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ABSTRACT
Objective To examine the association of serum
inflammatory markers (erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP)) and serum lipid
measures (low-density lipoprotein (LDL)- and high-
density lipoprotein (HDL)-cholesterol) with risk of
myocardial infarction (MI) and ischaemic stroke (IS)
among rheumatoid arthritis (RA) patients.
Methods We conducted a retrospective cohort study
using 2005–2010 data from a US commercial health
plan. Eligible patients had two or more physician
diagnoses of RA during a baseline period of at least
180 days with continuous medical and pharmacy
coverage. We computed age-adjusted incidence rates of
MI and IS, and used spline regression to assess non-
linear associations and Cox-regression to quantify the
independent association between the laboratory values
and the outcomes.
Results We identified 44 418 eligible RA patients
(mean age 49 years; 76% women). CRP>10 mg/L
compared with <1 mg/L was associated with increased
MI risk (HR 2.12; 95% CI 1.02 to 4.38). ESR>42 mm/h
compared with <14 mm/h was associated with increased
risk of MI (HR 2.53; 95% CI 1.48 to 4.31) and IS (HR
2.51; 95% CI 1.33 to 4.75) risk. HDL-cholesterol
≥60 mg/dL (1.6 mmol/L) compared with <40 mg/dL
(1.0 mmol/L) was associated with reduced MI risk (HR
0.37; 0.21 to 0.66). The association between LDL and
MI was not linear; the lowest risk was observed among
patients with LDL between 70 mg/L (1.8 mmol/L) and
100 mg/L (2.6 mmol/L). We did not observe a significant
association between LDL and IS.
Conclusions This study provides evidence supporting
the hypothesis that RA-related systemic inflammation plays
a role in determining cardiovascular risk and a complex
relationship between LDL and cardiovascular risk.

INTRODUCTION
Patients with rheumatoid arthritis (RA) are at
increased risk for cardiovascular disease (CVD)
compared with those without RA.1 RA is associated
with a twofold to threefold higher risk of myocar-
dial infarction (MI) and a 50% higher risk of
stroke.2 3 The absolute risk of having a CVD event
was examined in a cohort of recently diagnosed RA
patients and age-matched and sex-matched non-RA
individuals.4 Among those 50–59 years of age,
83% of RA patients and 28% of non-RA indivi-
duals had >10% risk of having a CVD event

within 10 years, and the percentage increased to
100 among RA patients 60 or older.4 RA patients
are also disproportionately affected by high CVD
mortality. A meta-analysis of 111 758 RA patients
and 22 927 CVD events reported increased CVD
mortality in RA patients, with a standardised mor-
tality ratio of 1.5 (95% CI 1.4 to 1.6).5

The reasons for these excess risks are not well
understood. While some traditional CVD risk factors
have been shown to be more prevalent among RA
patients compared with those without RA, such as
smoking and elevated C-reactive protein (CRP)
levels, they explain only a portion of the observed
excess CVD risk in RA patients.3 6 7 Framingham
and Reynolds risk scores have been suggested to
underestimate CVD event risk by 50% among RA
patients.8 Furthermore, a recent study reported that
even when the modified EULAR systematic coronary
risk evaluation (mSCORE) was used, a scoring system
with a multiplier adapted for use in RA patients,
63% of RA patients at moderate cardiovascular risk
were found to have carotid plaque on ultrasound.9

Studies to identify additional biomarkers and to
further refine CVD risk prediction models for use
in RA patients have been called for.10 A number of
studies reported a positive association between
markers of RA disease activity and CVD risk, sug-
gesting that part of the excess CVD risk may be
attributable to RA-related systemic inflammatory
processes.11–13 CRP and erythrocyte sedimentation
rate (ESR) are important serum markers of RA
disease activity. In the general population, CRP
levels >3 mg/L have been associated with increased
CVD risk; in RA patients, one study reported a
positive association between CRP and CVD risk
that approached statistical significance (HR 1.10;
95% CI 0.99 to 1.22).11 However, because up to
70% of RA patients may have CRP >3 mg/L,14 the
association between higher CRP levels and CVD
risk is yet to be further elucidated. Furthermore,
the cumulative inflammatory burden, measured by
CRP and ESR levels measured over an extended
period, has been associated with subclinical athero-
sclerosis, cardiovascular risk and mortality.15 16

