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BACKGROUND Monoclonal gammopathy of undetermined significance (MGUS) is associated with renal
dysfunction, inflammation, and increased cardiovascular mortality, but the cardiovascular risks are not fully understood.
OBJECTIVES The authors explored the association of MGUS with a spectrum of cardiovascular diseases using
the Danish nationwide databases.
METHODS Between 1995 and 2018, patients 18 years and older with MGUS were age- and sex-matched (1:10)
with control patients and followed prospectively until December 31, 2018, for the occurrence of cardiovascular diseases.

Patients diagnosed with multiple myeloma, lymphoma, or amyloidosis were excluded. Multivariable adjusted hazard

ratios (HRs) for cardiovascular outcomes were estimated using Cox proportional hazard regression.
RESULTS Patients with MGUS (n ¼ 8,189; mean age 69.8 � 11.7 years; 51.2% male) had higher prevalence of
cardiovascular risk factors at baseline, including hypertension (48.0% vs 38.5%) and type 2 diabetes (13.0% vs 9.3%),

compared with control patients. Outcomes included an increased risk of heart failure (HR: 1.55; 95% CI: 1.41-1.69), acute

myocardial infarction (HR: 1.22; 95% CI: 1.06-1.40), ischemic stroke (HR: 1.16; 95% CI: 1.03-1.30), atrial fibrillation (HR:

1.32; 95% CI: 1.23-1.42), aortic aneurysm (HR: 1.55; 95% CI: 1.28-1.89), aortic stenosis (HR: 1.60; 95% CI: 1.41-1.82),

aortic regurgitation (HR: 1.67; 95% CI: 1.34-2.07), heart block (HR: 1.32; 95% CI: 1.08-1.61), peripheral artery disease

(HR: 1.69; 95% CI: 1.47-1.95), cor pulmonale (HR: 2.06; 95% CI: 1.55-2.73), and venous thromboembolism (HR: 1.43;

95% CI: 1.24-1.65). A sensitivity analysis including only patients without certain comorbidities (type 2 diabetes, hyper-

tension, acute myocardial infarction, and chronic kidney disease) yielded similar results.
CONCLUSIONS MGUS is associatedwith a broad spectrum of cardiovascular diseases, with greater relative risks
observed for diseases previously associated with infiltrative and inflammatory disorders. Further studies are warranted

to explore the underlying mechanisms. (J Am Coll Cardiol CardioOnc 2022;4:313–322) © 2022 The Authors. Published

by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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M onoclonal gammopathy of unde-
termined significance (MGUS) is
defined as the presence of a

monoclonal immunoglobulin in the absence
of lymphoproliferative disease.1 To meet
the criteria for MGUS, patients must have
serum M-protein <3 g/dL, <10% clonal
plasma cells in the bone marrow, and the
absence of a myeloma-defining event.2

Although MGUS has traditionally been

viewed as a benign precursor to malignancy, more
recent evidence suggests that patients with MGUS,
even in the absence of a lymphoproliferative disor-
der, carry an increased risk of various disease states,
including bone disease, recurrent infections, autoim-
mune disorders, peripheral neuropathy, and renal
disease.3-5

There has also been an increasing interest in the
risk of cardiovascular disease in patients with MGUS,
with at least 2 observational studies suggesting
higher cardiovascular mortality in patients with
MGUS compared with age- and sex-matched control
patients.6,7 An association between MGUS and deep
vein thrombosis has been well described,8-11 but our
understanding of the cardiovascular risks and un-
derlying pathogenesis is still limited. There are mul-
tiple mechanisms by which MGUS could lead to an
increased risk of arterial and venous thrombosis.
Higher levels of Factor VIII and von Willebrand factor
have been demonstrated in patients with MGUS, and
more recently, clonal hematopoiesis of indeterminate
potential, which shares some features with MGUS,
has been linked to atherosclerotic disease.12-14 Even
in the absence of myeloma, MGUS is associated with
several changes in the microenvironment, including
increased inflammation, bone resorption, and altered
angiogenesis.15,16 Paraprotein deposition is also
involved in the pathogenesis of MGUS.17

