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OUTLINE

« Cardiovascular disease (CVD) and smoking

- Sex differences in smoking and CVD

« Potential mechanism behind increased risk

- Rates of smoking in those with CVD by sex

« Challenges in smoking cessation in those with CVD

« Implications for secondary prevention
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CARDIOVASCULAR DISEASE AND SMOKING
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CARDIOVASCULAR DISEASE AND SMOKING

- Dangers of combusted tobacco use?
Endothelial dysfunction
- Blood vessel constriction
Platelet activation
« Dyslipidemia
Chronic inflammatory state
- Qutcomes
« Accelerate atherosclerosis
Destabilize coronary artery plagues

- Precipitate acute coronary events

« 50 years of smoking has led to 7,787,000 premature
deaths due to cardiovascular and metabolic diseases?

utmb Health 1. Barura et al., 2018. 2. USDHHS, 2014 IhisPhoto by Unknown Author is licensed under CC BY-NC-ND 5
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SEX DIFFERENCES IN CARDIOVASCULAR DISEASE AND SMOKING
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SMOKING AND CVD - SEX DIFFERENCES

- Generally, an age gap in the development of CVD by sex

-« Age of first myocardial infarction?
72 for females

65.6 for males

« Smoking appears to eliminate the age gap
- Study of 11,762 men and 13,206 women

Looking at increased risk of Ml in females smoking =20 cigarettes
per day

Aged 25-54,HR = 3.8
Aged55-69,HR =2.2
Aged=70,HR =1.6

Do not see this same pattern in males

- Similarly, we see males and females, who smoke,
entering cardiac rehabilitation at a similar age®

Elevated CO — 63, did not differ by sex
Low CO - 67, likely differed by sex

utmb Health 1. Tsao et al., 2022. 2. Everson et al., 2013. 3. Khadanga et al., 2022. 7




SMOKING AND CVD — MORE THAN JUST AGE AT FIRST EVENT

« Disparities in development of disease and outcomes

Within those who smoke, females have a 25% increased risk of developing CHD than males?

Multivariate-adjusted RR for CHD mortality: males 2.50 (95% CI, 2.34—-2.66), females, 2.86 (95% CI, 2.65-3.08)2
These discrepancies are even higher for certain types of CHD
« STEMI

Smoking is associated with a significantly greater increase in STEMI for females than males (IRR: 6.62 vs. 4.40)3

Outcomes disparate here too, higher association between STEMI and 30-day mortality in females compared to
males (OR 3.86 vs. 2.75)%

Multivariable analysis of of association between STEMI and 30-day all-cause mortality

0dds Ratio (95%Cl)

Odds Ratio (95%Cl)
) 554(3.83-803) | ; O—s ) 3743364.16) | HOH
(Y 293(233369) | —O— ' 271(241-3.04) | KOA
o5 1 3 5 4 5 & ds o5 1 31 5§ 5 T s
> B
Higher mortality risk

Higher mortality risk
Age<60 years Age260 years

1. Huxley et al., 2011. 2. USDHHS 2014. 3. Palmer etal., 2019. 4. Vasiljevic et al., 2021 8
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POTENTIAL MECHANISM OF INCREASED RISK
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USE OF NICOTINE/COMBUSTION REDUCES ESTROGEN LEVELS

x  The relationship between tobacco use, estrogen levels, and the risk of cardiovascular
disease (CVD) in females is complex and multi-faceted

+ Hypothalamic-pituitary-Ovarian Dysfunction: Nicotine has been shown to adversely impact
ovarian function by inhibiting the secretion of gonadotropin-releasing hormone (GnRH), essential
for estrogen synthesis?!

+ Hepatic Enzyme Induction: Compounds in tobacco smoke induce the activity of cytochrome
P450 liver enzymes, which accelerate the metabolism (e.g. 2’-hydroxylation) and clearance of
estrogen from the body?

