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Abstract: Background: The seasonality of acute myocardial infarction and progressive heart failure
has been well established so far. Cardiac troponins (cTns) are organ-specific, not disease-specific,
biomarkers. The seasonality of cTns has not been reported before. Methods: Data were collected
from the emergency admission unit of a community hospital in eastern Croatia for each month of the
year 2014 covering the number of patients whose doctors requested high-sensitivity cTn I (hs-cTn I)
testing, the number of positive test results and hospital admissions. Results: The proportion of
patients with positive test results was 15.75% (350 patients out of 2221 patients referred to testing),
with the males being outnumbered by the females (F: 57.15%, M: 42.85%) (p = 0.069). The month with
the highest number of patients with positive test results was December, whereas the month with the
lowest number of those patients was January (p < 0.001). The highest numbers of patients referred to
testing (30.9%) and of those with positive test results (50.8%) were found in the oldest age group (76+).
Conclusion: Tracking the results of cTns testing during patient admissions to emergency departments
would be a more effective approach from a public health perspective than tracking the number of
patients diagnosed with a particular cardiovascular (CV) disease and could be used as a research
approach to guide a search for precipitating factors for CV disease specific to a local community.

Keywords: high sensitive cardiac troponin assay; hospital emergency admission unit register;
seasonality of cardiovascular events; cardiovascular triggering factors

1. Introduction

Seasonal variations in acute myocardial infarction (AMI) and other cardiovascular (CV) events,
including hypertensive urgency and progressive heart failure (HF), have been well established so
far [1–3]. This phenomenon has been observed in different geographic and climate regions of the world
and confirmed in largescale epidemiological studies [4,5]. It has been most consistently reported among
elderly people, probably due to their greater vulnerability to the influence of different environmental
factors, which is due to an age-related decline in homeostatic regulation [6].

Cardiac troponin (cTn) testing has become a component of the standard diagnostic workup for
patients who may have acute coronary syndrome (ACS), and it is used as a guide in making decisions
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for coronary interventions [7]. In the past few years, implementation of high-sensitivity cTn (hs-cTn)
assays in routine diagnostics in European clinics and hospitals has significantly improved outcomes
of patients with AMI [8]. The problem with this approach is that increased sensitivity of cTn assays
has come at the cost of reduced specificity, thus posing new diagnostic challenges to clinicians [9].
Strategies used to improve the diagnostic accuracy of hs-cTn assays for detection of patients with AMI
include the clinical probability assessment and serial hs-cTn sampling [7].

In most reports, seasonal patterns of CV events have shown peaks in the winter, even in regions
with a warm climate throughout the year [10,11]. Explanations provided by the early studies were that
cold weather or some other meteorological factors, such as intraday temperature oscillations, could
influence these peaks [5,12]. Some studies reporting peak incidences of CV events in the summer or no
seasonal variations at all have led to the general notion that extreme weather conditions, including
low or high temperatures or high humidity, underlie the seasonal variations in CV events [13,14].

Knowledge accumulated over time indicates that meteorological factors cannot fully explain
the seasonality of CV morbidity and mortality. Seasonal variations in other environmental factors,
such as acute respiratory infections or human behaviors that can affect conventional CV factors
should also be considered [15,16]. The problem with generalization of human behaviors is that large
variations can occur among regions and countries due to differences in the societal, cultural and
lifestyle characteristics of populations, rather than due to differences in climate and meteorological
factors [17].

Insufficient knowledge of the effects of climate change and air pollution on cardiac health
poses further challenges to researchers investigating the seasonality of CV events [18,19]. Notably,
air pollution can vary in its effects on urban and rural areas and particular population groups [19].

Because regionally-specific societal, cultural and meteorological factors drive variations in CV
events, the assessment of these factors at the community or regional levels is suggested. A promising
organizational framework for this assessment is the emergency admission unit registers of a community
hospital, in which measurements of cardiac biomarkers (troponins) can shed light on the seasonality of
CV emergencies in the population and guide data collection on precipitating factors of CV events.

