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Abstract 

Objective  To examine the prevalence of atrial fibrillation (AF), its impacts on cardiovascular disease (CVD) and all-cause mortality, 

and the associations between AF and inflammatory and serum biomarkers in a population-based sample of Muscovites. Methods  The 

study is a secondary analysis of data from the Stress, Aging and Health in Russia (SAHR) survey that includes information on 1800 individu-

als with an average age of 68.5 years at baseline, and on their subsequent mortality during 7.4 years on average. AF is detected by 12-lead 

electrocardiogram (ECG) and 24-hour Holter monitoring. The statistical analysis includes proportional hazard and logistic regression models. 

Results  Of the 1732 participants with relevant Holter data, AF was detected in 100 (74 by ECG and Holter, 26 by Holter only). The preva-

lence of AF was 5.8% for men and 7.4% for women. The fully adjusted model showed strongly elevated hazard of CVD and all-cause mor-

tality in men and women with long non-self-limiting AF (LAF). LAF was found to be negatively associated with elevated total and low- 

density lipoprotein cholesterol and to be positively associated with elevated markers of inflammation in women. Conclusions  The study 

assessed for the first time the prevalence and the risks of death related to AF among older Russians. LAF was shown to be a strong and inde-

pendent predictor of CVD and all-cause mortality. AF is unlikely to contribute to the large excess male mortality in Russia. The finding that 

one-quarter of AF cases were detected only by Holter monitoring demonstrates the usefulness of diagnostics with prolonged ECG regis-

tration. 
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1  Introduction 

Atrial fibrillation (AF) is the most common arrhythmia in 
aging populations, and given that its presence is associated 
with increased morbidity and mortality from cardiovascular 
diseases (CVD) and all causes, AF poses a growing public 
health challenge.[1–3] AF prevalence increases steeply with 
age, from less than 1% in individuals under age 50 to over 
10% in people aged 80 and older.[3–6] In the European Union, 
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the absolute number of adults aged 55 and older with AF 
has been estimated at 8.8 million in 2010 and is projected to 
rise to 17.9 million by 2060.[7] 

The vast majority of papers on AF epidemiology have 
examined cohorts living in high-income countries, while 
only a few papers have investigated the epidemiology of AF 
in Eastern Europe.[8,9] In the context of Russia, only one 
previous study has assessed the prevalence, correlates, and 
mortality effects of AF in the general population.[10] This 
study drew on data from cohorts surveyed in the late 1970s 
and the early 1980s, with a study sample consisting of indi-
viduals with an average age of 47 at the baseline, including 
a few individuals over age 60. However, given the large 
burden of CVD and all-cause mortality in Russia, popula-
tion-based studies on AF at old ages in the country are 
highly relevant.[11,12] Moreover, in light of the unusually 
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large mortality gap between men and women in the general 
population of Russia,[13] it is important to investigate the 
relationship between AF and death separately for men and 
women. 

In most population-based studies, AF is registered using 
electrocardiogram (ECG). However, 24-hour ECG moni-
toring (Holter monitoring) is a more comprehensive method 
for diagnosing AF, as it captures short episodes of AF[14] 
that have the potential to develop into permanent AF over 
the life course.[15] 

Several biomarkers have been previously identified as 
predictors of stroke and death in subjects with AF.[16,17] Ana-
lyses of the association between AF and serum biomarkers 
have shed additional light on the development, perpetuation, 
and adverse outcomes of AF.[18] In several studies, AF has 
also been linked to inflammatory biomarkers.[18–22] Finally, 
it has been suggested that there are sex differences in the 
associations between AF and inflammation and lipid profile 
markers.[23] This issue has yet to be explored for the Russian 
case. 

This study is a secondary analysis of data from the Stress, 
Aging and Health in Russia (SAHR) study, which includes 
information on the baseline characteristics of Moscow resi-
dents and on their subsequent mortality.[13,24–26] 

The aims of this study are to examine the prevalence of 
AF and sex differences in the AF prevalence, the effects of 
AF on CVD and all-cause mortality among men and women, 
and the associations between AF and inflammatory and 
serum biomarkers in a population-based sample of older 
Muscovites. Given the high level of CVD mortality and the 
large mortality gap between men and women in Russia, we 
intend to investigate whether some part of these population 
phenomena can be explained by patterns of AF prevalence 
and mortality impacts that are characteristic of Russia. 

