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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune inflam-
matory disease characterized by synovial inflammation and 
hyperplasia, autoantibody production, and joint damage, which 
can lead to structural deformation and irreversible functional 
impairments [1]. The introduction of various biological disease-
modifying anti-rheumatic drugs (bDMARDs), including 

tumor necrosis factor inhibitors and interleukin-6 inhibitors, 
and targeted synthetic disease-modifying anti-rheumatic drugs 
(tsDMARDs), such as Janus kinase inhibitors, has changed the 
paradigm of RA treatment. However, methotrexate (MTX) 
remains the mainstay as the initiating and anchor drug for the 
treatment of RA, considering its effectiveness, low cost, and af-
fordable safety profile [2,3]. MTX monotherapy has been shown 
to produce significant therapeutic effects in MTX-naïve patients 
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Objective: An association between increased erythrocyte mean corpuscular volume (MCV) and treatment response in patients 
with inflammatory arthritis receiving methotrexate (MTX) has been reported. We investigated the frequency of red blood cell 
(RBC) macrocytosis and its clinical implications regarding the initiation of biological or targeted synthetic disease-modifying anti-
rheumatic drugs (b/tsDMARDs) in patients starting MTX for rheumatoid arthritis (RA).
Methods: RBC macrocytosis (MCV >100 fL) and clinical characteristics were retrospectively examined in 1,156 patients starting 
MTX for RA. Multivariable logistic regression analyses were performed to identify the independent predictors of RBC macrocyto-
sis. The initiation of b/tsDMARDs was assessed using a multivariable Cox proportional hazards regression model.
Results: RBC macrocytosis was observed in 21.6% of RA patients over 35 [8, 89] months following MTX initiation and was per-
sistent in 63.6% of the patients during MTX treatment. Anemia coexisted in only 20.0% of the patients with RBC macrocytosis. 
The occurrence of RBC macrocytosis was independently associated with age, MTX dose, and concomitant use of sulfasalazine or 
leflunomide (all p<0.001). A higher dose of MTX and double- or triple-DMARDs therapy were more frequently used in the group 
with RBC macrocytosis than in the group with normal MCV. Patients experiencing RBC macrocytosis were more likely to use b/
tsDMARDs (hazard ratio: 1.45 [95% confidence interval: 1.13, 1.87], p=0.003).
Conclusion: RBC macrocytosis was possibly associated with the use of b/tsDMARD and could be a supplementary marker for 
assessing MTX resistance.
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with RA, although they are weaker than those of the combina-
tion of MTX with bDMARD or tsDMARD [1,4]. In a review of 
randomized controlled trials, remission rates less than 50% were 
obtained with MTX monotherapy, while high remission rates 
up to 86% were achieved with combination therapy of MTX and 
bDMARDs or tsDMARDs [4]. The treat-to-target strategy em-
phasizes early recognition of the disease and proactive titration 
of treatment to prevent joint damage [5]. Therefore, it is mean-
ingful to discern between subsets of good and poor responders 
to MTX therapy in clinical practice [3].

The discontinuation of MTX therapy is mainly attributed to 
toxicity rather than inefficacy, and toxicity can develop despite 
folic acid supplementation [6,7]. The major adverse effects of 
MTX include gastrointestinal troubles, hepatotoxicity, pneu-
monitis, cytopenia, and alopecia [6,7]. Cytopenia is a rare but 
serious hematologic manifestation and was reported to account 
for about 5% of adverse effect leading to MTX discontinuation 
[6,7]. A minor but interesting hematologic finding of MTX 
treatment is the change of erythrocyte mean corpuscular vol-
ume (MCV). An increase in MCV was suggested as a harbinger 
of hematologic toxicity or a predictor of treatment response 
in patients with inflammatory arthritis [8-10]. However, the 
former study included only six patients who developed hemato-
logic toxicity among 23 RA patients receiving MTX [8]. In addi-
tion, the cut-off point for MCV increase in later studies was only 
3.5 or 3.9 fL at 6 months of MTX therapy, and the differentials 
of MCV were within the normal range, i.e., 80 to 100 fL [9,10].

