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ABSTRACT 

BACKGROUND 
The prevalence of orthostatic hypotension (OH) and atrial fibrillation (AF) 
both increase with age. Little is known about postural blood pressure 
(BP) responses in AF. We hypothesized that subjects with AF have a grea-
ter drop in BP following active standing and take longer to recover to 
baseline BP than subjects without AF. 

METHODS 
Cross-sectional analyses within a randomly sampled, national cohort of 
community dwelling adults aged 50+. AF was detected through 10-minute 
electrocardiograms. Beat-to-beat BP was measured for two minutes  
following active standing. Differences in systolic and diastolic BP (SBP/
DBP) responses between those with and without AF were analysed using 
multivariable linear regression. Associations between AF and sustained 
OH were assessed through logistic regression. 

RESULTS 
The sample included 4408 subjects, mean age was 62 (±8) years, 46% 
was male. Prevalence of AF was 3%. Independent of age, sex, cardiovas-
cular conditions and medication, subjects with AF showed a significantly 
greater drop in DBP at 40 seconds (β-2.6 [95%CI -4.2;-0.9], p=0.002). 
Maximum DBP drop in the whole cohort was greater in those with AF 
(β-3.4 [-5.6;-1.3] p=0.002). Median time-to-recovery to baseline DBP was 
60 seconds in those with AF, compared to 30 seconds in those without 
AF.

CONCLUSIONS
AF is associated with greater drop in DBP at 40 seconds, and greater 
maximum DBP drop following active stand in a general population co-
hort. This result warrants clinical awareness of coexisting OH and AF in 
older adults. Further studies are necessary to study causality and mecha-
nisms of this relationship. 
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INTRODUCTION

The prevalence of both atrial fibrillation (AF) and orthostatic hypotension 
(OH) increase with age 1,2. OH is a frequently cited cause of falls and 
syncope in older adults 3, and recent evidence has also linked AF to falls 
and syncope in older adults 4. However, little is known about the mecha-
nisms through which AF may be associated with syncope and falls. 
It has been suggested that brady- or tachycardia during AF causes hemo-
dynamic impairment, leading to syncope 5. However, the majority of sub-
jects with AF have normal ventricular rates, suggesting that other mecha-
nisms potentially play a role in this association as well. Atrial ectopy has 
been linked to autonomic failure 6, and both carotid sinus syndrome and 
vasovagal syncope are more prevalent in subjects with AF, indicating that 
autonomic reflexes play a role in this association 7,8. 
However, up to now no studies regarding this association in the general 
population have been performed. In the Irish Longitudinal study on 
Ageing (TILDA) we therefore investigated whether AF is associated with 
impaired blood pressure (BP) stabilization in community dwelling older 
adults. We hypothesized that subjects with AF may have greater drops in 
BP from baseline, greater proportion of sustained OH or impaired reco-
very to baseline BP upon active stand, due to impairment in cardiac out-
put as a result of increased or irregular ventricular responses or concomi-
tant autonomic dysfunction. 

METHODS

Study design
TILDA is a prospective cohort study on ageing, comprising people aged 
50+, resident in the community in the Republic of Ireland. Using RANSAM 
sampling, a nationally representative sample was drawn from a listing of 
all residential addresses (62% response rate) 9. The current study is based 
on the first wave of data collected between 2009-2011. Data were col-
lected by home interviews, self-completion questionnaires and a physical 
health assessment. Ethical approval was obtained and all participants 
provided signed informed consent prior to participating. All experimental 
procedures adhered to the Declaration of Helsinki. Further details of the 
study are published elsewhere 10,11.

Outcome measures
Primary outcome measure was the systolic and diastolic BP (SBP/DBP) 
drop from baseline upon active stand in participants with AF compared 
to those without AF. Secondary outcome variables were: (1) association 
between AF and sustained orthostatic hypotension, and (2) differences in 
time to recovery to baseline BP values at two minutes. 

Active stand protocol
Participants underwent a lying-to-standing test with non-invasive beat-to-
beat BP monitoring using digital photoplethysmography (Finometer®, Fi-
napres Medical Systems BV, Amsterdam, the Netherlands, www.finapres.
com). Participants were asked to stand after ten minutes of supine rest. 
After standing, beat-to-beat SBP and DBP and heart rate (HR) were moni-
tored for 120 seconds. Baseline values were defined as the mean of va-
lues recorded between 60-30 seconds before standing. BP values during 
active stand were estimated at 10-second intervals. To filter any subse-
quent noise, 5-second moving averages were used around each time-
point 12. For every ten-second interval, a delta-BP or delta-HR was calcu-
lated, defining the change in BP or HR from baseline. Because a 5-second 
moving average window was used, the point at 120 seconds would in-
clude edge effects, and was therefore not included in the analyses. The 
lowest BP values (nadirs) within 40 seconds were also registered, using a 
1-second moving average. These values were used to calculate maximum 
BP drop from baseline. 

