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Abstract

Introduction

First study of social inequalities in tobacco-attributable mortality (TAM) in Spain considering

the joint influence of sex, age, and education (intersectional perspective).

Methods

Data on all deaths due to cancer, cardiometabolic and respiratory diseases among people

aged�35 years in 2016 were obtained from the Spanish Statistical Office. TAM was calcu-

lated based on sex-, age- and education-specific smoking prevalence, and on sex-, age-

and disease-specific relative risks of death for former and current smokers vs lifetime non-

smokers. As inequality measures, the relative index of inequality (RII) and the slope index of

inequality (SII) were calculated using Poisson regression. The RII is interpreted as the rela-

tive risk of mortality between the lowest and the highest educational level, and the SII as the

absolute difference in mortality.

Results

The crude TAM rate was 55 and 334 per 100,000 in women and men, respectively. Half of

these deaths occurred among people with the lowest educational level (27% of the popula-

tion). The RII for total mortality was 0.39 (95%CI: 0.35–0.42) in women and 1.61 (95%CI:

1.55–1.67) in men. The SII was -41 and 111 deaths per 100,000, respectively. Less-edu-

cated women aged <55 years and men (all ages) showed an increased mortality risk; none-

theless, less educated women aged�55 had a reduced risk.
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Conclusions

TAM is inversely associated with educational level in men and younger women, and directly

associated with education in older women. This could be explained by different smoking pat-

terns. Appropriate tobacco control policies should aim to reduce social inequalities in TAM.

Introduction

Smoking, the most harmful health risk factor in Spain, led to 2,363 disability-adjusted life

years per 100,000 people in 2016 [1]. According to National Health Surveys, one quarter of the

Spanish population aged�15 years smoke. Though the prevalence has declined from 34.5% in

2001 to 25.5% in 2014, this decrease has been greater in men (42.2% in 2001 to 30.4% in 2014)

than in women (27.3% to 20.5%, respectively). Specifically, declining trends are being observed

in men of all ages but only in younger women, since among women aged�45 years the smok-

ing prevalence is increasing [2].

Tobacco is also a leading contributor to health inequalities [3–12]. The unequal distribution

of tobacco consumption is influenced by the social, economic, and environmental circum-

stances in which people are born, live, learn, work, and age (i.e., the social determinants of

health) [13]. The theoretical framework of intersectionality [14] is being adopted by social epi-

demiology because it conceptually fits the model of social determination of health [15]. The

framework states that there are multiple identities such as gender/sex and race/ethnicity

(determinants) interlocked within an individual. These identities, far from being independent,

interact and results into a multiplicative, rather than additive, effect on social oppression

(harm to health); thus, they should be considered jointly. Therefore, the intersection between

sex, age, and socioeconomic status—or its proxies such as educational level—may have a dif-

ferent effect on tobacco-attributable mortality (TAM) from what is observed in a separate anal-

ysis of each of them.

Social status influences tobacco use (prevalence) as well as other aspects of smoking, such as

the type, frequency, and intensity of tobacco consumption, the age of initiation, the cessation

rate (through motivation, demand, access to, and success of cessation therapies), and exposure

to second-hand smoke [16]. Moreover, it may influence access to and quality of health care

services, environmental exposure to other contaminants, and the presence of other health

risks, including chronic biological stress, alcohol consumption, sedentary behavior, unhealthy

diet, and morbidities [13, 17]. Overall, there is a social gradient and low socioeconomic status

tends to have more of a negative impact than high status [3–12].