A complete blood count is a primary item of routine labo-
ratory monitoring in RA management, and macrocytosis of 
red blood cells (RBC) (MCV >100 fL) is a readily discernible 
change. A subset of RA patients with RBC macrocytosis under 
MTX treatment has not been fully characterized. A particular 
interesting topic is the clinical implication of RBC macrocytosis 
in terms of treatment outcome during long-term use of MTX. 
To address this, we investigated the frequency, duration, and 
associated factors of RBC macrocytosis in patients with RA 
commencing MTX-based conventional DMARD (cDMARD) 
therapy. Moreover, we examined its relationship with regard to 
the initiation of bDMARD or tsDMARD.

MATERIALS AND METHODS

Patients
A total of 2,211 RA patients who fulfilled the 2010 RA classi-

fication criteria [11] and had received care at The Catholic Uni-
versity of Korea, St. Vincent’s Hospital between 2000 and 2023 
were included in the study. Clinical and laboratory data as well 
as radiographic images, were retrieved from the medical records 
of the patients. Patients with known folate or B12 deficiency, 
renal insufficiency, and active diseases including thyroid dys-
function, infection, cancer, hematologic disease, lung disease, 
ischemic heart disease, and heart failure were excluded due to 
the potential effects on MCV. Older patients with onset age >65 
years were excluded because of the high prevalence of anemia 
of other causes, diverse comorbid conditions, and vulnerability 
to diverse anemia-precipitating factors [12]. Patients with severe 
anemia (hemoglobin <10.0 g/dL) and MCV >100 fL at baseline 
were also excluded. Hematologic changes probably due to gas-
trointestinal bleeding, fracture, operation, dental procedures, 
vaccination, and malnutrition were excluded from evaluation. 
Significant MCV elevation was defined if the MCV elevation 
was detected on at least two consecutive tests and was not ex-
plainable by the discernible medical conditions. Some patients 
showed single-time, temporary MCV elevation, but we did not 
count them as having significant MCV elevation. Finally, 1,156 
patients with RA initiating MTX-based DMARDs therapy 
were included, and all patients used folic acid as a supplemental 
medicine. We defined the last follow-up date as the last labora-
tory date just before MTX discontinuation if MTX discontinued 
and as the last follow-up laboratory date if MTX continued. The 
total follow-up duration was 82 [42, 136] months, and the labo-
ratory test interval was 2.79 [1.47, 5.26] months. The study was 
performed in accordance with the Declaration of Helsinki and 
was approved by the Institutional Review Board of The Catholic 
University of Korea, St. Vincent’s Hospital (IRB no. VC24RI-
SI0069).

Laboratory tests
MCV is calculated by dividing the hematocrit by the RBC 

counts and ranged from 80 to 100 fL. RBC macrocytosis was 
defined as MCV greater than 100 fL. Anti-citrullinated peptide 
antibody (ACPA) was detected using a chemiluminescent mi-
croparticle immunoassay (Abbott Laboratories, Abbott park, 
IL, USA), and a positive reading was defined as an ACPA level 
greater than 5 U/mL. The maximum limit of the APCA assay 
was 200 U/mL. The rheumatoid factor (RF) titers were mea-
sured using the latex agglutination test (Beckman Coulter, Brea, 
CA, USA) with a cutoff value of 14 U/mL.
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Table 1. Baseline characteristics of the study subjects by RBC macrocytosis

All (n=1,156)
RBC

p-value
Macrocytosis (n=250) Normal (n=906)

Female 917 (79.3) 181 (72.4) 736 (81.2) 0.003

Age at diagnosis (yr) 49 [42, 56] 52 [45, 58] 48 [41, 55] <0.001

BMI 0.613

   Underweight 70 (6.1) 17 (6.8) 53 (5.8)

   Normal 779 (67.4) 173 (69.2) 606 (66.9)

   Overweight 243 (21.0) 50 (20.0) 193 (21.3)

   Obese 64 (5.5) 10 (4.0) 54 (6.0)

