
ORIGINAL ARTICLE

Anemia, serum vitamin B12, and folic acid in patients with rheumatoid
arthritis, psoriatic arthritis, and systemic lupus erythematosus
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Abstract Objective: Although anemia is frequent in
inflammatory rheumatic diseases, data regarding vita-
min B12 status is scarce. The purpose of this study was
to analyze the incidence and nature of B12 and folic acid
(FA) deficiencies in a cohort of rheumatic patients with
rheumatoid arthritis (RA), psoriatic arthritis (PsA), and
systemic lupus erythematosus (SLE). Methods: Levels of
B12, FA, and parameters of anemia were recovered or
examined in 276 outpatients. In those with recent find-
ings of low serum B12 levels, further studies of serum
homocysteine (Hcy) and urine methylmalonic acid
(MMA) levels were performed. Results: The incidence of
anemia was high: 49%, 46%, and 35%, in RA, SLE, and
PsA, respectively. Low levels of serum B12 were also
frequent (24%), with almost similar occurrence in the
three disease groups. Deficiency in FA was rare (<5%).
Mean levels of both vitamins did not differ significantly
among the three groups. No correlation between serum
B12 levels and anemia was found. In the 15 patients with
recently detected low B12 levels, Hcy and MMA were
evaluated before and following B12 therapy. In ten of
them, baseline Hcy levels were high, while MMA
was increased in one patient only. Response to B12

administration, i.e., a decrease in Hcy and/or MMA
levels, was noticed in four patients only, suggesting that
only 26% of the low-serum-B12 patients had true B12
deficiency. Conclusions: The incidences of anemia and
decreased serum B12 levels were high in these three
groups of rheumatic patients. However, true tissue
deficiency seems to be much rarer.

Keywords Folic acid Æ Psoriatic arthritis Æ Rheumatoid
arthritis Æ Systemic lupus erythematosus Æ Vitamin B12

Introduction

A tendency to develop deficiencies in vitamin B12, folic
acid (FA), vitamin B6, and iron has been suggested in
patients with chronic rheumatic diseases [1, 2, 3, 4, 5, 6].
Deficient nutrition and eventual malabsorption second-
ary to autoimmune mechanisms are the possible culprits
[5, 7, 8]. Moreover, an inverse correlation between B12
levels and duration and activity of the rheumatic disease
has been reported [2, 3]. In recent years, increased car-
diovascular morbidity among rheumatoid arthritis (RA)
and systemic lupus erythematosus (SLE) patients has
been highlighted and related to mechanisms of ongoing
inflammatory and autoimmune processes [9, 10] as well
as to a tendency of severe RA and SLE patients to de-
velop hyperhomocysteinemia [3, 11, 12], an additional
and independent risk factor for cardiovascular disease
[13, 14, 15].

Since hyperhomocysteinemia may result from B12
and FA deficiency [14, 16, 17], we initiated this study
with the aim of assessing the incidence of these defi-
ciencies in rheumatic patients with the chronic inflam-
matory disorders RA, SLE, and psoriatic arthritis (PsA).
The literature covering this subject is limited and mainly
concerns serum levels of the vitamins [1, 2, 6, 12, 18, 19].
These levels, however, do not reliably reflect vitamin B12
status. Thus, in order to detect true tissue B12 deficiency,
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we aimed to evaluate homocysteine (Hcy) and meth-
ylmalonic acid (MMA) levels due to the well known
inverse correlation between these and tissue B12 [16]. To
the best of our knowledge, only a single prior work by
Pettersson et al. [3] attempted to assess B12 deficiency in
RA patients through Hcy and MMA evaluation, while
no such studies were published in patients with SLE and
PsA. Since folate deficiency is not infrequent among
rheumatic patients [2] and constitutes an important
cause of hyperhomocysteinemia [14, 16], folate status
was also evaluated.

Finally, given the connection between B12, folate
deficiency, rheumatic diseases and anemia [1, 2, 6], we
used the data to evaluate the incidence and character-
istics of anemia in these patients.

