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Abstract


Background: Evidence is limited regarding the association between lifestyles and cardiovascular disease (CVD), and the extent to which healthy lifestyles could offset the genetic risk of CVD in females with breast cancer (BC). Methods: Females diagnosed as BC, who were free of CVD at baseline, from UK Biobank were included. Five modifiable lifestyle factors were considered to calculate the healthy lifestyle score, namely body mass index (BMI), smoking, alcohol drinking, dietary habits, and physical activity. The polygenetic risk score (PRS) was derived for coronary heart disease (CHD), ischemic stroke (IS), and heart failure (HF). Results: In 13,348 female BC survivors, there were 986 CVD events (736 CHD, 165 IS, and 353 HF) over a median of 8.01 years of follow-up. Participants with 4–5 healthy lifestyle components were associated with a decreased risk of incident CVD (HR: 0.50; 95%CI: 0.37, 0.66), CHD (HR: 0.49; 95%CI: 0.35, 0.69), IS (HR: 0.35; 95%CI: 0.19, 0.65), and HF (HR: 0.59; 95%CI: 0.36, 0.97), compared with those with 0–1 lifestyle components. Evidence for the genetic–lifestyle interaction was observed for CHD (p = 0.034) and HF (p = 0.044). Among participants at high genetic risk, a healthy lifestyle was associated with a lower risk of CHD (HR: 0.37; 95%CI: 0.24, 0.56), IS (HR: 0.37; 95%CI: 0.15, 0.93) and HF (HR: 0.39; 95%CI: 0.21, 0.73). Conclusions: Our findings suggest that BC survivors with a high genetic risk could benefit more from adherence to a healthy lifestyle in reducing CVD risk.






Keywords:


lifestyle factors; cardiovascular disease; genetic risk; breast cancer












1. Introduction


The incidence of breast cancer (BC) in women has increased by approximately 0.5% per year, and it has surpassed lung cancer as the most diagnosed cancer, accounting for one third of all female cancer cases [1,2]. Early diagnosis and intensive treatment are reported to improve the prognosis and prolong the survival of BC patients, and the 5-year relative survival rate of female BC is as high as 90% [1] and the 20-year survival rate is 89% with standard treatment [3]. It is not enough to focus solely on cancer progression in BC patients over such a long survival period. There are many factors influencing the short- and long-term survival of BC patients, and adherence to a healthy lifestyle might improve their survival time and quality [4]. Moreover, the increased risk for cardiovascular diseases (CVDs) and CVD-related mortality in BC survivors has been widely reported [5,6,7]. BC patients diagnosed with CVD have a 60% higher mortality rate than BC patients without CVD [8]. In addition, the onset of CVD could accelerate the progression and metastasis of BC [8]. The risk of CVD deaths is even higher than that of BC deaths among BC survivors [9]. Therefore, it is imperative to remind BC patients of the risk of subsequent CVD and encourage preventive measures such as following a healthy lifestyle, which might improve their adherence to an overall healthy lifestyle and promote the survival of BC patients.



Both lifestyle factors and genetics jointly affect the occurrence and development of CVD [10,11]. Previous studies demonstrated that adherence to healthy lifestyle factors could effectively reduce the risk of CVD [12,13]. Traditional modifiable healthy lifestyle factors, including avoiding overweight or obesity, no smoking, moderate alcohol consumption, regular physical activity, and keeping a healthy dietary pattern, are shown to be the best strategies to prevent the risk of CVD [14,15,16,17,18]. Additionally, previous genome-wide association studies suggested that genetic factors play an essential role in the pathogenesis of CVD, and the polygenic risk score (PRS) might accurately predict the risk of CVD [19,20,21,22]. Furthermore, the genetic risk of CVD might be attenuated by a healthy lifestyle, suggesting that advocating for a healthy lifestyle could offset the genetic risk and benefit the primary prevention of diseases [23]. BC patients might benefit from a healthy lifestyle to prevent the subsequent CVD risk and offset the genetic risk of CVD. Therefore, it is necessary to provide evidence of whether a healthy lifestyle could attenuate the genetic risk of CVD among BC patients.



However, the role of adhering to a healthy lifestyle in CVD prevention and to what extent a healthy lifestyle can offset CVD genetic risk in BC patients is less explored in prospective settings [24]. We hypothesized that females with BC could also benefit from a healthy lifestyle, which might improve their adherence to an overall healthy lifestyle and prevent the subsequent burden of cardiovascular complications. Therefore, we aimed to investigate the association between healthy lifestyle factors and CVD risk among female BC survivors from a large population-based cohort study (UK Biobank). In addition, we further explored whether healthy lifestyle patterns might modify the association between the PRS of CVD and the risk of incident CVD.




2. Methods


2.1. Participants and Study Design


UK Biobank is one of the largest cohort studies in the world, with the details of the study protocol reported previously [25]. The baseline survey of UKB was conducted from 2006 to 2010 across the United Kingdom, with over 0.5 million participants aged 40–69 enrolled in the cohort. The participants were recruited from 22 assessment centers in England, Wales, and Scotland, where they participated in the baseline survey. All the participants completed their baseline questionnaires, underwent various anthropometric measurements, and reported medical conditions. The online website (www.ukbiobank.ac.uk, accessed on 20 December 2022) summarizes the information about the cohort and collected variables. The demographic information, lifestyle factors, and other health-related covariates were collected using a standardized electronic questionnaire.



The current analyses included all females with BC at baseline. BC cases were identified by self-reported information, the operation information, and the International Classification of Diseases (174 and 2330 for ICD9, and C50 for ICD10). In the present study, subjects with coronary heart disease (CHD), heart failure (HF), stroke, angina, myocardial infarction, cerebrovascular disease, or other cancer at baseline were excluded.



The North West Multicenter Research Ethical Committee approved the UK Biobank study. This study was conducted according to the Declaration of Helsinki. Generic ethical approval was obtained by UK Biobank from the NHS National Research Ethics Service (approval letter dated 17 June 2011, Ref 11/NW/0382). All participants provided written informed consent to participate in UK Biobank. We applied for the related data according to the rules of the UKB data sharing policy, and the data sharing agreement with the UKB is represented by the approval code 66,137.




