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Cardiovascular risk factors predate the
onset of symptoms of rheumatoid arthritis:
a nested case–control study
Heidi Kokkonen1* , Hans Stenlund2 and Solbritt Rantapää-Dahlqvist1

Abstract

Background: Patients with rheumatoid arthritis (RA) are at increased risk of developing cardiovascular disease (CVD).
Our aim was to evaluate the impact of factors related to CVD, such as smoking, lipid levels, hypertension, body mass
index (BMI) and diabetes, in individuals prior to the onset of symptoms of RA.

Methods: A nested case–control study was performed including data from 547 pre-symptomatic individuals (i.e.
individuals who had participated in population surveys in northern Sweden prior to onset of symptoms of RA,
median time to symptom onset 5.0 (interquartile range 2.0–9.0) years) and 1641 matched controls. Within the
survey, health examinations prior to symptom onset were performed, blood samples were analysed for plasma glucose
and lipids, and data on lifestyle factors had been collected with a questionnaire. CVD risk factors were extracted and
further analysed with conditional logistic regression models for association with subsequent RA development, including
hypertension, apolipoprotein (Apo)B/ApoA1 ratio, BMI, diabetes and smoking habits.

Results: Smoking and BMI≥ 25 (odds ratio (OR) (95% confidence interval (CI)) =1.86 (1.48–2.35) and OR = 1.28 (1.01–1.62)
, respectively) were associated with increased risk for future RA development. In women, elevated ApoB/ApoA1 ratio
(OR = 1.36 (1.03–1.80)) and smoking (OR = 1.82 (1.37–2.41)) were significantly associated with being pre-symptomatic for
RA, whilst in men smoking (OR = 1.92 (1.26–2.92)) and diabetes (OR = 3.62 (95% CI 1.13–11.64)) were significant. In older
(>50.19 years) individuals, only smoking (OR = 1.74 (1.24–2.45)) was significantly associated with increased risk of future
RA, whereas in younger individuals the significant factors were elevated ApoB/ApoA1 ratio (OR = 1.39 (1.00–1.93)), BMI≥
25.0 (OR = 1.45 (1.04–2.02)) and smoking (OR = 2.11 (1.51–2.95)). Pre-symptomatic individuals had a higher frequency of
risk factors: 41.5% had ≥3 compared with 30.4% among matched controls (OR = 2.81 (1.78–4.44)).

Conclusions: Several risk factors for CVD were present in pre-symptomatic individuals and significantly associated with
increased risk for future RA. These factors differed in women and men. The CVD risk factors had a greater impact in
younger individuals. These results urge an early analysis of cardiovascular risk factors for proposed prevention in patients
with early RA.

Keywords: Rheumatoid arthritis, Cardiovascular disease, Body mass index, Apolipoproteins, Diabetes mellitus, Smoking

* Correspondence: heidi.kokkonen@umu.se
1Department of Public Health and Clinical Medicine, Rheumatology, Umeå
University, Building 6M, 901 87 Umeå, Sweden
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Kokkonen et al. Arthritis Research & Therapy  (2017) 19:148 
DOI 10.1186/s13075-017-1351-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s13075-017-1351-8&domain=pdf
http://orcid.org/0000-0001-9600-5364
mailto:heidi.kokkonen@umu.se
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Patients with rheumatoid arthritis (RA) have an increased
risk of developing several co-morbidities compared with
the general population, the commonest co-morbidity be-
ing cardiovascular disease (CVD) [1]. Patients with RA
also have an increased risk of mortality due to CVD [2–5].
The prevalence of CVD is comparable with that in pa-
tients with type 2 diabetes [6]. The aetiology of this in-
creased morbidity and mortality is not fully understood,
although traditional risk factors (i.e. cigarette smoking,
hypertension, diabetes mellitus and elevated levels of low-
density lipoproteins) as well as the inflammatory burden
are involved [1, 2, 7, 8].
In a retrospective cohort study, RA patients had a sig-

