Heo et al. Cardiovasc Diabetol (2020) 19:157
https://doi.org/10.1186/512933-020-01128-y

Cardiovascular Diabetology

ORIGINAL INVESTIGATION Open Access

Chronic kidney disease and undiagnosed

®

Check for
updates

atrial fibrillation in individuals with diabetes

Nam Ju Heo'”, Sang Youl Rhee??, Jill Waalen® and Steven Steinhubl®*

Abstract

electrocardiogram (ECG) patch.

with CKD and diabetes.

mobile cardiac monitors

Background: Diabetes is an independent risk factor for atrial fibrillation (AF), which is associated with increases in
mortality and morbidity, as well as a diminished quality of life. Renal involvement in diabetes is common, and since
chronic kidney disease (CKD) shares several of the same putative mechanisms as AF, it may contribute to its increased
risk in individuals with diabetes. The objective of this study is to identify the relationship between CKD and the rates
of newly-diagnosed AF in individuals with diabetes taking part in a screening program using a self-applied wearable

Materials and methods: The study included 608 individuals with a diagnosis of diabetes among 1738 total actively
monitored participants in the prospective mHealth Screening to Prevent Strokes (mSToPS) trial. Participants, without
a prior diagnosis of AF, wore an ECG patch for 2 weeks, twice, over a 4-months period and followed clinically through
claims data for 1 year. Definitions of CKD included ICD-9 or ICD-10 chronic renal failure diagnostic codes, and the
Health Profile Database algorithm. Individuals requiring dialysis were excluded from trial enrollment.

Results: Ninety-six (15.8%) of study participants with diabetes also had a diagnosis of CKD. Over 12 months of follow-
up, 19 new cases of AF were detected among the 608 participants. AF was newly diagnosed in 7.3% of participants
with CKD and 2.3% in those without (P <0.05) over 12 months of follow-up. In a univariate Cox proportional hazard
regression analysis, the risk of incident AF was 3 times higher in individuals with CKD relative to those without CKD:
hazard ratios (HR) 3.106 (95% Cl 1.2-7.9). After adjusting for the effect of age, sex, and hypertension, the risk of inci-
dent AF was still significantly higher in those with CKD: HR 2.886 (95% Cl 1.1-7.5).

Conclusion: Among individuals with diabetes, CKD significantly increases the risk of incident AF. Identification of AF
prior to clinical symptoms through active ECG screening could help to improve the clinical outcomes in individuals
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Background

Atrial fibrillation (AF) is the most common arrhythmia in
clinical practice resulting in major cardiovascular mor-
bidity and mortality [1]. AF increases the risk of stroke,
heart failure and recurrent hospital admissions [2]. For
20% of individuals who experience a stroke due to AF,
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the occurrence of AF was not diagnosed until the time of
their stroke [3]. Opportunistic screening for AF is recom-
mended [4, 5], because if AF is recognized, therapeutic
anticoagulation can reduce an absolute risk of all strokes
and mortality [6].

The prevalence of AF is particularly high among
patients with chronic kidney disease (CKD) [7]. In addi-
tion, episodes are more likely to be asymptomatic and the
presence of asymptomatic supraventricular arrhythmia
including AF was associated with significantly higher risk
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for mortality in dialysis patients [8]. Identification of pre-
clinical AF may allow earlier opportunities for interven-
tions—those that can prevent or decrease AF episodes
such as weight loss and decreasing alcohol intake, or,
when appropriate, antithrombotic therapy [9, 10]. It can
improve the poor cardiovascular outcomes in patients
with CKD. There are a few studies assessing preclinical
AF in patients with ESRD requiring hemodialysis [8, 11,
12], and in patients with CKD not receiving dialysis [13,
14]. Recently, with the availability of noninvasive mobile
cardiac monitors, there is an opportunity to character-
ize the incidence and burden of preclinical AF in large
populations.