2.2. Assessment of Lifestyle Factors and Other Covariates


Five traditional modifiable lifestyle factors were considered in the current study, namely body mass index (BMI), smoking, alcohol drinking, dietary habits, and physical activity. A standardized touchscreen questionnaire was used to assess the lifestyle factors at baseline. For BMI, the high-risk group was defined with BMI ≥ 25 kg/m2. Those with no current smoking were considered a low-risk group. For alcohol drinking, those with a daily alcohol consumption < 14 g were defined as non-excessive alcohol drinkers, which were considered low-risk. For dietary habits, we generated a dietary score using the following five dietary habits: consumption of vegetables ≥ 4 servings/day, fruits ≥ 3 servings/day, fish ≥ 2 servings/week, processed meat ≤ 2 servings/week, unprocessed red meat ≤ 1 serving/week. A dietary score ≥ 4 was considered to reflect a healthy diet; otherwise, it was defined as an unhealthy diet. The low-risk group for physical activity included those engaged in at least 150 min of moderate physical activity or at least 75 min of vigorous physical activity per week. The lifestyle definition above has been used in previously published studies [26,27].



A healthy lifestyle score was defined according to the number of low-risk lifestyle factors, ranging from 0 to 5, with a higher score indicating a healthier lifestyle. The healthy lifestyle score was subsequently divided into four groups (0–1 points, 2 points, 3 points, and 4–5 points).



Information for covariates was obtained using qualified questionnaires [28], including sociodemographic characteristics (age, sex, race, education, income, menopause), medical history (hormone replacement therapy, operation history, hypertension, diabetes), and treatments (antihypertensive drugs, lipid treatment, insulin treatment).




2.3. CVD Outcomes Assessment


The aim of this study was to investigate the association between lifestyle and CVD risk in participants with breast cancer throughout the study period. CVD outcomes of interest included overall CVD, CHD, ischemic stroke (IS), and HF. Incident CHD and IS cases were ascertained using the 10th International Classification of Diseases Revision. The present study defined CHD and IS by codes I20–I25 and I63–I64, respectively. Furthermore, HF was defined by codes I11, I13, and I50. CVD outcomes were considered “terminated” for only participants diagnosed for the first time with any of these conditions during the UKB follow-up. Definitions and sources of detailed information for BC and CVD outcomes in UK Biobank are provided in Supplementary Table S1.




2.4. Definition of Genetic Risk Score


Bycroft et al. have summarized the detailed information about the genotyping, imputation, and quality control in UK Biobank [29]. In the present study, we generated the PRS to quantify the genetic risk of CHD, IS, and HF using single-nucleotide polymorphisms (SNPs) extracted from published genome-wide association studies, respectively. A weighted method was used to calculate the PRS and the β coefficients reported in previous studies for each SNP were used for weights [30]. The PRS for HF was built using 12 SNPs reported by Shah et al [31]. For CHD and IS, 64 SNPs [32] and 32 SNPs [33] previously reported were used to generate the PRS, respectively. Detailed information about the SNPs is listed in Supplementary Table S2.




2.5. Statistical Analysis


The baseline characteristics were presented according to the number of lifestyle factors. Continuous variables were described as mean and standard deviation. Categorical variables were described as absolute values and percentages. Missing data were coded as missing indicators for continuous variables and mean values for continuous variables. The duration of follow-up was defined as the time between the baseline and incident CVD event, or death or the censoring date (21 March 2021). For those who had more than one event during the study period, the first event date was used in the analysis. The Cox hazard regression model was performed to investigate the association between healthy lifestyle scores and CVD outcomes among females diagnosed with breast cancer. Multivariate-adjusted hazard ratio (HR) and 95% confidence interval (95%CI) for CVD outcomes were calculated using Cox proportional hazards regression models. In the primary analysis, models were adjusted for age at diagnosis of breast cancer (continuous), race (white European, others), the Townsend Deprivation Index (continuous), diabetes (yes/no), hypertension (yes/no), antihypertensive drugs (yes/no), insulin treatment (yes/no), lipid treatments (yes/no), hormone replacement therapy (HRT, yes/no), menopause (yes/no), and surgical treatment of breast cancer (yes/no). The Townsend Deprivation Index was regarded as an area-based proxy measure for socioeconomic status [34]. The linear trend test was performed by treating the healthy lifestyle score as a continuous variable.



In the analysis for PRS, we further adjusted for genetic testing batches and the first ten genetic principal components in the Cox proportional hazards model, to investigate the interaction of the gene–lifestyle score on CVD risk. The cross-product terms of the healthy lifestyle score with the CVD PRS were added in the models. Interactions were assessed using the likelihood ratio test. Subgroup analyses stratified by genetic risk were also performed.



Additionally, several sensitivity analyses were conducted to test the robustness of our findings. To estimate whether socioeconomic status might influence the results, we additionally adjusted for education (high school and below, graduate and above) and household income (<30,999, 31,000–10,000, >100,000, unknown) in the model. Furthermore, to avoid the reverse causality effect, we restricted the CVD cases to more than two years from baseline. A weighted standardized healthy lifestyle score was generated based on the β coefficients of each lifestyle factor with CVD outcomes. The weighted healthy lifestyle score was then used to perform sensitivity analysis.



All the analyses were performed using R 4.0.2. The statistical tests were two-sided, and the statistical significance threshold was set at 0.05 for p values.





3. Results


3.1. Participants’ Characteristics


The baseline characteristics of participants according to the number of healthy lifestyle factors are summarized in Table 1. A total of 13,348 females diagnosed with BC were included in the analysis, and the mean age at BC diagnosis was 52.4 years. Among the subjects, 95.7% were white Europeans, and their mean BMI was 26.9 (4.9). For the five lifestyle factors of interest, 39.3% did not have overweight/obesity, 91.9% were non-smokers, 71.0% drank moderately, 59.6% were physically active, and 50.2% had a healthy diet. Additionally, 4.8% (n = 640), 16.6% (n = 2217), 25.4% (n = 3391), and 29.9% (n = 3995) subjects had 0–1, 2, 3, and 4 or more healthy lifestyle factors.



During a median of 8.01 (interquartile range, 7.16–8.76) years of follow-up, 986 CVD events were identified, including 736 CHD, 165 IS, and 353 HF. The PRS of CHDs, IS, and HF approximated a normal distribution (Supplementary Figures S1–S3).




3.2. Healthy Lifestyle Score and the Risk of Incident CVD


In Figure 1, associations of the healthy lifestyle score with lower risk of CVD outcome are exhibited. As shown in Figure 1, a healthy lifestyle (4 or more favorable behaviors) was significantly associated with a lower risk of CVD (HR: 0.50; 95%CI: 0.37, 0.66) compared with an unhealthy lifestyle (0 or 1 favorable behaviors). Similarly, compared to participants with the lowest healthy lifestyle score, those with the highest healthy lifestyle score had a significantly lower risk of CHD (HR: 0.49; 95%CI: 0.35, 0.69), IS (HR: 0.35; 95%CI: 0.19, 0.65), and HF (HR: 0.59; 95%CI: 0.36, 0.97). Furthermore, when the healthy lifestyle score was treated as a continuous variable, the trend analysis also revealed that a higher healthy lifestyle score was significantly associated with a lower risk of CVD, CHD, IS, and HF (p trend < 0.05). Additionally, each single healthy lifestyle factor tended to be associated with a lower risk of CVD outcomes, and the results of individual lifestyle factors with CVD are presented in Supplementary Table S3.