+ Inhibition of Aromatase Enzyme: The aromatase enzyme (CYP19A1) converts androgens to

estrogens. Nicotine and polycyclic aromatic hydrocarbons (PAH) appear to inhibit aromatase
activity, reducing the endogenous production of estrogen3+

Hiye] Health 1. Mohaddghasemi 2012. 2. Michnovicz et al., 1986. 3. Biegon et al. 2012. 4. Tiwari et al. 2021




MECHANISMS OF INCREASED CVD RISK

X Endothelial Dysfunction: Estrogen plays a pivotal role in maintaining vascular health by enhancing nitric
oxide (NO) production, an endothelial-derived vasodilator. Reduced estrogen levels diminish NO availability,
promoting vasoconstriction and thereby increasing the risk of cardiovascular events?

X Pro-inflammatory State: Reduced estrogen levels tip the balance towards a pro-inflammatory state
characterized by elevated levels of inflammatory markers such as C-reactive protein, interleukin-6, and tumor

necrosis factor-a, further contributing to the pathogenesis of CVD?

X Altered Lipid Metabolism: Estrogen has a favorable effect on lipid profiles, increasing high-density
lipoprotein (HDL) and reducing low-density lipoprotein (LDL) levels. Lowered estrogen due to tobacco use
exacerbates dyslipidemia, a known risk factor for CVD?3

X Increased Platelet Aggregation: Lower levels of estrogen have been linked to increased platelet
aggregation and elevated plasma fibrinogen levels, enhancing the pro-thrombotic milieu conducive to Ml and

CVA4
X Synergistic Negative Effects: Combusted tobacco itself directly contributes to endothelial dysfunction,

inflammation, and platelet aggregation. When combined with reduced estrogen levels, this results in a
synergistic deleterious impact on cardiovascular health®

utmb Hea‘lth 1. Mendelsohn & Karas, 1999. 2. Ridker et al., 2002. 3. Walsh et al., 1991. 4. Scarabin et al., 1997. 5. Ambrose & Barua, 2004




Hepatic

enzyme

induction
(P450 1A1 and

Hypothalamic- 1A2)
Pituitary - Inhibition of
Ovarian aromatase
dysfunction

Reduced
estrogen Exposure to

levels combusted
byproducts and
nicotine

Pro- Altered lipid Increased

Endothelial inflammatory

: , latelet
dysfunction State metabolism P

aggregation

Increased
CVD risk

11700 Health




RATES OF SMOKING IN THOSE WITH CARDIOVASCULAR DISEASE BY SEX
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SMOKING RATES BY SEX IN THOSE WITH CVD

Current smoking

« Historically, males have been more likely to smoke
which may have led to less focus on the issue of
smoking in females

Current smoking, %

« Over the last several decades, the prevalence of
smoking in the United States has dramatically
decreased

« Decreasing faster in certain populations

« Looking at the NHANES, risk factors by sex over g ME— e W
time in those 20-79 years of agel E
« Current smoking decreasing faster in males éi 50 1 N S
- A pattern replicated in other vulnerable populations? 3
+ Female smoking rates may actually overtake that of * oo os-08 0012 1316
males vear

Tiyl) Health 1. Petersetal., 2019.2. Cepeda-Benitoetal., 2018
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SMOKING RATES BY SEX IN CARDIAC REHABILITATION

Smoking Status within Females

/

- AACVPR Registry Database
- Data from certified programs nation-wide
« QOver 400,000 patients from 2012-2021

~30% female

= Current = Non/Former

« Current smoking rates at entry are equal Smoking Status within Males

- Females: 7.6% '
« Males: 7.8%

= Current = Non/Former

utmb JSCEIE Unpublished data 15




CHALLENGES OF SMOKING CESSATION IN THOSE WITH CARDIOVASCULAR
DISEASE
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SMOKING CESSATION IS CHALLENGING

 Efficacious medications available
« NRT
- Bupropion
« Varenicline
« Combination therapies likely best