Orthostatic hypotension
Sustained orthostatic hypotension (OH) at each time-point after standing 
was defined as a BP drop of ≥20 mmHg SBP and/or ≥10 mmHg DBP from 
baseline up to that point 13. Classic OH was defined as a sustained SBP 
drop of ≥20 mmHg and/or a DBP drop ≥10 mmHg from 60 until 110 se-
conds at every time point on standing 2. 

Time-to-recovery
A dichotomous value for recovery to baseline values for both SBP and 
DBP was constructed to measure time-to-recovery to baseline BP.  
A time-to-recovery variable was derived from the BP measurements at 
10-second intervals. From this, the proportion of those who recovered to 
baseline was calculated. 
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Evaluation of AF 
Ten-minute surface electrocardiograms (ECG) (Medilog Darwin®, Schiller, 
Baar, Switzerland) 14. Two clinicians screened ECG records for AF inde-
pendently, according to ESC guidelines 1. In case of inter-rater disagree-
ment, a cardiologist made final judgement. 

Covariate information
Covariates of interest included age, gender, education, smoking, alcohol 
consumption (frequency of two or more alcoholic drinks within one day: 
infrequent [never in the past six months], occasional [twice a month or 
less] and frequent [once a week or more often]), and body mass index 
(BMI, kg/m2). Falls and syncope in the past year were recorded. Disabili-
ty was defined as having any disability from the lists of (Instrumental) 
Activities of Daily Living (ADL/iADL) 15,16. For global cognitive function, 
Mini-Mental State Examination (MMSE) score was used. Other comorbi-
dities included history of lung disease, hypertension, angina, myocardial 
infarction (MI), heart murmur, heart failure, diabetes mellitus, cerebrovascu-
lar accident (CVA), transient ischemic attack (TIA) and cardiac arrhythmias. 
All of the variables listed above were taken from the home interview or self-
completion questionnaire.

Medication use was recorded during the home interview and confirmed 
by crosschecking medication labels. Anatomical Therapeutic Classificati-
on (ATC) codes were subsequently recorded for categorisation 17. Medi-
cation categories adjusted for in our analysis were: psychotropic drugs 
(psycholeptics (‘N05*’) and psychoanaleptics (‘N06*’)) and number of 
cardiovascular medications from antihypertensives (‘C02*’), diuretics 
(‘C03*’), beta-blockers (‘C07*’), calcium channel blockers (‘C08*’), agents 
acting on the renin-angiotensin system (‘C09*’), alpha-adrenoreceptor 
antagonist urologicals (‘G04CA’) and beta-blocker anti-glaucoma prepa-
rations (‘S01ED’).

Statistical analysis
Prevalence calculations for AF were weighted for age, sex and education 
according to the Quarterly National Household Survey (2010) to ensure 
that data were nationally representative. Prevalence data were further 
weighted by health status and socio-demographic factors to account for 
those who did not attend a health assessment. Baseline differences and 
differences in SBP, DBP and HR at all time-intervals between participants 
with and without AF were tested using chi-square tests for dichotomous 
variables and independent t-tests for continuous variables. Continuous 

variables that were not normally distributed were log-transformed, and if 
a non-normal distribution was still present, Mann-Whitney U test was 
performed. 

To test differences in BP-drop at different time-intervals from baseline 
between participants with and without AF, linear regression analyses were 
performed with separate models fit at each time point. Also, differences in 
maximum DBP and SBP drop from baseline within 40 seconds were te-
sted. The initial model included delta-BP only; the second model inclu-
ded age, gender and education. In the third model, smoking, alcohol con-
sumption, diabetes, number of cardiovascular conditions (from history of 
angina, myocardial infarction, heart failure, heart murmur, CVA and TIA) 
and number of cardiovascular drugs were added. To test the association 
between AF and sustained OH at various time-intervals, odds ratios (OR) 
were calculated through multivariable logistic regression analyses. The 
multivariable logistic regression models included the same covariates used 
for the linear models entered in a similar hierarchical structure. 

