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ABSTRACT. Objective. To determine the association of serum asymmetric dimethylarginine (ADMA) with clinical
features, laboratory tests, treatment, cardiovascular risk factors, and subclinical atherosclerosis in
patients with systemic lupus erythematosus (SLE).

Methods. Serum ADMA concentrations were determined by ELISA, using purified ADMA as a stan-
dard. Coronary calcium was measured by helical computerized tomography.

Results. Two hundred patients with SLE participated. Patients had a mean age of 44.3 + 11 .4 years and
were 92% female, 61% Caucasian, 34% African American, 2% Asian, and 2% Hispanic; 18% had ele-
vated ADMA levels. The mean ADMA was 0.31. Significantly higher ADMA levels were found in
African Americans (p < 0.001), and were correlated with anti-dsDNA (p < 0.001), anti-Sm (p = 0.005),
anti-ribonucleoprotein (p = 0.002), low C4 (p = 0.004), and high erythrocyte sedimentation rate (p <
0.001). ADMA was negatively associated with total cholesterol (p = 0.004). Elevated ADMA was asso-
ciated with the presence of coronary calcium (p = 0.02).

Conclusion. Elevated ADMA is strongly associated with African American ethnicity, anti-dsDNA, low
complement, and prednisone use, all markers of poor prognosis in SLE. It is negatively associated with
hyperlipidemia, but positively associated with coronary calcium. Thus, it identifies a subset of SLE
patients with normal lipid levels who are at risk for atherosclerosis. (J Rheumatol 2007;34:1502-5)
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Nitric oxide (NO), released from endothelial cells, is a strong
vasodilator that regulates vascular tone. Decreased bioavail-
ability of NO results in endothelial dysfunction, one of the
earliest steps in the process of atherosclerosis'. NO regulates
tissue blood flow, and inhibits platelet aggregation and leuko-
cyte adhesion on the endothelial surface. It is synthesized by
stereospecific oxidation of the terminal guanidinonitrogen of
the amino acid l-arginine by a family of NO synthases
(NOS)2. Asymmetric dimethylarginine (ADMA) is an
endogenous NOS inhibitor. After posttranslational methyla-
tion from proteins involved in RNA processing and transcrip-
tional control, ADMA is released by endothelial cells#.
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PROGNOSIS
SYSTEMIC LUPUS ERYTHEMATOSUS

High ADMA concentrations are seen in chronic heart fail-
ure, diabetes mellitus, and hypertension®”’. In a study of
healthy Japanese, ADMA was associated with age, hyperten-
sion, and carotid artery intima-media thickness. ADMA and
C-reactive protein (CRP) levels emerged as the sole inde-
pendent predictors of progression of carotid intimal lesions
during a followup period of 1 year®. In a prospective, nested
case—control study of middle-aged, nonsmoking men in
Finland, plasma levels of ADMA in the highest quartile were
associated with a 3.9-fold increase in risk for acute coronary
events’. In the CARDIAC study, an ADMA concentration
> 1.75 uM/1 led to a 6- to 7-fold increase in cardiovascular
disease!?.

In a study of 107 patients with systemic lupus erythemato-
sus (SLE), mean plasma ADMA levels were higher in those
with cardiovascular events, including coronary artery disease,
ischemic cerebrovascular events, and peripheral artery dis-
ease. Multivariate analysis showed that high SLE Disease
Activity Index activity scores, high Systemic Lupus
International Collaborating Clinics/American College of
Rheumatology damage index, high anti-dsDNA titers, and
low serum high density lipoprotein (HDL) were also signifi-
cantly associated with high plasma ADMA levels'!. ADMA
has not been previously studied in subclinical atherosclerosis
in SLE.
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MATERIALS AND METHODS
Patients. Two hundred patients with SLE gave informed consent to partici-
pate in the Lupus Atherosclerosis Prevention Study. The study was approved
by the Johns Hopkins University School of Medicine Institutional Review
Board. Patients with a history of an atherosclerotic event (angina or myocar-
dial infarction) were excluded. Any patient with a low density lipoprotein
(LDL) level > 190 mg/dl or with a triglyceride level > 500 mg/dl was also
excluded. However, 33.5% had a cholesterol above 200 mg/dl, 8% had a cho-
lesterol above 240, 10% had elevated triglycerides, and 7% had low HDL.
All patients were part of the Hopkins Lupus Cohort. Demographic, clini-
cal, laboratory, and treatment data were obtained from the prospective cohort
database.