3.3. Genetic Risk Score and Risk of Incident CVD


The PRS of different CVD outcomes were dichotomized into low risk and high risk according to the median PRS. The high genetic risk categories were associated with CHD (HR: 1.36, 95%CI: 1.10, 1.67), IS (HR: 1.25, 95%CI: 0.91, 1.72), and HF risk (HR: 1.40, 95%CI: 1.06, 1.84), with a higher risk score indicating high susceptibility to CVD outcomes.




3.4. Healthy Lifestyle Score, Genetic Risk Score, and Risk of Incident CVD


Then, we further investigated the interaction of genetic risk and lifestyle score on CVD outcomes. Statistically significant interactions were found between genetic risk and lifestyle score on CHD (p for interaction = 0.034) and HF (p for interaction = 0.044), respectively.



Similarly, further results stratified by genetic risk category (low/high genetic risk) are presented in Figure 2. Compared with the reference group (0–1 healthy lifestyle score), it was suggested that having more healthy lifestyle factors was associated with a lower risk of incident CHD, IS, and HF (Figure 2). Notably, the results were more remarkable in the high genetic risk group. Among the participants with a high genetic risk, compared with those having a 0–1 healthy lifestyle score, the healthiest lifestyle score was significantly associated with a decreased risk of CHD (HR: 0.37; 95%CI: 0.24, 0.56), IS (HR: 0.37; 95%CI: 0.15, 0.93), and HF (HR: 0.39; 95%CI: 0.21, 0.73).




3.5. Sensitivity Analysis


We conducted several additional sensitivity analyses to evaluate the robustness of our findings and the results are presented in Supplementary Table S4. In the sensitivity analysis, the results remained robust after adjusting for household income and education: keeping a healthy lifestyle was associated with a lower risk of subsequent CVD among BC patients. The joint analysis showed that compared with participants having the least healthy lifestyles in the high genetic risk group, the participants with 3–5 healthy lifestyle scores and in the bottom 50% of genetic risk were significantly associated with a lower risk of CHD (HR: 0.66; 95%CI: 0.51, 0.87), IS (HR: 0.49; 95%CI: 0.27, 0.88), and HF (HR: 0.50; 95%CI: 0.34, 0.74) (Supplementary Table S4). Similarly, the results remained robust when the study excluded people who had developed the disease in the previous two years or used a weighted healthy lifestyle score (Supplementary Table S4). The above sensitivity analyses consistently observed significant interactions between genetics and lifestyle scores for HF (p < 0.05).





4. Discussion


Based on data from UK Biobank, healthy lifestyle factors were associated with a decreased risk of incident CVD among BC survivors. Notably, the cohort study firstly reported that the associations between a healthy lifestyle and incident CVD were stronger among BC survivors with a higher PRS. There were significant interactions between genetic risk and the lifestyle score in relation to CHD and HF.



The current study demonstrated that a healthy lifestyle was associated with a decreased risk of incident CVD among BC survivors. These associations have been documented previously among general populations, showing that adherence to a healthy lifestyle pattern could substantially lower the risk of CVD [35,36]. The associations were also validated in patients with diabetes mellitus [37] and hypertension [38]. The current study firstly reported consistent associations among BC survivors, where those with the healthiest lifestyle would have a 50% lower risk of incident CVD compared with the least healthy lifestyles. Multiple studies suggested that the adoption of combined healthy lifestyles benefits the prevention of incident CVD risk in both general and affected individuals [35,36,37,38]. BC survivors should follow a healthy lifestyle to avoid the burden of subsequent CVD onset and achieve a higher quality of survival.



The previous study has demonstrated that a healthy lifestyle could offset the genetic risk, and adherence to a healthy lifestyle might decrease by 50% the risk of CHD compared with an unfavorable lifestyle among participants at high genetic risk [23]. Similarly, a UK Biobank study suggested that an unhealthy lifestyle might increase the risk of CVD [39]. Our study provided consistent findings among BC survivors, largely in line with the general population [7,22,40]. The lifestyle–genetic interaction was not observed in previous studies [22,41,42,43], while we found a significant lifestyle–genetic interaction for CHD, suggesting that people at a higher genetic risk of CVD could benefit more from lifestyle adherence.



Similar lifestyle–genetic interaction patterns were also observed for HF in the current study. A previous study conducted in BC survivors from the Women’s Health Initiative summarized that the risk factors for HF were largely similar to those in the entire population [13]. However, they did not focus on the combination of modifiable lifestyle factors and the potential interaction of lifestyle and genetic risk [13]. The Women’s Health Initiative’s findings supported that a healthy lifestyle was associated with decreased HF risk among postmenopausal women [44]. A UK Biobank study reported that combined healthy lifestyle factors were associated with a lower risk of incident HF across different genetic risk groups [45], which was consistent with the current study. However, there was limited evidence for a lifestyle–genetic interaction for HF. Our findings provided new insights that BC survivors with a higher genetic risk could benefit more from lifestyle modifications in reducing the risk of incident CHD and HF.



Leveraging the UK Biobank study, Loes reported that the entire population with a high genetic risk combined with an unhealthy lifestyle might carry a more than twofold increased risk of stroke compared to those with a low genetic risk combined with a healthy lifestyle [40]. However, there was limited evidence for an interaction between PRS and lifestyle score for IS, which was in line with our findings. Two previous UK Biobank studies suggested that a lifestyle–gene interaction was found for stroke [39,46]. However, they did not focus on IS, and the relatively small number of cases of IS might limit the power of the analysis. Nonetheless, the existing evidence suggests that a reduction in CVD risk by adherence to a healthy lifestyle pattern can be achieved in the general population or those who suffer from BC conditions, regardless of genetic risk.



Several mechanisms have been proposed to explain lifestyles, genetic factors, and CVD risk. A review summarized that lifestyle might play a more dominant role in the development of CVD, though the impact of genetic factors is also critical [47]. Twin and familial aggregation studies have confirmed that CVD is heritable, while genome-wide association studies have investigated the potential genetic variants associated with CVD [48,49,50]. CVD risk from genetic factors is often difficult to change. However, a substantial part of the risk (50–90%) of CVD events could be prevented by maintaining a healthy lifestyle [47,51,52]. Inflammation and oxidative stress were summarized as the most essential mechanisms in the development of CVD, and clinical trials suggest that this association is causal [53,54]. Anti-inflammatory milieu and anti-atherogenic effects in the vasculature, as well as oxidative stress, explain most of the reasons that a healthy lifestyle prevents CVD. In addition, a healthy lifestyle pattern might contribute to the development of CVD through other mechanisms, including the gut microbiome, which modulates host inflammation and metabolism, oxidative damage, and endothelial dysfunction [55,56,57,58,59].