In this study, we estimated the prevalence and
incidence of atherosclerotic disease (acute myocar-
dial infarction, peripheral artery disease, ischemic
stroke), structural heart disease (heart failure, con-
duction disease), pulmonary hypertension (cor pul-
monale), valvular disease (aortic stenosis, aortic
regurgitation, mitral stenosis, mitral regurgitation),
aortopathy (aortic dissection, aneurysm), pericarditis,
and arrhythmias (atrial fibrillation) in patients with
MGUS versus age- and sex-matched control patients.
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received January 23, 2022; revised manuscript received May 9, 2
We also re-examined the association of venous
thromboembolic disease and MGUS.

METHODS

This study was exempt from ethical board approval,
given its registry-based setup where individuals
could not be identified. We used the Danish National
Patient Registry to capture all diagnoses of MGUS,
excluding multiple myeloma, lymphoma, and amy-
loid disease at baseline, and calculated the preva-
lence and incidence of a broad range of
cardiovascular outcomes. In brief, the Danish Na-
tional Patient Registry is a comprehensive national
database that captures all inpatient and outpatient
visits in Denmark (excluding primary care visits).18

Starting in 1978, every time a patient had a health
care encounter, their primary and secondary di-
agnoses are recorded in the registry in association
with the patient’s social security number. This is
done using International Classification of Disease
(ICD) coding (using ICD-8 from 1978 to 1993 and then
using ICD-10 from 1994 onward), and data to anon-
ymously link exposures and outcomes are accessible
across institutions within Denmark. In addition,
since 1995, all medications are registered using
Anatomical Therapeutic Chemical classification
codes that can be linked with ICD diagnoses for
research purposes.19 Full diagnostic codes for out-
comes and comorbidities, as well as medication use
are available in Supplemental Table 1. To meet the
study’s inclusion criteria, all patients needed a
diagnosis of MGUS (ICD-10 code D472) between
January 1, 1995, and December 31, 2018. All cases
with a concomitant or prior diagnosis of multiple
myeloma (ICD-10 code C90), non-Hodgkin lym-
phoma (ICD-10 C85), Waldenstrom’s macroglobuli-
nemia and other B-cell lymphomas (ICD-10 C88), or
amyloidosis (ICD-10 E85) were excluded. The posi-
tive predictive value of MGUS using this algorithm
was estimated to be 88%.20 Endpoints included
heart failure, atrial fibrillation, acute myocardial
infarction, peripheral artery disease, ischemic
stroke, conduction disease (including atrioventric-
ular block or left bundle branch block), pericarditis,
aortic stenosis, mitral stenosis, aortic regurgitation,
mitral regurgitation, aortic dissection, aortic aneu-
rysm, cor pulmonale, venous thromboembolism, and
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

022, accepted May 11, 2022.
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TABLE 1 Baseline Characteristics

MGUS
(n ¼ 8,189)

Control
(n ¼ 81,890)

Age, y 69.8 � 11.7 69.8 � 11.8

Male 4,196 (51.2) 41,960 (51.2)

Hypertension 3,933 (48.0) 31,541 (38.5)

Type 2 diabetes 1,064 (13.0) 7,586 (9.3)

Heart failure 464 (5.7) 2,731 (3.3)

Atrial fibrillation 672 (8.2) 4,383 (5.4)

Acute myocardial infarction 506 (6.2) 4,039 (4.9)

Ischemic stroke 448 (5.5) 3,401 (4.2)

Aortic aneurism 136 (1.7) 732 (0.9)

Aortic dissection 5 (0.1) 58 (0.1)

Aortic stenosis 206 (2.5) 1145 (1.4)

Aortic regurgitation 118 (1.4) 713 (0.9)

