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ABSTRACT

Background: Conflicting evidence exists for observational studies on whether
tobacco smoking is a risk factor for diabetic nephropathy (DN) in patients with type
1 (T1DM) and type 2 diabetes mellitus (T2DM). In this meta-analysis, we aimed to
assess the effects of tobacco smoking on the development of DN.

Materials and Methods: We searched MEDLINE and EMBASE databases from their
inception to March 31st, 2017 for cross-sectional, case-control, and prospective cohort
studies. We screened reference lists of retrieved articles. Summary relative risks (SRRs)
and 95% confidence intervals (CIs) were calculated using a random-effects model.

Results: A total of nineteen observational studies (1 case-control, 8 cross-
sectional and 10 prospective cohort studies) were identified, involving more than
78,000 participants and a total of 17,832 DN cases. Compared with never-smokers,
there was an augmented SRR (95% CI) of DN in ever-smokers in patients with TILDM
(1.31[1.06-1.62]; P = 0.006) and T2DM (1.44 [1.24-1.67]; P < 0.001), respectively.
In patients with T1DM, the SRR (95% CI) was 1.25 (0.86-1.83) for microalbuminuria
only, 1.27 (1.10-1.48) for macroalbuminuria only, and 1.06 (0.97-1.15) for end-stage
renal disease (ESRD). In patients with T2DM, the SRR (95% CI) associated with
ever smoking was 1.46 (0.94-2.26) for microalbuminuria only, 1.72 (1.04-2.84) for
macroalbuminuria only, and 1.10 (0.36-3.33) for ESRD.

Conclusions: Our meta-analysis suggests evidence for cigarette smoking as an
independent risk factor for the development of DN in patients with both T1DM and
T2DM.

INTRODUCTION

The incidence of diabetes mellitus (DM) is
increasing worldwide and not only does it affect quality
of life for these patients but the condition also results in a
huge economic burden for individuals and countries [1].
Diabetic nephropathy (DN) is one of the most common
and severe microvascular complications of DM and is the
leading cause of end-stage renal disease (ESRD) [2]. Once
those with diabetes develop DN, pathological changes

often develop progressively and cannot be easily reversed
[3, 4]. DN is characterized by persistent albuminuria,
arterial blood pressure elevation, and a decline in the
glomerular filtration rate (GFR) [S]. Established risk
factors for the development of DN include genetic
susceptibility, advanced age, male gender, hypertension,
poor glycemic control, duration of diabetes, and an
unfavorable lipid profile [6, 7].

Cigarette smoking is undoubtedly one of the leading
causes of premature death, predominantly resulting in
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cardiovascular disease and cancer [8]. With regard to
the deleterious effect of smoking on the kidneys, data
from a recent systematic review and meta-analysis of
prospective studies suggested that there is an independent
association between smoking and incident chronic kidney
disease (CKD) in the general population [9]. In relation
to DN, smoking is considered to have harmful effects
contributing to the development and progression of DN
[5, 10]. However, data supporting this statement have been
inconsistent. To the best of our knowledge, no systematic
reviews or meta-analyses have assessed smoking as a
risk factor for the development of DN, although there
are many observational studies on this issue [1, 5, 10—
25]. Therefore, to better characterize the association
between tobacco smoking status and the development of
DN in patients with type 1 (T1DM) and type 2 diabetes
(T2DM), we conducted a comprehensive meta-analysis
of observational studies. This meta-analysis followed the
guideline on meta-analysis of observational studies in
epidemiology (MOOSE) [26].

MATERIALS AND METHODS

Literature search

Two investigators (HF and JN) independently
screened the original articles, which were written in
English. We comprehensively searched for relevant studies
in two databases (EMBASE, http://www.embase.com/)
and MEDLINE (PubMed, http://www.ncbi.nlm.nih.gov/
pubmed/) from the inception of these databases to March
31%, 2017. The search terms included the following key
words: 1) smoking OR cigarette OR tobacco OR nicotine;
2) proteinuria diabetes OR diabetic macroalbuminuria OR
diabetic microalbuminuria OR diabetic nephropathy OR
diabetic nephropathies; and 3) cohort OR case-control OR
cross-sectional. The references of included studies and
relevant reviews were also checked for eligible studies.

Exposure and outcome measures

Some articles reported on individuals ever smoking,
and several included data for individuals who had formerly
smoked or were currently smoking, therefore results on
ever smoking were derived from combining the results for
former and current users. Current users were considered
to be ever users in some studies that only reported current
smoking habits.

Given proteinuria is known as the main clinical
manifestation of DN, the outcome of interest was the
urine albumin-to-creatinine ratio (UACR) or urine
albumin excretion rates (UAER). According to the UACR
or UAER, DM patients were divided into 3 groups:
normoalbuminuria (UAER: < 30 mg/d or UACR: < 30
mg/g), microalbuminuria (UAER: 30-300 mg/d, UACR:
30-299 mg/g) and macroalbuminuria (UAER: > 300

mg/d or UACR: > 300 mg/g). Patients in the micro- and
macroalbuminuria groups were considered to have DN.

