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Background Diabetes mellitus (DM) affects millions of people worldwide, with associated morbidity and premature mortality
exacerbated by all forms of smoking. The effects of smokeless tobacco, such as snuff and chewing tobacco, have not been well
researched. The use of these products is on the increase and is an important public health issue.
Objectives The objective is to assess the difference between snuff tobacco use and non-tobacco use with regard to all-cause
mortality, diabetic nephropathy (DN), and diabetic retinopathy (DR) over a nine-year period.
Methods The records of 1 241 patients were assessed at the diabetic clinic at Kalafong Provincial Tertiary Hospital. Patient data
extracted from the database included demographic information, clinical observations, and laboratory data. All data regarding
changes in tobacco use were extracted. Survival analyses were done using Kaplan–Meier analysis with log-rank tests to assess
the relationship between snuff use and time to the development of diabetes complications and mortality. To adjust for
confounders such as diabetic control and duration, as well as systolic hypertension, Cox proportional hazards modelling
was done with the same outcome measures.
Results Of the 1 241, 120 patients died, representing a natural all-cause mortality of 9.7%. There was no statistically significant
difference between snuff users and non-snuff users with regard to all-cause mortality after adjustment for age, smoking, and
diastolic blood pressure. The HR for snuff use was 1.116 (CI = 0.603–2.064) (p = 0.726) after adjustment for age (HR 1.042, CI
1.026–1.058, p < 0.001), smoking (HR 1.66, CI = 1.126–2.447, p = 0.01), and diastolic blood pressure (HR 1.014, CI 1.004–1.025,
p = 0.007).
Conclusion This study could not demonstrate any additional risk to all-cause mortality, diabetic nephropathy, or diabetic
retinopathy due to the use of snuff in diabetic patients.

Keywords: diabetes mellitus, diabetic retinopathy, diabetic nephropathy, tobacco, smoking, snuff, smokeless tobacco

Introduction
Diabetes mellitus (DM) is a global health concern that impacts
millions of people and can lead to significant morbidity and pre-
mature mortality. Type 2 diabetes (T2D) is the most common
form of diabetes, accounting for 90–95% of cases, and is
strongly influenced by environmental, nutritional, and lifestyle
factors. One such lifestyle factor that has been linked to dia-
betes is smoking, which has been shown to increase morbidity
and mortality in patients with diabetes. Unfortunately, the
prevalence of smoking in Africa is high, with notable regional
and gender differences.1 Smokeless tobacco (SLT) use makes
up about 25% of global tobacco consumption, with some indi-
viduals using more than one type of tobacco concurrently.2,3

Aggarwal et al.4 and Luo et al.5 have shown that the risk of
developing T2D after smoking cessation is the same as for
non-smokers after 10 years. Smoking is, therefore, one of the
most important reversible factors that could be implemented
on all levels of medical care to improve morbidity and
mortality.6

The negative effects of smoking on human health are well docu-
mented,7–10 but the effects of SLT use have not been well
researched. The limited evidence published from studies in
this regard is contradictory and was done predominantly on
male subjects.11 SLT is a category of tobacco products that

can be used through the mouth or nose without being
burned. These products are available in various forms and prep-
arations, and are used all over the world. The use of SLT is
becoming an increasingly important public health concern
due to its rising popularity. Some examples of SLT products
include traditional chewing tobacco and snuff, as well as
Snus, which originated in Sweden. In South Africa, the predomi-
nant form of SLT used is snuff, which is a dried form of
powdered tobacco.12,13

Although the perception may be that SLT might be a safer
option than smoking cigarettes, it contains the same or even
more nicotine than cigarettes and is just as, if not more, addic-
tive depending on its content.14 From the literature, it appears
that SLT consumption could have incremental adverse effects in
patients with diabetes, resulting in increased morbidity and pre-
mature mortality.15,16 The objective of this paper is to evaluate
the incidence of diabetes complications in a cohort of diabetic
patients to see if snuff tobacco use contributes to all-cause mor-
tality, diabetic nephropathy (DN), and diabetic retinopathy (DR).