To estimate differences in time-to-recovery to baseline values, Kaplan-
Meijer survival curves with log-rank test were performed. To investigate 
whether AF was associated with a difference in recovery after adjustment 
for confounders, Cox-proportional hazard regression analyses were per-
formed. The same modeling strategy as described above was used. To 
study differences in hemodynamic responses among different age cate-
gories, analyses were repeated with stratification for age category (50-64, 
65-74 and 75+ years). To account for multiple testing, Bonferroni correc-
tion was used. As drops both DBP and SBP drops were tested at 11 time-
points (10-110 seconds), p-value of 0.002 (0.05/22) was used as threshold 
for statistical significance. Statistical analyses were performed using Stata 
(Version 12.1 for Windows. StataCorp LP, Texas, USA).
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 TABLE 1. BASELINE CHARACTERISTICS OF PARTICIPANTS WITH AND WITHOUT AF
Table 1. Baseline characteristics of participants with and without AF 

 No AF (n=4307) AF (n=101) p 
Age 61.5 (±8.2) 69.7 (±7.8) <0.001 
Male 45.3 % (1951) 79.2% (80) <0.001 
Primary school is highest level of education 20.7% (889) 42.6% (43)  <0.001 
Past or current smoker 53.9% (2321) 71.23% (72) 0.001 
Alcohol, units per week 6.0 (±9.2) 10.4 (±25.5) <0.001 

Alcohol use frequency 
Infrequent 
Occasional 
Frequent 

 
28.4 (1238) 
26.2 (1143) 
45.4 (1979) 

 
29.7 (33) 
22.5 (25) 
 47.8 (53) 

 

Any ADL disability 6.1% (262) 10.9% (11) 0.048 
Fall in past year 19.3% (829) 31.7% (32) 0.002 
Faint or blackout in past year  4.4% (191) 11% (11) 0.002 
Cognition (MMSE, out of 30) 28.6 (±1.8) 28.4 (±1.6) 0.171 

Lung disease 3.4% (145) 5.0% (5) 0.385 
Arthritis 26.3% (1133) 28.7% (29) 0.587 
Hypertension 32.7% (1409) 47.5% (48) 0.002 
CVA/TIA 2.5% (108) 9.9% (10) <0.001 
Heart failure 0.7% (30) 5.9% (6) <0.001 
Coronary artery disease 6.4% (276) 19.8% (20) <0.001 

Diabetes 4.8% (206) 14.9% (15) <0.001 
Nr. of drugs 2.0 (±2.3) 4.4 (±2.6) <0.001 
Nr. of cardiovascular medications 0.5 (±0.9) 0.6 (±0.9) <0.001 
Psychotropic medication use 9.5% (411) 11.9% (12) 0.043 
Cardiovascular medication use 33.1% (1424) 79.2% (80) <0.001 
Ace-inhibitors 21.4% (921) 50.5% (51) <0.001 
Beta-blockers 11.2% (484) 38.6% (39) <0.001 

Calcium antagonists 8.2% (351) 19.8% (20) <0.001 
Diuretics 5.7% (244) 19.8% (20) <0.001 
Anti-adrenergics  1.5% (65) 5.9% (6) <0.001 
ATII- Antagonists 1.7% (71) 8.9% (9) <0.001 
Cardiac therapy (incl. anti-arrhythmics) 1.7% (72) 22.7% (28) <0.001 
ADL: acitvities of daily living. MMSE: mini mental state examination.  CVA: cerebrovascular 
accident. TIA: transient ischemic attack 

 

 RESULTS

In total, 8175 participants aged 50 years and older were recruited to the 
study. Of these, 5036 underwent the health assessment. For 4890 partici-
pants ECG data were present; population prevalence calculations for AF 
were carried out in this sample. For 4408 participants, both active stand 
data and ECG data were present. For all other calculations, this sample 
was used. Mean age was 61.5 (SD 8.2) and 46% was male. Of partici-
pants, 101 (3%) had evidence of AF on the 10-minute ECG, increasing 
from 1% in those aged 50-64 years, to 4% in those aged 65-74 years, to 
8% in those aged 75 years and over.

Baseline characteristics
TABLE 1 shows baseline characteristics of participants. Participants with 
AF were older, more often male, had lower education, were more often 
smokers and reported more consumption of alcohol than those without 
AF. They reported more ADL disability and more often falls, faints and 
blackouts in the past year. Those with AF more often reported a medical 
history of CVA/TIA, heart failure, coronary artery disease and diabetes 
and use of psychotropic and cardiovascular drugs. 
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HR and BP responses during active stand
FIGURE 1 shows absolute SBP, DBP and HR responses during active 
stand. Mean heart rate during active stand was significantly higher among 
those with AF compared to those without AF at all time-intervals. Systolic 
and diastolic BP levels for participants with AF were significantly lower 
compared to those without AF at 40 seconds. 

BP drop from baseline upon active stand at ten second intervals
Differences in SBP- and DBP-drop from baseline for participants with 
and without AF were calculated through multivariable linear regression 
analyses. The beta with 95% confidence interval (95%CI) represents the 
difference in BP-drop from baseline in subjects with AF compared to those 
without AF. 

