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Background: Road traffi  c noise (RTN) is a risk factor for cardiovascular disease 
(CVD) and hypertension; however, few studies have looked into its association 
with blood pressure (BP) and renal function in patients with prior CVD.
Aim: This study aimed to explore the eff ect of residential RTN exposure on BP and 
renal function in patients with CVD from Plovdiv Province. 
Materials and methods: We included 217 patients with ischemic heart disease 
and/or hypertension from three tertiary hospitals in the city of Plovdiv (March 
– May 2016). Patients’ medical history, medical documentation, and medication 
regimen were reviewed, and blood pressure and anthropometric measurements 
were taken. Blood samples were analyzed for creatinine, total cholesterol, and 
blood glucose. Participants also fi lled a questionnaire. Glomerular fi ltration rate 
was estimated using the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation. All participants were asked about their annoyance by diff er-
ent noise sources at home, and those living in the city of Plovdiv (n = 132) were 
assigned noise map Lden and Lnight exposure. The eff ects of noise exposure on sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP), and estimated glomeru-
lar fi ltration rate (eGFR) were explored using mixed linear models.
Results: Traffi  c noise annoyance was associated with higher SBP in the total sam-
ple. The other noise indicators were associated with non-signifi cant elevation in 
SBP and reduction in eGFR. The eff ect of Lden was more pronounced in patients 
with prior ischemic heart disease/stroke, diabetes, obesity, not taking Ca-channel 
blockers, and using solid fuel/gas at home. Lnight had stronger eff ect among those 
not taking statins, sleeping in a bedroom with noisy façade, having a living room 
with quiet façade, and spending more time at home. The increase in Lden was as-
sociated with a signifi cant decrease in eGFR among men, patients with ischemic 
heart disease/stroke, and those exposed to lower air pollution. Regarding Lnight, 
there was signifi cant eff ect modifi cation by gender, diabetes, obesity, and time 
spent at home. In some subgroups, the eff ect of RTN was statistically signifi cant.
Conclusions: Given that generic risk factors for poor progression of cardiovascu-
lar diseases cannot be controlled suffi  ciently at individual level, environmental 
interventions to reduce residential noise exposure might result in some improve-
ment in the management of blood pressure and kidney function in patients with 
CVD.
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BACKGROUND

Road traffi c noise (RTN) is a risk factor for car-
diovascular disease (CVD)1 due to its stress effect 
on the hypothalamic-pituitary-adrenal and simpa-
tico-adrenal axes and disturbance of normal sleep 
architecture.2 A meta-analysis estimated OR = 1.03
(95% CI: 1.01, 1.06) of hypertension per every 5 dB 
increase in RTN exposure.3 The public health impor-
tance of these fi ndings is due to the wide spread of 
both CVD and RTN exposure. Globally, 17.3 million 
people die of CVD each year4, with 9.4 of those 
due to hypertension5, and this trend is projected to 
persist in decades to come.4 Of note, elevated BP is 
not merely an outcome of noise exposure, but also 
a risk factor for adverse cardiovascular (CV) events 
such as myocardial infarction and stroke.4 CVD 
mortality in Bulgaria rose from 61.5% in 1990 to 
65.6% in 20126; the raise in hypertension-specifi c 
mortality was even greater – from 2.9% to 7.5%7. 
Conversely, 125 million Europeans are exposed to 
day-evening-night noise levels (Lden) > 55 dB and 
37 million to Lden > 65 dB8, and in Bulgaria the 
proportion of citizens exposed above these safety 
thresholds is much higher.9

In contrast to hypertension, fewer studies have 
looked into the association between RTN and blood 
pressure (BP), showing close-to-null results and 
lack of a clear exposure-response relationship in 
the general population, possibly due to exposure 
misclassifi cation and effect modifi cation by anti-
hypertensive mediation use.10-14 Several Bulgar-
ian studies conducted in Sofi a evidenced higher 
prevalence of hypertension and higher BP in people 
exposed to day-evening equivalent noise level (Leq 

6-22 h) > 60 dB, but they are dated (2000 – 2001) 
and reported unadjusted results.15-18 Also of note, 
previous studies focused on the general population, 
rather than on patients with prior diagnosis with 
CVD, who are arguably more susceptible to the 
deleterious effect of RTN. In fact, subgroup analy-
ses have revealed that the noise-attributed increase 
in BP was somewhat higher in CVD and diabetic 
patients in comparison to the rest.13,19 Although 
the decline in renal function increases the risk of 
CVD morbidity and mortality20, there are no data 
on its relationship with RTN. One previous study, 
however, reported signifi cantly lower glomerular 
fi ltration rate in stroke survivors who lived within 
50 m of a major road.21 Finally, current strategies 
for prevention of adverse cardiovascular outcomes 
fail to adequately control individual-level risk fac-
tors in patients.22,23

Given the above listed gaps in the literature, 
this study aimed to explore the effect of residential 
RTN exposure on BP and renal function in patients 
with CVD from Plovdiv Province.

