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Smoking Cessation Ameliorates Microalbuminuria With
Reduction of Blood Pressure and Pulse Rate in Patients
With Already Diagnosed Diabetes Mellitus
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Abstract

Background: Smoking cessation in newly diagnosed type 2 diabetes
patients is reported to be associated with amelioration of metabolic
parameters and blood pressure (BP), and the reduction of microal-
buminuria. The aim of this study is to demonstrate changes in BP,
pulse rate (PR), and microalbuminuria in already diagnosed diabetes
patients who quit smoking.

Methods: We retrospectively evaluated diabetes outpatients who
were habitual smokers, and who visited to our smoking cessation
clinic. Patients were divided into two groups based on their smok-
ing status at the termination of a 3-month smoking cessation program
(smoking cessation group and smoking group), and analyzed systolic
and diastolic BPs, PR, HbAlc, and body weight at the start date, and
at 1, 3, 6, and 12 months thereafter. The urinary albumin-to-creatinine
ratio was also measured at the start date and at 12 months.

Results: Thirty-five patients met our criteria. Mean diabetes dura-
tion was 12 years. Eighteen patients (52%) quit smoking. Success or
failure of smoking cessation depended on nicotine dependence rather
than good or bad glycemic control. Both BP and PR decreased signifi-
cantly after 1 month or later in the smoking cessation group without
worsening HbA 1c, while both parameters did not show any changes
in the smoking group. Microalbuminuria was also ameliorated sig-
nificantly at 12 months compared with that at the start date in the
smoking cessation group (95.8 +92.9 mg/gCr vs. 75.5 + 96.3 mg/gCr,
P =0.0059), while it did not show a significant change in the smok-
ing group. (61.9 + 43.5 mg/gCr vs. 97.7 + 90.4 mg/gCr, P =0.1039).

Conclusions: Smoking cessation might cause a reduction in chronic
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kidney disease progression through ameliorating microalbuminuria
without metabolic adverse effects in patients already diagnosed with
diabetes mellitus.
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Introduction

Cigarette smoking is the most important risk factor for devel-
opment of cardiovascular events [1, 2] and also for develop-
ment and progression of chronic kidney disease (CKD) [3-12].
Diabetes was also shown to be a risk factor for CKD, and pa-
tients with diabetes have three to four times more CKD com-
plications compared with those without diabetes [13]. Because
diabetic kidney disease (DKD) is a predominant cause of end
stage renal disease (ESRD), prevention and treatment of DKD
has been emphasized in diabetes patient management [14].
Diabetes patients have a high incidence of hypertension [15,
16], which is also a cause and consequence of CKD. Recent
population-based cohort studies showed that hypertension is
a cause of ESRD in both sexes [4, 17-21]. Although cigarette
smoking has been shown to affect development of hyperten-
sion, the long-term effect of cigarette smoking on blood pres-
sure (BP) is currently not well defined [22].

Voulgari reported that smoking cessation in newly diag-
nosed type 2 diabetes patients is associated with amelioration
of metabolic parameters, BP, and the reduction of microalbumi-
nuria [23]. In this research, we retrospectively assessed whether
smoking cessation in patients already diagnosed with diabetes
affects BP, pulse rate (PR), microalbuminuria, body weight
(BW), and HbA 1c, and evaluated the benefit of reducing the de-
velopment of CKD in the patients with long-standing diabetes.

Patients and Methods

Study design

We analyzed 55 diabetes outpatient subjects who followed the
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Table 1. Baseline Characteristics of Study Participants for the Overall Sample and Sub-Groups

Overall sample (n =35) Smoking cessation group (n =18) Smoking group (n=17) P value

