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Impact of smoking on microalbuminuria and urinary
albumin creatinine ratio in non-diabetic normotensive
smokers
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ABSTRACT

Smoking is associated with an excessive morbidity and mortality from a variety of diseases. The aim of this study was to find out the
effects of smoking on renal function study in non-diabetic, normotensive subjects. Acommunity-based, prospective, cross-sectional
cohort study was conducted on 120 subjects; 80 (66.66%) were smokers and 40 (33.33%) age matched non-smokers; with age
range of 30 to 70 years. Measurement of fasting sugar, urea, creatinine, lipids and one time screening of urinary albumin and urinary
creatinine was done. Smokers had significantly higher urinary albumin and albumin creatinine ratio (ACR) (52.84 + 46.42 mgl/L,
93.98 + 78.68 pug/mg) than non-smokers (19.25 + 7.77 mg/L, 18.99 * 6.65 ug/mg), respectively (P =< 0.001, P =< 0.001).
Microalbuminuria and urinary ACR level were directly related to the amount of smoking (pack-years). Among smokers, 73 (91.25%)
had microalbuminuria (>20 mg/L) and 64 (80%) had increased urinary ACR (>30 png/mg). Smoker had significantly lower high-density
lipoprotein level (36.66 + 10.28 mg/dl) compared to non-smokers (41.22 + 11.72 mg/dl) (P = 0.031). Urea, creatinine, creatinine
clearance, total cholesterol, low density lipoprotein, triglyceride levels were comparable (p = NS). In conclusion, smokers have
a 4-fold higher prevalence of microalbuminuria than non-smokers.
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Introduction

Smoking affects vascular and hormonal systems and
is also involved in the development of atherosclerosis,
thrombogenesis and vascular occlusion.™ Chronic smoking
adversely influences the prognosis of nephropathies.!

In primary hypertension, urinary albumin excretion
as an index of renal damage is highly correlated with
smoking.4 In established diabetic nephropathy, the rate
of progression to renal failure amongst smokers is twice
in both Type I and Type II diabetes.™
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This study was intended for non-diabetic normotensive
subjects to find out the effect of smoking on renal
functions such as microalbuminuria, creatinine clearance
and urinary albumin creatinine ratio (ACR).

Materials and Methods

This was a community-based prospective cross-sectional
cohort study conducted on 120 non-diabetic normotensive
subjects as per the inclusion criteria. It was approved by
the institutional ethics committee and conducted in
accordance with the guidelines of the Indian Council
of Medical Research, international conference on
harmonization-good clinical practices instructions of drug
controller general of India New Delhi and institutional
SOP with a proper informed consent.

Inclusion criteria were age 30-70 years, normotensive
(=139/=89 mmHg), non-diabetic (fasting plasma
glucose <125 mg/dl), non-obese (body mass index [BMI]
<30 kg/m?), no family history of premature vascular
disease, normal total cholesterol level (<200 mg/dl),
normal renal function (urea <40 mg/dl and creatinine
<1 mg/dl), clinically well and not on any regular
cardiovascular medication and given informed consent.
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Exclusion criteria were age less than 30 and above
70 years, diabetics or using insulin or oral hypoglycaemic
agents, hypertensive or using antihypertensive medication,
hyperlipidemic or using lipid lowering drugs, obese
(BMI =30 kg/m?), abnormal renal function (urea and
creatinine), urinary tract infection, significant renal
disease or using diuretics, angiotensin converting enzyme
inhibitors, alcohol consumption or other significant drugs,
fever, vigorous physical activity, menstruating/pregnant
women and not willing to give consent.

Smoker was defined as anyone who had smoked at least
20 bidi/day for 5 years (5 pack-years) or equivalent.
Smokers were divided into four sub-groups: Very light
smoker (5-9 pack-years), light smoker (10-14 pack-years),
moderate smoker (15-19 pack-years) and heavy
smoker (>20 pack-years). Non-smoker neither smoked
nor chewed tobacco in any form.

Out of 120 non-diabetic normotensive subjects,
80 (66.66%) were smokers and 40 (33.33%) were
age matched non-smokers as control. The baseline
physical characteristic and investigation were compared
in these two groups using the statistical tests of
significance (p = NS) [Table 1].

Overnight fasting blood sugar, blood urea, serum
creatinine and lipid profile were measured and first
morning void (timed) quantitative mid-stream urine was
sample taken for screening of urinary albumin and urinary
creatinine concentrations [Table 1].