Mitral stenosis 11 (0.1) 39 (0.1)

Mitral regurgitation 105 (1.3) 577 (0.7)

Heart block 106 (1.3) 697 (0.9)

Pericarditis 74 (0.9) 363 (0.4)

Peripheral artery disease 334 (4.1) 1,811 (2.2)

Cor pulmonale 33 (0.4) 209 (0.3)

Venous thromboembolism 386 (4.7) 2,252 (2.8)

Chronic kidney disease 522 (6.4) 1,623 (2.0)

Dialysis 94 (1.2) 309 (0.4)

Pacemaker/implantable cardiac defibrillator 230 (2.8) 1353 (1.7)

Cancer (all-cause) 1,076 (13.0) 8,969 (11.0)

Medications

Beta-blockers 1,594 (19.5) 11,727 (14.3)

ACE inhibitors 1,419 (17.3) 10,968 (13.4)

ARBs 1,224 (15.0) 9,484 (11.6)

Spironolactone 296 (3.6) 1455 (1.8)

Eplerenone 9 (0.1) 44 (0.1)

Aspirin 1,524 (18.6) 12,046 (14.7)

Clopidogrel 393 (4.8) 2,520 (3.1)

Statins 2,104 (25.7) 17,218 (21.0)

Direct oral anticoagulants 84 (1.0) 552 (0.7)

Warfarin 513 (6.3) 3,071 (3.8)

Values are mean � SD or n (%).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin II receptor blocker;
MGUS ¼ monoclonal gammopathy of undetermined significance.
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pacemaker/implantable cardiac defibrillator imple-
mentation. We only considered diagnoses that
required hospitalization or outpatient visits, thus
excluding emergency room diagnoses, which have
been shown to be less valid. The majority of the
studied cardiovascular endpoints have been vali-
dated with excellent positive predictive values.21 We
also studied the risk of all-cause mortality and
mortality from cardiovascular diseases (defined as
any cardiovascular diagnosis (ICD-10 I00-I99) regis-
tered as a main or contributing cause of death in the
national Causes of Death registry).22 Comorbidities
were defined using ICD-8 and ICD-10 codes, as
specified in Supplemental Table 1. However, because
diabetes and hypertension are most often treated in
a primary care setting, we used claimed pre-
scriptions of antidiabetic drugs as a proxy for dia-
betes, and prescriptions of at least 2 classes of
antihypertensive medications as a proxy for hyper-
tension (this algorithm was used and validated in
prior work).23

STATISTICAL METHODS AND ANALYSIS. Baseline
characteristics are presented as mean � SD, or as
counts (percentage) (Table 1). Patients were matched
(1:10) based on birth year and sex to individuals from
the Danish Central Population Registry using the
greedy matching principle. For the various cardio-
vascular diseases, individuals were followed until
December 31, 2018, emigration, or death. For mortal-
ity analyses, patients were followed until December
31, 2019. Cox proportional hazard regression models
were used to calculate hazard ratios (HRs), and the
proportional hazards assumption was verified by vi-
sual inspection of log (-log[event-free survival
probability]-log[time]) plots. Logistic regression was
used to calculate odds ratios (ORs) for prevalent dis-
ease (up until the date of MGUS diagnosis). All HRs
and ORs are presented with 95% CIs. An age- and sex-
adjusted model was created for all regressions, as
well as a multivariable model for incident disease that
included hypertension, type 2 diabetes, acute
myocardial infarction, atrial fibrillation, chronic kid-
ney disease, dialysis, and all-cause cancer, as well as
all medications listed in Table 1. In sensitivity anal-
ysis, we additionally adjusted for valvular disorders,
heart failure, cor pulmonale, stroke, peripheral artery
disease, and venous thromboembolism. Finally, cu-
mulative incidence curves based on subdistribution
hazards to account for competing risk were generated
using the Fine-Gray model. As a sensitivity analysis,
we also derived the subdistribution HR estimates
from the Fine-Gray model for comparison with the
results from the Cox model. All analyses were
performed using SAS software version 9.4 (SAS
Institute). A 2-sided P value <0.05 was considered
statistically significant.