Elevated ESR has been associated with increased
CVD risk in RA patients in two additional ana-
lyses.11 17 Yet there are little data comparing the
two inflammatory measures with regard to their
associations with cardiovascular risk in the same
analysis.
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Further complicating the assessment of CVD risk among RA
patients, the contribution of lipids is currently a matter of
debate.17–19 Among RA patients, higher high-density lipoprotein
(HDL)-cholesterol has been shown to be associated with
reduced CVD risk in one retrospective cohort study17 and with
increased CVD risk in another.11 A comparison of blood
samples taken at least 10 years before the onset of RA to those
from non-RA controls reported elevated levels of total choles-
terol and triglyceride prior to RA onset among those who later
developed RA than the controls.19 In contrast, other studies
found lower levels of total cholesterol and triglyceride among
RA compared with non-RA patients20 and a significant decline
in these measures among RA patients prior to disease onset.21

In addition, one study reported an association between lower
total cholesterol and lower low-density lipoprotein
(LDL)-cholesterol with increased CVD risk, in contrast to that
in the general population.11

Given these uncertainties, the objective of the current study
was to examine the association between serum inflammatory
markers (ESR and CRP) and lipid measures (LDL- and
HDL-cholesterol) and risk of MI and ischaemic stroke (IS) in a
large retrospective cohort study of RA patients enrolled in a US
commercial health plan.

METHODS
Study population
Data for the current analyses were derived from the Optum
Insight Database for the period 2005 to 2010, which contained
longitudinal information on more than 90 million individuals
since 1993. The database included claims for services provided
at inpatient and outpatient settings and outpatient prescription
drug experience among individuals enrolled in a nationwide
private health plan.

Eligible participants for the current study were required to
satisfy the following criteria: (1) had at least two RA diagnoses
from physician encounters that were 7–365 days apart; (2) had
at least 180 days of continuous coverage with medical and phar-
macy benefits; and (3) had at least one of four laboratory tests
(CRP, ESR, HDL- or LDL-cholesterol) performed either during
baseline or follow-up with results recorded electronically.
Follow-up started on the first day (index date) when criteria 1
and 2 were satisfied and stopped when the patients were hospi-
talised for MI or IS, died, lost health plan coverage or reached
31 December 2010. The 180 days prior to follow-up start was
defined as the baseline period. RA patients who were hospita-
lised for MI or IS during the baseline period were excluded. If
patients were censored due to loss of health plan coverage but
subsequently re-enrolled, they could contribute additional
follow-up time (additional ‘episodes of care’) but had to meet
the eligibility criteria again.

Identification of study outcomes
The study outcomes were hospitalised MI and IS occurring
during follow-up and were captured using claims-based algo-
rithms that have been validated in prior studies to have high
positive predictive values (PPVs). IS cases were identified by
ICD-9-CM code 433.x1, 434 (excluding 434.x0) or 436 in any
position on the discharge diagnosis list associated with inpatient
hospitalisation at an acute care hospital (ie, not a rehabilitation
hospital). MI cases were identified by code 410.x1 at any pos-
ition associated with inpatient hospitalisations at an acute care
facility and a minimal length of stay of two nights except for
cases in which the patient died within two nights from admis-
sion. These algorithms have been associated with high PPVs to

identify the respective outcomes: IS (85–91%)22 23 and MI (86–
97%).24–26

Main exposures and covariates of interest
Laboratory data were obtained from tests ordered during
routine care of a subset of patients who had their laboratory
tests performed at laboratory networks, which record test
results electronically. We identified these patients and linked
their medical and pharmacy claims to their laboratory results
for ESR, CRP, hs-CRP, HDL-cholesterol and LDL-cholesterol.
We included laboratory values that occurred during the 6-month
baseline period and during follow-up, but prior to an outcome
event. Lab results were treated as time varying. In as much as
CRP and ESR could be elevated as a consequence of an MI or
stroke, and cholesterol might likewise be affected by an evolving
ischaemic event, labs occurred within 14 days prior to the event
dates were excluded to avoid measuring lab results too proxim-
ate to the outcome events of interest.