Variables

Age (years) (mean + SD) 56.7+11.0
Sex (males, %) 85.7

Body weight (kg) (mean + SD) 67.4+10.4
BMI (kg/m?) (mean + SD) 249+39
Diabetes onset (years) (median (IQR)) 46 (36 - 50)
Diabetes duration (years) (median (IQR)) 12 (6 - 21)
HbAlc (%) (mean + SD) 7.1+£0.9
Insulin (%) 514
Number of OADs (median (IQR)) 1(0-2)
Systolic BP (mm Hg) (mean + SD) 130.2+10.3
Diastolic BP (mm Hg) (mean + SD) 76.2+9.1
Pulse rate (bpm) (mean + SD) 81.5+12.1
Antihypertensive medication (%) 514

eGFR (mL/min/1.73m?) (mean + SD) 69.8+17.8
Proteinuria (%) 514
Microalbuminuria (%) 42.9

Pack-years (median (IQR))
Cigarettes/day (median (IQR))

41.0 (28.0 - 64.8)
20.0 (20.0 - 30.0)

Expiratory CO (ppm) (mean + SD) 235+11.2
FTND (median (IQR)) 6.0 (4.0 - 7.0)
TDS (median (IQR)) 8.0 (7.0 -9.0)
Housemate smoking (%) 20.0
Psychiatric treatment (%) 37.1

572+11.6 56.2+10.6 0.7824
88.9 82.4 0.5808
65.2+8.0 69.7+12.4 0.2100
24.6+3.4 252+4.4 0.6532
48.5 (34.3 - 51.3) 43 (36.5 - 48) 0.8920
13 (6.8 - 20.3) 12 (5.5-22) 0.6105
6.9+1.0 73+0.8 0.2343
55.6 47.1 0.6152
1(0-2) 1(0-2.5) 0.7531
130.6 £9.9 129.8+11.0 0.8239
763492 76.149.3 0.9447
799497 83.3 £ 143 0.4125
50.0 52.9 0.8619
67.8+21.6 72.0+13.0 0.4926
55.6 47.1 0.6150
44.4 36.4 0.8452
43.0 (24.5 - 65.8) 39.0 (29.0 - 61.5) 0.7672
20.0 (20.0 - 31.3) 20.0 (20.0 - 32.5) 0.4547
192498 28.0+10.9 0.0169+
45(2.3-6.8) 7.0 (6.0 - 7.5) 0.0066%
8.0 (5.0 - 8.5) 9.0 (8.0 - 10.0) 0.0020%
11.1 29.4 0.1761
222 52.9 0.0601

BMI: body mass index; OAD: oral anti-diabetes drug; BP: blood pressure; CO: carbon monoxide; FTND: Fagerstrom Test for Nicotine Dependence;

TDS: Tobacco Dependence Screener. 1P < 0.05, P < 0.01

3-month smoking cessation program at the Jinnouchi Hospital
Diabetes Care Center between April 2013 and August 2015. It
was assumed that patients who participated in the smoking ces-
sation program met the following conditions for smokers: 1)
intending to discontinue smoking promptly; 2) diagnosed with
nicotine dependence using the Tobacco Dependence Screener
(TDS) (more than 5 out of 10 points for the TDS score); 3)
history of smoking more than 10 pack-years; 4) signed agree-
ment to receive smoking cessation treatment. Among them,
35 subjects were selected for further analysis (30 males, five
females; six with type 1 diabetes, 29 with type 2 diabetes; 32
receiving varenicline treatment, and three receiving nicotine
replacement therapy), who had no change in their dose of both
oral antihyperglycemic drugs and antihypertensive drugs, and
they were within + 10% of the total daily dose of insulin for 12
months. These 35 subjects were divided into two groups: those
who stopped smoking (the smoking cessation group) and those
who continued smoking (the smoking group), based on their
smoking status at the end of the 3-month program. We meas-
ured the concentration of expiratory carbon monoxide (CO)
at baseline, 1 month, and at the end of the program, as well
as systolic and diastolic BPs, PR, BW, and HbA lc at baseline
and at 1, 3, 6, and 12 months after beginning the program.