MATERIALS AND METHODS 

STUDY POPULATION

The study population consisted of patients with CVD 
admitted for a follow-up in three tertiary hospitals 
in the city of Plovdiv in the period March – May 
2016. Details on the study design and methodology 
are reported elsewhere.24 

Briefly, the three hospitals were St George 
University Hospital (SGUH), Kaspela University 
Hospital (KUH), and St Karidad Hospital (SKH). 
They have comparable laboratory and anthropo-
metric equipment and different catchment areas. 
SGUH is a government hospital and the largest 
tertiary hospital in Bulgaria, whereas KUH and 
SKH are private hospitals. Data were collected in 
the Cardiology Clinic of SGUH (40 staffed beds), 
the Endocrinology and Metabolic Diseases Clinic 
(40 staffed beds) of KUH, and the Cardiology 
Ward (26 staffed beds) of SKH. 

All patients who were Bulgarian-speaking, 
decisionally-capacitated, able to read and write in 
Bulgarian, > 18 years of age, and resident in the 
Plovdiv Province during the preceding 12 months 
were eligible for the study. They had to have been 
diagnosed with hypertension (ICD-10: I10-I13) and/
or ischemic heart disease (ICD-10: I20-I25) at least 
12 months prior to their current hospitalization. 
We excluded patients with secondary hypertension 
(ICD-10: I15), secondary diabetes (ICD-10: E08, 
E09, E13), cancer, and pregnancy.

A cardiologist/internist took patients’ medical 
history, reviewed their medical documentation and 
medication regimen, and carried out blood pres-
sure and anthropometric measurements. A nurse 
collected fasting blood samples. Participants were 
also asked to fi ll a questionnaire on demographic, 
housing, neighborhood, and health-related factors. 
If they faced some problems, the questionnaire was 
administered during an interview. 

ETHICS

The study was reviewed and approved by the Eth-
ics Review Committee at the Medical University of 
Plovdiv. It adhered to the Declaration of Helsinki, 
participants signed informed consent declarations, 
and their participation was voluntary and anonymous. 
They received no incentives.
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SAMPLE SIZE 
The necessary sample size was estimated for bivari-
ate and multiple linear regression models predicting 
blood pressure from RTN and noise annoyance. The 
input parameters for G*Power 3.1 were the desired 
statistical power (0.8), moderate anticipated effect 
size (0.15), and standard deviations of the predictor 
(Lden: ≈ 5-10 dB; noise annoyance: 2.27 – 1.43) and 
outcome variables (SBP: 20.4 mmHg; DBP: 12.3 
mmHg). The latter were elicited from Dzhambov 
and Dimitrova25 and Kotseva et al26. Overall, 217 
patients were included: 111 from SGUH, 57 from 
KUH, and 49 from SKH (participation rates > 95%).

NOISE EXPOSURE 
Participants were asked about their annoyance by 
different noise sources while at home – traffi c, 
industrial, neighborhood, building, and dwelling/
apartment noises. These annoyances were measured 
on an 11-point Likert scale (0 – 10) and are recom-
mended by the Bulgarian noise control regulation.27 
Noise annoyance gives account of the combined 
psychological and psychological stress responses to 
noise.28 Two variables were derived from these ques-
tions – general noise annoyance (GNA) (averaged 
from all annoyances) and traffi c noise annoyance 
(all types of motor vehicles). (See ref. 24)

For participants living in the city of Plovdiv 
(n = 132), we used the strategic noise map of 
Plovdiv prepared according to the Environmental 
Noise Directive (END) 2002/49/EC.29 In 2015, fi eld 
measurements were performed throughout the city 
by an independent consultant to the Municipality 
in order to update the acoustic model of Plovdiv.30 
Further details on the noise mapping are reported 
elsewhere.25,31 Participants’ addresses were geo-
coded and linked to the noise map. Because we 
had data on the orientation of rooms within each 
building, we were able to assign road traffi c day-
evening-night equivalent noise level (Lden) and night 
equivalent noise level (Lnight) to the living room 
and bedroom façades, respectively. Noise levels 
were determined for each individual case using 
3D Google Earth imagery, Google Street View, 
and in-person visits, and corrected by an expert 
if necessary, in order to minimize the exposure 
misclassifi cation pertinent to European noise map-
ping.32 We also calculated indoor Lden and Lnight 
by subtracting different correction factors from the 
façade noise levels depending on the presence of 
soundproofi ng insulation and the window-opening 
frequency.14 (See ref. 24)

OUTCOME VARIABLES

A cardiologist/internist measured patients’ morning 
systolic and diastolic BP (SBP and DBP, respec-
tively), according to the American Heart Association 
guidelines.33 A calibrated aneroid sphygmomanom-
eter with standard cuff-size (in most cases) was 
used. The cuff was placed at the level of the right 
atrium. After patients rested for 5 min in a sitting 
position, three consecutive readings were taken in 
1-min intervals. The fi rst reading was taken on both 
arms, and the rest – on the arm showing higher BP 
values. We averaged the results of the three read-
ings to compute the SBP and DBP variables. We 
also calculated the mean arterial pressure (MAP) 
as (2 × DBP + SBP)/3. 