Methods
This was a retrospective cohort study of diabetic patients who
received treatment over a nine-year period, from January
2009 to December 2017, at the Kalafong Provincial Tertiary
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Hospital (KPTH) diabetes clinic. KPTH is a tertiary care facility in
the western part of Tshwane.

Patient records were extracted from the electronic clinical
record system in use at the diabetes clinic. All patients following
up at the clinic were eligible for inclusion in this study if they
were older than 18 years of age when entering the clinic, diag-
nosed with T1D or T2D, and were followed up at the clinic for at
least one year or a minimum of two clinic visits. Patients were
excluded from the study if significant data were missing with
regard to smoking or snuff use. Patients were also excluded if
no national identification number was recorded on the elec-
tronic system; this included non-SA citizens who were not per-
manent residents. The reason for excluding patients without an
identification number is that the patients’ survival status could
not be determined without the national identification number
from the Department of Home Affairs.

All clinical information on patients attending the KPTH diabetic
clinic is captured on an electronic record-keeping system (MS
Access; Microsoft Corp, Redmond, WA, USA) since 2009. Rel-
evant data were extracted from this record-keeping system
for use in the study. Clinical data, data related to tobacco use,
and outcome measures were extracted; this included all vari-
ables that could potentially confound the relationship
between tobacco use and the outcome variables. Patient data
extracted from the database included demographic infor-
mation, clinical observations, and laboratory data.

Three subsets of tobacco users were assessed: smokers,
never-smokers, and SLT (snuff) users. The smokers were
further categorised into currently smoking and previously
smoking. Previous smokers were then further subdivided into
those who had stopped smoking for more than one year, and
those who had stopped smoking for less than one year. Snuff
use was classified as snuff users and not snuff users. Individual
tobacco exposure for both smokers and snuff users was not
quantified otherwise.

All deaths were verified, and unnatural mortalities were differ-
entiated from natural mortalities using an information service
provider for the Department of Home Affairs of South Africa
(identity.org). The exact cause of death could not be verified
where patients did not die in KPTH. All deaths were verified
for patients who died during the period of the study from
January 2009 to December 2017.

The sample size for this study was calculated, which required at
least 790 patients with at least 79 patients who were using
snuff. All data analyses were done using IBM SPSS version
28.0.1.0 (142) 2021 (IBM Corp, Armonk, NY, USA). All demo-
graphic and descriptive data are described in terms appropriate
for the type and distribution of data. Survival analyses were
done using Kaplan–Meier analysis with time to death, time to
development of DR in the first eye, time to eGFR less than 60,
time to increase albuminuria moderately (urine albumin to crea-
tinine ratio between 3 and 30 mg/mmol), and time to severe
albuminuria (urine albumin to creatinine ratio more than
30 mg/mmol) as outcome measures. Log-rank tests were done
to compare time-to-event data between snuff users and
patients not using snuff. To adjust for confounders, Cox pro-
portional hazards modelling was done with the same
outcome measures. For this analysis, snuff category and mul-
tiple potential confounding variables were included as predic-
tor variables in the modelling. The variables considered for

inclusion in the Cox proportional hazards modelling were
selected from a univariate analysis of each potential confound-
ing variable. Confounding variables with a p-value of equal or
less than 0.15 were included in the multivariate modelling. All
eligible confounding variables and snuff status were entered
in the multivariate models, whereafter the models were simpli-
fied to the most parsimonious model by excluding variables,
one by one, that were significantly correlated or had the
lowest contribution to the model.

The study was approved by the Faculty of Health Sciences
Research Ethics Committee of the University of Pretoria (70/
2018). Permission was also obtained from the CEO of Kalafong
Provincial Tertiary Hospital (custodian of the data) for the use
of patient information. The information obtained from patient
records in this study was anonymised to ensure patient
confidentiality.

Results
A total of 1 241 patients were included in the study, of whom
120 patients died of natural causes during the nine years of
follow-up. This represents an all-cause mortality of 9.7%. Two
mortalities were excluded from the final analysis because one
death was unnatural, and in the other case, the name of the
deceased as per the national ID number did not match the
patient’s name on the clinical records (Figure 1).

