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Abstract

Background: Research is needed to determine the relevance of low-intensity daily smok-

ing to mortality in countries such as Mexico, where such smoking habits are common.

Methods: Prospective study of 159 755 Mexican adults recruited from 1998–2004 and fol-

lowed for cause-specific mortality to 1 January 2018. Participants were categorized

according to baseline self-reported smoking status. Confounder-adjusted mortality rate

ratios (RRs) at ages 35–89 were estimated using Cox regression, after excluding those

with previous chronic disease (to avoid reverse causality).

Results: Among 42 416 men and 86 735 women aged 35–89 and without previous dis-

ease, 18 985 men (45%) and 18 072 women (21%) reported current smoking and 8866

men (21%) and 53 912 women (62%) reported never smoking. Smoking less than daily

was common: 33% of male current smokers and 39% of female current smokers. During

follow-up, the all-cause mortality RRs associated with the baseline smoking categories of

<10 cigarettes per day (average during follow-up 4 per day) or �10 cigarettes per day

(average during follow-up 10 per day), compared with never smoking, were 1.17 (95%

confidence interval 1.10–1.25) and 1.54 (1.42–1.67), respectively. RRs were similar irre-

spective of age or sex. The diseases most strongly associated with daily smoking were
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respiratory cancers, chronic obstructive pulmonary disease and gastrointestinal and vas-

cular diseases. Ex-daily smokers had substantially lower mortality rates than those who

were current daily smokers at recruitment.

Conclusions: In this Mexican population, low-intensity daily smoking was associated

with increased mortality. Of those smoking 10 cigarettes per day on average, about one-

third were killed by their habit. Quitting substantially reduced these risks.

Key words: Smoking, cause-specific mortality, cohort study, Mexico

Introduction

Smoking is a leading preventable cause of death,1 with

studies in high-income countries showing that it kills up to

two-thirds of those who smoke.2–5 According to the

Global Burden of Disease Study, smoking caused nearly 9

million deaths in 2019.6 However, there is limited large-

scale prospective evidence on smoking from low- or

middle-income countries (LMICs), where the majority of

the world’s smokers live1 and where smoking habits may

differ from those in high-income countries. In particular, in

many LMICs, low-intensity smoking (i.e. smoking rela-

tively few cigarettes per day) is common,7 but the health

effects of low-intensity smoking are not well established.

Of the approximately 50 million smokers in the

Latin American and Caribbean region,8 approximately

10 million live in Mexico. National surveys from Mexico

indicate that non-daily smoking is common (fewer than

half smoke daily) and even among those who do smoke

daily, the average number of cigarettes smoked per day is

less than 10.9,10 This is in contrast with smoking habits in

most previously studied high-income populations, where

daily smokers may typically smoke between 15 and 20 cig-

arettes per day.4,5 Data from the US National Health

Interview Survey 201811 also reveal markedly different

smoking patterns between Mexican-Americans and other

smokers, with about two-fifths of Mexican-American

smokers reporting smoking less than daily compared with

only one-fifth of non-Hispanic White US smokers. In

addition, consumption among daily smokers in that study

was eight cigarettes per day for Mexican-American smok-

ers compared with 15 cigarettes per day for non-Hispanic

White smokers. However, to date, assessments of the im-

pact of such low-intensity smoking habits on mortality

among Mexicans or Mexican-Americans have been limited

to indirect methods.1,12

The aim of this paper is to estimate the effect of low-

intensity daily smoking on cause-specific mortality using

data from the Mexico City Prospective Study of 150 000

adults who were recruited from 1998 to 2004 and fol-

lowed until 2018.13

Methods

Approval for the study was given by the Mexican Ministry

of Health, the Mexican National Council of Science and

Technology (0595 P-M) and the Central Oxford Research

Ethics Committee (C99.260). All study participants pro-

vided written informed consent.

Recruitment

From 1998–2004, 52 644 men and 107 111 women aged

35 years or older, from two districts of Mexico City, were

visited in their homes and agreed to enrol in a prospective

study (at least one participant was recruited from 94% of

eligible households).13 Trained nurses recorded age, sex,

Key Messages

• Low-intensity daily smoking is common in many countries but little evidence exists on its relevance to mortality.