- Efficacy and safety demonstrated, includingin
those with CVD>

« Still strong hesitancy for use in populations with
CVvD

 In a study of 282 hospitals and over 30,000 patients
hospitalized with CHD who were currently smoking®

« Only 22.7% of patients received any sort of
medication for smoking cessation

« 90% of those were for nicotine patch alone

1. Anthenelli et al., 2016; 2. Pack, Priya, et al., 2018; 3. Benowitz et al., 2018; 4. Woolf et al., 2012, 5. Mills et al., 2014. 6. Pack et al., 2017.
1110 Health 17




RELYING ON NRT MAY BE PROBLEMATIC FOR FEMALES

Treatment comparison Risk ratio [95% Cl]
Head-to-head comparisons
Women
Varenicline vs. TN 1.41[1.12,1.76 ]
Bupropion SR vs. TN 1.02[0.83,1.25]
] Varenicline vs. Bupropion SR 1.38[1.08,1.77]
« NRT may not be as effective for Vo
femal malesl? Varenicline vs. TN 1.16 [ 0.91,1.47
emales as ales Bupropion SR vs. TN 1.04[0.82,1.33
_ Varenicline vs. Bupropion SR 1.11[0.85,1.45
- Females may be less sensitive to
i Combined :
the phagmacologlcal effects of Vareniclinesvs. TN = 1.25[1.02,1.53]
I I Bupropion SR vs. TN = 1.01[0.82,1.23]
nicotine Varenicline vs. Bupropion SR [—-—| 1.24[0.99,1.55]
- Females metabolize nicotine faster Versus placebo :
Women :
than males TN vs. Placebo : 1.45[1.24,1.70
i : Varenicline vs. Placebo : 2.04[1.71,2.44
« Under dosed on nicotine replacement Bupropion SR vs. Placebo e 1.48[1.23,1.77
? :
therapy” -
TN vs. Placebo = 1.69[1.41,2.03]
Varenicline vs. Placebo = 1.96[1.65,2.34]
Bupropion SR vs. Placebo =] 1.76[1.43,2.19]
Combined
TN vs. Placebo - 1.59[1.38,1.84]
Varenicline vs. Placebo = 1.99[1.71,2.33 ]
Bupropion SR vs. Placebo b 1.61[1.35,1.91]
| | | |
Wii20] Health 0.5 1.0 2.0 4.0

1. Smith et al., 2017. 2. Piper et al., 2010.3. Perkins et al.

Risk Ratio




RELYING ON NRT MAY BE PROBLEMATIC FOR FEMALES

« Other medications
may work better
for females!?

« Relying on NRT
for treating
smoking in those
with CVD may
continue to widen
sex disparities