To our knowledge, this is the first study to demonstrate that BC survivors, as a high-risk population with regard to CVD, should adhere to a healthy lifestyle. The primary strength of the study was the creation of the PRS to investigate the interaction between genetic risk and healthy lifestyle scores among BC patients. Our study provides new evidence to help prevent high CVD risk among patients with BC and suggests that keeping a healthy lifestyle might help to offset the genetic risk of CVD in cancer patients. However, we also acknowledge several limitations. First of all, the lifestyle score has not been validated except in the current study. However, previous studies have generally used the same approach to calculate healthy lifestyle scores [22,26,41]. Secondly, the participants included were mainly white Europeans, which might limit the generalizability of our findings. Thirdly, potential confounders were included as covariates, but unmeasured and residual confounding factors cannot be avoided. Additionally, self-reported information on lifestyle might lead to misclassification errors. Fourthly, the study population was limited to BC survivors, and the incidence of CVD events was relatively low, such as with IS. Future studies are needed to validate our findings. Lastly, BC treatment may increase the risk of cardiac dysfunction in patients. Due to the lack of treatment-related data, we only adjusted for surgery and estrogen replacement therapy in the models [60].




5. Conclusions


Adherence to a healthy lifestyle is associated with a decreased risk of subsequent CVD and might offset the genetic risk of CVD among females with BC. Our findings highlight the urgent need for healthy lifestyle management among individuals with BC for CVD prevention. Further studies should focus on the role of longitudinal lifestyle changes in CVD morbidity and mortality in individuals with BC.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15040864/s1, Figure S1: Distribution of the polygenic risk score for coronary heart disease; Figure S2: Distribution of the polygenic risk score for ischemic stroke; Figure S3: Distribution of the polygenic risk score for heart failure. Table S1: Codes used in the UK Biobank study to identify breast cancer and CVD cases; Table S2: Detail information of SNP for genetic risk score; Table S3: Association between individual lifestyle factors and the risk of incident CVD; Table S4: The joint association of genetic risk and healthy lifestyle factors with CHD, IS and HF among females with breast cancer in three sensitivity analysis.





Author Contributions


All the authors contributed to the manuscript review and editing. They all approved the submission of the final version of the manuscript. H.P. performed the analysis and wrote the main manuscript text. J.H. and T.W. provided conceptualization and funding acquisition, supervision, and revision of the manuscript. M.W. provided funding acquisition, supervision, and revision of the manuscript. S.W., X.W. and H.G. participated in validation, review, and editing. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Special Fund for Health Scientific Research in Public Welfare (Grant No. 201502006), the Key Project of Natural Science Funds of China (Grant No. 81230066), the National Natural Science Foundation of China (Grant No. 81872695), and the National Key Research and Development Program of China (2020YFC2002900). The China Postdoctoral Science Foundation supports W.M.Y. (Grant No. BX2021021, 2022M710249).




Institutional Review Board Statement


The North West Multicenter Research Ethical Committee approved the UK Biobank study. This study was conducted according to the Declaration of Helsinki. Generic ethical approval was obtained by UK Biobank from the NHS National Research Ethics Service (approval letter dated 17 June 2011, Ref 11/NW/0382).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data for this study are available by request from the UK Biobank website (https://biobank.ctsu.ox.ac.uk/ (accessed on 20 December 2022)).




Acknowledgments


This research was conducted using the UK Biobank resource under application 66137. We appreciate the participation of the hundreds of thousands of individuals in the UK Biobank study, who made this study possible.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics 2022. CA Cancer J Clin. 2022, 72, 7–33. [Google Scholar] [PubMed]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Hatteville, L.; Hill, C. Prediction of the long-term survival in breast cancer patients according to the present oncological status. Stat. Med. 2002, 21, 2345–2354. [Google Scholar] [CrossRef] [Scilit]

	



Rafati, S.; Baneshi, M.R.; Bahrampour, A. Factors Affecting Long-Survival of Patients with Breast Cancer by Non-Mixture and Mixture Cure Models Using the Weibull, Log-logistic and Dagum Distributions: A Bayesian Approach. Asian Pac. J. Cancer Prev. 2020, 21, 485–490. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Greenlee, H.; Iribarren, C.; Rana, J.S.; Cheng, R.; Nguyen-Huynh, M.; Rillamas-Sun, E.; Shi, Z.; Laurent, C.A.; Lee, V.S.; Roh, J.M.; et al. Risk of Cardiovascular Disease in Women with and without Breast Cancer: The Pathways Heart Study. J. Clin. Oncol. 2022, 40, 1647–1658. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Troeschel, A.N.; Liu, Y.; Collin, L.J.; Bradshaw, P.T.; Ward, K.C.; Gogineni, K.; McCullough, L.E. Race differences in cardiovascular disease and breast cancer mortality among US women diagnosed with invasive breast cancer. Leuk. Res. 2019, 48, 1897–1905. [Google Scholar] [CrossRef] [Scilit]

	



Abdel-Qadir, H.; Thavendiranathan, P.; Austin, P.C.; Lee, D.S.; Amir, E.; Tu, J.V.; Fung, K.; Anderson, G.M. The Risk of Heart Failure and Other Cardiovascular Hospitalizations after Early Stage Breast Cancer: A Matched Cohort Study. Gynecol. Oncol. 2019, 111, 854–862. [Google Scholar] [CrossRef] [Scilit]

	



Koelwyn, G.J.; Newman, A.A.C.; Afonso, M.S.; Van Solingen, C.; Corr, E.M.; Brown, E.J.; Albers, K.B.; Yamaguchi, N.; Narke, D.; Schlegel, M.; et al. Myocardial infarction accelerates breast cancer via innate immune reprogramming. Nat. Med. 2020, 26, 1452–1458. [Google Scholar] [CrossRef] [Scilit]

	



Zaorsky, N.G.; Churilla, T.M.; Egleston, B.L.; Fisher, S.G.; Ridge, J.A.; Horwitz, E.M.; Meyer, J.E. Causes of death among cancer patients. Ann. Oncol. 2017, 28, 400–407. [Google Scholar] [CrossRef] [Scilit]

	