nificantly higher risk of hospitalization for either acute
or unrecognized myocardial infarction (MI) prior to de-
veloping RA [9]. However, in another study no increased
risk of ischaemic heart disease, MI or angina pectoris be-
fore the onset of RA was reported [10]. The risk of MI
was increased, being apparent 1–4 years following diag-
nosis of RA [11]. In a nested case–control study analys-
ing the presence of risk factors for CVD in individuals
prior to development of inflammatory polyarthritis (IP),
the only risk factor associated with IP development was
smoking [12]. Other CVD risk factors (e.g. total choles-
terol, low-density lipoprotein (LDL) cholesterol, systolic
and diastolic blood pressure and obesity) were not in-
creased prior to onset of IP [12]. Conversely, a study of
individuals prior to onset of symptoms of RA reported a
more atherogenic lipid profile with higher levels of total
cholesterol, triglycerides and apolipoprotein (Apo)B in
addition to lower levels of high-density lipoprotein
(HDL) cholesterol compared with control subjects, inde-
pendent of RF and ACPA, and marginally affected by
CRP [13]. A contradictory study reported a significant
decrease in levels of total cholesterol as well as LDL-
cholesterol and HDL-cholesterol during the 5 years prior
to diagnosis of RA compared with non-RA controls [14].
Obesity has been identified as a risk factor for RA [15]

and recently we identified that abdominal obesity was asso-
ciated with an increased risk of subsequent development of
RA [16]. After stratification for sex, this association was re-
stricted to men with an early disease onset [16].
The presence of insulin resistance after onset of RA is

known, whilst the presence of diabetes before RA onset
has been sparsely reported. In one study, the presence of
diabetes was associated with increased risk for RA devel-
opment in women [17].
The aim of this study was to compare lifestyle fac-

tors, lipid levels, presence of hypertension and diabetes
in individuals prior to onset of symptoms of RA with
matched controls in a nested case–control design
based on a population-based intervention project from
northern Sweden.

Methods
Study cohorts
This study was based on information from the Väster-
botten Intervention Programme (VIP) and the Northern
Sweden Multinational Monitoring of Trends and Deter-
minants in Cardiovascular Disease (MONICA). The VIP,
details of which have been described previously [18], is a
population-based study aimed at reducing morbidity and
mortality due to CVD and diabetes in northern Sweden.
Briefly, since 1991, all individuals aged 40, 50 and
60 years living in the county of Västerbotten are invited
to participate in a health assessment at their local pri-
mary care centre; the participation rate throughout has
been approximately 60% [19]. All participants complete
a health questionnaire regarding socioeconomic and
demographic status, educational level (analysed as no
academic education/university vs academic education/
university), self-reported health (including medication)
and lifestyle (e.g. exercise and smoking habits). Blood
samples were drawn and analysed for total cholesterol,
triglycerides, HDL-cholesterol, and LDL-cholesterol ac-
cording to routine protocols, with excess samples stored
at –80° for future analysis. Plasma glucose (baseline) was
measured in an overnight fasting sample together with a
sample 2 hours after the intake of 75 g anhydrous glu-
cose. Blood pressure was measured twice, the mean
value reported. Waist circumference (cm) was measured
and the body mass index (BMI; kg/m2) was calculated.
Details for the registration and survey procedures in

the Northern Sweden MONICA project including the
two most northern counties have been described previ-
ously [20]. Briefly, since 1986, seven population surveys
including a physical examination and a questionnaire
similar to that used in the VIP have been performed. At
examination, blood samples were drawn for analysis, as
in the VIP project.

