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ABSTRACT

Background: Smoking is a leading preventable cause of mortality and has remarkable negative impact on
cardiovascular diseases. Despite many studies focused on impact of smoking on prognosis of patients with
acute coronary syndrome (ACS) but no prior studies up to our knowledge focused on how smoking can
confound the investigational parameters in ACS. So, this study aimed to assess the impact of smoking on
biochemical and haematological parameters in patients with Non-ST-Elevation ACS (NSTE-ACS).
Methods: This is a sub study analysis from a cross-sectional study, which recruited admittedpatients who were
diagnosed as acute coronary syndrome, the sub study analysis included only NSTE-ACS patients who were
admitted to two teaching hospitals, patients’ data were collected including laboratory parameters.
Results: Ninety-nine patients were recruited, 22.22% were females, 63.63% were smokers. Smokers were
younger age group (54.9±11.4 years versus 61.5±11.8 years, p=0.009), more to be males, and less to have IHD
(27.77% versus 53.96%, p=0.01) than non-smoker counterparts. Smokers had higher serum potassium level
(4.4±0.6 versus 4.1±0.5, p=0.02) as well as higher haemoglobin level (13.9±1.8 versus 13.1±2.2, p=0.04), while
non-smokers had higher urea than smokers (45.8±25.4 versus 36.02±12.8, p=0.03).
Conclusion: In the context of NSTE-ACS, smokers were younger, more to be males and diabetic but less to be
hypertensive than non-smokers, they had higher haemoglobin and potassium levels. Further studies needed to
validate the prognostic significance of laboratory markers in smokers compared to non-smoker counterparts in
order to address if smoking status should impact the risk stratification of this group to guide management
strategy.
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Introduction
Smoking is a leading preventable cause of death worldwide [1], it causes cardiovascular diseases
like ischaemic heart disease (IHD), peripheral arterial disease, and stroke [2-5]. Proposed
mechanisms of such negative cardiovascular impacts are abnormal blood rheology, infection and
inflammation, oxidative stress, and altered antithrombotic and fibrinolysis systems [2].
As it is common for smokers to develop IHD, it is predicted that acute coronary syndrome (ACS)
can occur frequently in them, ACS involves inflammatory and hypoxemic processes resulting in
changes in erythropoietin, interleukin-3 and interleukin-6 [2,6] which can cause many variations
in haematological parameters in this population [1] with prognostic use of such parameters, for
example, high white blood cell count (WBC) is considered an indicator of higher death at 1 and
6 months after myocardial infarction [7].
Biochemical parameters are also affected in ACS whether troponin in myocardial injury [8], or
renal indices (urea and creatinine) and electrolytes like potassium which were reported to be
important markers of prognosis in ACS patients, and even suggested to play a role in the
pathogenesis of ACS [9]. It is unknown if patientsꞌ comorbidities like smoking can confound the
diagnostic or prognostic significance of biochemical and haematological parameters in ACS as
there are limited studies discussed the impact of smoking status on these parameters in ACS
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patients. Accordingly, this study aimed to evaluate the impact of smoking on biochemical and
haematological parameters in patients with NSTE-ACS.

Patients and Methods
Design and patients’ selection: This is a sub study analysis from a cross-sectional study, which
recruited admitted patients who were diagnosed as acute coronary syndrome, the sub study
analysis includes only NSTE-ACS patients (Patients with acute chest pain with no persistent ST
elevation).
Study excluded: Patients with persistent ST elevation or new/presumed new left bundle branch
block (LBBB), malignancy or terminal illness, end stage renal disease or end stage liver disease.
Patients were grouped according to their self-reported smoking status into those who were
smokers versus non-smokers.
Setting and duration: The study recruited patients from two teaching hospitals (Al-Yarmouk
Teaching Hospital and Ibn Al-Bitar Cardiac Centre) during the period from February 2018 to
January 2019.
Demographic characteristic: Each patient was interviewed during hospitalization and a pre-set
form was filled by the investigator, this form included patient age, gender, comorbidities,
symptoms at presentation.
Biochemical and haematological assays: Venous blood sample (10 ml) was collected from each
patient at admission as part of the routine work up during hospitalization, blood sample was
collected using a disposable needles and plastic syringes. Every sample was divided into two
tubes: two ml put into one tube that contained EDTA for haematological assays (haemoglobin,
WBC and platelet count) and the remaining 8 ml put into the second tube and left at room
temperature for 10-15 minutes for clotting, then centrifuged at 3600 rpm for 10 minutes, the
obtained serum will be transferred then into a new tube and frozen at
-20 ̊C to be used for
biochemical analysis (Troponin, urea, creatinine and electrolytes). The blood sample collection
and analysis were done by the lab workers in the recruited hospitals. The investigator then
abstracted results from patient lab records.
Ethical Approval: The study was performed in accordance with the declaration of Helsinki and
followed the local ethical and scientific committee guideline. Acceptance consent to be enrolled
in the study was obtained from all patients.