2  Methods 

2.1  Study cohort 

SAHR is a population-based cross-sectional study in-
volving 1800 Moscow residents aged 55 and older (839 
men and 961 women). The study participants were ran-
domly selected from seven previous epidemiological co-
horts from the Lipid Research Clinics (LRC) and the multi-
national MONItoring of trends and determinants in CAr-
diovascular disease (MONICA) studies conducted between 
the 1970s and the 1990s. Since these cohorts were restricted 
to individuals who were residents of Moscow before the mid- 
1980s, a small number of additional participants who had 
moved to Moscow after 1985 were identified from the 
Moscow Outpatient Clinics’ registry.[26] 

The baseline SAHR survey was fielded between De-
cember 2006 and June 2009. The fieldwork and data proc-
essing were conducted jointly by the National Research 
Center for Preventive Medicine (NRCPM, Moscow, Russia), 
the Max Planck Institute for Demographic Research (Ros-
tock, Germany), and the Duke University in Durham (USA). 
The study’s design, sampling and recruitment, in-person in-
terviews, and biomedical measures have been described in 
detail elsewhere.[26] 

The SAHR survey produced a wide range of reported so-
cial and demographic parameters and biomedical data, which 
have been previously described.[26] These data include in-
formation on anthropometry; handgrip strength; office and 
home blood pressure; markers based on routine blood tests; 
blood biochemistry, including the lipid profile; glucose me-
tabolism; markers of inflammation; neuroendocrine markers 
based on urine samples; 12-lead ECG; and 24-hour ambu-
latory Holter ECG monitoring. 

The 12-lead ECG at rest was performed with the patient 
in the supine position and was coded using the Minnesota 
Code (MC) by two trained physicians. The Holter ECG mo-
nitoring was performed using a three-channel digital device 
(Schiller MICROVIT MT-101/200, Schiller, Switzerland). 
The Holter recordings were examined by two trained cardi-
ologists in semi-manual mode and were checked again by 
another cardiologist.[26] 

Subjects with missing ECG or Holter data or with Holter 
recordings of less than 17 hours were excluded from the 
analysis. Analyzable data series were available for 1732 
individuals (96.2% of the total sample). Table 1 presents the 
statistics describing the study data. 

2.2  Atrial fibrillation detection and classification 

Atrial fibrillation was determined by the presence of AF 
on 12-lead ECG (MC 8-3) or on Holter recordings. At the 
time each subject was included, there was no information on 
the type of AF the individual had based on the current 
clinical guidelines. Therefore, we used the following defini-
tions: (a) short self-limiting AF episodes (SSLAF): i.e., 
spontaneously terminating episodes of AF registered during 
Holter monitoring; and (b) long non-self-limiting AF epi-
sodes (LAF): i.e., continuous AF registered on both resting 
ECG and Holter recordings without sinus rhythm episodes. 
In the absence of clinical histories, (a) and (b) are assumed 
to be corresponding to paroxysmal AF and non-paroxysmal 
(persistent) AF, respectively. 

When analyzing the data, we used three dichotomous 
variables for the presence of AF and its two forms: LAF; 
SSLAF; and the total AF (TAF), either LAF or SSLAF.  
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Table 1.  Socio-demographic and biomedical characteristics of the sample under study by sex. 

Mean values or proportions 
Variable 

 Males (n = 804) Females (n = 928) P-value 

Socio-demographic    

Age, yrs 67.4 ± 8.4 69.5 ± 8.8 < 0.001 

Education    

High 40.2% 30.3% < 0.001 

Middle 43.8% 46.7% 0.222 

Low 16.0% 22.9% < 0.001 

Classic CVD factors    

Smoking    

Never 32.6% 82.4% < 0.001 

Former 40.6% 10.4% < 0.001 

Current 26.8% 7.1% < 0.001 

Obesity, BMI ≥ 30.0 kg/m2 28.6% 46.6% < 0.001 

Grade II hypertension, BP ≥ 160/100 mmHg 30.5% 24.3% < 0.01 

Total cholesterol ≥ 6.2 mmol/L 28.7% 51.1% < 0.001 

HDL < 1.04 mmol/L 32.4% 17.5% < 0.001 

LDL > 4.12 mmol/L 36.6% 56.7% < 0.001 

TG ≥ 2.3 mmol/L 9.1% 7.7% 0.313 

Inflammation    

IL-6 ≥ 2.0 pg/L for females, ≥ 2.4 pg/L for males 20.2% 19.8% 0.821 

CRP ≥ 3.0 mg/L 31.3% 35.0% 0.099 

Reported CVD history    

Myocardial infarction 15.1% 5.8% < 0.001 

Stroke 9.5% 5.9% < 0.010 

Data are presented as means ± SD or %. All quantities given in this table are adjusted for the compositional differences between the sample and the general 

population of Moscow regarding age and education. BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; CVD: cardiovascular disease; HDL: 

high-density lipoprotein; IL-6: interleukin-6; LDL: low-density lipoprotein; TG: triglycerides. 