Materials and methods

Patients

Two hundred one patients with RA, 35 with SLE, and 40 with PsA
according to the currently accepted American College of Rheu-
matology criteria [20], participated consecutively in this study. It
consisted of a retrospective search of file data (156 patients), pro-
spective interviews and examinations, followed by assessment of
current vitamin B12 and folate serum levels (120 patients). Com-
plete blood count, red blood cell parameters, vitamin B12, and folic
acid were available in all 276 patients. Iron and ferritin levels were
measured only in the prospective cohort of patients (118 out of
120). Of these, 89 had RA, 14 PsA, and 15 SLE. Dietary history
was recovered from 193 patients. In those with newly detected low
serum vitamin B12, baseline Hcy and MMA levels were measured.
This was followed by IM injection of 1,000 lg of vitamin B12 twice
weekly for 2 consecutive weeks. One month later, complete blood
cell count and B12, Hcy, and MMA levels were reassessed.

Laboratory measurements

Samples of patients’ serum and urine were immediately stored at
)20�C for short-term storage. Serum B12, folate, and ferritin levels
were measured through electrochemiluminescence immunoassay
(Eclesys 2010 Analyzer) (Roche Diagnostics, Indianapolis, Ind.,
USA). Normal values are 220–1,300 ng/L for B12, 3–17 mg/ml for
folate and 14–150 ng/ml for ferritin. Iron was measured by means
of the photometric color test, TPTZ method, Olympus system re-
agent (ALL-200 analyzer) (Olympus Diagnostica, Hamburg, Ger-
many). Normal values are 35–150 lmol/L. Levels of Hcy were
measured by fluorescence detection as described by Jacobsen et al.
[17]. This method measures the concentrations of free, protein-
bound, and mixed disulfide Hcy. Normal values range between
5.0 lmol/L and 15.0 lmol/L. Methylmalonic acid in urine was
measured by capillary gas chromatography and mass spectrometry
according to Stabler [21]. Values of <3.0 mg/g creatinine are
considered normal.

Statistical methods

Statistical analyses were performed using statistical software (SPSS,
Chicago, Ill., USA) using Student’s t-test, analysis of variance,
Pearson’s correlation coefficients, and the chi-squared test.

Results

Demographic data and clinical characteristics of the
patients are reported in Table 1. Their various anti-
rheumatic treatment regimens are summarized in
Table 2. Data on other factors that may influence B12
and FA levels, i.e., diet, supplements, and drugs, were
available in 193 patients. Of them, 5.2% were strict
vegetarians, all in the RA group. H2 blockers or proton
pump inhibitors were used by 11% and 3% of the pa-
tients, respectively, and 9.4% of the patients consumed
multivitamins. Folate supplementation was used by
12.3% of patients (Table 3).

Serum B12 levels were normal and very similar in the
three disease groups (mean 358±212 ng/L). The total
incidence of low serum B12 was 23.6% (65 patients),
without significant differences between the three disease
groups (Table 4). The mean level in this group was
157±34 ng/L vs 419±206 ng/L in the remaining 211
subjects. While cobalaminopenic SLE patients had but
very mild reductions in serum B12 levels (180–190 ng/L),
the reductions were much more significant in half of the
RA and PsA patients (<160 ng/L).

In the attempt to characterize low B12 patients, sev-
eral demographic, clinical, and laboratory parameters
were evaluated (Table 5). Vegetarianism was the only
factor found to be consistently associated with low B12,
with a 10.5% incidence among low B12 patients vs 2.9%
among normocobalaminic subjects (P=0.04, chi-
squared test). Sixty percent of the vegetarian patients
had low serum B12 vs 28% (51 out of 183) of the non-
vegetarians. Additional clinical and laboratory param-
eters such as age, disease duration, incidence of anemia,
hemoglobin level, and mean corpuscular volume (MCV)
did not differ significantly between low- and normal-
serum-B12 patients. No significant correlation was
found between hemoglobin or MCV values and serum
B12 levels. Concomitant low FA was present in only
four of the 65 patients with low B12.

Fifteen of the 65 patients with recent findings of low
serum B12 during the study period were naive to vitamin
B12 supplementation. One of them had PsA, while
14 had RA. In this group, baseline Hcy and MMA

Table 1 Demographic data
RA PsA SLE Total

N (%) 201 (72.8%) 40 (14.5%) 35 (12.5%) 276
Mean age (range) 60.4±15 (22–92) 54±16 (23–87) 37.6±13 (19–59) 56.6±16.6 (19–92)
Mean disease duration
in years (range)

10.94 (1–45) 12.60 (2–41) 7.37 (1–22) 10.7 (1–45)

N male 47 20 4 71 (25.7%)
N female 154 20 31 205 (74.3%)
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measurements (Table 6) showed high Hcy levels
(>15 lmol/L) in ten patients (67%), all having normal
serum folate levels, while elevated MMA was present in
only a single patient who had normal levels of Hcy.
These 15 patients were treated twice weekly with 1,000-
lg B12 injections for 2 weeks, and their B12, Hcy, and
MMA levels were retested after 4 weeks. This was fol-
lowed by a two- to fourfold increase in B12 serum levels.
The elevated baseline Hcy levels in ten patients, nor-
malized in three, while the high baseline MMA observed
in one case also normalized. These results suggest that
true vitamin B12 deficiency was present in only 26% (4/
15) of the recently detected low serum B12 level patients.