Age and gender were ascertained as of the study index date.
Clinical characteristics were ascertained from the claims during
the baseline period (for fixed covariates), which included
comorbidities, diabetes diagnosis from a physician and hyper-
tension diagnosis from a physician; and during baseline and
follow-up for use of statins and non-statin lipid-lowering medi-
cations, and use of RA medications (biologics, non-biologic
DMARDs and oral glucocorticoids). Comorbidities were mea-
sured using the Charlson Comorbidity Index, which has been
adapted for use with administrative data and has been shown
to predict short-term mortality and other serious outcomes.27

Exposure to statins, non-statin lipid-lowering medication, bio-
logics, methotrexate and all other non-biologic DMARDs were
captured as time varying on a person-day basis. Daily
drug arrays were constructed in order to assess drug therapy
based on fill dates and days of supply dispensed for each
prescription.

Statistical analysis
We characterised the distribution of patient characteristics as
mean (SD) or number (percentage). To allow for examination of
non-linear effect between the biomarker levels and CVD risk,
we used smoothing splines,28 adjusting for age and gender. We
then computed the age-adjusted (to census 2010 data) incidence
rates of hospitalised MI and stroke during follow-up stratified
by gender and by biomarker levels. Cut-points from the Adult
Treatment Panel (ATP) III guidelines were used to categorise the
HDL-cholesterol and LDL-cholesterol values29; an additional
cut-point for LDL-cholesterol was applied in the Cox regression
analysis suggested by the spline. Clinically meaningful cut points
for CRP (<1, 1–2, 3–10 and >10 mg/L) and ESR (<14, 14–27,
28–42 and >42 mm/h) were applied.14 30 Finally, we examined
the associations between the inflammation and lipid markers
with CVD risk using Cox regression adjusting for age, gender,
comorbidities, use of lipid-lowering medications and use of RA
medications. For the Cox regression analysis, we used a robust
sandwich variance estimator to correct for correlated data
because patients (<5%) could contribute more than one episode
to the analysis.31

Sensitivity analysis
Because the use of lipid-lowering medications and RA medica-
tions may be in the causal pathway for the association between
laboratory measures and CVD risk, we conducted two separate
Cox regression analyses: (1) among RA patients not exposed to
statins during baseline, censoring them if they initiated statins
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during follow-up; and (2) not adjusting for current use of RA
medications.

RESULTS
There were 44 418 eligible RA patients who met the inclusion
criteria for the study, and they contributed 46 490 episodes
of care (figure 1). The mean (SD) age was 49 years and 76%
were women. During baseline, 29% and 10% had hypertension
and diabetes; 17% were exposed to statins and 5% to a
non-statin lipid-lowering medication. Detailed data are
presented in table 1.

Examination of non-linear association between serum
biomarkers and MI/ischaemic stroke risk
After adjusting for age and gender, higher CRP and higher ESR
levels were associated with increased MI risk and the associa-
tions appeared monotonic (figure 2A,B). HDL-cholesterol was
linearly and inversely associated with MI risk (figure 2C). We
observed a non-linear J-shaped association between
LDL-cholesterol and MI risk (figure 2D). To further elucidate
the relationship, we examined the association between CRP and
MI in patients whose LDL-cholesterol was <100 mg/L
(2.6 mmol/L) and ≥100 mg/L. Interestingly, a positive associ-
ation was only observed among those whose LDL-cholesterol
was ≥100 mg/L (2.6 mmol/L) (data not shown). The results of
the spline regression with stroke as the outcome were similar to
those observed for MI, and the results are shown in figure 3A–D.

Age-adjusted incidence rates of hospitalised MI and
ischaemic stroke
Higher CRP and ESR levels and lower HDL-cholesterol levels
were associated with higher MI incidence. Consistent with the
spline, the lowest MI incidence was observed among those with

moderate LDL-cholesterol (≥100 mg/dL [2.6 mmol/L] and
<130 mg/dL [3.4/mmol/L]). MI incidence rates were higher in
men than in women, and trends observed among all RA patients
were observed among men and women separately (table 2).

