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Abstract

Background

Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of nitric oxide synthase,

marker and mediator of endothelial dysfunction. Several studies have demonstrated its

value in cardiovascular risk stratification and all-cause mortality prediction. The aim was to

determine the reference range of plasma ADMA in healthy adults.

Methods and results

Taking into account the most widely used ADMA measurement methods, only studies using

either high performance liquid chromatography (HPLC) -with fluorescence or mass spectro-

metric detection-, or enzyme-linked immunosorbent assay (ELISA) to quantify plasma

ADMA concentrations were enrolled. 66 studies were included in the quantitative analysis

(24 using ELISA and 42 using HPLC) reporting a total number of 5528 non-diabetic, non-

hypertensive, non-obese adults without any medication (3178 men and 2350 women, 41.6 ±
16.9 years old). The reference range of ADMA (in μmol/l with 95% confidence interval in

parenthesis) was 0.34 (0.29–0.38)– 1.10 (0.85–1.35) with a mean of 0.71 (0.57–0.85) (n =

4093) measured by HPLC and 0.25 (0.18–0.31)– 0.92 (0.76–1.09) with a mean of 0.57

(0.48–0.66) (n = 1435) by ELISA.

Conclusions

Numerous publications suggested that asymmetric dimethylarginine is not only an outstand-

ing tool of disease outcome prediction but also a new potential therapeutic target substance;

the reference range provided by this meta-analysis can become of great importance and aid

to further investigations. However, developing a standard measurement method would be

beneficial to facilitate the clinical usage of ADMA.
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Introduction

Asymmetric dimethylarginine (ADMA) is a naturally occurring substance produced as a by-

product of the proteolysis of post-translational methylated proteins [1]. Its major function is

the competitive inhibition of nitric oxide synthase (NOS), which is responsible for generat-

ing nitric oxide (NO) from L-Arginine (L-Arg) [2]. Approximately 15% of the generated

ADMA is excreted through the renal system. The remaining amount is degraded by the

dimethylarginine dimethyl aminohydrolase (DDAH) enzyme, which is impaired by oxida-

tive stress [3]. Moreover, ADMA has been shown capable of uncoupling electron transport

between L-Arg and NOS resulting in production of reactive oxygen species [4]. Accordingly,

ADMA can be a useful marker and mediator of oxidative stress [1, 5]. Compared to healthy

controls elevated ADMA concentrations were found in patients suffering from hypertension,

coronary artery disease (CAD), heart failure, stroke, obesity, diabetes mellitus, kidney injury

and even inflammatory bowel diseases, which are of high public health significance [6–11].

Correlation between intima media thickness and ADMA concentrations was also demon-

strated [10, 11].

Multiple studies have found association between higher levels of ADMA and increased car-

diovascular risk especially in the cases of CAD [12–14]. In a population-based cohort with a

follow-up duration of 24 years, incidence of myocardial infarction and stroke increased with

ADMA [15]. Furthermore, higher all-cause mortality was associated with elevated levels of

ADMA in an 11-years-long prospective study of 3320 Framingham Offspring patients [16]. A

recent meta-analysis involving nearly 20,000 patients has confirmed these results by showing a

1.42 risk ratio of adverse cardiovascular disease outcomes comparing ADMA values of the top

tertile with the bottom tertile [17].

Currently, high performance liquid chromatography (HPLC), with fluorescence or mass

spectrometric detection-, and enzyme-linked immunosorbent assay (ELISA) are the most fre-

quently used analytical methods to determine plasma ADMA concentrations. HPLC is capable

of determining the quantity of multiple substances at the same time (e.g. symmetric dimethy-

larginine, L-Arg), however its high maintenance cost and time-consuming analysis can be

inconvenient. ELISA is an easy-to-use, fast method with the disadvantage of less sensitivity.