Study selection

Studies were included according to the following
criteria: 1) the design was based on an observational
study evaluating the association between smoking and
the development of DN; 2) the risk estimates and their
confidence intervals [CIs] were at least adjusted or
matched for age and hypertension; 3) if more than 1 study
originated from the same population, the latest or most
informative study was included. Animal experiments,
chemistry, cell line studies, editorials, commentaries,
review articles, and case reports were all excluded. Data
on other forms of tobacco use, such as cigar and pipe,
were not analyzed. We did not consider the grey literature.
Two investigators (HF and JN) independently reviewed
all potentially relevant articles to determine whether an
article met the general inclusion criteria, and disagreement
was resolved by discussion between the two investigators.

Data extraction

Two researchers (HF and JN) independently
extracted the following data from each publication:
the first author’s last name, year of publication, study
locations, sample size, gender, age, smoking category, the
methods of assessment of outcomes, duration of follow-
up in cohort studies, relative risk [RR] and 95% CI, and
co-variables that were adjusted for in the analysis. From
each study, we extracted the risk estimates that reflected

the greatest degree of control for potential confounders.

Statistical analysis

Based on a random-effects model, we pooled
study-specific RRs and their 95% ClIs from all included
studies. This random- effects model was developed
by DerSimonian and Laird, which robustly considers
heterogeneity among studies [27]. We used a fixed effects
model to obtain overall combined estimates for DN risk
for studies that reported results separately for different
pack-years of smoking [16, 28], before and after diagnosis
of diabetes [5], men and women [14] and whether there
was different expression of the rs2295490 genotype
[1]. For studies reporting risk estimates according to
continuous measure of pack-years [10], we calculated the
risk estimates according to the mean smoking dose.

In assessing heterogeneity among studies, we
used the Cochran Q and I? statistics. The /? statistic is
the percentage of total variation across studies due to
heterogeneity rather than through chance. Results were
defined as heterogeneous for P-values < 0.10 or /» was
> 50% [29]. We explored the origin of heterogeneity
by subgroup analysis according to study characteristics
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such as study design, locations, confounders, outcome
of DN (microalbuminuria, macroalbuminuria, and renal
insufficiency). Heterogeneity was also evaluated by
random-effects meta-regression, which used the method
of maximum likelihood approaches, where appropriate.
Sensitivity analysis was used to assess the effect of a
single study on the overall pooled estimates by excluding
each study in turn.

Publication bias was assessed using funnel plots
and the further Begg’s adjusted rank correlation and
Egger’ regression asymmetry tests [30, 31]. P < 0.10 was
considered to be representative of a significant statistical
publication bias. We also performed a nonparametric “trim
and fill” procedure to further assess the possible effect
of publication bias in our meta-analysis. All statistical
analyses were performed using STATA, version 11.0
(STATA, College Station, TX, USA). A two-sided P value
< 0.05 was considered to be statistically significant.

RESULTS

Search results and study characteristics

Based on the study selection criteria, we identified
a total of 664 potentially relevant articles (653 articles
from MEDLINE database and 11 articles from EMBASE

664 Potential articles identified
®EMBASE (n=11)
®PUBMED (n=653)

database). Of the 664 individual papers, 48 papers were
thoroughly assessed by reading their full-text. After
reviewing the cross-reference list, a further 5 articles
were identified. By studying these 53 articles, 34 were
excluded for various reasons (Figure 1). Therefore, a total
of nineteen articles were included in the meta-analysis; 10
prospective cohort, 1 case-control, and 8 cross-sectional
studies (Supplementary Table 1). The continents or
countries where the studies were conducted were: Asia
(n = 8), the United States (n = 3), Europe (n = 7), and
multi-centers (n = 1).

All articles were published between 1995 and 2016
and involved more than 78,000 participants and a total of
17,832 DN cases. In all studies, relative risk estimates were
adjusted for age, gender, and blood pressure. All but one
study made adjustments for duration of DM [11]. More
than half of the included studies made adjustments for body
mass index (BMI), HbAlc, and blood lipid levels. Some
studies adjusted for hypertension and diabetes medications.
Among the nineteen studies, only three focused on diabetic
microalbuminuria [20, 21, 23], six focused on diabetic
macroalbuminuria only [13, 14, 22, 24, 25, 28], four focused
on micro-and macroalbuminuria combined [1, 15, 18, 19],
two specifically focused on micro-, macroalbuminuria, and
ESRD [10, 16], and two focused on ESRD [11, 12] or eGFR
< 60 ml/min/1.73m? [5, 17].

Duplicates removed (n= 2)

A 4

Potential articles included

in meta-analysis (n=662)

Excluded after title/abstract review (n=609):

reviews/pooled or meta-analysis;
abstracts/letters/editorials/commentaries;

in vitro, and/or animal studies; case studies; migrant studies

Potential articles included for more detailed assessment (n=48)

34 Excluded after full text review

@18 Did not evaluate this association
o2 Reported the same population
o11 Reported renal function decline
3 Did not adjust for blood pressure

Additional articles
included from reference —>
review (n=5)

\ 4

19 Articles identified
@10 Prospective cohort
@8 Cross-sectional

®1 Case-control

Figure 1: Flow diagram of systematic literature search on cigarette smoking and diabetic nephropathy in patient with

type 1 and with type 2 diabetes.
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Smoking and the development of DN in patients
with TIDM

Six cohort studies and 1 cross-sectional study [10,
14, 20, 22-24] reported risk estimates for the association
between smoking and the development of DN in TIDM.
Compared with never-smokers, ever-smokers were
associated with an elevated risk of DN development
(SRR = 1.31; 95% CI, 1.06-1.62), with evidence of
heterogeneity (P = 0.006, I>= 66.9%; Figure 2A). Three
studies [10, 23, 24] presented results on former smoking,
with a SRR of 1.12 (95% CI, 0.85-1.49; P = 0.287, I*=
19.8%; Figure 2B). Five studies [10, 14, 22-24] presented
results on current smoking, with a SRR of 1.65 (95% CI,
1.14-2.37; P = 0.004, 1>= 73.9%; Figure 2C). Current
smokers had a significantly higher risk of DN development
than former smokers (P for difference = 0.011).

