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Abstract

Objective Evidence from low- and middle-income countries regarding the effect of smoking in people with diabetes
is lacking. Here, we report the association of smoking with mortality in a large cohort of Mexican adults with diabetes.

Methods Participants with diabetes mellitus (self-reported diagnosis, use of antidiabetic medications or
HbA1c>6.5%) aged 35-74 years when recruited into the Mexico City Prospective Study were included. Cox regression
confounder-adjusted mortality rate ratios (RRs) associated with baseline smoking status were estimated.

Results Among 15,975 women and 8225 men aged 35-74 years with diabetes but no other comorbidities at
recruitment, 2498 (16%) women and 2875 (35%) men reported former smoking and 2753 (17%) women, and 3796
(469%) men reported current smoking. During a median of 17 years of follow-up there were 5087 deaths at ages
35-74 years. Compared with never smoking, all-cause mortality RR was 1.08 (95%CI 1.01-1.17) for former smoking,
1.11 (95%Cl 1.03-1.20) for current smoking, 1.09 (95%Cl 0.99-1.20) for non-daily smoking, 1.06 (95%Cl 0.96-1.16) for
smoking < 10 cigarettes/day (median during follow-up 4 cigarettes/day), and 1.28 (95% Cl 1.14-1.43) for smoking > 10
cigarettes/day (median during follow-up 15 cigarettes/day). Mortality risk among daily smokers was greatest for
COPD, lung cancer, cardiovascular diseases, and acute diabetic complications.
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Conclusion In this cohort of Mexican adults with diabetes, low-intensity daily smoking was associated with increased
mortality, despite observing smoking patterns which are different from other populations, and over 5% of total deaths

were associated with smoking.

Keywords Smoking, Diabetes, Mortality, Mexican population

Introduction

Diabetes mellitus is a significant public health problem,
with over 530 million individuals living with the disease
and around 6.7 million deaths attributable to diabetes
worldwide in 2021 [1]. In Mexico, diabetes prevalence
has tripled in the last three decades [2, 3] and currently
affects one in six Mexican adults [1]. Besides the micro-
vascular complications associated with this condition,
diabetes is a well-documented accelerant of cardiovas-
cular disease (CVD), which is the leading cause of pre-
mature mortality in Mexico. While comprehensive
risk factor management to reduce CVD risk in people
with diabetes is an integral aspect of diabetes care [4],
addressing modifiable risk factors to reduce CVD bur-
den remains a challenge in Mexico [2]. A key pervasive
modifiable risk factor for diabetes and CVD incidence
and mortality is tobacco smoking. Despite ratification of
the WHO’s Framework Convention on Tobacco Control
(FCTC) in 2004, prevalence of current smoking among
Mexican adults has remained relatively stable in the past
decade, with nearly 1 in every 5 Mexican adults reporting
current smoking in 2016 [5]. While broader implementa-
tion of the FCTC is needed, characterizing mortality risk
attributed to smoking in Mexican adults with diabetes
could help inform tailored strategies for smoking cessa-
tion in this population.

The Mexico City Prospective Study (MCPS) is a large
prospective study of 150,000 adults who were recruited
between 1998 and 2004 and have been tracked for cause-
specific mortality ever since. A previous analysis of the
MCPS identified an increased risk of all-cause mortal-
ity among disease-free former and current smokers [6].
Risk of all-cause mortality was increased even among
adults who reported low-intensity daily smoking. How-
ever, participants with diabetes and other chronic dis-
eases were excluded to minimize reverse causality [6].
Despite the important contribution of this analysis to the
literature on smoking and mortality, smoking patterns in
people with diabetes as well as smoking-related mortal-
ity in Mexican adults with diabetes remains unexplored.
In this study, we aim to characterize patterns of tobacco
use in individuals with diabetes and to estimate the effect
of smoking on all-cause and cause-specific mortality,
exploring the influence of diabetes-related factors (gly-
caemic control and disease duration) as potential modi-
fiers of this association.