2. Materials and Methods

2.1. Study Design and Data Source

A retrospective study was conducted in the General Hospital Vinkovci. Vinkovci (35,000 inhabitants)
is the administrative center of a rural area in eastern Croatia. In this region, due to the devastating
economic situation, negative demographic trends and population aging have taken place in the
last decades.

Data were collected from the information technology (IT) registers of the emergency admission
unit for the year 2014. Cumulative data on the number of patients whose doctors requested testing on
hs-cTn I and the number of patients with positive test results were estimated for each month of the
year 2014 (Figure 1). For this purpose, the IT register of the emergency admission unit was screened
for patients referred to the laboratory for hs-cTn I testing. Patients whose names appeared two or more
times were considered repeatedly tested (Table 1). Patient test results were counted as positive if the
patient had at least one positive test. Based on the 99th percentile cut-off for hs-cTn I test positivity,
the diagnostic limit was set as low as 40 ng/L [20].
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Figure 1. Proportions (%) of positive results of the hs-cTn I test relative to the number of requests.
A distribution by months.

Table 1. The hs-cTn I test repetition rates.

The Number of Patients with Repeated hs-cTn I Tests n (%) p-Value

1 92 (26.3)
≥2 143 (40.9) 0.06
0 115 (32.9)

The number of patients who tested positive 350 (100.0)

Patients with positive hs-cTn I test results were assessed to determine whether they were admitted
to the cardiology department, admitted to another hospital department, or discharged (Table 2).
Patients admitted to the cardiology department were considered diagnosed with CV emergencies.

Table 2. Hospital admission rates of patients who tested positive on hs-cTn I and
gender-related distribution.

Department Males/n (%) Females/n (%) Total

Cardiology 106 (73.1) 157 (76.6) 263
Pulmonology 15 (10.3) 14 (6.8) 29

Internal medicine 4 (2.8) 5 (2.4) 9
Infectology 1 (0.7) 2 (1.0) 3
Neurology 0 (0.0) 2 (1.0) 2
Discharged 19 (13.1) 25 (12.2) 44

Total 145 (100.0) 205 (100.0) 350

2.2. Patients

Patients admitted and processed at the emergency admission unit of the General Hospital Vinkovci
during 2014 under suspicion of ACS were selected for analysis. They were not directly included in the
study, but their outcomes (admission to the cardiology department, admission to another department
or discharge) were tracked according to their referrals to the emergency laboratory for hs-cTn I testing
and the results of this testing. Other information from patient records, including results of the specific
diagnostic procedures, were not available without special permissions and were not used in this study.

2.3. Ethics Statement

The study was conducted in accordance with the Declaration of Helsinki, and the study was
approved by the Ethics Committee of Faculty of Medicine, Josip Juraj Strossmayer University of Osijek
(01-7929/2/17).
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2.4. The hs-cTn Referent Test

In General Hospital Vinkovci, the hs-cTn I assay is used as the referent test for the diagnosis
of ACS. This test is based on the chemiluminescence immunoassays (CLIA) analytical method and
is performed on the apparatus Siemens Centaur XP (ADVIA Centaur TnI-Ultra Assay, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA).

Analytical properties of ADVIA Centaur TnI-Ultra Assay: assay range 6–50.000 ng/L; analytical
sensitivity 6 ng/L; CV 10% 30 ng/L; 99th percentile 40 ng/L.

2.5. Statistical Analysis

The gender-dependent, age-dependent and per month distributions of the number of requests for
the hs-cTn I testing and the number of positive test results have been presented. Hi-square and Fisher‘s
exact tests were used to analyze differences between the distributions. A line graph, a bar graph
and histograms were used to present these distributions also visually. All p-values were two-sided.
The significance level was set to <0.05. Statistical analysis was performed using SPSS Statictical
Software (version 16.0, SPSS Inc., Chicago, IL, USA).

3. Results

The total number of patients referred to hs-cTn I testing in 2014 in the emergency admission
unit of the General Hospital Vinkovci was 2221, being almost equally distributed between men and
women (47.14% and 52.86%, respectively). The proportion of patients with positive test results was
15.75% (350 patients out of 2221 tested), with the females (57.15%) outnumbering the males (42.85%)
(p = 0.069).