Albuminuria was measured at baseline and at 12 months, and
BP was measured once after a 5-min rest, using the same au-
tomatic sphygmomanometer. The concentration of expiratory
CO was measured using a MicroCO™ carbon monoxide mon-
itor (CareFusion UK 232 Ltd., UK). A participant was consid-
ered abstinent from cigarettes if he or she both self-reported
cigarette abstinence and had an exhaled CO less than 7 ppm
at 3 months. Albuminuria was measured at baseline and at 12
months. We analyzed subjects for microalbuminuria (30 to 300
mg/gCr) at baseline.

All patients were informed about the study procedure.
Written informed consent was obtained from all patients be-
fore participating in the study. This study was performed in ac-
cordance with the ethical standards detailed in the Declaration
of Helsinki. The study protocol was approved by the Hospital
Ethics Committee.

Statistical analysis

Data were statistically analyzed using JMP 10.0.2 software
(SAS Institute Inc., Cary, NC). Categorical variables are pre-
sented with their frequency distribution. The association be-
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Figure 1. Comparison of CO concentration during 3-month smok-
ing cessation program between smoking cessation group and smok-
ing group. Data are represented as mean + SD. Asterisk denotes P
< 0.0001 as compared to the baseline level; (filled square) smoking
cessation group and (filled circle) smoking group.

tween categorical variables was evaluated using the x> test or
Fisher’s exact test. To identify normality in continuous varia-
bles, the Shapiro-Wilk test was used. Continuous variables are
shown as the mean + standard deviation (SD). If continuous
variables showed a non-normal distribution, they were sum-
marized using the median interquartile range (IQR). If normal
distribution was demonstrated, the Student’s 7-test was used
to compare the groups. If normal distribution was not dem-
onstrated, the Mann-Whitney U test was used. We compared
the average of the continuous variables between the baseline
and follow-up time points using the Student’s ¢-test for paired
samples, or the Wilcoxon non-parametric test for variables
that showed non-normal distribution. Differences between the
two groups at baseline were analyzed using unpaired #-tests
for continuous variables and y? tests for categorical variables.
Paired ¢-tests were used for within-group comparisons, and un-
paired #-tests were used for between-group comparisons. The
results were considered statistically significant when P < 0.05.

Results

Fifty-five diabetes outpatients who were habitual smokers at-
tended our hospital for smoking cessation between April 2013
and August 2015. We divided them into two groups according
to their smoking status at the end of a 3-month program; the
smoking cessation group comprised 27 subjects and the smok-
ing group comprised 28 subjects. Among them, the subjects
who did not change both oral antihyperglycemic drugs and
antihypertensive drugs for 12 months, and, for insulin users,
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those whose insulin dose changed within + 10% of the total
daily dose at baseline dosage compared with the dose at 12
months were further analyzed. Thus, there were 35 patients
who met the criteria. The final smoking cessation group in-
cluded 18 patients (16 males, two females; four with type 1
diabetes, 14 with type 2 diabetes; 18 taking varenicline treat-
ment), and the final smoking group included 17 patients (14
males, three females; two with type 1 diabetes, 15 with type
2 diabetes; 14 taking varenicline treatment, and three taking
nicotine replacement therapy).

The patients’ clinical baseline characteristics are shown
in Table 1. The mean age of the 35 patients was 56.7 years,
85.7% were male, the mean BMI was 24.9 kg/m?, HbAlc was
7.1%, the microalbuminuria-positive rate was 42.9%, the me-
dian pack-years were 41.0, and cigarettes per day were 20.0.
There were no significant differences in the measured charac-
teristics between the smoking cessation group and the smok-
ing group at baseline except indices showing nicotine depend-
ency, such as expiratory CO concentration (19.2 + 9.8 ppm vs.
28.0 = 10.9 ppm, respectively, P = 0.0169), Fagerstrom Test
for Nicotine Dependence (FTND) (5.5 (3.0 - 7.0) vs. 7.0 (6.0
- 7.5), respectively, P = 0.0066), and the Tobacco Dependence
Screener (TDS) (8.0 (5.5 -9.0) vs. 9.0 (8.0 - 10.0), respective-
ly, P=0.0020). FTND and TDS are considered to be a physical
and psychological dependency on nicotine, respectively. Pack-
years and cigarettes per day were not significantly different be-
tween the smoking cessation and smoking groups, which was
unexpected (43.0 (24.5 - 65.8) pack-years vs. 39.0 (29.0-61.5)
pack-years, P = 0.7672; 20.0 (20.0 - 31.3) cigarettes/day vs.
20.0 (20.0 - 32.5) cigarettes/day, P = 0.4547, respectively).
Neither patients with housemate smokers nor those with psy-
chiatric disorders had significant changes between groups.
A decreasing trend was shown in patients with each factor
(22.2% vs. 52.9%, P = 0.0601; 11.1% vs. 29.4%, P = 0.1761,
respectively) in the smoking cessation group compared with
the smoking group, although each factor has been reported to
be lower in those who could quit smoking.