Roth, G.A.; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, A.Z.; Benjamin, E.J.; Benziger, C.P.; et al. Global Burden of Cardiovascular Diseases and Risk Factors, 1990–2019: Update from the GBD 2019 Study. J. Am. Coll. Cardiol. 2020, 76, 2982–3021. [Google Scholar] [CrossRef] [Scilit]

	



Drobni, Z.D.; Kolossvary, M.; Karady, J.; Jermendy, A.L.; Tarnoki, A.D.; Tarnoki, D.L.; Simon, J.; Szilveszter, B.; Littvay, L.; Voros, S.; et al. Heritability of Coronary Artery Disease: Insights from a Classical Twin Study. Circ. Cardiovasc. Imaging 2022, 15, e13348. [Google Scholar] [CrossRef] [Scilit]

	



Kaminsky, L.A.; German, C.; Imboden, M.; Ozemek, C.; Peterman, J.E.; Brubaker, P.H. The importance of healthy lifestyle behaviors in the prevention of cardiovascular disease. Prog. Cardiovasc. Dis. 2021, 70, 8–15. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Reding, K.W.; Cheng, R.K.; Vasbinder, A.; Ray, R.M.; Barac, A.; Eaton, C.B.; Saquib, N.; Shadyab, A.H.; Simon, M.S.; Langford, D.; et al. Lifestyle and Cardiovascular Risk Factors Associated with Heart Failure Subtypes in Postmenopausal Breast Cancer Survivors. JACC Cardio Oncol. 2022, 4, 53–65. [Google Scholar] [CrossRef] [Scilit]

	



Bays, H.E.; Taub, P.R.; Epstein, E.; Michos, E.D.; Ferraro, R.A.; Bailey, A.L.; Kelli, H.M.; Ferdinand, K.C.; Echols, M.R.; Weintraub, H.; et al. Ten things to know about ten cardiovascular disease risk factors. Am. J. Prev. Cardiol. 2021, 5, 100149. [Google Scholar] [CrossRef] [Scilit]

	



Journath, G.; Hammar, N.; Vikström, M.; Linnersjö, A.; Walldius, G.; Krakau, I.; Lindgren, P.; De Faire, U.; Hellenius, M.-L. A Swedish primary healthcare prevention programme focusing on promotion of physical activity and a healthy lifestyle reduced cardiovascular events and mortality: 22-year follow-up of 5761 study participants and a reference group. Br. J. Sports Med. 2020, 54, 1294–1299. [Google Scholar] [CrossRef] [Scilit]

	



Mangione, C.M.; Barry, M.J.; Nicholson, W.K.; Cabana, M.; Coker, T.R.; Davidson, K.W.; Davis, E.M.; Donahue, K.E.; Jaen, C.R.; Kubik, M.; et al. Behavioral Counseling Interventions to Promote a Healthy Diet and Physical Activity for Cardiovascular Disease Prevention in Adults without Cardiovascular Disease Risk Factors: US Preventive Services Task Force Recommendation Statement. JAMA 2022, 328, 367–374. [Google Scholar]

	



Joseph, P.; Kutty, V.R.; Mohan, V.; Kumar, R.; Mony, P.; Vijayakumar, K.; Islam, S.; Iqbal, R.; Kazmi, K.; Rahman, O.; et al. Cardiovascular disease, mortality, and their associations with modifiable risk factors in a multi-national South Asia cohort: A PURE substudy. Eur. Heart J. 2022, 43, 2831–2840. [Google Scholar] [CrossRef] [Scilit]

	



Tromp, J.; Paniagua, S.M.A.; Lau, E.S.; Allen, N.B.; Blaha, M.J.; Gansevoort, R.T.; Hillege, H.L.; Lee, D.E.; Levy, D.; Vasan, R.S.; et al. Age dependent associations of risk factors with heart failure: Pooled population based cohort study. BMJ 2021, 372, n461. [Google Scholar] [CrossRef] [Scilit]

	



Gallego-Fabrega, C.; Muino, E.; Carcel-Marquez, J.; Llucia-Carol, L.; Lledos, M.; Martin-Campos, J.M.; Cullell, N.; Fernandez-Cadenas, I. Genome-Wide Studies in Ischaemic Stroke: Are Genetics Only Useful for Finding Genes? Int. J. Mol. Sci. 2022, 23, 6840. [Google Scholar]

	



Vaura, F.; Kauko, A.; Suvila, K.; Havulinna, A.S.; Mars, N.; Salomaa, V.; Gen, F.; Cheng, S.; Niiranen, T. Polygenic Risk Scores Predict Hypertension Onset and Cardiovascular Risk. Hypertension 2021, 77, 1119–1127. [Google Scholar] [CrossRef] [Scilit]

	



Lithovius, R.; Antikainen, A.A.; Mutter, S.; Valo, E.; Forsblom, C.; Harjutsalo, V.; Sandholm, N.; Groop, P.-H. Genetic Risk Score Enhances Coronary Artery Disease Risk Prediction in Individuals with Type 1 Diabetes. Diabetes Care 2022, 45, 734–741. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Tragante, V.; Doevendans, P.A.; Nathoe, H.M.; van der Graaf, Y.; Spiering, W.; Algra, A.; de Borst, G.J.; de Bakker, P.I.; Asselbergs, F.W.; on behalf of the SMART study group. The impact of susceptibility loci for coronary artery disease on other vascular domains and recurrence risk. Eur. Heart J. 2013, 34, 2896–2904. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Khera, A.V.; Emdin, C.A.; Drake, I.; Natarajan, P.; Bick, A.G.; Cook, N.R.; Chasman, D.I.; Baber, U.; Mehran, R.; Rader, D.J.; et al. Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary Disease. N. Engl. J. Med. 2016, 375, 2349–2358. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Feliciano, E.M.C.; Chen, W.Y.; Bradshaw, P.T.; Prado, C.M.; Alexeeff, S.; Albers, K.B.; Castillo, A.L.; Caan, B. Adipose Tissue Distribution and Cardiovascular Disease Risk among Breast Cancer Survivors. J. Clin. Oncol. 2019, 37, 2528–2536. [Google Scholar] [CrossRef] [Scilit]

	



Sudlow, C.; Gallacher, J.; Allen, N.; Beral, V.; Burton, P.; Danesh, J.; Downey, P.; Elliott, P.; Green, J.; Landray, M.; et al. UK Biobank: An Open Access Resource for Identifying the Causes of a Wide Range of Complex Diseases of Middle and Old Age. PLoS Med. 2015, 12, e1001779. [Google Scholar] [CrossRef] [Scilit]

	



Song, Q.; Wang, M.; Zhou, T.; Sun, D.; Ma, H.; Li, X.; Heianza, Y.; Qi, L. The Lifestyle-Related Cardiovascular Risk Is Modified by Sleep Patterns. Mayo Clin. Proc. 2022, 97, 519–530. [Google Scholar] [CrossRef] [Scilit]