ADMA. Serum ADMA concentrations were measured using a commercial
sandwich ELISA kit (Cardiovasics, Palo Alto, CA, USA), according to the
manufacturer’s instructions. All samples were measured in duplicate. ADMA
concentrations (in M) were determined using a standard curve prepared in
parallel on each plate, using purified ADMA. ADMA = 0.5 uM was consid-
ered high.

Image acquisition and evaluation. Coronary calcification was assessed on
helical computerized tomography with a Siemens Volume Zoom Scanner
(Siemens Medical Solutions, Malvern, PA, USA), using a 2.5 mm collimation
and a slice width of 3 mm. Data were reloaded into a Siemens Leonardo
workstation, using the Siemens calcium scoring software. The software cal-
culated a calcium score, as described by Budoff, ez al'2.

Carotid duplex was performed using high resolution linear transducers
(5-10 MHz; Acuson 128XP, Hewlett Packard Image Point or ATL HDI-3000)
in the General Clinical Research Center at Bayview Medical Center. Images
were acquired of the distal common carotid arteries, carotid bulb, and proxi-
mal internal carotid arteries in the sagittal plane. Carotid intima-media thick-
ness was measured at the near and far walls of the distal common carotid
artery and Doppler spectrum tracings were taken in the first 2 cm of the prox-
imal internal carotid artery. Flow velocities of the common carotid artery and
internal carotid artery were also obtained. If atherosclerotic plaque was iden-
tified, transverse images and measurements of plaque were recorded.

Statistical analysis. All results for continuous variables are expressed as
means + standard deviation, unless specified otherwise. Continuous variables
were analyzed with a 2-sided t-test. Categorical variables were compared by
the Pearson chi-squared or Fisher’s exact test. One-way analysis of variance
was performed for normally distributed variables. Statistical analysis was per-
formed using JMP (v5.0.1, SAS Institute, Cary, NC, USA). A p value of 0.05
was taken as statistically significant.

RESULTS
Data were obtained on 200 subjects with SLE (92% female).

The patients were 61% Caucasian, 34% African American,
2% Asian, 2% Hispanic, and 1% other ethnicity. The mean age
was 443 + 114 years. Cumulative clinical manifestations
included malar rash 63%, discoid rash 23%, photosensitivity
60%, oral ulcers 54%, arthritis 80%, serositis 50%, renal dis-
order 40%, neurological disorder 9%, immunologic disorder
75%, and antinuclear antibody positivity 97%. Eighteen per-
cent of the patients had a positive ADMA. The mean ADMA
was 0.31 £ 0.20.

ADMA levels were strongly associated with different sero-
logic measures of disease activity in lupus, including anti-
dsDNA (< 0.0001), low C3 (p = 0.0233), and low C4 (p =
0.0043) (Table 1).

ADMA levels were not associated with traditional cardio-
vascular risk factors (Table 2). However, ADMA was associ-
ated with fibrinogen (401 £ 95 vs 349 + 93 mg/dl; p = 0.003).
It was not associated with homocysteine [10.1 + 3.4 vs 9.8 +
3.1 umol/l; p = not significant (NS)] nor with high sensitivi-
ty-CRP (5.8 £ 5.0 vs 4.7 = 6.19 ng/l; p = NS). ADMA was
negatively associated with hyperlipidemia (Table 3).

Abnormal ADMA levels were associated with coronary
calcium (0.28 + 0.18 vs 0.34 + 0.22; p = 0.02; Table 4). SLE
patients with abnormal ADMA levels had a higher percentage
of mild carotid plaque than those with normal ADMA (54% vs
39%), but this failed to reach statistical significance.

