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 ABSTRACT
OBJECTIVES:  To evaluate the risk of cardiovascular events and mortality among people newly diagnosed with type 2 diabetes in relation to their smoking status with and without concurrent use of metformin.  
Design: Retrospective cohort study.
Setting: People newly diagnosed with type 2 diabetes.
Participants: 82205 patients with complete data on demographics and smoking status at the time of diagnosis of diabetes.
Main outcome measures: Rates and risks of myocardial infraction (MI), stroke and all-cause mortality associated with smoking status, separately in patients with and without history of cardiovascular diseases before diagnosis. 
RESULTS: During median 5.4 years follow-up, 20% patients experienced at least one cardiovascular event and 12% died.  Among patients without prior cardiovascular disease, current smokers and ex-smokers in general had 38% (95% CI of HR: 1.19, 1.60) and 2% (95% CI of HR: 0.91, 1.15) increased risk of MI or stroke, and 84% (95% CI of HR: 1.71, 1.99) and 12% (95% CI of HR: 1.05, 1.20) increased mortality risk respectively. However, compared to non-smokers without metformin treatment, concurrent metformin treatment in current and ex-smokers significantly changed the risk paradigm with no significantly elevated risk of  MI or stroke (95% CI of HR: for current smokers - 0.81, 1.45; for ex-smokers: 0.85, 1.34) and neutralized mortality risk (95% CI of HR: for current smokers – 0.83, 1.11; for ex-smokers – 0.83, 1.11). Among patients with prior cardiovascular disease, smoking was not associated with risk of MI or stroke. However, current smokers without metformin treatment had significantly higher mortality risk (95% CI of HR: 1.39, 1.83) in this group of patients, while smokers with concurrent metformin treatment did not experience any increased mortality risk (95% CI of HR: 0. 79, 1.16). 

CONCLUSIONS: In all patients and in those without a history of cardiovascular disease until diagnosis of diabetes, current smokers had significantly higher risk of MI, stroke and all-cause mortality. However, smoking was not associated with elevated risk of MI or stroke among those with history of cardiovascular disease. Ex-smokers in general had elevated risk of MI or stroke and death. However, concurrent treatment with metformin had significantly modifiable effect among current and ex-smokers, with neutralized observed risks of events compared to those not treated with metformin during follow-up. 



Introduction
The prevalence of diabetes is increasing worldwide with about 8.3% of adults estimated to have diabetes according to the International Diabetes Federation’s Diabetes Atlas 20131. Smoking and T2DM are a major burden for cardiovascular disease and mortality1-4. Smoking is considered an important “risk factor” for arterial hypertension and diabetes management5 6.  

Systematic reviews 7 8 and the recent report from the Centre for Disease Control and Prevention of United States 9 have shown that active smoking is associated with increased risk of T2DM. A previous meta-analysis8, based on 25 prospective cohort studies (1.2 million patients’ records), reported a 44% (95% CI of rate ratio: 1.31, 1.58) increased risk of incident T2DM associated with active smoking. Cigarette smoking is also associated with poor metabolic control in people with diabetes10 and with an increased risk for diabetic nephropathy and retinopathy 11.  Smoking therefore increases already high cardiovascular and mortality risks among people with diabetes. However, smoking cessation normalises the risk similar to non-smokers ten years after smoking cessation7 12-16. Chaturvedi et al. (1997) showed that all-cause mortality risk in ex-smokers was 50% higher for patients who stopped smoking within the past nine years and 25% higher in individuals who stopped smoking for more than ten years compared to those who had never smoked15. This study also showed that the risks remained high several years after quitting smoking and were highly dependent on duration of smoking15.  

The United Kingdom Prospective Diabetes Study showed that cigarette smoking was a significant and independent risk factor for CHD, stroke and peripheral vascular disease in people newly diagnosed with T2DM17-19. Tobacco use has been one of the most important causes of acute myocardial infraction (MI)20 21, with about two-fold increased risk for MI for current smokers according to the multinational INTERHEART study21. The meta analysis of Qin et al (2013) in patients with T2DM reported 48%, 54%, 44% and 52% increased relative risk for all-cause mortality (ACM), CHD, stroke and MI respectively in current smokers compared to non-smokers22.  The recent risk prediction modelling of Chahal et al (2014)23, based on a cohort of 6814 subjects with 4.7 years of follow-up, suggests the likelihood of increased MI risk of 15% to 236% for current smokers.  

