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Low fasting plasma insulin is associated with
atrial fibrillation in men from a cohort study - the
Malmo preventive project

Linda SB Johnson’, Tord Juhlin, Gunnar Engstrém and Peter M Nilsson

Abstract

Background: Type 2 diabetes has been associated with increased incidence of atrial fibrillation (AF) and

cardiovascular disease. Controversy remains regarding the role of insulin in the epidemiology of AF risk. The aim of
the present study was to study the association between fasting plasma insulin (FPI) and incidence of AF, as well as
any effect modification by fasting blood glucose (FBG) or 2 h post-load blood glucose and body mass index (BMI).

Methods: The study population consisted of 6052 men and 1014 women followed for an average of 26.2 years.
There were 983 cases of incident AF. Analysis was performed using Cox regression and competing risks regression
approaches. The population was analysed as a whole, and by subgroups according to glucose levels and BMI.

Results: After adjustment for age, height, weight, systolic blood pressure and smoking there was a significant inverse
association between FPI and AF (hazard ratio; HR) for 4th vs. 1st quartile: 0.69 (95% confidence interval (Cl): 0.57-0.83,

p <0.0001) in the cohort as a whole. Among men the corresponding values were HR 0.64 (95% Cl 0.52-0.78, p < 0.001)
and among women HR 1.16 (95% Cl 0.69-1.93, p = 0.58); p-value for interaction 0.06. The protective effects of insulin
tended to be weaker in subjects with elevated fasting glucose, implying that the relation between FPI and incident AF
could be dependent on the status of individual's glucose metabolism.

Conclusions: High levels of FPI are associated with lower risk of incident AF in a middle-aged population with a long

follow-up.
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Background

Atrial fibrillation (AF) is a well-documented public health
concern causing substantial mortality and morbidity [1].
Known risk factors include age, male gender, hypertension
and heart disease [2]. However, the established risk factors
for AF can only account for approximately half of the AF
cases in the population [2-4]. Novel approaches to risk
factor screening are thus warranted. A recent meta-
analysis has shown diabetes to be a risk factor for AF [5],
but controversy remains as to the mechanism involved.
There is some evidence that lack of glycemic control in-
creases risk [6,7]. Insulin has been shown to be a risk fac-
tor for cardiovascular disease [8] and overall mortality
[9]. It is, however, not clear whether insulin or insulin
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resistance are risk factors for AF. In the Framingham co-
hort no significant association was found between insulin
resistance and AF [10] and in the ARIC study no positive
relation was found between fasting plasma insulin (FPI)
and AF risk [6]. On the contrary, several studies have
shown that the metabolic syndrome, wherein insulin
resistance is a crucial component, is related to incidence
of AF [11-15]. Thus, some controversy remains regarding
the role of insulin in the epidemiology of AF.

Insulin exerts an effect on the vasculature through
specific endothelial insulin receptors. The relationship
between insulin and the endothelium is complex, and
has been shown to vary according to whether the subject
is insulin resistant or not [16,17]. In the case of normal
insulin sensitivity the effect of the endothelium is to lower
blood pressure and enhance blood flow [17] through release
of nitric oxide (NO). However, in the insulin resistant
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endothelium the effect appears to be reversed, with insulin
causing vasoconstriction instead and subsequent blood
pressure elevation [16]. Therefore, as hemodynamic factors
are important risk factors for AF the relationship between
insulin and AF could vary according to the individual’s de-
gree of insulin sensitivity and glycaemic control.

Since AF is mainly a disease of the elderly [1,2] the rela-
tionship between insulin and cardiovascular mortality
could introduce bias in a study that uses conventional
Cox regression analysis of the relation between insulin
and AF; e.g. subjects that die of other causes are no longer
at risk of AF. This problem can be addressed by using the
competing risks approach described by Fine and Gray [18]
plotting the sub-hazard of individual risk factors.

The Malmo Preventive Project (MPP) is a large population-
based cohort with a long follow-up time, with partici-
pants recruited through invitation of individuals born
in pre-specified years and living in the city of Malmo,
Sweden [19]. The present study aimed to investigate
the relationship between FPI and incident AF in the
MPP, using conventional Cox regression as well as
competing risks regression approaches. Furthermore,
since there could be an interaction between blood glu-
cose or obesity on the one hand and insulin on the
other for AF risk we wished to examine whether the
effect of FPI might differ across strata of FBG, 2 h BG
and body mass index (BMI).