DISCUSSION

Endothelium-derived NO is a strong vasodilator and has
antiatherogenic properties®!13. In animal models, a decrease in
NO bioavailability leads to the development of atherosclero-
sis, and supplementation of L-arginine may reverse the
process!3. ADMA is an endogenous competitive inhibitor of
NO synthase. High concentrations of ADMA are associated
with risk factors for atherosclerosis, including hypercholes-
terolemia, aging, and hypertension'4!3. ADMA levels gener-
ally predict future cardiovascular risk and death!¢, although

not in patients with chronic kidney disease!”.

Table 1. ADMA levels by presence or absence of variable. Data are mean + SD.

Characteristic Factor Absent Factor Present p
Demographics
Ethnicity (African American) 0.23+0.17 042 +£0.20 < 0.0001
Serologies
Anti-dsDNA 0.23+£0.20 035+0.19 <0.0001
Anti-Sm 029+0.20 041 +0.20 0.0052
Anti-RNP 0.28 £0.20 0.39+0.18 0.0019
Low C3 (mg/dl) 027 +0.19 034+0.21 0.0233
Low C4 (mg/dl) 027+0.18 0.35+0.22 0.0043
Inflammatory markers
ESR (= 25 mm/h) 021+0.16 034+0.21 <0.0001
hs-CRP (mg/l) 47 +6.19 58+50 0.37
Treatment
Prednisone use 025+0.19 0.32+0.20 0.0470
Hydroxychloroquine use 028 £0.23 030+0.19 0.64
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Table 2. ADMA levels by presence or absence of non-lipid traditional car-
diovascular risk factors. Data are mean + SD.

Risk Factor Factor Absent Factor Present p

Hypertension 0.29 +0.20 031+0.19 0.64
Obesity 0.31+£0.19 029 +0.21 0.56
Smoking 0.30+0.20 0.30+0.19 097
Diabetes mellitus 0.30 £0.20 0.32+0.20 0.66

Table 3. ADMA and lipid levels. Data are mean + SD.

Normal ADMA  Abnormal ADMA, p

Lipid = 0.5uM

Total cholesterol (mg/dl) 190 + 37 169 + 37 0.0035
LDL cholesterol (mg/dl) 106 + 30 93 +30 0.0190
HDL cholesterol (mg/dl) 61 +18 55+ 15 0.0705

LDL, low density lipoprotein; HDL, high density lipoprotein.

A previous smaller study also found that ADMA was asso-
ciated with anti-dsDNA in SLE!. For the first time, we have
found that ADMA is also associated with anti-Sm, anti-RNP,
low complement, and high sedimentation rate. In our study,
ADMA was associated with multiple markers of poor progno-
sis in SLE, including African American ethnicity, anti-
dsDNA, low complement, and prednisone use.

In the general population, ADMA is associated with hyper-
lipidemia'®. However, in patients with SLE, we have shown a
negative association of ADMA with lipids. Moreover, in our
study, there was no association with other traditional cardiovas-
cular risk factors, such as obesity, hypertension, and smoking.

ADMA has been independently associated with carotid
intima-media thickness!®, early coronary atherosclerosis in
men?’, stroke, and transient ischemic attack?!? in the gener-
al population. We now report that ADMA is associated with
coronary calcium in patients with SLE. These results are con-
sistent with studies in the general population that have shown
higher ADMA levels in those with coronary artery disease®-1°.
We measured ADMA once; we recognize that coronary calci-
um accumulated over a long period of time. Fluctuation of
ADMA levels could not be ascertained in this study. In SLE,
ADMA is more of a risk factor for coronary atherosclerosis
than for carotid atherosclerosis. In our study, SLE patients
with abnormal ADMA were also more likely to have “mild”
carotid plaque, but this failed to reach statistical significance.
A differential effect of risk factors on coronary versus carotid
atherosclerosis is not a new concept. For example, in the

Table 4. ADMA and subclinical atherosclerosis.