In patients with T2DM, metformin is often the first line therapy24, and some studies have suggested that metformin could reduce cardiovascular risk in patients with T2DM25-28. Evaluation of cardiovascular and mortality risks associated with smoking in people with T2DM has been published before, but assessment of these risks in people with prior cardiovascular disease and in people on concurrent metformin therapy has not been examined. With the hypothesis of possible extra-glycaemic effect of metformin, determination of the possible favourable residual or modifiable effect of metfomin on cardiovascular and mortality risk among current and ex smokers would be of great interest for clinical management of cardiovascular risk. 

The aim of this study was to evaluate the rates and risks of MI, stroke and mortality (ACM) associated with current and ex-smokers at the diagnosis of diabetes, compared to the non-smokers, in people with and without prior cardiovascular disease. A further aim was to determine if the associations are modified with concurrent treatment with metformin.

Methods 
Data
The data for this retrospective cohort study was extracted from the United Kingdom Clinical Practice Research Datalink (CPRD). The CPRD is one of the largest proprietary, anonymised, longitudinal well-validated database derived from United Kingdom primary care which contains patient-level clinical information including diagnoses, mortality, laboratory results, and prescription data29 30. This database is representative of the United Kingdom general population, with age and sex distributions comparable with those reported by the U.K. National Population Census31. All information collected in the CPRD has been subjected to validation studies and been proven to contain consistent and high-quality data32 33. 

The primary data set for this retrospective cohort study was derived from individuals aged 18 to 90 years with a new diagnosis of T2DM between January 1990 and April 2007, who had been registered with the general practice for at least 12 months.  Rigorous classification techniques were used to ensure correct identification of patients with T2DM (which used algorithms based on age at diagnosis, type of treatment, and age at treatment), with exclusion of patients with gestational diabetes, drug induced diabetes, and minimising the risk of including patients with type 1 diabetes 34.

A cohort of 82205 patients with incident T2DM for this study was selected under the conditions: (1) no missing data on age at diagnosis, sex and smoking status, (2) BMI, blood pressure and HbA1c measured within 3 months before the diagnosis date, and (3) completeness of dates for cardiovascular events and death during post diagnosis follow-up.  

Clinical co-morbidities before diagnosis of diabetes, including cardiovascular and renal diseases, were coded as present if they were diagnosed at any point between entry into CPRD and the date of diagnosis of T2DM. The recorded clinical events during follow-up included HF, MI, stroke, angina, peripheral arterial disease, angioplasty and coronary artery bypass graft, arthrosclerosis and renal complications along with dates of events. The date of death was derived from modified CPRD death codes. Causes of death were not well recrded. 
 
 Detailed information on anti-diabetes, anti-hypertensive and cardio-protective medications (CPM)  were obtained from prescriptions along with dates. CPM was defined as receiving prescription(s) for any of the four drug types: aspirin, statins, beta-adrenoceptor blocking drugs (beta-blockers) and ACE inhibitors or angiotensin-II receptor antagonists (AIIRAs). Clinical and laboratory measures included body mass index (BMI), blood pressure recordings (systolic and diastolic), HbA1c and lipids.

Approval for the use of the data for this study was granted by the CPRD (protocol number 06_027).

Statistical Methods 
The summary statistics of the study population are presented by number (percentage), mean (SD) or median (IQR), as appropriate. The rates per thousand person years for MI, stroke and ACM were obtained along with 95% confidence interval (CI). To evaluate the association of smoking with the risk of cardiovascular events and all-cause mortality during follow up, multivariate Cox regression models were used, adjusted for age at diagnosis, gender, BMI, oral anti-diabetes drugs (OAD) , insulin, cardio-protective medications (CPM), stratified by deprivation score. To evaluate the risk of ACM, occurrence of any cardiovascular event during follow-up was added as an additional risk factor. All Cox models were tested for the proportional hazard assumption. To evaluate the effects of smoking and smoking cessation with metformin treatment, separate multivariate regression models were fitted. Analyses were conducted for all patients and separately for patients with and without prior history of cardiovascular diseases.   Robust estimates of the confidence intervals of hazard ratios were obtained. 