Some European studies that have examined social inequalities in mortality and survival

attribute a substantial part of these inequalities to unequal tobacco consumption [3–12]. Gre-

goraci et al estimated that the contribution of smoking to socioeconomic inequalities in mor-

tality varied between 19% and 55% in men and -1% and 56% in women [4]. Furthermore,

Mackenbach et al identified smoking as the main contributor to the observed gap in partial life

expectancy (19.8% in men and 18.9% in women) between the low- and highly-educated indi-

viduals aged 35–80 years. Thus, the potential for reducing the relative inequalities in premature

mortality depends largely on lowering the prevalence of tobacco consumption in the groups

with the lowest level of education [9]. At the regional level, absolute inequalities in TAM and

the contribution of smoking to inequalities in total mortality in most countries have decreased

among men, while increasing among women [4, 10]. Southern European countries, including

Spain, are between the third and fourth stage of the tobacco epidemic. They have some of the
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smaller socioeconomic inequalities in TAM and tobacco use, especially among men and older

adults. Whereas among older women the gradient is sometimes reversed, i.e., TAM and

tobacco use being more common in higher socioeconomic groups [12, 18–21].

To our knowledge, studies assessing social inequalities in TAM for European populations have

included data for just a few tobacco-attributable causes of death and from only three Spanish

regions (Barcelona, Basque Country, and Madrid) which are not representative of the whole coun-

try. And of those national studies which have previously estimated the country-wide TAM in

Spain [22–28], none assessed the joint influence of sex, age and educational level. Thus, this study

aims to evaluate, for the first time in Spain, the hypothesis that there are social inequalities in TAM

and that their direction and magnitude vary when analyzed from an intersectional perspective.

Materials and methods

Study design and population

Data were obtained from the Spanish Statistical Office, which provided cause of death, age,

sex, and educational level for each deceased individual for the year 2016 (education data were

not available prior to 2015) [29]. A total of 98.1% of deceased individuals aged�35 years had

educational level data.

Tobacco-attributable causes of death were those listed in the Report of the Surgeon General

[30]. The codes of the 10th-revision of the International Statistical Classification of Diseases

(ICD-10) used included:

Cancer: malignant neoplasms of the lung, bronchus, trachea (C33-C34); lip, oral cavity,

pharynx (C00-C14); esophagus (C15); stomach (C16); pancreas (C25); larynx (C32); cervix

uteri (C53); kidney, renal pelvis (C64-C65); urinary bladder (C67); acute myeloid leukemia

(C92.0); colon and rectum (C18-C20); and liver (C22).

Cardiometabolic diseases: ischemic heart diseases (I20-I25); other heart diseases (I00-I09,

I26-I28, I30-I51); cerebrovascular diseases (I60-I69); atherosclerosis (I70); aortic aneurysm

(I71); other vascular diseases (I72-I78); diabetes mellitus (E10-E14).

Respiratory diseases: influenza (J09-J11); pneumonia (J12-J18); tuberculosis (A15-A19); and

chronic obstructive pulmonary disease (J40-J44).

TAM was calculated based on sex-, age-, and education-specific smoking prevalence, and

on sex-, age- and disease-specific relative risks of death for current and former smokers vs life-

time non-smokers. The smoking prevalence was obtained by combining three health surveys

(n = 66,673) in order to obtain more accurate estimates: the 2011 and 2016 National Health

Surveys and the European Health Survey of Spain carried out in 2014 (S1 Table) [31–33]. The

disease-specific relative risks were taken from five cohort studies: the National Institutes of

Health-AARP Diet and Health Study, the American Cancer Society’s CPS-II Nutrition Cohort,

the Women’s Health Initiative (WHI), the Nurses’ Health Study, and the Health Professionals

Follow-Up Study (S2 Table) [30, 34].

The stratification variables were sex, age (35–54, 55–64, 65–74,�75 years) and educational

level (low [up to primary/International Stardard Classification of Education (ISCED) 2011

[35] 0–1], medium-low [secondary/ISCED 2], medium-high [bachelor and tertiary/ISCED

3–5], high [university/ISCED 6–8]). All these variables are included in the mortality statistical

database for each deceased individual. Denominators were obtained from population estima-

tions developed by the Spanish Statistical Office [29].