The proportion of patients with positive hs-cTn I test results relative to the number of those
referred to testing was constant across the months (p = 0.17) (Figure 1). The top month with respect to
the number of patients whose doctors requested to hs-cTn I testing for both males and females was
December, whereas the months with the lowest number of those patients were January and February
(p < 0.001).

Out of the total number of 350 patients with positive hs-cTn I test results, 235 (67.14%) patients
underwent repeated testing (Table 1).

Three quarters (75.14%) of patients with positive hs-cTn I test results were admitted to the
cardiology department, but without a statistically significant gender-related difference (p = 0.77)
(Table 2).

Some patients were admitted to other departments, and some were discharged from the
emergency admission unit.

Most of the patients with positive hs-cTn I test results reached values of hs-cTn I that were lower
than 100 (ng/L) (Table 3).

Table 3. Values of hs-cTn I in patients with positive hs-cTn I test results.

Range of hs-cTn I Values (ng/L) Patients n (%)

40 < 100 281 (80.3)
100–5000 and > 69 (19.7)

Total 350 (100.0)

According to the number of patients whose doctors requested hs-cTn I testing and the number of
patients with positive hs-cTn I test results, CV events started to occur after the age of 45 (Figure 2).
There were significantly more patients referred to hs-cTn I testing and patients with positive test results
in the elderly age groups (65+) (p < 0.001). The highest number of patients referred to testing (686 out
of a total of 2221) (30.9%) and the highest number of patients with positive test results (178 out of a
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total of 350) (50.8%) were found in the oldest age group (76+). Only one patient who tested positive
was found in the age group of 35 years or younger.

Figure 2. The proportion of positive results of the hs-cTn I test relative to the total number of requests.
A distribution according to the six age groups.

The highest number of both male and female patients with positive hs-cTn I test results were
recorded in December. The lowest number of patients were recorded in January and February (Figure 3).
In most months of the year, these results were higher for the females than for the males, with the
exception of the summer months June and July, during which the females were outnumbered by the
males, but without statistically significant gender-related differences (p = 0.209) (Figure 3).

Figure 3. Positive results of the hs-cTn I test, separately presented for males and females. A distribution
by months.

According to Figure 4, the largest number of CV events can be expected in December, in the age
group >65 and in particular in patients >75. Across all age groups, the frequency of CV events was
lowest in January and February, followed by April and August.
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Figure 4. Positive results of the hs-cTn I test distributed by months and the six age groups.

4. Discussion

This study demonstrates, for the first time, the existence of seasonal variations in the cardiac
biomarker troponin. This finding is in line with other recent studies indicating that, in addition to
the classical CV risk factors, which can be significantly influenced by human behaviours, deeper
pathophysiological disorders and underlying CV pathologies (e.g., insulin resistance and autonomous
microcirculation regulation) show seasonal variations [21]. Oscillating patterns of these disorders could
reflect complex network dysregulation due to the aging process and chronic disease development [22].
In this context, cTns can be considered not only as a biomarker of ischaemic cardiac events, but also
more generally as a biomarker of the global instability of the CV system, indicating elevated risk of a
wide range of CV disorders, with the most common ones being myocardiopathy, chronic renal failure
and cardiac arrhythmias [20,23,24]. Given that cTns are organ-specific rather than disease-specific
biomarkers, tracking results of cTn testing during the patient admission process in the emergency
department would be a more meaningful approach from a public health perspective than tracking the
number of diagnoses of AMI or progressive HF [25]. If performed at the community or regional level,
this follow-up can provide a practical framework for more focused research on precipitating factors
for CV disorders than those used in previous studies.

