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ABSTRACT

Introduction Smoking is harmful, and its cessation is
recommended to prevent chronic kidney disease, which

often begins with abnormal leakage of albumin in the urine,
called albuminuria. Smoking cessation’s effect on albuminuria
depends on the pack-years smoked, length of abstinence, body
mass index (BMI) and glycosylated haemoglobin (HbA1c). Using
the UK Biobank data, we examined the relationship between
these cardiorenal variables and albuminuria.

Methods For this study, we selected a UK Biobank cohort

with urinary albumin concentration (UAC) in the first and
second visits. Participants were divided into progressor and
regressor groups, where progressors were defined as those
with increased UAC value, and regressors were those with
decreased UAC value. Three different logistic regression models
were fitted. In model 1, with a cohort design, we explored the
impact of a change in age, HbA1c and BMI between the first
and second visits and the UAC. In model 2 and 3, in a cross-
sectional design, we explored which cardiorenal risk factors
were associated with a rise or fall of UAC at the time point of
the second visit. Results are expressed in OR and 95%¢Cl.
Results The prevalence of albuminuria was highest in ex-
smokers who started smoking between the ages of 13 and 18.
With a mean duration of 51 months, there was no statistically
significant relationship between smoking status and BMI with
albuminuria. Each year of ageing and each unit of increase

in HbA1c (mmol/mol) increased the odds of progression of
albuminuria by 20% and 3%, respectively. In ex-smokers,

at the time point of the second visit, each year of smoking
increased, and each year of abstinence decreased the odds by
4% and 6%, respectively.

Conclusion Smokers should be supported to stop smoking
and remain abstinent despite short-term weight gain. Childhood
smoking should be actively discouraged.

INTRODUCTION

Smoking and obesity are the leading prevent-
able causes of mortality and morbidity world-
wide. On average, the life expectancy of
overweight smokers is 13 years lower than
normal-weight non-smokers.! People with
cardiometabolic diseases are particularly at

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Smoking is an independent risk factor for the pro-
gression of albuminuria. Therefore, smoking cessa-
tion is a key public health intervention recommended
to prevent the rising surge of people developing
chronic kidney disease. Postcessation weight gain
and a rise in the glycosylated haemoglobin (HbA1c)
are major barriers to successfully quitting. The ef-
fects of smoking cessation on albuminuria depend
on the pack years smoked, the length of abstinence
and associated metabolic sequelae on lipid profiles,
blood pressure and the age when quitters started
and stopped smoking.

WHAT THIS STUDY ADDS

= Childhood smoking can increase the risk of albu-
minuria. Using the urinary albumin concentration at
two time points in the UK Biobank study, participants
showed that a rise in HbA1c after smoking cessation
but not the body mass index is associated with the
progression. In ex-smokers, at the time of the sec-
ond visit, smoking increased the risk of albuminuria,
and the duration of abstinence decreased the risk.
Therefore, smokers should be supported to stop
smoking despite concerns about potential weight
gain. A holistic and multifactorial strategy should be
adopted to prevent a rise in HbA1c after smoking
cessation.

risk.?? To reduce the burden of complications
arising from tobacco consumption in people
with non-communicable diseases, the WHO
set a target to reduce tobacco consumption
from baseline in 2010 by 30% in its member
countries by 2025.* Due to raised awareness
and public health intervention, the fourth
WHO global tobacco trends report published
in 2021 showed that tobacco consumption
in adults had decreased considerably in its
member countries. However, the report also
highlighted that 38million children aged
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= This study can inform public health policy-makers to reinforce the
message that smokers should quit and remain abstinent long term.
As it is almost inevitable that smoking cessation is associated with
weight gain, weight management should be an integral part of
smoking cessation services. Irrespective of weight gain, smoking
cessation can cause arise in the HbA1c; therefore, close monitoring
of HbA1c should also be part of smoking cessation services. Novel
pharmacotherapy such as glucagon-like peptide 1 analogue with
dual weight and HbA1c reduction action should be considered to
help smokers quit and remain abstinent long term. Future research
should explore the cost and effectiveness of this intervention to
improve the successful quit rate and reduce the risk of vascular
complications.

13-15 still smoke tobacco worldwide.” Concurrently, due
torapid urbanisation in third-world countriesand cheaper
availability of high-calorie food in developed countries,
childhood obesity is rising globally, increasing mortality
and morbidity risk.®” Smoking and obesity are interlinked
risk factors associated with microvascular complications
such as retinopathy, neuropathy and nephropathy, and
macrovascular complications such as coronary, cerebro-
vascular and peripheral artery disease.*™! Therefore, the
WHO has set a target of reducing childhood smoking
to zero and reducing childhood obesity as its significant
public health priority.'?

The relationship between smoking, its cessation,
obesity, risk of incident type 2 diabetes mellitus (T2DM)
and vascular complications such as chronic kidney
disease (CKD) is confusing and poorly researched.
Compared with non-smokers, despite a lower body mass
index (BMI), smokers have a higher risk of developing
incident T2DM and CKD."* 1 Obesity, on the other hand,
is an independent risk factor for T2DM and CKD.'" '®
While smoking cessation is associated with a rise in cardi-
oprotective high-density lipoprotein (HDL) cholesterol
as early as 3weeks after quitting,'” it is associated with a
rise in glycosylated haemoglobin (HbAlc) and incident
T2DM." '® While an increase in HDL cholesterol is likely
to reduce the risk of vascular complications such as CKD,
the impact of postcessation weight gain on renal function
is unknown. Due to the rising number of people requiring
renal replacement therapy (RRT) due to diabetic kidney
disease, ’ improving renal outcomes without increasing
the risk of T2DM is a significant public health challenge.

Smoking is associated with insulin resistance and hyper-
insulinaemia, which increases the risk of albuminuria.?’
The risk is exceptionally high in young and adolescent
obese smokers.”” To prevent children and adolescents
from taking up the habit of smoking and quitting if
they have already started smoking needs consistent
and evidence-based advice. Most smokers start smoking
in their early to late teens and continue in their adult
lives.”” ** Key drivers for taking up smoking habits in this
age group are to look slimmer and manage stress, leading

to an obesity paradox and a lifelong reliance on nicotine
as a stress reliever.”” *° Consequently, young and adoles-
cent smokers enter adulthood with a disproportionately
higher risk of T2DM and microvascular and macrovas-
cular complications.

Smokin% cessation, on the other hand, improves insulin
sensitivity”" but paradoxically increases the risk of inci-
dent T2DM,” which can deter smokers from quitting. A
recent US study showed that the significant barriers for
young and adolescent smokers to quit and remain absti-
nent are post-cessation increases in stress, anxiety, BMI
and nicotine withdrawal symptoms. On the other hand,
the major facilitator to successful quitting is improved
physical fitness and the higher cost of tobacco.” In addi-
tion, smokers from deprived socioeconomic backgrounds
find postcessation weight gain a significant trigger for
resuming smoking after a brief period of abstinence.”
Stopping and starting smoking instead of sustained absti-
nence is counterproductive and may not reduce the risk
of vascular complications such as CKD.*' *

Albuminuria is an important hallmark for both micro-
vascular and macrovascular complications.” ** Smoking
is strongly associated with albuminuria, and its cessation
attenuates the risk.* However, the research evidence
of the effect of postcessation weight gain on vascular
complications is inconsistent. Some studies reported that
microvascular and macrovascular risk could be reduced
after smoking cessation if postcessation weight gain can
be prevented.*® *” In contrast, some other studies contra-
dicted this observation and suggested that those who
had postcessation weight gain had a lower risk of a major
adverse cardiovascular event and mortality than those
who lost weight.”® Therefore, the anxiety of further weight
gain, risk of developing T2DM, worsening of glycaemic
control and unknown impact on vascular outcomes
are the major deterrents for obese smokers to quit.”’
Although public health guidelines are unambiguous
about the harm of smoking and the benefit of smoking
cessation, they are less clear about the cardiometabolic
consequences of smoking cessation and how to manage
them.