Methods

Study population

The MPP cohort was created at the Department of
Preventive Medicine at the University Hospital in
Malmo in 1974. It has been described in detail elsewhere
[20]. Between the years 1974 and 1992 a total of 22,444
men and 10,902 women participated in the screening (70%
attendance rate). The aim was to screen a large proportion
of the population and provide intervention to high-risk in-
dividuals. Middle-aged men and women born in pre-
specified years were invited to participate. The health
screening included physical examination, blood sampling,
spirometry and a self-administered questionnaire. Inter-
ventions (lifestyle modification, drug therapy) were of-
fered to nearly 25% of screened individuals, but there
was no significant effect in general on cardiovascular
mortality and on overall morbidity [19]. Men were
screened mostly during 1974-1982 and women mostly
during 1977-1992, but for both genders FPI was mea-
sured mainly between 1975-1979, which accounts for
the smaller sample size for women.

The study population for the present study was de-
rived from a subgroup of the MPP cohort whose blood
samples were analysed for FPI (n=7298). We excluded
11 cases of prevalent AF and 213 cases of prevalent dia-
betes at baseline, as well as 1 individual with missing
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data for smoking status and 7 individuals with missing
data for SBP. The study finally included 6052 men and
1014 women. In subgroups by FBG levels individuals
with prevalent diabetes were included.

Data collection

Height (m) was measured using a fixed stadiometer; weight
(kg) was measured in light indoor clothing using a balance
beam scale. Systolic blood pressure (SBP) (mmHg) was
measured twice after 10 min of supine rest, using a sphyg-
momanometer with a modifiable cuff. Blood samples were
drawn after overnight fast and analysed at the Department
of Clinical Chemistry, Malmé University Hospital. FBG
was analysed using the glucose-oxidase method (1974 to
1977) or the hexokinase-oxidase method (1977 to 1992).
These two methods give similar results which were there-
fore used as such without a conversion factor. FPI was ana-
lysed by a nonspecific radioimmunoassay (RIA) method
[21] with a detection limit at 3 mIU L™ (nmol L™* = mIU
L' x7.175/1000). The Department of Clinical Chemistry
in Malmo, where the RIA method was originally developed
was attached to a continuing standardization program. In-
dividuals who reported that they were currently smoking
were classified as smokers. An oral glucose tolerance test
(OGTT; 30 g glucose in/ m* body surface at the beginning
of the study and a fixed dose of 75 g in the later part of the
study) was performed after an overnight fast in randomly
selected age cohorts within the study population: in total
5476 (90%) men and 896 (88%) women of the study popu-
lation. Blood samples were drawn immediately before and
after 120 min rest post-OGTT. Sedentary life-style was de-
fined as a positive answer to the question “Are you mostly
sedentary in your spare time”. Alcohol risk use was
assessed as two or more positive answers to the Malmo
modification of the Michigan Alcohol Screening Test
(MM-MAST) [22] and low socioeconomic status was de-
fined as Statistics Sweden socioeconomic index (SEI) group
11-36.

National registries

End points were retrieved through linkage with the
Swedish Hospital Discharge Register, which is adminis-
tered by The Swedish National Board of Health and
Welfare. A recent validation study showed that the diag-
nosis of AF or atrial flutter had very high case validity in
this register [3]. Participants were followed until first
episode of AF (diagnosis codes 427D for the 9th revision
of International Classification of Diseases, ICD-9, and
148 for the 10th revision, ICD-10), or until censoring by
death or emigration from Sweden. Follow-up ended at
June 30th 2009. AF and atrial flutter have not been dis-
tinguished due to the similarities of these diagnoses [23].
The study complied with the declaration of Helsinki and
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has been approved by the Regional Ethics Review Board
in Lund (number 85/ 2004).

Statistics

All analyses were carried out using STATA for Windows
version 12.1, excepting sample size calculations which were
analysed using the cohort power function in EPISHEET by
Rothman (available at http://www.epidemiolog.net). Vari-
ables with a positively skewed distribution (FPI and FBQG)
were log-transformed. FPI was analysed as a continuous
variable (per log unit) and in quartiles, using Cox regres-
sion and competing risks regression. The population was
further analysed stratified on gender, BMI group and FBG
interval. In order to evaluate the degree of confounding by
baseline SBP and smoking status we fitted two models;
Model 1 adjusted for age, sex, height and weight and,
Model 2 further adjusted for SBP, and current smoking
status. The inclusion of variables assessing total choles-
terol, triglycerides, sedentary lifestyle, alcohol use and
low socioeconomic status did not substantially change
the results and these factors were therefore omitted
from the final model. In order to evaluate whether
changes in screening procedures or calendar time at
screening influenced the results we tested whether
screening year was associated with outcome. Since it
was not it was excluded from the final model.

Models testing for interaction between FPI on the one
hand and FBG, BMI, SBP, smoking status, gender and
age on the other were fitted, and the models with inter-
action parameters were tested against those without
using likelihood ratio test. Except for gender, for which
the interaction parameter was borderline significant,
there were no significant interaction parameters, nor any
significant differences between models with or without
interaction parameters as assessed by the likelihood ratio
test. A gender stratified analysis was performed, as well
as sample size calculations for women.