Mean serum FA levels were within the normal range
(10.4±8.6 mg/ml) and similar in the various groups
(Table 4). The incidence of low serum FA levels in the
whole cohort was found to be very low (4.4%). It was
present mainly in RA patients (5%) and less in the PsA
group (2.5%). None of the SLE patients had low serum

folic acid levels. A similar distribution of low or normal
serum folic acid levels was found in patients on metho-
trexate (MTX) therapy compared to patients on other
drugs. None of the low serum folate patients received
multivitamins or folic acid supplementation.

Mean Hb levels were 12.5±13 g/dL in the entire
cohort and almost identical in the three disease groups
(Table 4). However, the incidence of anemia (Hb4).

Mean iron levels (Table 4) were within the normal
range and almost identical in the various groups
(60.2±29.3 lmol/L). Low serum iron levels were de-
tected in 22% of the patients, without significant inter-
group differences. In contrast, ferritin levels did differ
among the study groups. The incidence of low serum
ferritin was significantly higher in SLE patients than the
RA and PsA groups (40% vs 11% and 14%, respec-
tively, P=0.01). Similarly, the mean values of ferritin
were lower among SLE patients (47±54 ng/ml vs
88±168 ng/ml in RA and 125±182 ng/ml in PsA), al-
though not reaching statistical significance.

Finally, characterization of the anemia based on the
available laboratory results of B12, FA, and partial data
on iron and ferritin (118 patients of the prospective co-
hort) shows a similar distribution of the three common
types of anemia: iron deficiency in 21%of anemic patients
(low ferritin), anemia of chronic disease in 22% (low iron
and normal or high ferritin), and B12 deficiency in 22.7%
of anemic subjects. Of the remaining anemic patients,

Table 2 Concomitant antirheumatic treatment.SSZ sulfasalazine,
HCQ hydroxychloroquine, MTX methotrexate

RA
(n=201)

PsA
(n=40)

SLE
(n=35)

Total
(n=276)

Prednisone 77 (38%) 2 (5%) 22 (63%) 101 (37%)
MTX 146 (73%) 28 (70%) 3 (9%) 177 (65%)
SSZ 14 (7%) 6 (15%) 0 20 (7%)
Minocyclin 12 (6%) 1 (2.5%) 0 13 (4%)
Gold 33 (16%) 3 (7.5%) 0 36 (13%)
Azathioprin 6 (3%) 1 (2.5%) 6 (17%) 13 (4%)
HCQ 39 (19%) 0 23 (66%) 62 (23%)

Table 3 Incidence of factors with possible influence on B12 or
folate levels. PPI proton pump inhibitors

RA (201) PsA (40) SLE (35) Total (276)

Vegetarian dieta 10 /133
(7.5%)

0/25 0/35 10/193
(5.2%)

H2 blockers 25 (12.5%) 5 (12.5%) 2 (5.7%) 32 (11%)
PPI 4 (2%) 2 (5%) 4 (11.4%) 10 (3%)
Multivitamins 24 (12%) 0 2 (6%) 26 (9.4%)
Folic acid 24 (12%) 4 (10%) 6 (17%) 34 (12.3%)