RESULTS

BASELINE CHARACTERISTICS. There were 8,189
patients (51.2% male; mean age 69.8 � 11.7 years) with
MGUS included in the study between January 1, 1995,
and December 31, 2018, and 81,890 individuals (51.2%
male, aged 69.8 � 11.7 years) in the matched control
group. Patients with MGUS had a greater prevalence
of comorbidity compared with control patients,
including hypertension (48.0% vs 38.5%), type 2
diabetes (13.0% vs 9.3%), cancer (13.0% vs 11.0%),

https://doi.org/10.1016/j.jaccao.2022.05.009


TABLE 2 Association of MGUS With Prevalent and Incident Cardiovascular Diseases

OR (Prevalent Disease),
Age- and Sex-Adjusted

HR (Incident Disease),
Age- and Sex-Adjusted

HR (Incident Disease),
Age-, Sex-, and

Multivariable-Adjusteda

HR (Incident Disease),
Age-, Sex-, and

Multivariable Adjusteda, and
Additional Comorbidity–Adjustedb

Heart failure 1.77 (1.59-1.96) 1.77 (1.62-1.93) 1.55 (1.41-1.69) 1.52 (1.39-1.66)

Atrial fibrillation 1.61 (1.48-1.75) 1.51 (1.40-1.62) 1.32 (1.23-1.42) 1.32 (1.22-1.42)

Acute myocardial infarction 1.28 (1.16-1.41) 1.30 (1.14-1.49) 1.22 (1.06-1.40) 1.19 (1.04-1.37)

Ischemic stroke 1.34 (1.21-1.49) 1.23 (1.10-1.38) 1.16 (1.03-1.30) 1.15 (1.03-1.29)

Aortic aneurysm 1.89 (1.57-2.27) 1.64 (1.36-1.98) 1.55 (1.28-1.89) 1.51 (1.25-1.83)

Aortic dissection 0.86 (0.35-2.15) 3.78 (2.16-6.60) 3.63 (2.06-6.39) 3.58 (2.03-6.31)

Aortic stenosis 1.84 (1.58-2.14) 1.77 (1.56-2.00) 1.60 (1.41-1.82) 1.58 (1.39-1.80)

Aortic regurgitation 1.67 (1.37-2.03) 1.79 (1.44-2.22) 1.67 (1.34-2.07) 1.66 (1.34-2.07)

Mitral stenosis 2.83 (1.45-5.52) 2.59 (1.19-5.63) 1.92 (0.86-4.26) 1.87 (0.84-4.19)

Mitral regurgitation 1.83 (1.49-2.26) 1.62 (1.27-2.07) 1.48 (1.15-1.89) 1.48 (1.16-1.90)

Heart block 1.53 (1.25-1.89) 1.47 (1.20-1.78) 1.32 (1.08-1.61) 1.30 (1.07-1.59)

Pericarditis 2.05 (1.59-2.63) 1.75 (1.13-2.73) 1.56 (0.99-2.45) 1.52 (0.97-2.39)

Peripheral artery disease 1.89 (1.68-2.13) 1.99 (1.73-2.29) 1.69 (1.47-1.95) 1.67 (1.45-1.93)

Cor pulmonale 1.58 (1.10-2.29) 2.42 (1.83-3.19) 2.06 (1.55-2.73) 1.99 (1.50-2.64)

Venous thromboembolism 1.75 (1.57-1.96) 1.53 (1.32-1.76) 1.43 (1.24-1.65) 1.43 (1.24-1.65)

Pacemaker/implantable cardiac defibrillator 1.74 (1.50-2.00) 1.47 (1.20-1.78) 1.17 (0.99-1.39) 1.15 (0.97-1.37)

aMultivariable adjustment includes diabetes, hypertension, acute myocardial infarction, atrial fibrillation, chronic kidney disease, dialysis, cancer, and medications in Table 1. bAs a sensitivity
analysis, the following additional comorbidities were included: prevalent valvular disorders, heart failure, cor pulmonale, stroke, peripheral artery disease, and prior venous thromboembolism.