FIGURE 1. HEART RATE AND BLOOD PRESSURE (BP) RESPONSES UPON  
ACTIVE STAND, COMPARING PARTICIPANTS WITH AND WITHOUT AF

Top: Heart rate. Middle: Systolic BP. Bottom: Diastolic BP Squares and dots with whis-
kers represent mean with standard error. *p<0.05, **p<0.01, ***p<0.001
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Table 2. Difference in drop in diastolic BP from baseline upon active stand, comparing participants with AF to 
those without 

 Unadjusted Model 1 Model 2 

All ages (50+) n=4408 n=4406 n=4084 

 B 95% CI p B 95% CI p B 95% CI p 

10s -2.0 -4.0 0.1 0.062 -1.4 -3.5 0.6 0.173 -1.9 -4.1 0.2 0.079 

20s -4.4 -6.5 -2.3 <0.001 -2.4 -4.5 -0.3 0.025 -1.7 -3.8 0.5 0.127 

30s -3.1 -4.9 -1.4 <0.001 -1.1 -2.8 0.7 0.227 -0.7 -2.5 1.1 0.438 

40s -5.3 -6.9 -3.7 <0.001 -3.1 -4.7 -1.5 <0.001 -2.6 -4.2 -0.9 0.002 

50s -3.5 -5.1 -2.0 <0.001 -1.7 -3.2 -0.2 0.027 -1.3 -2.9 0.3 0.102 

60s -2.8 -4.3 -1.3 <0.001 -1.3 -2.8 0.2 0.085 -1.0 -2.5 0.6 0.217 

70s -1.9 -3.4 -0.4 0.016 -0.6 -2.1 1.0 0.468 -0.3 -1.8 1.3 0.740 

80s -2.3 -3.8 -0.8 0.003 -1.2 -2.7 0.4 0.140 -1.0 -2.6 0.6 0.225 

90s -2.0 -3.5 -0.4 0.012 -0.9 -2.5 0.7 0.264 -0.7 -2.3 0.9 0.385 

100s -2.1 -3.7 -0.6 0.007 -1.1 -2.7 0.5 0.170 -1.0 -2.6 0.6 0.235 

110s -1.8 -3.4 -0.2 0.030 -0.6 -2.3 1.0 0.435 -0.6 -2.3 1.1 0.484 

The beta represents the difference in drop between those with AF and without.  
Model 1: adjusted for age, gender, education 
Model 2: adjusted for model 1 + smoking, alcohol consumption, diabetes, nr. of cardiovascular conditions, nr. 
of cardiovascular drugs used.  
Bold values indicate significant results after Bonferroni correction (p ≤0.002) 
 

Drops in SBP from baseline were not different between groups. 
TABLE 2 shows differences in DBP drops from baseline. Univariately, 
drops in DBP from baseline were greater in those with AF between 20 
and 60 seconds. After adjustment for confounders, this difference 
remained significant at 40 seconds (β -2.6 [95%CI -4.2;-0.9], p=0.002. 
After stratification for age-category, those aged 50-64 years with AF sho-
wed a greater drop at 40 and 50 seconds (40 seconds: β -4.8 [-7.6;-1.9], 
p=0.001; 50 seconds: β -4.8 [-7.5;-2.1], p=0.001). Differences in the other 
age categories were not significant between groups.  

TABLE 2. DIFFERENCE IN DROP IN DIASTOLIC BP FROM BASELINE UPON 
ACTIVE STAND, COMPARING PARTICIPANTS WITH AF TO THOSE WITHOUT

Maximum BP drop from baseline within 40 seconds
Maximum SBP drop from baseline (TABLE 3) within 40 seconds was  
not different between groups. Maximum DBP drop from baseline was 
different between those with and without AF (28.8±1.0 mmHg vs. 
25.7±10.3 respectively, p=0.003). Adjusted for confounders, those with 
AF had a greater maximum drop in DBP (β -3.4 [-1.3;-5.6], p=0.002) than 
those without AF. Stratified for age, this difference was only significant in 
those aged 75+ (β -5.7 [-1.7;-9.7] p=0.006), but not after Bonferroni cor-
rection. 