The proportionality assumption of cox regression was
assessed visually using Nelson-Aalen plots. A two-sided
p-value of <0.05 was considered significant.

Results

Mean follow up was 26.2 years (26.2 years for men and
26.9 years for women), median follow up 30.2 years and
inter-quartile range 9.0 years. During this time there
were 983 cases of incident AF (875 men and 108
women). Men who received a diagnosis of AF did so
after a mean follow-up of 23.4 years, and women after a
mean follow-up of 22.9 years. Mean age + standard devi-
ation at baseline (SD) was 47.2 + 2.4 for men and 48.3 +
6.5 years for women. Fifty-one percent of men and 36%
of women were current smokers at baseline. Mean SBP
was 130 mm Hg for men and 122 mmHg for women.
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Baseline characteristics by quartiles of FPI are reported
in Table 1.

Fasting insulin and prediction of AF

There was a statistically significant inverse association
between FPI and incident AF after adjustment for Model
1 covariates, (age, gender, height and weight) as well as
after further adjustment in Model 2 (for SBP and smok-
ing status), with HR for 4th vs. 1st quartile: 0.64 (95%
CIL: 0.52-0.78, p <0.0001). Results of the analysis using
Cox regression are presented in Table 2. There was no
substantial difference in results using Cox regression or
competing risks regression (Table 3). The association
between FPI and incidence of AF was found using the
variable as continuous as well as divided into quartiles
(Q1-Q4), (p for trend <0.0001). HR (4th vs 1st quartile)
was 0.60 (95% CI 0.45-0.80) for individuals below me-
dian age (47.6 years) and 0.80 (95% CI 0.61-1.03) for those
above the median age. There was no significant inter-
action between insulin and age with respect to incidence
of AF (p=0.75). In a gender-stratified analysis, the associ-
ation between FPI and AF was present among men, but
not among women. Sample size calculations showed that
with the current number of included women and the
assumption of the same HR comparing the top to the
bottom quartile among women as observed among men
(0.66) the probability of detection was underpowered at
0.27. The probability of detecting a HR of 0.8 was only
0.12. The interaction parameter between gender and FPI
was borderline significant, p = 0.06.

Risk of AF in relation to fasting insulin and categories of
glycaemic control
In Table 4 the association between FPI and AF stratified
by 2 h glucose values post-OGTT is presented. FPI was
associated with a lower risk of AF in all quartiles (Q1-
Q4) of 2 h glucose, but only findings in Q1-Q2 were
statistically significant. The p-value for interaction be-
tween 2 h glucose and FPI was not significant, p = 0.44.
We also performed analyses including cases of preva-
lent diabetes and stratified by FBG, (Additional file 1:
Table S1). Among individuals with a FBG at or above
6.5 mmol/L, FPI was associated with a borderline signifi-
cantly increased incidence of AF with HR per 1 log unit:
2.04 (95% CI: 0.94-4.44, p = 0.072). The interaction par-
ameter between FBG and FPI was not statistically signifi-
cant (p =0.95).

Risk of AF stratified for categories of BMI

Analyses were also performed stratified by BMI catego-
ries. The association between insulin and incident AF
was strongest among individuals in the third quartile of
BMI (BMI Q3: 24.3-26.6 kg/m?), with HR 0.62 (95% CI:
0.52-0.75, p <0.0001). There was no indication of an
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Table 1 Baseline characteristics by quartiles of fasting plasma insulin

Men Women

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Number 1423 1,718 1,383 1,528 410 119 258 227
FPI, mmol/ L, range 1-3 4-8 9-13 14-260 2-3 4-5 6-10 11-62
Age, years 47.0(2.5) 47.124) 47.3(2.6) 47.6(2.1) 47.8(6.1) 479(7.1) 48.1(6.9) 49.6(64)
Height, cm 176.2 (6.7) 176.3 (6.4) 176.6 (6.6) 176.5 (6.7) 1634 (5.8) 164.2 (5.8) 1634 (6.0) 163.2 (5.8)
Weight, kg 736 (10.1) 75.5 (9.9) 77.7(10.8) 829 (13.1) 62.0(9.4) 62.109.7) 63.3(9.9) 70.5 (15.6)
BMI, kg/m? 237 2.7) 243 (28) 24.8 (3.0) 266 (38) 232(33) 23.1 (35) 237 (35) 264 (54)
FBG, mmol/L 4.8 (049) 49 053) 4.9 (0.56) 4.9 (0.60) 4.8 (0.49) 4.8 (0.51) 4.8 (048) 5.0 (0498)
Blood glucose at 2 h OGTT 52(13) 53014 55(14) 59 (1.6) 6.0 (14) 6.1 (14) 6.6 (1.6) 6.6 (1.5)
SBP, mmHg 127(16) 128(15) 130(16) 134 (17) 121 (15) 123 (17) 122 (16) 126 (16)
Current smoking,% 54.5 520 51.2 477 36.3 38.7 34.1 377

Values are means (standard deviation) unless otherwise stated.