Results 
In the study cohort (n=82205), 55% were male, mean (SD) age of 62 (13) years, 33% (n=27125) were ex-smokers and 17% (n=13598) were current smokers, 5% (n=3893) had a history of renal disease. The mean (SD) BMI of the cohort was 31 (6) kg/m2.   In the cohort 23% (n=19039) had a history of CVD before diagnosis of diabetes. The distributions of all anthropometric, clinical and laboratory measures are presented in Table 1, separately for patients with and without history of CVD before diagnosis of diabetes. The proportions and rates of MI, stroke and deaths are presented in Table 2, separately for patients with and without history of cardiovascular diseases. 
Overall, 20% (n=16124) experienced at least one cardiovascular event and 12% (n=10003) died during median (IQR) 5.4 (3.5, 8) years of follow-up. Among patients without prior CVD (n=63166), the proportions of MI and stroke were 0.8% and 2%respectively. Overall, 9.8% patients died in this cohort during median (IQR) 5.3 (3.4, 7.9) years of follow-up (Table 2). The event rates (per 1000 person years) for MI and stroke were not significantly higher among current smokers compared to non-smokers. However, the mortality rate was significantly higher among current smokers, compared to both non-smokers and ex-smokers. Compared to those who never smoked (until the diagnosis of diabetes), current smokers had 77% (95% CI of HR: 1.35, 2.32; p<0.01) increased risk of MI and 27% (95% CI of HR: 1.06, 1.51; p=0.001) increased of stroke during follow-up (Table 3). Current and ex-smokers had 84% (95% CI of HR: 1.71, 1.99; p<0.01) and 12% (95% CI of HR: 1.05, 1.20; p<0.01) increased mortality risk among patients without history of CVD before diagnosis of diabetes. 

Among patients with prior CVD (n=19039), the proportions of MI and stroke were 12.1% and 16.4%respectively, and 20.1% patients died during a median (IQR) 5.8 (3.7, 8.6) years of follow-up (Table 2). These patients were 7 years older on average at the time of diagnosis of diabetes, compared to those who did not have CVD before diagnosis of diabetes. Compared to those who never smoked (until the diagnosis of diabetes), smokers and ex-smokers did not show any increased risk of MI and stroke (Table 3).  Current smokers had 58% (95% CI of HR: 1.43, 1.75; p<0.001) increased risk of mortality during follow-up, compared to those who never smoked until the diagnosis of diabetes. Ex-smokers did not have any increased mortality risk (95% CI of HR: 0.96, 1.12; Table 3). 

In the cohort, 63% (n=52025) were on metformin treatment. Among patients without history of CVD before diagnosis of diabetes, 64% (n=40505) were taking metformin: 52% among never smokers, 31% among ex-smokers and 17% among current smokers. Adjusting for age, sex, cardioprotective medications (CPM), insulin, sulfonylurea, renal disease and smoking status, patients on metformin independently had 16% (95% CI of HR: 0.74, 0.94; p=0.003) and 38% (95% CI of HR: 0.58, 0.66; p<0.001) reduced risk of composite of MI or stroke   and  mortality respectively. Compared to patients who  never smoked, current smokers with and without metformin had 8% [HR: 1.08;  95% CI: 0.81, 1.45; p=0.56] and 32% [HR: 1.32; 95% CI: 1.07, 1.65; p=0.011] increased risk of MI or stroke respectively (Table 4). The mortality risks for these groups were  -4% [HR: 0.96 ; 95% CI: 0.83, 1.11; p=0.75] and 86% [HR: 1.86; 95% CI: 1.68, 2.07; p<0.01] higher respectively (Table 2). 
Among those without history of CVD, although ex-smokers and current smokers in general had a 12% and 84% significantly increased mortality risk respectively (Table 3), the risk of mortality was significantly attenuated with concurrent use of metformin. Ex-smokers with metformin treatment did not experience any increased mortality risk (HR: 0.92, 95% CI: 0.83, 1.11; p=0.29), while ex-smokers without metformin treatment had 19% significantly higher mortality risk (HR: 1.19; 95% CI: 1.10, 1.30; p<0.01; Table 4). Although for current smokers without metformin treatment, the mortality risk was significantly higher (HR: 1.86; 95% CI: 1.68, 2.07; p<0.01) compared to those who never smoked untill diagnosis of diabetes, the mortality risk among current smokers receiving metformin treatment was neutrilized (HR: 1.02; 95% CI: 0.88, 1.18; p=0.46).  Similar beneficial modifiable effect of metformin among ex- and current smokers were observed in all patients irrespective of the history of cardiovascular disease prior to diagnosis of diabetes. 