Statistical analysis

TAM was estimated as disease- and sex-specific tobacco population attributable fractions

(PAF) by age group and educational level, and applying the PAF to disease-specific mortality
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data. First, PAF was calculated with the following formula:

½P1 ðRR1� 1Þ þ P2 ðRR2� 1Þ�=½P1 ðRR1� 1Þ þ P2 ðRR2� 1Þ þ 1�

where P1 is the prevalence of current smokers, P2 the prevalence of former smokers, RR1 the

relative risk of death in current vs never smokers and RR2 the relative risk of death in former

vs never smokers. Attributable deaths were calculated for each cause of mortality multiplying

the observed mortality by the PAF. Second, crude TAM rates were calculated using the 2016

Spanish population denominators, and age-adjusted rates per 100,000 inhabitants were calcu-

lated by the direct method using the 2013 European standard population [36].

Finally, social health inequality indicators and their 95% confidence intervals (95% CI)

were estimated based on adjusted rates. Absolute inequality was summarized by the slope

index of inequality (SII). To calculate the SII, a weighted sample of the entire population was

ranked from the less-educated subgroup (at rank 0) to the most-educated subgroup (at rank

1). This ranking was weighted, accounting for the proportional distribution of the population

within each subgroup. The population of each subgroup was then considered in terms of its

range in the cumulative population distribution, and the midpoint of this range (ridit). The

adjusted mortality was then regressed against this midpoint value using a generalized linear

model (Poisson distribution), and the predicted values of the mortality were calculated for the

two extremes (rank 1 minus rank 0). SII is interpreted as the absolute difference in mortality

risk between the lowest and the highest educational level, taking into account all intermediate

values. If there is no inequality, SII takes the value zero. Greater absolute values indicate greater

levels of inequality; positive values indicate a higher concentration of the mortality among the

disadvantaged, while the opposite is true for negative values [37].

Relative inequality was summarized by the relative index of inequality (RII), a ratio of esti-

mated values (rank 1/rank 0) of mortality for the less-educated over the most-educated, while

taking into account the rest of subgroups. We calculated RII using the same procedure as for

calculating the SII. RII is interpreted as a relative risk of mortality between the lowest and the

highest educational level after accounting for all intermediate values. In the absence of inequal-

ity, RII takes the value 1. RII values>1 indicate a concentration of mortality among the disad-

vantaged and values <1 indicate the opposite [37]. Relative inequality was also represented by

inequality concentration curves. These curves are computed by fitting (nonlinear optimiza-

tion) a Lorenz concentration curve equation to the observed cumulative relative distributions

of the population ranked by educational level and the cumulative mortality [38]. If the curve is

below the 45-degrees line (the ‘equality’ line) the mortality is concentrated among the most-

educated population, and if it is above such line, the mortality is concentrated among the less-

educated population. The greater the area between the ‘equality’ line and the concentration

curve, the greater the inequality.

Statistical analyses were performed in STATA v.15 (Stata Corp., Texas, US) for calculating

TAM rates, and in HEAT Plus v.1.0 for estimating social health inequality measures [37].

Results

In 2016, there were 53,436 deaths attributable to tobacco in Spain; 85% of them occurred in

men (48% of the population), 50% among people with the lowest education (27% of the popu-

lation), 25% in those with medium-low education (28% of the population), 15% in those with

medium-high education (25% of the population), and 10% in those with the highest education

(20% of the population). Cancer, cardiometabolic and respiratory diseases accounted for

50.7%, 27.0% and 22.2% of all deaths, respectively.
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Tables 1 and 2 show the crude and adjusted TAM rates by disease, age and educational level

in women and men, respectively. Total rates were higher in men: crude rates were 334 (men)

and 55 (women), and adjusted rates were 235 and 43 per 100,000 men and women, respec-

tively. This was true for each specific cause of death. The difference in adjusted mortality

between men and women was greater in the older population (125 deaths per 100,000 in peo-

ple aged�75 years) and in cancer mortality (52 deaths per 100,000). Overall, there was an

inverse gradient between education and mortality in men (all ages and all causes) and in

women aged 35–54 years (all causes). In women�55 years, a higher mortality rate was seen in

the most-educated subgroups, although without a clear gradient since it was highest in

medium-high than in highly educated women.