TABLE 3. MAXIMUM BP DROP (MMHG) FROM BASELINE WITHIN 40 SECONDS  
AFTER STANDINGTable 3. Maximum BP drop (mmHg) from baseline within 40 seconds after standing 

 Non-AF group 
(n=4307) 

AF group 
(n=101) 

 Model 1 Model 2 

p B 95%CI p B 95%CI p 
SBP drop (50+) 39.3 (±17.9) 38.3 (±16.6) 0.573 a        
50-64 n=2877 38.2 (±16.8) 39.1 (±14.3) 0.774 a        
65-74 n=1164 41.0 (±19.5) 35.9 (±16.1) 0.099 a        

75+ n=367 43.0 (±19.9) 40.6 (±18.9) 0.519 a        
DBP drop (50+) 25.7 (±10.3) 28.8 (±1.0) 0.003 -3.0 -5.0 -0.9 0.005 -3.4 -5.6 -1.3 0.002 
50-64 n=2877 25.6 (±10.1) 28.1 (±9.4) 0.178 -2.9 -6.6 0.8 0.122 -3.4 -7.3 0.5 0.084 
65-74 n=1164 26.0 (±10.9) 27.3 (±9.7) 0.465 -1.1 -4.5 2.4 0.546 -1.4 -4.9 2.1 0.444 

75+ n=367 26.2 (±10.4) 31.4 (±10.9) 0.007 -4.9 -8.8 -0.97 0.015 -5.7 -9.7 -1.7 0.006 
SBP and DBP drop: calculated from baseline with nadir subtracted 
aNot tested; no univariate differences were observed  
The beta represents the difference in maximum drop between those with and without AF. 
Model 1: adjusted for age, gender, education 
Model 2: adjusted for model 1 + smoking, alcohol consumption, diabetes, nr of cardiovascular conditions, nr of 
cardiovascular drugs used. Bold values indicate significant results after Bonferroni correction (p ≤0.002) 
 

TABLE 3. MAXIMUM BP DROP (mmHg) FROM BASELINE WITHIN 40 SECONDS 
AFTER STANDING
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Recovery to baseline
FIGURE 2 shows survival curves of recovery to baseline SBP and DBP, 
comparing those with and without AF. 

Systolic recovery: Proportion of recovery to baseline SBP in the non-AF 
group was 75.6% (3256/4307) and 80.2% (81/101) in the AF group 
(p=0.287). Median time-to-recovery was 30 (inter quartile range [IQR] 
20;110) seconds in the non-AF group, compared to 40 (IQR 20;90) se-
conds in the AF-group. Kaplan Meier survival analyses did not show a 
significant difference in recovery to SBP between groups (log rank test, 
p=0.845) 

Diastolic recovery: Proportion of recovery to baseline DBP was 75.5% 
(3261/4307) in the non-AF group and 67.3% (68/101) in the AF-group 
(p=0.053). Median time-to-recovery was 30 (IQR 20;100) seconds in the 
non-AF group, compared to 60 (IQR 30;n/a) seconds in the AF group. 
Kaplan Meier survival analyses revealed that the difference in recovery 
was significantly different (log rank test, p=0.013). (Figure 2B). Cox-pro-
portional hazard regression showed univariately that recovery to baseline 
BP was different in those with AF compared to those without AF (HR 0.8 
[95%CI 0.6;1.0], p=0.030), but after adjustment for age and other con-
founders, this difference was not statistically significant. 

Sustained orthostatic hypotension during active stand
TABLE 4 shows the prevalence of sustained OH at different time-points 
for those with and without AF. At 20-40 seconds, a greater proportion of 
participants with AF had sustained OH. This difference was not signifi-
cant after adjusting for confounders. Stratified by age-group, AF was as-
sociated with sustained OH at 50 seconds (OR 4.7 [1,5;14,4] p=0.007) 
and at 60 seconds (OR 4.3 [1.2;14.9], p=0.021) in those aged 50-64 
years. This was not significant after correction for multiple testing. Results 
in the other age categories were not different between groups. Proporti-
on of classic OH (sustained OH drop from 60-110 seconds on standing) 
was 6% in both groups; no statistical differences were observed. 

TABLE 4. SUSTAINED OH FROM BASELINE IN PATIENTS WITH AND WITHOUT 
AF AT DIFFERENT TIME INTERVALS n=4408

Table 4. Sustained OH from baseline in patients with and without AF at 
different time intervals n = 4408 

 Non-AF group 
(n=4307) 

AF group 
(n=101) 

p 

10s 83.6 % (3601) 88.1% (89) 0.225 
20s 29.4% (1267) 48.5% (49) <0.001 

30s 15.1% (651) 25.7% (26) 0.003 
40s 10.1% (433) 20.8% (21) <0.001 
50s 7.8% (337) 14.9% (15) 0.010 
60s 6.5% (279) 12.9% (13) 0.011 

70s 5.5% (238) 7.9% (8) 0.300 
80s 4.9% (210) 5.9% (6) 0.624 
90s 4.6% (198) 5.9% (6) 0.525 
100s 4.4% (191) 5.0% (5) 0.804 