Glomerular fi ltration rate is the “best overall 
measure of kidney function”, but since its direct 
measurement is oftentimes infeasible, different 
equations for its estimation have been developed.34 
Herein we used estimated glomerular fi ltration rate 
(eGFR) as an indicator of renal function, calculated 
according to the Chronic Kidney Disease Epidemi-
ology Collaboration equation (CKD-EPI)35: 

GFR mL/min/1.73 m2 = 141 × min(Scr/κ, 
1)α × max(Scr/κ, 1)-1.209 × 0.993Age × 1.018 
[if female] _ 1.159 [if black], 

where Scr is serum creatinine, κ is 0.7 for 
females and 0.9 for males, α is -0.329 for 
females and -0.411 for males, min indicates 
the minimum of Scr/κ or 1, and max indicates 
the maximum of Scr/κ or 1.35

Serum creatinine (μmol/l), analyzed using en-
zymatic creatinine assay and biochemical analyzer 
(Konelab 60i, Thermo Electron Corporation), was 
divided by 88.4 to convert it to mg/dl for the 
CKD-EPI equation. The CKD-EPI equation has 
been recommended over alternative methods for 
estimating eGFR.36 It was previously validated in 
Bulgaria.37 

COVARIATES 
Participants were queried about gender, age, ethnic-
ity, highest educational attainment, marital status, 
occupation, perceived socioeconomic status, dietary 
intake, alcohol consumption, smoking, moderately 
vigorous psychical strain (for at least 10 min), 
perceived stress (4-point scale), noise sensitivity 
(0 – 10 Likert scale), sleep disturbance (0 – 10 
Likert scale), hearing impairment (yes/no), energy 
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sources used for domestic heating/cooking, fl oor of 
the dwelling/apartment, duration of residence, and 
the average time/day spent at home in the past 12 
months. 

Diet quality was assessed with a food frequency 
questionnaire, taking into account common food 
products divided into recommended items and non-
recommended items summarized on a diet quality 
scale in such a way, so that lower scores indicated 
“less frequent consumption of recommended and 
more frequent of non-recommended foods” and 
higher scores, “less frequent consumption of non-
recommended and more frequent of recommended 
foods”.38

Traffi c-related fi ne particulate matter (PM2.5) 
levels were elicited from the dispersion model of 
Plovdiv described elsewhere25 and linked to the 
geocoded addresses. 

Patients’ medical history and documentation were 
reviewed for family history with ischemic heart 
disease (ICD-10: Z82.4), stroke (ICD-10: Z82.3), 
or diabetes (ICD-10: Z83.3), and for co-morbidity 
with ischemic heart disease (ICD-10: I20-I25), 
stroke (ICD-10: I61, I63-I64), hypertension (ICD-10: 
I10-I13), diabetes (ICD-10: E10-E12), and chronic 
kidney disease (CKD) (ICD-10: N18). The regular 
intake in the past year of antihypertensive and lipid-
lowering medication was also assessed (yes/no).

Morning venous blood samples were drawn by a 
trained nurse after an overnight fast. Blood glucose, 
lipids, creatinine, and uric acid were analyzed at 
the central clinical laboratory of each hospital us-
ing enzymatic methods and automatic biochemical 
analyzers (Konelab 60i, Thermo Electron Corpora-
tion). For this study, we used only data on glucose, 
total cholesterol, and creatinine. 

Body weight was measured in light clothing 
on a calibrated digital scale. Height was measured 
standing without shoes. Body mass index was cal-
culated as weight in kg divided by height squared 
in cm. Waist circumference was measured at the 
midpoint between the lower margin of the least 
palpable rib and the top of the iliac crest, using a 
stretch-resistant tape. Measurements were performed 
twice at the end of a normal expiration.39

DATA ANALYSIS 
The dataset was fi rst screened for missing values 
(replaced using the expectation-maximization algo-
rithm) and outliers (winsorized). The distributional 
normality of the dependent variables was tested with 
the D’Agostino-Pearson K2 test and histograms. 
Likert-scale variables were treated as continuous.40

The bivariate associations between different 
variables were explored with the Welch’s t-test/
ANOVA, the Pearson’s chi-squared test/Fisher’s 
exact test/Fisher-Freeman-Halton test, and the 
Spearman correlation. 

The main effects of Lden, Lnight, GNA, and traf-
fi c noise annoyance on SBP, DBP, and eGFR were 
explored in separate mixed linear models with re-
stricted maximum likelihood estimator and random 
intercept to account for clustering on hospitals (one 
model for each exposure – outcome pair). Each of 
the outcome variables (SBP, DBP, and eGFR) was 
regressed on the exposure indicator of interest (Lden, 
Lnight, GNA) and additionally adjusted for relevant 
confounders. The covariate set in each model was 
selected using directed acyclic graphs and DAGitty 
v. 2.3, based on the expertise of the authors in the 
fi eld and the literature. We report several types 
of adjusted models depending on the exposure – 
outcome pair. Because only 132 participants had 
objective noise exposure data, the models for the 
indicators Lden and Lnight were run on that sample 
of 132 participants, whereas the models for noise 
annoyance, on all 217 participants. 

Potential modifi ers of the effect of outdoor Lden 
and Lnight were tested at the relaxed p < 0.2 level 
in order to have more power.24 Other results were 
considered statistically signifi cant at the p < 0.05 
(two-tailed) level.

RESULTS 

SAMPLE CHARACTERISTICS 
The sample included 217 participants, 132 of whom 
were living in the city of Plovdiv. Participants’ 
characteristics are shown in Table 1. 