HRs ¼ hazard ratios; MGUS ¼ monoclonal gammopathy of undetermined significance.
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chronic kidney disease (6.4% vs 2.0%), and dialysis
use (1.2% vs 0.4%). Prior cancer was present in 13% of
the MGUS patients and 11% of control patients, with
an equal distribution of the major cancer subtypes
(eg, 18% breast cancer, 14% to 16% prostate cancer,
and 15% to 16% gastrointestinal cancer)
(Supplemental Table 2). Similarly, patients with
MGUS had slightly higher medication use at baseline
(including beta-blockers, angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers,
aspirin, clopidogrel, statins, direct oral anticoagu-
lants, and warfarin). All baseline comorbidity and
medication use are shown in Table 1.
PREVALENCE. In age- and sex-adjusted logistic
regression, compared with control patients, MGUS
patients had significantly greater ORs for most car-
diovascular disorders, including heart failure, atrial
fibrillation, acute myocardial infarction, ischemic
stroke, aortic aneurysm, aortic dissection, aortic ste-
nosis, aortic regurgitation, mitral stenosis, mitral
regurgitation, conduction disease, pericarditis, pe-
ripheral artery disease, aortic aneurysm, venous
thromboembolism, and cardiac device implantation
(Table 2). Exceptions included similar prevalence of
aortic dissection (OR: 0.86; 95% CI: 0.35-2.15) among
individuals with and without MGUS.

OUTCOMES. The mean follow-up times for patients
with MGUS and control patients were 4.3 and 4.8
years, respectively. Median follow-up times for
MGUS patients and control patients were 3.2 years
(IQR: 1.5-6.0 years) and 3.6 years (IQR: 1.8-6.7 years),
respectively. The cumulative incidence of each car-
diovascular condition during follow-up was greater in
patients with MGUS compared with control patients
(Figure 1). Similarly, the HRs of all cardiovascular
outcomes were elevated in patients with MGUS vs
control patients in age- and sex-adjusted models
(Table 2). After multivariable adjustment, estimates
were partly attenuated but remained statistically
significantly increased for most endpoints, including
heart failure (HR: 1.55; 95% CI: 1.41-1.69), atrial
fibrillation (HR: 1.32; 95% CI: 1.23-1.42), acute
myocardial infarction (HR: 1.22; 95% CI: 1.06-1.40),
aortic stenosis (HR: 1.60; 95% CI: 1.41-1.82), conduc-
tion disease (HR: 1.32; 95% CI: 1.08-1.61), peripheral
arterial disease (HR: 1.69; 95% CI: 1.47-1.95), cor pul-
monale (HR: 2.06; 95% CI: 1.55-2.73), and venous
thromboembolic disease (HR: 1.43; 95% CI: 1.24-1.65)
(Table 2). Numbers of cases and incidence rates per
100 person-years are shown in Supplemental Table 3.
In addition, the overall mortality rate was higher for
patients with MGUS compared with control patients:
5.86 (95% CI: 5.63-6.10) per 100 person-years for the
MGUS group (total 2,432 persons) compared with 3.59
(95% CI: 3.54-3.65) per 100 person-years (total 16,619
persons) for control patients (multivariable adjusted
HR: 1.55; 95% CI: 1.48-1.62).