Table 3 presents the social health inequality indicators by disease, sex and age. Among men,

the less-educated had 61% greater risk of dying from tobacco-attributable diseases than the

most-educated ones (111 additional deaths per 100,000 men). The increased relative risk was

highest for respiratory diseases, followed by cardiometabolic diseases and cancer (2.5, 1.6 and

1.4, respectively); while the increased absolute risk was also higher for respiratory diseases, fol-

lowed by cancer and cardiometabolic diseases (48, 37 and 27 additional deaths per 100,000,

respectively). Among women, only the younger group (35–54 years) presented a similar

inequality as men: overall, the less-educated had 95% higher mortality risk than the most-edu-

cated (3 additional deaths per 100,000 women). The increased relative risk was also slightly

higher for respiratory diseases (based on very few cases) followed by cardiometabolic diseases

(2.1-times higher risk). However, absolute inequalities were not statistically different for the

individuals causes of death. In contrast, among women aged�55 years, the RII was <1 for

overall mortality, indicating that the risk of tobacco-attributable death was lower in the less-

educated (25% [55–64 years old], 73% [65–74 years old] and 84% [�75 years old]) that in the

most-educated subgroup. In total, there were 41 additional deaths per 100,000 women in the

most-educated subgroups (specifically: 23 [�75 years old], 12 [65–74 years old] and 3 [55–64

years old] additional deaths per 100,000 women). Among women aged�65 years, the

increased relative and absolute risks were higher in cancer than in respiratory and cardiometa-

bolic diseases. In women aged 55–64 years, the relative and absolute risks of cancer-related

mortality were greater in the most-educated subgroup.

Fig 1 shows the inequality concentration curves in TAM according to educational level by

sex and age group. While among men the mortality is concentrated in the less-educated group

in all ages (e.g., 50% of less-educated men [x axis] concentrate 69% of the deaths [y axis] in

people aged 35–54 years and 55% of the deaths [y axis] in those aged�75 years), in women the

mortality concentration varies by age: more concentrated among the less-educated for the 35–

54 year-olds (curve above the equality line) but more concentrated in the most-educated

group for the�55 group (curve below the equality line). Further, the highest inequality is seen

in women aged�75 years, where 50% of most-educated (x axis) concentrate 72% of all deaths

(y axis). Relative inequalities are higher in younger men (decreasing with age) and in the

extreme age groups among women.

Discussion

About 5 out of 6 tobacco-attributable deaths in Spain in 2016 occurred in men, and half of

these deaths occurred among people with the lowest educational level (27% of the population),

suggesting the presence of social inequalities in TAM. Further, the magnitude and direction of

these inequalities vary by sex and age groups.

An inverse gradient between educational level and mortality was seen in men and younger

women but, unlike what is reported in most high-income countries, not in women aged�55
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years. In this age group, better social position (higher educational level) was associated with

higher mortality and social inequalities increased with older age. These results are in line, at

the national level, with several previous local studies in Spain [3, 18, 19, 23].

As TAM calculations are mainly driven by educational differences in smoking prevalence,

the social inequalities in smoking-related mortality are consistent with the Spanish pattern of

social inequalities in the prevalence. Among men, cohorts born after 1960 show higher smok-

ing prevalence in lower levels of education. Among women, cohorts born between 1940 and

1980 show a direct educational gradient reaching the highest smoking prevalence in the high-

est educational groups, whereas cohorts born after 1980 present the same educational gradient

as men, concentrating higher smoking rates in lower levels of education [39]. Besides, older

women traditionally display higher differences in smoking prevalence according to social posi-

tion when compared with middle-aged and younger cohorts. This reflects the smoking pattern

Table 3. Educational inequalities in tobacco-attributable mortality by sex and age groups. Spain, 2016.