Smoking* 228 (19.7) 65 (26.0) 163 (18.0) 0.006

Diabetes 126 (10.9) 38 (15.2) 88 (9.7) 0.019

Hypertension 331 (28.6) 84 (33.6) 247 (27.3) 0.060

Dyslipidemia 542 (46.9) 138 (55.2) 404 (44.6) 0.004

ESR (mm/h) 38 [24, 60] 41 [26, 64] 38 [23, 59] 0.126

CRP (mg/dL) 0.54 [0.15, 1.71] 0.6 [0.2, 2.0] 0.5 [0.1, 1.6] 0.129

IgM RF

   Positive 945 (81.7) 203 (81.2) 742 (81.9) 0.872

   Titer (IU/mL) 54.3 [21.6, 144.0] 57.2 [21.6, 169.0] 53.8 [21.6, 139.5] 0.373

ACPA

   Positive 972 (84.1) 205 (82.0) 767 (84.7) 0.358

   Titer (IU/mL) 82.7 [18.1, 200.0] 64.2 [10.8, 172.7] 91.1 [21.4, 200.0] 0.040

SHS (units) 0.459

   Erosion 189 (16.5) 43 (17.3) 146 (16.3) 0.793

DAS28-CRP (units) 2.92 [2.47, 3.35] 2.9 [2.4, 3.4] 2.9 [2.5, 3.3] 0.907

cDMARDs at baseline

   MTX monotherapy 173 (15.0) 45 (18.0) 128 (14.1) 0.156

   MTX dose (mg) 10.0 [7.5, 10.0] 10.0 [7.5, 10.0] 10.0 [7.5, 10.0] 0.368

   HCQ 794 (68.7) 165 (66.0) 629 (69.4) >0.99 

   SSZ 371 (32.1) 69 (27.6) 302 (33.3) 0.339

   LFNM 196 (17.0) 40 (16.0) 156 (17.2) 0.719

cDMARDs at RBC macrocytosis

   MTX monotherapy 418 (36.2) 64 (25.6) 354 (39.1) <0.001

   MTX dose (mg) 10.0 [7.5, 10.0] 10.0 [10.0, 12.5] 10.0 [7.5, 10.0] <0.001

   HCQ 455 (39.4) 98 (39.2) 357 (39.4) >0.99

   SSZ 124 (10.7) 42 (16.8) 82 (9.1) 0.001

   LFNM 382 (33.0) 111 (44.4) 271 (29.9) <0.001

   TCLM 4 (0.3) 0 (0.0) 4 (0.4) 0.657

bDMARDs or tsDMARDs† 328 (28.4) 92 (36.8) 236 (26.0) 0.001

Values are presented as number (%) or median [interquartile range]. ACPA: anti-citrullinated peptide antibody, bDMARD: biological disease-
modifying anti-rheumatic drugs, BMI: body mass index, CRP: C-reactive protein, cDMARD: conventional disease-modifying anti-rheumatic 
drugs, ESR: erythrocyte sedimentation rate, HCQ: hydroxychloroquine, MTX: methotrexate, LFNM: leflunomide, RBC: red blood cell, RF: 
rheumatoid factor, SHS: van der Heijde modified Sharp score, SSZ: sulfasalazine, TCLM: tacrolimus, tsDMARD: targeted synthetic disease-
modifying anti-rheumatic drugs, DAS28: Disease Activity Score 28-joints, IgM: immunoglobulin M. *Include ex- and current smokers. 
†Biologic DMARDs (bDMARDs) include tumor necrosis factor inhibitors (etanercept, adalimumab, infliximab, golimumab), tocilizumab, 
abatacept, and rituximab. Targeted synthetic DMARDs (tsDMARDs) include tofacitinib, baricitinib, and upadacitinib.
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Statistical analyses
For data with continuous distribution, the results were pre-

sented as medians with interquartile ranges. Between-group 
comparisons were performed using Student’s t-test or Mann–
Whitney U-test. Categorical or dichotomous variables were ex-
pressed as frequencies and percentages and were compared us-
ing the chi-square test or Fisher’s exact test. Multivariate logistic 
regression model was used to identify the independent predic-
tors of RBC macrocytosis. The odds ratio (OR) and correspond-
ing 95% confidence interval (CI) were presented. The initiation 
of bDMARDs or tsDMARDs was assessed via a Kaplan–Meier 
analysis and was compared using log-rank tests. To identify sig-
nificant predictors of bDMARD or tsDMARD initiation, a mul-
tivariable Cox proportional hazards regression model with haz-
ard ratio (HR) and corresponding 95% CIs was conducted using 
clinically relevant variables. A two-sided p<0.05 was considered 
statistically significant. All statistical analyses were performed 
using the R platform (version 4.3.1; The R Project for Statistical 
Computing, www.r-project.org).