The high repetition rate (67.1%) for hs-cTn I testing found in this study may be due to the early
hospital admissions occurring after symptoms associated with CV emergency had presented, as well as
diagnostic uncertainties associated with comorbidities, the common situation in older populations such
as the one examined in the present study (Table 1). Low admission rates to hospital departments other
than cardiology (43 patients) (11.2%) indicate that cardiac pathology was the main reason for hs-cTn I
testing (Table 2). Relatively high rates of hs-cTn I test results with values that usually indicate AMI
(19.7%) may be due to the population aging and poor socioeconomic situation in eastern Croatia [20,26].
The highest number of patients referred for hs-cTn I testing and the highest number of patients with
positive test results were recorded in October and December, the transition months towards colder
weather, and then again in March and May to July, the transition months towards warmer weather
(Figure 1). This multi-wave oscillating pattern differs from the unimodal peaks found in previous
studies, in which particular CV diagnoses have been tracked.



J. Clin. Med. 2018, 7, 520 7 of 10

The rates of patients tested on hs-cTn I and those with positive test results were the highest for
elderly persons (66+), which aligns with the epidemiological characteristics of CV disease (Figure 2)
(Townsend). Taken together, the results of the present study suggest that the main diagnostic concern
associated with repetition of hs-cTn I testing was the need to distinguish between ACS and progressive
HF in elderly people. This assumption is based on evidence that HF is the main cause of hospitalization
of elderly people [27]. It is especially difficult to diagnose ACS in elderly people with HF; therefore,
in this context, repeated hs-cTn I testing can be useful [28]. As in this study, in previous studies in
which seasonal variations of the incidence and hospitalization of progressive HF were assessed, peaks
were observed in the winter, but higher rates were sometimes also observed in the summer [29].

Researchers have proposed many potential causes of the seasonal variations in ACS and HF
morbidity and mortality rates. The peak prevalence of these conditions in the winter has been
explained by mechanisms such as cold weather (especially short-term falls in temperature), respiratory
infections and increased food intake due to the often-sedentary lifestyle during the winter [15,30,31].
The proposed mechanisms underlying the summer peaks include increased atmospheric pressure,
higher relative humidity, and increased intake of sweetened beverages and fruits [29,32]. Societal
schedules, including the summer work breaks for vacation, established in most European countries,
and traditional celebrations, such as Christmas, may change lifestyle patterns, including traveling,
eating, drinking, exercising and working habits, leading to changes in the precipitating factors
of CV events [33]. These factors are often age- and gender-dependent, but they also tend to be
specific to and constant within regional communities. For example, the main characteristics of
communities in the eastern Croatian region are population aging, poor socioeconomic conditions and
rural household activities, along with a continental climate (indicating extreme seasonal variations in
weather conditions). The healthcare system in this region, although well organized, is characterized by
a low level of CV preventive and public health measures.

Researchers investigating precipitating factors for CV events increasingly emphasize the effects of
multiple, concurrently acting factors [16]. Some of these scenarios are likely to be suggested by the
results of the present study. Age- and gender-related seasonal trends in cardiac troponins, estimated
from the data available in the community hospital emergency unit registers, can guide evaluation of
these factors.

According to our results, positive results for cTn testing, which indicate CV events, are rare in
patients younger than middle aged (45 or younger). After 45, the frequency of CV events steadily
increases with age (Figure 2). The month with the largest increase in positive hs-cTn I test results was
December, whereas the lowest numbers of positive results were recorded in January and February,
followed by April and August (Figures 1 and 3). The peak in December can be explained by the
effect of Christmas and other traditional celebrations taking place during this month. An alternative
explanation is more changeable weather, with short-term fluctuations in temperature, which in the
continental climate regions is more typical for December than for January or February. These seasonal
changes have been especially intense in recent years, probably due to global warming. The latter
explanation seems more plausible than the former because in contrast to December, April (the month
of Easter celebrations) showed a record-low in positive results.

Another potential cause of the peaks observed in late autumn’s colder months, October and
December, in particular when the oldest patient group (76+) is considered, might be the susceptibility
of elderly people to respiratory infections (Figure 4). On the contrary, low rates of hs-cTn I positive
results may have been recorded in the winter months (January and February) because the rate of
influenza vaccination for elderly people in the studied region is usually fairly high (Figures 3 and 4) [34].
Our results also suggest another hidden factor as a possible cause of marked variations in the levels of
cTns during the winter months, one not mentioned in previous studies or reflected in weather reports:
the difference in darkness and light between months at the end and the beginning of the year [35].