Mortality cause Age

group

Women Men

RII 95% CI SII 95% CI RII 95% CI SII 95% CI

All causes Total 0.39 0.35;0.42 -41.19 -45.79;-

36.59

1.61 1.55;1.67 111.09 102.81;119.37

35–54 1.95 1.65;2.25 3.20 2.62;3.78 6.28 5.97;6.58 19.18 18.39;19.97

55–64 0.75 0.63;0.87 -2.52 -3.95;-

1.10

2.17 1.99;2.36 26.33 23.36;29.30

65–74 0.27 0.22;0.32 -11.59 -13.21;-

9.97

1.50 1.40;1.60 26.63 22.23;31.03

�75 0.16 0.14;0.18 -22.93 -24.83;-

21.02

1.45 1.37;1.52 49.70 42.46;56.93

Cancer Total 0.36 0.31;0.40 -22.07 -25.23;-

18.92

1.36 1.29;1.43 37.20 31.2;43.2

35–54 1.24 0.93;1.54 0.64 -0.04;1.33 5.29 4.79;5.79 8.88 8.10;9.66

55–64 0.55 0.44;0.65 -3.93 -5.17;-

2.68

2.04 1.82;2.26 15.41 13.05;17.76

65–74 0.19 0.15;0.24 -8.47 -9.76;-

7.17

1.30 1.19;1.41 10.77 7.33;14.21

�75 0.11 0.08;0.14 -7.41 -8.45;-

6.37

1.08 1.00;1.17 4.38 -0.08;8.85

Cardiometabolic

diseases

Total 0.42 0.35;0.49 -12.26 -14.93;-

9.58

1.55 1.43;1.66 26.78 22.49;31.07

35–54 2.13 1.06;3.21 1.15 0.57;1.74 6.45 5.67;7.22 7.93 7.14;8.73

55–64 1.65 1.00;2.30 0.75 0.15;1.34 2.00 1.68;2.33 6.48 4.93;8.02

65–74 0.49 0.32;0.65 -1.66 -2.45;-

0.88

1.58 1.36;1.79 7.15 4.99;9.31

�75 0.15 0.12;0.18 -10.44 -11.72;-

9.16

1.27 1.14;1.41 8.03 4.49;11.57

Respiratory

diseases

Total 0.43 0.34;0.53 -6.67 -8.66;-

4.68

2.55 2.33;2.77 47.76 43.9;51.6

35–54 58.72 -69.13;186.56 1.19 0.91;1.47 20.45 5.05;35.85 2.55 1.71;3.39

55–64 2.24 1.04;3.45 0.67 0.21;1.13 4.56 3.19;5.93 4.53 3.55;5.51

65–74 0.34 0.20;0.49 -1.48 -2.11;-

0.86

2.70 2.19;3.20 8.98 7.22;10.75

�75 0.23 0.17;0.29 -5.13 -6.10;-

4.16

2.33 2.11;2.56 39.15 34.52;43.79

CI: confidence interval, RII: relative index of inequality, SII: slope index of inequality.

https://doi.org/10.1371/journal.pone.0239866.t003
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that started in the later 1960s among the upper (literate) social group of women as a claim of

social emancipation, modernity, and sexual equality. Afterwards, when prevalence rates started

to fall, upper social class women did not quit smoking as much as their male counterparts of

the same cohort [23, 40, 41]. Reasons for tobacco consumption among women include the

linkage between smoking and the image of success and social relations-facilitator, and as a

method to control stress and body weight. This is closely related with gender roles and social

demands on women, including the overburden from both reproductive and paid work, and

the socially-stereotyped corporal image. So, it is possible that in Spain older women of higher

socioeconomic groups begin and remain smoking as a behavior to cope with greater social

pressure [41, 42].

Social status influences not only tobacco use (prevalence), but also other aspects of smoking

such as the type, frequency, and intensity of tobacco consumption, the age of initiation, the

cessation rate, and exposure to second-hand smoke. A thorough review concluded that smok-

ing prevalence is higher among lower socioeconomic groups, and that smokers from lower

Fig 1. Inequality concentration curves in tobacco-attributable mortality according to educational level by sex and age groups.