As shown in Table 1, Subgroup analysis restricted
to prospective cohorts led to a similar SRR of 1.26
(95% CI, 1.03-1.56; P = 0.009, I*= 67.7%). Table 1
Subgroup analysis was performed by the outcome of
DN: microalbuminuria only (SRR = 1.25, 95% CI,
0.86—1.83), macroalbuminuria only (SRR = 1.27, 95%
CI, 1.10-1.48), ESRD (SRR = 1.06, 95% CI 0.97-1.15).
Subgroup analysis was also performed by locations: Asia
(SRR = 2.43; 95% CI, 1.08-5.45), Europe (SRR = 1.18;
95% CI, 0.92—1.52) and the USA (SRR = 1.50; 95% CI,
0.83-2.71). We also conducted a sensitivity analysis by
omitting one study at a time and calculating the SRRs for
the remainder of the studies, and found that there were no
changes in the direction of effect when any one study was
excluded (Supplementary Figure 1A).

Smoking and the development of DN in patients
with T2DM

Six cohort studies, 1 case-control study and
seven cross-sectional studies [1, 5, 11-13, 15-21, 25,
28] reported risk estimates for an association between
smoking and the development of DN in patients with
T2DM. Compared with never-smokers, ever-smokers
were associated with an elevated risk of DN development
(SRR = 1.44; 95% CI, 1.24-1.67), with evidence of
heterogeneity (P < 0.001, I?= 71.6%; Figure 3A). One
study [16] presented results on former smoking, with a RR
0f2.12 (95% CI, 1.12-4.02). Four studies [14, 16, 19, 28]
presented results on current smoking, with a SRR of 1.85
(95% CI, 1.03-3.32; P =0.003, I>= 82.6%; Figure 3B).

As shown in Table 1, Subgroup analysis was
restricted to prospective cohort (SRR = 1.16; 95% CI,
1.01-1.34; P = 0.374, I> = 6.7%) and cross-sectional/
case-control studies (SRR = 1.67; 95% CI, 1.32-2.11; P <
0.001, I>= 82.3%). Subgroup analysis was performed by
the outcome of DN: microalbuminuria only (SRR = 1.46,
95% CI, 0.94-2.26), macroalbuminuria only (SRR = 1.72,
95% CI, 1.04-2.84), and ESRD (SRR = 1.10, 95% CI,

0.36-3.33), and by locations: Asia (SRR = 1.62; 95% ClI,
1.23-2.09), Europe (SRR = 1.54; 95% CI, 1.13-2.09)
and the USA (SRR = 1.19; 95% CI, 0.99—1.42). We also
conducted a sensitivity analysis by omitting one study at a
time and calculating the SRRs for the remainder of studies,
and found that there were no changes in the direction of
effect when any one study was excluded (Supplementary
Figure 1B).

Publication bias

For studies on T1DM, Begg’s (P =0.133) and Egger’s
(P =0.460) tests did not reveal evidence of publication bias
but visual inspection of the funnel plots revealed significant
asymmetry. The trim-and-fill method suggested that 2
additional risk estimates were needed to balance the funnel
plot and the summary risk estimates lost statistical significance
(SRR =1.18; 95% CI, 0.95-1.47; Figure 4A). For studies on
T2DM, Begg’s (P = 0.913) test did not reveal evidence of
publication bias but visual inspection of the funnel plots and
Egger’s test (P = 0.087) revealed significant bias. The trim-
and-fill method suggested that 4 additional risk estimates
were needed to balance the funnel plot and the summary
risk estimates were still statistically significant, albeit much
weaker (SRR = 1.24; 95% CI, 1.06-1.45; Figure 4B).

DISCUSSION

Based on the current meta-analysis of ten
prospective cohort, 8 cross-sectional, and 1 case-control
studies, we found that ever smoking may be associated
with an elevated risk of diabetic nephropathy in patients
with type | and with type 2 DM. We believe these studies
were well-organized. These associations were independent
of major risk factors for nephropathy such as hypertension,
DM duration, BMI, and dyslipidemia.