Data Analysis
Collected data were coded and input into computer using SPSS version 24. Numerical variables
were expressed as mean ± standard deviation, categorical variables were expressed as frequencies
and percentages. Numerical variables were compared using t-test, while categorical variables
were compared using Chi-Square test.
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Results
Ninety-nine patients were recruited including 22 (22.22%) females, 63.63% were smokers.
Smokers were younger age group (54.9±11.4 years versus 61.5±11.8 years, p=0.009), more to be
males, and less to have IHD (27.77% versus 53.96%, p=0.01) than non-smokers counterparts. No
significant difference regarding presence of diabetes, hyperlipidaemia or stroke according to
smoking status, table 1.
Smokers were less to have chest pain or dyspnoea on presentation when compared to nonsmokers, yet, this difference did not reach statistical significance, figure 1.
Current study revealed higher serum potassium level (4.4±0.6 versus 4.1±0.5, p=0.02) as well as
higher haemoglobin level (13.9±1.8 versus 13.1±2.2, p=0.04) in smokers compared to nonsmoker patients, while non-smokers had higher urea than smokers (45.8±25.4 versus 36.02±12.8,
p=0.03), other laboratory parameters including RBS, creatinine, sodium levels, WBC or platelet
count did not differ significantly between the two groups same as troponin positivity status, table
2 and figure 2.
Moreover, there was statistically significant negative correlation between left ventricular ejection
fraction in recruited patients and RBS, urea and creatinine levels.
Table 1. Baseline Characteristics in NSTE-ACS According to Smoking Status
Variable
Non-smokers
Smokers
P value
n.
%
n.
%
Number of patients
63
63.63
36
36.36
Mean age (years) mean±SD
61.5±11.8 54.9±11.4
0.009
Female gender
19
30.15
3
83.33
0.01
Hypertension
42
66.66
18
50
0.1
Diabetes
37
58.73
23
63.88
0.61
History of IHD
34
53.96
10
27.77
0.01
Hyperlipidaemia
17
26.98
15
41.66
0.13
Positive family history of IHD
15
23.8
17
47.22
0.01
Stroke
7
11.11
1
2.77
0.14
Ejection fraction (%) mean±SD
50.4±12.7 56.4±13.5
0.055
70
60
50
40
30
20
10
0

96.82%

94.44%
36.5%
25%

Non-smokers
Chest Pain

Smokers
Dyspnoea

Figure 1. Clinical Presentation in NSTE-ACS patients According to Smoking Status*
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*Chest pain: p=0.27, dyspnoea: p=0.23

Table 2. Laboratory Parameters in NSTE-ACS According to Smoking Status
Laboratory
Mean±SD
p
Parameter
value
Non-smokers
Smokers
RBS (mg/dl)
190.6±114.5
166.3±93.8
0.28
Urea (mg/dl)
45.8±25.4
36.02±12.8
0.03
Creatinine (mg/dl)
1.04±0.4
0.92±0.28
0.11
Potassium (mg/dl)
4.1±0.5
4.4±0.6
0.02
Sodium (mg/dl)
136.9±4.2
136.8±4.7
0.9
Haemoglobin gm/L
13.1±2.2
13.9±1.8
0.04
3
3
WBC count
(9.03±2.9) ×10 mcL
(10.2±3.6) ×10 mcL
0.09
3
3
Platelet count
(221.2±67.3)×10 mcL
(229.5±64.5) ×10 mcL
0.55

100%
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20%
10%
0%

Non-smokers
Positive troponin

Smokers
Negative troponin

Figure 2. Troponin Status in NSTE-ACS patients According to Smoking Status*
*p=0.78