The expiratory CO concentration significantly decreased in
the smoking cessation group both at 1 and 3 months compared
with baseline, whereas no significant changes were seen in the
smoking group, which showed a slightly decreasing trend (Fig.
1). In the smoking cessation group, systolic BP significantly
decreased by -7.0 mm Hg at 1 month (P = 0.0346) and -9.1
mm Hg at 12 months (P = 0.0196) (Fig. 2a). Each systolic BP
result at 1 month or thereafter showed no significant changes.
Diastolic BP also significantly decreased in the smoking ces-
sation group by -4.2 mm Hg at 1 month (P =0.0379) and -5.9
mm Hg at 12 months (P = 0.0019) (Fig. 2b). Each diastolic
BP after 1 month showed no significant change. PR also sig-
nificantly decreased in the smoking cessation group by -5.1
bpm at 1 month (P = 0.0019) and -6.7 bpm at 12 months (P =
0.0243; Fig. 2c). Each PR after 1 month showed no significant
changes. Conversely, BPs and PR had no significant changes
at any point in the smoking group (Fig. 2a-c).

In those who had microalbuminuria at baseline, neither
the ratio nor the average differed significantly between groups
(44.4% (n = 8) vs. 36.4% (n =7), P = 0.8452 (Table 1); 95.8
+ 92.9 mg/gCr vs. 61.9 = 43.5 mg/gCr, P = 0.3774 (Fig. 3),
respectively). After 12 months, microalbuminuria was amelio-
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Figure 2. Changes of systolic and diastolic blood pressures and pulse
rate. (a) Systolic blood pressure (BPsys). (b) Diastolic blood pressure
(BPdia), (c) Pulse rate (PR). Data are represented as mean + SD. Sin-
gle and double asterisks denote P < 0.05 and P < 0.01, respectively as
compared to the baseline level; (filled square) smoking cessation group
and (filled circle) smoking group.

rated significantly in the smoking cessation group, but not in
the smoking group (75.5 £ 96.3 mg/gCr (-19.7 mg/gCr), P =
0.0059 vs. 97.7 = 90.4 mg/gCr (+35.8 mg/gCr), P = 0.1039,
respectively) (Fig. 3a, b). Estimated glomerular filtration rate
(eGFR) at baseline did not differ significantly (67.8 + 21.6 vs.
72.0 £ 13.0, P = 0.4926; Table 1). eGFR after 12 months also
did not change in each group (65.3 +20.0, P=0.4477 vs. 69.0
+ 15.8, P=0.2591, respectively).
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Figure 3. Changes of albuminuria. Subjects who had microalbuminuria
(30 to 300 mg/gCr) at baseline (Before) were followed at 12 months
(After); (a) Smoking cessation group (filled diamond) and (b) smoking
group (filled circle).

BW gradually increased after beginning the smoking ces-
sation program in both groups. There was a significant weight
gain after 3 months in the smoking cessation group and after
6 months in the smoking group. The final weight gains at 12
months were 1.9 kg and 1.4 kg, respectively. However, HbAlc
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Figure 4. Changes of body weight and HbA1c. (a) Body weight (kg).
(b) HbA1c (%). Data are represented as mean + SD. Single and double
asterisks denote P < 0.05 and P < 0.01, respectively as compared to
the baseline level; (filled square) smoking cessation group and (filled
circle) smoking group.

did not change significantly throughout the study period in
the smoking cessation group in those whose medication did
not change, whereas it significantly increased at 3 months and
thereafter in the smoking group (Fig. 4a, b).