Identification of individuals before onset of symptoms of RA
In 2014, the registers of patients attending the Department
of Rheumatology, University Hospital, Umeå, Sweden (the
only department within the county) and fulfilling the 1987
ARA criteria for diagnosis of RA since 1995 were co-
analysed with those from the VIP and MONICA. This link-
age identified 557 individuals having participated in these
cohorts prior to the onset of symptoms of joint disease
(“pre-symptomatic individual” or case). For each case, three
controls were selected randomly, matched for sex, year of
birth, participation in the VIP or MONICA and living in a
rural or urban area, resulting in 1671 controls without
known RA until the end of 2014. In a second evaluation of
the cases, 10 of the pre-symptomatic individuals and corre-
sponding controls were excluded due to having experi-
enced symptoms prior to participation in the VIP, resulting
in 547 pre-symptomatic individuals (498 (91%) from the
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VIP and 49 (9%) from MONICA) and 1641 controls (1494
(91%) from the VIP and 147 (9%) from MONICA) identi-
fied for inclusion in this study. The median (Q1–Q3) age
of the pre-symptomatic individuals was 50.19 (45.50–
59.95) years and for controls was 50.26 (45.94–59.97)
years, and the median pre-dating time to symptom onset
was 5.0 (2.0–9.0) years. The median (Q1–Q3) duration of
follow-up for the controls was 17.0 (14.0–21.0) years.

Analyses of ApoA1 and ApoB
ApoA1 (g/L) and ApoB (g/L) were analysed from stored
samples using an immunoturbimetric method (Cobas
8000 instrument; Roche Diagnostics Scandinavia AB).

Statistical analyses
Statistical calculations were performed using SPSS for
Windows version 23.0 (IBM Corp., NY, USA). The asso-
ciations with future RA were analysed in conditional lo-
gistic regression models with calculated odds ratios
(ORs) and 95% confidence intervals (CIs). All p values
are two-sided and p < 0.05 was considered statistically
significant. Cardiovascular risk factors were selected ac-
cording to previous studies and scoring systems as risk
for CVD, defined as risk if presence of the following are
present: hypertension (systolic blood pressure (SBP) ≥
140 mmHg and/or diastolic blood pressure (DBP) ≥
90 mmHg, including hypertensive treatment), diabetes
(self-reported in questionnaires), BMI ≥ 25.0, elevated
ApoB/ApoA1 ratio (women > 0.7, men > 0.8, including
lipid lowering therapy) and smoking habits (analysed as
current, ex and ever smoker but presented as ever
smoker). A risk factor profile was defined as the number
of risk factors present (having no risk factor as reference,
or having one, two, or three or more) modified from the
study by Berry et al. [21]. Results from analyses of HDL-
cholesterol and LDL-cholesterol were lacking for ap-
proximately two-thirds of the individuals, whereas for
the risk factors for CVD chosen to analyse further for
associations with future development of RA, data on
BMI, blood pressure, diabetes and smoking were avail-
able for 98.0–99.5% of the individuals and results of the
ApoA1 and ApoB levels were available for 83% of the
cases and 85% of the controls. Missing data for the
ApoB/ApoA1 ratio was constructed using five imputa-
tions modelled by all data on CV risk factors, sex and
age using the SPSS 23.0 program (IBM Corp.). Results
from the original data are presented.

Results
Smoking, either as current, ex or ever, were all signifi-
cantly more prevalent among pre-symptomatic individuals
compared with controls (OR (95% CI) = 2.74 (2.15–3.51),
1.52 (1.19–1.95) and 2.01 (1.64–2.47), respectively)

(Table 1). This variable was therefore dichotomized into
never or ever smokers in subsequent analyses.
The pre-symptomatic individuals had a significantly

higher BMI (analysed as a continuous variable) compared
with controls in conditional logistic regression models
(OR = 1.03 (1.00–1.05)) (Table 1). When stratified for sex,
BMI remained significantly higher in the pre-symptomatic
women compared with matched controls (OR = 1.03
(1.00–1.06)) (Table 1). The same pattern was observed for
waist circumference, with significantly greater circumfer-
ence for cases compared with controls, remaining signifi-
cant for women when stratified for sex (Table 1).
A low educational level (no academic/university quali-

fication) was associated with an increased risk for future
RA (OR = 1.41 (1.07–1.84)), which was restricted to men
(OR = 2.15 (1.23–3.78)) (Table 1).