RESULTS

Characteristics of the study population
In total, 250 (21.6%) patients were identified to have RBC 

macrocytosis during MTX treatment. The baseline demograph-
ics and disease characteristics comparing groups of patients 
with RBC macrocytosis and with normal MCV are summarized 
in Table 1. The proportion of females in the group with RBC 
macrocytosis was smaller than that with normal MCV (72.4% 
vs. 81.2%, p=0.003) and the median age at disease diagnosis was 

higher in the group with RBC macrocytosis (52 [45, 58] vs. 48 
[41, 55] years, p<0.001). Smoking, diabetes, and dyslipidemia 
were more frequent in the group with RBC macrocytosis (all 
p<0.05).

The positive rate of RF and ACPA did not differ between the 
two groups. However, the median ACPA titer in the group with 
RBC macrocytosis was lower (64.2 [10.8, 172.7] vs. 91.1 [21.4, 
200.0] U/mL, p=0.018) than that in patients with normal MCV. 
The median RF titer was comparable between the two groups 
(57.2 [21.6, 169.0] vs. 53.8 [21.6, 139.5] IU/mL, p=0.373). There 
was no significant difference in erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP) levels, radiographic joint dam-
age, or Disease Activity Score 28-joints (DAS28)-CRP at base-
line between the two groups.

At baseline, 173 patients (15.0%) began with MTX monother-
apy, and 983 patients (85.0%) began with MTX-based double or 
triple DMARDs therapy. There was no significant difference in 
numbers or frequencies in the use of initial DMARDs between 
the two groups. However, at the first time of RBC macrocytosis, 
the rate of MTX monotherapy was increased compared with 
that at baseline but lower than that in the group with normal 
MCV at the last follow-up (25.6% vs. 39.1%, p<0.001). The dose 
of MTX in a group with RBC macrocytosis was significantly 
higher than that in the group with normal MCV (10.0 [10.0, 
12.5] vs. 10.0 [7.5, 10.0] mg, p<0.001), although the differen-
tial was small (about 2.5 mg). The rates of combination with 
sulfasalazine and leflunomide were significantly higher in the 
group with RBC macrocytosis (16.8% vs. 9.1%, p=0.001 and 
44.4% vs. 29.9%, p<0.001, respectively). Initiation of bDMARDs 
or tsDMARDs is an option if the disease activity is not appropri-
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ately controlled despite MTX-based multiple combination cD-
MARDs therapy for longer than 6 months [2]. The rate of use of 
bDMARDs or tsDMARDs at follow-up was higher in the group 
with RBC macrocytosis (36.8% vs. 26.0%, p=0.001).

Development of erythrocyte macrocytosis and 
association with anemia

Baseline MCV of the patients with RBC macrocytosis and 
normal MCV was 91.6 [88.9, 93.8] and 91.2 [88.2, 93.6] fL 
(p=0.341), respectively. In patients with RBC macrocytosis, the 
median time of development was 35 [8, 89] months after initia-
tion of MTX. Female patients occupied 72.4% (n=181) of the 
group with RBC macrocytosis. Anemia was comorbid in 20.0% 
of all patients (female: 18.8%, male: 23.2%) (Figure 1A). The 
mean hemoglobin levels in the anemic patients were 11.3 g/
dL in females and 11.6 g/dL in males, and there was no case of 
severe anemia (hemoglobin <10 g/dL) (Figure 1B). RBC mac-
rocytosis was persistent in 63.6% (n=159) of patients during 
MTX-based therapy, and the median duration at the last labora-
tory follow-up was 37 [2, 72] months. RBC macrocytosis was 
temporary in 36.4% (n=91) of patients and resolved within 13 
[3, 19] months.

Independent risk factors for development of red blood 
cell macrocytosis

To identify the risk factors of RBC macrocytosis in the study 
population, we performed a multivariate logistic regression 
analysis (Figure 2A). Variables including male sex, age at diag-

nosis, diabetes, hypertension, smoking, ESR, CRP, DAS28-CRP, 
RF positive, ACPA positive, MTX dose, concomitant use of sul-
fasalazine, and concomitant use of leflunomide were included 
into the model. Age at diagnosis, MTX dose, and concomitant 
use of sulfasalazine or leflunomide were found to be indepen-
dently associated with RBC macrocytosis development (all 
p<0.05). Patients taking MTX 10.0 and 12.5 mg occupied the 
largest (56.0%, n=140) and second (25.2%, n=63) largest pro-
portions of the group with RBC macrocytosis, while MTX 7.5 
and 10.0 mg were the most frequent prescriptions in the group 
with normal MCV (p<2.996×10–7) (Figure 2B).