	



Xie, H.; Li, J.; Zhu, X.; Li, J.; Yin, J.; Ma, T.; Luo, Y.; He, L.; Bai, Y.; Zhang, G.; et al. Association between healthy lifestyle and the occurrence of cardiometabolic multimorbidity in hypertensive patients: A prospective cohort study of UK Biobank. Cardiovasc. Diabetol. 2022, 21, 199. [Google Scholar] [CrossRef] [Scilit]

	



Petersen, S.E.; Matthews, P.M.; Bamberg, F.; Bluemke, D.A.; Francis, J.M.; Friedrich, M.G.; Leeson, P.; Nagel, E.; Plein, S.; Rademakers, F.E.; et al. Imaging in population science: Cardiovascular magnetic resonance in 100,000 participants of UK Biobank—Rationale, challenges and approaches. J. Cardiovasc. Magn. Reson. 2013, 15, 46. [Google Scholar] [CrossRef] [Scilit]

	



Bycroft, C.; Freeman, C.; Petkova, D.; Band, G.; Elliott, L.T.; Sharp, K.; Motyer, A.; Vukcevic, D.; Delaneau, O.; Connell, J.O.; et al. Genome-wide genetic data on ~500,000 UK Biobank participants. bioRxiv 2017, 166298. [Google Scholar] [CrossRef] [Scilit]

	



Ripatti, S.; Tikkanen, E.; Orho-Melander, M.; Havulinna, A.S.; Silander, K.; Sharma, A.; Guiducci, C.; Perola, M.; Jula, A.; Sinisalo, J.; et al. A multilocus genetic risk score for coronary heart disease: Case-control and prospective cohort analyses. Lancet 2010, 376, 1393–1400. [Google Scholar] [CrossRef] [Scilit]

	



Shah, S.; Henry, A.; Roselli, C.; Lin, H.; Sveinbjörnsson, G.; Fatemifar, G.; Hedman, A.K.; Wilk, J.B.; Morley, M.P.; Chaffin, M.D.; et al. Genome-wide association and Mendelian randomisation analysis provide insights into the pathogenesis of heart failure. Nat. Commun. 2020, 11, 163. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Nikpay, M.; Goel, A.; Won, H.H.; Hall, L.M.; Willenborg, C.; Kanoni, S.; Saleheen, D.; Kyriakou, T.; Nelson, C.P.; Hopewell, J.C.; et al. A comprehensive 1000 Genomes-based genome-wide association meta-analysis of coronary artery disease. Nat. Genet. 2015, 47, 1121–1130. [Google Scholar] [PubMed]

	



Malik, R.; Chauhan, G.; Traylor, M.; Sargurupremraj, M.; Okada, Y.; Mishra, A.; Rutten-Jacobs, L.; Giese, A.-K.; van der Laan, S.W.; Gretarsdottir, S.; et al. Multiancestry genome-wide association study of 520,000 subjects identifies 32 loci associated with stroke and stroke subtypes. Nat. Genet. 2018, 50, 524–537. [Google Scholar] [CrossRef] [Scilit]

	



Yousaf, S.; Bonsall, A. UK Townsend Deprivation Scores from 2011 Census Data; UK Data Service: Colchester, UK, 2017. [Google Scholar]

	



Lv, J.; Yu, C.; Guo, Y.; Bian, Z.; Yang, L.; Chen, Y.; Tang, X.; Zhang, W.; Qian, Y.; Huang, Y.; et al. Adherence to Healthy Lifestyle and Cardiovascular Diseases in the Chinese Population. J. Am. Coll. Cardiol. 2017, 69, 1116–1125. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Zhang, Y.-B.; Pan, X.-F.; Chen, J.; Cao, A.; Xia, L.; Zhang, Y.; Wang, J.; Li, H.; Liu, G.; Pan, A. Combined lifestyle factors, all-cause mortality and cardiovascular disease: A systematic review and meta-analysis of prospective cohort studies. J. Epidemiol. Community Health 2021, 75, 92–99. [Google Scholar] [CrossRef] [Scilit]

	



Liu, G.; Li, Y.; Hu, Y.; Zong, G.; Li, S.; Rimm, E.B.; Hu, F.B.; Manson, J.E.; Rexrode, K.M.; Shin, H.J.; et al. Influence of Lifestyle on Incident Cardiovascular Disease and Mortality in Patients with Diabetes Mellitus. J. Am. Coll. Cardiol. 2018, 71, 2867–2876. [Google Scholar] [CrossRef] [Scilit]

	



Gao, C. Favorable lifestyle reduces CVD risks in hypertensive patients. Eur. J. Prev. Cardiol. 2022, 29, 2099–2100. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Livingstone, K.M.; Abbott, G.; Ward, J.; Bowe, S.J. Unhealthy Lifestyle, Genetics and Risk of Cardiovascular Disease and Mortality in 76,958 Individuals from the UK Biobank Cohort Study. Nutrients 2021, 13, 4283. [Google Scholar] [CrossRef] [Scilit]

	



Rutten-Jacobs, L.C.; Larsson, S.C.; Malik, R.; Rannikmae, K.; Sudlow, C.L.; Dichgans, M.; Markus, H.S.; Traylor, M. Genetic risk, incident stroke, and the benefits of adhering to a healthy lifestyle: Cohort study of 306,473 UK Biobank participants. BMJ 2018, 363, k4168. [Google Scholar]

	



Hasbani, N.R.; Ligthart, S.; Brown, M.R.; Heath, A.S.; Bebo, A.; Ashley, K.E.; Boerwinkle, E.; Morrison, A.C.; Folsom, A.R.; Aguilar, D.; et al. American Heart Association’s Life’s Simple 7: Lifestyle Recommendations, Polygenic Risk, and Lifetime Risk of Coronary Heart Disease. Circulation 2022, 145, 808–818. [Google Scholar] [CrossRef] [Scilit]

	



Said, M.A.; Verweij, N.; van der Harst, P. Associations of Combined Genetic and Lifestyle Risks with Incident Cardiovascular Disease and Diabetes in the UK Biobank Study. JAMA Cardiol. 2018, 3, 693–702. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Ye, Y.; Chen, X.; Han, J.; Jiang, W.; Natarajan, P.; Zhao, H. Interactions between Enhanced Polygenic Risk Scores and Lifestyle for Cardiovascular Disease, Diabetes, and Lipid Levels. Circ. Genom. Precis. Med. 2021, 14, e3128. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Agha, G.; Loucks, E.B.; Tinker, L.F.; Waring, M.E.; Michaud, D.S.; Foraker, R.E.; Li, W.; Martin, L.W.; Greenland, P.; Manson, J.E.; et al. Healthy lifestyle and decreasing risk of heart failure in women: The Women’s Health Initiative observational study. J. Am. Coll. Cardiol. 2014, 64, 1777–1785. [Google Scholar] [PubMed]