This study explored how the differences in age, BMI,
systolic blood pressure (SBP), HbAlc, creatinine, HDL
and total cholesterol (TC) values between the first and
second visits impact albuminuria progression based on
smoking status and gender. In a subgroup analysis of
ex-smokers, we examined the effect of male sex, age,
diastolic blood pressure (DBP), waist circumference,
cholesterol, HbAlc, years of smoking before quitting and
years of abstinence on the odds of albuminuria at the
time point of the second visit.

MATERIALS AND METHODS

Study cohort and design

We conducted a retrospective cohort study on volunteers
of UK Biobank data who had urinary albumin concen-
tration (UAC) values in both the first and second visits.
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People who consented to take
part in the UK Biobank studies
at enrolment (n=502,490)
(March 1, 2006, to December
31, 2010)

Excluded — participants
withdrawn consent (n=82)

A 4

before the analysis (April 1,
2022)

Eligible participants for the
cohort study (n=502408)

Excluded — UAC value not
available on the second

A\ 4

A

visit (n=495903)

UAC value available in second visit
(n-6505) (August 08, 2012 — June
17,2013)

Excluded — UAC value
not available in first

A\ 4

UAC value available in both first
& second visit 43.1% (n=2805)

\ 4

visit 56.9% (n=3700)

Excluded — no change in

y
Included — Increased UAC 53.7%
(n=1506); decreased UAC 35.2%
(n=987)

Figure 1

The age range of volunteers on the first visit was 40-70
years, and on the second visit was 44—76 years. The initial
visit was between 13 March 2006 and 01 October 2010,
and the follow-up was between 8 August 2012 and 7
June 2013. Out of a total of 502490 participants, 30.42%
(n=152864) provided urine samples on the first visit,
and from a total of 20 346 participants, 31.97% (n=6505)
provided urine samples on the second visit. Out of them,
the corresponding UAC value was available in the first
visitin 43.1% (n=2805); between the visits, the UAC value
was unchanged in 11.1% (n=312), increased in 53.7%
(n=1506) and decreased in 35.2% (n=982) (figure 1).
The data field description in the UK Biobank was
‘microalbumin in urine’.

A\ 4

UAC value 11.1% (n=312)

Flow chart of selection of study population. UAC, urinary aloumin concentration.

Selection process and data collection

In the follow-up visit, the UK Biobank participants
(n=20346) completed a questionnaire about demo-
graphic details, smoking status and medical history. They
also had physical examinations to measure height, weight
and blood pressure by a qualified research nurse. Those
who agreed to provide blood, urine and saliva samples
were also analysed. Data for age, sex, the age at which
smokers started and stopped smoking, the number of
years they smoked, and when diabetes and hypertension
were diagnosed were obtained from the questionnaire.
Duration of smoking was calculated by subtracting the age
they started smoking from the age they stopped smoking;
duration of abstinence was calculated by subtracting the

Kar D, et al. BMJ Public Health 2023;1:e000172. doi:10.1136/bmjph-2023-000172

3

"ybuAdoo Aq pajoslold 1senb Ag £20g ‘| 1 Jequiedeq uo /woo fwg-yyresyolqndiwgy/:diy woly pepeojumoq €202 J8qWBAON 2 Uo 2/ 1000-£202-Udlwa/ggt 101 se paysiignd isay :ydlwg


http://bmjpublichealth.bmj.com/

BMJ Public Health 3

current age on the second visit and the age they stopped
smoking. All the data were verified by the lead author
(DK) and another study team member (AE-W). The data
were reported using Strengthening the Reporting of
Observational Study reporting guidelines for retrospec-
tive studies.

Patient and public involvement
In this project, patients and the public were not directly
involved.

Inclusion and exclusion criteria

The inclusion criteria were the availability of UAC values
at two time points, visit 1 and visit 2. Those who did
not have the UAC value on both the first and second
visits were excluded. Adults aged 18 years or over were
included, and those aged below 18 years were excluded.
UK Biobank published a list of participants who with-
drew their consent to take part in the study. We removed
their data from the analyses. Smoking data were obtained
from the questionnaire the participants filled out. Those
participants who did not want to disclose their smoking
status were classed as missing data and were not used for
statistical analyses.

Exposure and covariates

The population of interest was those who had UAC values
in both the first and the second visit. Based on the UAC
values between the visits, the population was divided into
three groups—progressors, whose UAC value increased
between the first and second visits; regressors, whose
UAC value decreased in the second visit; and unchanged,
whose UAC values were the same in both the first and
the second visits. Smokers were classed as active smokers
(smoked cigarettes excluding electronic cigarettes for
12 months or longer) at the second visit, non-smokers
were those who never smoked and ex-smokers were those
participants who smoked in the past but had given up
at the time of the second visit and were abstinent for at
least a year. Covariates were age, sex, BMI, waist circum-
ference, age started and stopped smoking, serum creati-
nine, HbAlc, blood pressure and cholesterol at the
second visit.

A Kolmogorov-Smirnov test showed that the distri-
bution of all the numerical variables was parametric
except age and UAC in visit 2 (online supplemental
material). These two variables are expressed in median
and range. All other numerical values are expressed in
mean (SD). BMI was expressed in kg/mQ; SBP and DBP
were expressed in mm of Hg; cholesterol, HDL and low-
density lipoprotein (LDL) were expressed in mmol/L,
and HbAlc was expressed in mmol/mol and %. This
study did not include smoking e-cigarettes or consuming
tobacco in any other form except smoking cigarettes.

Outcome variables

For this study, we used the Kidney Disease Improving
Global Outcomes (KDIGO) guideline, which defined
normoalbuminuria as UAC value in a spot sample of

urine <20 mg/L, microalbuminuria as 20-200mg/L and
macroalbuminuria as >200mg/ L.* Albuminuria was
defined as any value above>20mg/L, and an increase in
the UAC value was 21 mg/L, the decrease was >2-1mg/L,
and no change was the same value in the first and second
visits. However, this change in UAC values in two visits
is not clinically significant. The study’s primary outcome
was a change in the UAC values between the first and
second visits. The secondary outcomes were changes in
the HbAlc, blood pressure, serum creatinine, TC, HDL,
LDL and BMI between the two visits.

Software used
All the analyses were carried out using IBM SPSS
V.28.0.1.1 and R V.4.2.2.