Discussion
Using large cohorts  of patients newly diagnosed with T2DM,  compared to those who were identified as never smoked at diagnosis, we have shown that: (1)  among those without history of cardiovascular disease, active smokers had significantly higher risks of MI, stroke and ACM; (2) among those with history of cardiovascular diseases, smoking was not associated with increased macrovascular risk, but was significantly associated with increased mortality risk; (3) seperately for patients with and without history of cardiovascular diseases, smoking cessation attenuated any increased risk of MI or stroke, although the independent adverse memory effect of smoking on all-cause mortality was still significant; (4) patients treated with metformin had significantly lower risks of composite macrovascular events and mortality; (5) active smokers who were treated with metformin had significantly lower adverse risk of  macrovascular events and mortalitycompared to those not treated with metformin; and (6) ex-smokers with metformin treatment had a neutrilized mortality risk, although the memory effect of smoking was still significantly associated with increased mortality risk among those not treeated with metformin.  

Comparison with other studies
People with T2DM have a 2 to 5-fold increased risk of stroke compared with those without diabetes35.The UKPDS36 and FIELD37 studies have explored the association smoking with the risk of stroke in patients with T2DM. Hankey et al (2012)37 observed that older patients with a history of stroke were at highest risk of stroke. They reported 52% increased risk of stroke in current smokers (combining patients with/without prior stroke). In our study with all patients (n=82205), the current smokers had an increased risk of stroke of 26 % (95% CI of HR: 1.15, 1.38)  which was similar to the risk observed in patients without prior cardiovascular disease (n=63166). However, among patients with history of vascular diseases before the diagnosis of diabetes, smoking was not associated with any significant increase in the risk of stroke (95% CI of HR: 0.93, 1.16) after adjusting for various risk factors.  One of the possible reasons for this findings could be that the resudual detremental effect of smoking could not be realized because of already established vascular damages in these patients. The other reason could be inadequate follow-up of 5.8 years in patients with history of cardiovascular diseases in our cohort.  

Studies have reported that the patients with diabetes have an increased risk of MI38 39. Also the mortality risk due to MI is twice when cmpared to their non-diabetic counterparts 38. The risk for MI in association with smoking is higher in diabetic patients39. Nilsson et al (2009)39 observed a 70% increased risk of first-incident fatal/non-fatal MI among smokers. In our study, in all patients (n=82205) and in patients without prior CVD (n=63166), current smokers had 31% (95% CI of HR: 1.16, 1.47)  and 77% (95% CI of HR: 1.35, 2.32) increased risk of non-fatal MI.  Among ex-smokers the risk for non-fatal MI was not significant.  The meta analysis of Qin et al (2013) reported 48%, 44% and 52% increased relative risk for ACM, stroke and MI respectively in current smokers compared to non- smokers22. Among all patients irrespective of the cardiovascular disease history, we have observed 75% (CI: 65%, 86%), 26% (CI: 15%, 38%) and 31% (CI: 16%, 47%) increased risk of ACM, stroke and MI respectively.

Among patients without history of cardiovascular disease, ex-smokers had no increased risk of MI or stroke. However, ex-smokers had 12 % (p<0.01) increased mortality risk, which was 72% significantly lower than the mortality risk observed among active smokers. The association between smoking and development of diabetes has also been shown to be a dose response relationship with stronger association for heavy smokers relative to light smokers and for active smokers relative to ex-smokers8. The nurse’s health study showed that cigarette smoking was associated with the doss in a dose response manner with increased mortality among women with type 2 diabetes40. Furthermore, quitting smoking reduced this risk substantially40. One of the limitations of our study is that we are unable to evaluate the dose response relationship. 