Laboratory methods used included; CLINITEK Micro
albumin Reagent Strips'® (urinary albumin and

ACR), Jaffe colorimetric method (serum creatinine
concentration), glucose enzymatic colorimetric (glucose
oxidase/peroxidase) method (plasma glucose), enzymatic
colorimetric cholesterol (cholesterol oxidase/peroxidase
aminophenazone) method (serum lipid profile),
urine analyzer URISCAN Optima II + Combistix SG,
Korea (urinary leukocyte and erythrocyte).

All calculations were performed with the Statistical
Package for the Social Sciences (SPSS) version 9.0 (SPSS,
Chicago, USA) software by Chi-square analysis or analysis
of variance.

Results

Out of 120 non-diabetic normotensive subjects,
80 (66.66%) were smoker and 40 (33.33%) were
non-smoker. 83 subjects (69.16%) were male and 37
subjects (30.83%) were female. The mean age in smoker
group was 48.68 = 11.82 years and in non-smoker
group was 46.10 * 10.77 years, ranged from 30 to
70 years (P = 0.247) [Table 1]. The two groups were
comparable in terms of all parameters except high-density
lipoprotein (HDL) level (P = 0.031) [Table 1].

Smokers had higher mean urinary albumin level
(52.84 mg/L) than non-smokers (19.25 mg/L)
(P < 0.0001) [Figure 1]. Among smokers (n = 80),
microalbuminuria was directly related to the amount
of smoking (pack-years) [Figure 2]. Seventy three
smokers (91.25%) and nine non-smokers (22.5%) had
urinary albumin level > 20 mg/L (microalbuminuria).
Seven smokers (8.75%) and 31 non-smokers (77.5%)
had urinary albumin level < 20 mg/L [Figure 3].

Table 1: Baseline subjects characteristics and their comparison in both groups

Parameter Smoker (N=80) Non-smoker (N=40) P value
significance
Mean SD SE Mean SD SE (2-tailed)
Age (years) 48.68 11.80 1.32 46.10 10.77 1.70 0.247
Height (meter) 1.65 0.06 0.01 1.64 0.06 0.009 0.249
Weight (kg) 65.87 6.86 0.76 66.12 6.23 0.98 0.847
BMI (kg/m?) 23.97 1.24 0.13 24.52 1.59 0.25 0.061
SBP (mmHg) 124.40 9.99 1.1 124.25 10.10 1.59 0.928
DBP (mmHg) 77.35 5.33 0.59 77.75 5.55 0.87 0.703
FBS (mg/dl) 85.16 14.60 1.63 82.62 11.32 1.79 0.339
TC (mg/dl) 148.83 31.20 3.49 150.06 30.12 4.76 0.837
LDL (mg/dl) 88.48 26.80 3.00 85.05 30.40 4.80 0.529
HDL (mg/dl) 36.66 10.30 1.14 41.22 11.72 1.85 0.031
TG (mg/dl) 115.30 66.50 7.43 119.14 47.28 7.47 0.744
BU (mg/dl) 32.16 5.08 0.56 33.83 4.53 0.72 0.082
Serum creatinine 0.86 0.13 0.014 0.83 0.11 0.01 0.312
(mg/dl)
Creatinine clearance 96.11 24.60 2.75 97.92 23.53 3.72 0.701

(ml/min/1.73 m2)

SD: Standard deviation, SE: Standard error, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBS: Fasting blood sugar, TC:
Total cholesterol, LDL: Low density lipoprotein, HDL: High density lipoprotein, TG: Triglyceride, BU: Blood urea
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Smoker (n = 80) had higher mean urinary ACR
(93.98 ug/mg) than non-smoker (n = 40, 18.99 ug/mg)
(P < 0.001) [Figure 4]. Among smokers (n = 80),
urinary ACR level was directly related to the amount
of smoking (pack-years) [Figure 5]. Sixty four smokers
(80%) and two non-smokers (5%) had urinary ACR
level >30 pg/mg. Only 16 smokers (20%) and 38
non-smokers (95%) had urinary ACR <30 ug/mg
[Figure 6].

Male and female smokers had no statistically significant
distribution of urinary albumin, urinary creatinine and
urinary ACR (p = NS).

Discussion
This study shows non-diabetic normotensive smoker had

higher mean urinary albumin level, which is directly
related to the amount of smoking (pack-years) among

smokers. Also, more smokers had microalbuminuria,
which signify smokers have 4-fold higher prevalence of
microalbuminuria than non-smokers.

