duration in 
minutes:seconds (SD)

1655 7:02 (3:40) 7:42 (3:47) 0.001

Medical history Cardiovascular disease 1350* 227/365 (62.2) 592/985 (60.1) 0.485
Coronary artery disease 902* 88/251 (35.1) 225/651 (34.6) 0.888
Hypertension 701* 70/188 (37.2) 189/513 (36.8) 0.924
Diabetes mellitus 686* 32/185 (17.3) 89/501 (17.8) 0.887

Symptoms Chest pain 1601* 412/442 (93.2) 1090/1159 (94.0) 0.536
Pain lasting <12 hours 1438* 320/385 (83.1) 741/1053 (70.4) <0.001
Radiation of pain 1283* 239/348 (68.7) 593/935 (63.4) 0.080
Autonomous nervous sys-
tem related symptoms**

1599* 257/434 (59.2) 658/1165 (56.5) 0.325

Shortness of breath 1260* 214/333 (64.3) 610/927 (65.8) 0.612
GP participated in triage In consultation or taking 

over the call 
1655 233/457 (51.0) 650/1198 (54.3) 0.233

Urgency allocation U1 753 249/457 (54.5) 504/1198 (42.1) <0.001***
U2 371 85/457 (18.6) 286/1198 (23.9)
U3,U4,U5 531 123/457 (26.9) 408/1198 (34.1) 0.005****

Diagnosis ACS  1655 81/457(17.7) 118/1198 (9.8) <0.001

The bold values in the previous version of the tables were the statistically significant P-values.
*For these variables there were missing data.
**Autonomous nervous system (ANS) related symptoms consist of one or more of the following: nausea and/or vomiting, sweating, pallor/ashen skin, and 

(near) collapse.
***P-value comparing U1 vs. U2–U5.
****P-value comparing U1,U2 vs. U3–U5.
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but their impact is fairly low. Currently, pre-hospital decision rules 
do not consider the time of calling as a valuable triage item and 
there seems to be no awareness among lay people about these ‘crit-
ical hours’ (20–22). Some awareness about a higher risk of ACS at 
night seems to be present among triage nurses and GPs working at 
the OHS-PC, as ACS patients received more often Priority 1 with 
ambulance straightaway if calls arrived between 0 and 9 am than 
during other hours (80.2% vs. 63.6%, P < 0.001). A previous study 
reported that missed diagnoses of ACS most often occurred at night 
(14). Also, this study stresses the importance of considering the time 
of calling with triage of patients with chest discomfort; it helps im-
prove patient safety and accuracy of pre-hospital telephone triage.

Conclusion

Patients calling the OHS-PC for chest discomfort between 0 and 9 
am have almost twice a higher risk of ACS than those calling at other 
hours, a phenomenon more evident in men than in women. At night, 
dispatching ambulances more ‘straightaway’ than during daytime 
could be considered for these patients with chest discomfort.
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