aBased on available data of 193 patients

Table 4 Laboratory data

RA PsA SLE Total

Mean Hb (range) 12.3±1.3 (9–16) 13±1.5 (10–17) 12.4±1.4 (9.5–15) 12.5±1.3 (9–17)
Anemia (Hb<12 g/dL) 98/201 (49%) 14/40 (35%) 16/35 (46%) 128/276 (46.4%)
Mean MCV (range) 86±7.3 (61–111) 85.8±5.5 (76–101) 86.9±6.9 (67–97) 86.1±7.0 (61–111)
Mean serum B12 in ng/L (range) 358±214 (66–1258) 341±185 (89–1054) 372±238 (178–1500) 358±212 (66–1500)
Decreased B12 (<200 ng/L) 50/201 (24.9%) 8/40 (20%) 7/35 (20%) 65/276 (23.6%)
Mean serum folate in mg/ml (range) 10.5±8.9 (2.1–45) 8.8±9.1 (2.8–45) 11.7±5.6 (4.0–22) 10.4±8.6 (2.1–45)
Decreased folate (<3 mg/ml) 11/201 (5%) 1/40 (2.5%) 0 12/276 (4.4%)
Mean iron in lmol/L (range)a 60.1±31 (8–153) 55.8±17 (30–81) 63.4±28.5 (7–123) 60.2±29.3 (7–153)
Decreased iron as <35 lmol/L 17/74 (23%) 2/11 (18%) 3/16 (19%) 22/101 (21.8%)
Mean ferritin in ng/ml (range)a 88.3±168 (1.7–1476) 125±182 (7.0–714) 47±54 (3.2–183) 87.4±160 (1.7–1476)
Decreased ferritin as <14 ng/ml 10/89 (11%) 2/14 (14%) 6/15 (40%)* 18/118 (15.3%)

aMeasured in 118 patients
*P<0.01 vs RA and PsA

Table 5 Characteristics of B12-deficient rheumatic patients

B12-deficient
(<200 ng/L) (n=65)

B12>200 ng/L
(n=211)

Mean age (years) 55.6±15.4 56.9±17
Mean B12 level 157.1±33.6 419.5±206
Disease duration (years) 11.8±9.3 10.4y±8.3
Vegetarian dieta 6 (10.5%)* 4 (2.9%)
Hb 12.5±1.3 12.4±1.3
Anemia as Hb<12 g/dL 28 (43%) 100 (47%)
Mean MCV 87±5.9 86±7.3
High MCV level 4 (6.2%) 14 (6.7%)
Low MCV level 6 (9.2%) 32 (15.2%)

aData available in 193 patients
*P<0.05 (chi-squared test)

16



about 31% had mixed types of anemia (Table 7). The
incidence of low serum ferritin and the combination of low
iron with normal or elevated ferritin were found to be
significantly higher in patients with anemia (of iron defi-
ciency and of chronic disease, respectively) than in no-
nanemic subjects (P<0.05). In contrast, B12 and folate
serum levels did not correlate with anemia. The incidence
of B12 and folate deficiencies was in fact somewhat higher
in nonanemic than in anemic patients (26% and 5% vs
23% and 3%, respectively).

The inclusion of two patient cohorts (retrospective
and prospective) may be considered a limitation of this
study. However, the fact that no differences between the
two groups were noted in the distribution of deficiencies
of any of the examined data (anemia, B12, FA) lends
support to their combined consideration.

Discussion

It is commonly assumed that patients with chronic
rheumatic diseases tend to develop multiple vitamin and
mineral deficiencies, vitamin B12 and folic acid among
them [1, 2, 3, 4, 5]. Seemingly, an inverse correlation
exists between B12 levels and duration and activity of
the rheumatic disease [2, 3]. These deficiencies may be
related to impaired nutrition and, to a certain extent,
malabsorption. Drug therapy may take its toll, too.
Thus, nonsteroidal anti-inflammatory drugs (NSAIDs)
may enhance gastrointestinal blood loss, while H2

blockers or proton pump inhibitors may contribute to
B12 and iron deficiency by interfering with absorption,
and MTX and/or sulfasalazine (SSZ) may influence
folinic or folate status [22]. Combined deficiencies can

contribute to the manifestation of anemia, per se a
common accompaniment of inflammatory rheumatic
diseases. Anemia is mostly seen in active and protracted
disease, reaching an incidence as high as 70% [2]. Ane-
mias of chronic disease and/or iron deficiency are the
most common types, while B12 and folate deficiencies
are less frequent causes of anemia [1, 2, 6].

Of the 276 rheumatic patients in our study, the
majority had RA, while 40 and 35 had SLE or PsA,
respectively. Most had long-standing disease. About
24% of the patients were found to have low serum B12.
Significantly low levels were present only in RA and PsA
patients, while SLE patients had only very mildly re-
duced serum levels. The incidence of low serum B12
mentioned in the literature ranges from 4% in Petters-
son’s large survey of 1,000 RA patients [3] to 30% in
Vreugdenhil’s study of 36 patients [2]. Strict vegetari-
anism or use of drugs that impair B12 absorption was
relatively rare. The former, however, was found in our
study to accompany low B12 levels consistently (defi-
ciency incidence of 60% among vegetarians).