• In this large study of Mexican adults, half of men and one-quarter of women smoked, but average cigarette

consumption was low and non-daily smoking common.

• Smoking even a few cigarettes per day was associated with increased mortality.

• As in other populations, quitting smoking avoided much of the excess risk of death associated with prolonged

smoking.
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socioeconomic status, lifestyle factors (including smoking

status, amount smoked, age began smoking and informa-

tion on quitting), current medications and medical history.

Blood pressure, weight, height, waist circumference and

hip circumference were measured and a 10-mL blood sam-

ple was collected.

Resurvey assessment

From 2015–19, a resurvey was performed in which the

households within randomly-selected streets within the

two study districts were revisited. A total of 10 144 surviv-

ing participants were revisited and agreed to take part in

the resurvey (which involved repeat questionnaire data,

physical measurements and the collection of blood and

urine samples). The main purpose of the resurvey was to

estimate the extent to which risk exposures (such as

smoking habits) varied over time, in order to ensure that

prospective analyses derived from baseline-defined catego-

ries could be properly analysed and interpreted.

Mortality follow-up

Mortality was tracked to 1 January 2018 through proba-

bilistic linkage (based on participant name, age and sex) to

the national death register, which encodes all diseases

listed on the death certificate according to the

International Classification of Diseases, 10th Revision

(ICD-10). Study clinicians then reviewed and, where neces-

sary, recoded the underlying cause of death.14 Details of

the ICD-10 codes contributing to each analysed cause of

death are provided in Table S1, available as Supplementary

data at IJE online.

Statistical analysis

To minimize reverse causality bias (i.e. where previous dis-

eases lead to a change, such as a reduction in smoking hab-

its preceding recruitment), analyses excluded individuals

with known cardiovascular disease, cirrhosis, cancer,

emphysema, chronic kidney disease or diabetes. (Analyses

including those with prior disease are included in the

Supplementary Figure S6, available as Supplementary data

at IJE online.) Participants who had missing or implausible

covariate data (see below), uncertain mortality linkage or

who were aged 90 years or older were also excluded.

Remaining participants were classified into five baseline-

defined smoking groups: never smoker, ex-smoker, current

non-daily smoker, current daily smoker of <10 cigarettes

per day, and current daily smoker of �10 cigarettes per

day. In some analyses, daily smokers were subdivided by

age started (<18 years versus �18 years) instead of amount

smoked, and ex-smokers subdivided into ex-daily smokers

versus ex- non-daily smokers.

Cox regression was used to estimate adjusted mortality

rate ratios (RRs) associated with each baseline-defined

smoking category. Most analyses were for deaths at ages

35 to 89 years, with participants surviving to age 90 cen-

sored on the date of their 90th birthday. The RRs were ad-

justed for age at risk (in 5-year age groups), location (two

districts), highest education attained (university or college,

high school, elementary school or other), alcohol consump-

tion (never, former, less than monthly, up to 2 days per

week or more than 2 days per week) and sex (where appro-

priate). For each category of current daily smoking at re-

cruitment, we plotted RRs by amount smoked against the

mean number of cigarettes smoked per day at resurvey

(calculated among participants who continued to smoke).

This was done to relate the RRs in each of the baseline-

defined smoking categories to an estimate of the usual (i.e.

long-term average) number of cigarettes smoked per day

during follow-up in these categories. In the figures, every

RR (including the reference group of never smokers

assigned an RR of 1.0) is shown with a group-specific con-

fidence interval (CI) that reflects the amount of informa-

tion only in that single category.15 In the text,

conventional 95% CIs comparing two categories directly

are used (e.g. daily vs never smoking). The RR for daily vs

never smokers was used to estimate the proportion of

deaths among daily smokers attributable to smoking,

through the equation (RR—1)/RR.

Findings from the present Mexican cohort subsequently

led to re-examination in US data11 of the association be-

tween smoking and mortality in different races, comparing

associations among Mexican-Americans, other Hispanics

and non-Hispanic groups (further details on the back-

ground, methods and results are in the Supplementary

material).

Analyses were conducted using SAS version 9.4 (SAS

Institute) and R version 3.1.1 (www.r-project.org/).