FPI = Fasting Plasma Insulin, FBG = Fasting blood glucose, OGTT = Oral Glucose Tolerance Test, SBP = Systolic Blood pressure, BMI = Body Mass Index.

association between FPI and incident AF in the second
(Q2: 22.5-24.2 kg/m?), HR 0.99 (95% CI: 0.82-1.20, p =
0.89) and top quartiles (Q4: >26.6 kg/m2 ); HR 0.95
(95% CI: 0.85-1.10, p = 0.50). The interaction parameters
between BMI and FPI were not significant, p =0.42.
(Additional file 1: Table S1).

In order to address possible confounding by prevalent
and incident coronary artery disease (CAD) and congest-
ive heart failure (HF) we performed a subanalysis in
which individuals with known CAD or CHF at baseline
were excluded, and individuals were censored at the time
of a CAD or CHF event. Results were not substantially al-
tered in this subgroup, for men the HR comparing the 4th

to the 1st quartile of FPI was 0.67, (95% CI 0.54-0.82, p <
0.0001).

A model adjusting for Model 2 co-variates as well as
total cholesterol and triglycerides was tested, without
any substantial change in the effect measure between
FPI and incident AF; per log unit of FPI HR 0.81, (95%
CI: 0.74-0.89, p < 0.0001).

Discussion

The presented population-based cohort with a long
follow-up of middle-aged individuals found a statistically
significant inverse association between FPI and incident
AF. This association remained significant after adjusting

Table 2 Hazard ratios for fasting plasma insulin in relation to incidence of AF

Model 1 Model 2
HR 95% Cl P HR 95% Cl P

Both genders Ln-Insulin 0.82 0.75-0.90 <.0001 0.81 0.74.0.88 <.0001

Quartile 1 reference

Quartile 2 0.95 0.80-1.11 0.54 0.95 0.80-1.13 0.54

Quartile 3 0.75 0.62-0.90 0.002 0.74 0.62-0.89 0.002

Quartile 4 0.71 0.59-0.86 <.0001 0.69 0.57-0.84 <.0001
Men Ln-Insulin 0.81 0.73-0.89 <0001 0.79 0.72-0.87 <.0001

Quartile 1 reference

Quartile 2 0.90 0.75-1.08 028 091 0.76-1.08 0.28

Quartile 3 0.72 0.59-0.88 0.001 0.71 0.58-0.86 0.001

Quartile 4 0.66 0.54-0.81 <.0001 0.64 0.52-0.78 <.0001
Women Ln-Insulin 0.98 0.74-1.31 091 097 0.72-1.30 0.86

Quartile 1 reference

Quartile 2 1.24 0.68-2.29 048 1.21 0.66-2.22 0.55

Quartile 3 094 0.56-1.57 0.82 0.95 0.57-1.59 0.85

Quartile 4 118 0.71-1.96 0.52 1.16 0.69-1.93 0.58

Based on 7066 individuals (6052 men and 1014 women) and 983 cases. Model 1 is adjusted for age, sex (where applicable), height and weight. Model 2 is
adjusted for Model 1 covariates + systolic blood pressure and smoking status. HR for Ln-insulin is expressed per 1 log unit.
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Table 3 Fasting plasma insulin and incidence of AF analysed with competing risks regression considering mortality as

a competing event

Model 1 Model 2
SHR 95% Cl P SHR 95% Cl P

Both genders Ln-Insulin 0.81 0.74-0.88 <.0001 0.80 0.73-0.88 <.0001

Quartile 1 reference

Quartile 2 0.99 0.83-1.18 89 0.99 0.83-1.17 89

Quartile 3 0.78 0.65-0.94 0.008 0.78 0.64-0.93 0.007

Quartile 4 0.69 0.57-0.84 <.0001 0.69 0.57-0.83 <.0001
Men Ln-Insulin 0.80 0.73-0.88 <.0001 0.80 0.72-0.87 <.0001

Quartile 1 reference

Quartile 2 0.95 0.79-1.14 0.59 0.95 0.80-1.14 0.60

Quartile 3 0.75 0.62-0.92 0.005 0.75 0.62-0.92 0.005

Quartile 4 0.66 0.54-0.81 <0001 0.65 0.53-0.80 <0001
Women Ln-Insulin 0.89 0.69-1.15 0.39 0.87 0.68-1.13 0.31