Statistical analyses

The primary analysis was a cohort study conducted on
the study population who had the UAC values in the
first and the second visits. In this part of the analysis, a
logistic regression model was fitted in a cohort design
with differences in numerical cardiorenal risk factors of
age, BMI, SBP, HbAlc, creatinine, HDL and TC between
the first and second visits. In the same model, the differ-
ences in the odds of albuminuria in males versus females,
ex-smokers versus non-smokers, and current smokers
versus non-smokers were elucidated. In a subgroup anal-
ysis, using a cross-sectional design, a logistic regression
model was fitted in ex-smokers to examine the relation-
ship of the male sex, age, DBP, waist circumference,
cholesterol, HbAlc, duration of smoking and duration of
abstinence with an increase and decrease in UAC value
at a time point of second visit. Participants who did not
have their UAC value on both the first and second visits
and those who did not have any change in the UAC were
classed as missing values. Missing values were excluded
from the analysis, as this study focuses on exploring the
relationship between cardiorenal risk factors and change
in the UAC value over a two-time period. However, a sepa-
rate analysis was conducted on missing values to examine
if the missing values were distributed randomly (online
supplemental material).

A descriptive analysis was carried out to summarise the
cardiorenal characteristics of the study participants. A y*
test was conducted to explore the significance of cardio-
renal risk factors based on progression, smoking and
glycaemic status. Finally, a Student’s t-test examined the
statistical significance (<0.05) of the difference in numer-
ical variables in the progressor and regressor groups.

Three separate logistic regression models were fitted
using sex and smoking status as binary variables and a
change in age, BMI, SBP, HbAlc, creatinine, HDL and
cholesterol between the first and second visits as numer-
ical variables. In model 1, the model was fitted on the
progressor and regressor groups to evaluate the associa-
tion of cardiorenal risk factors with changes in albumin-
uria between the first and second visits. Further logistic
regression was conducted on the subset of ex-smokers.
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Table 1 Baseline characteristics of eligible study participants in the second visit

Variable Mean/median SD/IQR No (n)
Age (years) (median) 64 11 6505
Waist circumference (cm) 93.1 13.8 6497
Age started smoking (years) (ex-smokers)* 17.2 3.6 532
Years smoked before quitting (ex-smokers)* 22 12.1 532
Age stopped smoking (years)* 39.8 12.7 532
Years of abstinencet 23.4 185 532
Age diabetes diagnosed™* 52.2 12.2 386
Age hypertension diagnosed (years)* 47.0 16.4 1979
Systolic blood pressure (mm Hg) 138 18.8 6081
Diastolic blood pressure (mm Hg) 83 10.2 6081
Body mass index (BMI) (kg/m?) 27.7 5 6485
Urinary albumin concentration (mg/L) 27.65 103 6505
Serum creatinine (ug/dL) 77.3 16 462
HbA1c (mmol/mol, %) 37.4 (5.6) 7 4560
Total cholesterol (mmol/l) 5.6 1.2 5712

BMI—normal weight (20-25 kg/m?), overweight (25-30kg/m?), obese (>30kg/m?).

*Obtained from the questionnaire, not verified.
TWorked out from the date of the second visit and the date of quitting.
HbA1c, glycosylated haemoglobin.

Explanatory variables in subset analyses were in model
2a, the duration of smoking and waist circumference;
in model 2b, the duration of smoking and BMI; and in
model 2¢, the duration of smoking without BMI and
waist circumference. Similarly, the explanatory variables
were in model 3a, the duration of abstinence and waist
circumference; in model 3b, the duration of abstinence
and BMI; and in model 3¢, the duration of abstinence
without BMI and waist circumference.

RESULTS

After excluding 82 participants who withdrew their
consent, we included 502408 participants for this study.
Based on the UAC value in the second visit, 6505 partici-
pants were selected for descriptive analysis, and their base-
line characteristics are summarised in table 1. Among the
included participants, 46.1% (n=2999) were female, and
53.9% (n=3506) were male. Based on the HbAlc values
in the second visit, 60.8% (n=3954) had normoglycaemia,
4.9% (n=318) had HbAlc in the pre-diabetes range and
4.4% (n=288) had at the diabetes range. 29.9% (n=1945)
had no HbAlc value at the second visit. 43.1% (n=2805)
had UAC values available on both the first and the second
visit. Of them, 23.2% (n=1506) were progressors, 15.2%
(n=987) were regressors and 4.8% (n=312) did not have
any change. People who did not have UAC values in both
the first and the second visits and those whose UAC value
was unchanged were classed as missing values. Analyses
of the missing values showed that they were distributed
randomly, with no systematic bias (online supplemental
material).

On the second visit, the mean age of study participants
was 62.8+7.5 years, the mean age of starting smoking in
ex-smokers was 17.2+3.6 years, the mean age of starting
smoking in current smokers was 18.4+7.2 years, the mean
age of stopping smoking was 39.8+12.7 years. The mean
length of smoking before quitting was 22.3+11.8 years,
and the mean length of smoking in current smokers was
39.249.4 years. The mean age of diabetes diagnosis was
52.8+12.7 and the mean BMI was 28.7+5.0 (table 1).

A % test was conducted based on progression,
smoking and glycaemic status. While diabetes status at
the second visit (pre-diabetes and diabetes) was statisti-
cally significantly associated with the progression of UAC
value, smoking status was not. An independent sample
Student’s t-test showed that there was a statistically signif-
icant relationship between progression status age in visit
2, creatinine and DBP; there was no statistically signifi-
cant relationship with SBP, BMI and HbAlc (online
supplemental materials). A Spearman’s ranked correla-
tion analysis showed evidence of a statistically significant
relationship between UAC value in the second visit with
age, SBP and DBP, waist circumference, BMI, TC, serum
creatinine, HbAlc, HDL and LDL, duration of smoking of
current and ex-smokers (online supplemental material).

The number of ex-smokers whose UAC value increased
in the second visit was plotted against the age when they
started and stopped smoking. The plot showed that
the prevalence of albuminuria was higher among those
ex-smokers who started smoking between the ages of
13 and 18 (figure 2) and those who stopped smoking
between the ages of 15 and 35 (figure 3).
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Error bars: 95% CI
Figure 2 Prevalence of albuminuria based on the age started smoking.

A logistic regression model was fitted in model 1 to
explore the relationship between the progression and
regression of albuminuria between the two visits and
cardiorenal risk factors of age, sex, smoking status, BMI,
SBP, HbAlc, creatinine, HDL and TC. Changes in age
and HbAlc had a statistically significant association with
the progression and regression of albuminuria. None of
the other covariates had any statistically significant asso-
ciation with the progression or regression of albuminuria
(table 2).

Subset analyses on ex-smokers

From 2805 people with the UAC values available on
both the first and the second visits, ex-smokers who had
information on their current smoking status and the
date of starting and stopping smoking were selected.
Nineteen per cent (n=532) of the selected participants
had the above data. Among them, 35.3% (n=188) were
female, and 64.7% (n=344) were male. The mean age

Count of people with albuminuria

was 63.4+6.9 years, the mean duration of smoking before
quitting was 21.3+11.3 years, the mean age of starting
smoking was 17.2+3.3 years, the mean age of stopping
smoking was 38.5+11.1 years, and the mean duration of
abstinence was 24.9+11.7 years.