This study aimed to identify the relationship between
CKD and the rates of incident AF at 1 year among indi-
viduals with diabetes who were enrolled in the prospec-
tive mHealth Screening to Prevent Strokes (mSToPS)
trial. We focused on individuals with diabetes because
diabetes is leading cause of CKD and strong risk for AF
[15, 16]. Studies have demonstrated that patients with
diabetes have a 40% higher risk for developing AF relative
to patients without diabetes and overall risk increases
about 3% per year of diabetes mellitus [17].

Materials and methods

Study design

This study included 608 individuals with a diagnosis of
diabetes among 1738 total actively monitored partici-
pants in the prospective mHealth Screening to Prevent
Strokes (mSToPS) trial. The observational cohort study
from the mSToPS Trial was approved by the Scripps
Office for the Protection of Research Subjects. Partici-
pants provided written informed consent digitally. The
claims data of this cohort were collected and analyzed as
routine for the health plan organization. Protected health
information for the observational cohort was not dis-
closed. The trial was an investigator-initiated trial involv-
ing a large health insurance plan’s members throughout
the United States. Details of the trial design have been
previously published [18, 19].

Eligible individuals were invited by email or direct mail
and directed to a web-based informational website if
interested in learning more about the study. This site con-
tained detailed information about the study and directed
those potentially interested in participating through
several high-level screening questions (e.g., confirming
health plan membership and no recent AF diagnosis or
placement of a pacemaker).

Outcomes data from claims were collected by
Healthagen Outcomes, and for ECG patch results, by
Scripps Research Translational Institute. Analysis of
the combined data was carried out by Healthagen and
Scripps Translational Science Institute.
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Participant population
The study population was derived from the Aetna Fully
Insured Commercial and Medicare Advantage popula-
tions. Inclusion criteria for invitation were developed to
include as broad a population as possible that might have
an increased likelihood of having undiagnosed AF.

Eligibility for the study included age of 75 years or
older, or a male older than age 55 years or female older
than 65 years with 1 or more comorbidities listed [19].
Individuals were excluded from the study primarily if
they had any current or prior diagnosis of AF, atrial flut-
ter, or atrial tachycardia; were already prescribed anti-
coagulation therapy; or had an implantable pacemaker,
defibrillator, or both; were on dialysis.

Among 1738 patients who wore ECG patch and were
monitored actively, 608 patients who have diabetes were
included (Additional file 1: Figure S1).

Study procedures

ECG screening was carried out using the iRhythm Zio
XT, a Food and Drug Administration—approved, single-
use, water resistant, 14-day, ambulatory ECG monitoring
skin adhesive patch that monitors and retains in memory
the wearer’s continuous ECG for up to 2 weeks. Partici-
pants were asked to wear the patch and then to mail it
back to the patch developer via a prepaid mail package.
All participants were asked to wear 2 different patches for
a period of up to 2 weeks for each patch, each 3 months
apart. After participants returned the patch, the rhythm
data stored in the device were analyzed using a Food
and Drug Administration—approved algorithm. The
results then underwent technical review for report gen-
eration and quality assurance after which the report was
uploaded to a secure website for independent review by
the study’s principal investigator. All possible ECG diag-
noses of AF were adjudicated, blinded to any diagnosis,
by the Clinical Events Adjudication Committee. All ECG
patch results were returned to participants at the comple-
tion of monitoring. If any potentially actionable results
were identified, including a finding of AF, any sustained
tachyarrhythmia, or prolonged pause, the participant was
contacted by telephone per protocol. After discussion of
the findings, the report was sent to the participants and,
if they agreed, also was sent to their physician. Partici-
pants followed clinically through claims data for 1 year.

Definitions

AF is defined by>30 s of AF or flutter detected by
device or a new clinical diagnosis recorded in claims
data. A diagnosis by claims data required a single entry
of an International Classification of Diseases, Ninth
Revision (ICD-9) code of 427.3, 427.31, or 427.32, or
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an International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10)
code of 148.0, 148.1, 148.2, 148.3, 148.4, 148.91, or 148.92.
Claims-based definitions of a diagnosis of AF included
2 separate ICD-9 or IC10 AF diagnostic codes, and the
Health Profile Database algorithm [20, 21]

Definitions of CKD included ICD-9 or ICD-10
chronic renal failure diagnostic codes and the Health
Profile Database algorithm using a combination of data
types including a serum creatinine [20, 21].