Although not fullly characterised, metformin has some antioxidant properties41, and it could have beneficial effects on some components of the antioxidant defense system42.  Since cigarette smoking results in an increased cumulative exposure to reactive oxygen species from both sources, cigarette smokers might have an increased requirement for antioxidant nutrients. Adjusting for various risk factors and other anti-diabetes treatments, treatment with metformin was found to be independently protective of cardiovascular risk and mortality. A novel finding in our study is the determination of diminishing residual effect of smoking among patients treated with metformin. Among all patients, compared to those who never smoked, current smokers without metformin had 26% (p=0.015) increased risk of composite MI or stroke, whereas current smokers with metformin reduced the risk by 24%% (HR: 1.02, p=0.28). Current smokers treated with metformin did not show any increased mortality risk, and metformin treatment among ex-smokers neutralized the memory effect of smoking in terms of the risk of macrovascular events and mortality. However, we did not have the data on smoking quitters during the follow-up. Non-availability of data on smoking cessation is one of the weaknesses of this epidemiological study.    

Strengths and limitations
The primary strengths of this study include: a large cohort of patients from primary care with complete anthropometric data at the time of diagnosis of diabetes;  reliable information on smoking status, identification and separate treatment of patient subgroups on the basis of history of cardiovascular disease before diagnosis of diabetes; high quality data on prescriptions for anti-diabetes and cardioprotective medications, extensive tracking of cardiovascular and renal events during follow-up with dates of events; and data on mortality. Although it is not possible to account for all possible confounding factors in any longitudinal study, we adjusted for available relevant covariates in our risk analyses; and the risk analyses were conducted with stratification by socio-economic status (deprivation score). The large study population provided a representative cohort that reflected the general characteristic of the incident T2DM population in United Kingdom, and provided adequate statistical power and information to adjust for potential confounding factors.

Patient-level data from electronic databases present challenges in terms of accuracy and completeness of the study variables of interest. Although we sought to mitigate potential sources of bias in the conduct of this study, some limitations remain, including potential misclassification of exposure and/or outcome, the potential for residual confounding, and aspects of competing risks. 


Conclusions
Our results confirm the increased risk of CVD and mortlaity in people with T2DM who are current smokers compared to nonsmokers. The novel findings are that ex-smokers have a significantly reduced risk of CVD and mortality although there was a residual risk over 5 years. The risk of CVD and mortality are significantly reduced in patients prescribed metformin including those who are current smokers and exsmokers. Despite international guidelines recommendations, many people with T2DM are still not prescribed metformin43.  The findings further strengthen guideline recommendations for metformin treatment in all patients diagnosed with Type 2 diabetes in addition to smoking cessation strategies. 



What is already known on this topic: Smoking increases the risk of developing type 2 diabetes, and among people with type 2 diabetes smoking significantly increases cardiovascular and mortality risk. However, the rates and risk of MI, stroke and mortality in current and ex-smokers compared to non-smokers, separately for cardiovascular disease status prior to diagnosis of diabetes, is not known. 
 
What this study adds: In a large cohort of incident diabetes patients, this study (1) provides the estimates of rates of MI, stroke and all-cause mortality over 5 years of follow-up among non-smokers, ex-smokers and current smokers at the time of diagnosis of diabetes and (2) evaluates how treatment with metformin could attenuate the elevated macrovascular and mortality risks in current and ex-smokers. 
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Table 1: Baseline statistics of the study parameters for all patients in the cohort, and separately for those with and without history of cardiovascular diseases prior to diagnosis of diabetes. 
	
	No previous CVD
	With previous CVD
	
All patients

	n
	63166
	19039
	82205

	Age (Years)*
	61 (13)
	68 (11)
	62 (13)

	Male#
	33345 (53)
	11430 (60)
	44775 (55)

	Smoking status [n(%)]
	
	
	

	Non-smokers
	33290 (53)
	8192 (43)
	41482 (51)

	Ex-smokers
	19221 (30)
	7904 (42)
	27125 (33)

	Current smokers
	10655 (17)
	2943 (16)
	13598 (17)

	BMI (kg/m2)*
	31 (6)
	30 (6)
	31 (6)

	SBP (mmHg)*
	141 (19)
	141 (20)
	141 (19)

	DBP (mmHg)*
	82 (10)
	79 (11)
	81 (10)

	HbA1c (%)*
	7.89	(1.98)
	7.67 (1.86)
	7.85 (1.96)

	LDL(mmol/L)*
	2.99 (1.04)
	2.57 (0.99)
	2.91 (1.04)