In model 2a, the duration of smoking was fitted with
age, sex, waist circumference, cholesterol, DBP and
change in HbAlc between the first and second visit.
None but the duration of smoking before quitting was
statistically significantly associated with the progression
of albuminuria (figure 4). However, in model 2b, when
BMI replaced waist circumference, none of the above
cardiorenal risk factors had any statistically significant
relationship with the progression of albuminuria. Finally,
in model 2¢, when both BMI and waist circumference
were removed from the model, the duration of smoking
remained a statistically significant predictor of albu-
minuria in ex-smokers, suggesting that the duration of

15 20 25 30

Age stopped smoking (years)

Error bars: 95% CI
Figure 3 Prevalence of albuminuria based on the age at which stopped smoking.
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Table 2 Model 1pfactors predicting the progression/regression of albuminuria (n=2493)

Variables OR P value 95% ClI Effect size (SE)
Male versus female 1.22 0.14 0.94 to 1.58 0.20 (0.13)
Age (visit 2-visit 1) 1.20 <0.01 1.06 to 1.36 0.18 (0.06)
BMI (visit 2-visit 1) 1.03 0.48 0.95t0 1.10 0.03 (0.04)
SBP (visit 2-visit 1) 1.0 0.88 0.99 to 1.01 0.001 (0.007)
HbA1c (visit 2-visit 1) 1.03 0.02 1.00 to 1.05 0.03 (0.01)
Creatinine (visit 2-visit 1) 0.99 0.15 0.98 to 1.00 —0.008 (0.006)
HDL (visit 2-visit 1) 0.53 0.05 0.28 to 1.01 —-0.64 (0.33)
Total cholesterol (visit 2—visit 1) 1.08 0.21 0.9510 1.23 0.08 (0.06)
Ex-smoker versus non-smoker (visit 2) 1.22 0.50 0.69 to 2.15 0.20 (0.29)
Current smoker versus non-smoker (visit 2) 0.72 0.52 0.26 to 1.97 -0.33

BMI, body mass index; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; SBP, systolic blood pressure.

smoking before quitting is an independent determinant
of the progression of albuminuria (online supplemental
material).

In model 3a, the duration of abstinence was fitted with
age, sex, DBP, cholesterol, waist circumference and the
change in HbAlc between the first and the second visit.
Apart from the age in the second visit and the duration
of abstinence, no other confounding variables had any
statistically significant relationship with the progression
of albuminuria (figure 5). In model 3b, waist circumfer-
ence was replaced with BMI; in model 3c, neither BMI
nor waist circumference was used. Age and the duration
of abstinence remained statistically significant predictors
of progression in both models, suggesting that the longer
the ex-smokers remained abstinent, their risk of progres-
sion declined, irrespective of change in BMI and waist
circumference (online supplemental material).

DISCUSSION
In this study, at the time point of the second visit, the
number of people with albuminuria was significantly

Male sexq

Age n
Diastolc blood pressure { st
Waist circumference | &
Cholesterol{ —_—
HDATC (visit 2-visit 1) ——
Years of smoking before quiting | L5
05 10 15 20
Odds Ratio (95% C))

higher in ex-smokers who started smoking between
the ages of 13 and 18 years and stopped smoking
between the ages of 25 and 35 years. After adjusting
for confounding variables of age, male sex, DBP, waist
circumference, cholesterol and HbAlc, in ex-smokers,
each year of smoking before quitting increased the odds
of albuminuria by 4%, each year of ageing increased the
odds by 9%, and each year of abstinence reduced the
odds by 6%.

This study showed that with a mean duration of
51.7+10.9 months between the first and second visits,
ageing and change in HbAlc were the only statistically
significant predictors of the progression of albuminuria.
Each year of ageing increased the odds of progression by
20%, and each unit of HbAlc (mmol/mol) increased the
odds by 3%. Between the two visits, changes in smoking
status, BMI, waist circumference, SBP, cholesterol, creat-
inine and HDL had no statistically significant association
with the progression of albuminuria, suggesting that
short-term changes in those risk factors may not impact
the progression.

Malesex-0R 0.75 (95% Cl 0.26 t0 2.13; p=0.59)
Age - OR1.04{95% C10.97t01.10, p=0.25)

Diastolic Blood Pressure-0R 0.96 (95% C1 0.92t0 1.00, p=0.07)
Waist circumference OR 1.00 (95% C10.96t0 1.03, p=0.81)
Cholesterol—0R 1.01 {35% C1 0.70 to 1.48, p=0.94)

HbAlc fvisit 1 —visit 2)—0R 0.98 (0.9 to 1.05, p=0.59)

Years of smoking - OR 1.04 {95% (3 1.00 10 1.09, p=0.04

Figure 4 Predictors of albuminuria based on the years of smoking. HbA1c, glycosylated haemoglobin.
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Age i }—e—i
Diastolic blood pressure *9]
Waist circumference )-6‘(
Cholesterol{ f ¢
HbA1c (vsit 2-visit 1){ e
|
Years of abstinence | te

05 10 15 20
0Odds Ratio (95% Cl)

Male sex — OR 0.80 (95% Cl 0.28 to 2.30, p=0.67)

Age — OR 1.09 (95% CI 1.02 to 1.16, p=0.01)

Diastolic blood pressure — OR 0.96 (95% Cl 0.92 to 1.00, p=0.08)

Waist circumference — OR 0.99 (95% Cl 0.96 to 1.03, p=0.61)

Cholesterol — OR 1.00 (95% Cl 0.69 to 1.47, p= 0.98)

Change in HbAlc — OR 0.98 (95% C1 0.91 to 1.06, p=0.69)

Figure 5 Predictors of albuminuria based on years of abstinence. HbA1c, glycosylated haemoglobin.

Active and passive exposure to cigarette smoking at an
early stage of life may increase the risk of CKD and predis-
pose to faster disease progression requiring RRT."
Previous studies have shown that young and adolescent
smokers are at a higher risk of developing microvas-
cular and macrovascular complications, including a
rapid decline in the estimated glomerular filtration rate
(eGFR) and developing hypertension.*™** The finding of
this study is in keeping with existing knowledge.

Smoking cessation is almost inevitably associated with
weight gain due to a reduction in basal metabolic rate,
increased appetite and craving for high-calorie food to
mitigate nicotine withdrawal symptoms.**" Nicotine and
other toxic chemicals in cigarettes destroy the structure
and function of insulin-secreting pancreatic beta-cells
of Islets of Langerhans and damage glomerular vascular
endothelium, predisposing to CKD.*™" Therefore,
smoking cessation is recommended despite postcessa-
tion weight gain.”' This is supported by our study, which
showed that BMI and waist circumference following
smoking cessation did not have a statistically significant
effect on the progression of albuminuria.

The study also showed that the longer the dura-
tion of smoking, the higher the risk of albuminuria in
ex-smokers. Prolonged exposure to nicotine and other
toxic chemicals in cigarettes may damage the renovas-
cular structure and function irreversibly, which may not
recover despite smoking cessation. When the eGFR starts
dropping, smoking cessation may not reverse the func-
tion back to normal. Younger smokers are particularly at
risk, as nicotine exposure at this age can interfere with
the development of renovascular structure, which may
not be reversible despite smoking cessation at a later
stage of life.”

In this study, we have demonstrated that the longer the
duration of abstinence, the lower the risk of progression
of albuminuria. Previous studies support this finding of
this study. The STENO-2 follow-up cohort study showed
that a multifactorial holistic intervention, including a

total abstinence from smoking, could prevent a decline
in renal function and reduce the risk of cardiovascular
mortality 21 years after the intervention.”