	



Zhu, Z.; Li, F.-R.; Jia, Y.; Li, Y.; Guo, D.; Chen, J.; Tian, H.; Yang, J.; Yang, H.-H.; Chen, L.-H.; et al. Association of Lifestyle with Incidence of Heart Failure According to Metabolic and Genetic Risk Status: A Population-Based Prospective Study. Circ. Heart Fail. 2022, 15, e9592. [Google Scholar] [CrossRef] [Scilit]

	



Wang, M.; Brage, S.; Sharp, S.J.; Luo, S.; Yeung, S.L.A.; Kim, Y. Associations of genetic susceptibility and healthy lifestyle with incidence of coronary heart disease and stroke in individuals with hypertension. Eur. J. Prev. Cardiol. 2022, 29, 2101–2110. [Google Scholar] [CrossRef] [Scilit]

	



Bhatnagar, A. Environmental Determinants of Cardiovascular Disease. Circ. Res. 2017, 121, 162–180. [Google Scholar] [CrossRef] [Scilit]

	



O’Sullivan, J.W.; Raghavan, S.; Marquez-Luna, C.; Luzum, J.A.; Damrauer, S.M.; Ashley, E.A.; O’Donnell, C.J.; Willer, C.J.; Natarajan, P. Polygenic Risk Scores for Cardiovascular Disease: A Scientific Statement from the American Heart Association. Circulation 2022, 146, e93–e118. [Google Scholar] [CrossRef] [Scilit]

	



Zdravkovic, S.; Wienke, A.; Pedersen, N.L.; Marenberg, M.E.; Yashin, A.I.; De Faire, U. Heritability of death from coronary heart disease: A 36-year follow-up of 20 966 Swedish twins. J. Intern. Med. 2002, 252, 247–254. [Google Scholar] [CrossRef] [Scilit]

	



Polderman, T.J.C.; Benyamin, B.; de Leeuw, C.A.; Sullivan, P.F.; Van Bochoven, A.; Visscher, P.M.; Posthuma, D. Meta-analysis of the heritability of human traits based on fifty years of twin studies. Nat. Genet. 2015, 47, 702–709. [Google Scholar] [CrossRef] [Scilit]

	



Chiuve, S.E.; Rexrode, K.M.; Spiegelman, D.; Logroscino, G.; Manson, J.E.; Rimm, E.B. Primary Prevention of Stroke by Healthy Lifestyle. Circulation 2008, 118, 947–954. [Google Scholar] [CrossRef] [Scilit]

	



Åkesson, A.; Weismayer, C.; Newby, P.K.; Wolk, A. Combined Effect of Low-Risk Dietary and Lifestyle Behaviors in Primary Prevention of Myocardial Infarction in Women. Arch. Intern. Med. 2007, 167, 2122–2127. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Fiuza-Luces, C.; Santos-Lozano, A.; Joyner, M.; Carrera-Bastos, P.; Picazo, O.; Zugaza, J.L.; Izquierdo, M.; Ruilope, L.M.; Lucia, A. Exercise benefits in cardiovascular disease: Beyond attenuation of traditional risk factors. Nat. Rev. Cardiol. 2018, 15, 731–743. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Liu, D.; Richardson, G.; Benli, F.M.; Park, C.; De Souza, J.V.; Bronowska, A.K.; Spyridopoulos, I. Inflammageing in the cardiovascular system: Mechanisms, emerging targets, and novel therapeutic strategies. Clin. Sci. 2020, 134, 2243–2262. [Google Scholar] [CrossRef] [Scilit]

	



Ferrucci, L.; Fabbri, E. Inflammageing: Chronic inflammation in ageing, cardiovascular disease, and frailty. Nat. Rev. Cardiol. 2018, 15, 505–522. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Battineni, G.; Sagaro, G.; Chintalapudi, N.; Amenta, F.; Tomassoni, D.; Tayebati, S. Impact of Obesity-Induced Inflammation on Cardiovascular Diseases (CVD). Int. J. Mol. Sci. 2021, 22, 4798. [Google Scholar] [CrossRef] [Scilit]

	



Walker, R.L.; Vlamakis, H.; Lee, J.W.J.; Besse, L.A.; Xanthakis, V.; Vasan, R.S.; Shaw, S.Y.; Xavier, R.J. Population study of the gut microbiome: Associations with diet, lifestyle, and cardiometabolic disease. Genome Med. 2021, 13, 188. [Google Scholar] [CrossRef] [Scilit]

	



Fletcher, G.F.; Ades, P.A.; Kligfield, P.; Arena, R.; Balady, G.J.; Bittner, V.A.; Coke, L.A.; Fleg, J.L.; Forman, D.E.; Gerber, T.C.; et al. Exercise standards for testing and training: A scientific statement from the American Heart Association. Circulation 2013, 128, 873–934. [Google Scholar]

	



Lopez-Garcia, E.; Schulze, M.B.; Fung, T.T.; Meigs, J.B.; Rifai, N.; Manson, J.E.; Hu, F.B. Major dietary patterns are related to plasma concentrations of markers of inflammation and endothelial dysfunction. Am. J. Clin. Nutr. 2004, 80, 1029–1035. [Google Scholar] [CrossRef] [Scilit]

	



Mehta, L.S.; Watson, K.E.; Barac, A.; Beckie, T.M.; Bittner, V.; Cruz-Flores, S.; Dent, S.; Kondapalli, L.; Ky, B.; Okwuosa, T.; et al. Cardiovascular Disease and Breast Cancer: Where These Entities Intersect: A Scientific Statement from the American Heart Association. Circulation 2018, 137, e30–e66. [Google Scholar] [CrossRef] [Scilit]








[image: Nutrients 15 00864 g001] 