110s 4.3% (184) 5.0% (5) 0.743 
Sustained orthostatic hypotension (OH) at each time-point after standing is 
defined as a sustained drop of ≥20 mmHg SBP and/or ≥10 mmHg DBP from 
baseline up to that point. 
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    DISCUSSION

The results of our study show that AF is associated with greater drop in 
DBP at 40 seconds following active stand, and greater maximum DBP-
drop from baseline in a general population cohort. These results were 
independent of potential confounders, including cardiovascular conditi-
ons and medication. Furthermore, median time-to-recovery to baseline 
DBP was significantly different between those with and without AF; those 
with AF had a median recovery time of 60 seconds, compared to 30  
seconds in those without AF. 

To our knowledge, this is the first study to report a positive association 
between AF and OH in a general population cohort. In the Cardiovascu-
lar Health Study, the association between OH and AF was assessed on a 
population level, but no associations were reported found 18. In the latter 
study, OH was only measured after three minutes, while in the present 
study, differences in BP stabilization were found before one minute follo-
wing active stand, potentially explaining the differences in results. Gold-
stein reported that patients with autonomic failure more often showed 
atrial ectopy (including AF) compared to controls 6, suggesting that AF is 
indeed linked to OH. Two smaller studies have described a greater preva-
lence of carotid sinus syndrome and vasovagal syncope in subjects with 
AF, indicating that autonomic reflexes may account for this association as 
well 7,8. 

The association between AF and impaired BP stabilization could be ex-
plained through a number of pathways. Firstly, AF could lead to a reduc-
tion in cardiac output, due to irregular or increased ventricular response. 
Upon active stand, this may cause a delay in BP stabilization, resulting in 
a greater drop in BP and longer time-to-recovery. This is further suppor-
ted by results from a study in which decreased cardiac output was asso-
ciated with a decline in postural systolic BP after standing 19. Secondly, 
AF could be triggered by existing autonomic dysfunction. This is in line 
with the findings of a study in which impaired heart rate recovery during 
exercise treadmill testing was reported a predictor of future development 
of AF 20. Furthermore, two studies have described that abnormal heart 
rate variability, another indicator of autonomic dysfunction, was an inde-
pendent predictor of new onset AF in diabetics and subjects with a his-
tory of myocardial infarction 21,22. Likewise, presence of OH has also 
been reported as a risk factor for developing AF 23. This may indicate that 
impaired BP stabilization, as a reflection of autonomic dysfunction, leads 

FIGURE 2. KAPLAN MEIJER SURVIVAL GRAPHS SHOWING RECOVERY TO 
BASELINE BLOOD PRESSURE (BP) WITHIN 110 SECONDS, IN PARTICIPANTS 

WITH AF COMPARED TO THOSE WITHOUT.

N=4408.
Panel A: systolic BP
Panel B: diastolic BP. 

Panel A

Panel B

no AF AF

no AF AF
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In conclusion, AF is associated with greater diastolic BP drop following 
active stand in a general population cohort. This may provide an additio-
nal explanation for the association between AF and syncope and falls, 
and warrants awareness of AF in those presenting with OH. Further stu-
dies are necessary to study causality. 
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to AF and not vice versa. This mechanism is supported further by the 
Rotterdam study, in which OH was found to be a predictor for the deve-
lopment of cardiovascular disease 24. Surprisingly, associations between 
AF and impaired recovery were more pronounced in the younger age 
group (50-64 years), despite the increasing prevalence of both OH and 
AF with age 2,14. As those in the older age category have many more risk 
factors for all cause OH, these potentially overrule the effect of AF alone, 
thus diluting the effect of AF on BP recovery alone. Furthermore, it is 
possible that sample size after stratification was too small to detect effects 
in the older age groups. 

Our study has limitations. ECGs and BP measurements were only carried 
out in those who attended the health assessment. It is known that these 
participants represent a less frail group 25, potentially causing an underes-
timation of associations in the oldest age group. Furthermore, the reliabi-
lity of beat-to-beat BP measurement in subjects with AF has not been 
studied. In oscillometric BP monitoring 26, presence of AF has not been 
shown to significantly affect the accuracy of measurements if three re-
peated measurements are performed. It is plausible that the combined 
effect of the 5-second moving average filter and the beat detection algo-
rithm reduced the measured BP variability caused by irregular ventricular 
responses. However, this may have underestimated the SBP differences 
from baseline, especially in those with AF, potentially explaining why no 
differences in SBP drop were observed. 