Quartile 1 reference

Quartile 2 1.25 0.68-2.31 047 1.22 0.66-2.26 052

Quartile 3 0.94 057-1.57 0.82 0.94 0.56-1.57 0.82

Quartile 4 1.02 0.61-1.70 0.93 0.98 0.59-1.64 0.95

Based on 7066 individuals (6052 men and 1014 women) and 983 cases. Model 1 is adjusted for age, sex (where applicable), height and weight. Model 2 is
adjusted for Model 1 covariates + systolic blood pressure and smoking status. SHR for In-Insulin is expressed per log unit. SHR = sub-hazards ratio from a competing

risk regression.

for known AF risk factors; age, height, weight, systolic
blood pressure and smoking status (Tables 2 and 3).
[24-26] We also ruled out confounding by total choles-
terol, triglycerides, low socioeconomic status, physical
inactivity and risk over-use of alcohol before excluding
these factors from the final model. There was a border-
line significant evidence of an interaction between gen-
der and FPI, and no significant association between FPI
and AF was found among women in a gender stratified
analysis, but in the context of the relatively small sample
size of women further study would be needed to assess
whether this was due to lack of statistical power among
women or a true lack of association among women.
Following adjustment FPI displayed an inverse linear
relationship with incident AF among normoglycemic
men. Therefore, we conclude that in the MPP cohort
high levels of FPI at baseline confer a decreased risk of

incident AF during follow-up in the population as a
whole and among normoglycemic men.

The inverse association between insulin and AF was
somewhat weaker in subjects with high 2 h glucose post-
OGTT in the top quartile, and a positive association was
observed in subjects with high fasting blood glucose,
which was close to statistical significance. There were no
statistically significant interaction parameters between
FBG or 2 h glucose post OGTT on the one hand and FPI
on the other. These results could thus be due to chance,
but it would be interesting to examine whether the associ-
ation between FPI and AF risk, could be dependent on the
degree of the subject’s glycaemic control in a larger sample
with a higher proportion of subjects with high glucose
values.

The results of the present study differ from the results
of the ARIC study, which found no significant association

Table 4 Hazard ratios per unit increase in In-fP-Insulin and incidence of AF; subgroups by quartile of 2 h glucose

post-OGTT
Model 1 Model 2
HR 95% ClI P N AF events HR 95% Cl P N AF events
Q1 BG=1.9-44 0.80 0.65-0.99 0.038 1552 219 0.78 0.64-0.97 0.022 1551 219
Q2 BG=4.5-54 0.81 0.66-0.98 0.033 1600 219 0.80 0.66-0.97 0.025 1600 219
Q3 BG=5.5-6.4 0.87 0.72-1.05 0.16 1708 235 0.86 0.71-1.04 0.12 1708 235
Q4 BG >6.5 0.87 0.73-1.05 0.14 1691 238 0.86 0.72-1.03 0.091 1691 238

Cases of prevalent diabetes included for these sub-analyses.
Model 1 is adjusted for age, sex, height and weight. Model 2 is adjusted for Model 1 covariates + systolic blood pressure and smoking status. Analysed using

Cox regression. BG= Blood Glucose.
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between fasting insulin and incident AF [6]. The mean age
of the ARIC study was 57 years; roughly ten years older
than subjects of the present study at baseline. The mean
BMI in the ARIC study was higher as well, corresponding
to the top quartile in the present study, where the inverse
association between FPI and AF in our data appeared
weakest, and was not statistically significant. Therefore, it
could be that the results in the ARIC cohort differed from
the present study because that study included a higher
proportion of individuals with disturbed glucose metabol-
ism, in whom FPI tended to be associated rather with an
increased risk of AF, thus tending to nullify the overall risk
of insulin. The same argument holds true for the Framing-
ham study which reported no relationship between insulin
resistance and incident AF in subjects with a mean age of
59 years and a mean BMI of 27.4 kg/m>[10].

The MPP cohort thus examines the relationship be-
tween FPI and incident AF in a younger and healthier co-
hort as compared to the ARIC and Framingham cohorts.
It can therefore be assumed that the MPP includes a lar-
ger proportion of individuals in a strictly normoglycemic
state as compared to the other studies. This may be of im-
portance since the effects of insulin on the vasculature
have been shown to vary according to whether the indi-
vidual is insulin resistant or not [16].

Insulin acts on the vasculature through specific endo-
thelial insulin receptors. It is well known that the insulin
hormone normally has a vasodilator effect [27], and in-
creases skeletal blood flow [28]. This effect is mediated
through NO [29] following signaling through the phos-
phatidylinositol 3-kinase - dependent (PI3K) pathway,
and can be inhibited by use of a competitive inhibitor of
nitric acid synthase [30]. Further proof of the vasodilator
effect of insulin is that insulin sensitizing drugs such as
glitazones (thiazolidinediones) have a well-known, albeit
small, blood pressure lowering side-effect [31,32]. In in-
sulin resistance, however, PI3K mediated signaling is im-
paired, resulting in vasoconstriction [33,34].