 
2.3  Other variables 

The other variables we studied included: (1) classic car-
diovascular risk factors: smoking, obesity, hypertension, 
lipid profile [total cholesterol, high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), and triglycerides (TG)]; (2) 
markers of inflammation: high-sensitivity C-reactive pro-
tein (CRP) and interleukin-6 (IL-6); and (3) self-reported 
adverse health conditions: myocardial infarction (MI) and 
stroke. 

To define high-risk levels of the biomarkers, we used es-
tablished cut-off points whenever possible (Table 1). Due to 
the high prevalence of mild hypertension and overweight in 
the SAHR sample, we chose the higher of the available es-
tablished cut-off points that determine whether an individual 
has grade II hypertension [blood pressure (BP) ≥ 160/100 
mmHg] or obesity [body mass index (BMI) ≥ 30 kg/m2]. 

Following earlier SAHR studies, we used the sex-speci-
fic upper quintiles of the IL-6 distribution with the same 
cut-off values as those established in our previous publica-
tions.[26] 

Major CVD events were identified by the respondents’ 
self-reported history of MI and stroke provided in the ques-
tionnaire. 

2.4  Mortality follow-up 

Our study linked atrial fibrillation to the subjects’ subse-
quent mortality with and without adjustment for other co-
variates. The mean length of the follow-up period was 7.4 
years (SD = 2.2 years), with a minimum of 10 days and a 
maximum of 9.6 years. The total exposure time was 12833 
person-years (5555 for males and 7278 years for females). 
During the follow-up period, 416 deaths occurred (271 men 
and 145 women). Of these deaths, 248 were CVD (166 men 
and 82 women). 

2.5  Statistical analysis 

In all Tables 1–4, the characteristics of the sample and 
the prevalence of AF were weighted with post-stratification 
weights to adjust for differences in education (within each 
sex) between the SAHR sample and the general population   
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Table 2.  Socio-demographic and biomedical characteristics depending on the atrial fibrillation status. 

Variable 

No TAF§ 

Col. 1  

(n = 1632) 

No LAF% 

Col. 2  

(n = 1658)

TAF 

Col. 3  

(n = 100) 

LAF 

Col. 4  

(n = 74) 

SSLAF# 

Col. 5  

(n = 26) 

P-value 

Col. 1 vs.  

Col. 3 

P-value 

Col. 2 vs.  

Col. 4 

P-value 

Col. 4 vs. 

Col. 5 

Socio-demographic 

Male 46.9% 46.5% 40.3% 46.2% 26.0% 0.173 0.967 0.062 

Age, yrs 68.1 ± 8.6 68.2 ± 8.6 74.5 ± 7.7 74.7 ± 7.4 74.1 ± 8.5 < 0.0001 < 0.001 0.741 

Classic CVD factors 

Smoking 

Former 24.4% 24.3% 24.2% 27.1% 17.2% 0.961 0.564 0.301 

Current 16.7% 16.7% 10.3% 8.4% 14.9% 0.070 0.046 0.336 

BMI ≥ 30 kg/m2 37.6% 37.6% 45.6% 48.6% 37.9% 0.088 0.043 0.329 

BP ≥ 160/100 mmHg 27.3% 27.4% 25.6% 21.9% 34.6% 0.699 0.277 0.192 

Total cholesterol ≥ 6.2 mmol/L 41.8% 41.6% 24.7% 20.4% 35.3% < 0.001 < 0.001 0.118 