The finding of this study that a rise in HbAlc between
the first and the second visits was an independent
predictor of albuminuria is supported by previous
studies.” ® Young obese smokers are particularly at
risk. During puberty, there is a physiological decline in
insulin sensitivity by almost 50% due to the action of
growth hormone.”® To compensate, pancreatic B-cell
must increase their insulin secretion by 50%,” but in
smokers, this compensatory pathway becomes dysfunc-
tional.” Nicotine and other toxic chemicals in cigarettes
cause premature apoptosis of functioning B-cell of the
Islets of Langerhans.” Therefore, lifestyle intervention
and pharmacotherapy should be offered to retain func-
tioning B-cell. Glucagon-like-peptide-1 analogues such
as Liraglutide and Semaglutide have shown promising
results in reducing HbAlc, losing weight and preventing
premature apoptosis of the B-cell.” ® Likewise, SGLT-2
inhibitors are effective in preventing the progression of
CKD and heart failure and are licensed in the UK for use
in people without T2DM for CKD and heart failure.”'~**
However, they are not tried in obese smokers to quit
and remain abstinent. This should be a priority area for
future research.

In this study, smoking status did not significantly
impact the UAC values between the first and second
visits. A bl-month duration was not long enough to
observe any significant changes in albuminuria. In the
KoreanN cohort study for Outcomes in patients With
CKD (KNOW-CKD) prospective observational cohort
study, the researchers analysed data for 1951 patients
enrolled in the KNOW-CKD from 2011 to 2016 based
on smoking behaviour. The study’s primary outcome was
a composite of reduction 250% in eGFR, initiation of
dialysis or renal transplantation. After a mean follow-up
of 3 years, the HRs (95% CI) of primary outcome were
1.09 (0.73 to 1.63), 1.48 (1.00 to 2.18) and 1.94 (1.35 to
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2.77) in smokers who smoked <15, 15-29 and 230 ciga-
rettes/day, respectively. Similarly, after smoking cessa-
tion, the progression of kidney disease was attenuated.
The adjusted model, including the decline in eGFR
and log-transformed urine protein-to-creatinine ratio,
showed that after smoking cessation, compared with non-
smokers, the risk of progression of CKD in ex-smokers
with<10, 10-19 and 220 years of abstinence were 1.84
(1.28 to 2.66; p=0.001), 1.44 (0.85 to 2.42; p=0.176) and
1.85 (0.80 to 2.28, p=0.267), respectively.”” The risk of
progression of CKD remained high in all three groups,
but except for the <10years group, the HR did not reach
the level of statistical significance. Further research is
needed to elucidate how to reduce the risk of progres-
sion of CKD in ex-smokers.

The epidemiology of renovascular complications
has changed exponentially over the last 20 years, and
therefore, current practice and policy need to be care-
fully evaluated. Existing global diabetes management
guidelines and prevention of complication models are
heavily dependent on the UK Prospective Diabetes Study
(UKPDS).*% In the UKPDS study participants, the prev-
alence of albuminuria 10 years after the diagnosis of
T2DM was approximately 24.9%, which is no longer the
case.” " Diabetes UK 2019 report showed that one- third
of people had already developed one or more micro-
vascular complications at the onset of T2DM.” Despite
adhering to the National Institute for Health and Clinical
Excellence guidelines developed from the UKPDS model
and high attainment score in the Quality Outcome
Framework for HbAlc and blood pressure, the Renal
Registry UK report 2022 suggests that the number of new
people registered for RRT in 2020 was 7323, which was
identical to previous years. The report suggests that the
actual number who qualified for RRT could be higher as
many people refused to have RRT during the coronavirus
pandemic. The proportion of people requiring RRT due
to diabetes had increased from 24.1% in 2011 to 30.5%
in 2020. Among those who needed RRT due to diabetes,
31% were between the ages of 45 and 54, and 40% were
between the ages of 55 and 64 years, which is consider-
ably lower than the UKPDS study participants.”"

In contrast to the UKPDS study participants, where the
mean age of diagnosis of T2DM was 51 years, T2DM is
no longer an exclusive disease of older and middle-aged
people. Between 2007 and 2015, in the UK, the incidence
of T2DM in people aged 17 years or less increased from
0.53 to 0.72 cases per 100000 person-years.” Likewise,
vascular complications develop at any stage of metabolic
deregulation, even at the stage of pre-diabetes. In our
recent cross-sectional study, we have demonstrated that
almost 35% of smokers with pre-diabetes had already
developed albuminuria.” A recent cohort study reported
that between 2009 and 2018, in the UK, the incidence
rate of T2DM declined by a third, compared with its
peak in 2013-2014, but the incidence of pre-diabetes
had tripled.” In 2022, one in three adults in the UK had
pre-diabetes.” Therefore, to prevent the rising surge of

younger people requiring RRT, young and adolescent
smokers should be a priority group and should be offered
support to quit, irrespective of their diabetes status.
After stopping smoking, remaining abstinent is chal-
lenging and postcessation weight gain is a major barrier.
An average smoker makes a?proximately 16 attempts
before successfully quitting.”® Multiple studies have
shown that the relapse rate is significantly higher in those
quitters who gained weight beyond 3 months after quit-
ting.”” ™ Therefore, a weight management programme
and careful monitoring of glycaemic control should be
offered as a package in the smoking cessation programme.

Strengths and limitations

To our knowledge, this is the first study to explore the
impact of smoking cessation on the progression of albu-
minuria in the UK. A study in the Korean population
showed a graded reduction in the risk of kidney disease
following smoking cessation. This study has identified
an area of knowledge gap, and a bigger study on real-
world data can be conducted to guide national policy on
smoking and kidney disease.

However, there are several weaknesses in the study.
Although the study was intended to explore the progres-
sion of albuminuria over a period of time, there were data
limitations. A 51-month duration is not a long enough
period to observe any meaningful change in the progres-
sion or regression of albuminuria. The UAC value for
progression and regression was =1 mg between the two
visits, which is not clinically significant, and it is within
the margin of SD. To understand the actual impact of
smoking and its cessation on the progression of albumin-
uria real-world data is needed, rather than the data from
volunteers over a longer period of time.

Smoking status was determined from the questionnaire
and was not verified. Similarly, the age of starting and
stopping smoking was also patient reported and open to
recall bias. UAC was used as the parameter for progres-
sion and regression, although the gold standard is the
albumin creatinine ratio. Diabetes status, serum creati-
nine and cholesterol level could not be verified as not
all the study participants on the second visit gave their
blood samples. Of 6505 eligible participants, 2805 had
their UAC values in the first and second visits. Although
missing values were analysed separately and did not show
any systematic bias based on age, smoking and glycaemic
status, the data were dominated by male participants
aged 44-76. Over 90% of the study participants were of
white European ethnicity. Smoking prevalence in the
UK Biobank participants was 10.5%, while the Office for
National Statistics (ONS) showed smoking prevalence
in the UK is 13.3% in 2021.” Only one-third of the UK
Biobank study participants were from the least deprived
background, which explains the lower rate of smoking,
as the ONS data suggest smoking prevalence in the
deprived areas is four times more than in the affluent
areas.* Therefore, findings from this study cannot be
generalised.
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People with pre-existing kidney disease and abnormal
UAC values were not excluded. This is a limitation
of the study as people with kidney disease are likely to
have progression of albuminuria irrespective of smoking
status.
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A. Descriptive statistics — participants who had UAC value in the second visit.