The inclusion of gender-related factors in an analysis of seasonal variations in positive cTn test
results has revealed further precipitating factors of CV events. As suggested by Figure 3, male patients
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more often test positive for cTn in the beginning of the summer (in June and July), which probably
reflects men’s greater sensitivity to environmental challenges, such as overheating during hot weather.
Alternatively, there could be gender-related differences in exposure to outdoor activities that are usually
more common in the beginning of the summer. Household activities are proposed as potential CV
precipitation factors based on the characteristics of the eastern Croatian local population, which include
elderly (not occupationally active) people and traditional ways of life in a rural area. Male patients’
higher rate of CV events during the early summer peak can also be explained by the gender-related
bias for development of specific CV entities, such as the association between the male gender and the
ST-elevation type of AMI (Figure 3) [36]. Yet, these considerations require further evaluation due to
the small number of patients evaluated each month in this study.

As suggested by Figure 4, all age groups show similar seasonal patterns in positive cTn testing
results, with only slight fluctuations. The results indicate common seasonal patterns in emergent CV
conditions, which could be specific to the population of the eastern Croatian region. The uniformity of
patterns across age ranges could reflect population aging and the distribution bias of the positive cTn
test results towards the older age groups. These patterns include the multiple oscillating peaks, taking
place in the spring, at the beginning of the summer and during autumn’s cold months, with nadirs in
January, February, April and August. However, these results must be interpreted cautiously because of
the small number of patients evaluated per month and the limited follow-up time of one year.

5. Conclusions

Following cardiac biomarker troponin testing results in the emergency admission unit of a
community hospital can provide quick insight into the age- and gender-dependent seasonal variations
of global CV emergencies, the patterns of which are typical for the local population. These identified
patterns, together with knowledge of the societal and cultural characteristics of the local population,
and information on meteorological and weather conditions, can direct research on CV precipitation
factors that are considered relatively constant for a certain region. Tracking the levels of the cardiac
biomarker troponin provides a global view of CV emergencies within a given population, and this
approach is more rational from a public health perspective than tracking the incidence of a particular
form of CV disease.

Author Contributions: All authors have contributed significantly and agree with content of the manuscript.
Conceptualization: All authors; collection and/or assembly of data: All authors; data analysis and interpretation:
All authors; manuscript writing: All authors; final approval of manuscript: All authors.

Funding: The work was partially supported by the University of Osijek, Croatia under the grant “Risk factors for
visit-to-visit blood glucose variability in DM2 patients”, No. VIF2106-MEFOS-31.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Patel, N.J.; Pant, S.; Deshmukh, A.J.; Nalluri, N.; Badheka, A.O.; Shah, N.; Chothani, A.; Savani, G.T.;
Schwartz, C.; Duvvuri, S.; et al. Seasonal variation of acute myocardial infarction related hospitalizations in
the United States: Perspective over the last decade. Int. J. Cardiol. 2014, 172, e441–e442. [CrossRef] [PubMed]

2. Pant, S.; Badheka, A.O.; Mehta, K.; Deshmukh, A. Seasonal and monthly variation in occurrence of
hypertensive urgency. Intern. Emerg. Med. 2013, 8, 273. [CrossRef] [PubMed]

3. Gallerani, M.; Boari, B.; Manfredini, F.; Manfredini, R. Seasonal variation in heart failure hospitalization.
Clin. Cardiol. 2011, 34, 389–394. [CrossRef] [PubMed]

4. Cheng, T.O. Seasonal incidence of acute myocardial infarction in the Chinese population. Cardiology 1998, 90,
312. [CrossRef] [PubMed]

5. Spencer, F.A.; Goldberg, R.J.; Becker, R.C.; Gore, J.M. Seasonal distribution of acute myocardial infarction in
the second National Registry of Myocardial Infarction. J. Am. Coll. Cardiol. 1998, 31, 1226–1233. [CrossRef]