HDL < 1.04 mmol/L 24.3% 24.2% 27.1% 30.3% 19.5% 0.488 0.208 0.273 

LDL > 4.12 mmol/L 48.3% 48.3% 34.0% 26.5% 52.2% < 0.01 < 0.001 0.013 

TG ≥ 2.3 mmol/L 8.6% 8.5% 4.2% 5.9% 0 0.09 0.415 0.184 

Inflammation 

IL-6 ≥ 2.0 pg/L for females,  

≥ 2.4 pg/L for males 
18.9% 19.2% 35.3% 35.6% 34.6% < 0.0001 < 0.001 0.923 

CRP ≥ 3.0 mg/L 32.6% 32.7% 43.0% 44.5% 39.6% < 0.05 < 0.05 0.666 

Reported CVD history 

Myocardial infarction 9.9% 9.9% 13.4% 15.3% 8.7% 0.237 0.116 0.383 

Stroke 7.2% 7.2% 13.1% 14.9% 8.6% < 0.05 < 0.05 0.403 

Data are presented as means ± SD or %. All quantities given in this table are adjusted for the compositional differences between the sample and the general 

population of Moscow regarding age and education. § TAF defined as presence of any type of AF (total AF). Includes either long non-self-limiting AF or short 

self-limiting AF episodes detected by Holter monitoring only. % LAF detected by both ECG and Holter monitoring. # SSLAF detected by Holter monitoring only. 

BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; CVD: cardiovascular disease; ECG: electrocardiogram; HDL: high-density lipoprotein; 

IL-6: interleukin-6; LAF: long non-self-limiting atrial fibrillation; LDL: low-density lipoprotein; TAF: total atrial fibrillation; TG: triglycerides; SSLAF: short 

self-limiting atrial fibrillation. 

Table 3.  Prevalence of atrial fibrillation. 

Variable Both sexes (n = 1732) Males (n = 804) Females (n = 928) P-value (males vs. females)

LAF detected by both ECG and Holter monitoring 4.71% 4.69% 4.73% 0.970 

SSLAF detected by Holter monitoring 2.03% 1.08% 2.68% < 0.05 

TAF detected by ECG or Holter monitoring 6.65% 5.78% 7.41% 0.175 

Proportions given in this table are adjusted for the compositional differences between the sample and the general population of Moscow regarding age and 

education. ECG: electrocardiogram; LAF: long non-self-limiting atrial fibrillation; TAF: total atrial fibrillation; SSLAF: short self-limiting atrial fibrillation. 

Table 4.  Prevalence of the long non-self-limiting atrial fibrillation and of the total atrial fibrillation by sex and age group. 

 Numbers of subjects  LAF TAF 

Age,  

yrs 

Both sexes 

(n = 1732) 

Males  

(n = 804) 

Females  

(n = 928) 
 

Both sexes 

(n = 814) 

Males 

(n = 378)

Females 

(n = 436)

P-value (males 

vs. females) 

Both sexes 

(n = 1160)

Males  

(n = 466) 

Females  

(n = 687) 

P-value (males

vs. females) 

5564 35.3% 34.3% 36.1%  1.6% 1.8% 1.5% 0.728 2.3% 2.4% 2.1% 0.833 

6574 43.0% 38.4% 47.0%  5.0% 6.5% 3.9% 0.113 7.2% 7.8% 6.8% 0.619 

≥ 75 21.7% 27.3% 16.9%  8.0% 7.5% 8.4% 0.404 11.3% 10.0% 12.8% 0.404 

Proportions given in this table are adjusted for the compositional differences between the sample and the general population of Moscow regarding age and 

education. LAF: long non-self-limiting atrial fibrillation; TAF: total atrial fibrillation. 
 
of Moscow (based on the 2002 census). The significance of 
the differences between averages and proportions was checked 

with a Chi-square test. 
The relationships between the presence of LAF and of   
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Table 5.  Odds ratios$ for the association of the long, non-self-limiting atrial fibrillation and of the total atrial fibrillation with age 
and sex. 

Presence of LAF Presence of TAF 
Variable 

OR P-value 95% CI OR P-value 95% CI 

Age, per additional 10 years 1.084 0.000 1.049–1.120 1.083 0.000 1.053–1.115 

Male 1.293 0.290 0.804–2.079 1.077 0.723 0.714–1.625 
$Logistic regression. Explanatory variables: age/10 and sex. LAF: long non-self-limiting atrial fibrillation; TAF: total atrial fibrillation. 

Table 6.  Hazard ratios$ for the associations between mortality from cardiovascular diseases and mortality from all causes and two 
forms of atrial fibrillation. 