Statistics
Waist  Age_stated_ Age_stared_ Duration_of_ Durafion_of_ Age_hyperien
drcumferenc  smoking_gis  smoking_cum Age_stopped  smoking_sxs  smoking_eur Years_of ais  Age_diabetes  son_diagnas Creatining2_ Cholesteral_
Age_nd_visit  Age2_Age! gl mokers  entsmokers  smoking?  mokers  enismokers  tneme  _diagnosed i S8P2 DBP2  BM2  UACZ  Creatnens  HbAfc.2 2
N Vald 8505 6505 5497 1685 38 633 1695 Ll kK] 36 199 6081 60Md f485 305 YA IR 11l
Missing 0 0 B 410 f136 52 1810 445 52 i11g 4526 i Lyl bl 0 130 195 73
Hlean G182 L4008 43108 1720 183 nn 1008 nn 11408 18 03 1R8T 8303 I hiEA R 560
St Deviation 1478 101648 118346 362 7188 12680 12130 9361 1346369 120 16365 18750 10200 49660208 1030703 32 £R3 121
Change_in_UAC
Sex Cumulative
Frequency  Percent  Valid Percent Percent
Cumulative valid  Regressor 987 15.2 352 352
Frequency  Percent  Valid Percent Percent No Change 312 48 111 463
Valid 0 2999 461 461 46.1 Progressor 1506 23.2 537 100.0
Total 2805 431 100.0
1 3#/06 539 539 00 -~
Missing  System 3700 56.9
Total 6505 100.0 100.0 Total 5505 100.0
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B. Non-parametric test to determine the distribution of data

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

1 The distribution of LAC_2 is the Independent-Samples Mann- 000 Rejectthe null hypothesis.
same across categories of Whitnay L Test
progressor_regressor.

2 The distribution of SBP_2 is the Independent-Samples Mann- 827 Retain the null hypothesis.
same across categories of Whitney U Test
progressor_regressor.

3 The distribution of Waist Independent-Samples Mann- 532 Retain the null hypothesis.
circumference_2 is the same Whitnay L Test
across categories of
progressor_regressor.

4 The distribution of BMI_2 is the IndependentSamples Mann- 804 Retain the null hypothesis.
same across categories of Whitney L Test
progressor_regressor.

5 The distribution of Cholesteral_2 Independent-Samples Mann- 2580 Retain the null hypothesis.
isthe same across categories of  Whitney L Test
progressor_regressor.

[ The distribution of Creatinine_2 Independent-Samples Mann- 200 Retain the null hypothesis.
isthe same across categories of  Whitney L Test
progressor_regressor.

T The distribution of HbA1c_2 is Independent-Samples Mann- 085  Retain the null hypaothesis.
the same across categories of Whitney L Test
progressor_regressor.

g The distribution of Independent-Samples Mann- 306  Retain the null hypaothesis.
Age_started_smoking_exsmoke Whitney L Test
rsisthe same across categories
of progressor_regressor.

] The distribution of IndependentSamples Mann- 342 Retain the null hypothesis.
Age_stopped_smoking is the Whitney Ll Test
same across categories of
progressor_regressor.

10 The distribution of Independent-Samples Mann- 610 Retain the null hypothesis.
‘Years_of_abstinence is the Whitney Ll Test
same across categories of
progressor_regressor.

11 The distribution of Independent-Samples Mann- 183 Retain the null hypothesis.
Age_diabetes_diagnosed is the Whitney U Test
same across categories of
progressor_regressor.

12 The distribution of IndependentSamples Mann- 836 Retain the null hypothesis.
Age_hypertension_diagnosedis  Whitney Ll Test
the same across categories of
progressor_regressor,

T2 The distribution of Age_2nd_visit  Independent-Samples Mann- .003  Rejectthe null hypothesis.

isthe same across categaories of
progressor_regressor.

Whitney U Test

Asymptotic significances are displayed. The significance level is .050.
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Independent Samples Test

Levene's Testfor Equality of

vaniances ttestor Equality of Means
95% Confidence Intsrval of the
=an Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
Age_2nd_visit Edqual variances 4131 042 -3.025 2491 o003 -.914 302 -1.506 -.321
assumed
Equal variances not -3.004 2059180 003 -914 304 -1.510 =317
assume
UAC_2 Equal variances 45.261 .000 -5.756 2491 .000 -36.5848 6.3554 -49.0472 -24.1223
assumed
Equal variances not -6.812 1812204 ooo -36.5848 5.2026 -46.9650 -26.2045
assumed
DBF_2 Egqual variances 704 402 2727 2365 006 1.209 443 340 2.079
assumed
Equal variances not 2713 1976549 oo7 1.208 446 335 2.084
assumed
SBP_2 Equal variances o002 961 503 2365 615 412 820 -1.195 2.020
assume
Equal variances not 501 1984.020 616 412 823 -1.202 2.026
assumed
BMI_2 Edqual variances 119 730 355 2480 723 0763619 2153150 -.3458530 4085777
assumed
Equal variances not 356 2120517 722 0763619 2147786 -.3448368 4975605
assumed
Waist circumference_2  Equal variances 601 438 -.550 2488 582 -.3198 5816 -1.4603 8206
assumed
Equal variances not -.553 2145055 580 -.3108 5782 -1.4537 8141
assumed
Creatinine_2 Egqual variances 3.920 048 -2.051 2197 040 -1.860 07 -3.639 -.082
assumed
Equal variances not -2180 2151115 029 -1.860 B53 -3.533 -.187
assumed
HbAlc_2 Equalvariances 545 460 -.515 1752 607 -.199 386 -.a57 558
assume
Equal variances not -.514 1511.697 607 -.199 .387 -.959 561
assumed
D. Descriptive statistics of ex-smokers
Statistics
Duration_of_ Age_started_ Waist
smoking_exs Duration of smoking_exs Age_stopped circumferenc Chaolestero
mokers abstinence maokers Age_2nd_visit _smaoking DEP_2 SBP_2 e_2 BMI_2 2
I Walid 532 532 532 532 532 500 500 532 531 4
Missing 0 1] 0 0 0 32 32 0 1
Mean 21.33 2488 17.18 £3.39 38.51 83.51 140.43 96.015 2B.516186 5508
Std. Deviation 11.327 11.6580 3.342 6.937 11.136 10.270 20.245 13.4375  4.9860518 1.2048
Sex
Cumulative
Fraguency Percent Valid Percent FPercant

Valid 0 188 353 353 353
1 344 64.7 64.7 100.0
Total 532 100.0 100.0
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E. Chi-squared test to show significance of the relationship between the progression groups with glycaemic and smoking status.