Similar to MI, the incidence rates for stroke were higher in
men than in women (table 3). Higher CRP, higher ESR and
lower HDL-cholesterol levels were associated with higher stroke
incidence. The incidence rates were similar among RA patients
across all levels of LDL-cholesterol less than 160 mg/dL
(4.1 mmol/L) and appeared increased among those with
LDL-cholesterol ≥160 mg/dL. When stratified by gender, except
for the inverse association between HDL-cholesterol and stroke
risk, opposing trends were observed for men and women.

Multivariable COX-regression analysis
As shown in table 4, CRP>10 mg/L compared with <1 mg/L
was associated with a twofold increase in MI risk (HR 2.12;
95% CI 1.02 to 4.38). ESR>42 compared with <14 was asso-
ciated with a 2.5-fold increase in MI risk (HR 2.53; 95% CI
1.48 to 4.31). Higher HDL-cholesterol was significantly asso-
ciated with reduced MI risk (HR 0.37; 0.21 to 0.66). RA
patients with moderate LDL-cholesterol between 70 mg/dL
(1.8 mmol/L) and 130 mg/dL (3.4 mmol/L) were at the lowest
MI risk and with LDL-cholesterol >160 mg/dL (4.1 mmol/L) at
the highest risk. While somewhat attenuated, similar results
were observed for the association between CRP, ESR and
HDL-cholesterol with IS.

Sensitivity analysis
Results from sensitivity analysis in which patients taking
statins were excluded are presented in online supplementaryFigure 1 Flow chart of patient selection and outcomes.

Table 1 Patient baseline demographics and clinical characteristics

Patient baseline characteristics N = 46,490 episodes of care

Age, Yrs, mean (std) 49 (13)
Female, N, % 35 330 (76%)
Comorbidities
Hypertension, n (%) 13 283 (29%)
Diabetes, n (%) 4 529 (10%)
Charlson score*, mean (std) 1.0 (0.9)
Filled prescription for select medications
Statins, n (%) 7 952 (17%)
Non-statin lipid lowering medications, n (%) 2 205 (5%)
Anti-TNF biologics, n (%) 7 034 (15%)
Non-TNF biologics, n (%) 73 (0.2%)
Methotrexate, n (%) 14 337 (31%)
Non-methotrexate DMARDs, n (%) 10 612 (23%)
Average oral prednisone-equivalent glucocorticoid dose, n (%)
None 28 929 (62%)
> 0 and≤ 7.5 mg/d 15 037 (32%)
>7.5 and≤ 20 mg/d 2 318 (5%)

>20 mg/d 206 (0.4%)
Distribution of lab values
CRP, mg/L, median (IQR) 2.9 (6.5)
ESR, mm/hr, median, (IQR) 8 (15)
LDL, mg/dL [mmol/L], median (IQR) 108 (45) [2.8 (1.2)]
HDL, mg/dL[mmol/L], median (IQR) 51 (20) [1.3 (0.5)]

*A summary comorbidity score to predict short-term mortality and other significant
clinical outcomes.27

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TNF, tumour necrosis factor.
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appendix A. We observed a significant association between
higher ESR and increased MI and stroke risk. While not statis-
tically significant, the dose–response relationship between
higher HDL-cholesterol and lower stroke risk we observed in
the main analysis was not present. In the sensitivity analysis in
which the use of RA medications was not adjusted for, the
results were similar to that in the main analysis and details are
presented in online supplementary appendix B.

DISCUSSION
In this retrospective cohort study of RA patients, we observed
significant associations between higher CRP, higher ESR and
lower HDL-cholesterol levels with increased CVD risk.

The inverse association between HDL-cholesterol and CVD
risk in the present study is statistically significant with a clear
dose response and is consistently observed across outcomes
(both MI and IS) and across all types of analyses (spline,

incidence rates, crude and adjusted Cox regression analysis).
Together, with similar findings reported in a prior study,17

they suggest that high HDL-cholesterol confers a protective
effect in RA patients similar to that observed in the general
population.