It is well documented that blood pressure is an im-
portant AF risk factor, including high normal blood
pressure [35-38]. Furthermore, it has recently also been
shown that low insulin secretion is associated with in-
creased incidence of hypertension in studies of families
at genetic risk of type 2 diabetes [39]. It is therefore pos-
sible that different actions of insulin on the vasculature
and hemodynamic regulation, and thereby the blood
pressure levels, could contribute to explain the results of
the present study. It is also possible that these effects
could differ between individuals with impaired or nor-
mal insulin sensitivity.

The findings of the present study could be of importance
for the understanding of the relation between disturbed
glucose metabolism, insulin regulation and sensitivity, and
AF risk. To the best of our knowledge the MPP is the first
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cohort study to examine the relationship between FPI and
AF in relation to shifting glycaemic control.

Strengths and limitations

The high participation rate, large size and long follow-
up represent strengths of this study, as well as the high
quality and proven validity of the Swedish National Hos-
pital Discharge register [3]. We have controlled for many
known risk factors for AF, and ruled out confounding by
others. However, we still cannot rule out residual con-
founding, for example influences by thyroid disease,
sleep apnea or valvular heart disease. Given the relatively
low mean age of the cohort, any such confounding can
be assumed to be small, however, and not on a scale to
influence results. We have adjusted for height and
weight, but it is possible that another measure of body
composition, such as waist circumference, would have
accounted for the possible confounding from body com-
position on the association between FPI and AF better,
and that some residual confounding remains.

Cases with AF were retrieved from the Swedish Hos-
pital discharge register. A recent validation study showed
that case validity of this diagnosis is very high [3]. This
register has been operating in southern Sweden during
the entire follow-up period and became nation-wide in
1987. However, many AF patients are treated as outpa-
tients without any hospitalization and these cases have
been missed. Prevalent cases were retrieved from the
same database. We cannot rule out that some individ-
uals with subclinical and undetected AF at baseline
could have erroneously been included in the study, how-
ever, given the relatively low mean age of the cohort this
number can be assumed to be small.

Conclusions

The present study found an inverse association between
FPI and risk of incident AF during long-term follow-up
for the population as a whole and among men. This asso-
ciation is not explained by previously known risk factors
for AF. Further study of the glucose-dependent relation
between insulin and incident AF risk is warranted.

Additional file

Additional file 1: Table S1. Hazard ratios per unit increase in In fP-Insulin
and incidence of AF analysed with Cox regression; subgroups by fasting blood
glucose (FBG). Table S2. Hazard Ratios per unit increase in In fP-Insulin and
incidence of AF, stratified by quartile of BMI. Table S3. Baseline characteristics,
comparison between men and women.

Competing interests
The authors declared that they have no competing interests.

Authors’ contributions
PN and GE conceived of the study. All authors participated in study design.
LJ carried out analyses with the participation of GE and drafted the


http://www.biomedcentral.com/content/supplementary/1471-2261-14-107-S1.docx

Johnson et al. BMIC Cardiovascular Disorders 2014, 14:107
http://www.biomedcentral.com/1471-2261/14/107

manuscript. All authors contributed equally. All authors revised and
approved the final manuscript.

Funding

This work was sponsored by a EU Interreg IV A project [ID number: 154 668],
the Swedish Heart-Lung Foundation [grant number 2006-0169; 2010-0244;
2013-0249], Swedish research council [2011-3891] and the strategic research
area Epidemiology for Health (EpiHealth) at the Lund University.

Received: 8 January 2014 Accepted: 20 August 2014
Published: 24 August 2014

References

1.

Benjamin EJ, Chen PS, Bild DE, Mascette AM, Albert CM, Alonso A, Calkins H,
Connolly SJ, Curtis AB, Darbar D, Ellinor PT, Go AS, Goldschlager NF,
Heckbert SR, Jalife J, Kerr CR, Levy D, Lloyd-Jones DM, Massie BM, Nattel S,
Olgin JE, Packer DL, Po SS, Tsang TS, Van Wagoner DR, Waldo AL, Wyse DG:
Prevention of atrial fibrillation: report from a national heart, lung, and
blood institute workshop. Circulation 2009, 119(4):606-618.

Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ, Wolf PA:
Independent risk factors for atrial fibrillation in a population-based cohort.
The Framingham Heart Study. JAMA 1994, 271(11):840-844.

Smith JG, Platonov PG, Hedblad B, Engstrom G, Melander O: Atrial
fibrillation in the Malmo Diet and Cancer study: a study of occurrence,
risk factors and diagnostic validity. Eur J Epidemiol 2010, 25(2):95-102.
Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR, Soliman EZ,
Maclehose R, Konety S, Alonso A: Absolute and attributable risks of atrial
fibrillation in relation to optimal and borderline risk factors: the
Atherosclerosis Risk in Communities (ARIC) study. Circulation 2011,
123(14):1501-1508.