Crosstab
Count
new _ smoking_status 2
Current
Mon smoker Ex-smoker sSmoker Total
Change_in_ UAC Regressor g11 | =¥ | 1B | 985
Mo Changs 299 = | 5 | 312
Frogressor 1397 | =21 | 26 | 1504
Total 2607 146 440 2802
Crosstab
Count
Diabetes_status_ 2
non dialbetic prediabetic diabetic Total
Chanas_in LUAC Regressor 579 | 55" | 55 710
Mo CThange 201 | 12 | 10 | 223
Progressor 250 | 99 | a5 | 1044
Total 1630 176 171 1977

Kar D, et al. BMJPH 2023; 1:¢000172. doi: 10.1136/bmjph-2023-000172



. BM]J Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJPH

Progression and smoking status

Chi-Sqguare Tests

Asmyrmptotic
Siganificancs

“alue ot (2-sided)
Fearson Chi-Sguar= s5.Zxg2® s § .2aE0
Likelihood Ratio 6233 - 4 - 1eE2
Linear-by-Linear 095 1 - FaEs
Association
< afvwalid Cases 2802

a. 0 cells (0.0%9%) have expected count less thanmn &, Thea
miinimum expected count is 5. 46,

Progression and diabetes status

Chi-Sqguare Tests

Ssywimiptotic
Significance

Walue AT (Z2-sidec)
FPears=on CThi-Sguar= 10414 . B .Oz=4
Likelihood Ratio 11 . 229 - A - O1 9
Linear-by-Linear B N B 1 - B57
Association
< orwvalid CTase=s 197 F

a. 0 cells (0.09%%0 have expected count less thanmn &S, Thea
minimum expected countis 19.29.
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F. Pearson’s correlation

Correlations

Waist Duration_of_ Duration_of_
circumferenc Cholesterol_ smoking_curr smoking_exs
LVAC_2 Age_2nd_visit SBP_2 DEP_2 e_2 BMI_2 2 Creatinine_2 HbAtlc_2 HDL_2 LoL_2 ent_smokers mokers

Spearman's tho  UAC_2 Correlation Coefficient 1.000 ogs” 071 037" 102" o81” -o78” og3” 102" -8 -o77 364" 083"

Sig. (2tailed) 000 000 004 000 000 000 000 000 000 000 004 001

M 6505 6505 6081 6081 6497 6485 5712 5698 4560 5012 5696 60 1695

Age_2nd_visit Correlation Coefficient ogg” 1.000 2727 031 071" 004 1187 418" 2137 014 1287 87 4947

Sig. (2ailed) 000 . 000 015 .000 787 000 000 .000 337 000 000 000

N 6505 6505 6081 6081 6497 6485 5712 5698 4560 5012 5696 80 1695

SBP_2 Correlation Coefficient o71” 272" 1.000 657" 1417 1127 024 117 [T 038" -021 242 047

Sig. (2-tailed) 000 000 000 000 000 o078 000 000 008 124 070 062

M 6061 6031 6031 6081 6074 6063 5340 5326 4233 4580 5325 57 1675

DBP_2 Correlation Coefficient 037" -0317 857 1.000 2347 2187 006 a7 008 ~1027 030 074 022

Sig. (2-ailed) 004 05 000 . .000 .000 662 000 613 000 027 585 387

N 5061 5081 6081 6081 6074 6063 5340 5326 4233 4680 5325 57 1575

Waist eireumnference_2 Correlation Coefficiznt 102" o71” 1417 234" 1.000 g15” -238" 37" 23" 4o 1487 279" 1637

Sig. (2tailed) 000 000 000 000 000 000 000 000 000 000 031 000

M 5497 5497 6074 6074 6497 6482 5705 5691 4555 5007 5660 60 1694

BMI_2 Correlation Coefficient 081”7 004 REF-N 218" 815" 1.000 1457 57 2527 383" 078" REL RELN

Sig. (2-ailed) 000 767 000 000 .000 000 000 .000 000 000 194 000

N 5465 5485 6063 6063 6482 6485 5647 5683 4546 4999 5661 60 1689

Cholesterol_2 Correlation Goefficient ~o78” 1187 024 006 238" 1487 1.000 208" 1607 437" 952" 182 128"

Sig. (2ailed) 000 000 078 662 000 000 . 000 000 000 000 205 000

M 5712 5712 5340 5340 5705 5697 5712 5698 4064 5012 5696 50 1485

Creatinine_2 Correlation Coefficiznt 083" 1187 RER a217 327" 157" 208" 1,000 0517 -318" 1457 027 0997

Sig. (2-tailed) 000 000 000 000 000 000 000 001 000 000 853 000

N 5608 5698 5326 5326 5691 5683 5608 5698 4054 5001 5667 50 1480

Hbalc_2 Correlation Coefficient 027 2137 oe1” o0 2317 252" 1607 0517 1.000 151" 1487 026 4807

Sig. (2ailed) 000 000 000 613 000 000 000 001 000 000 830 000

M 4560 4560 4233 4233 4555 4548 4064 4054 4560 3603 4054 36 1184

HDL_2 Correlation Cosflicient -1 014 -03g” -0 -ag1” -a3s3” 437" -318 -s1” 1.000 230” 024 -85

Sig. (2-tailed) 000 337 008 000 000 000 000 000 000 000 878 002

M 5012 5012 4630 4680 5007 4999 5012 5001 3603 5012 5000 43 1302

LDL_2 Correlation Coefficient 077" 1297 021 030" 1497 -ors” 552" 1487 1497 230" 1.000 218 1237

Sig. (2ailed) 000 000 124 027 .000 .000 000 000 .000 000 . 128 000

N 5696 5696 5325 5325 5689 5681 5696 5687 4054 5000 5696 50 1483

Duration_of_smoking_cu  Correlation Cosfficisnt a64”" arg” 242 -7 279" 170 -182 027 026 -024 -218 1.000 526"

R Sig. (2-tailed) 004 000 070 585 0 194 205 853 860 a8 128 000

M 50 60 57 57 60 60 50 50 36 43 50 60 60

Duration_of_smoking_sx  Garrelation Coefficient LEEN 947 047 022 1637 1307 1287 LN 1807 085" 1237 526 1.000
smokers Sig. (2ailed) 001 000 062 387 .000 .000 000 000 .000 002 000 000

N 1695 1695 1575 1575 1694 1689 1485 1480 1184 1302 1483 60 1695

** Correlation is significant atthe 0.01 |evel (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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G. Missing data analyses

Sex
Cumulative
Frequency  Percent  Valid Percent Fercent
Valid 0 1876 507 507 507
1 1824 493 49,3 100.0
Total aron 100.0 100.0
Age_groups
Cumulative
Frequency Percent Valid Percent Percent
Valid  44-54 657 17.8 17.8 17.8
55-64 1313 355 355 53.2
65-70 1211 327 327 86.0
>70 519 14.0 14.0 100.0
Total 3700 100.0 100.0
Diabetes_status_2
Cumulative
Frequency  Percent  Valid Percent Percent
Walid non diabetic 2324 G62.8 90.0 90.0
prediabetic 142 KR A5 955
diahetic 117 32 4.5 100.0
Total 2583 69.8 100.0
Missing  System 1117 30.2
Total aroo 100.0
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H. Analyses of people with no change between the two visits

Sex
Cumulative
Fregquency Percent  Walid Percent Percent
Walid I 144 46.2 46.2 46.2
1 168 538 538 100.0
Total nz2 100.0 100.0
Age_groups
Cumulative
Frequency Percent  Valid Percent Fercent
Walid 44-54 61 18.6 19.6 19.6
55-64 118 are 3ar.s 7.4
65-70 54 3041 3041 B7.5
=70 34 12.5 12.5 100.0
Total 312 100.0 100.0
Diabetes_status_2
Cumulative
Frequency  Percent  Walid Percent Percent
Walid non diabetic 2m G4.4 501 501
prediabetic 12 38 54 955
diabetic 10 332 45 100.0
Total 223 715 100.0
Missing  System 89 28.5
Total 312 100.0
new_smoking_status2
Cumulative
Frequency FPercent  Walid Percent Fercent
Walid [Mon smoker 204 858 958 958
Ex-smoker g 26 26 98.4
Current smaoker 5 1.8 1.8 100.0
Total 312 100.0 100.0