Lipid levels
Higher levels of ApoA1 were associated with a lower risk
for future RA (OR = 0.50 (0.31–0.80)), and this was re-
stricted to women when stratifying for sex (OR = 0.49
(0.28–0.85)) (Table 2). The ApoB/ApoA1 ratio (analysed
as a continuous variable) was associated with risk for fu-
ture RA with a higher ratio among pre-symptomatic
women compared with controls (OR = 2.25 (1.25–4.06))
(Table 2). In conditional logistic regression analyses
there were no significant differences in the levels of total
cholesterol, HDL-cholesterol, LDL-cholesterol or triglyc-
erides in cases compared with controls (Table 2). There
were also no differences in these factors after stratifica-
tion for sex (Table 2).

Plasma glucose and blood pressure
The cases had significantly higher plasma glucose levels
at baseline, and after stratification for sex the association
with higher risk for future RA was restricted to men
(OR = 1.11 (1.00–1.22) and 1.18 (1.01–1.37), respect-
ively) (Table 2). Plasma glucose levels at 2 hours showed
no differences in pre-symptomatic individuals compared
with controls, and neither did the systolic or diastolic
blood pressure (Table 2).

Risk factors for CVD
Results from univariable conditional logistic regression
analyses for selected risk factors for CVD (analysed as
dichotomous variables), including elevated ApoB/ApoA1
ratio (men ≥0.8 compared with <0.8, women ≥0.7 com-
pared with <0.7), ever smoking (vs never smoking),
BMI ≥ 25 (vs BMI < 25.0), diabetes (vs no diabetes) and
hypertension (systolic blood pressure (SBP) ≥ 140 mmHg
and/or diastolic blood pressure DBP ≥ 90 mmHg includ-
ing treatment for hypertension compared with SBP <
140 mmHg and DBP < 90 mmHg and no ongoing hyper-
tensive treatment), are presented in Table 3. All factors,
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except hypertension, were significantly more frequent
among the pre-symptomatic individuals compared with
controls (Table 3). In the multivariable model, the fac-
tors remaining significantly associated with increased
risk for future RA were smoking and BMI ≥ 25.0 (OR =
1.86 (1.48–2.35) and OR = 1.28 (1.01–1.62), respectively)
(Table 3), which also remained significant after adjust-
ment for educational level (data not shown).
Stratification based on sex showed that in women the

factors significantly associated with increased risk for fu-
ture RA in the univariable models were smoking (OR =
1.92 (1.50–2.47)), elevated ApoB/ApoA1 ratio (OR =
1.41 (1.09–1.84)) and BMI ≥ 25 (OR = 1.34 (1.06–1.71)).
In the multivariable model, smoking and elevated ApoB/
ApoA1 ratio remained significantly associated with in-
creased risk for subsequent RA (OR = 1.82 (1.37–2.41)
and OR = 1.36 (1.03–1.80), respectively) in women
(Table 3), which was unchanged after adjustment for
educational level (data not shown). For pre-symptomatic
men the significant factors in univariable models were
smoking (OR = 2.23 (1.53–3.27)) and diabetes (OR = 4.73
(1.71–13.08)) (Table 3). In the multivariable model the
same factors (i.e. smoking and diabetes) were significantly
associated with increased risk for future RA in pre-
symptomatic men (OR = 1.92 (1.26–2.92) and 3.62 (1.13–
11.64), respectively), and additionally BMI ≥ 25.0 (OR =
1.55 (1.01–2.39)) (Table 3), which remained significant
after adjustment for education level; furthermore, analyses
showed that low educational level was associated with

increased risk for subsequent RA in men (OR = 1.82
(1.02–3.26)) (data not shown).
Inclusion of age as a continuous variable in the condi-