Methods

Cohort characteristics

We analysed data from participants enrolled in the
MCPS, a prospective, population-based cohort study
with a baseline survey conducted from 1998 to 2004
[7]. Households from two urban districts of Mexico
City (Coyoacan and Iztapalapa) were visited, and every
adult>35 years was invited to participate. In total,
159,755 individuals were recruited, and information was
collected regarding age, sex, lifestyle habits, self-reported
medical history and comorbidities, self-reported use of
medications, and socio-demographic information includ-
ing education, civil status, occupation, and monthly
income. Clinical measurements (weight, height, and
blood pressure) were obtained, and a non-fasting 10-mL
blood sample was collected for subsequent analysis.
From 2015 to 2019, a follow-up survey was conducted
on 10,143 surviving participants, obtaining similar data
regarding lifestyle habits, medical history, clinical mea-
surements, and another blood sample as described pre-
viously [8]. Blood samples, both at baseline and resurvey
examinations, were stored overnight in a central labora-
tory, separated into plasma and buffy coat, and then fro-
zen to —80°C. Afterwards, samples were shipped to the
University of Oxford for analysis and storage. Assays of
HbAlc were performed from buffy coat samples in the
Clinical Trial Service Unit and Epidemiological Studies
Unit’s Wolfson laboratory, which has International Orga-
nization for Standardization (ISO)-17,025 accreditation
[9]. Buffy-coat samples can be used to obtain reliable
assays of HbAlc [10], and these assays have been used in
previous analyses of MCPS [8, 9, 11]. The study protocol
was approved by the corresponding ethics committees at
the Mexican Ministry of Health, the Mexican National
Council for Science and Technology, and the Univer-
sity of Oxford. All study participants provided written
informed consent.

Study population

We defined diabetes mellitus according to self-reported
medical diagnosis of diabetes, use of diabetes medica-
tion (biguanides, sulfonylureas, insulin or other), or
HbAlc>6.5% [12]. Diagnosed diabetes was defined as
previous medical diagnosis of diabetes or use of glu-
cose lowering medication and undiagnosed diabetes as
HbA1c>6.5% in an individual without a previous diag-
nosis of diabetes. Given the heterogeneity of diabetes
mellitus [13], and to better account for diabetes-related
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variables, the primary analysis was restricted to individu-
als with previously diagnosed or undiagnosed diabetes
mellitus, excluding participants without diabetes. To
address the possibility of reverse causality in the asso-
ciation between smoking and all-cause mortality, we
excluded participants who reported comorbidities other
than diabetes at baseline, including ischaemic heart dis-
ease, pulmonary disease, chronic kidney disease, cirrho-
sis, or cancer. We also excluded individuals with missing
covariates or with uncertain mortality linkage.

Smoking related variables

We defined smoking status according to baseline inter-
view information. Never smokers were classified as
those who reported never smoking, former smokers
as those who reported having smoked previously but
not currently and current smokers as those having ever
smoked and smoking currently (daily or non-daily). We
classified smoking intensity into five categories (never
smoker, ex-smoker, current non-daily smoker, current
daily smoker<10 cigarettes per day, and current daily
smoker>10 cigarettes per day), and age when started
smoking into three categories (<15 years, 15-23 years,
224 years). In former smokers, no data was available
regarding time since they stopped smoking; therefore,
we were unable to explore this characteristic. We also
analysed changes in smoking status between baseline
interview and resurvey to explore changes in smoking
behaviour over the study period. To do this, we matched
surviving individuals who were included in the main
mortality analysis at baseline and resurveyed during the
2015-2019 period. Then, we calculated the proportion of
participants with a given smoking status at baseline and
the proportion at resurvey.

Mortality follow-up

Mortality follow-up of participants was done through
electronic probabilistic linkage to death registries, with
deaths tracked up to December 31st, 2020, and registered
according to the International Classification of Diseases
10th Revision (ICD-10). Cause-specific mortality was
classified into several categories (cardiovascular, myo-
cardial infarction, stroke, other vascular, acute diabetes
complications [diabetic coma and ketoacidosis], lung
cancer, non-lung cancer, COPD, other respiratory, renal,
hepatobiliary, and gastric) in accordance with the under-
lying causes of death determined by study clinicians. The
specific ICD-10 codes used for every cause and the num-
ber of deaths in each of them are provided in Supplemen-
tary Table 1.

