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        Abstract



        
          Introduction:


          Smoking is a risk factor for cardiovascular diseases. The direct influence of smoking status on the lipid profile was highlighted in patients with arterial hypertension and associated cardiovascular disease.

        


        
          Objective:


          We aimed to evaluate lipid profile among patients related to smoking status in a registry-based cohort study.

        


        
          Methods:


          The data of registry of National Research Сenter of Preventive Medicine were conducted. Patients filled in the special questionnaire in order to identify their smoking status, statins therapy.

        


        
          Results:


          274 patients were included; main nosologic disease was arterial hypertension (230 patients), 14.8% were smokers, 62.9% non-smokers, and 22.2% past-smokers. The rank analysis of variations by Kruskal-Wallis (H) test for multiple comparisons between groups revealed significant differences in lipid levels for patients according to smoking status: total cholesterol H (2, n=234) =9.119, p=0.0105; LDL-cholesterol H (2, n=225) =6.2615, p=0.0437; triglycerides H (2, n=216) =9.8485, p=0.0073; these indicators of lipid profile among non-smoking patients were lower than among smokers, these indices among past-smokers were lower than among smokers. The absence of statistically significant differences between groups was confirmed in statin therapy (χ2 =3.169, df=4, p=0.529). Logistic regression analysis was conducted to identify factors that influence achievement target lipid levels. Only 2 statistically significant signs were identified in this model: smoking (OR 0.1; 95%CI [0.13;4.87]; p=0.03) and statin therapy (OR 8.2;95%CI [-3.6; -,078]; p=0.002).

        


        
          Conclusion:


          Significantly higher lipid levels have been observed in smokers compared to non-smokers in patients with arterial hypertension and associated cardiovascular disease. Smoking is a great factor disincentive to achieve target lipid levels.
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      1. INTRODUCTION


      Smoking is one of the most common risk factors of cardiovascular disease and complications [1, 2].


      Effects of smoking on the cardiovascular system are multifaceted and mediated by different mechanisms. Smoking causes harmful hemodynamic effects: increased blood pressure and promotes the development of arterial hypertension, impaired renal function and reduced glomerular filtration, the development of kidney failure. These effects are mediated by the development of oxidative stress and inflammation under smoking, which damages the vascular wall and leads to endothelial dysfunction. In addition, smoking causes a number of adverse metabolic effects: potentiates the development of insulin resistance and impaired metabolism of lipids, which leads to damage to the vascular wall and increased arterial stiffness.


      Arterial hypertension and hyperlipidemia predicted cardiovascular complications such as myocardial infarction and stroke. The effect of total cholesterol (TCH) and low-density lipoprotein cholesterol (LDL-C) levels on carotid intima-media thickness was studied in previous works and the differences in the dependence on smoking status were confirmed [3]. It was expected that different mechanisms were involved in atherogenesis in LDL according to smoking status [4, 5].


      Current international recommendations indicate the need for correction of lipid metabolism to achieve the target levels of TCH, LDL-C, high-density lipoprotein cholesterol (HDL-С) and triglycerides (TG) [6-8], since lipid factors are fundamental in the formation of atherosclerotic vascular lesions, which lead to the appearance of associated cardiovascular diseases. At the same time, smoking is a factor that leads to the progression of the disease and is a modifiable risk factor. Therefore, it seems that there is an association of arterial hypertension, hyperlipidemia and smoking exert synergistic effects on arterial stiffness, atherogenesis and progression of cardiovascular diseases [7-10].


      Many previously published studies demonstrate the higher values of cholesterol and LDL-C in the group of smokers compared to non-smokers [5, 10-12]. However, this problem has not been detailed in patients with arterial hypertension especially in the Russian population, and non data of the role smoking status on effectiveness lipid-lowering therapy.


      The aim of this study was to evaluate lipid profile of patients with cardiovascular diseases related to the smoking status in a cohort of Russian patients with arterial hypertension and cardiovascular diseases, based on registry rules.