Results

Participants

Among the 112 333 eligible households visited, 106 059

agreed to participate, yielding a total of 159 755 partici-

pants. Of these, 854 (0.5%) were excluded because they

were aged �90 years at recruitment, a further 27 940

(17.5%) were excluded because they had previous disease

(mainly diabetes) and a further 1810 (1.1%) were excluded

because of missing exposure, covariate or outcome data.

The remaining 129 151 participants included 42 416 men
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(mean age 52 years) and 86 735 women (mean age

50 years) (Table 1).

Smoking and other baseline characteristics

Of the 42 416 men, 18 985 (45%) reported being a current

smoker, 14 565 (34%) reported being an ex-smoker and

8866 (21%) reported being a never smoker at recruitment.

Of the male current smokers, 12 808 (67%) reported

smoking daily (mean cigarettes smoked per day at recruit-

ment: 8.6, mean age started: 18 years) and 6177 (33%)

reported smoking less than daily. Of the 86 735 women,

18 072 (21%) reported being a current smoker, 14 751

(17%) reported being an ex-smoker and 53 912 (62%)

reported being a never smoker. Of the female current

smokers, 11 029 (61%) reported smoking daily (mean cig-

arettes smoked per day at recruitment: 6.1, mean age

started: 21 years) and 7043 (39%) reported smoking less

than daily. Figure 1 shows the smoking patterns among

male and female current smokers at recruitment, by birth

cohort.

The prevalence of ever smoking among men was similar

across all birth cohorts, but among women ever smoking was

more common in the more recent birth cohorts

(Supplementary Figure S1, available as Supplementary data

at IJE online). Smoking cessation was positively associated

with age in both men and women and, at recruitment, nearly

half of both male and female ever-smokers had quit. Among

current smokers, the mean number of cigarettes smoked per

day was generally similar across birth cohorts for both sexes

(Supplementary Figure S2, available as Supplementary data

at IJE online). The mean age started was approximately

18 years for all male birth cohorts, but for female birth

cohorts the mean age started smoking decreased substantially

from 27 years among women born before 1930 to 19 years

among women born after 1965 (Supplementary Figure S2).

Men who smoked daily were less likely to have com-

pleted university than men who had never smoked; the re-

verse was true for women (Table 1). Compared with daily

smokers, men and women who smoked less than daily were

younger, less likely to inhale while smoking and less likely to

live with a smoker. In both men and women, daily smokers

had slightly lower mean body mass index (BMI) than never

smokers. On average, those who smoked 10 or more ciga-

rettes per day started at a younger age, had a lower BMI and

were less likely to have tried to quit smoking than those who
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Figure 1 Current smoking by year of birth. Ten 5-year birth cohorts are shown, from 1920-24 to 1965-69
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smoked fewer than 10 cigarettes per day. Among the 29 316

ex-smokers, 11 462 (39%) had previously smoked less than

daily and 4940 (17%) had quit within the 3 years before re-

cruitment (Supplementary Table S2).

Smoking habits at resurvey

Of the 129 151 participants, 8753 were among the 10 144

who were resurveyed in 2015–19 (Supplementary Table S3,

available as Supplementary data at IJE online). Of these 8753,

1432 had been daily smokers at baseline (1998–2004), but by

resurvey (2015–19) just 672 (47%) reported still smoking

daily, 141 (10%) reported smoking less than daily and 537

(38%) reported having quit (often because of illness). Among

those who smoked<10 cigarettes per day at baseline and con-

tinued to smoke until resurvey, the average number of ciga-

rettes smoked remained about four per day. However, among

those who smoked�10 cigarettes per day at baseline and con-

tinued to smoke until resurvey, the average number of ciga-

rettes smoked reduced from about 15 per day at baseline to

about 10 per day by resurvey. Almost all of those who were

never smokers at baseline remained so at resurvey

Smoking and all-cause mortality

During follow-up, there were 10 775 deaths at ages 35–

89 years among the 129 151 participants. Compared with

never smokers, the RR for all-cause mortality at ages 35–

89 was 0.98 (95% CI 0.90–1.07) for those who reported

smoking less than daily (not plotted), 1.17 (95% CI 1.10–

1.25) for daily smokers of <10 cigarettes per day at re-

cruitment (resurvey average four cigarettes/day) and 1.54

(95% CI 1.42–1.67) for daily smokers of �10 cigarettes

per day at recruitment (resurvey average 10 cigarettes/day)

(Figure 2). The RRs associated with daily smoking were

similar for men and women and for deaths at older vs

younger ages (Supplementary Figure S3, available as

Supplementary data at IJE online). Subsequent analyses of

cause-specific mortality for daily versus never smokers

combine men and women and deaths at different ages.