Discussion

In this study, we demonstrated that smoking cessation ame-
liorates microalbuminuria, with a reduction in BP and PR and
without worsening diabetes control in patients with already di-
agnosed diabetes. Cigarette smoking results in various adverse
effects such as sympatheticotonic effects by nicotine (i.e., ele-
vated BP, increased PR, and vasoconstriction), reduction in ox-
ygen supply by CO, and vascular endothelial dysfunction [1, 2].
To date, in non-diabetes patients, an immediate beneficial effect
on BP was reported when they discontinued smoking, and even
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I-week short-term smoking cessation significantly decreased
daytime BP and heart rate [24]. Additionally, BP, heart rate,
and microalbuminuria were reported to improve when diabetes
patients discontinued smoking just after the onset of diabetes
and abstained from smoking for 1 year [23]. Therefore, regard-
less of the diabetes duration, smoking cessation may result in
a positive effect for circulatory system parameters, leading to
amelioration of microalbuminuria in just 1 year alone.

It is reported that the ex-smokers have a higher incidence
of hypertension than never-smokers [25]. Weight gain after
smoking cessation is thought to be associated with hyperten-
sion [26]. However, it is unknown at present when people
who quit smoking show a tendency toward hypertension after
smoking cessation. Subjects who quit smoking in this study
had a significant BW gain by the 12-month follow-up. How-
ever, there was no significant increase in BP. A recent meta-
analysis including 62 randomized controlled trials concluded
that smoking cessation was associated with a mean weight
gain of 4 - 5 kg after 1 year of abstinence [27]. Because our
weight gain data at 12 months in the smoking cessation group
showed an increase of about 1.9 kg, which was less than that of
the meta-analysis, the weight gain might not cause hyperten-
sion. Careful management of the BP is required in the smoking
cessation group to prevent the complication of hypertension
because it is possible that the patients’ BP will gradually in-
crease sometime in the future.

Smoking cessation is found to be more effective than oral
medicines such as aspirin, antihypertensive agents, and statins
[28], and a reduction in the risk of cardiovascular diseases ap-
pears relatively soon thereafter [29]. This study showed that
the significant decrease of BP and PR in the smoking cessa-
tion group appeared within the first month, meaning that this
effect of smoking cessation was realized almost immediately.
Because hypertension is the important risk factor for CKD
exacerbation [30], improvement of BP from an early stage of
CKD may result in a benefit that would be extremely useful
in suppression of CKD progression. In a meta-analysis of 20
RCTs, including 52,400 patients, for each tertile decrease in
achieved BP, there was a relative risk reduction of 26% for
progression to ESRD [31]. Similarly, in a meta-analysis of 84
randomized and non-randomized trials in CKD patients, for
each 10-mm Hg decrease in mean arterial pressure, there was
an improvement of 0.18 mL/min/1.73 m? /month in the GFR
rate of loss [32]. In our data, there was an approximately 9 mm
Hg decrease in systolic BP in the smoking cessation group,
suggesting an improvement in the eGFR reduction rate in the
future, although it has not yet been confirmed.

Microalbuminuria is a known early predictive risk fac-
tor for renal disease. Briefly, patients with microalbuminuria
have a 3.3-fold (95% CI 2.1 - 5.1) higher multivariable-ad-
justed risk of renal events (i.e., death as a result of kidney
disease, requirement for dialysis or transplantation, or dou-
bling of serum creatinine to > 200 pmol/L) [33]. The renal tis-
sue of diabetes patients with microalbuminuria already shows
abnormalities [34]. Additionally, there is the case in which a
nodule and expansion in the mesangial regions appear in renal
tissues in diabetes patients even with normoalbuminuria [34].
Therefore, when the diabetes patients have microalbuminu-
ria, we should be aware of an impending crisis because DKD
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pathological changes begin without any symptoms. Addition-
ally, smoking exacerbates CKD, and smoking cessation that
can improve microalbuminuria, such as in our study, is a vital
treatment to suppress nephropathy and as a dialysis precau-
tionary measure. Thus, all diabetes patients who are habitual
smokers should be aggressively encouraged to quit smoking.
Stricter counseling may be necessary to protect against the
development of CKD.