Table 3. Correlation of Laboratory Parameters with Left ventricular Ejection Fraction in NSTEACS Patients
Laboratory
Pearson correlation with left ventricular p value
parameter
ejection fraction (N=76 cases) *
RBS
-0.256
0.026
Urea
-0.23
0.048
Creatinine
-0.33
0.004
Potassium
0.14
0.23
Sodium
-0.14
0.9
Haemoglobin
0.14
0.23
WBC count
-0.01
0.9
Platelet count
-0.07
0.57
* Echocardiography results were available from records in 76 patients.
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Discussion
Earlier studies assessed the laboratory profile of patients with acute coronary syndromes
especially with the low cost of such markers and how they can provide insight for patients’
diagnosis and prognosis [6,10,11], yet there is limited data regarding impact of comorbidities and
cardiovascular risk factors on laboratory results and subsequent decision making of management
in this population. In low-middle income countries, it is crucial to make use of all bedside risk
stratification tools and feasible low-cost markers to stratify patients to guide management
strategy and it will be helpful to know what clinical variables can confound these laboratory
markers. Accordingly, current study highlighted this issue and disclosed no remarkable impact of
smoking on myocardial injury parameters (i.e. troponin) nor on inflammatory parameters (like
WBC) nor thrombosis parameters (like platelet), however, there was remarkable increase in
potassium level as well as haemoglobin level in smokers with NSTE-ACS compared to their nonsmoker counterpart. Up to our knowledge, no prior study assessed impact of smoking on
laboratory parameters in NSTE-ACS patients in particular.
This study revealed that smokers are younger age, more to be males, with less incidence of
hypertension (HT) and IHD but more to have diabetes (not reaching statistical significance) and
positive family history of IHD, prior studies suggested higher prevalence of cardiovascular risk
factors including older age, HT and diabetes in smokers [12,13]. Diabetes is a well-known risk
factor for cardiovascular disease [14], however diabetes and HT were reported higher in nonsmokers by other researchers [1].
This study showed that smokers were less to be presented with typical ischaemic chest pain as
well as having lower dyspnoea rate than non-smokers, dyspnoea can occur in context of ACS as
part of angina equivalent or due to heart failure, however, smokers in this study had higher left
ventricular ejection fraction than non-smokers, which may explain more dyspnoea in nonsmokers due to more prevalence of heart failure, this was consistent with other studies [1,13,15],
however, these studies included STEMI and NSTE-ACS patients unlike our study that focused on
NSTE-ACS patients only where data extremely lacking regarding impact of smoking as predictor
of heart failure in those patients.
Current study showed higher RBS in non-smokers than smokers, despite higher incidence of
diabetes in smoking group as smoking can cause diabetes by producing reactive oxygen species
which cause oxidative damage as lipid peroxidation, protein oxidation and DNA damage, also
higher cortisol in smokers leading to higher blood glucose levels [16-20], however, the difference
between study groups was not statistically significant. Blood urea was higher in non-smokers
than smoker counterparts with no significant difference in creatinine level. In the setting of ACS,
higher renal indices are important predictors of worse cardiovascular outcomes in ACS [9,21],
despite smoking causes reduction in glomerular filtration rate by increased oxidative stress and
activation of the renin-angiotensin system [22,23] but having lower renal indices in smokers in
this study can be due to older age group with multiple atherosclerotic comorbidities including
hypertension in non-smokers. Potassium increased significantly in smokers compared to nonsmokers in this study, cigarettes contain many chemicals including nicotine, tar and CO, CO
causes tissue hypoxia, increased carboxyhaemoglobin and decreased oxyhaemoglobin which
cause respiratory acidosis and electrolyte imbalance including higher potassium, also smoking
results in tissue necrosis and skeletal damage causing leak of potassium into serum [24-29].
Smoking results in a procoagulant state with endothelial dysfunction, higher platelet activation
and aggregation, along with higher fibrinogen level and thrombin generation, smoking also
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causes impairment of fibrin crosslinking resulting in thrombogenic status that contributes to
pathogenesis of acute coronary syndromes in this population [30-33]. Carboxyhaemoglobin that
results from smoking has no oxygen binding capacity and shifts Hb dissociation curve to the left
causing lower ability of oxygen delivery to tissues, accordingly, smokers have higher
haemoglobin level as a compensatory mechanism [2,34], moreover, the higher rate of
carboxyhaemoglobin, the lower transportation capacity of oxygen by haemoglobin leading to
functional anaemia in form of reduced exercise tolerance in smokers [35]. Carbon monoxide
increases the capillary permeability which decreases the plasma volume resulting in higher
haematocrit in smokers [36,37]. Furthermore, the lower oxyhaemoglobin in smokers causes the
higher erythropoietin with subsequent higher haematocrit levels, it had also been suggested that
the blood concentration of carboxyhaemoglobin increased in relation to the number of smoked
cigarettes [38].This study disclosed more positive troponin in non-smokers than smokers, this
was unexpected considering the negative impact of smoking on heart suggesting higher rate of
myocardial injury with subsequent positive troponin, yet Lyngbakken et al had found in (THE
HUNT) study that lower cardiac troponin I detected in healthy smokers when compared to nonsmokers healthy population suggesting that tobacco chemicals may affect myocyte injury and
negative cardiovascular effect of smoking is mediated via mechanisms other than subclinical
myocardial injury [39].
Conclusion
In context of NSTE-ACS, smokers were younger, more to be males and diabetic but less to be
hypertensive and with IHD than non-smokers, they had higher haemoglobin and potassium levels
reflecting the effect of carboxyhaemoglobin and tissue hypoxia in smokers. Further studies
needed to validate the prognostic significance of these laboratory markers in smokers compared
to non-smoker counterparts in order to address if smoking status should impact the risk
stratification of this group to guide management strategy especially if we consider the costeffectiveness
of
these
markers
in
low-resources
countries.
Limitations and Future Studies
We did not assess the correlation between the smoking pack year and laboratory markers, the
study also did not assess the prognostic impact of smoking. Additionally, quantitative troponin
assays as well as high sensitivity troponin were not available in our facilities due to limited
resources, so, qualitative assays used alternatively. Larger population sample is needed in future
to further validate the statistical results.
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