Males Females 
Variable 

HR 95% CI P-value HR 95% CI P-value 

Cardiovascular diseases       

LAF# 2.294 1.191–3.683 < 0.001 3.647 2.284–5.822 < 0.001 

SSLAF& 1.402 0.487–4.038 0.531 0.792 0.238–2.634 0.702 

All causes       

LAF 2.500 1.593–3.924 < 0.001 3.461 1.927–6.213 < 0.001 

SSLAF 1.105 0.438–2.792 0.832 0.612 0.219–1.710 0.349 
$Cox proportional hazard model with adjustment for age, education, smoking, grade II hypertension, obesity, total cholesterol, cholesterol ratio (cholesterol / 

high-density lipoprotein > 6), triglycerides, C-reactive protein, interleukin-6, history of myocardial infarction, and stroke. # LAF detected by both ECG and 

Holter monitoring. & SSLAF detected by Holter monitoring. ECG: electrocardiogram; LAF: long non-self-limiting atrial fibrillation; SSLAF: short self-limiting 

atrial fibrillation. 
 
the total AF and age and sex were assessed by means of 
tabulations (Table 4) and logistic regression models (Table 
5). These analyses were not carried out for SSLAF due to 
the scarcity of cases in sex- and age-specific cells. 

Cox proportional hazard models were used to estimate 
changes in the death hazard in response to AF (Table 6). 
The respective associations were expressed by the hazard 
ratios (HRs). We used fully adjusted models with the classic 
CVD factors, markers of inflammation, and histories of MI 
and stroke under control. We ran proportional hazard re-
gressions both for CVD and all-cause mortality. In the CVD 
mortality models, individuals who died from causes other 
than CVD were treated as censored as of the date of death. 

After estimating each model, we visually checked that 
the double logged survival probability curves on the logged 
time corresponding to different values of the covariates 
were reasonably parallel. We then checked that the fitted 
survival curves were well approximated by the Cox model 
curves. Finally, we confirmed that the Schoenfeld residual 
test returned no evidence of a violation of the proportional 
hazard assumption for specific variables, or globally. 

Logistic regression models were applied to assess the 
associations between the AF indicators (LAF and SSLAF) 
on the one hand and the markers of inflammation (AF and 
CRP) and of the lipid profile (total and LDL cholesterol) on 
the other hand (Table 7). 

Table 7.  Odds ratios$ for associations between two forms of atrial fibrillation and markers of inflammation, total and low-density 
lipoprotein cholesterol. 

Males Females 

LAF# SSLAF& LAF#  SSLAF& Variable 

OR P-value OR P-value OR P-value  OR P-value 

CRP ≥ 3.0 mg/L 0.990 0.976 0.244 0.182 2.883 < 0.001  2.496 < 0.1 

IL–6 ≥ 2.0 pg/L for females,  

≥ 2.4 pg/L for males 
2.081 < 0.05 0.955 0.953 2.194 < 0.05  3.008 < 0.05 

Total cholesterol ≥ 6.2 mmol/L 0.194 < 0.001 1.113 0.870 0.439 < 0.05  0.800 0.661 

LDL > 4.12 mmol/L 0.418 < 0.05 1.802 0.355 0.425 < 0.05  1.124 0.818 
$Logistic regressions with single independent variables expressing the presence of high-risk levels of C-reactive protein, interleukin-6, total and low-density 

lipoprotein cholesterol concentrations. # LAF detected by both ECG and Holter monitoring. & SSLAF detected by Holter monitoring. CRP: C-reactive protein; 

ECG: electrocardiogram; IL-6: interleukin-6; LAF: long non-self-limiting atrial fibrillation; LDL: low-density lipoprotein; SSLAF: short self-limiting atrial 

fibrillation.  
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All statistical analyses were carried out using Stata 15.0 
(Stata Corp, College Station, TX, USA). 

2.6  Ethical approval 

We conducted a secondary analysis of SAHR data. The 
original SAHR study was approved by the ethics committee 
of the State Research Centre of Preventative Medicine (Mos-
cow, Russia) and by the Institutional Review Board at Duke 
University (Durham, USA). All participants provided in-
formed consent prior to data collection. 

3  Results 

The study comprised of 804 male and 928 female sub-
jects (subject characteristics are presented in Table 1). For 
the sample broken down by sex, the table shows the per-
centages with high, middle, and low levels of education; the 
percentages in each of the smoking status categories, the 
percentages in the high-risk categories for the classic CVD 
risk factors and markers of inflammation; and the percent-
ages who reported experiencing MI or stroke. Table 1 also 
shows that there were statistically significant differences 
between men and women in all of the variables except mid-
dle education, triglycerides, and markers of inflammation. 