The mean age of the study subjects was 51.46 years, and the
majority were female. Of the 1 241 patients analysed, 913
(73.6%) patients had never smoked, 135 (10.9%) patients were
still smoking, and 190 (15.3%) patients had stopped smoking.
Of those who had stopped smoking, 164 had stopped for
more than one year and 26 for less than a year. (Table 1)

Table 2 presents data on the sample that are divided into snuff
users and those who did not use snuff. A total of 101 of the
1 241 patients included in the study used snuff at baseline. Of
these, 94 (93%) never smoked, 5 (5%) stopped smoking more
than one year ago, 1 (1%) stopped smoking less than 1 year
ago, and 1 (1%) were still smoking.

Snuff users had a statistically non-significant poorer mean survi-
val rate than that of non-snuff users (95.9, CI 90.4–101.4 vs. 101,
CI 97.9–104.4) months (on univariate analysis [log-rank p =
0.346]) (Figure 2).

In a multivariate Cox proportional hazards model, there was no
statistically significant difference between snuff users and non-

Figure 1: Flow diagram demonstrating how the final sample size was
achieved.
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snuff users with regard to all-cause mortality after adjustment
for age, smoking, and diastolic blood pressure. The HR for
snuff use was 1.116 (CI = 0.603–2.064, p= 0.726) after adjust-
ment for age (HR 1.042, CI 1.026–1.058, p < 0.001), smoking
(HR 1.66, CI = 1.126–2.447, p = 0.01) and diastolic blood pressure
(HR 1.014, CI 1.004–1.025, p = 0.007)] in the most parsimonious
Cox proportional hazards model.

In the univariate Kaplan–Meyer analysis the mean time to
reduction in eGFR to less than 60 ml/min for snuff users (4.75,
CI 3.77–5.73 years) was statistically significantly shorter than
for non-snuff users (6.62, CI 6.33–6.9 years) (log-rank p < 0.001).

The Cox proportional hazards model comparing snuff users vs.
non-snuff users for time to development of an eGFR < 60 (CKD
epi without cystatin), found an HR of 1.217 (CI 0.935–1.586, p =
0.144) after adjustment for the following confounding variables
in the most parsimonious Cox proportional hazards model:
age (HR 1.047, CI 1.041–1.054, p < 0.001), HbA1c (HR 1.035, CI
1.007–1.063, p = 0.013) and systolic blood pressure (HR 1.006,

CI 1.002–1.009, p = 0.001). In the univariate analysis, the dur-
ation of diabetes showed a statistically significant effect on
the time to development of eGFR < 60. However, it was
excluded from the multivariate model because of a strong cor-
relation with age. Prior or current smoking did not contribute to
the risk in the model.

In the Kaplan–Meyer analysis comparing snuff users vs. non-
snuff users for time to development of moderately increased
albuminuria (formerly microalbuminuria) (urine albumin: creati-
nine between 3 and 30 mg/mmol), the mean time to moderate
albuminuria for snuff users (2.9, CI 2.21–3.61 years) was statisti-
cally non-significantly shorter than for non-snuff users (3.66, CI
3.43–3.89 years) (log-rank p < 0.074). In the multivariate analysis,
there was no statistically significant difference between snuff
users and non-snuff users in the mean time to development
of moderate albuminuria with an HR of 1.163 (CI = 0.917–
1.475, p = 0.213). This was after adjustment for confounding
variables in the most parsimonious Cox proportional hazards
regression model: HbA1c (HR 1.046, CI 1.023–1.069, p < 0.001),

Table 1: Demographic, clinical and laboratory variables at baseline

Variable n Frequency (%) Mean (SD) Median (IQR)

Age (years) 1 241 51.46 (15.24)

Sex 1 241

Female 745 (60%)

Male 496 (40%)

Race 1 241

Black 1110 (89.4%)

White 70 (5.6%)

Indian 54 (4.4%)

Coloured 7 (0.6%)

Years in clinic (years) 1 241 6.00 (3–11)

Diabetes subtype 1 241

Type 1 419 (33.8%)

Type 2 772 (62.2%)

Uncertain 50 (4%)