Although the exact mechanism is unknown, a
possible pathological pathway of cigarette smoking
resulting in DN has been proposed. First, smoking
increases the concentration of carboxyhemoglobin,
prothrombotic factors, and platelet activation [32],
all of which can cause proinflammation, oxidative
stress, and endothelial cell dysfunction (diminished
nitric oxide availability and intimal cell hyperplasia),
glomerulosclerosis, and tubular atrophy [33, 34]. In the
literature, smokers with DM had thicker glomerular
basement membranes compared with nonsmokers with
DM [35]. In vivo studies have suggested that nicotine
can promote mesangial cell proliferation and increase
production of the extracellular matrix [36, 37]. The second
putative pathway for smoking to result in DN has been
linked to worse glycemic control and a less favorable
lipid profile in patients with diabetes [10], both of which
are independently associated with progression of DN
[38]. The third mechanism is that smokers are unaware
of the progression of a chronic disease (e.g., diabetes and
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Table 1: Stratified analyses for the association between ever smoking and diabetic nephropathy

TiDM T2DM
Subgroup
No. SRR (95% CI) P, I* (%) P, No. SRR (95% CI) P, I* (%) P,
7 1.31 (1.06-1.62)  0.006, 66.9 14 1.44 (1.24-1.67) <0.001,71.6
Design 0.254 0.046
Prospective 6 1.26 (1.03-1.56)  0.009, 67.7 6 1.16 (1.01-1.34) 0.374, 6.7
Cross-sectional/case-control 1 2.43 (1.08-5.45) - 1.67 (1.32-2.11)  <0.001, 82.3
Locations 0.897 0.169
Asian 1 2.43 (1.08-5.45) - 1.62 (1.23-2.09) 0.068, 48.8
European 4 1.18 (0.92-1.52)  0.031, 66.1 4 1.54 (1.13-2.09) 0.008,74.7
USA 2 1.50 (0.83-2.71)  0.018, 82.1 2 1.19 (0.99-1.42) 0.564, 0
Outcome 0.855
Microalbuminuria only 3 1.25(0.86-1.83)  0.001, 84.7 0.754 3 1.46 (0.94-2.26) 0.018, 75.0
Macroalbuminuria only 5 1.27(1.10-1.48)  0.273,22.3 4 1.72 (1.04-2.84) 0.007, 75.0
ESRD 1 1.06 (0.97—1.15) - 1.10 (0.36-3.33) 0.052, 73.6
Adjustments by BMI 0.868 0.414
Yes 6 1.33 (1.05-1.68)  0.003, 72.4 11 1.38 (1.17-1.63)  <0.001, 70.3
No 1 1.25(0.74-2.11) - 3 1.62 (1.36-1.92) 0.582,0
Adj l}st.menfs by 0991 0.187
Dyslipidemia
Yes 1.25(1.03-1.52)  0.216, 34.7 7 1.63 (1.27-2.09)  0.009, 64.8
No 4 1.35(0.88-2.08)  0.002, 80.1 7 1.30 (1.09-1.54) 0.008, 65.7
A
Study Relative %
Study Relative %
D Risk (95% Cl) Weight
D Risk (95% Cl) Weight
Feodoroff etal. (2016) —'i— 124 (1.11,1.39) 2333
Okada etal. (2012) —r— 8 243 (1.08, 5.45) 537
Cederhoim etal. (2005) L 084063, 1.11) 172 Feodoroff et al. (2016) —— 1.24(1.09,141) 7866
Rossing etal. (2002) —_— 161 (1.11,2.33) 14.14 Soottetal. 2001) 081(040,180) 217
Scott etal. (2001) — 207 (1.37,3.13) 12.80
RCPE (2000) 125074, 2.11) 987 ROPE (2000 073(030,175) o
Klein et al. (1995) —T—— 113 (0.85, 1.50) 7.2 Overall (I-squared = 19.8%, p = 0.287) 1.12(0.85,149) 100.00
Overal (I-squared = 66.9%, p = 0.006) > 1.31(1.06, 1.62) 100.00
2 2 5 2 B 1 5
C
Study Relative %
D Risk (95% Cl) Weight
Feodoroff et al. (2016) 1.24 (099, 1.54) 27.40
Okada et al. (2012) —T——— % 243 (1.08,5.45) 12.14
Scatetal (2001) e snaosl) e
RCPE (2000) —_— 1.68 (0.87,3.25) 15.23
Klein etal. (1995) — 1.13 (0.85, 1.50) 2571
Overall (I-squared = 73.9%, p = 0.004) 165 (1.14,2.37) 100.00
> 5 i 2 5

Figure 2: Estimates of the relative risk of developing diabetic nephropathy in patient with type 1 diabetes for (A) ever smokers, (B) former

smokers, (C) current smokers.
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hypertension) [16, 39-41], leading to a delay in diagnosis
and treatment of their diseases, increasing the likelihood
of complications, such as DN.

Recently, a systematic review and meta-analysis
identified tobacco smoking as the significant risk factor
for incidence and progression of CKD in the general
population [9]. In addition, a positive association between
cigarette smoking and the progression of CKD in IgA
nephropathy [42] and idiopathic membranous nephropathy
[43] has also been demonstrated in prospective studies.
However, this relationship in patients with TIDM and
T2DM remains unclear. A study from the USA showed
that current smokers with TIDM have a higher risk of
microalbuminuria (RR = 3.1, 95% CI, 1.9-5.1) during a
4-year follow-up period [23]. However, two other Danish
prospective studies showed contradictory results: smoking
was not associated with a decline in kidney function or
the progression of albuminuria, or the development of
microalbuminuria [44, 45]. For patients with T2DM, a
German study showed that although smoking is associated
with a decline in kidney function, it did not increase the
risk of proteinuria [46].