Statistical analyses
For descriptive analyses, we calculated mean and stan-
dard deviation in continuous variables (median and
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interquartile range for HbAlc, number of cigarettes per
day and age started smoking), and proportions for cat-
egorical variables. To explore the association between
smoking, all-cause and cause-specific mortality amongst
individuals with diabetes, we fitted Cox proportional haz-
ard regression models to estimate adjusted hazard ratios
(HR) for former and current smokers using individuals
with diabetes who were never smokers as the reference
group with analyses restricted to premature mortality
(deaths at ages 35—74 years). All models were stratified by
sex and age at risk (5-year age groups) [14] and adjusted
for place of residence (Coyoacan or Iztapalapa), educa-
tional level (elementary, high school, university, other),
body mass index (BMI), HbAlc, time since diabetes diag-
nosis (in years, as a continuous variable), and alcohol
consumption (never, former, up to 3 times a month, up
to 2 times a week, >3 times a week). We tested the pro-
portional hazards assumption using Schoenfeld residu-
als. As sensitivity analyses, we fitted separate Cox models
for males and females to further characterize whether
there are different risk profiles by sex, as well as fitting
the models with number of cigarettes/d categorized by
quartiles of consumption. We estimated the fraction of
deaths attributable to smoking as the number of deaths
X (RR - 1) / RR in former and current smokers, divided
by the total number of deaths [9, 15]. In the text, con-
ventional 95% confidence intervals (CI) comparing two
groups are used. In the figures, however, group specific
95% Cls, are shown for every RR (including the reference
group); these were estimated using floating absolute risks
to reflect the amount of information in each category
[16]. All statistical analyses were conducted using R soft-
ware version 4.2.1.

Results

Smoking status and baseline characteristics of participants
with diabetes

Among 159,755 participants recruited from 1998 to
2004, we identified 29,948 individuals with diabetes at
baseline. We excluded 3,953 of these participants for hav-
ing comorbidities other than diabetes, such as ischemic
heart disease, pulmonary disease, chronic kidney dis-
ease, cirrhosis, or cancer. Additionally, 1,795 participants
were excluded due to missing covariate or mortality data.
In total, mortality analyses included 24,200 participants
with diabetes who had complete data and no comor-
bidities. (Supplementary Fig. 1). Among women, 10,724
(67.1%) reported being never smokers, 2,498 (15.6%)
former smokers, and 2,753 (17.2%) current smokers at
baseline (Table 1). Among men, there was a lower pro-
portion of never smokers with 1,554 (18.89%), and higher
proportions of former and current smokers, with 2,875
(34.95%) and 3,796 (46.2%), respectively. Exploring smok-
ing prevalence stratified by baseline age, the greatest
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Fig. 1 Smoking prevalence by age and sex. (A) Smoking status by age in women, (B) Smoking status by age in men

Table 2 Changes in reported smoking habits from baseline to resurvey. Categorical variables presented as proportions. Continuous
variables presented as median and interquartile range. HbA1c: glycated haemoglobin

Smoking status at baseline

Other characteristics

Smoking status at Never smoker (1=666) Former smoker

Current smoker HbA1c level at resurvey  No. of

resurvey (n=239) (n=341) (%) cigarettes/d
at resurvey

Never smoker 622 (93.39%) 59 (24.69%) 40 (11.73%) 7.73 (6.36,9.38) -

Former smoker 41 (6.16%) 171 (71.55%) 204 (59.82%) 7.64 (6.45,9.56) 3(2,8)

Current smoker 3(0.45%) 9(3.77%) 97 (28.45%) 8.19 (6.43,9.61) 3(2,10)

proportion of female participants were never smokers
and the proportion of current smokers decreased with
age. Cessation, however, was uncommon in women with
a consistent number of former smokers across all age
cohorts (Fig. 1A). In men, on the other hand, there was
a higher proportion of current smokers and the propor-
tion of former smokers increased with age. The propor-
tion of never smokers was relatively low regardless of age
(Fig. 1B). Amongst current smokers, the prevalence of
non-daily smoking was higher at younger ages for both
men and women, low-intensity daily smoking (<10 cig/
day) increased for older individuals irrespective of sex,
and high-intensity smoking remained stable throughout
all age groups (Supplementary Fig. 2).