	HDL(mmol/L)*
	1.23	(0.41)
	1.21 (0.45)
	1.23 (0.41)

	Triglyceride(mmol/L)**
	1.8 (1.3, 2.6)
	1.8 (1.3, 2.6)
	1.8 (1.3, 2.6)

	Medication [n(%)]
	
	
	

	Metformin
	40505 (64)
	11520 (61)
	52025 (63)

	Sulfonylurea
	27902 (44)
	9606 (51)
	37508 (46)

	Any OAD
	47011 (74)
	14185 (75)
	61196 (74)

	Insulin
	6775 (11)
	2969 (16)
	9744 (12)

	Cardio Protective Medications
	53323 (84)
	18103 (95)
	71426 (87)


* mean (SD) ** median (first quartile, third quartile) 



Table 2: Duration of follow-up, and proportions and rates of MI, stroke, MI or stroke (composite event) and all-cause mortality in all patients, and separately for patients with and without history of cardiovascular disease prior to diagnosis of diabetes.

	
	No prior CVD
	With prior CVD
	All patients

	 n
	63166  
	19039 
	82205

	Follow up duration**
	5.3 (3.4, 7.9)
	5.8 (3.7, 8.6)
	5.4 (3.5, 8.0)

	MI#
	491 (0.8)
	2306 (12.1)
	2797 (3.4)

	Rate of myocardial infarction (95% CI) /1000 person years

	     Non Smokers 
	1.00 (0.88, 1.15)
	19.08 (17.92, 20.32)
	4.60 (4.35, 4.88)

	     Ex-smokers
	1.05 (0.88, 1.26)
	19.35 (18.13, 20.65)
	6.27 (5.90, 6.67)

	     Current smokers
	1.35 (1.09, 1.68)
	18.86 (16.93, 21.01)
	5.20 (4.72, 5.72)

	
	
	
	

	Stroke#
	1267 (2.0)
	3113 (16.4)
	4380  (5.3)

	Rate of Stroke (95% CI) /1000 person years

	     Non Smokers 
	3.16 (2.92, 3.41)
	31.36 (29.82, 32.99)
	8.55 (8.20, 8.92)

	     Ex-smokers
	3.13 (2.82, 3.47)
	23.21 (21.85, 24.65)
	8.80 (8.35, 9.27)

	     Current smokers
	2.61 (2.24, 3.05)
	27.31 (24.91, 29.94)
	7.88 (7.28, 8.53)

	
	
	
	

	
	
	
	

	MI or Stroke#
	1740 (2.75)
	5125 (26.92)
	6865 (8.35)

	Rate of myocardial infarction or Stroke (95% CI) /1000 person years

	     Non Smokers 
	4.26 (3.88, 4.45)
	52.78 (50.68, 54.96)
	12.88 (12.44, 13.33)

	     Ex-smokers
	4.12 (3.77, 4.51)
	44.08 (42.12, 46.14)
	14.79 (14.20, 15.40)

	     Current smokers
	3.92 (3.46, 4.45)
	47.96 (44.63, 51.54)
	12.76 (11.98, 13.58)

	
	
	
	

	Death#
	6185 (9.79)
	3818 (20.05)
	10003 (12)

	Rate of Deaths (95% CI) /1000 person years

	     Non Smokers 
	15.68 (15.15, 16.23)
	32.52 (31.05, 34.06)
	19.24 (18.72, 19.78)

	     Ex-smokers
	15.33 (14.64, 16.06)
	28.07 (26.64, 29.57)
	19.17 (18.51, 19.84)

	     Current smokers
	18.56 (17.52, 19.66 )
	32.10 (29.65, 34.76)
	21.71 (20.72, 22.75)


 #n(%)** median (first quartile, third quartile)


Table 3: Hazard ratios (95% CI) for the current and ex-smokers, compared to those who never smoked, associated with cardiovascular events and all-cause mortality. The estimates are based on multivariate Cox regression models, for all patients and separately for those with and without history of cardiovascular diseases prior to diagnosis of diabetes. 
	