Likelihood of initiation of bDMARDs or tsDMARDs
The lack of early response to MTX-based treatment and 

the initiation of b/tsDMARD are surrogate indexes of poor 
long-term outcomes [2,13]. The cumulative incidence of b/
tsDMARD initiation was compared between patients with and 
without RBC macrocytosis over 20 years (Figure 3A). The risk 
of b/tsDMARD initiation was significantly different between the 
two groups (log-rank test, p=0.021). The HR for initiation of b/
tsDMARDs was calculated using Cox regression and adjusted 
for sex, age at diagnosis, body weight, diabetes, hypertension, 
smoking status, ESR, CRP, DAS28-CRP, RF positivity, ACPA 
positivity, and erosive change at baseline. RBC macrocytosis 
(HR: 1.45 [95% CI: 1.13, 1.87], p=0.003) and DAS28-CRP (HR: 
1.28 [95% CI: 1.05, 1.56], p=0.004) were independently associ-
ated with initiation of b/tsDMARDs (Figure 3B). Excluding 
the patients concomitantly taking sulfasalazine or leflunomide, 
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patients with RBC macrocytosis (n=101) and normal MCV 
(n=556) remained. The rate of use of b/tsDMARDs at follow-up 
was higher in the group with RBC macrocytosis (44.6% [n=45] 
vs. 32.9% [n=183], p=0.032). b/tsDMARDs initiated after devel-
opment of RBC macrocytosis in 57 patients (62.0%), while RBC 
macrocytosis was observed after b/tsDMARDs therapy in 35 
patients (38.0%). All patients were on MTX during the follow-up 
period. The median interval between development of RBC macro-
cytosis and initiation of b/tsDMARDs was 21 [–10, 67] months.

DISCUSSION

In the present study, RBC macrocytosis was observed in ap-
proximately one-fifth of RA patients using MTX, and it varied 
in onset time following MTX initiation and duration. The de-
velopment of RBC macrocytosis was associated with age, MTX 
dose, and concomitant use of sulfasalazine or leflunomide. 
Patients experiencing RBC macrocytosis had a higher risk for 
initiation of b/tsDMARDs.

MTX is a folate antagonist that inhibits purine synthesis and 
competes with folate for cellular uptake via the folate transporter 
[3,14]. MTX is converted into polyglutamated MTX, an active 
form, within cells. MTX polyglutamation occurs in erythrocytes 
as well as T lymphocytes [3,14]. In one study, a low baseline 
folate level was associated with a poor response to MTX at a 

3-month follow-up [15]. In addition, erythrocyte folate levels 
were positively correlated with erythrocyte MTX levels [16]. 
This indicated that physiologic or metabolic changes in RBC 
can be caused by MTX even with folic acid supplementation 
and might be linked with clinical status in patients with RA re-
ceiving MTX.

In recent studies, an accelerated increase in MCV at 6-month 
follow-up after commencing MTX therapy was associated with 
improved clinical outcomes in patients with RA and psoriatic 
arthritis [9,10]. In the early stage (i.e., immediately after initia-
tion of MTX therapy) active transport of MTX into cells and 
relative depletion of folate can effectively control the active im-
mune cells in good responders and cause RBC macrocytosis 
as a collateral effect. However, the increase of MCV in good 
responders was only 5 fL, and MCV change was mostly within 
the normal range. It might be difficult to perceive such a minor 
change in real clinical practice, and overt MCV change to a level 
above the upper normal limit in long-term MTX therapy would 
have more clinical implications.