6. Yu, W.; Yu, W.; Mengersen, K. Daily average temperature and mortality among the elderly: A meta-analysis
and systematic review of epidemiological evidence. Int. J. Biometeorol. 2012, 56, 569–581. [CrossRef]

http://dx.doi.org/10.1016/j.ijcard.2013.12.319
http://www.ncbi.nlm.nih.gov/pubmed/24485617
http://dx.doi.org/10.1007/s11739-013-0905-2
http://www.ncbi.nlm.nih.gov/pubmed/23385662
http://dx.doi.org/10.1002/clc.20895
http://www.ncbi.nlm.nih.gov/pubmed/21538387
http://dx.doi.org/10.1159/000006867
http://www.ncbi.nlm.nih.gov/pubmed/10357600
http://dx.doi.org/10.1016/S0735-1097(98)00098-9
http://dx.doi.org/10.1007/s00484-011-0497-3


J. Clin. Med. 2018, 7, 520 9 of 10

7. Sandoval, Y.; Smith, S.W.; Apple, F.S. Present and future of cardiac troponin in clinical practice: A paradigm
shift to high-sensitivity assays. Am. J. Med. 2016, 129, 354–365. [CrossRef]

8. Apple, F.S.; Falahati, A.; Paulsen, P.R.; Miller, E.A.; Sharkey, S.W. Improved detection of minor ischemic
myocardial injury with measurement of serum cardiac troponin I. Clin. Chem. 1997, 43, 2047–2051.

9. Apple, F.S. A new season for cardiac troponin assays: It’s time to keep a scorecard. Clin. Chem. 2009, 55,
1303–1306. [CrossRef]

10. Marchant, B.; Ranjadayalan, K.; Stevenson, R.; Wilkinson, P.; Timmis, A.D. Circadian and seasonal factors in
the pathogenesis of acute myocardial infarction: The influence of environmental temperature. Br. Heart J.
1993, 69, 385–387. [CrossRef]

11. Vasconcelos, J.; Freire, E.; Almendra, R.; Silva, G.L.; Santana, P. The impact of winter cold weather on acute
infarctions in Portugal. Environ. Poll. 2013, 183, 14–18. [CrossRef] [PubMed]

12. Amiya, S.; Nuruku, N.; Tanaka, Y.; Katsunori, T.; Yoshihiro, F.; Tofuku, K.; Fukuoka, Y.; Sata, N.; Kashima, K.;
Tsubouchi, H. Relationship between weather and onset of acute myocardial infarction: Can days of frequent
onset be predicted? J. Cardiol. 2009, 54, 231–237. [CrossRef] [PubMed]

13. Heyer, H.E.; Teng, H.C.; Barris, W. The increased frequency of acute myocardial infarction during summer
months in a warm climate; a study of 1386 cases from Dallas, Texas. Am. Heart J. 1953, 45, 741–748. [CrossRef]

14. Thakur, C.P.; Anand, M.P.; Shahi, M.P. Cold weather and myocardial infarction. Int. J. Cardiol. 1987, 16, 19–25.
[CrossRef]

15. Spodick, D.H.; Flessas, A.P.; Johnson, M.M. Association of acute respiratory symptoms with onset of acute
myocardial infarction: Prospective investigation of 150 consecutive patients and matched control patients.
Am. Heart J. 1984, 53, 481–482. [CrossRef]

16. Tofler, G.H.; Muller, J.E. Triggering of acute cardiovascular disease and potential preventive strategies.
Circulation 2006, 114, 1863–1872. [CrossRef]

17. Matthews, C.E.; Freedson, P.S.; Hebert, J.R.; Stanek, E.J., III; Merriam, P.A.; Rosal, M.C.; Ebbeling, C.B.;
Ockene, I.S. Seasonal variation in household, occupational, and leisure time physical activity: Longitudinal
analyses from the seasonal variation of blood cholesterol study. Am. J. Epidemiol. 2001, 153, 172–183.
[CrossRef]