    


    
      

      2. MATERIAL AND METHODS


      PROFILE is a registry of patients of one of the divisions of the National Research Center for Preventive Medicine (NRCPM), the department of preventive pharmacotherapy. The PROFILE registry sequentially includes all patients with cardiovascular diseases who applied to the department for a consultation. The present study included patients with arterial hypertension and assessment clinical conditions (such as coronary artery disease, diabetus mellitus) who applied to the department and formed the first part of PROFILE registry, answering a specially developed questionnaire in order to identify their current smoking status (smoking, non-smoking, gave up smoking), intake of lipid-lowering drugs of statins group (taking them regularly, taking them irregularly, not taking these drugs), job stress (yes, no), physical activity (regular, irregular), diet (comply, do not comply with it), education level (presence of higher education, lack of it), alcohol consumption (do not use, less often 1 time per week, more often 1 time a week). Questionnaire and registration card were developed by the researchers. The patient filled in a questionnaire; a physician filled in a registration card. Anamnestic, anthropometric and nosological data, results of clinical, laboratory and instrumental studies and survey data of patients were recorded in the registration card. All patients signed informed consent to participate in the study, and the questionnaire was approved by the Independent Ethics Committee of NRCPM. Blood tests for cholesterol and its fractions were carried out in the laboratory of NRCPM on the same day of a patient’s visit.


      Statistical data processing was performed using the software package Statistica 6.0 (Statsoft Inc). Data on groups of signs are presented as median and interquartile range or as real numbers and the proportion (%) of the total number of patients. χ2 criterion was used for comparison groups on the basis of qualitative character. Rank analysis of variations by Kruskal-Wallis test was used for multiple comparisons of groups (three or more) of quantitative character. Dunn criterion was used to assess intergroup differences. Logistic regression was selected for multivariate analysis. The contribution of different factors in achieving target lipid levels, the odds ratio obtaining this result and their confidence intervals were determined by this method. Differences were considered statistically significant when p <0.05.

    


    
      

      3. RESULT


      The present study included 274 patients who sequentially applied to the department of preventive pharmacotherapy. The baseline clinical and nosological characteristics of the patients are shown in Table 1. The main nosologic disease was arterial hypertension (230 patients), among them 14.8% were smokers.


      
        Table 1 Baseline clinical and nosological characteristics of study group.


        
          
            
              	Sign

              	Proportion of Patients
            

          

          
            
              	Age (years)

              	64.0 [57.0; 72.0]
            


            
              	Male gender

              	135 (49.3%)
            


            
              	Body mass index (BMI, kg/m2)

              	28.7 [25.4; 31.3]
            


            
              	Blood pressure (mm Hg)

              	-
            


            
              	Smoking status:

              Smokers

              Non-smokers

              Past-smokers

              	40 (14.8%)

              170 (62.9%)

              60 (22.2%)
            


            
              	Arterial hypertension

              	230 (83.9%)
            


            
              	Coronary artery disease

              including:

              	85 (31.0%)
            


            
              	- history of myocardial infarction

              	47 (17.1%)
            


            
              	- history of interventional procedures

              	81 (29.5%)
            


            
              	History of stroke

              	19 (6.9%)
            


            
              	Diabetes mellitus

              	43 (15.7%)
            


            
              	Hypercholesterolemia at baseline> 5.0

              Hypercholesterolemia in the present time> 5.0

              Hypercholesterolemia in the present time> 4.5

              	266 (97.0%)

              113 (41.2%)

              153 (55.8%)
            

          
        


      


      The patients were divided into 3 main groups according to their current smoking status: (1) those who smoke (smokers), (2) those who do not smoke (who never smoked) (non-smokers), and (3) those who gave up smoking (past-smokers). The comparison of these groups by lipid spectrum is presented in Table 2.


      
        Table 2 Comparison of groups by lipid spectrum.


        
          
            
              	-

              	Smokers

              	Non-Smokers

              	Past-Smokers

              	p-value
            


            
              	Mean

              (Std.Dev.)

              	Median

              [Lower; Upper]

              	Mean

              (Std.Dev.)

              	Median

              [Lower; Upper]

              	Mean

              (Std.Dev.)

              	Median

              [Lower; Upper]
            

          

          
            
              	TCH

              	5.66 (1.14)

              	5.50 [5.00; 6.09]

              	4.92 (1.16)

              	4.80 [4.00; 5.80]

              	5.16 (1.49)

              	4.70 [4.05; 6.10]

              	0.0105
            


            
              	LDL-C

              	3.59 (1.01)

              	3.69 [2.85; 4.34]

              	3.09 (1.14)

              	3.00 [2.22; 3.69]

              	3.15 (1.21)

              	2.77 [2.39; 3.89]

              	0.0437
            


            
              	HDL-C

              	1.32 (1.17)

              	1.17 [0.99; 1.31]

              	1.24 (0.30)

              	1.20 [1.03; 1.41]

              	1.21 (0.25)

              	1.22 [1.03; 1.35]

              	0.3475
            


            
              	TG

              	1.91 (1.01)

              	1.68 [0.97; 2.37]

              	1.38 (1.07)

              	1.18 [0.87; 1.59]

              	1.69 (1.34)

              	1.31 [0.99; 1.79]

              	0.0073
            

          
        


        
          TCH – total cholesterol; LDL-C – low-density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol; TG – triglycerides.
        