The heart outcome prevention evaluation study!”!
documented that smoking was an independent
determinant of microalbuminuria in all participants,
i.e., non-diabetic and diabetic patients with a high
cardiovascular risk profile. PREVEND study™®” showed
statistically significant difference in urinary albumin
excretion in non-smokers and smokers. A recent
study™? found that patients with hypertension and left
ventricular hypertrophy smoking >20 cigarettes/day
had a 1.6-fold higher prevalence of microalbuminuria
and a 3.7-fold higher prevalence of macroalbuminuria
than never-smokers. Several studies documented
that smoking is an independent predictor of (micro)
albuminuria in otherwise healthy hypertensive subjects.
The prevalence of microalbuminuria is almost double in
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Figure 1: Comparison of mean urinary albumin level between smoker (n=80)
and non-smoker (n=40)

Figure 2: Relationship between quantity of smoking and mean urinary
albumin in smoker
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Figure 3: Comparison of smoker (n=80) and non-smoker (n=40) subjects
for microalbuminuria

Figure 4: Comparison of mean urinary albumin creatinine ratio level between
smoker (n=80) and non-smoker (n=40)
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Figure 5: Relationship between quantity of smoking and urinary albumin
creatinine ratio in smoker

smoking than non-smoking lean patients with the primary
hypertension.™!

One of the underlying mechanisms by which smoking
induces albuminuria and abnormalities in renal function
is through advanced glycation end products (AGEPs).
AGEPs are cross-linking moieties formed from the
reaction of reducing sugars and the amino groups of
plasma proteins, lipids and nucleic acids. It is known
that AGEPs are responsible for enhanced vascular
permeability™%1% and that they accelerate vasculopathy
of end-stage diabetic renal disease.’*1°] Recently,
Cerami et al.,'8! have shown that both aqueous extracts
of tobacco and cigarette smoke contain glycotoxins,
highly reactive glycation products that can rapidly
induce AGEP formation on proteins in vitro and in vivo.
It is reasonable to expect that the AGEPs formed by the
reaction of glycotoxins from cigarette smoke with serum
and tissue proteins will have the same effect on the
systemic and renal vasculature as mentioned. Another
mechanism, based on the patho-physiological effect of
smoking induced renal damage, is insulin resistance.
Several investigators have described smoking to be
causally related to insulin resistance in non-diabetic
subjects.['”1°] Insulin resistance has been known to be
related to both albuminuria®’ and abnormalities in
renal function.?!22

Both mechanisms act through endothelial dysfunction
that is by inducing an imbalance between the contracting
and relaxing substances produced by the endothelium.
The plasma concentration of endothelin 14 has shown
to be increased in smokers as compared to non-smokers,
also indirect evidence available for a disturbance of
endothelin, prostacyclin or nitric oxide release on
stimulation in smokers.[232°

Figure 6: Comparison of smoker (n = 80) and non-smoker (n = 40) subjects
for high urinary albumin creatinine ratio

This study shows non-diabetic normotensive smoker had
significantly higher mean urinary ACR which is directly
related to the amount of smoking (pack-years) among
smokers. Amongst non-smokers, female had significantly
higher urinary ACR. Females have low muscle mass
compared with males; therefore, this sex specific
difference in ACR is due to decreased urinary creatinine
excretion in females. Warram et al., also proposed
Sex-specific ACR cut points for microalbuminuria as =17
and =25 ug/mg for men and women, respectively.¢!

A smoker had serum creatinine and creatinine clearance
comparable with non-smoker, similar to PREVEND
Study [8,9]

Among smokers, both male and female had comparable
urinary albumin, urinary creatinine and urinary
ACR (P = NS), which signifies that the effect of smoking
on renal function is not affected by gender.

In this study, subjects having hypercholesterolemia (total
cholesterol >200 mg/dl) were excluded due to their
known influence on renal function.”? Smoker had
significantly lower HDL than non-smokers, similar to
several studies, which shows HDL is lower in smokers
than in non-smokers. 2!

However, limitations of this study are a small number
of subjects, single center data and screening with one
timed urine sample, it is in comparison with one of the
many ongoing prevention of renal and vascular end
stage disease (PREVEND) group studies™®! (PREVEND),
running in the city of Groningen, the Netherlands
(n = 7476) with the mean age of smoker (47 = 12 years
who smoke <20 cigarette/day, 46 = 10 years who smoke
> 20 cigarette/day) and non-smoker (47 = 13 years).
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This area of research needs further attention of physicians
and nephrologists, looking to the highly prevalent smoking
addiction in Indian community as an independent risk
factor and its impact on renal function, therefore; more
such studies can be planned at various centers.

Conclusion

Non-diabetic normotensive smokers have significantly
higher level of urinary albumin and urinary ACR than
non-smoker, which is directly proportional to quantity
of smoking. Similarly, smokers have a higher prevalence
of 4-fold for microalbuminuria and 16-fold for increased
urinary ACR than non-smokers. Smoking significantly
reduces the HDL level; however, no significant effect on
serum creatinine and creatinine clearance.
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