Of the 1732 participants, AF was detected in 100 sub-
jects: LAF was found in 74 subjects (41 men, 33 women), 
and SSLAF was found in 26 subjects (10 men, 16 women). 

Table 2 shows the demographic and biomedical charac-
teristics of the subjects depending on their AF status. Com-
pared to other participants, the subjects with any type of AF 
were older, had lower total and LDL cholesterol, and had 
higher levels of inflammation markers (both CRP and IL-6). 
Very little difference was found between subjects with LAF 
and those with SSLAF. Among those with SSLAF, the per-
centage of males was lower than the percentage of females 
(26% vs. 46%, P = 0.062) with a marginal statistical signi-
ficance, and the prevalence of elevated LDL was signifi-
cantly (P < 0.05) higher. 

The prevalence of LAF was 4.7% for both men and wo-
men (Table 3). At the same time, the prevalence of SSLAF 
was significantly higher among women than among men 
(1.1% vs. 2.7%, P < 0.05). The prevalence of TAF was 
5.8% among men and 7.4% among women (P = 0.175). 

The prevalence of AF increased with age. Table 4 dis-
plays the prevalence values by age groups for men and 
women. The table shows that LAF rose from 1.8% (males) 
and 1.5% (females) at ages 55–64 to 7.5% (males) and 8.4% 
(females) at ages 75 and older. The prevalence of TAF in-
creased from 2.4% and 2.1% to 10% and 12.8%, respec-
tively. Point estimates of the prevalence of both LAF and 

TAF were higher among men than among women at ages 
55–74 and were higher among women than among men at 
ages 75 and older. However, Table 4 indicates that none of 
the male-female differences in the prevalence levels were 
statistically significant. 

The logistic regression models (Table 5) show that for 
both LAF and TAF, a 10-year increase in age corresponded 
to the same odds ratio (OR) of 1.08 (95% CI: 1.05–1.12). 

The analysis of the associations between LAF and mor-
tality from CVD, adjusted for age, education, classic CVD 
risk factors, markers of inflammation, MI, and stroke, un-
covered a number of strong links (Table 6). For CVD mor-
tality, the HR values were 3.65 (95% CI: 2.28–5.82) for 
women and 2.29 (95% CI: 1.19–3.68) for men, respectively. 
For all-cause mortality, the corresponding figures were 3.46 
(95% CI: 1.93–6.21) and 2.50 (95% CI: 1.59–3.92). No 
association between SSLAF and either CVD or all-cause 
mortality was found. 

AF was shown to be directly related to elevated markers 
of inflammation among women: both CRP and IL-6 were 
significantly associated with LAF (Table 7). The findings 
also indicated that there was a significant link between 
SSLAF and IL-6 and a marginally significant link between 
SSLAF and CRP. Among men, the only statistically sig-
nificant association detected was between LAF and IL-6. 

Elevated concentrations of total and LDL cholesterol 
were found to be negatively associated with LAF in both 
men and women. For SSLAF, no statistically significant 
association with blood lipids was found. 

4  Discussion 

4.1  Prevalence 

The prevalence of AF observed in our population-based 
sample (6.7%) and its rate of increase with age were com-
parable to estimates reported by studies conducted in West-
ern Europe.[27–31] In this region, the AF prevalence was 
found to be increasing from 2%–3% among individuals 
aged 55 to 64 to 10%–17% among individuals aged 80 and 
older.[5,27,31–34] Surprisingly, the AF prevalence figures in our 
Russian sample (exposed to high CVD mortality) were 
shown to be close to the lower limits of the range of earlier 
estimates: i.e., the percentages of ECG-detected cases were 
1.6% at ages 55–64 and 8.0% at ages 75 and older. 

In the literature, AF was found to be more common in 
males than in females, with a ratio of around 1.2:1.[5] The 
mechanisms underlying this difference are unknown and 
might include the anti-inflammatory effects of estrogens.[35] 
In our study, the point estimates of the prevalence of LAF 
were higher among men under age 75 and were higher among 
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women aged 75 and older. However, these differences were 
statistically insignificant. This finding is in line with the 
results of the AF study based on the Russian LRC and 
MONICA data of the 1970s–1990s, which also reported 
almost no differences in the overall prevalence of the ECG- 
based AF between men and women in Moscow and St. Pe-
tersburg.[36] 