tional logistic regression analyses did not alter the re-
sults of the CVD risk factors associated with increased
risk for future RA (data not shown). However, age was
shown to be a significant factor associated with later RA
development. Therefore, analyses were performed where
age was stratified according to the median age at
50.19 years to receive two groups similar in size. These
analyses showed that most of the risk factors for CVD
were only significantly associated with increased risk for
subsequent RA among younger pre-symptomatic indi-
viduals (Table 3). BMI ≥ 25.0, elevated ApoB/ApoA1 ra-
tio and smoking were all significantly associated with
increased risk for development of RA in multivariable
conditional logistic regression models in younger indi-
viduals (OR = 1.45 (1.04–2.02), OR = 1.39 (1.00–1.93)
and OR = 2.11 (1.51–2.95), respectively) (Table 3). In
older individuals (>50.19 years), only smoking remained
significant in the multivariable model (OR = 1.74 (1.24–
2.45)) (Table 3).In older individuals (>50.19 years), only
smoking remained significant in the multivariable model
(OR = 1.74 (1.24–2.45)) (Table 3).

A variable with combinations of the five selected CVD
risk factors was computed. The differences in frequencies
between cases and controls of the combinations of no (ref-
erence), one, two or ≥ 3 of these risk factors for CVD were
significant (χ2 = 24.26, p = 2 × 10–5). Of the pre-

Table 3 Odds ratio (95%) for association of risk factors for cardiovascular disease with future RA from univariable and multivariable
conditional logistic regression models

Elevated ApoB/ApoA1a Smoking, everb BMI≥ 25.0c (kg/m2) Diabetes Hypertensiond

Cases 241 (52.9) 366 (67.8) 322 (59.9) 17 (3.1) 78 (14.3)

Controls 667 (47.0) 832 (51.3) 850 (52.7) 27 (1.6) 268 (16.3)

Univariable 1.25 (1.01–1.56)* 2.00 (1.63–2.47)*** 1.33 (1.09–1.63)** 1.98 (1.06–3.68)* 0.89 (0.72–1.11)

Multivariable 1.19 (0.95–1.50) 1.86 (1.48–2.35)*** 1.28 (1.01–1.62)* 1.75 (0.86–3.58) 0.87 (0.67–1.11)

Univariable, women 1.41 (1.09–1.84)* 1.92 (1.50–2.47)*** 1.34 (1.06–1.71)* 1.11 (0.46–2.67) 1.01 (0.77–1.32)

Multivariable, women 1.36 (1.03–1.80)* 1.82 (1.37–2.41)*** 1.16 (0.87–1.54) 1.11 (0.41–2.99) 0.99 (0.72–1.34)

Univariable, men 0.99 (0.68–1.43) 2.23 (1.53–3.27)*** 1.31 (0.91–1.90) 4.73 (1.71–13.08)** 0.76 (0.52–1.09)

multivariable, men 0.94 (0.63–1.40) 1.92 (1.26–2.92)** 1.56 (1.01–2.39)* 3.62 (1.13–11.64)* 0.67 (0.43–1.03)

Univariable, age≤ 50.19 years 1.51 (1.11–2.06)** 2.20 (1.62–2.98)*** 1.45 (1.09–1.93)* 2.09 (0.56–7.84) 0.88 (0.62–1.26)

Multivariable, age≤ 50.19 years 1.39 (1.00–1.93)* 2.11 (1.51–2.95)*** 1.45 (1.04–2.02)* 1.34 (0.28–6.27) 0.79 (0.53–1.19)

Univariable, age > 50.19 years 1.18 (0.86–1.62) 1.93 (1.43–2.60)*** 1.21 (0.91–1.62) 2.10 (1.02–4.36)* 0.91 (0.68–1.20)

Multivariable, age > 50.19 years 0.90 (0.65–1.26) 1.74 (1.24–2.45)** 1.09 (0.77–1.55) 2.07 (0.90–4.81) 0.90 (0.65–1.26)