If future studies could confirm a causal relationship between AF and im-
paired BP stabilization, this could implicate that clinicians should be aware 
of AF in those who present with autonomic dysfunction, and vice versa. 
Several studies have shown an improvement of exercise capacity and 
ejection fraction in AF patients after restoration of sinus rhythm 27,28. Po-
tentially, optimization of hemodynamic function in AF through adequate 
rate- or rhythm control could improve BP stabilization, subsequently lea-
ding to a reduction in OH related events, such as syncope and falls. 
Furthermore, AF has been reported a risk factor in the development of 
dementia 29. Repeated episodes of hypotension due to AF may contribute 
to this association, as an emerging body of evidence supports the associ-
ation between OH and cognition as well 13,30. Recognition of this incre-
ased risk could contribute to optimal treatment of AF and OH, preventing 
further cognitive decline. 



173172 CHAPTER 7falling: Should one blame the heart? 

REFERENCES

1. The Task Force for the Ma-
nagement of Atrial Fibrillation 
of the European Society of Car-
diology (ESC). Guidelines for 
the management of atrial fibril-
lation. Europace 2010 October 
01;12(10):1360-1420.

2. Finucane C, O’Connell 
MD, Fan CW, Savva GM, 
Soraghan CJ, Nolan H, et al. 
Age-related normative changes 
in phasic orthostatic blood 
pressure in a large population 
study: findings from The Irish 
Longitudinal Study on Ageing 
(TILDA). Circulation 2014 Nov 
11;130(20):1780-1789.

3. Panel on Prevention of Falls 
in Older Persons, American 
Geriatrics Society and British 
Geriatrics Society. Summary of 
the Updated American Geria-
trics Society/British Geriatrics 
Society clinical practice gui-
deline for prevention of falls in 
older persons. J Am Geriatr Soc 
2011 Jan;59(1):148-157.

4. Jansen S, Frewen J, Finu-
cane C, de Rooij SE, van der 
Velde N, Kenny RA. AF is 
associated with self-reported 
syncope and falls in a general 
population cohort. Age and 
Ageing 2015 February 21.

5. The Task Force for the 
Diagnosis and Management 
of Syncope of the European 
Society of Cardiology (ESC). 
Guidelines for the diagnosis 
and management of syncope 
(version 2009). Eur Heart J 
2009 Nov;30(21):2631-2671.

6. Goldstein DS. Cardiac 
ectopy in chronic autonomic 
failure. Clin Auton Res 2010 
Apr;20(2):85-92.

7. Brignole M, Gianfranchi L, 
Menozzi C, Raviele A, Oddone 
D, Lolli G, et al. Role of auto-
nomic reflexes in syncope asso-
ciated with paroxysmal atrial fi-
brillation. Journal of the Ameri-
can College of Cardiology 1993 
October 1;22(4):1123-1129.

8. CICOGNA R, MASCIOLI G, 
BONOMI FG, KIEVAL RS, BER-
NABO MG, TURELLI A, et al. 
Carotid Sinus Hypersensitivity 
and Syndrome in Patients with 
Chronic Atrial Fibrillation. Pa-
cing and Clinical Electrophysio-
logy 1994;17(10):1635-1640.

9. Whelan BJ. RANSAM: A 
National Random Sampling De-
sign for Ireland. Econ Soc Rev 
1979(10):169-74.

10. Kearney PM, Cronin H, 
O’Regan C, Kamiya Y, Savva 
GM, Whelan B, et al. Cohort 
Profile: The Irish Longitudinal 
Study on Ageing. International 
Journal of Epidemiology 2011 
August 01;40(4):877-884.

11. Whelan BJ, Savva GM. 
Design and Methodology of 
The Irish Longitudinal Study 
on Ageing. J Am Geriatr Soc 
2013;61:S265-S268.

12. van der Velde N, van den 
Meiracker AH, Stricker BH, van 
der Cammen TJ. Measuring or-
thostatic hypotension with the 
Finometer device: is a blood 
pressure drop of one heartbeat 
clinically relevant? Blood Press 
Monit 2007;12(3).

13. Frewen J, Finucane C, 
Savva GM, Boyle G, Kenny RA. 
Orthostatic Hypotension Is As-
sociated With Lower Cognitive 
Performance in Adults Aged 50 
Plus With Supine Hypertension. 
The Journals of Gerontology 
Series A: Biological Sciences 
and Medical Sciences 2014 July 
01;69(7):878-885.

14. Frewen J, Finucane C, 
Cronin H, Rice C, Kearney 
PM, Harbison J, et al. Factors 
that influence awareness and 
treatment of atrial fibrillation 
in older adults. QJM 2013 
May;106(5):415-424.

15. Katz S, Ford AB, Mos-
kowitz RW, Jackson BA, 
Jaffe MW. Studies of Illness 
in the Aged. the Index of 
Adl: a Standardized Measure 
of Biological and Psychoso-
cial Function. JAMA 1963 Sep 
21;185:914-919.