Obesity is defined through the Health Profile Data-
base using a combination of data types including a
documented body mass index of 30 or greater and/or
an obesity-related diagnosis or procedure (e.g., bariat-
ric surgery).

CHA,DS,-VAS score is a clinical prediction score
for estimating the risk of stroke in individuals with
non-rheumatic atrial fibrillation. An individual’s score
can range from 0 to 9, with a high score associated with
higher risk. Components include congestive heart fail-
ure (1 point); hypertension (1 point); age over 75 years
(2 points); diabetes (1 point); prior stroke or transient
ischemic attack (2 points); vascular disease (1 point);
age 65-74 years (1 point); and sex category (female; 1
point).

Statistical analysis

In the descriptive analysis of the demographic and clini-
cal characteristics, continuous variables were expressed
as the mean and standard deviation, and categorical
variables were described numerically with a percentage.
Baseline characteristics of CKD group and non-CKD
group were compared using ¢ tests for continuous vari-
ables and x* or Fisher exact test for categorical variables.
Univariate and multivariate logistic regression analysis
were performed to assess the effect of CKD on the risk
of AF. In multivariate analysis, variables (age, sex, and
hypertension) were selected by the stepwise backward
methods including variables of P value below 0.05 and
excluding variables of P value above 0.10. The data was
expressed as hazard ratios (HRs) and 95% confidence
intervals. All statistical tests were 2-sided with a signifi-
cance threshold of P<0.05. The statistical software used
was SAS Enterprise Guide version 6.1 (SAS Institute Inc).

Results

Overview of cardiac monitoring

A total of 197 individuals wore only one patch, and 411
wore both ECG patches, providing a mean (SD) total
wear time of 21.8 days (9.1) per monitored participant
with 98.1% analyzable ECG data.
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Table 1 Baseline characteristics
Characteristic No. (%)
N=608
Age, mean (SD), years 709 (6.7)
CHA,DS,-VAS, score, mean (SD)* 3.19(143)

Men 414 (68.1)

Atrial fibrillation 19(3.1)
Atrial fibrillation by claim 14 (2.3)
Wear time per ECG patch, mean (SD), days 11.17 (2.25)
Beta blocker 115(18.9)
Digoxin 3(0.5)
Comorbidities
Hypertension 569 (93.6)
Obesity? 145 (23.8)
Heart failure 35(5.8)
Chronic obstructive pulmonary disease 40 (6.6)
Stroke 73(12)
Prior myocardial infarction 36 (5.9
Sleep apnea 171 (28.1)

Results are expressed as frequencies (percentage) and mean values (standard
deviation) as appropriate

CHA,DS,-VAS, congestive heart failure, hypertension, age > 75 years (doubled),
diabetes, stroke/transient ischemic attack/thromboembolism (doubled),
vascular disease (prior myocardial infarction, peripheral artery disease, or aortic
plaque), age 65-75 years, sex category (female)

@ CHA,DS,-VAS, score is a clinical prediction score for estimating the risk of
stroke in individuals with nonrheumatic atrial fibrillation. An individual’s score
can range from 0 to 9, with a high score associated with higher risk. Components
include congestive heart failure (1 point); hypertension (1 point); age 75 years

(2 points); diabetes (1 point); prior stroke or transient ischemic attack (2 points);
vascular disease (1 point); age 65-74 years (1 point); and sex category (female;1
point)

b QObesity is defined through the Health Profile Database using a combination of
data types including a documented body mass index of 30 or greater and/or an
obesity-related diagnosis or procedure (e.g., bariatric surgery)