SENSITIVITY ANALYSIS. In sensitivity analysis, a
cohort of patients without type 2 diabetes, hyper-
tension, prior myocardial infarction, and chronic

https://doi.org/10.1016/j.jaccao.2022.05.009
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FIGURE 1 Incidence of Cardiovascular Diseases in MGUS vs Matched Controls

Cumulative incidence functions for various cardiovascular endpoints (taking the competing risk of death into account). AF ¼ atrial fibrillation;

AR ¼ aortic regurgitation; AS ¼ aortic stenosis; HF ¼ heart failure; MGUS ¼ monoclonal gammopathy of undetermined significance;

MI ¼ myocardial infarction; MR ¼ mitral regurgitation; MS ¼ mitral stenosis; PAD ¼ peripheral arterial disease; pulm HTN ¼ pulmonary

hypertension; VTE ¼ venous thromboembolism.
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kidney disease was examined (n ¼ 3,540 for MGUS
cases, n ¼ 45,534 for control patients). Hazards risks
of all primary endpoints for patients with MGUS were
largely similar to those in the overall analysis
(Table 3), including heart failure (HR: 1.67; 95% CI:
1.46-1.91), peripheral arterial disease (HR: 2.17; 95%
CI: 1.76-2.67), heart block (HR: 1.54; 95% CI: 1.15-2.05),
venous thromboembolism (HR: 1.54; 95% CI: 1.15-
2.05), and mortality (HR: 1.86; 95% CI: 1.72-2.01)
compared with the control patients. Furthermore, we
performed a sensitivity analysis that excluded the
first 6 months of follow-up time after a MGUS diag-
nosis, and the results were similar (Supplemental
Table 4). We also performed a sensitivity analysis
that censored people when they developed multiple
myeloma, lymphoma, or amyloidosis during follow-
up. These analyses yielded similar results to the
main models (Supplemental Table 5). Finally,
restricting the analysis to cardiovascular mortality
(7,528 events) yielded similar results to the primary
analysis (multivariable adjusted HR: 1.55; 95% CI:
1.45-1.66; P < 0.0001). Subdistribution HRs obtained
by the Fine-Gray model were similar to those ob-
tained by the main Cox regression models
(Supplemental Table 6).

DISCUSSION

The study presented here used a large sample size of
MGUS patients to measure a broad spectrum of car-
diovascular outcomes associated with MGUS. We
found that after adjustment for common comorbid-
ities and medications, there was still an increased risk
of most cardiovascular conditions, including ischemic
stroke, acute myocardial infarction, and deep vein
thrombosis. However, the magnitude of risk was
somewhat greater for outcomes that have previously
been associated with infiltrative and structural car-
diac disease, such as heart failure, cor pulmonale, and
some types of valvular disease (Central Illustration).

https://doi.org/10.1016/j.jaccao.2022.05.009
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TABLE 3 HRs for Cardiovascular Outcomes in Healthy Patients

With MGUS Compared to Control Patients

HR (Incident Disease),
Age-, Sex-, and

Multivariable-Adjusteda

Heart failure 1.67 (1.46-1.91)

Atrial fibrillation 1.41 (1.27-1.57)

Acute myocardial infarction 1.23 (1.01-1.49)

Ischemic stroke 1.14 (0.97-1.35)

Aortic aneurysm 1.55 (1.18-2.05)

Aortic dissection 4.48 (2.15-9.34)

Aortic stenosis 1.76 (1.47-2.12)

Aortic regurgitation 1.53 (1.12-2.11)

Mitral stenosis 2.57 (0.72-9.11)

Mitral regurgitation 1.50 (1.06-2.13)

Heart block 1.54 (1.15-2.05)

Pericarditis 2.33 (1.35-4.02)

Peripheral artery disease 2.17 (1.76-2.67)

Cor pulmonale 1.87 (1.20-2.92)

Venous thromboembolism 1.54 (1.15-2.05)

Pacemaker/implantable cardiac defibrillator 1.38 (1.09-1.75)

All-cause mortality 1.97 (1.84-2.12)

Healthy is defined as free of type 2 diabetes, hypertension, acute myocardial
infarction, and chronic kidney disease. aMultivariable adjustment includes dia-
betes, hypertension, prior myocardial infarction, atrial fibrillation, chronic kidney
disease, dialysis, cancer, and medications in Table 1.