Spain, 2016.

https://doi.org/10.1371/journal.pone.0239866.g001
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socioeconomic groups present with higher levels of cotinine concentration even when daily

cigarette consumption is accounted for [43]. This suggests that they smoke each cigarette more

deeply and/or frequently, and therefore extract more nicotine per cigarette. Also, among the

disadvantaged groups, quit attempts are less likely to succeed, possibly due to reduced social

support for quitting, lower motivation to quit, stronger nicotine addiction, lower likelihood of

completing courses of pharmacotherapy or behavioral support sessions, reduced self-efficacy,

and greater exposure/effects of tobacco industry marketing [16]. There are also some sugges-

tions that, at least in some contexts, current tobacco control may be least effective among disad-

vantaged women [44–46]. One of the possible reasons why deprived people smoke more is that

it is perceived as a way of managing stress, regulating mood and coping with everyday problems

that occur due to adverse social circumstances. Moreover, while smoking may have become

stigmatized in more affluent individuals, in lower socioeconomic groups smoking generally

remains more tolerated. Smoking uptake occurs earlier in poor children whose parents, family

and peers usually smoke or may consider smoking as being the norm or socially acceptable

[47]. As a result, a substantial part of the educational inequalities in tobacco use are due to child-

hood characteristics shared by siblings [48], and to factors present in the adolescence, such as

school attachment and having friends who smoke [40]. Furthermore, higher smoking rates

among disadvantaged people lead to higher exposure to second-hand smoke [49].

Low socioeconomic status may also affect mortality directly, through increased anxiety and

chronic biological stress [17, 50], and indirectly, whether through increasing other health risks

such as alcohol consumption, unhealthy diet, sedentary behaviors and exposure to air pollu-

tion, or decreasing access or quality of medical care. Several studies have shown that smoking-

related diseases have a steep social gradient that is only partially explained by smoking behav-

ior—for example, smoking explains between 15–50% of the social differences in lung cancer

[51–54] and about 15–17% of the social inequalities in cardiovascular mortality [47]. Low

socioeconomic status is also an independent risk factor for all-cause mortality [55], cardiovas-

cular morbidity [56] and mortality [57], as well as for lung cancer morbidity [51–54, 58] and

mortality [59, 60]; even after adjusting for tobacco use and other lifestyles. With respect to the

utilization of health care services, the National Health System in Spain provides universal cov-

erage regardless of social or employment status, thus there is some evidence that the contribu-

tion to health inequalities is limited [61–63]. Nevertheless, compared to those with highest

social status and/or additional private insurance, low socioeconomic groups and individuals

relying on the National Health System do experience longer specialist waiting list times, less

access to specialists, dentists and physiotherapists, and less access to preventive services (e.g.,

cervical cancer screening) which may influence mortality [64–66].

In theory, social inequalities in TAM may also be partly due to differential vulnerability to

tobacco’s harm, i.e., same level of tobacco consumption could increase mortality due to tobac-

co’s interaction with low socioeconomic status [67]. Nevertheless, several studies have consis-

tently reported no significant interaction between smoking and low socioeconomic status [34,

68–72]. Although Lewer et al reported in a large English cohort that smoking was associated

with higher absolute lung cancer and chronic lung disease mortality risk in lower socioeco-

nomic groups, even after accounting for the higher rates of smoking in these groups, this was

due to higher baseline mortality rates among the disadvantaged people rather than to a nega-

tive interaction [73].

Among men and younger women, both absolute and relative inequalities were largest in

respiratory diseases, supporting results reported by Kulik et al based on 18 European popula-

tions [5]. Among women 55 and over, both relative and absolute inequalities were larger in

cancer than in other conditions. These results are driven by different TAM rates: higher inci-

dence of cancer (accounting for half of all tobacco-attributable deaths) explains the absolute
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gaps, while the lower incidence of respiratory diseases (deaths due to chronic obstructive pul-

monary disease, influenza, pneumonia and tuberculosis) among the most-educated population

explains the relative gaps in men and younger women.