RBC macrocytosis was significantly associated with age, MTX 
dose, and concomitant use of sulfasalazine or leflunomide. A 
higher dose of MTX had a higher probability of adverse effects 
and a more powerful therapeutic effect. In our study, more than 
half of the patients with RBC macrocytosis were prescribed 
MTX at 10 mg. There is a tendency for Asian patients with RA 

Figure 3. Cumulative incidence of the initiation of biologic or targeted synthetic DMARDs by the presence of RBC macrocytosis. (A) 
Kaplan–Meyer plot for probability of b/tsDMARDs initiation by RBC macrocytosis. (B) Forest plot of HRs of b/tsDMARD initiation. ACPA: 
anti-citrullinated peptide antibody, CRP: C-reactive protein, DAS28: Disease Activity Score 28-joints, ESR: erythrocyte sedimentation 
rate, HR: hazard ratio, CI: confidence interval, LFNM: leflunomide, MTX: methotrexate, RBC: red blood cell, RF: rheumatoid factor, SSZ: 
sulfasalazine, b/tsDMARDs: biological or targeted synthetic disease-modifying anti-rheumatic drugs, MCV: mean corpuscular volume.
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to take a lower dose of MTX compared with European or Amer-
ican patients because of concern for a higher risk of adverse 
effects [2,17-19]. However, it seems that RBC macrocytosis can 
occur at any therapeutic dose of MTX. Sulfasalazine enters into 
cells via the folate transporter [20] and could boost intracellular 
folate depletion, resulting in RBC macrocytosis. Leflunomide 
blocks pyrimidine synthesis and can synergize with MTX to 
inhibit DNA synthesis, aggravating erythrocyte macrocytosis 
[21,22].

This study showed that patients experiencing RBC macrocy-
tosis in the course of MTX-based treatment were more likely to 
have a higher risk for b/tsDMARD initiation. In patients experi-
encing RBC macrocytosis, the MTX dose was generally higher 
than that in patients with normal MCV, and three-fourths of the 
patients were treated with double or triple combination therapy. 
Thus, it is considered that patients experiencing RBC macro-
cytosis displayed a tendency to have higher resistance to MTX 
therapy.

An intriguing association between RBC macrocytosis and 
MTX resistance could be attributed to the genetic variations 
in MTX metabolic pathway genes influencing MTX response. 
MTX polyglutamates can inhibit 5-aminoimidazole-4-carbox-
amide ribonucleotide transformylase (ATIC), reducing synthesis 
of adenosine and guanidine precursors from the pentose-phos-
phate pathway [3,14]. The net result is reduced DNA synthesis 
and subsequent cytostasis. It is well-known that the ATIC G 
allele is strongly associated with non-responsiveness to MTX 
[23,24]. It is plausible that MTX polyglutamates maintain inhi-
bition of dihydrofolate reductase and thymidylate synthetase  for 
nucleotide production but may be unable to fully activate anti-
inflammatory adenosine signaling due to ATIC polymorphism.

Our study has some limitations. First, a selection or attrition 
bias might exist because the clinical data were retrospectively 
collected. Second, laboratory anemia evaluation was not per-
formed in all patients with RBC macrocytosis because four-
fifths of the patients did not have anemia at the time of RBC 
macrocytosis. Third, we were unable to evaluate disease activity 
at the time point or in the period of RBC macrocytosis because 
DAS28 was not consistently recorded during the period of RBC 
macrocytosis. Fourth, the ACPA titer levels cannot be accurately 
estimated because the maximum ACPA measurement was set 
to 200 U/mL. Fifth, hidden confounding factors affecting MCV 
change (e.g., alcohol intake or use of proton pump inhibitors) 
[10,25] could exist and might have affected the results. However, 

the chances would be equally distributed in patients with RBC 
macrocytosis and normal MCV, and their effects may be not 
large.

Anemia is a common problem affecting patients with RA in 
terms of disease severity and quality of life [26-28]. The estimat-
ed prevalence of mild anemia ranged between 33% and 60%, 
and iron-deficient anemia and anemia of chronic inflammation 
were the major causes [26,27]. If anemia is absent, erythrocyte 
profiles, including MCV, mean corpuscular hemoglobin, and 
mean corpuscular hemoglobin concentration, can be over-
looked.

CONCLUSION

In our analysis, RBC macrocytosis was observed in a consid-
erable portion of the non-anemic patients (80% of the patients 
with RBC macrocytosis). RBC macrocytosis was possibly asso-
ciated with the use of b/tsDMARD and could be a supplemen-
tary marker for assessing MTX resistance. Further research on 
the mechanistic and physiologic linkages between erythrocyte 
MCV change and the intracellular action of MTX could con-
tribute to a better understanding of the association between 
RBC macrocytosis and MTX resistance in RA.
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