Smoking and disease-specific mortality

Clear dose-response relationships were observed between

usual amount smoked and mortality risk for several causes

of death, including respiratory cancer, chronic obstructive

pulmonary disease (COPD), gastrointestinal diseases and

vascular diseases (Figure 3). Daily smoking was little asso-

ciated with other major causes of death.

Age started smoking and smoking cessation

When daily smokers were subdivided by age started, larger

RRs were generally seen for those who started smoking as

children (i.e. age<18 years) compared with those who

started smoking as adults (Supplementary Figure S4, avail-

able as Supplementary data at IJE online). Among ever-

daily smokers, those who reported having quit by recruit-

ment had approximately half the excess mortality risk of

those who reported still smoking daily when recruited; the

all-cause mortality RRs compared with never smokers for

these two groups were 1.15 (1.12–1.22) and 1.29 (1.25–

1.37), respectively; see Supplementary Figure S5, available

as Supplementary data at IJE online for individual causes.
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Figure 2 Effect of daily vs never smoking on all�cause mortality at ages

35� 89 years, by amount smoked. RR ¼ mortality rate ratio. Analyses

exclude those with previous disease at recruitment and are adjusted for

age at risk, district, highest education attained and alcohol consump-

tion. The area of each plotting symbol is proportional to the amount of

statistical information. Vertical lines through the symbols represent

group-specific 95% confidence intervals, with the number of deaths in

each category shown at the bottom of each line. Estimates are plotted

against the mean number of cigarettes smoked per day at resurvey

among participants who continued to smoke. Among non-daily smok-

ers, the RR compared with never smokers was 0.98 (95% CI 0.90-1.07)
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Smoking and all-cause mortality in those with

previous disease

The main analyses above excluded those with previous

disease at recruitment. When parallel analyses were done

including the 27 940 participants with previous disease,

the strength of the association of all-mortality with amount

smoked was shallower in this group (as might be expected

from the effects of reverse causality), but even despite this

the absolute relevance of daily smoking to mortality was

greater among those with than without previous disease

(Supplementary Figure S6, available as Supplementary

data at IJE online).

1 2 4 8

Cause
of death

Baseline
smoking
pattern

No.
deaths

RR

Cause−specific mortality rate ratio for
smoking pattern, RR (95% CI)

Respiratory
cancers

Never 72 1.00 (0.75–1.33)
Daily <10 30 1.59 (1.11–2.27)
Daily 10+ 58 6.15 (4.71–8.05)

COPD Never 204 1.00 (0.84–1.19)
Daily <10 78 2.20 (1.76–2.74)
Daily 10+ 93 5.84 (4.74–7.21)

Gastrointestinal Never 285 1.00 (0.86–1.16)
Daily <10 74 1.40 (1.11–1.75)
Daily 10+ 53 2.20 (1.67–2.90)

Cardiac Never 1102 1.00 (0.93–1.08)
Daily <10 289 1.30 (1.16–1.46)
Daily 10+ 163 1.52 (1.30–1.78)

Stroke Never 384 1.00 (0.88–1.14)
Daily <10 87 1.24 (1.00–1.53)
Daily 10+ 48 1.46 (1.10–1.95)

Other vascular Never 126 1.00 (0.79–1.26)
Daily <10 27 0.97 (0.67–1.42)
Daily 10+ 29 2.15 (1.48–3.12)

Other cancers Never 959 1.00 (0.92–1.08)
Daily <10 202 0.93 (0.81–1.06)
Daily 10+ 117 1.17 (0.97–1.40)

Renal Never 376 1.00 (0.88–1.14)
Daily <10 100 1.17 (0.96–1.42)
Daily 10+ 42 1.05 (0.77–1.43)