      


      Differences in the level of total cholesterol, low-density lipoprotein cholesterol and triglycerides were observed between the groups: these indicators of lipid profile among non-smoking patients were lower than among those who gave up smoking while these indices among past-smokers were lower than among smoking patients (Table 2, Figs. 1 and 2).


      The rank analysis of variations by Kruskal-Wallis test for multiple comparisons between groups revealed statistically significant group differences in terms of lipids for patients according to the smoking status: TCH Kruskal-Wallis test: H (2, N = 234) = 9.119, p = 0.0105, LDL-C Kruskal-Wallis test: H (2, N = 225) = 6.2615, p = 0.0437, TG Kruskal -Wallis test: H (2, N = 216) = 9.8485, p = 0.0073.


      To study the effect of lipid-lowering therapy on the lipid profile, depending on the status of smoking, we conducted an additional analysis of the frequency of statins use in subgroups of patients and the correlation analysis.


      The results of the frequency of statins use are reflected in Table 3. The proportion of patients receiving statins therapy in each group showed similar data: accordingly 59.3%, 60.97% and 65.2% for the group of smokers, non-smokers and past-smokers.


      [image: ]
Fig. (1)

      Intergroup differences by TCH levels; 1 – smokers; 2 – non-smokers; 3 – past-smokers.

      [image: ]
Fig. (2)

      Intergroup differences by LDL-C levels; 1 – Smokers; 2 – non-smokers; 3 – past-smokers.

      
        Table 3 Comparative characteristics of patients groups by smoking status and admission of statin therapy.


        
          
            
              	Patients Groups

              	(1) Smokers

              	(2) Non-Smokers

              	(3) Past-Smokers
            

          

          
            
              	who take statins constantly

              	16 (59.3%)

              	75 (60.97%)

              	30 (65.2%)
            


            
              	who take statins irregularly

              	1 (3.7%)

              	16 (13.01%)

              	4 (8.7%)
            


            
              	who don’t take statins

              	10 (37.0%)

              	32 (26.02%)

              	12 (26.1%)
            

          
        


      


      The comparison of these groups on the basis of multiple field conjugacy tables using χ2 criterion was carried out to eliminate the influence of this factor on the intergroup differences.


      The absence of statistically significant differences between groups was confirmed by the fact of statin therapy both for the three groups (χ2 = 3.169, df = 4, p = 0.529), and for the two ones when combining the group of those who do not take statins and the group of those who take them irregularly into one group in comparison with the group of patients who take statins constantly (χ2 = 0.365, df = 2, p = 0.833).


      Dunn criterion (Q) is used for multiple comparison of samples of different size. The present criterion was used in this case to compare the groups in pairs and determine statistically significant differences between them in comparison with the control group taken for the Group 1. The results of comparison of groups based on the Dunn criterion are presented below:


      
        	Groups 1 and 2 - for TCH Q = 3.44, p <0.01; for LDL-C Q = 2.48, p <0.05; for TG Q = 2.99, p <0.01.


        	Group 1 and 3 - for TCH Q = 2.13, p> 0.05; for LDL-C Q = 1.98, p> 0.05; for TG Q = 1.43, p> 0.05.


        	Group 3 and 2 - for TCH Q = 0.66, p> 0.05; for LDL-C Q = 0.16, p> 0.05; for TG Q = 1.52, p> 0.05.

      


      Thus, statistically significant differences in lipid profile based on the results of the analysis are ascertained for the two groups: smokers and non-smokers. These indices were lower in the last group. However, statistically significant differences were not confirmed for a group of those who gave up smoking in comparison with other groups.


      Further analysis we have devoted to the study of the influence of various factors, including smoking, on the possibility of achieving target values of lipids in patients with arterial hypertension.


      Logistic regression was selected for multivariate analysis. The contribution of different factors in achieving target lipid levels, the odds ratio obtaining this result and their confidence intervals were determined by this method. Results of logistic regression analysis are shown in Table 4.