Smoking status of participants with diabetes at resurvey

Smoking status changed significantly during follow-up.
Among 10,143 participants resurveyed, we identified
1,246 individuals initially classified with diabetes (diag-
nosed and undiagnosed) whose data was used in the
main mortality analyses. Of these surviving participants,
666 (53.5%) were never smokers, 239 (19.2%) were for-
mer smokers and 341 (27.4%) were current smokers at

baseline. Among never smokers, most remained as such
and <1% started smoking during follow-up. Similarly,
among former smokers, 71.5% remained as former smok-
ers and only 3.7% restarted smoking (with the remaining
24.7% reporting never smoking at resurvey). However,
changes in smoking status were most noticeable in cur-
rent smokers. Over 59% reported quitting during the
follow-up period, and only 28.4% continued smoking
at resurvey. The median number of cigarettes smoked
per day at resurvey among current smokers and former
smokers was similar. At resurvey, those who were former
smokers had better glycaemic control than current smok-
ers (Table 2, Supplementary Fig. 3).

All-cause mortality and smoking status among individuals
with diabetes

Among 24,200 participants with diabetes and after a
median follow-up of 17.65 years, there were a total of
5,087 deaths at ages 35 to 74 years, 2,893 in women and
2,194 in men. Compared to never smokers, there was
an increased risk for all-cause mortality among former
(HR 1.08, 95%CI 1.01-1.17) and current smokers (HR
1.11, 95%CI 1.03-1.20, Fig. 2A), with similar relative
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risks in daily and non-daily smokers (Fig. 2B). Among
daily smokers, there was increased risk in individuals
who smoked>10 cigarettes/day (HR 1.28, 95%CI 1.14—
1.43, Fig. 2C). There was similar mortality risk across
age categories, being highest among those who started
smoking<15 years (HR 1.19, 95%CI 1.03-1.37, Fig. 2D).
Exploring all-cause mortality risk in former smokers,
we found increased risk for participants who previously
smoked>10 cigarettes/day (HR 1.16, 95%CI 1.02-1.31)
but similar RRs irrespective of age starting (Fig. 2E, F).
Our results show an excess risk of death associated with
smoking of 5% among individuals with diabetes aged
35-74 years, of which 1.8% was associated to former
smoking and 3.4% to current smoking (Supplementary
Table 2).

Smoking and cause-specific mortality among individuals
with diabetes

Compared to never smokers, daily smokers had a signifi-
cantly higher risk of cardiovascular mortality especially
in those smoking>10 cigarettes/day (HR 1.48 95%CI
1.24-1.76) (Fig. 3), with particularly high relative risks
for myocardial infarction (HR 1.43 95%CI 1.16-1.75),
and other vascular causes of death (HR 2.69 95%CI 1.70—
4.26). There was no association between daily smoking
and stroke mortality. However, we found an increased
risk of stroke mortality among non-daily smokers (HR
1.49 95%CI 1.07-2.06). Interestingly, every smoking cat-
egory was associated with mortality due to acute diabetes
complications, including non-daily and former smokers
(Supplementary Fig. 4). As expected, there were higher
risks of death due to lung cancer for those smoking<10
cigarettes per day (HR 2.05 95%CI 1.07-3.95), and
due to COPD among former smokers (HR 2.04 95%CI
1.37-3.04), and participants smoking>10 cigarettes per
day (HR 5.86 95%CI 3.40-10.12). Similarly, we found
increased relative risks for hepatobiliary causes of death
among former smokers (HR 1.41 95CI% 1.13-1.77), and
non-daily smokers (HR 1.45 95CI% 1.05-2.01). There
was no risk association between smoking and mortality
due to renal causes, non-lung cancer, nor gastrointestinal
deaths, although the power to detect an association was
probably low in the latter categories.