16. Lawton MP, Brody EM. 
Assessment of older people: 
self-maintaining and instru-
mental activities of daily 
living. Gerontologist 1969 Au-
tumn;9(3):179-186.

17. WHO.Collaborating Centre 
for Drug Statistics Methodo-
logy. Guidelines for ATC Clas-
sification and DDD Assignment 
2012. Norwegian Institute of 
Public Health.<br /> 2013.

18. Rutan GH, Hermanson 
B, Bild DE, Kittner SJ, LaBaw 
F, Tell GS. Orthostatic hypo-
tension in older adults. The 
Cardiovascular Health Study. 
CHS Collaborative Research 
Group. Hypertension 1992 June 
01;19(6 Pt 1):508-519.

19. Lipsitz LA, Jonsson PV, 
Marks BL, Parker JA, Royal HD, 
Wei JY. Reduced supine cardiac 
volumes and diastolic filling 
rates in elderly patients with 
chronic medical conditions. 
Implications for postural blood 
pressure homeostasis. J Am Geri-
atr Soc 1990 Feb;38(2):103-107.

20. Maddox TM, Ross C, Ho 
PM, Magid D, Rumsfeld JS. Im-
paired heart rate recovery is as-
sociated with new-onset atrial 
fibrillation: a prospective co-
hort study. BMC Cardiovascular 
Disorders 2009 03/12;9:11-11.

21. Rizzo MR, Sasso FC, Mar-
fella R, Siniscalchi M, Paolisso 
P, Carbonara O, et al. Autono-
mic dysfunction is associated 
with brief episodes of atrial 
fibrillation in type 2 diabetes. J 
Diabetes Complications 2014 
Sep 16.

22. Jons C, Raatikainen P, 
Gang U, Huikuri H, Joergensen 
R, Johannesen A, et al. Autono-
mic Dysfunction and New-On-
set Atrial Fibrillation in Patients 
With Left Ventricular Systolic 
Dysfunction After Acute Myo-
cardial Infarction: A CARISMA 
Substudy. J Cardiovasc Elec-
trophysiol 2010;21(9):983-990.

23. Fedorowski A, Hedblad 
B, Engstrom G, Gustav Smith 
J, Melander O. Orthostatic 
hypotension and long-term in-
cidence of atrial fibrillation: the 
Malmo Preventive Project. J In-
tern Med 2010 Oct;268(4):383-
389.

24. Verwoert GC, Mattace-
Raso FU, Hofman A, Heeringa 
J, Stricker BH, Breteler MM, et 
al. Orthostatic hypotension and 
risk of cardiovascular disease in 
elderly people: the Rotterdam 
study. J Am Geriatr Soc 2008 
Oct;56(10):1816-1820.

25. Kearney PM, Cronin H, 
O’Regan C, Kamiya Y, Whelan 
BJ, Kenny RA. Comparison of 
centre and home-based health 
assessments: early experience 
from the Irish Longitudinal 
Study on Ageing (TILDA). Age 
Ageing 2011 Jan;40(1):85-90.

26. Pagonas N, Schmidt S, Ey-
sel J, Compton F, Hoffmann C, 
Seibert F, et al. Impact of Atrial 
Fibrillation on the Accuracy of 
Oscillometric Blood Pressure 
Monitoring. Hypertension 2013 
September 01;62(3):579-584.

27. Atwood JE, Myers JN, 
Tang XC, Reda DJ, Singh SN, 
Singh BN. Exercise capacity 
in atrial fibrillation: a substudy 
of the Sotalol-Amiodarone 
Atrial Fibrillation Efficacy Trial 
(SAFE-T). Am Heart J 2007 
Apr;153(4):566-572.

28. Van Gelder IC, Crijns HJ, 
Blanksma PK, Landsman ML, 
Posma JL, Van Den Berg MP, et 
al. Time course of hemodyna-
mic changes and improvement 
of exercise tolerance after 
cardioversion of chronic atrial 
fibrillation unassociated with 
cardiac valve disease. Am J 
Cardiol 1993 Sep 1;72(7):560-
566.

29. Udompanich S, Lip GYH, 
Apostolakis S, Lane DA. Atrial 
fibrillation as a risk factor for 
cognitive impairment: a semi-
systematic review. QJM 2013 
September 01;106(9):795-802.

30. Sambati L, Calandra-Buo-
naura G, Poda R, Guaraldi P, 
Cortelli P. Orthostatic hypoten-
sion and cognitive impairment: 
a dangerous association? Neu-
rol Sci 2014 Jun;35(6):951-957.