Abbreviations as in Table 2.
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ATHEROSCLEROTIC, AORTIC, AND ARTERIAL

THROMBOTIC DISEASE. Available studies investi-
gating the association between atherosclerotic dis-
ease and MGUS have reported mixed results. One
large retrospective cohort study from Sweden showed
an increased risk of coronary artery disease (HR: 1.5;
95% CI: 1.3-1.7) and cerebrovascular disease (HR: 1.1;
95% CI: 1.0-1.3) after 5 years of follow-up, compared
with control patients.24 The HRs in our study were
similarly increased with MGUS, ranging from 1.22 for
acute myocardial infarction to 1.69 for peripheral ar-
tery disease. Another, smaller study by Za et al25

examined similar outcomes and did not find a sta-
tistically significant increase in risk associated with
MGUS vs control patients, but power was somewhat
limited by a relatively smaller sample size. Our study
also showed an increased incidence of aortopathies
(dissection and aneurysm), whereas previous studies
have not examined these outcomes.

An increased risk of atherosclerosis in MGUS may
relate to the acquisition of somatic increase in certain
genes absent malignancy (clonal hematopoiesis of
indeterminant potential), which has recently been
linked to atherosclerotic disease, and there is some
evidence to suggest that a similar process may over-
lap with MGUS.12,13 Furthermore, biomarkers related
to bone metabolism, such as osteoprotegerin and
soluble receptor activator of nuclear factor-kappa B
ligand (RANKL), were shown to be increased in pa-
tients with MGUS.26 These biomarkers, also reflective
of vascular calcification processes, have been strongly
associated with atherosclerotic disease formation and
valvular disease in general populations, as well as
with the burden of aortic calcification in patients with
peripheral artery disease.27-29 Moreover, MGUS is
often associated with a low-grade chronic inflamma-
tory state, with elevated cytokines, such as inter-
leukin-6.17,30 Finally, MGUS has been strongly
associated with occlusive nonvasculitis vasculopathy
and, more controversially, with leukocytoclastic
vasculitis in case reports, possibly related to
paraprotein-induced immune complex deposition
and underlying inflammatory processes.31,32

STRUCTURAL HEART DISEASE AND ARRHYTHMIAS.

Our study also demonstrated a statistically significant
increase in the risk of heart failure, conduction delay,
pulmonary hypertension, aortic valvular disease, and
atrial fibrillation among the MGUS cohort, with rela-
tive risks ranging from 1.32 to 2.06. Although there
have been limited studies evaluating these outcomes,
at least 1 prospective study demonstrated a higher
prevalence of MGUS in heart failure patients
compared with similarly aged cohorts.33 Similarly, a
study that screened all emergency room patients for
prevalent MGUS found that patients with heart failure
were more likely to have undiagnosed MGUS
compared with patients without heart failure (14% vs
5%; P ¼ 0.012).34 Case reports have also been pub-
lished on the association of myeloproliferative dis-
orders (including MGUS) and severe pulmonary
hypertension.35-37 Underlying inflammation, remod-
eling secondary to up-regulation of, for example,
osteoprotegerin and RANK,38-40 as well as the possi-
bility of direct infiltration of paraproteins may
contribute to these associations.17,33,41 The associa-
tion between MGUS and atrial fibrillation is likely
related to similar pathophysiological changes,
including, possibly, an atrial myopathy secondary to
paraprotein infiltration.