Kar D, et al. BMJPH 2023; 1:¢000172. doi: 10.1136/bmjph-2023-000172



Supplemental material

BMIJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJPH

I. Model 1 — Predictors of progression: visit 1 and visit 2.

Variables in the Equation

95% C.lfor EXF(B)

_ _ I | "

tep1°  Sex(1) 198 133 2225 1 136 1.219 940 1.581
AgeZ_Age1 180 064 7.922 1 005 1.198 056 1.358
BMIZ_BMI 026 037 501 1 479 1.026 E 1102
FBATC2 HBATCT 028 012 5068 1 024 T.028 004 T.053
SBP2_SBP1 001 007 033 1 857 1.001 988 1.014
Cholesterol2 Cholesterg W]zl 055 1 FER 1 212 1085 GE4 1234
]
Creatinine2_Creatinene -.008 008 2.029 1 154 982 980 1.003
HDL2_HDL1 -.640 330 2,767 1 052 527 276 1.006
new_smoking_status2 801 2 B37
new_smoking_status2(1) A97 291 481 1 497 1.218 689 2153
new_smoking_status2(2) -.330 514 411 1 521 719 263 1.969
Constant - 468 302 2.404 1 121 626

a.Variable(s) entered on step 1: Sex, Age2_Age1, BMIZ_EMN , HbA1c2_HbA1c1, SBP2_SBP1, Cholesterol2_Cholesterol1,
Creatinine2_Creatinene, HDLZ_HDL1, new_smoking_status2.

J. Model 2a — Predictors of albuminuria in ex-smokers: with waist circumference and the duration

of smoking
Variables in the Equation
95% C.1.for EXPIB)
B SE. Wald df Sig. Exp(B) Lower Upper

Step 17 Sex(1) -.286 532 287 582 752 265 2134

Duration_of_smaoking_gx 042 021 4.010 045 1.043 1.001 1.086

smokers

Cholesteral_2 014 182 006 936 1.015 658 1.478

HbA1c2_HbA1ct -.020 038 287 AE2 980 910 1.065

Waist circumference_2 -.004 018 061 B06 996 862 1.031

DEF_2 -.039 022 3.225 073 862 8921 1.004

Constant 1.075 3.336 104 747 2.930

a. Variable(s) entered on step 1: Sex, Age_2nd_visit, Duration_of_smaoking_exsmokers, Cholesterol_2 HbA1c2_HbA1c1, Waist
circumference_2 DEP_2.
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K. Model 2b - Predictors of albuminuria in ex-smokers: with BMI and the duration of smoking

Variables in the Equation

95% C.lfor EXP(B)

B SE. Wald df Sig. ExpiB) Lower Upper
Step1®  Sex(1) -.345 504 470 1 483 708 264 1.901
Age_2nd_visit 043 032 1.740 1 A87 1.044 479 1112
Duration_of_smoking_ex 037 0 3.289 1 069 1.038 997 1.081
smokers
Cholesteral_2 038 188 04 1 840 1.039 714 1.500
HbA1c2_HbAlcl -027 038 491 1 483 873 803 1.048
DBP_2 -.040 022 3385 1 065 960 520 1.003
BMI_2 023 046 406 1 524 1.030 a4 1128
Constant -527 3.234 026 1 87 591
a. Variahle(s) entered on step 1: Sex, Age_2nd_visit, Duration_of_smoking_sxsmokers, Cholesterol_2, HbA1c2_HbA1c1, DEP_2,
BMI_2.

L. Model 2¢ - Predictors of progression in ex-smokers: without BMI & waist circumference and

the duration of smoking

Variables in the Equation
95% C.I.for EXP(B)

B 5E Wald df Sig. Exp(B) Lower Upper
Step1®  Sex(1) -326 505 M7 1 518 Jn 268 1.942
Age_2nd_visit 037 031 1.426 1 232 1.038 477 1103
HbA1cZ_HbA1c! -022 037 34 1 558 478 810 1.052
DBP_2 -038 022 3264 1 07 961 821 1.003
Cholesterol 2 025 187 017 1 895 1.025 10 1.478
Duration_of_smaoking_ex 040 020 4.067 1 044 1.041 1.001 1.083
smokers
Constant 5ag 2713 048 1 825 1820

a.Variable(s) entered on step 1: Sex, Age_2nd_visit, HhATc2_HbA1c1, DEP_2, Cholesteral_2, Duration_of_smoking_exsmokers.
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M. Model 3a - Predictors of progression in ex-smokers: with waist circumference and the duration

of abstinence

Variables in the Equation

95% C.lLfor EXF(E)

B SE. Wald df Sig. Exp(B) Lower Upper
Step1®  Sex(1) -228 540 178 1 673 796 276 2,296
Age_2nd_visit .033 6.495 1 011 1.089 1.020 1.162
HbA1c2_HbA1c1 -015 .038 157 1 692 985 914 1.061
DEF_2 -.038 022 3103 1 078 962 921 1.004
Cholesteral_2 195 .00 1 a78 1.005 687 1.472
MNew_Duration_of_abstin -.056 022 G428 1 011 945 805 987
Ence
Waist circumference_2 -.009 o8 266 1 G06 891 556 1.027
Constant 3310 046 1 BN 2.030

a. Variable(s) entered on step 1: Sex, Age_2nd_visit, HhA1c2_HbA1c1, DBP_2, Cholesterol_2, New_Duration_of_ahstinence,

Waist circumference_2.

N. Model 3b - Predictors of progression in ex-smokers: with BMI and the duration of abstinence

Variables in the Equation

95% C.1for EXP(B)

B SE. Wald df Sig. Exp(B) Lower Upper
Step 17 Sexﬂ) -.341 all A 1 Al NAE] 264 1.952
Age_2nd_visit 033 6.545 1 01 1.089 1.020 1.163
HbA1c2_HbATcl -.022 .039 334 1 563 878 806 1.055
DBP_2 -.040 022 3.279 1 070 961 620 1.003
MNew_Duration_of_abstin -.050 022 5372 1 020 951 A1 882
[=Talul=]
BMI_2 019 047 A57 1 682 1.019 629 1117
Constant -8 3.207 081 1 T76 402

a.Variahle(s) entered on step 1: Sex, Age_2nd_visit, HbA1c2_HbATct1, DBP_2, Cholesterol_2, Mew_Duration_of_abstinence,

BMI_2.

Kar D, et al. BMJPH 2023; 1:¢000172. doi: 10.1136/bmjph-2023-000172



BMIJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJPH

0. Model 3c - Predictors of progression in ex-smokers: without BMI and waist circumference and

the duration of abstinence

Variables in the Equation

95% C.lfor EXP(B)

B SE. Wald f Sig. Exp(B)  Lower  Upper
Step1*  Sex(1) -7 510 387 1 534 128 268 1878
Age_2nd_visit 084 033 £.429 1 o 1.088 1.018 1.161
HbAle2_HbATc1 -0149 038 253 1 615 981 912 1.056
DEF_2 -.039 022 3.196 1 074 961 921 1.004
Cholesteral_2 025 180 018 1 894 1.026 T07 1487
Mew_Duration_of_abstin -053 0 £.350 1 012 944 A1 988
ENce
Constant -.248 2738 008 1 928 780

a. Variahle(s) entered on step 1: Sex, Age_2nd_visit, HhATc2_HbA1c1, DBP_2, Cholesterol_2, New_Duration_of_abstinence.
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