Regarding the comparability of these methods, in case of the analysis of the same samples

Schulze et al found nearly identical ADMA levels measured by ELISA and HPLC, while in

another study Shiroka et al found ELISA to overestimate ADMA values compared to HPLC

[18, 19]. Several studies aimed to determine the reference range of plasma ADMA, regrettably

only few of them investigated completely healthy individuals (Table 1).

Here we report a systematic review and a meta-analysis conducted to determine the refer-

ence range of plasma ADMA in healthy adults.

Materials and methods

Data sources

This study was designed in conformity with the guidelines of the 2009 Preferred Reporting

Items for Systematic Reviews and Meta-Analysis (PRISMA) statement.

On June 30th 2016 a comprehensive literature search was performed in Medline and Web

of Science using the following keywords: “asymmetric dimethylarginine” AND “healthy”

NOT “animal”. Literature search and managing of references were performed using “End-

Note X7 software” (Thomson Reuters Crp. 3 Times Square, New York, New York, United

States).
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Study selection

To be included in full text evaluation records had to: 1, report plasma ADMA concentrations;

2, report ADMA concentrations of healthy individuals; 3, report the method of ADMA analy-

sis; 4, report�20 patients. Review articles, meta-analyses and measurement methodical studies,

were excluded. To analyze the data of an adult population papers reporting ADMA concentra-

tions from individuals under the age of 18 were dropped. Furthermore, due to well-known

endocrinological changes, studies investigating pregnant individuals were excluded.

After full text evaluation, to be included in quantitative analysis articles had to: 1, report

ADMA values measured by either ELISA or HPLC; 2, report ADMA concentrations numeri-

cally; 3, state and/or indicate in “patients characteristics” that the controls are healthy individu-

als; 4, refer or report the method of ADMA measurement in detail.

Before statistical analysis another detailed review was performed to reveal diseases (e.g.

hypertension, diabetes, obesity, etc.) and sample origin. Papers reporting any unhealthy indi-

viduals or other samples than plasma (e.g. serum, urine, cell cultures, ect.) were excluded from

the final database.

Database search, abstract screening and full text evaluation were performed by two review-

ers independently (BN and EM). In the case of shortcomings the corresponding author of the

paper in question was contacted via e-mail. If the corresponding author was unavailable or

unable to answer the manuscript was excluded. The final database contained the following

parameters: name of the first author, publication date, ADMA levels in μmol/L, number of

participants, age of participants, gender distribution, the applied method, percentage of smok-

ers, country and region of the study, SBP, DBP and BMI. Continuous variables were recorded

as mean + standard deviation (SD) or standard error of mean (SEM) or median + interquartile

range (IQR). Due to the aims and the characteristics of this meta-analysis study quality assess-

ment was not performed, in order to rule out potential bias.

Quantitative data synthesis and analysis

Normal approximation was used for the meta-analysis, both for the mean and for the reference

interval.

For studies where only median and IQR or median and minimum/maximum were given,

the mean and SD were approximated using the method of Wan et al. [24]. Two studies

reported 2.5–97.5% percentile, but no other details were provided. These studies were

excluded from further analysis, as no meaningful estimation of mean and SD could be gath-

ered from these data. Likewise, one study was excluded because it reported mean and median

without any metric of dispersion. Confidence interval for the mean was calculated as

mean ± 1.96�SD/n1/2, and was visualized with diamonds.

Reference interval was calculated as mean ± 1.96�SD (under the assumption of normality,

this has a coverage of 95%). Confidence interval for the endpoints of the reference interval was

Table 1. Reference intervals of plasma ADMA.