	
Smoking status
	No prior CVD
HR (95% CI)
	With prior CVD
HR (95% CI)
	
All patients

	
	
	
	
	

	MI
	Ex-smoking
	1.04 (0.82, 1.31)
	0.97 (0.87, 1.06)
	1.19 (1.09, 1.30)

	
	Current smoking
	1.77 (1.35, 2.32)
	0.97 (0.83, 1.08)
	1.31 (1.16, 1.47)

	
	
	
	
	

	Stroke
	Ex-smoking
	1.04 (0.91, 1.19)
	0.90 (0.74, 1.00)
	1.01 (0.94, 1.08)

	
	Current smoking
	1.27 (1.06, 1.51)
	1.04 (0.93, 1.16)
	1.26 (1.15, 1.38)

	
	
	
	
	

	
	
	
	
	

	MI or Stroke
	Ex-smoking
	1.02 (0.91, 1.15)
	0.85 (0.83, 1.01)
	1.07 (1.02, 1.13)

	
	Current smoking
	1.38 (1.19, 1.60)
	0.99 (0.90, 1.08)
	1.27 (1.18, 1.37)

	
	
	
	
	

	Death
	Ex-smoking
	1.12 (1.05, 1.20)
	1.03 (0.96, 1.12)
	1.10 (1.05, 1.15)

	
	Current smoking
	1.84 (1.71, 1.99)
	1.58 (1.43, 1.75)
	1.75 (1.65, 1.86)






Table 4: Hazard ratios (95 % CI) for MI or Stroke and all-cause mortality associated with covariates and interaction of metformin and smoking from multivariate cox regression models, separately for all patients and for those with and without history of any cardiovascular disease pre-diagnosis of diabetes. 
	
	MI or Stroke
HR (95% CI)
	All Cause Mortality
HR (95% CI)

	
	No Prior CVD
	Prior CVD
	All
	No Prior CVD
	Prior CVD
	All

	Age
	1.07 (1.07, 1.08)
	1.01 (1.01, 1.02)
	1.06 (1.06, 1.07)
	1.07 (1.07, 1.08)
	1.07 (1.06, 1.07)
	1.07 (1.07, 1.08)

	Male vs Female
	1.20 (1.08, 1.33)
	1.04 (0.97 (1.10)
	1.28 (1.22, 1.35)
	1.20 (1.13, 1.27)
	1.32 (1.23, 1.41)
	1.25 (1.2, 1.31)

	Sulfonylurea
	1.22 (1.09, 1.36)
	1.24 (1.16, 1.32)
	1.37 (1.29, 1.45)
	1.22 (1.15, 1.29)
	1.08 (1.00, 1.17)
	1.16 (1.11, 1.21)

	Insulin
	1.31 (1.11, 1.55)
	1.40 (1.30, 1.50)
	1.94 (1.81, 2.07)
	1.23 (1.13, 1.34)
	0.94 (0.86, 1.04)
	1.1 (1.03, 1.17)

	CPM
	0.75 (0.66, 0.85)
	0.98 (0.89, 1.07)
	1.28 (1.18, 1.39)
	0.37 (0.35, 0.39)
	0.48 (0.44, 0.54)
	0.41 (0.39, 0.43)

	Cardiovascular event during follow-up
	-
	-
	-
	1.97 (1.85, 2.11)
	1.48 (1.36, 1.61)
	1.86 (1.78, 1.95)

	Reference: non-smokers not on metformin
	
	
	
	
	
	

	Ex-smoker and not on metformin
	1.00 (0.84, 1.19)
	0.89 (0.80, 1.00)
	1.04 (0.95, 1.13)
	1.19 (1.10, 1.30)
	1.04 (0.94, 1.16)
	1.13 (1.06, 1.21)

	Ex-smoker and on metformin
	1.07 (0.85, 1.34)
	0.95 (0.83, 1.08)
	1.06 (0.95, 1.19)
	0.92 (0.83, 1.11)
	1.01 (0.88, 1.17)
	0.97 (0.89, 1.06)

	Current smoker and not on metformin
	1.32 (1.07, 1.65)
	0.99 (0.86, 1.03)
	1.26 (1.12, 1.42)
	1.86 (1.68, 2.07)
	1.60 (1.39, 1.83)
	1.77 (1.62, 1.92)

	Current smokers on metformin
	1.08 (0.81, 1.45)
	0.98 (0.82, 1.17)
	1.02 (0.88, 1.18)
	0.96 (0.83, 1.11)
	0.95 (0.79, 1.16)
	0.96 (0.86, 1.08)