Hepatobiliary Never 353 1.00 (0.88–1.14)
Daily <10 140 1.17 (0.99–1.38)
Daily 10+ 67 1.07 (0.84–1.36)

Other respiratory Never 442 1.00 (0.88–1.13)
Daily <10 95 0.98 (0.80–1.20)
Daily 10+ 59 1.30 (1.00–1.68)

Acute diabetic Never 78 1.00 (0.74–1.34)
Daily <10 20 1.04 (0.67–1.61)
Daily 10+ 10 1.11 (0.59–2.08)

Other medical Never 295 1.00 (0.86–1.16)
Daily <10 65 1.04 (0.82–1.33)
Daily 10+ 32 1.10 (0.78–1.57)

External Never 152 1.00 (0.82–1.22)
Daily <10 66 1.20 (0.94–1.53)
Daily 10+ 25 0.88 (0.59–1.30)

Figure 3 Cause�specific mortality at ages 35�89 years for daily vs never smoking. COPD ¼ chronic obstructive pulmonary disease. RR ¼ mortality

rate ratio. Analyses exclude those with previous disease at recruitment and are adjusted for age at risk, sex, district, highest education attained and al-

cohol consumption. The area of each plotting symbol is proportional to the amount of statistical information, and the lines through them represent

group-specific 95% confidence intervals
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Smoking and all-cause mortality by race in the

USA

Among 307 992 adults included in analyses of the US

National Health Interview Survey, there were 29 984

(9.7%) Mexican-Americans, 21 696 (7.0%) other

Hispanics, 195 837 (63.6%) non-Hispanic Whites, 42 946

(13.9%) non-Hispanic Blacks and 17 529 (5.7%) adults of

other race/ethnicity. Average cigarette consumption among

those who reported being daily smokers at baseline was

lower for Mexican-American smokers than for smokers

from other racial/ethnic groups, and the all-cause mortality

RR of daily vs never smokers among Mexican-Americans

was similar to that of Mexicans in the Mexico City cohort

(Figure 4). In every racial/ethnic group, however, smoking

was associated with substantially increased all-cause mor-

tality compared with never smoking.

Discussion

In this large prospective study of Mexican adults, nearly

half of the men and one-fifth of the women reported being

a current smoker, but many smoked less than daily or

smoked only a few cigarettes per day. Low-intensity daily

smoking was associated with increased mortality.

Assuming the excess mortality risks associated with daily

smoking are largely or wholly caused by smoking—which

seems likely, given that smoking was strongly associated

with causes of death known to be associated with smoking

in other populations—smoking was responsible for more

than one in five deaths in these Mexican smokers, and one

in three deaths for those who originally reported smoking

at least 10 cigarettes per day.

Smoking cessation in this population was also common,

and was associated with a substantial reduction in the risks

associated with continuing to smoke. Ex-daily smokers

who had quit by recruitment had about half the excess

mortality risk compared with those who were still smoking

daily at recruitment. Proportional reductions in risk were

especially pronounced for the causes of death most

strongly associated with smoking, including respiratory

cancers (comprising cancers of the lung and upper aerodi-

gestive tract), COPD, gastrointestinal diseases and cardiac

disease. We were unable to report the effects of smoking

cessation at different ages, or for different lengths of time,

due to limited information on smoking cessation at recruit-

ment. However, the overall health benefits of quitting in

this Mexican population are clear, and evidence from other

global populations suggests they are likely to be greater

among those who quit at a younger age (e.g. by age 40,

and ideally well before 40).3–5,16

Smoking behaviours in Mexico are quite different to

those in most other previously studied populations, with

both the tendency to smoke less than daily and for daily

smokers to smoke relatively few cigarettes per day. Indeed,

among the 14 low- and middle-income countries that took

part in the Global Adult Tobacco Surveys (GATS) in

2008–10, Mexican smokers smoked the fewest cigarettes

(nine per smoker per day) of all but two countries (India

and Bangladesh)—countries in which other tobacco prod-

ucts commonly replace cigarettes (which is not the case in
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Figure 4 US (National Health Interview Survey) relative risk of all�cause mortality by daily vs never smoking and race, ages 30�89. RR ¼ mortality