HPLC ELISA

Author, date of

publication

No. of

participants

ADMA in μmol/L (2.5–97.5

percentiles)

Author, date of

publication

No. of

participants

ADMA in μmol/L (2.5 and 97.5

percentiles)

Blackwell, 2007 [3] 100 0.29–0.63 Deneva, 2011 [22] 150 0.22–0.69

Hov, 2007 [20] 238 0.40–0.77 Schultze, 2005 [23] 500 0.36–1.17

Schwedhelm, 2009

[21]

1124 0.311–0.732

https://doi.org/10.1371/journal.pone.0177493.t001
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also calculated with normal approximation [25]. In short, the mean and the variance are inde-

pendent for normal distribution, thus the variance of mean ± 1.96�SD is the variance of

mean ± 1.962 times the variance of SD. The former can be estimated as variance/n1/2 (as

sample variance is a consistent estimator of the population variance). As far as the latter

is concerned, SD follows a χ-distribution (as variance follows a χ2-distribution) after appropri-

ate scaling, namely
ðn� 1Þ

s2 SD2 � w2
n� 1

, thus the variance of SD can be approximated as

SD2

ðn� 1Þ
D2ðwn� 1Þ ¼

SD2

ðn� 1Þ
� n � 1 � 2

G n
2ð Þ

G n� 1
2ð Þ

� �2
" #

¼ SD2 � 1 � 2

n� 1

G n
2ð Þ

G n� 1
2ð Þ

� �2
" #

. Confidence interval

was then constructed using the quantiles of t-distribution with n-1 degrees of freedom (trun-

cated at zero if it were negative); it will be visualized as shaded areas around the endpoints of

the reference interval.

Normality can be very roughly assessed—without detailed distribution data—by comparing

mean with median (where both was given) and median with the midpoint of IQR (when those

were given). For our data, means and medians were very similar (IQR for the relative differ-

ence: 0.68%–5.68%), and also the IQR was rather symmetric around the median (IQR for the

relative difference between median and the midpoint of IQR: (-3.55%)–(-1.00%)). Very few

studies reported both SD and IQR, so they were not contrasted. Nevertheless, the available

data indicates that normality is plausible. Also, no study had less than 20 participants to allow

for central limit theorem to become effective (on one level higher, for the means).

Both fixed effects and random effects models were estimated, but due to the extreme het-

erogeneity, only the results of the random effects models are presented. The models were esti-

mated using restricted maximum likelihood [26].

Effects of moderator variables were studied with standard meta-regression approach [26].

All calculations were performed under R statistical program package version 3.3.2 [27] with

the metafor library version 1.9–9 [28] using a custom script that is available from the corre-

sponding author on request.

Results

Using the method discussed above 914 citations were identified on June 30th 2016. After

dropping duplicates 642 abstracts were reviewed. After abstract screening, 183 records were

included in full text evaluation. Eventually, 66 studies were included in the quantitative analy-

sis (24 using ELISA and 44 using HPLC). Study selection process and detailed reasons of exclu-

sions are indicated in Fig 1.

The detailed list of studies included in quantitative analysis is provided in supplementary

files.

The total number of healthy individuals identified was 5528 (3178 men and 2350 women,

41.6 ± 16.9 years old). The majority of the studies involved in our article were undertaken in

Europe (HPLC: 78.7%, ELISA: 93.1%). Due to the character of this meta-analysis most of the

involved articles are case-control studies.

42 studies using HPLC were included in the statistical analysis. 36 of these articles referred

to a HPLC method using fluorescence detection, the remaining 6 studies used LC/MS detec-

tion to measure ADMA concentrations.

24 studies using ELISA were involved in the quantitative analysis. 11 used ELISA kits pur-

chased from DLD Diagnostika GmbH (Hamburg, Germany), 12 used ELISA kits purchased

from Immundiagnostik (Bensheim, Germany) the remaining 1 referred to a method devel-

oped by Schulze et al. [18].

The reference range of ADMA (in μmol/l) was 0.34 (0.29–0.38)– 1.10 (0.85–1.35) with a

mean of 0.71 (0.57–0.85) (n = 4093) measured by HPLC and 0.25 (0.18–0.31)– 0.92 (0.76–
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1.09) with a mean of 0.57 (0.48–0.66) (n = 1435) by ELISA. Detailed results for each subgroup

are given in Table 2. Overall, with both methods combined, ADMA had a reference range of

0.30 (0.27–0.34)– 1.03 (0.87–1.20) (mean: 0.66 [0.56–0.75]). These results are visualized as for-

est plot on Figs 2 and 3.