11700 Health

Varenicline Placebo
Author(s) and Year Total Quit Total Quit Weighted Odds Ratio [95% CI]
Women :
Bollinger et al. (2011) 166 97 69 17 : 430[2.29, 8.06
Fagerstrom et al. (2010) 24 12 22 6 - 267[0.78, 9.15
Gonzales et al. (2006) 176 93 158 34 . - 409[253, 661
Jorenby et al. (2006) 154 79 143 23 : } " 550(3.18, 949
Nakamura et al. (2007) 33 21 33 14 — 237[088, 6.39
Niaura et al. (2008) 9 33 74 9 : 518([2.26, 11.86
Nides (2006) 62 32 59 14 z 343[1.57, 748
Oncken et al. (2006) 133 79 62 6 : } = 1365([549, 3393
Rennard et al. (2012) 197 119 67 12 : I 6.99[3.52, 13.89
Rigotti et al. (2010) a7 48 63 g z } | 7.38([3.24, 16.81
Steinberg et al. (2011) 16 2 16 & - | 024[0.04, 143
Tashkin et al. (2011) 94 39 a7 12 : } = 5.02[242, 1043
Tsai et al. (2007) 195 125 95 05 : s 3214161 64194
Wang et al. (2009) & 1 5 1 - — | 0.80[0.04, 17.20
Williams et al. (2007) 124 58 65 3 : / } N\ > 18.16[ 5.41 , 60.97
Williams et al. (2012) 195 45 105 05 - > 6.00[0.29,6 12410
Weighfed OR Estimate for Women A ! - , 496[378,649
Men :
Bollinger et al. (2011) 228 123 130 28 : 4271261, 698
Fagerstrom et al, (2010) 190 111 196 79 e . 2.08[1.39, 3.12
Gonzales et al. (2006) 176 84 186 39 : e 344[217, 545
Jorenby et al. (2006) 190 94 198 48 : - 306[1.99, 471
Nakamura et al. (2007) 123 93 121 56 : & 360[209, B6.21
Niaura et al. (2008) 81 40 886 13 : f 548([263, 11.41
Nides (2008) 63 36 64 16 : } = { 400[1.88, 8.51
Oncken et al. (2006) 126 67 67 14 : - i 430[217, 853
Rennard et al. (2012) 206 170 99 28 : S S— 342[2.00, 561
Rigotti et al. (2010) 266 114 287 56 : — 309[212, 452
Steinberg et al. (2011) 24 10 23 T [ - ] 163[049, 544
Tashkin et al. (2011) 156 80 157 19 : f 765[4.31, 13.56
Tsai et al. (2007) 107 72 115 45 : - - | 320[1.84, 555
Wang et al. (2009) 159 103 163 74 - 221141, 346
Williams et al. (2007) 127 57 61 7 : | 6.28[2.65, 14.87
Williams et al. (2012) 65 12 a3 3 I : i 226[0.59, 866
Weighted OR Estimate for Men 5 - 343[287,4.11
[ | | |
Note. OR = Odds Ratio
0.50 1.00 5.00 25,00
19

1. McKee et al., 2016



IMPLICATIONS FOR SECONDARY PREVENTION/CARDIAC REHABILITATION
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IMPLICATIONS FOR CARDIAC REHABILITATION/SECONDARY
PREVENTION

- Smoking can interfere with gains during Improvements in Peak VO2 by Smoking Status
10.0

CR

7.5

« UVMMC Clinical CR database

5.0

« 2208 patients who completed CR

Change in Volume 02

25
553 female
0.0
« Improvement in fitness (Peak VO2)

25

« Effect of current smoking (self-report) 20 i & o <50

Patient Age

« No sex effect Smoking History

Current Smoker Former Smoker Never Smoker

Fit computed atvomxa=19.68 BMI_Pre=29.02 totalcomorb=0.568

l7u':] Health Unpublished data "




IMPLICATIONS FOR CARDIAC REHABILITATION/SECONDARY
PREVENTION

« Do those who smoke differ by sex?

P <0.02
« Carbon monoxide measured on 1122 patients

entering CR

Expired

- 322 females

Mean
Carbon Monoxide Levels

« Focusedon thosewith CO =4

Examined differences by sex MALE

FEMALE

Females with elevated CO had
CO levels double that of males

1711, Health Khadanga et al., 2022 22




EFFECT OF SMOKING ON OUTCOMES IN CR/PR

Check out the poster session

More in-depth on how smoking affects outcomes

The Effects of Smoking Status on Patient Outcomes

Vermont Centeron j ilitation: i
Bobavior & Health in Pulmonary Rehabilitation: Analysis of the AACVPR

Vermont Center on The Effects of Smoking on Patients in Cardiac Rehabilitation:

Behavior & Health Results from a National Registry

The
UNIVERSITY

1 0
The University of Vermont Registry s The University of Vermont ‘ ) / VERMONT
Raisha Ismail, MD, Yu Zhang, MS, Diann Gaalema, PhD, Katherine Menson, DO COLLEGE OF MEDICINE Blair Yant, BS, Yu Zhang, MS, Katherine Menson, MD, Diann Gaalema, PhD COLLEGE OF MEDICINE
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THANK YOU

Diann Gaalema, PhD

digaalem@utmb.edu

M117:] Health




ACKNOWLEDGEMENTS

Thank you to:

M117:] Health

Philip Ades
Sherrie Khadanga
Joseph Allencherril
Katie Menson
Patrick Savage
Blair Yant

Brian Katz

William Middleton

25



REFERENCES

Ambrose, J. A., & Barua, R. S. (2004). The pathophysiology of cigarette smoking and cardiovascular disease: An update. Journal of the American College of Cardiology, 43(10), 1731-1737.