Characteristics of study participants
The mean (SD) age of study participants was 70.9 (6.7)
years and 68.1% were men (Table 1). 5.8% of study
participants had a diagnosis of congestive heart fail-
ure, 12% of stroke, 5.9% of MI, and 23.8% of patients
were diagnosed as obese. The majority of partici-
pants were taking antihypertensive medications
(93.6%), with 18.9% on beta-blockers. The mean (SD)
CHA,DS,-VAS_ score was 3.19 (1.43) years (Table 1).
Baseline characteristics of those with CKD (n=96,
15.8%) and those without (n=512, 84.2%) are com-
pared in Table 2. Those with CKD were older and had
higher CHA,DS,-VAS score. In addition, they had a
higher percentage of hypertension, congestive heart
failure and chronic obstructive pulmonary disease.
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Table 2 Baseline characteristics of the participants with and without chronic kidney disease
Characteristic No (%) P
Total participants with diabetes
(N=608)
Non-chronic kidney disease group  Chronic kidney disease group
(N=512) (N=96)
Age, mean (SD), y 704 (6.8) 73.2 (6.0) <0.001
CHA,DS,-VAS score, mean (SD)* 3.09(143) 3.69 (1.34) < 0.001
Men 356 (69.5) 58 (60.4) 0.052
Atrial fibrillation 12(2.3) 7(7.3) 0.02
Atrial fibrillation by claim 8(1.6) 6 (6.3) 0014
Beta blocker 101 (19.7) 14 (14.6) 0.149
Digoxin 3(0.6) 0(0) 0.597
Comorbidities
Hypertension 475 (92.8) 94 (97.9) 0.038
Obesity® 125 (24.4) 20(20.8) 0.269
Heart failure 23 (4.5) 12(12.5) 0.004
Chronic obstructive pulmonary disease 29(5.7) 11(11.5) 0.036
Stroke 65 (12.7) 8(8.3) 0.149
Prior myocardial infarction 27 (5.3) 9(9.4) 0.097
Sleep apnea 143 (27.9) 28(29.2) 0.446

Results are expressed as frequencies (percentage) and mean values (standard deviation) as appropriate

CHA,DS,-VAS, congestive heart failure, hypertension, age > 75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular
disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female)

2 CHA,DS,-VAS, score is a clinical prediction score for estimating the risk of stroke in individuals with nonrheumatic atrial fibrillation. An individual’s score can range
from 0 to 9, with a high score associated with higher risk. Components include congestive heart failure (1 point); hypertension (1 point); age 75 years (2 points);
diabetes (1 point); prior stroke or transient ischemic attack (2 points); vascular disease (1 point); age 65-74 years (1 point); and sex category (female;1 point)

b Obesity is defined through the Health Profile Database using a combination of a data types including a documented body mass index of 30 or greater and/or an

obesity-related diagnosis or procedure (e.g., bariatric surgery)

Characteristics of atrial fibrillation

Over 12 months of follow-up, 19 new cases of AF were
detected among 608 patients (3.1 per 100 person-years).
Only 2 experienced symptoms which were mild and did
not lead to a clinical evaluation. Among the newly diag-
nosed cases, 5 individuals (26%) were first found to have
AF by ECG patch and 14 individuals received a clinical
diagnosis of AF either prior to monitoring or after moni-
toring was completed without any findings of AF during
monitoring.

The median duration of an individual’s longest dura-
tion of AF was 309 min (IQR, 17.2—-707 min). The median
burden of AF (percentage of monitored time in AF) was
2.5% (IQR,<1-6%).