Sensitivity analyses

We conducted a sensitivity analysis for all-cause mor-
tality including individuals with comorbidities, obtain-
ing similar estimations to those without comorbidities.
Slightly higher point estimates were found in former
smokers, which suggests that the presence of complica-
tions due to comorbidities may influence the effect of
smoking in this subgroup of individuals (Supplementary
Fig. 5). We also fitted Cox models with the number of
cigarettes/day categorized into quartiles of consumption.
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Among daily smokers, there was a significant risk asso-
ciation among individuals in Q2 (HR 1.21, 95%CI 1.05-
1.40), Q3 (HR 1.18, 95%CI 1.05-1.33), and Q4 (HR 1.17,
95%CI 1.02-1.35) compared to never smokers. Among
non-daily smokers there was a risk association only
among those in Q1 (HR 1.14, 95%CI 1.01-1.29), and
among former smokers we found risk associations in
every quartile except Q2 (Supplementary Fig. 6) Finally,
we performed a sensitivity analysis to explore the asso-
ciation between mortality risk and smoking at ages>75
years, finding no significant mortality association at these
ages (Supplementary Fig. 7).

Discussion
In this study of 24,200 participants with diabetes and
no other comorbidities in the Mexico City Prospec-
tive Study, daily and non-daily smoking were associated
with an increased risk for all-cause mortality in a dose-
dependent manner. Daily smokers had higher mortal-
ity risk in those who smoked>10 cigarettes/day and in
participants who started smoking aged<15 years. This
association remained in daily smokers, non-daily smok-
ers, and former smokers even after categorizing cigarette
consumption into quartiles compared to never smokers.
Notably, over 50% of current smokers at baseline had
stopped smoking at resurvey, which suggests a significant
change in smoking habits during follow-up. Daily smok-
ers were also at increased risk of death due to causes
directly related to smoking (cardiovascular disease, myo-
cardial infarction, other vascular disease, lung cancer and
COPD), but also due to acute diabetes complications.
Among former smokers with diabetes, a significant pro-
portion remained as such at resurvey, with increased
mortality risk in those who previously smoked>10 cig-
arettes/day and in those who started smoking at ages
15-24. Former smokers were at increased risk of death
primarily due to COPD, hepatobiliary disease and, inter-
estingly, acute diabetes complications as well. Interest-
ingly, non-daily smokers also presented higher relative
risks primarily for stroke, acute diabetes complications,
and hepatobiliary causes of death. These findings confirm
that smoking represents an excess risk that is modifiable
in this population and support the notion that it remains
a significant risk factor to be considered to reduce cardio-
vascular risk as part of long-term diabetes management.
The effect of smoking on all-cause and cause-specific
mortality has been extensively reported in the general
population [17, 18] and numerous studies have also
explored the association between smoking and mortality
risk in individuals with diabetes, finding a predominately
positive association [19-21]. Regarding cause-specific
mortality, smoking among individuals with diabetes has
been associated with significantly increased risk for coro-
nary heart disease, stroke, and peripheral arterial disease
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Cause of death No. of cigs/d No. of deaths HR (95% Cl) p-value for interaction

Cardiovascular Never 629 1(0.9-1.11) 0.6082

Non-daily 466 0.96 (0.81-1.14)

|
<10 cig/d B 1.1 (0.97-1.27)
-l

=10 cig/d B 1.48 (1.24-1.76)

Myocardial infarction Never 451 1(0.89-1.13) 0.9469
Nen-daily 325 | 0.82 (0.66-1.02)
<10 cig/d |- 1.09 (0.93-1.29)
210 cig/d ] 1.43 (1.16-1.75)

Stroke Never 131 ] 1(0.8-1.25) 0.3947
Non-daily 93 . 1.49 (1.07-2.06)
<10 cig/d oo 1.14 (0.83-1.57)
=10 cig/d ] 1.13(0.7-1.8)

Other vascular Never 47 L ] 1(0.69-1.45) 0.5461
Non-daily 48 — 1.04 (0.58-1.89)
<10 cig/d » 1.18 (0.73-1.91)
=10 cig/d » 2.69 (1.7-4.26)

Acute diabetes Never 153 - 1(0.82-1.22) 0.706
Non-daily 161 ] 1.88 (1.46-2.43)
<10 cigid | 1.33 (1.02-1.74)
=10 cig/d — 2.29 (1.7-3.1)