VENOUS THROMBOTIC DISEASE. There have been
multiple cohort studies on venous thromboembolic
disease in patients with MGUS, and at least 5 studies
have shown a significant increase in risk associated
with MGUS.8-11,24 One smaller study (N ¼ 166) did not
show a similar increase in risk, potentially due in part
to lack of power.42 Our population-based study
showed a statistically significant increase in the risk
of venous thromboembolism in patients with MGUS
versus control patients, with a HR of 1.43 (95% CI:
1.24-1.65). This risk was smaller than that in both
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studies by Kristinsson et al9,24, but was similar to the
risk in Gregersen et al8 (HR: 1.4; 95% CI: 1.0-1.9).
STRENGTHS AND LIMITATIONS. A few strengths of
this study are worth noting. First, we examined a
wide range of cardiovascular outcomes with different
hypothesized mechanisms of disease within the same
cohort, enabling comparisons of risk estimates across
several cardiovascular disorders. We also had a large
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COMPETENCY IN MEDICAL KNOWLEDGE:

Patients with MGUS are at higher risk of cardiovas-

cular disease, independent of age and sex. This risk

remains even after adjustment for a wide range of

cardiovascular risk factors.

TRANSLATIONAL OUTLOOK: Further studies on

the hypothesized mechanisms of increased cardio-

vascular risk in patients with MGUS are needed. In

addition, future studies should assess the utility of

increased screening and more aggressive manage-

ment of cardiovascular risk factors in patients with

MGUS.
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sample of MGUS patients in our database (n ¼ 8,189),
giving us the power to detect differences. Finally, we
were able to add a large number of covariates to our
multivariable model, decreasing the probability that
statistically significant outcomes are being driven by
comorbid risk or confounding. Despite the many
strengths of this study, there are some limitations
that need to be addressed. First, this is an observa-
tional study, and despite the many covariates added
to our model, the possibility of residual confounding
exists. For instance, we did not have data on smoking
and obesity, which may be important, although these
factors have not consistently been associated with
MGUS risk.43 Second, some previous studies have
shown different results based on M-protein concen-
tration and subclass (eg, immunoglobulin G vs
immunoglobulin M), but we were not able to stratify
by these variables or test for interaction due to
database limitations.8,24 Third, although the MGUS
diagnosis was shown to have a good positive predic-
tive value, it may be underreported.20 Fourth, some
patients may have had undiagnosed amyloidosis that
could influence our results. Fifth, we cannot rule out
confounding by indication (ie, the reason for the test)
and a component of surveillance bias as a result of the
recommended monitoring of patients diagnosed with
MGUS for progression to malignancy.3,44 However,
the increased incidence of outcomes that are not
normally subclinical and the increased risk of most
endpoints, even years after diagnosis, would suggest
that the results cannot entirely be explained by sur-
veillance bias. Furthermore, HR estimates did not
change significantly after excluding the first 6 months
of follow-up in sensitivity analysis (Supplemental
Table 3). Sixth, we could not include primary care
visits in our analysis, potentially introducing a bias.
Seventh, because this condition often presents
asymptomatically, it is possible that some of the
matched control patients also have undiagnosed
MGUS as well. Finally, as the Danish National Patient
Registries cover a relatively homogenous population,
this study should be replicated in more
diverse populations.

CONCLUSIONS

Our nationwide epidemiologic study showed that
MGUS was associated with increased risk of a wide
range of cardiovascular outcomes and not only the
more well-known venous thromboembolic disorders.
For most disorders, the risk estimates remained
elevated, even after adjustment for common comor-
bidities and medication use, suggesting a possible
causal impact of MGUS on the panvascular system.
Whereas the relative risk of disease is elevated in
arterial and venous thrombotic disease, the magni-
tude of the risk generally appears to be higher in
outcomes associated with infiltrative and inflamma-
tory disorders. Although the pathophysiologic mech-
anisms driving the increased cardiovascular risk in
patients with MGUS are not yet fully understood,
further studies are needed to test several proposed
hypotheses. Moreover, population-based studies with
systematic screening for MGUS (regardless of symp-
toms) are warranted to confirm the results from this
registry-based study. In addition, future studies
should assess the utility of increased screening and
more aggressive management of cardiovascular risk
factors in patients with MGUS.
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