The univariate Spearman correlations showed that 
SBP was associated with male gender (ρ = -0.20, 
p = 0.004), alcohol consumption (ρ = 0.20, p = 
0.003), lower diet quality (ρ = -0.23, p = 0.001), 
waist circumference (ρ = 0.15, p = 0.033), noise 
sensitivity (ρ = 0.25, p < 0.001), sleep disturbance 
(ρ = 0.21, p = 0.002), traffi c noise annoyance 
(ρ = 0.22, p = 0.001), hearing impairment (ρ = 
0.19, p = 0.005), higher cholesterol (ρ = 0.18, p 
< 0.001), and β-blocker use (ρ = 0.22, p = 0.001). 
DBP was associated with less smoking (ρ = -0.15, 
p = 0.029), more physical strain (ρ = 0.19, p = 
0.006), noise sensitivity (ρ = 0.34, p < 0.001), 
sleep disturbance (ρ = 0.27, p < 0.001), stress 
(ρ = 0.18, p = 0.010), traffi c noise annoyance (ρ 
= 0.24, p < 0.001), air pollution (ρ = 0.17, p = 
0.047), having CVD (ischemic heart disease/stroke) 
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Table 1. Descriptive characteristics of the patients (n = 217)

Characteristics Total sample
Age (n, %)

< 53 64 (29.5)
53 – 63 45 (20.7)
63 – 72 55 (25.3)
> 72 53 (24.4)

Men (n, %) 104 (47.9)
Bulgarian (n, %) 200 (92.2)
Education (n, %)

primary/junior high school or less 56 (25.8)
secondary 95 (43.8)
higher 66 (30.4)

Lower socioeconomic status (n, %) 66 (30.4)
Diet quality (mean, SD) 42.81 (6.22)
Alcohol drinking (n, %)

lifetime abstainer/former drinker 89 (41.0)
current light drinker 57 (26.3)
current moderate/heavy drinker 71 (32.7)

Smoking (n, %)
never smoker 115 (53.0)
former smoker 48 (22.1)
current smoker 54 (24.9)

Physical strain (n, %)
inactive 42 (19.4)
low activity 80 (36.9)
active 95 (43.8)

Noise sensitivity (mean, SD) 4.58 (2.24)
Stress (mean, SD) 2.35 (1.03)
GNA (median, IQR) 3.20 (2.87)
Traffi c noise annoyance (median, IQR) 3.50 (3.00)
Traffi c PM2.5 > 2.0 μg/m3 (n, %) 72 (33.2)
Sleep disturbance (mean, SD) 3.62 (2.31)
CVD (ischemic heart disease/stroke) (n, %) 106 (48.8)
Hypertension (n, %) 214 (98.6)
Diabetes (n, %) 99 (45.6)
CKD (n, %) 16 (7.4)
Hearing loss (n, %) 88 (40.6)
ACE-inhibitors (n, %) 129 (59.4)
Diuretics (n, %) 125 (57.6)
Ca-channel blockers (n, %) 76 (35.0)
β-blockers (n, %) 135 (62.2)
Statins (n, %) 67 (30.9)
SBP (mean mmHg, SD) 131.84 (12.38)
DBP (mean mmHg, SD) 80.26 (8.13)
MAP (mean mmHg, SD) 97.45 (8.80)
eGFR (mean mL/min, SD) 65.03 (20.81)
Total cholesterol (mean mmol/l, SD) 5.47 (1.22)
Blood glucose (mean mmol/l, SD) 6.68 (1.66)
Creatinine (mean μmol/l, SD) 101.04 (31.02)
Waist circumference (mean cm, SD) 94.80 (19.07)
Body mass index (mean kg/m2, SD) 29.65 (5.54)

Note. SD – standard deviation, GNA – global noise annoyance, CKD – chronic kidney disease, SBP – systolic blood 
pressure, DBP – diastolic blood  pressure, MAP – mean arterial pressure, eGFR – estimated glomerular fi ltration rate, 
CaA – calcium, CVD – cardiovascular disease, ACE – angiotensin-converting enzyme, IQR – interquartile range, n – 
number, PM2.5 – fi ne particulate matter.
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(ρ = 0.26, p < 0.001), hearing impairment (ρ = 
0.15, p = 0.033), total cholesterol (ρ = 0.30, p 
< 0.001), use of diuretics (ρ = 0.18, p = 0.009), 
β-blockers (ρ = 0.20, p = 0.003), and statins (ρ 
= 0.23, p = 0.001). 

eGFR, on the other hand, was lower in women 
(ρ = -0.24, p < 0.001), older people (ρ = -0.54, p 
< 0.001), Bulgarians (ρ = -0.19, p = 0.006), those 

with lower education (ρ = 0.19, p = 0.005) and 
socioeconomic status (ρ = 0.17, p = 0.015), smok-
ing (ρ = 0.28, p < 0.001) and consuming alcohol 
less (ρ = 0.17, p = 0.012), lower physical strain 
(ρ = 0.17, p = 0.014), having CVD (ρ = -0.18, p 
= 0.008) and CKD (ρ = -0.39, p < 0.001), higher 
glucose (ρ = -0.16, p = 0.017) and creatinine (ρ 
= -0.82, p < 0.001), use of diuretics (ρ = -0.23, p 

Table 2. Associations of global noise annoyance (per one interquartile range), traffi c noise annoyance (per 1 unit), 
road traffi c noise (per 5 dB), with blood pressure and eGFR (mixed linear models) 

Change (95% CI) 

Exposure indicator (sample size) SBP (mmHg) DBP (mmHg) eGFR (mL/min/1.73 m²)

Global noise annoyance (n = 217)
Basic model (gender and age) 2.14 (-0.30, 4.59) 1.44 (-0.05, 2.92) 1.66 (-1.69, 5.02)
Main modela 0.22 (-2.82, 3.27) 0.33 (-1.56, 2.21) 0.20 (-3.97, 4.36)
Main model + mediatorsc . .