Holter monitoring allowed us to additionally identify the 
26% of AF cases that were not captured by ECG. These 
SSLAF cases appeared to be more prevalent in women than 
in men. This observation is broadly consistent with the 
findings of studies showing that the duration of AF episodes 
tends to be shorter in women than in men, which may lead 
to the under-diagnosis of silent paroxysmal AF in wo-
men.[37,38] 

4.2  Mortality 

We found that among older Muscovites, LAF was strongly 
associated with mortality from CVD after adjustment for 
classic CVD risk factors and major health conditions, as 
mortality was shown to be 3.5 times higher among men and 
2.5 times higher among women with LAF. These relative 
risks are among the higher estimates reported in the litera-
ture.[39–42] 

We also detected highly elevated relative risks for all- 
cause mortality among men and women with LAF. This 
observation is in line with results from earlier research.[2,23] 

In our study, the HR for CVD death and death from all 
causes associated with LAF was higher among women than 
among men. This result is consistent with the findings of the 
Copenhagen City Heart Study, and of a study of elderly 
Japanese that reported substantially higher relative risks of 
cardiovascular death for women with AF compared to men 
with AF.[40,42] 

Although a higher relative risk of death associated with 
AF among women has been widely reported across the 
world, the risk level varies depending on the region and the 
socio-economic context.[34] The Framingham Study reported 
only a moderate excess risk in women compared to men.[2] 
Another study found no difference in the relative risk be-
tween the sexes.[23] 

The higher relative risk of death among women com-
bined with the similar prevalence of LAF in men and 
women found in our study implies that the presence of AF 
alone cannot explain the much higher levels of mortality 
from CVD and all causes among Russian men than among 
Russian women. 

The relationship between mortality and the form of AF 
has been previously studied, but the findings are inconsis-
tent. Most of these studies indicated that the mortality risk is 

higher in patients with permanent AF than in patients with 
other forms of AF.[5,42–45] Our study found no association 
between SSLAF and the hazard of CVD or all-cause mor-
tality. 

Nevertheless, the early detection of paroxysmal AF is 
important. Indeed, in our study, SSLAF cases constituted 
about a quarter of all AF cases, which might still be an un-
der-diagnosis, considering that the majority of subjects were 
previously unaware of the arrhythmia. 

Earlier research has suggested that within a 4 to 5-year 
period, around one-third of patients with paroxysmal AF 
develop persistent/permanent AF, and 77% do so within 14 
years.[46,47] In our study, SSLAF was detected in 26 subjects, 
and estimates suggest that in 8–15 of them AF could have 
become persistent during the follow-up period. With such a 
small number and such short time intervals between the 
onset of these hypothetical new cases of persistent AF and 
the end of the follow-up period, our chances of capturing 
the mortality effects of paroxysmal AF were low. It may be 
expected, however, that larger population-based studies with 
longer follow-up periods will be able to measure more ac-
curately the consequences of paroxysmal AF, including its 
mortality impacts. 

4.3  Inflammation and blood lipids 

We found significant links between LAF and markers of 
inflammation and determined that these links were stronger 
in women than in men. Both CRP and IL-6 were shown to 
be associated with LAF in women, but only IL-6 was found 
to be associated with LAF in men. The association between 
permanent AF and inflammation markers was examined in 
earlier studies.[18–22] In particular, the Framingham Study 
and the Gutenberg Health Study found an association be-
tween CRP and AF for both sexes.[18,48] In the Cardiovascu-
lar Health Study, CRP was not only proven to be associated 
with the presence of AF; it was linked to an elevated risk of 
developing AF in the future.[19] Some studies have also ex-
amined a potential relationship between IL-6 and AF. The 
Chronic Renal Insufficiency Cohort Study and the Heart 
and Soul Study found an association between the plasma 
IL-6 and AF.[49,50] 

The evidence we found of associations between CRP and 
IL-6 and both forms of AF in women, but not in men, con-
tradicts the results of the study by Magnussen, et al.[23] 
which reported no sex differences in links between CRP and 
AF; and the findings of the study by Nyrnes, et al.[21] which 
showed that CRP was associated with AF in men only. 

An earlier study on the same sample of Muscovites 
showed that elevated markers of inflammation explain a 
substantial share of the mortality differences by level of 
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education.[51] The link between AF and inflammation found 
in the present study suggests that AF may be involved in the 
biological pathways that underlie the excess mortality in 
lower socio-economic strata. 