Data shown for all individuals overall, stratified for sex and age at 50.19 years
Data presented as n (%) or odds ratio (95% confidence interval)
Apo apolipoprotein, BMI body mass index, RA rheumatoid arthritis
aMales > 0.8, females > 0.7 including lipid lowering therapy
bSmoking ever compared with never smoking
cBMI ≥ 25.0 compared with BMI < 25.0
dSystolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg including treatment for hypertension compared with SBP <
140 mmHg and DBP < 90 mmHg and no ongoing hypertensive treatment
*p ≤ 0.05,**p ≤ 0.01, ***p ≤ 0.001, dependent variable case/control
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symptomatic individuals, 41.5% had three or more risk
factors compared with 30.4% of the controls (χ2 = 19.17, p
= 1 × 10–5). Corresponding numbers for male cases and
controls were 47.0% and 39.1% (χ2 = 7.80, p = 0.005) and
for female cases and controls were 38.7% and 26.3% (χ2 =
13.05, p = 3 × 10–4), respectively. Having one, two or ≥3
CVD risk factors were all significantly associated with fu-
ture RA, with the highest OR for three or more risk fac-
tors (OR = 2.81 (1.78–4.44)) and significant both for
women and men (OR = 2.63 (1.59–4.36) and 5.09 (1.48–
17.54), respectively) (Table 4).
Also, the younger pre-symptomatic individuals had

significantly higher ORs for combinations of CVD risk
factors (OR = 1.80 (1.04–3.14), 2.02 (1.14–3.57) and 4.00
(2.25–7.13) for one, two or ≥3 of the factors, respect-
ively, with no risk factor as the reference group),
whereas none of the combinations of CVD risk factors
were significant among the older individuals (Table 4).

Sensitivity analyses
Sensitivity analyses were performed on pre-symptomatic
individuals who had experienced symptoms ≤1 year within
recruitment into the VIP or MONICA study. This showed
that there were no significant differences between them
and the rest of the cases regarding age, sex, BMI, ApoB/
ApoA1 ratio and systolic or diastolic blood pressure. In
the univariable analyses, the association of elevated ApoB/
ApoA1 ratio was weakened by exclusion of cases with
pre-symptomatic duration ≤ 1 year. However, when strati-
fied for sex the associations were unchanged.
In the multivariable analysis, the association for BMI ≥

25 for later RA development was altered (OR (95% CI)
= 1.24 (0.98–1.58)) and when stratified for sex the sig-
nificance among male cases was lost (OR (95% CI) =
1.43 (0.92–2.22), p = 0.11). Sensitivity analysis after im-
putation of data for ApoB/ApoA1 did not show any dif-
ferences for the cardiovascular risk factors, nor for age
or sex distributions.

Discussion
In this study we have shown that individuals who subse-
quently develop RA have increased levels and frequencies
of CVD risk factors years before onset of RA. Some of the
CVD risk factors prevalent in the pre-symptomatic indi-
viduals (e.g. smoking and elevated BMI) have previously
been identified as potential risk factors for RA [12, 15, 16].
We have shown that smoking is related to an in-

creased risk of future RA regardless of sex or age with a
two-fold increased risk. The other risk factors showed
differences when stratified for sex or age. In women the
significant risk factor other than smoking was elevated
ApoB/ApoA1 ratio, whilst among male cases BMI ≥ 25.0
and diabetes were associated with an increased risk. Dia-
betes had a four-fold risk, which was the highest of all
risk factors studied. In the cohort study by Lahiri et al.
[17], being a current smoker was associated with an in-
creased risk of future RA or IP in men, whilst diabetes
was associated with an increased risk of RA in women.
In the general population, smoking and diabetes have a
slightly greater effect in women compared with men for
risk of CVD [22], even though male sex is reported to be
a risk for developing type 2 diabetes [23].
The relationship between obesity and RA has proved