Traffi c noise annoyance (n = 217)
Basic model (gender and age) 1.11 (0.44, 1.78)* 0.62 (0.21, 1.03)* -0.10 (-1.04, 0.83)
Main modela 0.94 (0.11, 1.77)* 0.49 (-0.02, 1.00) -0.54 (-1.67, 0.59)
Main model + mediatorsc -0.49 (-1.69, 0.72)

Outdoor Lden  (n = 132)
Basic model (gender and age) 0.24 (-1.54, 2.01) -0.19 (-1.27, 0.90) -0.29 (-2.65, 2.07)
Main modela -0.20 (-1.96, 1.56) -0.45 (-1.56, 0.67) -0.48 (-2.84, 1.88)
Main model + air pollutionb -0.14 (-1.93, 1.64) -0.25 (-1.35, 0.86) -0.73 (-3.10, 1.65)
Main model + mediatorsc -0.13 (-1.90, 1.64) -0.52 (-1.67, 0.62) -0.66 (-3.01, 1.69)

Indoor Lden  (n = 132)
Basic model (gender and age) 0.32 (-1.14, 1.79) -0.24 (1.15, 0.66) 0.19 (-1.74, 2.12)
Main modela -0.03 (-1.56, 1.49) -0.52 (-1.48, 0.45) 0.42 (-1.62, 2.46)
Main model + air pollutionb 0.03 (-1.53, 1.58) -0.31 (-1.27, 0.65) 0.17 (-1.90, 2.24)
Main model + mediatorsc 0.09 (-1.44, 1.62) -0.53 (-1.52, 0.45) -0.10 (-2.15, 1.95)

Outdoor Lnight (n = 132)
Basic model (gender and age) 1.97 (0.27, 3.67)* 0.20 (-0.87, 1.29) -0.71 (-2.96, 1.54)
Main modela 0.90 (-0.87, 2.66) -0.23 (-1.39, 0.94) -0.87 (-3.22, 1.48)
Main model + air pollutionb 0.88 (-0.88, 2.66) -0.24 (-1.37, 0.89) -0.84 (-3.18, 1.50)
Main model + mediatorsc 0.80 (-0.98, 2.58) -0.38 (-1.57, 0.81) -0.62 (-3.03, 1.80)

Indoor Lnight  (n = 132)
Basic model (gender and age) 0.48 (-0.72, 1.68) -0.32 (-1.06, 0.41) -0.41 (-1.88, 1.06)
Main modela -0.01 (-1.22, 1.20) -0.44 (-1.21, 0.33) 0.06 (-1.49, 1.60)
Main model + air pollutionb 0.39 (-0.81, 1.59) -0.20 (-0.98, 0.58) -0.12 (-1.71, 1.47)
Main model + mediatorsc 0.08 (-1.12, 1.28) -0.42 (-1.20, 0.37) -0.06 (-1.61, 1.49)

Note. Lden – day-evening-night equivalent noise level, Lnight – night equivalent noise level. PM2.5 –fi ne particulate matter, 
eGFR – estimated glomerular fi ltration rate, SBP – systolic blood pressure, DBP – diastolic blood  pressure. Interquartile 
range for global noise annoyance is 2.80. *signifi cant at p < 0.05. aAdjusted for gender, age + ethnicity, socioeconomic 
status, education, diet quality, smoking, alcohol drinking, physical strain, waist circumference, and noise sensitivity (the 
models with SBP, DBP, and eGFR), and creatinine (only the models with SBP and DBP). bMain adjustments + fi ne 
particulate matter. cMain adjustments + stress, sleep disturbance, and traffi c noise annoyance (the models with SBP and 
DBP) or stress, sleep disturbance, glucose, total cholesterol, and mean arterial blood pressure (the model with eGFR).
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= 0.001), and β-blockers (ρ = -0.18, p = 0.008).

OBJECTIVE NOISE EXPOSURE IN THE CITY OF PLOVDIV

(N = 132)
Table 2 shows the multivariate effects of the ob-
jective noise indicators on SBP, DBP, and eGFR. 
SBP increased non-signifi cantly with the increase 
in noise exposure in most models. Lnight at the 
bedroom façade was a better predictor of SBP than 

Lden at the living room façade, but its effect was 
only signifi cant in the Basic model. As regards 
eGFR, outdoor Lden and Lnight were associated with 
non-signifi cantly lower eGFR. 