Fig 1. Study flow diagram. High performance liquid chromatography (HPLC), Enzyme-linked immunosorbent assay (ELISA), Asymmetric

dimethylarginine (ADMA).

https://doi.org/10.1371/journal.pone.0177493.g001
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The overall results had extreme heterogeneity (Q = 16074, p<0.001; τ2 = 0.1682 (SE =

0.0279); I2 = 99.96%; H2 = 2438).

As possible moderator variables, average age, ratio of males, average BMI and type of analy-

sis (HPLC or ELISA) were tested in meta-regression for mean ADMA. Overall, the moderator

variables were jointly significant (QM = 11.38, p = 0.0226), but the only significant difference

individually was the effect of BMI: studies with higher average BMI were associated with lower

mean ADMA (0.1097 μmol/l decrease for each unit of increase in BMI, p = 0.0067). In particu-

lar, measurement method was not associated with different mean ADMA (p = 0.0866).

Limitations

Some of the included publications provided limited methodological and anthropometric data.

58% were unable to provide details regarding the anticoagulant substance used in blood collec-

tion tubes, which could affect ADMA levels. Moreover, 36% were unable to provide any BMI

data.

Discussion

The results of this study are based on the plasma ADMA levels of 5528 apparently healthy indi-

viduals, which is eligible to calculate a proper reference interval. Most of the studies provided

narrow mean ADMA concentrations with low standard deviation, which indicates that the

involved subjects had similar ADMA levels. Seemingly, the number of participants suffering

from ADMA altering conditions was low. Moreover, according to the meta-regression, age

had no significant influence on ADMA levels, which can indicate that the involved individuals

were indeed healthy. The study identification and selection method used in this manuscript

were sufficient to enroll a population, which is appropriate for analysis.

In contrast with the results of Sydow et al., who investigated 980 healthy adults and found

positive correlation between ADMA and BMI [6]; this meta-analysis showed a 0.1097 μmol/l

decrease of ADMA for each unit of increase in BMI. This result is based on the data of 3233

individuals, because not every study was able to provide BMI values. Moreover, the average

weighted standard deviation of the BMI was 2.69, which can be considered low. To the best of

our knowledge, no previous studies including so many apparently healthy individuals were

performed to investigate the connection of ADMA levels and BMI. Further research is needed

to clarify the relation between ADMA and BMI among healthy individuals.

The aim of our study was to provide a proper reference interval for plasma ADMA. How-

ever, due to the high heterogeneity the interpretation of results can be challenging. The practi-

cal usage of the relatively wide reference interval determined by this meta-analysis is limited.

This can be explained by pre-analytical errors, the usage of different laboratory equipment and

evaluation softwares [29, 30], especially in the case of studies using HPLC. Some studies using

HPLC provided noticeably higher ADMA levels. In the case of the study published by Zincir

et al., the correct separation of asymmetric dimethylarginine from symmetric

Table 2. ADMA 95% reference intervals and means (with 95% confidence interval) according to subgroup analysis of method types.

HPLC ELISAa

Fluorescencen = 2852 LC/MSn = 1241 DLDn = 952 Immundiagnostikn = 455

Reference

interval

0.32 (0.28–0.37)– 1.14 (0.85–

1.43)

0.41 (0.28–0.53)– 0.87 (0.56–

1.18)

0.29 (0.20–0.39)– 1.03 (0.86–

1.19)

0.21 (0.12–0.65)– 0.82 (0.54–

1.10)