Atherosclerosis Risk In Communities Study (ARIC), CRP
was associated with coronary, but not carotid, athero-
sclerosis?>.

Recent data have suggested that oxidized LDL cholesterol
or native LDL may increase ADMA accumulation®*>3.
Oxidized LDL is known to be increased in SLE and may be
one explanation for higher ADMA levels?®. ADMA levels
were significantly reduced in one 6-week trial of rosuvastatin
in the general population'®, but not in 2 other statin trials?’-?8.
Thus, it is not certain whether statins will be an effective inter-
vention for ADMA.

ADMA is a novel marker of “poor prognosis” in SLE, in
terms of both clinical SLE and coronary atherosclerosis.
ADMA thus might become the second “lupus factor” along
with proinflammatory HDL? to identify patients with SLE
having normal lipids at risk for atherosclerosis.

REFERENCES

1. Landmesser U, Hornig B, Drexler H. Endothelial function: a critical
determinant in atherosclerosis? Circulation 2004;109:1127-33.

2. Moncada S, Higgs A. The 1-arginine-nitric oxide pathway. N Engl
J Med 1993;329:200-12.

3. Najbauer J, Johnson BA, Young AL, Aswad DW. Peptides with
sequences similar to glycine, arginine-rich motifs in proteins
interacting with RNA are efficiently recognized by
methyltransferase(s) modifying arginine in numerous proteins.

J Biol Chem 1993;268:10501-9.

4. Tang J, Kao PN, Herschman HR. Protein-arginine
methyltransferase I, the predominant protein-arginine
methyltransferase in cells, interacts with and is regulated by
interleukin enhancer-binding factor 3. J Biol Chem
2000;275:19866-76.

5. Zelis R, Mason DT, Braunwald E. A comparison to the effects of
vasodilator stimuli on peripheral resistance vessels in normal
subjects and in patients with congestive heart failure. J Clin Invest
1968;47:960-70.

6. Johnstone MT, Creager SJ, Scales KM, Cusco JA, Lee BK, Creager
MA. Impaired nitric oxide-mediated vasodilation in patients with
non-insulin-dependent diabetes mellitus. Circulation
1993;88:2510-6.

7. Park JB, Charbonneau F, Schiffrin EL. Correlation of endothelial
function in large and small arteries in human essential
hypertension. ] Hypertens 2001;19:415-20.

8. Miyazaki H, Matsuoka H, Cooke JP. Endogenous nitric oxide
synthase inhibitor. A novel marker of atherosclerosis. Circulation
1999;99:1141-6.

9. Valkonen VP, Piivd H, Salonen JT, Lakka TA, Lehtiméki T, Laakso
J. Risk of acute coronary events and serum concentration of
asymmetrical dimethylarginine. Lancet 2001;358:2127-8.

10. Lenzen H, Tsikas D, Boger RH. ADMA and the risk for coronary
heart disease: the Multicenter CARDIAC Study. Eur J Clin
Pharmacol 2005:8:1-5.

11. Bultink IE, Teerlink T, Voskuyl AE. Raised plasma levels of

Indicator Normal ADMA Abnormal ADMA, Odds Ratio  95% CI p
> 0.5 uM

Coronary calcium, % 38 60 2.39 1.13-5.0 0.02

Carotid plaque, % 86 77 0.54 0.22-1.34 0.18

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. |—

1504

The Journal of Rheumatology 2007; 34:7

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

16.

ADMA are associated with cardiovascular events, disease activity
and organ damage in patients with SLE. Ann Rheum Dis
2005;64:1362-5.

Budoff MJ, Georgiou D, Brody A, Agatston AS, Kennedy

J, Wolfkiel C. Ultrafast computed tomography as a diagnostic
modality in the detection of coronary artery disease: a multicenter
disease: a multicenter study. Circulation 1996;93:898-904.

Cooke JP, Singer AH, Tsao P, Zera P, Rowan RA, Billingham ME.
Antiatherosclerotic effects of L-arginine in hypercholesterolemic
rabbit. J Clin Invest 1992;90:1168-72.