contradictory; a recent meta-analysis of 11 studies con-
cluded that an increased BMI could contribute to higher
risk for RA [15]. Recently, we published a study focusing
on obesity as a possible risk factor for future RA develop-
ment based on data from the same cohorts as this study,
showing that obesity or abdominal obesity was associated
with risk of future RA, mainly in men with an early dis-
ease onset [16]. In the present study, a higher BMI was as-
sociated with increased risk for future RA, even when
adjusting for smoking, ApoB/ApoA1 ratio, diabetes,
hypertension and educational level, although, when strati-
fying for sex, the association of BMI ≥ 25.0 for future RA
was restricted to men. The association of being over-
weight or obese with the risk of RA could potentially be
due to both conditions being linked with inflammation,

Table 4 Multivariable conditional logistic regression analyses for subsequent RA stratified for number of risk factors for
cardiovascular diseasea present, stratified for median age (50.19 years) and sex

No risk factor One risk factor Two risk factors ≥3 risk factors

All Reference 1.73 (1.10-2.73)* 1.85 (1.17-2.94)** 2.81 (1.78-4.44)***

Age≤ 50.19 years Reference 1.80 (1.04-3.14)* 2.02 (1.14-3.57)* 4.00 (2.25-7.13)***

Age > 50.19 years Reference 1.58 (0.65-3.87) 1.63 (0.69-3.83) 2.08 (0.90-4.85)

Women Reference 1.47 (0.89-2.42) 1.55 (0.94-2.58) 2.63 (1.59-4.36)***

Men Reference 3.92 (1.10-13.91)* 4.12 (1.18-14.36)* 5.09 (1.48-17.54)*

Data presented as odds ratio (95% confidence interval)
Apo apolipoprotein, BMI body mass index, RA rheumatoid arthritis
aRisk factors for cardiovascular disease: elevated ApoB/ApoA1 ratio (males > 0.8, females > 0.7 including lipid lowering therapy), smoking ever, diabetes
(self-reported in questionnaires), hypertension (systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg including treatment for
hypertension), BMI ≥ 25
*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, dependent variable case/control. Pre-symptomatic individuals compared with controls (reference being no risk factor present),
stratified for age ≤ 50.19 years or > 50.19 years and women/men
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and consequently with increased levels of inflammatory
cytokines. It can be hypothesized that one reason why
BMI ≥ 25.0 was not associated with a significant risk for
future RA among women in our study was that among
these pre-symptomatic individuals a relatively high pro-
portion had yet to reach menopause, when overweight
and obesity is known to increase. Additionally, in obese
men accumulation of fatty tissue is mainly visceral, with
more abundant pro-inflammatory cytokines, whereas in
pre-menopausal women it is mainly subcutaneous [24].
Apolipoprotein A1 (ApoA1) is the major apolipoprotein

in HDL, and higher levels are associated with a reduced risk
for CVD; ApoB is the main apolipoprotein in LDL and
therefore atherogenic. Several studies have shown that
ApoB and the ratio of ApoB/ApoA1 are a better predictor
for CVD and CV events than total cholesterol, LDL-
cholesterol and cholesterol/HDL ratio [25–28]. In a study
on patients with RA analysing possible predictors for CV
events during 18 years, the ratio of ApoB/ApoA1 was pre-
dictive for CV events without association with inflam-
matory markers [29]. In this study we showed that the pre-
symptomatic individuals had a significantly higher fre-
quency of elevated ApoB/ApoA1 ratio compared with
matched controls, and stratification for sex showed that the
association with increased risk for future RA was restricted
to women. Consistent with these results, a previous publi-
cation reported that blood donors who later developed RA
had a more atherogenic lipid profile with higher total chol-
esterol, triglycerides and ApoB together with decreased
HDL-cholesterol, with remaining levels after adjustment for
CRP [13]. In a recent study, high serum levels of cholesterol
in women were associated with future RA [30].
Hypertension was not more frequent among pre-