Benowitz NL, Pipe A, West R, Hays JT, Tonstad S, McRae T, Lawrence D, St Aubin L, Anthenelli RM. Cardiovascular safety of varenicline, bupropion, and nicotine patch in smokers: A randomized clinical
trial. JAMA internal medicine. 2018;178:622-631

Biegon A, Alia-Klein N, Fowler JS. Potential contribution of aromatase inhibition to the effects of nicotine and related compounds on the brain. Front Pharmacol. 2012 Nov 6;3:185. doi:
10.3389/fphar.2012.00185. PMID: 23133418; PMCID: PMC3490106.

Cepeda-Benito A, Doogan NJ, Redner R, Roberts ME, Kurti AN, Villanti AC, Lopez AA, Quisenberry AJ, Stanton CA, Gaalema DE, Keith DR. Trend differences in men and women in rural and urban US
settings. Preventive medicine. 2018 Dec 1;117:69-75.

Gaalema DE, Yant B, Khadanga S, Savage PD, Rengo JL, Ades PA. Carbon monoxide monitoring to objectively measure smoking status in cardiac rehabilitation. Health Psychology. 2022 Apr 7.

Iversen, B., Jacobsen, B.K. and Lachen, M.L., 2013. Active and passive smoking and the risk of myocardial infarction in 24,968 men and women during 11 year of follow-up: the Tromsg Study. European
journal of epidemiology, 28, pp.659-667.

Khadanga S, Yant B, Savage PD, Rengo J, Gaalema DE. Objective measure of smoking status highlights disparities by sex. Am Heart J Plus. 2022;17:100171

Mendelsohn, M. E., & Karas, R. H. (1999). The protective effects of estrogen on the cardiovascular system. The New England Journal of Medicine, 340(23), 1801-1811

Mohammadghasemi F, Jahromi SK, Hajizadeh H, Homafar MA, Saadat N. The Protective Effects of Exogenous Melatonin on Nicotine-induced Changes in Mouse Ovarian Follicles. J Reprod Infertil. 2012
Jul;13(3):143-50. PMID: 23926539; PMCID: PMC3719350.

Michnovicz, J. J., Hershcopf, R. J., Naganuma, H., Bradlow, H. L., & Fishman, J. (1986). Increased 2-hydroxylation of estradiol as a possible mechanism for the anti-estrogenic effect of cigarette smoking.
The New England Journal of Medicine, 316(21), 1305-1309.

Pack QR, Priya A, Lagu TC, Pekow PS, Rigotti NA, Lindenauer PK. Smoking cessation pharmacotherapy among smokers hospitalized for coronary heart disease. JAMA internal medicine. 2017;177:1525-
1527

Pack QR, Priya A, Lagu TC, Pekow PS, Atreya A, Rigotti NA, Lindenauer PK. Short-term safety of nicotine replacement in smokers hospitalized with coronary heart disease. Journal of the American Heart
Association. 2018;7:e009424

Peters SA, Muntner P, Woodward M. Sex differences in the prevalence of, and trends in, cardiovascular risk factors, treatment, and control in the United States, 2001 to 2016. Circulation. 2019 Feb
19;139(8):1025-35.

Ridker, P. M., Rifai, N., Rose, L., Buring, J. E., & Cook, N. R. (2002). Comparison of C-reactive protein and low-density lipoprotein cholesterol levels in the prediction of first cardiovascular events. The New
England Journal of Medicine, 347(20), 1557-1565.