Next, we stratifi ed the Main model, regressing 
SBP on outdoor Lden/Lnight by participants’ charac-
teristics. Subgroups with a statistically signifi cant 
(p < 0.05) increase in SBP or signifi cant interac-

Table 3. Stratifi ed analysis for identifying potential effect modifi cation of the association between outdoor road 
traffi c noise (per 5 dB) and systolic blood pressure (mixed linear models)

Note. Lden – day-evening-night equivalent noise level, Lnight – night equivalent noise level, PM2.5 – fi ne particulate matter. 
*signifi cant at p < 0.1, **p < 0.05. Models are adjusted for gender, age, ethnicity, socioeconomic status, education, diet qual-
ity, smoking, alcohol drinking, physical strain, total cholesterol, creatinine, waist circumference, and noise sensitivity. (When 
the model was stratifi ed by the respective factor, the latter was removed from the covariate set.)

Change (95% CI) in SBP (mmHg)

Outdoor Lden pinteraction Outdoor Lnight pinteraction

Cardiovascular disease 0.018 0.168
no -2.26 (-5.17, 0.64) -0.27 (-3.34, 2.79)
yes 2.56 (-0.19, 5.31) 2.55 (-0.02, 5.12)*

Diabetes 0.036 0.749
no -2.37 (-5.49, 0.75) 0.45 (-2.89, 3.79)
yes 1.79 (-0.52, 4.10) 1.11 (-1.07, 3.28)

Body mass index 0.154 0.542
< 30 kg/m2 -1.05 (-3.54, 1.45) 0.14 (-2.36, 2.65)
≥ 30 kg/m2 1.85 (-1.26, 4.95) 1.39 (-1.77, 4.55)

Ca-channel blockers 0.193 0.857
no 0.09 (-2.01, 2.19) 1.67 (-0.37, 3.71)
yes -2.45 (-5.64, 0.76) 1.29 (-2.31, 4.89)

Statins 0.267 0.027
no 0.65 (-1.47, 2.76) 1.72 (-0.55, 3.99)
yes -1.93 (-5.97, 2.11) -3.30 (-7.13, 0.54)

Bedroom orientation 0.256 0.146
quiet façade   1.82 (-0.32, 3.97) 1.43 (-1.11, 3.96)
noisy façade -0.79 (-4.75, 3.17) 6.64 (0.09, 13.18)**

Living room orientation 0.857 0.179
quiet façade  -1.02 (-3.54, 1.50) 2.43 (-0.34, 5.20)
noisy façade -1.61 (-7.49, 4.28) -0.21 (-2.88, 2.47)

Heating/cooking energy 0.064 0.214
electricity/steam radiator 
only -0.34 (-2.51, 1.82) 0.66 (-1.47, 2.78)

wood/coal/gas used 3.58 (0.05, 7.11)** 3.78 (-0.66, 8.22)
Time at home/day 0.295 0.085

< 12 hours -1.24 (-4.48, 1.99) -2.36 (-6.12, 1.40)
≥ 12 hours 0.85 (-1.34, 3.04) 1.40 (-0.64, 3.43)

PM2.5 0.224 0.246
< 2.0 μg/m3 -1.56 (-5.25, 2.12) 3.84 (0.49, 7.19)**
> 2.0 μg/m3 1.04 (-0.96, 3.04) 1.51 (-0.56, 3.58)
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tion terms (p < 0.2) are shown in Table 3. The 
effect of Lden was more pronounced in patients with 
prior CVD, diabetes, obesity, not taking Ca-channel 
blockers, and using solid fuel/gas at home. The 
estimate itself was signifi cant only among people 
using solid fuel/gas. Outdoor Lnight had stronger 
effect among those not taking statins, sleeping 
in a bedroom with noisy façade, having a living 
room with quiet façade, and spending > 12 h/
day at home. The increase in SBP was signifi cant 
among people with CVD, noisy bedroom, and low 
exposure to PM2.5. 

From Table 4, the increase in outdoor Lden was 
associated with a signifi cant (p < 0.05) decrease in 
eGFR among men, patients with CVD, and those 
exposed to lower PM2.5. The same factors were 
also signifi cant effect modifi ers (p < 0.2). Outdoor 
Lnight was associated with a signifi cantly (p < 0.05) 
lower eGFR in men; there was also a signifi cant 
effect modifi cation (p < 0.2) by gender, diabetes, 

obesity, and time spent at home.

NOISE ANNOYANCE IN THE PLOVDIV PROVINCE (N = 217)
From Table 2, higher traffi c noise annoyance was 
associated with a signifi cant increase in SBP and 
DBP (Basic model). None of the estimates for global 
noise annoyance was statistically signifi cant. Noise 
annoyance was not associated with eGFR either.