In the meta-analysis of TI1DM, a stronger risk was
evident in current smokers than in former smokers (RR =
1.65 vs. 1.12, P for difference < 0.001), suggesting that
cessation of smoking significantly decreased the risk of

A

Study
D

Relative
Risk (85% C)

%
Weight

535
6.66
10.47

Zittet al. (2016)
Yeom etal. (2016)
Zhang et al. (2015)
Furukawa etal. (2014)
Yuetal. (2014)

Wolf et al. (2011)

Hsu etal. (2010)
Zoppini et al. (2009)

1.77 (1.07, 2.91)
1.63 (1.0, 2.46)
1,53 (1.23, 1.91)
3.02(1.14,7.91)
056 (0.20, 1.62)
1.74 (1.28, 2.38)
2.39(1.69, 3.39)

—_———
R
—-—
201
1.76
8.54
779
103(0.68, 1.89) 522
Parving et al. (2006)
Cederholm et al. (2005)
Herrera-Pombo et al. (2005)
Tam et al. (2004)
Yokoyama et al. (1998)

1.15(1.08, 1.22)
1.09 (0.89, 1.33)
1.85(1.36, 2.51)
148 (0.85, 2.57)
1.15(0.60, 2.22)

13.27
10.88
8.61
472
374
Klein et al. (1995) 10.98

Overall (I-squared = 71.6%, p = 0.000)

1.21(1.00, 1.48)

1.44(1.24, 1.67) 100.00

NOTE: Woights aro fromrandom offocts analysis
T

2

Study

Okada et al. (2012)

Hsu etal. (2010)

Herrera-Pombo et al. (2005)

Kein et al. (1995)

Overal (-squared = 78.6%, p = 0.003)

NOTE: Weights are from random effects analysis

[

—————F—=———————— 243(1.08,545)

the development of DN. Furthermore, the elevated risk
of DN in former smokers lost statistical significance. A
prospective study by Chuahirun et al. [47] and Phisitkul
et al. [48]. reported that those who quit smoking with
T2DM had lower rates of alb/cr change (P = 0.021) or
eGFR decline (P < 0.001) than smokers with T2DM,
respectively. In addition, findings from a Korean cross-
sectional study [5] indicated that smoking cessation in
male patients with T2DM could delay the progression of
DN or slow the decrease of glomerular function. These
data supported the contention that smoking cessation is an
effective renoprotective intervention in patients with type
1 and type 2 DM.

In the meta-analysis of the effects of cigarette
smoking specifically on type 1 and type 2 DN, we
observed similar summary risk estimations (SRR = 1.31
vs. 1.44), suggesting that cigarette smoking may exert
an equally detrimental influence on TIDM and T2DM.
When we performed meta-analysis according to different
stages of DN, we found somewhat stronger, albeit not
significant, risk estimation for microalbuminuria and
macroalbuminuria compared with ESRD. These results
indicated that the influence of smoking begins in the
early stages of diabetes. In addition, cigarette smoking is
possibly a weaker risk factor in the development of ESRD
compared with hypertension and duration of DM [16].

Relative

Risk (95% CI)

Hsuetal. 2010) 212(1.12.4.02)

Herrera-Pombo et dl. (2005) 167(113,245) 7347

Overall (squared = 0.0%, p= 0.531) 178(128.248)  100.00

NOTE: Weights are from random effects anaysis.

T T T T T
2

Relative

Risk (95% CI) Weight

16.73

- 252(166,383)  26.76

- 219(132,364)  24.26

121(100,148) 3225

191(120,304)  100.00

T T
2

Figure 3: Estimates of the relative risk of developing diabetic nephropathy in patient with type 2 diabetes for (A) ever smokers, (B) former

smokers, (C) current smokers.
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However, it is important to note that only a small number
(<'5) of studies were included, which assessed different
stages of DN.

To make our results more reliable, we made
concerted efforts in several aspects of the study as
follows: (1) this meta-analysis is the first quantitative
review of smoking status and the development of DN,
which included a comprehensive, systematic search of the
literature using a broad search strategy to identify studies.
(2) This meta-analysis included 10 prospective studies,
which should have eliminated selection and recall bias.

A

1
5
8
g 0
©
=
-5
-1

theta, filled
o

2
s.e. of. theta, filled

(3) Smoking has effects on many factors, including BMI,
vascular disease, dyslipidemia, glycemic control and other
important physiological function, and most of the included
studies were adjusted for potential confounders. (4) We
performed subgroup and meta-regression analysis to
explore the source of heterogeneity. We suggest that study
design might be one of the sources of heterogeneity.
However, our study has some limitations, which
should be considered. First, many studies were based on
a cross-sectional or case-control design, which does not
allow for causal inference and can overestimate measures

Filled funnel plot with pseudo 95% confidence limits

Filled funnel plot with pseudo 95% confidence limits

s.e. of: theta, filled

Figure 4: Filled funnel plot of log relative risk vs. standard error of log relative risks in studies that evaluated the effect of ever smoking
on the development of diabetic nephropathy in patient with (A) type 1 and with (B) type 2 diabetes.
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of association. When restricting to prospective cohort
studies, a significant, albeit weaker association was found
between cigarette smoking and the development of DN in
patients with TIDM and T2DM, respectively. Second, as
with all observational studies, residual confounding cannot
be completely ruled out. For example, smokers tend to be
associated with heavy alcohol consumption behaviors
[49]. Dunkler et al. found that moderate alcohol users with
T2DM had a significantly decreased CKD risk compared
with non-alcohol consumers with T2DM [50]. However,
only one included study adjusted for alcohol consumption
[13]. Furthermore, smokers tend to be thinner on average
and have a less favorable lipid profile than non-smokers
[10, 51]. The majority of studies included in our meta-
analysis adjusted for BMI or dyslipidemia. However, a
meta-analysis is not able to resolve confounding factors
that could be inherent in the included studies.