Duration of diabetes (years) 1 235 12 (7–19)

Hypertension 1 241 956 (77.8%)

Mean blood pressure

Systolic (mmHg) 1 235 138 (124–156)

Diastolic (mmHg) 1 231 83 (75–92)

Body mass index (BMI) (kg/m2) 1 215 30.04 (26.14–34.99)

HbA1c (%) 1 179 8.70 (7.1–11.5)

U-alb:creat ratio (mg/mmol) 1 155 1.80 (0.70–6.90)

Lipid profile

Total cholesterol 1 187 4.70 (3.90–5.40)

(mmol/l) 1 161 2.70 (2.00–3.30)

LDL (mmol/l) 1 186 1.12 (0.94–1.40)

HDL (mmol/l) Triglycerides (mmol/l) 1 183 1.50 (1.00–2.30)

Serum creatinine (µmol/l) 1 160 79.50 (65.00–97.75)

Tobacco use status 1 241

Never smoked 913 (73.6%)

Stopped smoking 164 (13.2%)

> 1 year ago 26 (2.1%)

< 1 year ago 135 (10.9%)

Still smoking Missing information 3 (0.2%)

Snuff using 1 241 101 (8.1%)

Died 1 241 120 (9.7%)
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systolic blood pressure (HR 1.010, CI 1.007–1.013, p < 0.001), and
duration of diabetes (HR 1.023, CI 1.016–1.031, p < 0.001). Age
correlated with the duration of diabetes and was therefore
excluded from the model. Smoking did not contribute signifi-
cantly and was excluded in the most parsimonious model.

In the Kaplan–Meyer analysis, the mean time to severe albumi-
nuria (> 30 mg/mmol in urine albumin to creatinine ratio) (for-
merly macroalbuminuria) for snuff users (6.52, CI 5.8–7.2 years)
was statistically non-significantly less than for non-snuff users
(6.83, CI 6.62–7.24 years) (log-rank p < 0.491). After adjustment
for confounding in the multivariate analysis, there was no stat-
istically significant difference between snuff users and non-
snuff users in the time to development of severe albuminuria
(HR 1.099, CI 0.764–1.582, p = 0.610). The confounders adjusted
for in the most parsimonious Cox proportional hazards model

were HbA1c (HR 1.069, CI 1.035–1.105, p < 0.001), systolic
blood pressure (HR 1.016, CI 1.012–1.020, p < 0.001), and dur-
ation of diabetes (HR 1.036, CI 1.025–1.048, p < 0.001).
Smoking did not contribute significantly to the most parsimo-
nious model.

In the Kaplan–Meyer analysis, the mean time to the detection of
retinopathy in the first eye for snuff users (7.51, CI 6.98–8.05
years) was statistically non-significantly longer than for non-
snuff users (6.98, CI: 6.8–7.2 years) (log-rank p < 0.136). In the
multivariate analysis, there was no statistically significant differ-
ence between snuff users and non-snuff users in the time to
development of retinopathy in the first eye with an HR of
0.857 (CI 0.657–1.117, p = 0.253). This was after adjustment for
the following confounding variables in the most parsimonious
Cox proportional hazards model: systolic blood pressure (HR

Table 2: Variables divided by snuff users and never used snuff

Variable

Snuff use Never used snuff
p

n Med. (IQR) n Med. (IQR)