DISCUSSION

FINDINGS ON NOISE AND BLOOD PRESSURE

Overall, results showed that higher traffi c noise an-
noyance at home was associated with an increase 
in SBP, which agrees with the higher risk of hyper-
tension reported by the meta-analysis of Ndrepepa 
and Twardella.41 Regarding RTN, the effect on SBP 
in the whole sample was non-signifi cant, and there 
was no effect on DBP. This is also in line with the 
literature. In their cohort study, Sørensen et al. found 
that in the subsample of people with prior diagno-

Table 4. Stratifi ed analysis for identifying potential effect modifi cation of the association between outdoor road 
traffi c noise (per 5 dB) and renal function (mixed linear models)

Change (95% CI) in eGFR (mL/min/1.73 m²)

Outdoor Lden p interaction Outdoor Lnight p interaction

Gender 0.154 0.116
men -3.14 (-6.28, 0.01)* -3.24 (-6.17, -0.32)**
women 0.55 (-3.43, 4.53) 0.75 (-3.28, 4.78)

Diabetes 0.757 0.139
no -0.86 (-3.60, 1.88) 0.90 (-2.02, 3.82)
yes 0.01 (-4.75, 4.77) -2.99 (-7.25, 1.26)

Body mass index 0.984 0.200
< 30 kg/m2 -0.31 (-3.62, 3.01) -2.06 (-5.32, 1.19)
≥ 30 kg/m2 -0.25 (-4.03, 3.54) 1.21 (-2.57, 5.00)

Family history with CVD 0.077 0.826
no 0.72 (-2.88, 4.33) -0.16 (-3.80, 3.48)
yes -3.96 (-7.67, -0.25)** -0.75 (-4.38, 2.88)

Time at home/day 0.616 0.102
< 12 hours -1.71 (-6.19, 2.76) -3.96 (-8.67, 0.75)
≥ 12 hours -0.27 (-3.69, 3.15) 0.77 (-2.37, 3.92)

PM2.5 0.010 0.525
< 2.0 μg/m3 -5.36 (-9.65, -1.07)** -2.90 (-7.38, 1.59)
> 2.0 μg/m3 1.29 (-1.43, 4.02) -1.18 (-4.01, 1.65)

Note. Lden – day-evening-night equivalent noise level, Lnight – night equivalent noise level, PM2.5 – fi ne particulate matter. 
*signifi cant at p < 0.1, **p < 0.05. Models are adjusted for gender, age, ethnicity, socioeconomic status, education, diet qual-
ity, smoking, alcohol drinking, physical activity, waist circumference, and noise sensitivity. (When the model was stratifi ed 
by the respective factor, the latter was removed from the covariate set.)
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sis of CVD SBP increased with 1.15 mmHg (95% 
CI: -0.54, 2.85) per 10 dB, but there was no effect 
on DBP.13 Another cross-sectional study reported 
2.10 mmHg (95% CI: -0.59, 4.79) increase in SBP 
and 1.22 mmHg (95% CI: -0.25, 2.69) increase in 
DBP per 10 dB in people with CVD.19 Foraster et 
al. found that nighttime noise affected SBP more 
than DBP – there was 0.36 mmHg (95% CI: -0.06, 
0.77) increase in SBP per 5 dB outdoor Lnight and 
0.72 mmHg (95% CI: 0.29, 1.15) per 5 dB indoor 
Lnight.14 Several population-based studies observed 
null12,11 or even inverse relationship between RTN 
and BP42. All these results are most likely due to 
exposure misclassifi cation or other methodological 
limitations. Nevertheless, the effects on SBP are 
quite important because just 1 mmHg population-
wide decrease in SBP would result in 13.3/100 000 
person-years reduction in heart failure events.43

SBP increased signifi cantly with the increment in 
outdoor Lden among people using solid fuel/gas at 
home, and in Lnight among those with prior CVD, 
sleeping in a bedroom with a noisy façade, and 
exposed to lower PM2.5. The greatest increase in 
SBP was related to the orientation of the bedroom, 
which is important since elevated SBP at night 
(when it is supposed to dip) is a predictor of car-
diovascular morbidity and mortality independently 
from daytime SBP.44 Like us, Dratva et al. reported 
stronger effect among diabetics.19 Indoor air pol-
lution, a risk factor for CVD per se45, emerged as 
an important factor aggravating the effect of noise. 
Taking BP-lowering medication seemed to buffer 
the effect of RTN in our study, while Foraster et 
al. did not evidence a signifi cant interaction.14 Un-
expectedly, RTN had stronger effect among people 
exposed to lower traffi c-related air pollution, which 
we explain by unmodelled geospatial confounding 
due to the urban fabric of Plovdiv.

FINDINGS ON NOISE AND EGFR
We found a signifi cant reduction in eGFR in men, 
those with a family history of CVD, and exposed 
to lower PM2.5. Several mechanisms are surmised 
to explain this effect. On one hand, elevated BP 
may result from noise exposure and thereby lead to 
impaired kidney function and CKD.46 The lack of 
a correlation between BP and eGFR in our sample 
can be attributed to the cross-sectional design of the 
study. However, as participants lived at the same 
address for many years, it is possible that RTN 
affected their eGFR through elevated BP. Another 
mechanism could be sleep disturbance due to night-

time noise, which has been linked to aduction in 
eGFR.47 The stronger effect of Lnight compared to 
Lden is in line with this hypothesis. 

Although direct comparison with previous studies 
is not possible, a recent study of 1103 post-stroke 
patients reported that those living within 50 m 
of a major road had -3.9 mL/min/1.73 m2 (95% 
CI: -1.0, -6.7; p=0.007) lower eGFR compared to 
those living more than 1000 m away.21 A clinical 
trial, that is not yet completed, exposes men to 
30-minute recordings of aircraft noise and monitors 
the changes in renal hemodynamics.48 

STRENGTHS AND LIMITATIONS 
This study focused on a sample of patients with 
CVD, whereas previous research on residential 
noise and BP draws on population-based samples. 
The relationship between RTN and eGFR we found 
is also novel and needs further exploration. Other 
strengths include the rich set of potential mediators, 
covariates, and effect modifi ers we tested. Going 
further, we had information on the location of rooms 
within each building, soundproofi ng insulation, and 
window-opening frequency, which allowed us to 
assign Lden and Lnight levels to different facades and 
to correct them to indoor noise levels. 