We found a non-linear relationship between LDL-cholesterol
and CVD risk with the lowest CVD risk observed among
patients with LDL values between 70 mg/dL (1.8 mmol/L) and
130 mg/dL (3.4 mmol/L). Conflicting findings have been
reported regarding the association between dyslipidemia and
CVD risk in RA patients.11 20 In populations with advanced ill-
nesses, such as heart failure or end-stage renal disease, higher
LDL-cholesterol has been paradoxically associated with better
survival.32 33 The association between low LDL-cholesterol and
higher CVD risk may share the same aetiology of the ‘reverse
epidemiology’ of cardiovascular risk factors in such
populations.34 35

Figure 2 Age and sex-adjusted results from spline regression of the association between serum biomarkers and incident hospitalised myocardial
infarction (upper left CRP, upper right erythrocyte sedimentation rate (ESR), lower left high-density lipoprotein-cholesterol and lower right
low-density lipoprotein-cholesterol). CRP, C-reactive protein.
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An alternative explanation may be that the relationship
between cholesterol and CVD risk is different in RA patients
from the general population. In support of this possibility,
higher levels of inflammation have been linked to lower choles-
terol levels36 and data from a randomised trial found increases
in total, HDL-cholesterol and LDL-cholesterol levels shortly
after treatment initiation among patients with aggressive
recent-onset RA.37 A recent study found that genetic factors
contributing to RA susceptibility were associated with reduced
LDL-cholesterol level among RA patients. The study created a
RA genetic risk score based on 44 published non-HLA RA risk
loci and found that each unit increase in the RA risk score was
associated with a 0.43 mg/dL (0.01 mmol/L) decrease in
LDL-cholesterol.38

Our finding of a positive and significant association between
inflammatory markers and CVD risk is consistent with those
reported from prior studies. CRP >3 mg/L is positively asso-
ciated with increased CVD risk in the general population, and

our findings suggest that higher CRP continue to confer
increased CVD risk above levels seen in the general population.
The splines from the present study suggest that the magnitude
of the association between CRP and CVD risk was similar for
increases up to 30 mg/L and levelled off afterwards. ESR in the
highest quartile was associated with significantly increased CVD
risk. These findings underscore the important role played by RA
disease-related inflammation in determining the patient’s CVD
risk and suggests a potential mechanism for potent RA treat-
ment that reduce inflammation to have a beneficial effect on
CVD risk.

Because inflammatory markers and use of RA medications
could be mutually interdependent, we conducted a sensitivity
analysis in which we did not adjust for the use of RA medica-
tions. Results were similar to that observed in the main analysis.
In addition, we conducted a separate analysis among a homoge-
neous subgroup of patients not exposed to statins. The exclu-
sion did not alter the findings for MI but resulted in attenuation

Figure 3 Age and sex-adjusted results from spline regression of the association between serum biomarkers and incident hospitalised ischaemic
stroke (upper left CRP, upper right erythrocyte sedimentation rate (ESR), lower left high-density lipoprotein-cholesterol and lower right low-density
lipoprotein-cholesterol). CRP, C-reactive protein.
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of the associations between HDL-cholesterol and
LDL-cholesterol with stroke. However, interpretation of this
subgroup analysis is difficult due to the small number of stroke
events, especially among those with higher LDL-cholesterol
levels.

Despite large numbers of RA patients, we still observed rela-
tively small numbers of MI and IS. This made some findings dif-
ficult to interpret after age and sex stratification. Another
limitation of the study was the lack of information on important
clinical CVD risk factors such as smoking or blood pressure

Table 2 Age-adjusted incidence rates for hospitalised MI stratified by levels of inflammatory markers and lipid levels and by gender

All Female Male

# Event # Person-years (PY)
Incidence rate (IR)
per 1000 PYs # Event # PY IR per 1000 PYs # Event # PY IR per 1000 PYs

CRP (mg/L)
<1 10 8962 1.08 2 6935 0.31 8 2027 3.71
1–2 20 12 068 1.53 10 9217 1.07 10 2850 3.01
3–10 31 8277 3.09 22 6452 2.77 9 1825 4.42

≥10 36 13 483 2.40 17 10 690 1.43 19 2794 6.24
ESR (mm/h)
<14 53 31 757 1.54 24 23 479 0.96 29 8279 3.22
14–27 24 9156 2.26 12 7647 1.34 12 1509 7.19
28–42 10 4749 2.09 5 4012 1.28 5 736 6.68
>42 20 3890 4.41 15 3184 3.80 5 706 7.79