symptomatic individuals compared with controls. One
possible reason for this could be that pre-symptomatic in-
dividuals had not yet experienced symptoms of joint dis-
ease and, therefore, had no greater usage of NSAIDs,
known to increase blood pressure, compared with the
controls. The use of glucocorticoids in RA has also been
associated with hypertension and could partly explain that
there is no difference in the frequency of this condition in
pre-symptomatic individuals compared with controls, be-
cause the pre-symptomatic individuals had not yet been
prescribed any glucocorticoids. Furthermore, it has been
suggested that a systemic inflammation with high CRP
levels and elevated cytokines can lead to hypertension, as
reviewed by Panoulas et al. [31]. Unfortunately, we had no
information on CRP levels in the pre-symptomatic indi-
viduals but it could be speculated that levels had not
reached those observed in newly diagnosed RA patients.
Because age, in addition to the risk factors, had an im-

pact on the association of being pre-symptomatic, indi-
viduals were stratified for age. Both elevated ApoB/
ApoA1 ratio and BMI ≥ 25.0 are associated with future

development of RA in younger individuals. A recent
meta-analysis studying whether the same impact of age
and gender on CVD risk was seen in RA as in the gen-
eral population, with the highest risk among men and
older individuals, concluded that the risk of CVD is age
dependent [32]. The highest relative risk for CVD was in
the youngest RA patients [32]. Interestingly, the results
in our study showed that the presence of most of the
CVD risk factors was only significantly associated with
increased risk among younger pre-symptomatic individ-
uals. The same pattern was observed of having the com-
bination of the CVD risk factors, which were only
significantly more prevalent in younger pre-symptomatic
individuals compared with matched controls.
One limitation of this study is that approximately 60%

of the population participates in the studies at the Med-
ical Biobank. Being male, non-EU country of birth, sin-
gle living in rural areas, low educational level, low
income, being hospitalized more than twice and prior
CVD characterized the non-participants [33]. The lack
of data from these individuals possibly has an impact on
our analyses in several ways, both strengthening and
weakening the associations. Additionally, a limitation is
that individuals younger than 40 years when affected
with RA would be lost from inclusion in our study. Fur-
thermore, for some of the variables, such as information
on HDL-cholesterol, LDL-cholesterol and waist circum-
ference, data were lacking and therefore interpretation
of these results should be made with caution.
The strengths of this study include the possibility to

use data from a well-defined large population-based
database incorporating individuals having previously par-
ticipated by completing questionnaires and donating
blood samples to the cohorts in the Medical Biobank
prior to onset of symptoms of RA. The blood pressure
and anthropometric measurements were assessed by a
trained nurse in all individuals. Most of the analyses
were undertaken with conditional logistic regression
analyses because for each pre-symptomatic individual
three controls were selected randomly from the same
cohorts and matched for sex, date of birth and year
of clinical examination, and rural or urban living area.
The subsequent diagnosis of the cases was based on
clinical examinations by a rheumatologist. The con-
trols were not clinically examined for presence of
joint disease, but until the end of 2014 (when the co-
analysis of registers was performed) they were not di-
agnosed with RA.
We have analysed the associations of the CVD risk

factors with the development of future RA, but it is
tempting to speculate about the impact of the presence
of the CVD risk factors years before onset of symptoms
of RA and the known relationship between RA and car-
diovascular co-morbidity and mortality [9].
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Conclusions
Our results show that several of the known CVD risk
factors, of which several are per se related, are present in
individuals prior to the onset of symptoms of RA. In
pre-symptomatic women both smoking and an elevated
ApoB/ApoA1 ratio were significantly more prevalent
compared with matched controls, whereas in men smok-
ing, BMI ≥ 25.0 and diabetes were significantly associ-
ated with increased risk of future development of RA.
Also, the pre-symptomatic individuals had significantly
higher frequencies of combinations of the CVD risk fac-
tors compared with matched controls, particularly the
younger individuals. Together, these results urge a
prompt analysis of CVD risk factors for proposed pre-
vention in patients with early RA.
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