      
        Table 4 The results of logistic regression analysis: the impact of several factors on the outcome achieve target lipid levels.


        
          
            
              	Factors

              	Estimate

              	Standard Error

              	Wald Statistic

              	Odds Ratio

              	Lower CL

              	Upper CL

              	p-value
            

          

          
            
              	Job stress

              	-0.03043

              	0.591548

              	0.002646

              	1.120454

              	-1.18984

              	1.128986

              	0.958979
            


            
              	Physical activity

              	-0.10304

              	1.133120

              	0.008269

              	1.012454

              	-2.32392

              	2.117835

              	0.927545
            


            
              	Overweight (BMI>25kg/m2)

              	-0.02045

              	0.558367

              	0.001342

              	1.261436

              	-1.11483

              	1.073926

              	0.970780
            


            
              	Current smoking

              	2.50584

              	1.208397

              	4.300198

              	0.10450

              	0.13743

              	4.874259

              	0.038108
            


            
              	Diet

              	0.60952

              	0.847502

              	0.517244

              	0.991356

              	-1.05155

              	2.270595

              	0.472020
            


            
              	Statin therapy

              	-2.19396

              	0.718939

              	9.312643

              	8.172050

              	-3.60305

              	-0.784864

              	0.002276
            


            
              	Education level

              	-1.70954

              	1.367826

              	1.562054

              	0.542836

              	-4.39043

              	0.971351

              	0.211365
            


            
              	Alcohol consumption

              	0.38002

              	0.313639

              	1.468081

              	1.727849

              	-1.18984

              	1.128986

              	0.225649
            

          
        


      


      Two factors had the greatest weight value and became statistically significant in this model: smoking and statin therapy. Moreover, current smoking has a negative impact and reduces the likelihood of achieving the target lipid levels (OR 0.1; 95% CI [0.13, 4.87]; p = 0.03). Statin therapy increases the chances of achieving the target lipid levels (OR 8.2; 95% CI [-3.6; -0.078]; p = 0.002).

    


    
      

      4. DISCUSSION AND LIMITATIONS


      One should note the limitations of the conducted study: the selectivity of the surveyed group - it was not an epidemiological study. At the same time, it was the analysis of real clinical practice, examination of ordinary patients with arterial hypertension. The study cohort differs from the general Russian population according to these characteristics due to obvious circumstances - all patients included in the register were predominantly patients with arterial hypertension and associated cardiovascular diseases observed in a specialized center. In this regard, it is logical to state that they have a greater prevalence of arterial hypertension and dyslipidemia with fewer smokers (23.5% vs 14.8%), since doctors had to motivate them to quit smoking [13]. The feature of this study was that the distinct differences between the two groups of smokers and non-smokers were confirmed in lipid profile regardless of statin therapy.


      A limitation of this study was that the period of smoking cessation has not been clearly ascertained in the group of those who gave up smoking. It is known that those who give up smoking can reach the level of never smokers by risk stratification only after a few years after giving up. The following is said on this issue in prevention programs of the World Health Organization on the basis of previous studies [14-16]:


      
        	The risk of coronary heart disease decreases twice compared to such risk of a smoker during 1 year.


        	The risk of stroke decreases to the level of risk of a non-smoking person in 5-15 years after giving up smoking.

      

    


    
      

      CONCLUSION


      The presence of statistically significant differences in lipid indices among patients with arterial hypertension and associated cardiovascular diseases depending on the smoking status was ascertained according to the results of this study. Significantly higher levels of lipids such as TCH, LDL-C, TG have been observed among smokers compared to non-smokers which are confirmed by the results of statistical analysis. At the same time, the level of HDL was not significantly different depending on the status of smoking in this cohort.


      Logistic regression analysis showed the following: if statin therapy increases the chances to achieve target lipid levels, in the opposite of statin therapy, smoking has a negative impact and reduces the chances of achieving the desired result of treatment.


      These findings point out the need for active promotion of preventive programs for giving up smoking and indicate the expediency of a more active statin therapy aimed at reducing hyperlipidemia and the cardiovascular risk among smoking patients.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	BMI

          	Body Mass Index
        


        
          	HDL-C

          	High-Density Lipoprotein Cholesterol
        


        
          	LDL-C

          	Low-Density Lipoprotein Cholesterol
        


        
          	NRCPM

          	National Research Center for Preventive Medicine
        


        
          	TCH

          	Total Cholesterol
        


        
          	TG

          	Triglycerides
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