Male/Female 101 11/90 1 140 485/655 < 0.001

Age (years) 101 58 (50–67.5) 1 140 52 (40–62) < 0.001

Years in clinic 101 7 (4–11) 1 140 6 (3–11) 0.302

Months in study 101 62 (19–84) 1 140 54 (21–97) 0.664

Duration of diabetes 100 15 (9–20.75) 1 135 12 (7–19) 0.026

BMI (kg/m2) 100 31.64 (26.95–38.23) 1 115 29.95 (26.10–34.68) 0.018

Systolic blood pressure (mmHg) 101 139 (124–158) 1 134 138 (124–156) 0.783

Diastolic blood pressure (mmHg) 101 88 (77–96) 1 130 83 (75–91) 0.008

HbA1c (%) 101 8.5 (7.1–11.5) 1 140 8.7 (7.1–11.5) 0.932

U-alb:creat ratio (mg/mmol) 94 2.25 (0.68–9.63) 1 061 1.70 (0.70–6.90) 0.682

Total cholesterol (mmol/l) 97 4.8 (4.0–5.5) 1 090 4.60 (3.90–5.40) 0.506

LDL (mmol/l) 97 2.80 (2.09–3.30) 1 064 2.63 (2.00–.3.30) 0.548

HDL (mmol/l) 97 1.20 (1.00–1.50) 1 089 1.12 (0.93–1.40) 0.174

Triglycerides (mmol/l) 97 1.60 (1.10–2.24) 1 086 1.50 (1.00–2.30) 0.555

Serum creatinine (µmol/l) 96 81 (72.00–95.75) 1 064 79 (64–98) 0.433

Figure 2: Kaplan–Meyer graph for all-cause mortality between snuff users and non-snuff users without adjustment.
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0.995, CI 0.992–0.998, p = 0.001) and duration of diabetes (HR
0.947, CI 0.938–0.956, p < 0.001). Both HbA1c and smoking
(current or prior) did not contribute to the most parsimonious
model.

Discussion
In this retrospective cohort study of 1 241 patients followed up
over a median of a six-year period, snuff usage was associated
with an increased all-cause mortality before adjustment for
age and diastolic blood pressure. After adjustment for other
major confounding variables, i.e. age, current or prior
smoking, and systolic blood pressure, snuff usage did not
relate to a statistically significant difference in all-cause survival.
This is consistent with data from studies done in Europe, par-
ticularly in Sweden where Snus, a cleaner, regulated product
is used, which found no association with mortality in the
general population.17 However, the adverse effects of SLT
(including snuff use) in the general population vary from
region to region and are influenced by the type of product
and population. An increased all-cause mortality was demon-
strated in studies from Asia, the Middle East, and Africa
(AMEA). In contrast, studies from the USA showed inconsistent
effects on all-cause mortality.17 A multitude of different SLT
products are used in the AMEA region, and studies report an
association with head and neck cancers, a reduction in disabil-
ity-adjusted life years and an increase in the annual death rate.3

DN and DR are significant complications accounting for a sub-
stantial burden of disease in diabetic patients. Research has
shown that tobacco usage may contribute to increased rates
and severity of these diabetic complications.4 Our cohort
demonstrated no increase in DN (decrease in GFR or increase
in moderate or severe albuminuria) or DR in snuff users after
adjustment for other risk factors. There are no data available
in the literature on diabetic cohorts using SLT and any associ-
ation with DN or DR. A small South Asian study showed an
association of SLT use and diabetic foot ulcers, with a higher
incidence of DR and DN in patients with foot ulcers.18 A study
conducted in Europe found no significant increase in morbidity
associated with the use of Snus, an SLT product, in a cohort of
individuals from the general population. However, the negative
impact of cigarette smoking on the onset and progression of
diabetic nephropathy (DN) is well-established in diabetic
patients.19 The effect of smoking on DR is inconclusive, with
studies demonstrating conflicting results.4

Snuff usage in our cohort was not associated with increased all-
cause mortality or a negative effect on DN and DR. This raises an
interesting argument, as it is proposed by some authorities that
SLT may potentially act as an agent to facilitate smoking cessa-
tion.20 SLT is associated with significant adverse effects, but
there is enough evidence to support the principle of less
harm than cigarette smoking.20 This may not be applicable gen-
erally, because the heterogeneity in product quality, compo-
sition, and route of administration is likely to influence
substantially the effect of SLT in different geographical
locations.

Limitations of the study include the fact that snuff usage was
not quantifiable. There was also no objective way to confirm
current tobacco use status other than patient self-reporting.
Patients were also classified as snuff users or smokers based
on baseline reporting; the study did not take into account
that patients could have stopped smoking or used snuff
during the follow-up period.

Conclusion
Snuff usage in our diabetic cohort did not appear to be harmful
in terms of all-cause mortality, DR, and DN after adjustment for
other comorbidities.
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