Lung cancer Never 15 R 1(0.5-1.98) 0.1338
Non-daily 19 . 1.62 (0.68-3.91)
<10 cig/d - 2.05 (1.07-3.95)
=10 cig/d 2.33 (0.95-5.7)

Non-lung cancer Never 187 . 1(0.83-1.2) 0.2176
Non-daily 106 | 0.97 (0.69-1.36)
<10 cigid — 1.12 (0.85-1.47)
=10 cig/d n 1.01 (0.65-1.55)

COPD Never 28 L] 1(0.62-1.61) 0.1815
Non-daily 27 — - 1,53 (0.69-3.43)
<10 cig/d 1.17 (0.53-2.62)
=10 cig/d L 5.86 (3.4-10.12)

Other respiratory Never 217 7.7 1(0.84-1.19) 0.0132
Non-daily 185 — 1,17 (0.92-1.5)
<10 cigid | 1.05 (0.83-1.32)
=10 cig/d ] 1.42 (1.06-1.9)

Renal Never 689 . 1(0.91-1.1) 0.3161
Non-daily 471 s B 1.04 (0.9-1.21)
<10 cigid B 0.91 (0.79-1.05)
=10 cig/d —- 0.87 (0.7-1.07)

Hepatobiliary Never 99 —l— 1(0.78-1.28) 0.729
Non-daily 91 | 1.45 (1.05-2.01)
<10 cigid n 1.01 (0.72-1.41)
210 cig/d = 1.11 (0.7-1.75)

Gastric Never 92 — B 1(0.77-1.31) 0.125
Non-daily 65 = 0.84 (0.52-1.35)
<10 cig/d . 1.27 (0.9-1.8)
=10 cig/d _—— 1.34 (0.81-2.22)

Fig. 3 Cause-specific mortality in individuals with diabetes according to number of cigarettes smoked per day amongst daily smokers. COPD: Chronic
obstructive pulmonary disease. All models were stratified by sex and age at risk (5-year age groups) and adjusted for place of residence (Coyoacén or
|ztapalapa), educational level (elementary, high school, university, other), body mass index (BMI), HbATc, time since diabetes diagnosis, and alcohol
consumption
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[22, 23]. Our findings in this subgroup of participants are
in line to those reported previously for all-cause mortal-
ity, albeit with lower estimates for both former and daily
smokers 22]; and our cause-specific mortality analysis
identified similar risk associations, primarily with car-
diovascular disease and myocardial infarction for heavy
smokers, but not with stroke probably related to lack of
statistical power in our study population. Interestingly,
our results show a significant impact on death related
to acute hyperglycaemic crises in former, non-daily, and
daily smokers. Smoking is not considered a typical risk
factor for the development of either diabetic ketoacidosis
or hyperglycaemic hyperosmolar state; however concom-
itant illness such as myocardial infarction or cerebrovas-
cular events can be precipitating causes (among others
like poor adherence to treatment or infection) [24, 25].
Consequently, the observed association in our analysis
might be due to poor baseline glycaemic control and the
known association between smoking and cardiovascular
events, which might lead to higher risk of developing a
precipitating cause and increased risk of acute glycaemic
crises mortality in smokers. Additionally, given that cur-
rent smokers presented worse glycaemic control regard-
less of sex, this association might signal lack of lifestyle
modification or medication adherence, which could pre-
dispose active smokers to higher risk of acute glycaemic
crises. These findings should further strengthen the fact
that smoking cessation represents a pivotal intervention
to reduce mortality risk for individuals with diabetes, and
current smokers as an important group that should be
targeted with comprehensive management strategies.

Additionally, a risk association between smoking and
hepatobiliary causes of death was also found, especially
in former smokers and non-daily smokers. Diabetes mel-
litus represents a significant risk factor for the develop-
ment of non-alcoholic fatty liver disease (NAFLD) [26],
the occurrence of hepatic fibrosis, and non-alcoholic ste-
atohepatitis (NASH) [27]. Significantly, smoking has also
been associated to higher risk of developing NAFLD [28,
29]. Taken together, the high hepatobiliary mortality risks
associated with smoking, signal the importance of not
only promoting smoking cessation in this population, but
also considering taking recent recommendations related
to screening for NAFLD and NASH in individuals with
diabetes [30].