Boger RH, Bode-Boger SM, Szuba A, Tsao PS, Chan JR, Tangphao
O. ADMA: a novel risk factor for endothelial dysfunction: its role
in hypercholesterolemia. Circulation 1998;98:1842-7.
Goonasekera CD, Shah V, Rees DD, Dillon MJ. Vascular
endothelial cell activation associated with increased plasma
asymmetric dimethyl arginine in children and young adults with
hypertension: a basis for atheroma? Blood Press 2000;9:16-21.
Schnabel R, Blankenberg S, Lubos E, et al. Asymmetric
dimethylarginine and the risk of cardiovascular events and death in
patients with coronary artery disease: results from the AtheroGene
Study. Circ Res 2005;97:¢53-9. Epub 2005 Aug 11.

Busch M, Fleck C, Wolf G, Stein G. ADMA and SDMA as
potential risk factors for cardiovascular and renal outcome in
chronic kidney disease — possible candidates for paradoxical
epidemiology? Amino Acids 2006;30:225-32.

Lu TM, Ding YA, Leu HB, Yin WH, Sheu WHH, Chu KM. Effect
of rosuvastatin on plasma levels of asymmetric dimethylarginine in
patients with hypercholesterolemia. Am J Cardiol 2004;15:157-61.
Nanayakkara P, Teerlink T, Stehouwer C, et al. Plasma asymmetric
dimethylarginine (ADMA) concentration is independently
associated with carotid intima-media thickness and plasma soluble
vascular cell adhesion molecule-1 (sVCAM-1) concentration in
patients with mild-to-moderate renal failure. Kidney Int
2005;68:2230-6.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Elesber AA, Solomon H, Lennon RJ, et al. Coronary endothelial
dysfunction is associated with erectile dysfunction and elevated
asymmetric dimethylarginine in patients with early atherosclerosis.
Eur Heart J 2006;27:824-31.

Yoo-JH, Lee S-C. Elevated levels of plasma homocysteine and
ADMA in elderly patients with stroke. Atherosclerosis
2001;158:425-30.

Wanby P, Teerlink T, Brudin L, et al. Asymmetric dimethylarginine
(ADMA) as a risk marker for stroke and TIA in a Swedish
population. Atherosclerosis 2005;185:271-7.

Folsom AR, Aleksic N, Catellier D, Juneja AS, Wu KK. C-reactive
protein and incident coronary heart disease in the Atherosclerosis
Risk In Communities (ARIC) study. Am Heart J 2002;144:233-8.
Ito A, Tsao PS, Kimoto M, Ogawa T, Cooke JP. Novel mechanism
for endothelial dysfunction: dysregulation of dimethylarginine
dimethylaminohydrolase. Circulation 1999;99:3092-5.

Boger RH, Syndow K, Borlak J, Tuhm T, Lenzen H, Bode-Boger
SM. LDL cholesterol upregulates synthesis of ADMA in human
endothelial cells: involvement of S-adenosylmethionine dependent
methyl transferases. Circ Res 2000;87:99-105.

Kim SH, Lee CK, Lee EY, et al. Serum oxidized low-density
lipoproteins in rheumatoid arthritis. Rheumatol Int 2004;24:230-3.
Paiva H, Laakso J, Lehtimaki T, Ruokonen I, Laaksonen R. Effect
of high-dose statin treatment on plasma concentrations of
endogenous nitric oxide synthase inhibitors. J Cardiovasc
Pharmacol 2003:41:219-22.

Eid HM, Eritsland J, Larsen J, Arnesen H. Increased levels of
ADMA in populations at risk for atherosclerosis disease. Effects of
pravastatin. Atherosclerosis 2003;166:279-84.

McMahon M, Grossman J, FitzGerald J, Hahn B. The novel
biomarker pro-inflammatory HDL is associated with carotid artery
plaque in women with SLE (abstract). Arthritis Rheum 2006;54
Suppl:S522.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. |—

Petri, et al: ADMA and SLE

1505

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