Mean 0.73 (0.56–0.89) 0.64 (0.42–0.87) 0.65 (0.55–0.74) 0.50 (0.34–0.65)

a1 study using another method is not included

https://doi.org/10.1371/journal.pone.0177493.t002
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Fig 2. Forest plot detailing the reference intervals and means of plasma ADMA concentrations

acquired from the involved studies using HPLC.

https://doi.org/10.1371/journal.pone.0177493.g002

The issue of plasma asymmetric dimethylarginine reference range

PLOS ONE | https://doi.org/10.1371/journal.pone.0177493 May 11, 2017 7 / 12

https://doi.org/10.1371/journal.pone.0177493.g002
https://doi.org/10.1371/journal.pone.0177493


dimethylarginine can be doubted, however, ADMA and SDMA levels are presented separately

[31]. Turkcuoglu et al. obtained nearly double plasma ADMA concentration as referred to in

the methodological instructions of the kit that they have used; nevertheless, the possible reason

for this is not discussed by the Authors [32]. Despite the fact that, these studies might have

been biased by some methodological errors, they were not excluded because they were found

eligible according to the criteria stated in materials and methods.

Interestingly, in the case of studies using ELISA, high heterogeneity persisted even in testing

studies using ELISA kits developed by the same manufacturer.

Previous comparative studies found ELISA to overestimate plasma ADMA concentrations

compared to HPLC [19,33,34].

Fig 3. Forest plot detailing the reference intervals and means of plasma ADMA concentrations acquired

from the involved studies using ELISA.

https://doi.org/10.1371/journal.pone.0177493.g003
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In 2007 Horowitz et al. published a non-systematic overview, which included the plasma

and serum ADMA levels of 2371 healthy individuals. Taking into account that the focus of this

study is on the ADMA measurement methodological considerations, the comparability of

mean plasma ADMA levels provided by this paper and the current meta-analysis is limited.

To the best of our knowledge, this is the first systematic review and meta-analysis investi-

gating plasma ADMA levels in healthy individuals. Interestingly, the available data have shown

opposite results regarding the plasma ADMA concentrations measured by HPLC and ELISA.

Our study points out how analytical differences can result in almost incomparable results in

the case of ADMA levels determined by HPLC and ELISA methods. Nevertheless, the results

of this meta-analysis bring up several methodological questions connected to ADMA measure-

ment, which could be answered by prominent researchers of the field.

Study limitations

To get an appropriate population for a proper reference range, control groups containing any

diseased individuals were excluded from the final analysis. Thus, if the authors were unable to

provide a completely healthy group, relatively high numbers of individuals were lost because

of a few diseased participants. Moreover, several studies were excluded due to minor short-

comings (e.g. showing different data in text and tables, not providing detailed measurement

method or reference, not indicating sample origin precisely, possible misprints in measure-

ment units), which were not corrected by the corresponding author upon questioning. It

could also be addressed as limitation that due to the selection criteria all the relevant articles

were included in the statistical analysis, thus a few papers with outlier data as well. However,

the statistical evaluation performed without these outliers resulted in a negligible difference,

thus the results of the whole dataset were published.

Furthermore, this meta-analysis found that the enrolled publications using ELISA provided

lower ADMA concentrations compared to the papers using HPLC, which contradicts the

results of previous comparative studies.

Conclusion

Numerous publications suggest that ADMA is not only an outstanding tool of disease outcome

prediction but also a new potential therapeutic target. According to the results of this meta-

analysis developing a standard measurement method would be beneficial to facilitate the clini-

cal usage of ADMA. Until then, clinical trials are recommended to enroll healthy controls.
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1. Cooke JP. Asymmetrical dimethylarginine: the Über marker? Circulation. 2004; 109(15): 1813–1818.

https://doi.org/10.1161/01.CIR.0000126823.07732.D5 PMID: 15096461

2. Jin RC, Loscalzo J. Vascular nitric oxide: formation and function. J Blood Med. 2010; 1: 147–162.

3. Blackwell S, O’Reilly DS, Talwar D. Biological variation of asymmetric dimethylarginine and related argi-

nine metabolites and analytical performance goals for their measurement in human plasma. Eur J Clin

Invest. 2007; 37(5): 364–371. https://doi.org/10.1111/j.1365-2362.2007.01798.x PMID: 17461982

4. Lu TM, Ding YA, Lin SJ, Lee WS, Tai HC. Plasma levels of asymmetrical dimethylarginine and adverse

cardiovascular events after percutaneous coronary intervention. Eur Heart J. 2003; 24(21): 1912–1919.