18. Celi, F.S.; Brychta, R.J.; Linderman, J.D.; Butler, P.W.; Alberobello, A.T.; Smith, S.; Courville, A.B.; Lai, E.W.;
Costello, R.; Skarulis, M.C.; et al. Minimal changes in environmental temperature result in a significant
increase in energy expenditure and changes in the hormonal homeostasis in healthy adults. Eur. J. Endocrinol.
2010, 163, 863–872. [CrossRef]

19. Peel, J.L.; Metzger, K.B.; Klein, M.; Flanders, W.D.; Mulholland, J.A.; Tolbert, P.E. Ambient air pollution and
cardiovascular emergency department visits in potentially sensitive groups. Am. J. Epidemiol. 2007, 165,
625–633. [CrossRef]

20. Mahajan, V.S.; Jarolim, P. How to interpret elevated cardiac troponin levels. Circulation 2011, 124, 2350–2354.
[CrossRef]

21. Cepeda, M.; Muka, T.; Ikram, M.A.; Franco, O.H.; Schoufour, J.D. Seasonality of insulin resistance, glucose,
and insulin among middle-aged and elderly population: The Rotterdam study. J. Clin. Endocrinol. Metab.
2018, 103, 946–955. [CrossRef] [PubMed]

22. Vural, D.C.; Morrison, G.; Mahadevan, L. Aging in complex interdependency networks. Phys. Rev. 2014, 89,
022811. [CrossRef] [PubMed]

23. Meshkat, N.; Austin, E.; Moineddin, R.; Hatamabadi, H.; Hassani, B.; Abdalvand, A.; Marcuzzi, A. Troponin
utilization in patients presenting with atrial fibrillation/flutter to the emergency department: Retrospective
chart review. Int. J. Emerg. Med. 2011, 4, 25. [CrossRef] [PubMed]

24. Kanderian, A.S.; Francis, G.S. Cardiac troponins and chronic kidney disease. Kidney Int. 2006, 69, 1112–1114.
[CrossRef] [PubMed]

25. Park, K.C.; Gaze, D.C.; Collinson, P.O.; Marber, M.S. Cardiac troponins: From myocardial infarction to
chronic disease. Cardiovasc. Res. 2017, 113, 1708–1718. [CrossRef] [PubMed]

26. Townsend, N.; Wilson, L.; Bhatnagar, P.; Wickramasinghe, K.; Rayner, M.; Nichols, M. Cardiovascular disease
in Europe: Epidemiological update 2016. Eur. Heart J. 2016, 37, 3232–3245. [CrossRef]

27. Ponkowski, P.; Voors, A.A.; Anker, S.D. 2016 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution
of the Heart Failure Association (HEA) of the ESC. Eur. Heart J. 2016, 37, 2129–2200. [CrossRef]

http://dx.doi.org/10.1016/j.amjmed.2015.12.005
http://dx.doi.org/10.1373/clinchem.2009.128363
http://dx.doi.org/10.1136/hrt.69.5.385
http://dx.doi.org/10.1016/j.envpol.2013.01.037
http://www.ncbi.nlm.nih.gov/pubmed/23410618
http://dx.doi.org/10.1016/j.jjcc.2009.05.011
http://www.ncbi.nlm.nih.gov/pubmed/19782260
http://dx.doi.org/10.1016/0002-8703(53)90315-9
http://dx.doi.org/10.1016/0167-5273(87)90266-X
http://dx.doi.org/10.1016/0002-9149(84)90016-X
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.596189
http://dx.doi.org/10.1093/aje/153.2.172
http://dx.doi.org/10.1530/EJE-10-0627
http://dx.doi.org/10.1093/aje/kwk051
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.023697
http://dx.doi.org/10.1210/jc.2017-01921
http://www.ncbi.nlm.nih.gov/pubmed/29301043
http://dx.doi.org/10.1103/PhysRevE.89.022811
http://www.ncbi.nlm.nih.gov/pubmed/25353538
http://dx.doi.org/10.1186/1865-1380-4-25
http://www.ncbi.nlm.nih.gov/pubmed/21651774
http://dx.doi.org/10.1038/sj.ki.5000174
http://www.ncbi.nlm.nih.gov/pubmed/16531987
http://dx.doi.org/10.1093/cvr/cvx183
http://www.ncbi.nlm.nih.gov/pubmed/29016754
http://dx.doi.org/10.1093/eurheartj/ehw334
http://dx.doi.org/10.1093/eurheartj/ehw128