A few limitations need to be acknowledged. 
First, the study was cross-sectional, precluding any 
causal interpretation of the association between 
self-reported noise annoyance and the outcomes. 
Conversely, for RTN there is little bias in this 
regard, because most participants were non-movers 
for many years, and also it is highly unlikely 
for those with higher BP and lower eGFR to 
have moved to noisier streets on purpose.25 Fu-
ture studies should preferably adopt longitudinal 
designs. Moreover, (quasi-)experimental studies 
are needed to investigate the association between 
noise stress and renal function and the underlying 
pathophysiological mechanisms. Second, although 
we used validated noise annoyance questions and 
the latter are well-suited for explorative purposes 
and hypothesis testing, a wide range of personal-
ity differences impact on noise perception, which 
could potentially lead to exposure misclassifi cation. 
Third, some subsamples (e.g., people living in the 
city of Plovdiv, those with CKD) were smallish, 
leading to lower power in the subgroup analyses. 
Fourth, despite the corrections we did to minimize 
exposure misclassifi cation, the END noise maps 
have their limitations49; therefore, our results are 
probably biased towards the null. 
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CONCLUSIONS 

Traffi c noise annoyance was associated with higher 
blood pressure in the total sample, but no other 
indicator was associated with blood pressure or 
eGFR. Nevertheless, there were potentially suscep-
tible subgroups in which road traffi c noise had an 
adverse effect on blood pressure and eGFR. Given 
that generic risk factors for poor progression of car-
diovascular diseases cannot be controlled suffi ciently 
at individual level, environmental interventions to 
reduce residential noise exposure might result in 
some improvement in the management of blood 
pressure and kidney function in patients with CVD. 
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Введение: Шум дорожного движения (ШДД) является фактором риска для 
сердечно-сосудистых заболеваний и гипертонии; вопреки тому, в сравни-
тельно небольшой части исследований прослеживается связь между ним, 
кровяным давлением (КД) и функцией почек у пациентов с предшествующи-
ми ССЗ.

Цель: Целью данного исследования является установление воздействия экс-
позиции ШДД в жилых помещениях на КД и функцию почек среди пациентов 
с ССЗ из Пловдивского региона.

Методы: В исследовании приняли участие 127 пациентов с ишемической бо-
лезнью сердца и/ или гипертонией из трёх заведений специализированной 
медицинской помощи в городе Пловдиве (март-май 2016). Были рассмотре-
ны медицинский анамнез пациентов, медицинская документация и меди-
цинский режим и были исследованы кровяное давление и антропометриче-
ские данные. Анализы крови были исследованы на содержание креатинина, 
общего холестирина и глюкозы в крови. Участники также заполнили анкету. 
Скорость клубочковой фильтрации была измерена с использованием фор-
мулы эпидемиологии хронической болезни почек (Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI)). Всех участников опросили на предмет 
ощущения дискомфорта, вызванного различными источниками шума в жи-
лых помещениях, а проживающие в городе Пловдиве (n = 132) были лока-
лизованы на карте экспозиции шума индикаторами Lдень и Lночь. Было ис-
следовано влияние экспозиции шума на систолическое кровяное давление 
(СКД), диастолическое кровяное давление (ДКД) и была установлена расчёт-
ная скорость клубочковой фильтрации (eGFR) с использованием смешанных 
линейных моделей. 

Результаты: Дискомфорт от шума дорожного движения ассоциируется с 
более высоким СКД в общей выборке. Другие индикаторы шума связаны с 
незначительным повышением СКД и понижением eGFR. Воздействие Lдень 
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было более значительным среди пациентов с предшествующими ишемиче-
ской болезнью сердца/ инфарктом, диабетом, ожирением, прекративших 
приём блокаторов кальциевых каналов и использующих твёрдое топливо/ 
газ в домах. Lночь  имел более сильный эффект среди тех, кто не принима-
ет статины и среди тех, кто спят в спальных помещениях с шумным фасадом, 
обитают жилые помещения с тихим фасадом и проводят большую часть вре-
мени дома. Повышение при Lдень было ассоциировано со значительным по-
нижением eGFR среди мужчин, пациентов с ишемической болезнью сердца/ 
инфарктом и проживающих в местах с более низким уровнем загрязнения 
воздуха. В отношении Lночь, наблюдалось значительное изменение эффекта 
в соответствии с индикаторами пола, диабета, ожирения и времени, прове-
дённого дома. В некоторых подгруппах эффекты ШДД являлись статистиче-
ски значимыми.

Заключения: Учитывая, что общие факторы риска прогрессирования сер-
дечно-сосудистых заболеваний не могут контролироваться в достаточной 
степени на индивидуальном уровне, изменение в экологической среде с 
целью понижения экспозиции шума в жилых помещениях может привести к 
более успешному контролированию кровяного давления  и функции почек 
среди пациентов с ССЗ. 
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