PMID: 14585249

5. Sydow K, Münzel T. ADMA and oxidative stress. Atheroscler Suppl. 2003; 4(4): 41–51. PMID:

14664902

6. Sydow K, Fortmann SP, Fair JM, Varady A, Hlatky MA, Go AS, et al. Distribution of asymmetric

dimethylarginine among 980 healthy, older adults of different ethnicities. Clin Chem. 2010; 56(1): 111–

120. https://doi.org/10.1373/clinchem.2009.136200 PMID: 19892843

7. Sibal L, Agarwal SC, Home PD, Boger RH. The role of asymmetric dimethylarginine (ADMA) in endo-

thelial dysfunction and cardiovascular disease. Curr Cardiol Rev. 2010; 6(2): 82–90. https://doi.org/10.

2174/157340310791162659 PMID: 21532773

8. Vassiliadis E, Barascuk N, Didangelos A, Karsdal MA. Novel cardiac-specific biomarkers and the car-

diovascular continuum. Biomark Insights. 2012; 7: 45–57. https://doi.org/10.4137/BMI.S9536 PMID:

22577298

The issue of plasma asymmetric dimethylarginine reference range

PLOS ONE | https://doi.org/10.1371/journal.pone.0177493 May 11, 2017 10 / 12

https://doi.org/10.1161/01.CIR.0000126823.07732.D5
http://www.ncbi.nlm.nih.gov/pubmed/15096461
https://doi.org/10.1111/j.1365-2362.2007.01798.x
http://www.ncbi.nlm.nih.gov/pubmed/17461982
http://www.ncbi.nlm.nih.gov/pubmed/14585249
http://www.ncbi.nlm.nih.gov/pubmed/14664902
https://doi.org/10.1373/clinchem.2009.136200
http://www.ncbi.nlm.nih.gov/pubmed/19892843
https://doi.org/10.2174/157340310791162659
https://doi.org/10.2174/157340310791162659
http://www.ncbi.nlm.nih.gov/pubmed/21532773
https://doi.org/10.4137/BMI.S9536
http://www.ncbi.nlm.nih.gov/pubmed/22577298
https://doi.org/10.1371/journal.pone.0177493


9. Owczarek D, Cibor D, Mach T. Asymmetric dimethylarginine (ADMA), symmetric dimethylarginine

(SDMA), arginine, and 8-iso-prostaglandin F2alpha (8-iso-PGF2alpha) level in patients with inflamma-

tory bowel diseases. Inflamm Bowel Dis. 2010; 16(1): 52–57. https://doi.org/10.1002/ibd.20994 PMID:

19575355

10. Riccioni G, Scotti L, D’Orazio N, Gallina S, Speziale G, Speranza L, et al. ADMA/SDMA in elderly sub-

jects with asymptomatic carotid atherosclerosis: values and site-specific association. Int J Mol Sci.

2014; 15(4): 6391–6398. https://doi.org/10.3390/ijms15046391 PMID: 24739810

11. Furuki K, Adachi H, Enomoto M. Plasma level of asymmetric dimethylarginine (ADMA) as a predictor of

carotid intima-mediathickness progression: Six-year prospective study using carotid ultrasonography.