CKD and atrial fibrillation

Over 12 months of follow-up, 7 cases of AF were newly
diagnosed among 96 participants with CKD (7.3 per 100
person-years). Among 512 participants without CKD, 12
new cases of AF were detected (2.3 per 100 person-years)
(P<0.05, Table 2 and Fig. 1).
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Fig. 1 Cumulative rate of first diagnosis of atrial fibrillation in the

participants with and without chronic kidney disease

In a univariate Cox proportional hazard regression
analysis, the risk of incident AF was 3 times higher in the
patients with CKD than in those without: hazard ratio
(95% confidence intervals) was 3.106 (1.223 to 7.890)
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Table 3 Cox proportional hazard regression analysis of CKD for the risk of AF
Univariate Multivariate
HR (95% Cl) P Model 12 Model 2°
HR (95% Cl) P HR (95% Cl) P
CKD 3.106 (1.223-7.89) 0.017 2.903 (1.122-7.511) 0.028 2.886 (1.106-7.529) 0.030

CKD chronic kidney disease, Cl confidence internal, HR hazard ratio, AF atrial fibrillation

2 Model 1 was adjusted for age and sex

b Model 2 was adjusted for age, sex and hypertension

(Table 3). After adjusting for the effect of age and sex
(Model 1) or hypertension (Model 2), the risk of inci-
dent AF was still significantly higher in participants with
diabetes and CKD relative to those with diabetes and no
CKD: hazard ratios (95% confidence intervals) was 2.886
(1.106 to 7.529) (Table 3).

Discussion

In this study, we investigated the relationship between
AF and CKD in individuals with diabetes using wearable
ECG patch. Our results demonstrate that CKD increases
the risk for AF significantly, even in a non-dialysis-
requiring CKD population.

To the best of our knowledge, this study is the first
prospective large-scale investigation of screening an
asymptomatic cohort for AF reporting that having CKD
significantly increases the risk of AF among individuals
with diabetes. We used noninvasive, wearable and clini-
cally available patch to detect even preclinical cardiac AF.

There are a few studies assessing preclinical AF using
implantable cardiac monitors or loop recorders in
patients with ESRD requiring hemodialysis [8, 11]. In
a recent paper of 66 patients on dialysis, 41% had AF
with temporal associations with timing of dialysis [12].
A study of 77 dialysis patients also found higher rates of
supraventricular arrhythmias including AF during dialy-
sis [8]. Although these studies are informative, because
they have not provided data on the larger, non-dialysis-
requiring CKD population, these findings are difficult to
apply to general CKD population. Although there is only
one study reporting preclinical AF in the 38 patients with
CKD not requiring dialysis and diabetes using mobile
cardiac telemetry monitors [14], there is no data on the
large, non-dialysis-requiring CKD population until now.
In the current study, we compared the incidence rate of
AF using wearable ECG patch among the 96 participants
with CKD who are not requiring dialysis versus 512 par-
ticipants without CKD, unlike previous studies without
normal control.

Previous studies have reported that the incidence of AF
was increased in individuals with end-stage renal disease
and glomerular filtration rate inversely and significantly

associated with the rate of incident AF [12, 13, 22, 23].
Recent study reported that the incidence rates of AF were
12.1 and 7.3 per 1000 person-years for end-stage renal
disease and CKD patients, respectively. The prevalence
was lower than that of our study because we detected
even preclinical cardiac AF using wearable ECG patch.
In our study, CKD was significantly associated with
greater risk of incident AF among individuals with diabe-
tes, which was consistent with previous reports. Akoum
et al. [14] reported that 11% of newly diagnosed AF for
11.2 days of monitoring period using ambulatory car-
diac monitoring among 38 patients with CKD and diabe-
tes. It is higher than the result of our study that 7.3% of
newly diagnosed AF was reported for 1 year of follow up
period. The difference might be caused by the difference
of the population. In that study, 18% of participants had
a history of AF and their mean duration of diabetes was
relatively long as 20.1 years. In our study, however, par-
ticipants with history of AF was excluded.