HDL-cholesterol (mg/dL/mmol/L)
<40/1.0 52 9191 4.38 14 4748 1.50 38 4443 7.07
40/1.0–49/1.3 35 9949 3.94 16 6946 2.55 19 3003 6.80
50/1.3–59/1.5 19 10 508 1.85 12 8551 1.58 7 1958 2.89
≥60/1.6 18 11 824 1.36 14 10 861 1.09 4 963 4.24

LDL-cholesterol (mg/dL/mmol/L)
<100/2.6 52 17 015 2.75 22 12 458 1.60 30 4558 6.09
100/2.6–129/3.3 34 14 009 2.01 15 10 780 1.21 19 3230 4.70
130/3.4–159/4.1 24 7393 2.73 12 5586 1.89 12 1807 5.31
>160/4.1 11 2775 3.65 5 2140 2.12 6 635 8.75

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 3 Age-adjusted incidence rates for hospitalised ischaemic stroke stratified by levels of inflammatory markers and lipid levels and by
gender

All Female Male

# Event # Person-years (PY)
Incidence rate (IR)
per 1000 PYs # Event # PY IR per 1000 PYs # Event # PY IR per 1000 PYs

CRP (mg/L)

<1 8 8971 0.84 3 6937 0.42 5 2034 2.29
1–2 13 12 104 0.95 9 9213 0.92 4 2890 1.03
3–10 18 8289 1.80 11 6457 1.40 7 1832 3.32
≥10 21 13 511 1.46 12 10 699 1.15 9 2812 2.62

ESR (mm/h)
<14 34 31 819 0.98 19 23 481 0.75 15 8338 1.67
14–27 17 9172 1.75 14 7658 1.80 3 1514 1.52
28–42 8 4762 1.65 3 4021 0.66 5 741 7.22
>42 14 3889 3.03 13 3186 3.37 1 702 1.75

HDL-cholesterol, mg/dL [mmol/L]
<40/1.0 27 9283 2.62 13 4753 2.36 14 4530 2.86
40/1.0–49/1.3 20 9997 1.81 10 6968 1.06 10 3028 3.31
50/1.3–59/1.5 14 10 540 1.62 8 8559 1.40 6 1981 2.54
≥60/1.6 12 11 839 0.98 10 10 868 0.93 2 970 1.66

LDL-cholesterol mg/dL [mmol/L]
<100/2.6 31 17 147 1.64 14 12 481 1.04 17 4666 3.34
100/2.6–129/3.3 22 14 055 1.43 13 10 796 1.12 9 3259 2.50
130/3.4–159/4.1 12 7404 1.56 8 5592 1.34 4 1812 2.28
>160/4.1 7 2780 2.51 6 2137 2.76 1 643 1.76

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction.
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levels or on other important influences on CVD risk, such as
poverty. A 180-day baseline period may not be sufficiently long
enough to capture comorbidities, CVD risk factors and history
of CVD events. Because these factors might be associated with
inflammation, RA severity or CVD risk, they may be sources of
unmeasured or residual confounding. Another limitation of the
study is that we cannot guarantee that the lipids were measured
in a fasting state. However, a recent study showed that
HDL-cholesterol levels by fasting time (from 1 to 16 h fasting
time) varied by less than 2% and LDL-cholesterol by less
than 10%.39

Despite these limitations, our findings underline the import-
ance of systemic inflammation in determining the CVD risk of
RA patients and provide additional evidence supporting a com-
plicated relationship between dyslipidemia and CVD risk among
these patients. Our findings also highlight the need to correctly
classify RA patients in terms of their cardiovascular risk. This is
relevant to the European Society of Cardiology and the
European Atherosclerosis Society (ESC/EAS) guidelines that set
treatment goals on the basis of estimated cardiovascular risk.40

The recently issued new American College of
Cardiology-American Heart Association (ACC-AHA) guidelines
represent a shift from LDL-cholesterol goals to greater reliance
on level of risk.41 Given the renewed focus on risk and signifi-
cantly elevated CVD risk among RA patients, the development
and refinement of cardiovascular risk calculation in population
with chronic inflammation should be regarded a high-priority
area for future research.
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