Huxley RR, Filion KB, Konety S, Alonso A: Meta-analysis of cohort and
case-control studies of type 2 diabetes mellitus and risk of atrial
fibrillation. Am J Cardiol 2011, 108(1):56-62.

Huxley RR, Alonso A, Lopez FL, Filion KB, Agarwal SK, Loehr LR, Soliman EZ,
Pankow JS, Selvin E: Type 2 diabetes, glucose homeostasis and incident
atrial fibrillation: the Atherosclerosis Risk in Communities study. Heart
2012, 98(2):133-138.

Dublin S, Glazer NL, Smith NL, Psaty BM, Lumley T, Wiggins KL, Page RL,
Heckbert SR: Diabetes mellitus, glycemic control, and risk of atrial
fibrillation. J Gen Intern Med 2010, 25(8):853-858.

Eddy D, Schlessinger L, Kahn R, Peskin B, Schiebinger R: Relationship of
insulin resistance and related metabolic variables to coronary artery
disease: a mathematical analysis. Diabetes Care 2009, 32(2):361-366.
Nilsson P, Nilsson JA, Hedblad B, Eriksson KF, Berglund G:
Hyperinsulinaemia as long-term predictor of death and ischaemic heart
disease in nondiabetic men: The Malmo Preventive Project. J Intern Med
2003, 253(2):136-145.

Fontes JD, Lyass A, Massaro JM, Rienstra M, Dallmeier D, Schnabel RB, Wang
TJ, Vasan RS, Lubitz SA, Magnani JW, Levy D, Ellinor PT, Fox CS, Benjamin EJ:
Insulin resistance and atrial fibrillation (from the Framingham Heart
Study). Am J Cardiol 2012, 109(1):87-90.

Vyssoulis G, Karpanou E, Adamopoulos D, Kyvelou SM, Tzamou V,
Michaelidis A, Stefanadis C: Metabolic syndrome and atrial fibrillation in
patients with essential hypertension. Nutr Metab Cardiovasc Dis 2013,
23(2):109-114.

Tanner RM, Baber U, Carson AP, Voeks J, Brown TM, Soliman EZ, Howard VJ,
Muntner P: Association of the metabolic syndrome with atrial fibrillation
among United States adults (from the REasons for Geographic and
Racial Differences in Stroke [REGARDS] Study). Am J Cardiol 2011,
108(2):227-232.

Watanabe H, Tanabe N, Watanabe T, Darbar D, Roden DM, Sasaki S, Aizawa
Y: Metabolic syndrome and risk of development of atrial fibrillation: the
Niigata preventive medicine study. Circulation 2008, 117(10):1255-1260.
Chamberlain AM, Agarwal SK, Ambrose M, Folsom AR, Soliman EZ, Alonso
A: Metabolic syndrome and incidence of atrial fibrillation among blacks
and whites in the Atherosclerosis Risk in Communities (ARIC) Study. Am
Heart J 2010, 159(5):850-856.

Tang RB, Gao LY, Dong JZ, Liu XH, Liu XP, Wu JH, Long DY, Yu RH, Du X, Ma
CS: Metabolic syndrome in patients with atrial fibrillation in the absence
of structural heart disease from a tertiary hospital in China. Chin Med J
(Engl) 2009, 122(22):2744-2747.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 7 of 8

Barrett £J, Liu Z: The endothelial cell: an “early responder” in the
development of insulin resistance. Rev Endocr Metab Disord 2013,
14(1)21-27.

Baron AD: Hemodynamic actions of insulin. Am J Physiol 1994,

267(2 Pt 1):E187-E202.

Fine JP, Gray RJ: A proportional hazards model for the subdistribution of
a competing risk. J Am Stat Assoc 1999, 94(446):496-509.

Berglund G, Nilsson P, Eriksson KF, Nilsson JA, Hedblad B, Kristenson H,
Lindgarde F: Long-term outcome of the Malmo preventive project:
mortality and cardiovascular morbidity. J Intern Med 2000,
247(1):19-29.

Nilsson PM, Nilsson JA, Berglund G: Population-attributable risk of
coronary heart disease risk factors during long-term follow-up: the
Malmo Preventive Project. J Intern Med 2006, 260(2):134-141.

Heding L: A Simplified insulin radioimmunoassay method. J Labelled
Comp 1965, 1(4):323.

Kristenson H, Trell E: Indicators of alcohol consumption: comparisons
between a questionnaire (Mm-MAST), interviews and serum gamma-
glutamyl transferase (GGT) in a health survey of middle-aged males.

Br J Addict 1982, 77(3):297-304.

Waldo AL: Inter-relationships between atrial flutter and atrial fibrillation.
Pacing Clin Electrophysiol 2003, 26(7 Pt 2):1583-1596.