J. Clin. Med. 2018, 7, 520 10 of 10

28. Harwich, T.B.; Potel, J.; MacLellan, W.R.; Fonerow, G.C. Cardiac troponin I is associated with impaired
hemodynamics, progressive left ventricular dysfunction and increased mortality rates in advanced heart
failure. Circulation 2003, 108, 833–838. [CrossRef]

29. Khezri, B.S.; Cederblad, M.; Helmersson-Karlqvist, J.; Karlsson, B.; Melhus, H.; Larsson, A. Seasonal
variability of NT-proBNP in Swedish primary care patients. Chronobiol. Int. 2017, 34, 1473–1477. [CrossRef]

30. De Lorenzo, F.; Sharma, V.; Scully, M.; Kakkar, V.V. Cold adaptation and the seasonal distribution of acute
myocardial infarction. Q. J. Med. 1999, 92, 747–751. [CrossRef]

31. Lipovetsky, N.; Hod, H.; Roth, A.; Kishon, Y.; Sclarovsky, S.; Green, M.S. Heavy meals as a trigger for a first
event of the acute coronary syndrome: A case-crossover study. ISR Med. Assoc. J. 2004, 6, 728–731.

32. Ruhenstroth-Bauer, G.; Baumer, H.; Burkel, E.M.; Sönning, W.; Filipiak, B. Myocardial infarction and the
weather: A significant positive correlation between the onset of heart infarct and 28 KHz atmospherics—A
pilot study. Clin. Cardiol. 1985, 8, 149–151. [PubMed]

33. Phillips, D.P.; Jarvinen, J.R.; Abramson, I.S.; Phillips, R.R. Cardiac mortality is higher around Christmas and
New Year’s than at any other time. Circulation 2004, 110, 3781–3788. [CrossRef] [PubMed]

34. MacIntyre, C.R.; Abela Mahimbo, A.; Moa, A.M.; Barnes, M. Influenza vaccine as a coronary intervention for
prevention of myocardial infarction. Heart 2016, 102, 1953–1956. [CrossRef] [PubMed]

35. Pietroiusti, A.; Neri, A.; Somma, G.; Coppeta, L.; Iavicoli, I.; Bergamaschi, A.; Magrini, A. Incidence of
metabolic syndrome among night-shift healthcare workers. Occup. Environ. Med. 2010, 67, 54–57. [CrossRef]
[PubMed]

36. Nagarajan, V.; Fonarow, G.C.; Ju, C.; Pencina, M.; Laskey, W.K.; Maddox, T.M.; Hernandez, A.; Bhatt, D.L.
Seasonal and circadian variations of acute myocardial infarction: Findings from the Get with the
Guidelines-Coronary Artery Disease (GWTG-CAD) program. Am. Heart J. 2017, 189, 85–93. [CrossRef]
[PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1161/01.CIR.0000084543.79097.34
http://dx.doi.org/10.1080/07420528.2017.1366500
http://dx.doi.org/10.1093/qjmed/92.12.747
http://www.ncbi.nlm.nih.gov/pubmed/3978886
http://dx.doi.org/10.1161/01.CIR.0000151424.02045.F7
http://www.ncbi.nlm.nih.gov/pubmed/15596560
http://dx.doi.org/10.1136/heartjnl-2016-309983
http://www.ncbi.nlm.nih.gov/pubmed/27686519
http://dx.doi.org/10.1136/oem.2009.046797
http://www.ncbi.nlm.nih.gov/pubmed/19737731
http://dx.doi.org/10.1016/j.ahj.2017.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28625385
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Data Source 
	Patients 
	Ethics Statement 
	The hs-cTn Referent Test 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