In our study, 17 patients among 19 new cases of AF did
not have any symptom and 2 patients experienced only
mild symptoms that didn’t cause them to seek medical
care. Similarly, in other study reporting the newly diag-
nosed AF among patients with CKD and diabetes using
ambulatory cardiac monitoring none of the newly diag-
nosed patients have experienced any symptoms [14].
In study of 77 dialysis patients, 38% of supraventricular
arrhythmias (SVA) including 14% of AF were observed
during dialysis, which were all asymptomatic and the
SVA associated with a fourfold increased risk of car-
diovascular events. Patients with SVA also had a higher
risk of nonfatal cardiovascular events (hazard ratio, 4.32;
95% CI 2.1 to 8.8) and symptomatic AF during follow-up
(hazard ratio, 17.19; 95% CI 2.03 to 145.15) [8]. Asymp-
tomatic AF is common. Boriani et al. [24] reported that
asymptomatic AF accounted for 39.7% of all AF and mor-
tality at 1 year was more than twofold higher in asymp-
tomatic patients compared with symptomatic patients
(9.4% vs 4.2%, P<0.001) and was associated indepen-
dently with CKD. Although the prevalence of diabetes
was higher in asymptomatic AF patients compared with
symptomatic patients, it was not statistically significant.
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Identification of subclinical AF with wearable ECG patch
or other active screening program may improve cardio-
vascular outcomes in patients with diabetes and CKD,
because subclinical AF could be important precursors to
significant cardiovascular events.

Five patients among 19 new cases of AF were diag-
nosed by ECG patch and 14 patients were diagnosed by
claim in this study. Among participants with CKD, only
one patient (14%) was diagnosed by ECG patch and the
other 6 patients (86%) were diagnosed clinically and
identified in claims data. It is possible that the reason that
the frequency of clinical diagnosis rather than a diagno-
sis by ECG patch was higher in individuals with CKD
relative to those without is that patients with CKD likely
have more frequent health system contact than those
without. They were older (age 73.2 vs 70.4), had a higher
CHA,DS,-VAS score (3.69 vs 3.09), more congestive
heart failure (12.5% vs 4.5%) and chronic obstructive pul-
monary disease (11.5% vs 5.7%).

Renal dysfunction has been documented to be associ-
ated with AF [25]. Several studies have reported risk fac-
tors associated with new-onset AF in patients with CKD
included age and comorbid diseases such as diabetes
mellitus, hypertension, heart failure and coronary artery
disease [26, 27]. These are well-known risk factors of kid-
ney disease and also considered to be related to electrical
and structural remodeling of the atria, which could have
an important role in the promotion of AF [28, 29]. These
risk factors could be associated with insulin resistance
(IR). IR is a condition in which cells fail to respond nor-
mally to insulin, and characterized by a set of signs com-
prising obesity, increased blood sugar, dyslipidemia, and
elevated blood pressure. IR could be considered as a risk
factor for kidney disease and AF and plausible mecha-
nism of both kidney disease and AF [30-32].

Regarding the value of active screening for AF, further
work is needed to help better understand the implica-
tions of preclinical AF, its risks and the value of various
therapeutic interventions. Identification of preclinical AF
may allow earlier opportunities for interventions. There
are evidence based therapies that decrease or eliminate
future AF such as weight loss [8], alcohol abstinence [9],
and sleep apnea treatment [33], as well as unknown but
possible value of initiating anticoagulation therapy. It can
improve the poor cardiovascular outcomes in patients
with CKD. The clinical value of active screening for AF
will be informed through follow up on studies such as
STROKESTOP and mSToPS trial.

This study has several limitations. First, we could
not analyze the exact correlation between the renal
function and the risk of AF, because we could not
get serum creatinine data from Aetna the insurance
company. Instead, ICD codes and the Health Profile
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Database algorithm were used to define CKD. Second,
only participants with diabetes was included in this
study. Although diabetes is correlated with AF and
CKD closely, the findings may not be generalizable to
general population. Third, clinical outcome data were
not included in this analysis but will be reported in a
planned 3-year follow-up of mSToPS trial participants.

Conclusions

In conclusion, in this study of participants with dia-
betes, we found CKD could be associated with an
increased risk of incident AF. Because most of these
individuals experienced no or little symptoms, identi-
fication of subclinical episodes of AF with a wearable
ECG patch or other active screening program might be
especially valuable in this population. Further data are
needed to determine how the identification of subclini-
cal AF can drive therapeutic interventions that reduce
cardiovascular complications and improve overall
survival.
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