A third limitation of our study was the high
heterogeneity across studies that were present, which may
be related to the study design, number of cases, method of
exposure measurement, definition of DN, and adjustment
for confounders. The definition, classification of smokers,
and the methods used for quantifying tobacco exposure
are different, which may yield varied results with regard to
the strength of the association. In addition, the diagnostic
criteria for DN varied, with some studies categorizing
UACR 30-300 mg/g as microalbuminuria, UACR >
300 mg/g as overt nephropathy, while other studies defined
DN as UAER > 30 mg/24 h on any annual evaluation.
Considerable heterogeneity could make the results less
robust. The meta-analysis of cohort studies on T2DM
showed little variability, whereas significant heterogeneity
was observed among cross-sectional/case-control studies.
The meta-regression analysis suggested that study design
was the most significant factor (P = 0.046), accounting
for 21.7% of the significant heterogeneity observed among
studies.

A fourth limitation was that assessment of a
dose-response relationship was a major criterion for
determination of the causality of an association. Due to
the absence of smoking dose information in the included
studies, we could not perform a quantitative review of the
dose—response relationship. Only five studies [12, 16, 17,
20, 24] considered the medications for hypertension and/
or diabetes e.g., angiotensin-converting enzyme inhibitor
(ACEI) or Angiotensin Receptor Blocker (ARB), which
were found to play a role in the reduction of albuminuria
[52].

Finally, publication bias is of a concern since the
grey literature tends not to be published in MEDBASE
or EMBASE databases. This bias may have led to an
overestimation of the true association. Indeed, Egger’s test
(P = 0.087) provided evidence for such bias for studies
on T2DM. Further examination using the trim-and-fill
method suggested 4 additional risk estimates were needed
to balance the funnel plot, and the summary risk estimates

were still statistically significant, albeit these were weaker
(SRR =1.24).

In conclusion, results from our meta-analysis of
observational studies clearly demonstrate an adverse
impact of smoking on the development of DN in patients
with TIDM and T2DM.

ACKNOWLEDGMENTS

Feng Huang and Ning Jiang participated in the
design of this manuscript. Feng Huang and Ning Jiang
participated in abstracting the data. Feng Huang, Xiurong
Zhang and Ning Jiang participated in performing
statistical analysis. All authors read and approved the final
manuscript.

CONFLICTS OF INTEREST

None.

FUNDING

None.

REFERENCES

1. Zhang W, Yang Z, Li X, Wen J, Zhang H, Wang S, Wang
X, Zhou H, Fang W, Qin L, Su Q. The functional Q84R
polymorphism of TRIB3 gene is associated with diabetic
nephropathy in Chinese type 2 diabetic patients. Gene.
2015; 555:357-61.

Ahn JH, Yu JH, Ko SH, Kwon HS, Kim DJ, Kim JH, Kim
CS, Song KH, Won JC, Lim S, Choi SH, Han K, Cha BY,
et al. Prevalence and determinants of diabetic nephropathy
in Korea: Korea national health and nutrition examination
survey. Diabetes Metab J. 2014; 38:109-19.

3. Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori
ML, Zelmanovitz T. Diabetic nephropathy: diagnosis,
prevention, and treatment. Diabetes Care. 2005; 28:164—-76.

Narres M, Claessen H, Droste S, Kvitkina T, Koch M, Kuss
O, Icks A. The Incidence of End-Stage Renal Disease in
the Diabetic (Compared to the Non-Diabetic) Population: A
Systematic Review. PLoS One. 2016; 11:¢0147329.

5. Yeom H, Lee JH, Kim HC, Suh I. The Association Between
Smoking Tobacco After a Diagnosis of Diabetes and the
Prevalence of Diabetic Nephropathy in the Korean Male
Population. J Prev Med Public Health. 2016; 49:108-17.

Radcliffe NJ, Seah JM, Clarke M, Maclsaac RJ, Jerums
G, Ekinci EI. Clinical predictive factors in diabetic kidney
disease progression. J Diabetes Investig. 2017; 8:6—18.
Xue R, Gui D, Zheng L, Zhai R, Wang F, Wang N.
Mechanistic Insight and Management of Diabetic
Nephropathy: Recent Progress and Future Perspective. J
Diabetes Res. 2017; 2017:1839809.

www.impactjournals.com/oncotarget

93216

Oncotarget



10.

11.

12.

14.

15.

16.

17.

18.

19.

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray
ClJ. Global and regional burden of disease and risk factors,
2001: systematic analysis of population health data. Lancet.
2006; 367:1747-57.

Xia J, Wang L, Ma Z, Zhong L, Wang Y, Gao Y, He L,
Su X. Cigarette smoking and chronic kidney disease in the
general population: a systematic review and meta-analysis
of prospective cohort studies. Nephrol Dial Transplant.
2017; 32:475-87.

Feodoroff M, Harjutsalo V, Forsblom C, Thorn L, Waden
J, Tolonen N, Lithovius R, Groop PH. Smoking and
progression of diabetic nephropathy in patients with type 1
diabetes. Acta Diabetol. 2016; 53:525-33.