rate ratio. Analyses exclude those with previous disease at recruitment and are adjusted for age at risk, sex, region, highest education attained and al-

cohol consumption. The area of each plotting symbol is proportional to the amount of statistical information. Vertical lines through the symbols rep-
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corresponding to former smokers are not shown). Estimates are plotted against the mean number of cigarettes smoked per day at baseline
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Mexico).17 Low-intensity smoking patterns have also been

documented previously among Hispanic populations in the

USA18 and in a number of countries7 across Latin

America. Although the current cohort includes individuals

from just two districts of Mexico City recruited nearly

20 years ago, the smoking patterns seen are similar to those

reported in more recent nationally representative Mexican

surveys.9

These findings of low-intensity smoking among

Mexicans led us to re-examine US data (which has previ-

ously been used)3 to report the association between smok-

ing and mortality among different races. We found that the

association between low-intensity smoking and all-cause

mortality among Mexican-Americans in the USA was simi-

lar to the association observed in Mexico. Prospective

studies are needed from other populations in which low-

intensity smoking is common, to determine whether these

behaviours lead to mortality risks similar to those observed

in these Mexican and Mexican-American populations.

Reliable evidence on the mortality risk of low-intensity

smoking is limited. In one recent US study, the estimated

mortality risks associated with lifelong non-daily smoking

were substantially greater than in our report19; indeed,

they were not much lower than the risks associated with

daily smoking (despite monthly cigarette consumption be-

ing more than 10 times lower among the non-daily than

the daily smokers). Similarly, in another US study, the mor-

tality risks associated with smoking <1 cigarette per day

compared with 1–10 cigarettes per day were broadly simi-

lar (although very few smoked <1 cigarette per day).20

However, neither of these studies was able to assess the im-

pact of possible changes in smoking behaviour over time,

and so it is possible that the smoking exposure groups

studied were subject to substantial misclassification biases

during the period of follow-up. In other large studies of

smoking and mortality, including studies in Cuba21 and

the UK5 in addition to this Mexican study, resurvey values

have helped quantify and therefore correct for this source

of bias.

A particular strength of the current study is its size,

which enabled the reliable estimation of the hazards of low-

intensity smoking in this population. A further strength is

that whereas participants were categorized according to

their baseline smoking status, the availability of a resurvey

of survivors in 2015–19 allowed the RRs associated with

those baseline-defined groups to be interpreted according to

the estimated usual number of cigarettes smoked per day

during the study. Sufficiently detailed information was

sought to separate ‘current’ (and ex-) smokers into those

who smoked daily and those who smoked less than daily,

which is an important distinction in this population in

which non-daily smoking is common, and may not lead to

persistent smoking (and its adverse health effects).

However, information about smoking cessation was not

well characterized, and we could not assess the benefits of

smoking cessation at different ages or for different dura-

tions. We also did not collect information on the type of cig-

arette smoked, but previous studies have indicated that, at

least with respect to nicotine intake, the number of ciga-

rettes smoked is more relevant than the type (e.g. ‘regular’

or ‘light’ cigarettes).22,23 Finally, because we excluded those

with diabetes or other chronic diseases at recruitment (in or-

der to reduce the extent of reverse causality bias), the in-

cluded participants would have been somewhat healthier on

average than the general population.

In summary, the risk of death associated with smoking

in this Mexican population was lower than in other, partic-

ularly high-income, populations, but still accounted for

significant excess mortality among daily smokers. Similar

associations were observed among Mexican-Americans in

the USA. This study confirms that even low levels of smok-

ing are harmful, and that those who quit can avoid much

of the excess risk of death that would otherwise be caused

by continued smoking.

Supplementary data

Supplementary data are available at IJE online.

Data availability

We welcome requests from researchers who wish to access

data from the Mexico City Prospective Study. If you are in-

terested in obtaining data from the study for research pur-

poses, or in collaborating with us on a specific research

proposal, please visit our study website [https://www.ctsu.

ox.ac.uk/research/prospective-blood-based-study-of-150-

000-individuals-in-mexico] where you can download our

Data and Sample Access Policy in either English or Spanish.
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