Knuiman M, Briffa T, Divitini M, Chew D, Eikelboom J, McQuillan B, Hung J:
A cohort study examination of established and emerging risk factors for
atrial fibrillation: the Busselton Health Study. Eur J Epidemiol 2014,
29(3):181-190.

Heeringa J, Kors JA, Hofman A, van Rooij FJ, Witteman JC: Cigarette
smoking and risk of atrial fibrillation: the Rotterdam Study. Am Heart J
2008, 156(6):1163-1169.

Rosenberg MA, Patton KK, Sotoodehnia N, Karas MG, Kizer JR,
Zimetbaum PJ, Chang D, Siscovick D, Gottdiener JS, Kronmal RA,
Heckbert SR, Mukamal KJ: The impact of height on the risk of atrial
fibrillation: the Cardiovascular Health Study. Eur Heart J 2012,
33(21):2709-2717.

Anderson EA, Hoffman RP, Balon TW, Sinkey CA, Mark AL: Hyperinsulinemia
produces both sympathetic neural activation and vasodilation in normal
humans. J Clin Invest 1991, 87(6):2246-2252.

Baron AD, Brechtel-Hook G, Johnson A, Hardin D: Skeletal muscle blood
flow. A possible link between insulin resistance and blood pressure.
Hypertension 1993, 21(2):129-135.

Cardillo C, Nambi SS, Kilcoyne CM, Choucair WK, Katz A, Quon MJ, Panza JA:
Insulin stimulates both endothelin and nitric oxide activity in the human
forearm. Circulation 1999, 100(8):820-825.

Scherrer U, Randin D, Vollenweider P, Vollenweider L, Nicod P: Nitric oxide
release accounts for insulin's vascular effects in humans. J Clin Invest
1994, 94(6):2511-2515.

Defronzo RA, Mehta RJ, Schnure JJ: Pleiotropic effects of
thiazolidinediones: implications for the treatment of patients with type 2
diabetes mellitus. Hosp Pract (1995) 2013, 41(2):132-147.

Sinagra T, Tamburella A, Urso V, Siarkos |, Drago F, Bucolo C, Salomone S:
Reversible inhibition of vasoconstriction by thiazolidinediones related to
PI3K/Akt inhibition in vascular smooth muscle cells. Biochem Pharmacol
2013, 85(4):551-559.

Jiang ZY, Lin YW, Clemont A, Feener EP, Hein KD, Igarashi M, Yamauchi T,
White MF, King GL: Characterization of selective resistance to insulin
signaling in the vasculature of obese Zucker (fa/fa) rats. J Clin Investig
1999, 104(4):447-457.

Muniyappa R, Sowers JR: Role of insulin resistance in endothelial
dysfunction. Rev Endocr Metab Disord 2013, 14(1):5-12.

Grundvold |, Skretteberg PT, Liestol K, Erikssen G, Kjeldsen SE, Arnesen H,
Erikssen J, Bodegard J: Upper normal blood pressures predict incident
atrial fibrillation in healthy middle-aged men: a 35-year follow-up study.
Hypertension 2012, 59(2):198-204.

Verdecchia P, Mazzotta G, Angeli F, Reboldi G: Above which blood
pressure level does the risk of atrial fibrillation increase? Hypertension
2012, 59(2):184-185.

Mitchell GF, Vasan RS, Keyes MJ, Parise H, Wang TJ, Larson MG, D'Agostino RB
Sr, Kannel WB, Levy D, Benjamin EJ: Pulse pressure and risk of new-onset
atrial fibrillation. JAMA 2007, 297(7):709-715.

Larstorp AC, Ariansen |, Gjesdal K, Olsen MH, Ibsen H, Devereux RB, Okin
PM, Dahlof B, Kjeldsen SE, Wachtell K: Association of pulse pressure with



Johnson et al. BMC Cardiovascular Disorders 2014, 14:107 Page 8 of 8
http://www.biomedcentral.com/1471-2261/14/107

new-onset atrial fibrillation in patients with hypertension and left
ventricular hypertrophy: the Losartan Intervention For Endpoint (LIFE)
reduction in hypertension study. Hypertension 2012, 60(2):347-353.

39. Bonnet F, Roussel R, Natali A, Cauchi S, Petrie J, Laville M, Yengo L, Froguel
P, Lange C, Lantieri O, Marre M, Balkau B, Desir FE, Groups RS: Parental
history of type 2 diabetes, TCF7L2 variant and lower insulin secretion
are associated with incident hypertension. Data from the DESIR and RISC
cohorts. Diabetologia 2013, 56(11):2414-2423.

doi:10.1186/1471-2261-14-107

Cite this article as: Johnson et al.: Low fasting plasma insulin is
associated with atrial fibrillation in men from a cohort study - the
Malmé preventive project. BMC Cardiovascular Disorders 2014 14:107.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