Zitt E, Pscheidt C, Concin H, Kramar R, Lhotta K, Nagel G.
Anthropometric and Metabolic Risk Factors for ESRD Are
Disease-Specific: Results from a Large Population-Based
Cohort Study in Austria. PLoS One. 2016; 11:¢0161376.

Yu MK, Weiss NS, Ding X, Katon WJ, Zhou XH, Young
BA. Associations between depressive symptoms and
incident ESRD in a diabetic cohort. Clin J Am Soc Nephrol.
2014; 9:920-8.

Furukawa S, Yamamoto S, Todo Y, Maruyama K, Miyake T,
Ueda T, Niiya T, Senba T, Torisu M, Kumagi T, Miyauchi S,
Sakai T, Minami H, et al. Association between subclinical
hypothyroidism and diabetic nephropathy in patients with
type 2 diabetes mellitus. Endocr J. 2014; 61:1011-8.

Okada K, Osuga J, Kotani K, Yagyu H, Miyamoto M,
Nagasaka S, Ishibashi S. Current smoking status may be
associated with overt albuminuria in female patients with
type 1 diabetes mellitus: a cross-sectional study. Tob Induc
Dis. 2012; 10:12.

Wolf G, Busch M, Muller N, Muller UA. Association between
socioeconomic status and renal function in a population
of German patients with diabetic nephropathy treated at a
tertiary centre. Nephrol Dial Transplant. 2011; 26:4017-23.

Hsu CC, Hwang SJ, Tai TY, Chen T, Huang MC, Shin SJ,
Wen CP, Shih YT, Yang HJ, Chang CT, Chang CJ, Loh
CH, Fuh MT, et al. Cigarette smoking and proteinuria in
Taiwanese men with Type 2 diabetes mellitus. Diabet Med.
2010; 27:295-302.

Zoppini G, Targher G, Chonchol M, Perrone F, Lippi G,
Muggeo M. Higher HDL cholesterol levels are associated with
a lower incidence of chronic kidney disease in patients with
type 2 diabetes. Nutr Metab Cardiovasc Dis. 2009; 19:580-6.

Parving HH, Lewis JB, Ravid M, Remuzzi G, Hunsicker
LG. Prevalence and risk factors for microalbuminuria
in a referred cohort of type II diabetic patients: a global
perspective. Kidney Int. 2006; 69:2057-63.
Herrera-Pombo JL, Aguilar-Diosdado M, Hawkins F,
Campos MM, Moreno A, Garcia-Hernandez A, Castro E,
Garcia-Doncel LG, Serraclara A, Sanchez-Malo C, Escobar-
Jimenez F. Is increasing urinary albumin a better marker for
microvascular than for macrovascular complication of type 2
diabetes mellitus? Nephron Clin Pract. 2005; 101:c116-21.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Cederholm J, Eliasson B, Nilsson PM, Weiss L,
Gudbjornsdottir S. Microalbuminuria and risk factors in
type 1 and type 2 diabetic patients. Diabetes Res Clin Pract.
2005; 67:258-66.

Tam TK, Cheng LP, Lau DM, Lai TC, Lai WY, Ng
KK, Ng MY, Kong CW, Tsang LC. The prevalence of
microalbuminuria among patients with type II diabetes
mellitus in a primary care setting: cross-sectional study.
Hong Kong Med J. 2004; 10:307-11.

Rossing P, Hougaard P, Parving HH. Risk factors for
development of incipient and overt diabetic nephropathy in
type 1 diabetic patients: a 10-year prospective observational
study. Diabetes Care. 2002; 25:859—64.

Scott LJ, Warram JH, Hanna LS, Laffel LM, Ryan L,
Krolewski AS. A nonlinear effect of hyperglycemia and current
cigarette smoking are major determinants of the onset of
microalbuminuria in type 1 diabetes. Diabetes. 2001; 50:2842-9.

Royal College of Physicians of Edinburgh Diabetes Register
Group. Near-normal urinary albumin concentrations predict
progression to diabetic nephropathy in Type 1 diabetes
mellitus. Diabet Med. 2000; 17:782-91.

Yokoyama H, Okudaira M, Otani T, Watanabe C, Takaike
H, Miuira J, Yamada H, Mutou K, Satou A, Uchigata Y,
Iwamoto Y. High incidence of diabetic nephropathy in
early-onset Japanese NIDDM patients. Risk analysis.
Diabetes Care. 1998; 21:1080-5.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-
analysis of observational studies in epidemiology: a proposal
for reporting. Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) group. JAMA. 2000; 283:2008-12.
DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials. 1986; 7:177-88.

Klein R, Klein BE, Moss SE, Cruickshanks KJ. Ten-year
incidence of gross proteinuria in people with diabetes.
Diabetes. 1995; 44:916-23.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003; 327:557-60.
Begg CB, Mazumdar M. Operating characteristics of a rank
correlation test for publication bias. Biometrics. 1994; 50:1088—101.
Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test. BMJ.
1997; 315:629-34.

Barua RS, Ambrose JA. Mechanisms of coronary

thrombosis in cigarette smoke exposure. Arterioscler
Thromb Vasc Biol. 2013; 33:1460-7.