Figure 1. Multivariable adjusted hazard ratios for CVD event risks by number of healthy lifestyle factors. CVD, cardiovascular disease; CHD, coronary heart disease; IS, ischemic stroke; HF, heart failure; CI, confidence interval. The healthy lifestyle score was divided into four groups: 0–1, 2, 3, and 4–5. The model was adjusted for age at diagnosis of breast cancer, race (white European, others), the Townsend Deprivation Index (continuous), diabetes (yes/no), hypertension (yes/no), antihypertensive drugs (yes/no), insulin treatment (yes/no), lipid treatments (yes/no), HRT (yes/no), menopause (yes/no), surgical treatment of breast cancer (yes/no). p value for trend calculated treating the genetic risk score as a continuous variable. 
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Figure 2. Subgroup analysis of healthy lifestyle score with CHD (A), IS (B), and HF (C) among females with breast cancer stratified by genetic risk. CHD, coronary heart disease; IS, ischemic stroke; HF, heart failure; CI, confidence interval. Genetic risk is classified as low risk or high risk based on median. We investigated the association of healthy lifestyle factors with CHD, IS, and HF stratified by genetic risk. The model was adjusted for age at diagnosis of breast cancer, race (white European, others), the Townsend Deprivation Index (continuous), diabetes (yes/no), hypertension (yes/no), antihypertensive drugs (yes/no), insulin treatment (yes/no), lipid treatments (yes/no), HRT (yes/no), menopause (yes/no), surgical treatment of breast cancer (yes/no), genotyping batch, and the first 10 genetic principal components. 
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Table 1. Baseline characteristics of the study participants according to number of healthy lifestyle factors.
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Characteristics

	
Overall

	
Number of Healthy Lifestyle Factors

	
p




	
0–1

	
2

	
3

	
4–5






	
Number of participants (%)

	
13,348 (100.0)

	
640 (4.8)

	
2217 (16.6)

	
3391 (25.4)

	
3995 (29.9)

	




	
Age (Years, mean (SD))

	
58.80 (7.1)

	
56.63 (7.2)

	
58.26 (7.1)

	
58.57 (7.2)

	
58.81 (7.2)

	
<0.001




	
BMI (kg/m2, mean (SD))

	
26.9 (4.9)

	
29.3 (4.5)

	
28.8 (5.0)

	
27.3 (4.7)

	
24.7 (3.9)

	
<0.001




	
Age diagnosed with BC (Years, mean (SD))

	
52.4 (8.6)

	
51.1 (8.4)

	
52.2 (8.6)

	
52.2 (8.6)

	
52.1 (8.6)

	
0.056




	
White European (%)

	
12780 (95.7)

	
629 (98.3)

	
2156 (97.2)

	
3241 (95.6)

	
3812 (95.4)

	
<0.001




	
Income (%)

	

	

	

	

	

	
0.04




	
<30,999

	
6051 (45.3)

	
294 (45.9)

	
1047 (47.2)

	
1624 (47.9)

	
1772 (44.4)

	




	
31,000–10,000

	
4323 (32.4)

	
243 (38.0)

	
773 (34.9)

	
1178 (34.7)

	
1440 (36.0)

	




	
>100,000

	
413 (3.1)

	
23 (3.6)

	
66 (3.0)

	
112 (3.3)

	
157 (3.9)

	




	
unknown

	
2561 (19.2)

	
80 (12.5)

	
331 (14.9)

	
477 (14.1)

	
626 (15.7)

	




	
Education years (>15 years, %)

	
7427 (56.7)

	
319 (50.2)

	
1202 (54.7)

	
1980 (58.8)

	
2553 (64.5)

	
<0.001




	
BMI < 25(%)

	
5243 (39.3)

	
42 (6.6)

	
350 (15.8)

	
1085 (32.0)

	
2713 (67.9)

	
<0.001




	
Non-current smoker (%)

	
12261 (91.9)

	
359 (56.1)

	
1898 (85.6)

	
3212 (94.7)

	
3948 (98.8)

	
<0.001




	
Non-excessive alcohol intake (%)

	
9483 (71.0)

	
97 (15.2)

	
1198 (54.0)

	
2378 (70.1)

	
3525 (88.2)

	
<0.001




	
Being physically active (%)

	
6107 (59.6)

	
53 (8.3)

	
610 (27.5)

	
1931 (56.9)

	
3513 (87.9)

	
<0.001




	
Healthy dietary habits (%)

	
6700 (50.2)

	
25 (3.9)

	
378 (17.1)

	
1567 (46.2)

	
3335 (83.5)

	
<0.001




	
Dietary metrics, %

	

	

	

	

	

	




	
Vegetables ≥ 4 servings/day

	
9412 (71.7)

	
348 (54.8)

	
1316 (59.8)

	
2379 (70.6)

	
3353 (84.6)

	
<0.001




	
Fruits ≥ 3 servings/day

	
7957 (60.4)

	
185 (29.0)

	
929 (42.1)

	
1989 (59.0)

	
3214 (80.9)

	
<0.001




	
Fish ≥ 2 servings/week

	
7540 (57.0)

	
236 (37.0)

	
922 (41.9)

	
1845 (54.6)

	
2873 (72.1)

	
<0.001




	
Red meat ≤ 2 servings/week

	
9305 (70.4)

	
321 (50.3)

	
1264 (57.6)

	
2345 (69.4)

	
3302 (82.9)

	
<0.001




	
Processed meat ≤ 1 serving/week

	
10702 (80.4)

	
436 (68.1)

	
1541 (69.6)

	
2701 (79.8)

	
3630 (90.9)

	
<0.001




	
Menopause (%)

	
1214 (9.1)

	
76 (11.9)

	
206 (9.3)

	
329 (9.7)

	
383 (9.6)

	
0.001




	
HRT (%)

	
8116 (60.8)

	
407 (63.6)

	
1351 (60.9)

	
2068 (61.0)

	
2499 (62.6)

	
0.137




	
Hypertension history (%)

	
3291 (24.7)

	
150 (23.4)

	
623 (28.1)

	
840 (24.8)

	
766 (19.2)

	
<0.001




	
Diabetes history (%)

	
538 (4.0)

	
21 (3.3)

	
123 (5.5)

	
132 (3.9)

	
102 (2.6)

	
<0.001




	
Treatment/medication (%)

	

	

	

	

	

	




	
Antihypertensive drugs

	
3291 (24.7)

	
150 (23.4)

	
623 (28.1)

	
840 (24.8)

	
766 (19.2)

	
<0.001




	
Insulin treatment

	
538 (4.0)

	
21 (3.3)

	
123 (5.5)

	
132 (3.9)

	
102 (2.6)

	
<0.001




	
Lipid treatment

	
1593 (11.9)

	
73 (11.4)

	
289 (13.0)

	
411 (12.1)

	
366 (9.2)

	
<0.001




	
Operative treatment (%)

	
9515 (71.3)

	
478 (74.7)

	
1632 (73.6)

	
2411 (71.1)

	
2793 (69.9)

	
0.004








SD, standard deviation; BMI, body mass index; BC, breast cancer; HRT, hormone replacement therapy. For alcohol drinking, those with a daily alcohol consumption <14 g were defined as non-excessive alcohol drinkers. Being physically active included those engaged in at least 150 min of moderate physical activity or at least 75 min of vigorous physical activity per week.
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