Scarabin, P. Y., Alhenc-Gelas, M., Plu-Bureau, G., Taisne, P., Agher, R., & Aiach, M. (1997). Effects of oral and transdermal estrogen/progesterone regimens on blood coagulation and fibrinolysis in
postmenopausal women: a randomized controlled trial. Arteriosclerosis, Thrombosis, and Vascular Biology, 17(11), 3071-3078.

Tiwari N, Pandey A, Kumar A, Mishra A, Computational models reveal the potential of polycyclic aromatic hydrocarbons to inhibit aromatase, an important enzyme of the steroid biosynthesis pathway,
Computational Toxicology, Volume 19, 2021, 100176,ISSN 2468-1113.

Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, BittencourtMS, Boehme AK, Buxton AE, Carson AP, CommodoreMensah Y, Elkind MSV, Evenson KR, Eze-Nliam C, Ferguson JF, Generoso G,
Ho JE, Kalani R, Khan SS, Kissela BM, Knutson KL,

Levine DA, Lewis TT, Liu J, Loop MS, Ma J, Mussolino ME, Navaneethan SD, Perak AM, Poudel R, Rezk-Hanna M, Roth GA, Schroeder EB, Shah SH, Thacker EL, VanWagner LB, Virani SS, Voecks JH,
Wang N-Y, Yaffe K, Martin SS; on behalf of the American Heart Association Council on Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart disease and
stroke statistics—2022 update: a report from the American Heart Association Circulation. doi: 10.1161/CIR.0000000000001052

Vasiljevic Z, Scarpone M, Bergami M, Yoon J, van der Schaar M, Krljanac G, Asanin M, Davidovic G, Simovic S, Manfrini O, Mickowski-Katalina N. Smoking and sex differences in first manifestation of
cardiovascular disease. Atherosclerosis. 2021 Aug 1;330:43-51.

Walsh, B. W., Schiff, I., Rosner, B., Greenberg, L., Rawikar, V., & Sacks, F. M. (1991). Effects of postmenopausal estrogen replacement on the concentrations and metabolism of plasma lipoproteins. The
New England Journal of Medicine, 325(17), 1196-1204.

Xiang D, LiuY, Zhou S, Zhou E, Wang Y. Protective Effects of Estrogen on Cardiovascular Disease Mediated by Oxidative Stress. Oxid Med Cell Longev. 2021 Jun 28;2021:5523516. doi:
10.1155/2021/5523516. PMID: 34257804; PMCID: PMC8260319.

M117:] Health




	Slide 1: Differential Effects of Cigarette Smoking on Cardiovascular Disease in Females
	Slide 2: Disclosures
	Slide 3: Outline 
	Slide 4: Cardiovascular disease and smoking
	Slide 5: Cardiovascular disease and smoking
	Slide 6: Sex differences in Cardiovascular disease and smoking
	Slide 7: Smoking and CVD – sex differences
	Slide 8: Smoking and CVD – more than just age at first event
	Slide 9: Potential Mechanism of increased risk
	Slide 10: Use of Nicotine/combustion reduces Estrogen levels
	Slide 11: Mechanisms of Increased CVD Risk
	Slide 12
	Slide 13: Rates of smoking in those with Cardiovascular disease by sex
	Slide 14: Smoking rates by sex in Those with CVD
	Slide 15: Smoking rates by sex in Cardiac rehabilitation
	Slide 16: Challenges of smoking cessation in those with Cardiovascular disease
	Slide 17: Smoking cessation is challenging
	Slide 18: RELYING on NRT may be problematic for females
	Slide 19: RELYING on NRT may be problematic for females
	Slide 20: Implications for secondary prevention/Cardiac Rehabilitation
	Slide 21: Implications for Cardiac Rehabilitation/Secondary Prevention 
	Slide 22: Implications for Cardiac Rehabilitation/Secondary Prevention 
	Slide 23: Effect of Smoking on outcomes in CR/PR
	Slide 24: Thank you
	Slide 25: Acknowledgements
	Slide 26: References