Smoking and its fatal consequences are determined not only by sex, but also by its interac-

tion with age and social status. Awareness and monitoring of these social inequalities can help

improving tobacco prevention and control strategies. Although smoking rates have been

declining in many high-income countries, including Spain, declines have been slower or non-

existent among lower socioeconomic groups so that inequalities in smoking have increased

[16]. In fact, some tobacco control policies, particularly individual or group-level smoking ces-

sation interventions, appear to be more effective in higher socioeconomic groups [74]. Based

on our results, men and younger women of lowest social status should be the target of preven-

tive measures, but also older women of highest social position, because they are often forgotten

in prevention strategies. Evidence of effective interventions among lower socioeconomic

groups is scarce: raising the price of tobacco products appears to be the intervention with the

most potential to reduce tobacco-related health inequalities, especially among the younger

population. Targeted cessation programs and mass media campaigns may also contribute to

closing these gaps [16]. Among older women, specific motivations for smoking should be

assessed, especially those related with gender roles and related social demands. Moreover,

tobacco control measures should also aim to improve the knowledge of female-specific patho-

genic processes [40, 75–78]. Notwithstanding this, in order to reduce social inequalities in

mortality, not only individual-level but wider social policies aiming at reducing socioeconomic

disadvantages from a lifecourse perspective should be the overarching goal [13, 78, 79].

Limitations

Due to the lack of historical nation-wide data on educational level of deceased individuals,

trends in educational inequalities cannot be assessed. We have also used smoking prevalence

and deaths occurring in the same calendar period, so the estimates do not account for the

tobacco-related disease induction periods [30]. As a result, considering that the overall preva-

lence of tobacco consumption has decreased in Spain [2], TAM rates are surely underesti-

mated. Another cause of underestimation of TAM is that our analyses do not include second-

hand smoke-related mortality and deaths among young people. In addition, our estimates do

not consider either the intensity or the lifetime smoking history, being the duration of expo-

sure especially relevant for cancer risk [80].

A comprehensive description of additional limitations related to the methodology

employed for estimating TAM can be found in the Report of the Surgeon General [30].

Because we obtained the relative risks from this source, a report based on US and not Spanish

cohort data, and because these relative risks were not adjusted for education or other social

position indicators, we cannot rule out potential ethnic and socioeconomic differences in vul-

nerability to tobacco. Notwithstanding this, as discussed before, previous work testing whether

socioeconomic status modifies the association between smoking and health have found no sig-

nificant interactions. Finally, confounding by other social determinants or individual risk fac-

tors could not be assessed due to data limitations. Nevertheless, data from a large cohort from

the US National Health Interview Survey found that adjusting for race/ethnicity, alcohol con-

sumption and adiposity had little effect on risk estimates [81].

Conclusions

In Spain, TAM is inversely associated with educational level in men of all ages and women

<55 years of age. However, in contrast to many high-income countries, TAM is directly
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associated with educational level in women aged 55 and over. Thus, our findings underscore

the need for monitoring and accounting for social inequalities when designing, implementing,

and evaluating national tobacco prevention and control strategies.
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for reduction of inequalities in mortality in Europe. Eur J Epidemiol. 2013 Dec; 28(12):959–71. https://

doi.org/10.1007/s10654-013-9860-5 PMID: 24242935

9. Mackenbach JP, Valverde JR, Bopp M, Brønnum-Hansen H, Deboosere P, Kalediene R, et al. Determi-

nants of inequalities in life expectancy: an international comparative study of eight risk factors. Lancet

Public Health. 2019 Oct; 4(10):e529–37. https://doi.org/10.1016/S2468-2667(19)30147-1 PMID:

31578987

PLOS ONE Social inequalities in tobacco-attributable mortality in Spain

PLOS ONE | https://doi.org/10.1371/journal.pone.0239866 September 28, 2020 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239866.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239866.s002
https://doi.org/10.1056/NEJMsa0707519
https://doi.org/10.1056/NEJMsa0707519
http://www.ncbi.nlm.nih.gov/pubmed/18525043
https://doi.org/10.1136/tobaccocontrol-2015-052766
http://www.ncbi.nlm.nih.gov/pubmed/27122064
https://doi.org/10.1093/ntr/ntt175
http://www.ncbi.nlm.nih.gov/pubmed/24212763
https://doi.org/10.1371/journal.pone.0110952
https://doi.org/10.1371/journal.pone.0110952
http://www.ncbi.nlm.nih.gov/pubmed/25369287
https://doi.org/10.1136/jech-2014-204319
http://www.ncbi.nlm.nih.gov/pubmed/24964740
https://doi.org/10.1007/s10654-013-9860-5
https://doi.org/10.1007/s10654-013-9860-5
http://www.ncbi.nlm.nih.gov/pubmed/24242935
https://doi.org/10.1016/S2468-2667%2819%2930147-1
http://www.ncbi.nlm.nih.gov/pubmed/31578987
https://doi.org/10.1371/journal.pone.0239866


10. Mackenbach JP, Rubio Valverde J, Bopp M, Brønnum-Hansen H, Costa G, Deboosere P, et al. Prog-

ress against inequalities in mortality: register-based study of 15 European countries between 1990 and

2015. Eur J Epidemiol. 2019 Dec; 34(12):1131–42. https://doi.org/10.1007/s10654-019-00580-9 PMID:

31729683

11. Van der Heyden JHA, Schaap MM, Kunst AE, Esnaola S, Borrell C, Cox B, et al. Socioeconomic

inequalities in lung cancer mortality in 16 European populations. Lung Cancer. 2009 Mar; 63(3):322–

30. https://doi.org/10.1016/j.lungcan.2008.06.006 PMID: 18656277

12. Mackenbach JP, Huisman M, Andersen O, Bopp M, Borgan J- K, Borrell C, et al. Inequalities in lung

cancer mortality by the educational level in 10 European populations. Eur J Cancer. 2004 Jan; 40

(1):126–35. https://doi.org/10.1016/j.ejca.2003.10.018 PMID: 14687796

13. World Health Organization (WHO). Commission on Social Determinants of Health. Final report: Closing

the gap in a generation: Health equity through action on the social determinants of health. Geneva:

WHO, 2008.

14. Crenshaw K. Demarginalizing the Intersection of Race and Sex: A Black Feminist Critique of Antidis-

crimination Doctrine, Feminist Theory, and Antiracist Politics. In: Jaggar AM, editor. Living with Contra-

dictions [Internet]. 1st ed. Routledge; 2018 [cited 2020 May 16]. p. 39–52. Available from: https://www.

taylorfrancis.com/books/9780429967696/chapters/10.4324/9780429499142-5

15. World Health Organization. A conceptual framework for action on the social determinants of health:

debates, policy & practice, case studies. [Internet]. 2010 [cited 2020 May 16]. Available from: http://

apps.who.int/iris/bitstream/10665/44489/1/9789241500852_eng.pdf

16. Hiscock R, Bauld L, Amos A, Fidler JA, MunafòM. Socioeconomic status and smoking: a review: His-

cock et al. Ann N Y Acad Sci. 2012 Feb; 1248(1):107–23.

17. Marmot M. Health in an unequal world. The Lancet. 2006 Dec; 368(9552):2081–94.

18. Huisman M. Educational inequalities in smoking among men and women aged 16 years and older in 11

European countries. Tob Control. 2005 Apr 1; 14(2):106–13. https://doi.org/10.1136/tc.2004.008573

PMID: 15791020

19. Schaap MM, Kunst AE, Leinsalu M, Regidor E, Espelt A, Ekholm O, et al. Female ever-smoking, educa-

tion, emancipation and economic development in 19 European countries. Soc Sci Med. 2009 Apr; 68

(7):1271–8. https://doi.org/10.1016/j.socscimed.2009.01.007 PMID: 19195749

20. WHO. Tobacco and inequities. Guidance for addressing inequities in tobacco-related harm. WHO;

2014.
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