In the subgroup of patients with recent low B12
detection, elevated baseline Hcy was high (66%), while
increased MMA was seen in a single patient (<7%).
However, based on the response to B12 administration,
true B12 deficiency could be confirmed in only 33% of
the patients with increased Hcy and altogether in only
26% of the low-serum B12 patients studied in this re-
gard. A similar percentage was found by Pettersson [3].
The relatively high incidence of elevated Hcy detected in
our patients is in accordance with the known tendency
of long-standing RA and other chronic inflammatory
states to develop hyperhomocysteinemia [3, 11, 12]. In
most of these patients, hyperhomocysteinemia was not
corrected by the addition of B12, which suggests that
low levels of B12 do not play an important role in the
pathophysiologic mechanism of hyperhomocysteinemia
in this cohort of rheumatic patients. The incidence of
anemia was not increased in the subgroup of low-B12
patients, confirming the well-known fact that decreased
levels of B12 are often accompanied by normal levels of
hemoglobin [23, 24, 26]. Increased MCV values were
also a rarity in this group, as previously reported [25,
27]. The frequent concomitant iron deficiency in rheu-
matic patients could be one possible explanation.

Folic acid deficiency was found to be relatively rare
(<5%), in spite of the high percentage of patients on
MTX/SSZ therapy (73%) and the relatively small pro-

Table 7 Characteristics of anemia in rheumatic patients. Iron and
ferritin data were available in only 118 patients of the prospective
cohort, and hence the statistics concern only this subgroup of
patients. ACD anemia of chronic disease

Anemia
(Hb<12)

No anemia
(Hb>12)

Iron deficiency (low ferritin)* 21% 9%
ACD (low iron and
normal-to-high ferritin)*

22.5% 13.5%

B12 deficiency 22.7% 25.7%
Folic acid deficiency 3.1% 5.4%
Mixed causes of anemia 30.7%

*P<0.05 (chi-squared test)

Table 6 Homocysteine (Hcy) and methylmalonic acid (MMA) levels in 15 rheumatic patients with low serum B12

Level Mean Hcy
in lmol/L

N with highb

Hcy (%)
Mean MMA
as mg/g creatinine

N with
high MMAc

Baseline (range) 18.7±7.2 (9–32) 10/15 (67%) 0.9±1.2 (range 0–4) 1/15 (6.6%)
After B12 treatment
(range)a

15.5±7.8 (5–28) 7/15 (46%) 0.9±6.6 (0.5–2) 0

a4 weeks after B12 therapy (i.m. 1000 lg·4)
b>15 lmol/l)
c>3 mg/g creatinine
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portion of FA supplementation. Vreugdenhil’s study,
with a similar percentage of patients on MTX/SSZ but
no FA supplementation, reported a 15% overall
incidence of FA deficiency [2].

In our cohort, the incidence of anemia was high,
reaching 45%. In Vreugdenhil’s study [2] it was even
higher (70%). Based on our partial evaluation (without
bone marrow aspiration or measurement of transferrin
receptor status), we found even distribution of iron, B12
deficiency, and anemia of chronic disease (21–23%).

Attempting to correlate the incidence of anemia with
the various hematologic parameters, only low ferritin and
the combination of low iron with normal or high ferritin
were found to constitute reliable predictors of anemia (of
iron deficiency and of chronic disease, respectively). Sur-
prisingly, low B12 and folate levels were in fact somewhat
more common in our nonanemic patients.

The present work is the first to compare certain as-
pects of anemia, its parameters, and B12/folate/ferritin
among these three groups of rheumatic patients. Our
results show that SLE patients differed in certain aspects
from RA/PsA subjects. They were younger, with an
obvious female predominance (8:1). When present, B12
deficiency was but borderline, and none of them had
folate deficiency. In contrast, mean ferritin tended to be
lower in SLE patients, and their incidence of decreased
ferritin was the highest (P=0.01). The higher ferritin
levels among RA and PsA patients may be, however,
related to a more pronounced acute phase reaction in
these two chronic inflammatory diseases.

In conclusion, our study evidences a relatively high
incidence of decreased serum B12 levels in rheumatic
patients. Apparently, however, true B12 deficiency is
much less frequent. Thus, the clinical significance of low
serum B12 was found to be of limited value except for
screening in the ongoing challenge to identify vitamin
B12 deficiency at a stage when treatment can still avert
irreversible psychoneurologic damage [25, 26, 27].
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