Caimi G, Hopps E, Montana M, Carollo C, Calandrino
V, Incalcaterra E, Canino B, Lo Presti R. Nitric oxide
metabolites (nitrite and nitrate) in several clinical condition.
Clin Hemorheol Microcirc. 2014; 56:359-69.

Salvatore SP, Troxell ML, Hecox D, Sperling KR, Seshan
SV. Smoking-related glomerulopathy: expanding the
morphologic spectrum. Am J Nephrol. 2015; 41:66-72.

WWW

.impactjournals.com/oncotarget

93217

Oncotarget



35.

36.

37.

38.

39.

40.

41.

42.

43.

Baggio B, Budakovic A, Dalla Vestra M, Saller A,
Bruseghin M, Fioretto P. Effects of cigarette smoking on
glomerular structure and function in type 2 diabetic patients.
J Am Soc Nephrol. 2002; 13:2730-6.

Hua P, Feng W, Ji S, Raij L, Jaimes EA. Nicotine worsens
the severity of nephropathy in diabetic mice: implications
for the progression of kidney disease in smokers. Am J
Physiol Renal Physiol. 2010; 299:F732-9.

Jaimes EA, Tian RX, Raij L. Nicotine: the link between
cigarette smoking and the progression of renal injury? Am
J Physiol Heart Circ Physiol. 2007; 292:H76-82.

Tolonen N, Forsblom C, Thorn L, Waden J, Rosengard-
Barlund M, Saraheimo M, Feodoroff M, Makinen VP,
Gordin D, Taskinen MR, Groop PH. Lipid abnormalities
predict progression of renal disease in patients with type 1
diabetes. Diabetologia. 2009; 52:2522-30.

Tuot DS, Plantinga LC, Judd SE, Muntner P, Hsu CY,
Warnock DG, Gutierrez OM, Safford M, Powe NR,
McClellan WM, REGARDS Investigators. Healthy
behaviors, risk factor control and awareness of chronic
kidney disease. Am J Nephrol. 2013; 37:135-43.

Gulliford MC. Low rates of detection and treatment of
hypertension among current cigarette smokers. J Hum
Hypertens. 2001; 15:771-3.

John U, Meyer C, Hanke M, Volzke H, Schumann A.
Relation between awareness of circulatory disorders and
smoking in a general population health examination. BMC
Public Health. 2006; 6:48.

Yamamoto R, Nagasawa Y, Shoji T, Iwatani H, Hamano
T, Kawada N, Inoue K, Uehata T, Kaneko T, Okada N,
Moriyama T, Horio M, Yamauchi A, et al. Cigarette
smoking and progression of IgA nephropathy. Am J Kidney
Dis. 2010; 56:313-24.

Yamaguchi M, Ando M, Yamamoto R, Akiyama S, Kato S,
Katsuno T, Kosugi T, Sato W, Tsuboi N, Yasuda Y, Mizuno
M, Ito Y, Matsuo S, et al. Smoking is a risk factor for the

progression of idiopathic membranous nephropathy. PLoS
One. 2014; 9:¢100835.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Hovind P, Tarnow L, Rossing P, Jensen BR, Graaec M, Torp
1, Binder C, Parving HH. Predictors for the development of
microalbuminuria and macroalbuminuria in patients with type
1 diabetes: inception cohort study. BMJ. 2004; 328:1105.

Hovind P, Rossing P, Tarnow L, Parving HH. Smoking and
progression of diabetic nephropathy in type 1 diabetes.
Diabetes Care. 2003; 26:911-6.

Orth SR, Schroeder T, Ritz E, Ferrari P. Effects of smoking
on renal function in patients with type 1 and type 2 diabetes
mellitus. Nephrol Dial Transplant. 2005; 20:2414-9.

Chuahirun T, Simoni J, Hudson C, Seipel T, Khanna A,
Harrist RB, Wesson DE. Cigarette smoking exacerbates and
its cessation ameliorates renal injury in type 2 diabetes. Am
J Med Sci. 2004; 327:57-67.

Phisitkul K, Hegazy K, Chuahirun T, Hudson C, Simoni J,
Rajab H, Wesson DE. Continued smoking exacerbates but
cessation ameliorates progression of early type 2 diabetic
nephropathy. Am J Med Sci. 2008; 335:284-91.

Haug S, Schaub MP, Salis Gross C, John U, Meyer C.
Predictors of hazardous drinking, tobacco smoking and
physical inactivity in vocational school students. BMC
Public Health. 2013; 13:475.

Dunkler D, Kohl M, Heinze G, Teo KK, Rosengren A,
Pogue J, Gao P, Gerstein H, Yusuf S, Oberbauer R, Mann
JF, ONTARGET Investigators. Modifiable lifestyle and
social factors affect chronic kidney disease in high-risk
individuals with type 2 diabetes mellitus. Kidney Int. 2015;
87:784-91.

Ogden CL, Yanovski SZ, Carroll MD, Flegal KM.
The epidemiology of obesity. Gastroenterology. 2007;
132:2087-102.

Pofi R, Di Mario F, Gigante A, Rosato E, Isidori AM,
Amoroso A, Cianci R, Barbano B. Diabetic Nephropathy:
Focus on Current and Future Therapeutic Strategies. Curr
Drug Metab. 2016; 17:497-502.

www.impactjournals.com/oncotarget

93218

Oncotarget