In Mexico, a previous analysis of the MCPS on healthy
individuals found that smoking was responsible for sig-
nificantly higher mortality risk among active smokers
with a dose-response relationship [6], representing the
first prospective analysis of smoking-related mortality in
Mexican population. The ratification of WHO’s FCTC in
Mexico in 2004 was followed by the approval of the 2008
General Law on Tobacco Control which allowed for ban-
ning of cigarette advertising and graphic health warnings
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on cigarette’s packages [31]. Additionally, by 2011 a 68%
tax was imposed on cigarette products [32]. All of these
measures were associated with an important decrease on
current smoking prevalence in Mexico from 2000 to 2010
[5]. However, despite the progress, prevalence increased
slightly between 2011 and 2016, and it has stalled since
then around 19% [5, 33]. Moreover, prevalence of previ-
ously diagnosed diabetes has increased dramatically in
Mexico reaching 10.2% in 2021 [3]. Even though smoking
cessation is advised for every person with diabetes, it has
been suggested that individuals with chronic diseases,
particularly younger persons, have higher prevalence of
smoking [34, 35]. Notably, the smoking trends among
individuals with diabetes in Mexico are largely unknown,
and so is the mortality risk associated with smoking,
thus the rational to explore tobacco use in this subgroup
of participants. It should be noted as well that previ-
ous analyses of MCPS have found high mortality rates
in individuals with diabetes, which accounts for at least
a third of all deaths at ages 35-74 years [11]. Given this
conditions, even if the smoking-related RRs found in this
analysis are somewhat lower than previously reported in
individuals with diabetes [22] and in disease-free partici-
pants [6], the smoking-related mortality risk for individu-
als with diabetes might be similar or even greater in this
population. Finally, it should be highlighted that several
interventions have proved effective to promote smok-
ing cessation in individuals with diabetes [4, 36], which
emphasizes the importance of improving public health
policies directed towards smoking cessation.

Strengths and limitations

Our study has several strengths, including its prospec-
tive design, which allows to obtain reliable estimates
of the association between mortality risk and smoking
in individuals with diabetes in a middle-income coun-
try, the large sample size obtained from two urban dis-
tricts in Mexico City, and the analysis of resurvey data
to assess changes of smoking habits during follow-up.
We recognize however some limitations which should
be considered to adequately interpret our findings. First,
medication use was self-reported and some participants
with controlled HbAlc who did not report glucose-
lowering treatment might not have been included as
individuals with diabetes. Second, information regard-
ing characterization of former smokers is incomplete,
which did not allow us to estimate the effect of time
since smoking cessation in all-cause mortality. Third,
because resurvey information was collected only in
a subset of surviving participants, we were unable to
explore the impact of changes in smoking exposure
during follow-up on mortality analyses for every indi-
vidual and, consequently, our estimates using baseline
interview information do not account for changes in
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smoking patterns over time, which might lead to a poten-
tial underestimation of RRs, biasing the results towards
the null. Reverse causality might also be a concern, par-
ticularly for participants who did not self-report comor-
bidities but who may present subclinical or undiagnosed
comorbid conditions. Diabetes diagnosis might change
the smoking status of participants which might be of
concern in former smokers and in participants with undi-
agnosed diabetes. Given that we have limited informa-
tion regarding why and when former smokers quitted
and the precise moment undiagnosed participants were
diagnosed with diabetes, caution should be taken regard-
ing our estimates in these categories. Finally, due to the
observational nature of the study, we are unable to rule
out residual confounding despite controlling for known
modifiers of mortality risk in statistical analyses.

Conclusions and perspectives

In summary, our results highlight that smoking in indi-
viduals with diabetes still represents an important risk
factor for all-cause and cause-specific mortality. Former
smokers with diabetes are at increased risk dependent on
previous smoking intensity, whilst daily smokers have a
dose-dependent increase in mortality risk, particularly
for individuals who started smoking at younger ages.
Notably, smoking is associated with higher risk of acute
diabetes complications, which support the view that
smoking cessation is still a relevant target to improve dia-
betes management and that it should be strongly recom-
mended during patient counselling.
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