Earlier reports demonstrated that if patients with micro-
albuminuria can achieve appropriate blood glucose levels,
BP, and lipid management, they can delay the exacerbation of
CKD [35, 36]. Our findings showed that if there is a significant
decrease in BP, even if blood glucose is not improved, microal-
buminuria could be improved. The importance of a short-term
BP-lowering effect was reconfirmed. As mentioned above, be-
cause ex-smokers have a tendency towards hypertension, we
should be aware that BP management including BW control is
connected directly to microalbuminuria countermeasures.

Generally, smoking cessation causes weight gain through
both appetite and metabolic improvements. A recent report
showed that an increased risk of diabetes was observed among
individuals who newly quit smoking compared with never-
smokers among men (odds ratio (OR), 1.42; 95% CI, 1.03 -
1.94) and women (OR, 2.84; 95% CI, 1.53 - 5.29) [37]. Our
quitters did not show worsening HbAlc but there was an in-
crease in BW. We do not understand why, but possible causes
are: 1) the short observational period in our study compared
with the report above, where the authors monitored for at least
5 years; 2) possibility that the weight gain was not enough to in-
crease insulin resistance; 3) improvement of insulin resistance
by smoking cessation; 4) continuous encouragement of aggres-
sive exercise; and 5) repeated counseling about the importance
of diet therapy. For glycemic control, quitters should be further
followed up, maintaining an aggressive lifestyle intervention.

At the beginning of this study, we hypothesized that smok-
ers who did not quit had poorer metabolic factors, such as worse
HbA Ic, and higher BW and BMI than those who quit smoking.
However, only nicotine dependency was consistent between the
groups at the baseline, demonstrating that to prevent complica-
tions, the poorer control that patients have, the better treatment
they should pursue irrespective of metabolic status. The TDS
was the most significant predictive factor for smoking cessation
between quitters and non-quitters in this study, and was origi-
nally developed to measure the psychological and behavioral
aspects of nicotine dependence according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-III-R, DSM-
1V, and International Statistical Classification of Diseases and
Related Health Problems (ICD)-10 [38]. To quit smoking, it is
important to alter some behaviors, such as the four Ds (delay,
drinking water, distract oneself with other activities, and deep
breathing) and ACE (avoid, change, and escape, in anticipating
or coping with a trigger) [39]. Careful guidance and encour-
agement are required for those patients who have more than 9
points for their TDS score before treatment.

There are several limitations to the present study. First,
the number of subjects in this study was not large. The present
findings should be replicated in a future study with a greater
number of subjects, conducting a prospective assessment of
each parameter. Second, we measured BP only once each vis-
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it, which may not accurately reflect BP levels and may have
resulted in misclassification of our key interpretation. Third,
there were few microalbuminuria measurements because of
limitations under our health insurance coverage. Because sev-
eral temporary factors can cause higher-than-normal urinary
microalbumin results, such as recent vigorous exercise, hema-
turia, and dehydration, a larger sample size is needed in a fu-
ture study to reduce misinterpretations.

In this report, we demonstrated that smoking cessation is
one of the most important treatments for diabetes patients be-
cause it can reduce complications without worsening diabetes
control. There is an increasing incidence and prevalence of
kidney failure worldwide, with poor outcomes and a high cost.
Smoking cessation is the least expensive method and the best
method to reduce the burden of healthcare costs. Continuous
and diligent guidance and intensive lifestyle intervention are
needed for diabetes patients who are addicted to smoking.

Conclusions

Smoking cessation might cause a reduction in chronic kidney
disease progression through ameliorating microalbuminuria
without metabolic adverse effects in patients already diag-
nosed with diabetes mellitus.
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