Hypertens Res. 2008; 31(6): 1185–1189. https://doi.org/10.1291/hypres.31.1185 PMID: 18716367

12. Schnabel R, Blankenberg S, Lubos E, Lackner KJ, Rupprecht HJ, Espinola-Klein C, et al. Asymmetric

dimethylarginine and the risk of cardiovascular events and death in patients with coronary artery dis-

ease: results from the AtheroGene Study. Circ Res. 2005; 97(5): e53–e59. https://doi.org/10.1161/01.

RES.0000181286.44222.61 PMID: 16100045

13. Schulze F, Lenzen H, Hanefeld C, Bartling A, Osterziel KJ, Goudeva L, et al. Asymmetric dimethylargi-

nine is an independent risk factor for coronary heart disease: results from the multicenter Coronary

Artery Risk Determination investigating the Influence of ADMA Concentration (CARDIAC) study. Am

Heart J. 2006; 152(3): 493.e1–493e8.

14. Korkmaz GG, Altınoglu E, Civelek S, Sozer V, Erdenen F, Tabak O, et al.: The association of oxidative

stress markers with conventional risk factors in the metabolic syndrome. Metabolism. 2013; 62(6): 828–

835. https://doi.org/10.1016/j.metabol.2013.01.002 PMID: 23410746

15. Leong T, Zylberstein D, Graham I, Lissner L, Ward D, Fograty J, et al. Asymmetric dimethylarginine

independently predicts fatal and nonfatal myocardial infarction and stroke in women: 24-year follow-up

of the population study of women in Gothenburg. Arterioscler Thromb Vasc Biol. 2008; 28(5): 961–967.

https://doi.org/10.1161/ATVBAHA.107.156596 PMID: 18292394
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19. Siroká R, Trefil L, Rajdl D, Racek J, Cibulka R. Asymmetric dimethylarginine—comparison of HPLC

and ELISA methods. J Chromatogr B Analyt Technol Biomed Life Sci. 2007; 850(1–2): 586–587.

https://doi.org/10.1016/j.jchromb.2006.12.009 PMID: 17197253

20. Hov GG, Sagen E, Bigonah A, Asberg A. Health-associated reference values for arginine, asymmetric

dimethylarginine (ADMA) and symmetric dimethylarginine (SDMA) measured with high-performance

liquid chromatography. Scand J Clin Lab Invest. 2007; 67(8): 868–876. https://doi.org/10.1080/

00365510701429836 PMID: 17852822

21. Schwedhelm E, Xanthakis V, Maas R, Sullivan LM, Schulze F, Riederer U, et al. Asymmetric dimethy-

larginine reference intervals determined with liquid chromatography-tandem mass spectrometry: results

from the Framingham offspring cohort. Clin Chem. 2009; 55(8): 1539–1545. https://doi.org/10.1373/

clinchem.2009.124263 PMID: 19541865

22. Deneva-Koycheva TI, Vladimirova-Kitova LG, Angelova EA, Tsvetkova TZ. Plasma asymmetric

dimethylarginine levels in healthy people. Folia Med (Plovdiv). 2011; 53(1): 28–33.

23. Schulze F, Maas R, Freese R, Schwedhelm E, Silberhorn E, Boger RH. Determination of a reference

value for N(G), N(G)-dimethyl-L-arginine in 500 subjects. Eur J Clin Invest. 2005; 35(10): 622–626.

https://doi.org/10.1111/j.1365-2362.2005.01561.x PMID: 16178881

24. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the sample

size, median, range and/or interquartile range. BMC Med Res Methodol. 2014; 14: 135. https://doi.org/

10.1186/1471-2288-14-135 PMID: 25524443

25. Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat Methods Med Res.

1999; 8(2): 135–160. https://doi.org/10.1177/096228029900800204 PMID: 10501650

26. Borenstein M, Hedges LV, Higgins J, Rothstein HR. Introduction to Meta-Analysis. Chichester: John

Wiley & Sons, Ltd; 2009.

27. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria, 2016. https://www.R-project.org/

The issue of plasma asymmetric dimethylarginine reference range

PLOS ONE | https://doi.org/10.1371/journal.pone.0177493 May 11, 2017 11 / 12

https://doi.org/10.1002/ibd.20994
http://www.ncbi.nlm.nih.gov/pubmed/19575355
https://doi.org/10.3390/ijms15046391
http://www.ncbi.nlm.nih.gov/pubmed/24739810
https://doi.org/10.1291/hypres.31.1185
http://www.ncbi.nlm.nih.gov/pubmed/18716367
https://doi.org/10.1161/01.RES.0000181286.44222.61
https://doi.org/10.1161/01.RES.0000181286.44222.61
http://www.ncbi.nlm.nih.gov/pubmed/16100045
https://doi.org/10.1016/j.metabol.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23410746
https://doi.org/10.1161/ATVBAHA.107.156596
http://www.ncbi.nlm.nih.gov/pubmed/18292394
https://doi.org/10.1161/CIRCULATIONAHA.108.838268
http://www.ncbi.nlm.nih.gov/pubmed/19289633
https://doi.org/10.1161/JAHA.115.001833
http://www.ncbi.nlm.nih.gov/pubmed/26021436
https://doi.org/10.1515/CCLM.2004.257
http://www.ncbi.nlm.nih.gov/pubmed/15576299
https://doi.org/10.1016/j.jchromb.2006.12.009
http://www.ncbi.nlm.nih.gov/pubmed/17197253
https://doi.org/10.1080/00365510701429836
https://doi.org/10.1080/00365510701429836
http://www.ncbi.nlm.nih.gov/pubmed/17852822
https://doi.org/10.1373/clinchem.2009.124263
https://doi.org/10.1373/clinchem.2009.124263
http://www.ncbi.nlm.nih.gov/pubmed/19541865
https://doi.org/10.1111/j.1365-2362.2005.01561.x
http://www.ncbi.nlm.nih.gov/pubmed/16178881
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/pubmed/25524443
https://doi.org/10.1177/096228029900800204
http://www.ncbi.nlm.nih.gov/pubmed/10501650
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0177493


28. Viechtbauer W. Conducting meta-analyses in R with the metafor package. Journal of Statistical Soft-

ware. 2010; 36(3): 1–48. Available from: http://www.jstatsoft.org/v36/i03/

29. Kaushik N, Green S. Pre-analytical errors: their impact and how to minimize them. MLO Med Lab Obs.

2014; 46(5): 22, 24, 26. Available from: http://www.mlo-online.com/pre-analytical-errors-their-impact-

and-how-to-minimize-them.php. PMID: 24902378

30. Sakyi AS, Laing EF, Ephraim RK, Asibey OF, Sadique OK. Evaluation of analytical errors in a clinical

chemistry laboratory: A 3 year experience. Annals of Medical and Health Sciences Research. 2015;

5(1): 8–12. https://doi.org/10.4103/2141-9248.149763 PMID: 25745569

31. Zincir S, Zincir SB, Doruk A, Erdem M, Celik C, Ak M, et al. Asymmetric dimethylarginine (ADMA) and

treatment response relationship in male patients with first-episode schizophrenia: a controlled study.

Psychiatry Res. 2014; 220(1–2): 76–80. https://doi.org/10.1016/j.psychres.2014.07.013 PMID:

25095755

32. Turkcuoglu I, Engin-Ustun Y, Turan F, Kali Z, Karabulut AB, Meydanli M, et al. Evaluation of asymmetric

dimethylarginine, nitric oxide levels and associated independent variables in obese and lean patients

with polycystic ovarian syndrome. Gynecol Endocrinol. 2011; 27(9): 609–614. https://doi.org/10.3109/

09513590.2010.507291 PMID: 20695761

33. Martens-Lobenhoffer J, Westphal S, Awiszus F, Bode-Böger SM, Luley C. Determination of asymmetric
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