We should point out that the general understanding of the 
biological mechanisms behind the association between in-
flammation and AF is still insufficient. In particular, it is 
still unclear whether inflammation is an initiator, a conse-
quence, or a parallel/linked process with respect to AF.[21] 

Our study showed strong negative associations between 
LAF and total and LDL cholesterol levels in both men and 
women. The possibility that the well-known risk factors of 
atherosclerosis and CVD are simultaneously protecting 
against AF has also been raised in several earlier stud-
ies.[21,23,52–56] 

The anti-inflammatory effect of cholesterol is a potential 
explanation for the reduction of the risk of AF in situations 
in which the concentrations of total and LDL cholesterol are 
high.[57,58] Lipids constitute a part of the cell membrane and 
thus affect the electrophysiological properties of the cell. It 
has been shown that in vitro, cholesterol can change the 
functional activity of ion channels, which are involved in 
the pathogenesis of atrial fibrillation.[59,60] It is, therefore, 
possible that low levels of cholesterol can facilitate inflam-
matory processes that play a significant role in the patho-
genesis of AF. 

We found no correlation between SSLAF and blood lip-
ids in men or in women. 

4.4  Strengths and limitations 

This is the first population-based study that provides 
up-to-date information on the prevalence of AF and its as-
sociation with CVD and all-cause mortality among older- 
age Russians. AF was identified using both ECG and 24- 
hour Holter monitoring, which also allowed for the detec-
tion of paroxysmal AF. 

This is also the first study that has assessed the associa-
tions between AF and markers of inflammation and choles-
terol among elderly Russians. 

This study has some limitations. Firstly, as our study of 
the presence of AF was cross-sectional, we were unable to 
monitor the development and incidence of AF over time 
using the initial values of the biomarkers and other charac-
teristics at baseline. Thus, we had no chance to examine the 
causal links between the risk factors and the development of 
permanent AF. Secondly, because the clinical histories of 
AF in the subjects were not available, we were unable to 
diagnose with full confidence the persistent and paroxysmal 
forms of AF and had to use the LAF and SSLAF categories 
instead. This drawback was especially important for diag-

nosing paroxysmal AF. In particular, for cases in which AF 
was not detected on either the ECG or the Holter recording, 
it was not possible to be absolutely sure that episodic AF 
was completely absent. Last but not least, the number of sub-
jects with SSLAF identified by Holter monitoring was small 
and lacked statistical power in the analyses. Statistical po-
wer was also a problem for some of the analyses involving 
LAF. In particular, we were unable to obtain conclusive 
results on the sex-age interaction for the odds of LAF. 

In spite of these limitations, the study produced a range 
of novel and meaningful results. 

4.5  Potential clinical and health-care implications 

The study’s findings raise several important issues that 
have significant implications. Firstly, the large share of AF 
cases that were detected by Holter monitoring suggests that 
prolonged ECG registration technique should be imple-
mented in population-based studies, and used more actively 
in clinical practice. Resting ECG, which has long been con-
sidered the gold standard for diagnosing AF in patients, may 
be insufficient in some cases and should, therefore, be reas-
sessed. Long-term ECG recording may be the better techno-
logy to use when testing elderly patients at high risk of stroke. 
Secondly, the negative association we found between AF 
and serum LDL and total cholesterol should be investigated 
further. Specifically, researchers should attempt to deter-
mine whether serum LDL and cholesterol protect against 
AF, and, if so, how this evidence could be used for AF pre-
vention. Last but not least, the risks associated with parox-
ysmal AF detectable by Holter monitoring should be further 
evaluated in studies with larger sample sizes and longer 
follow-up periods. 

5  Conclusions 

In this population-based study, we assessed for the first 
time the prevalence of AF among elderly residents of Mos-
cow. The results showed that the prevalence for all forms of 
AF was 6.7% for both sexes and that the prevalence of long 
AF episodes (mainly persistent arrhythmia type) was some-
what lower than the levels detected in a majority of com-
parator studies. 

LAF was shown to be strongly and independently asso-
ciated with CVD and all-cause mortality: i.e., mortality was 
found to be 3.5 times higher among men and 2.5 times higher 
among women with LAF. These estimates are consistent 
with some of the highest relative risks reported in the lit-
erature. 

We also found that markers of inflammation were asso-
ciated with AF and that these associations were stronger for 
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women than for men. Serum LDL and total cholesterol lev-
els were shown to be inversely associated with AF. These 
findings suggest that serum LDL and total cholesterol might 
play a protective role, although whether this is actually the 
case requires further investigation. 
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