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Background: Fortification of cereal products with
folic acid is not mandatory in Israel, yet folate
deficiency remains rare and is usually associated
with poor diet, malabsorption, alcoholism, or use
of certain drugs. A retrospective review of all folate
level determinations performed between January
2004 and January 2007 in the central district of
Clalit Health Services in Israel revealed that only
4.3% of the 43,176 tests ordered were below the
norm (5.6 nmol/L).

Objectives: To determine parameters that identify
folate-deficient patients without known risk factors
and to establish principles that aid the physician in
deciding when to order folate determinations.

Methods: Study population included 152 patients
from 13 large primary care clinics with folate
deficiency but without known risk factors for folate
deficiency (37 with anemia). They were matched
with 556 controls (141 with anemia).The medical
records were reviewed for the indication of the test
and treatment that followed the results.

Results: Hematologic indices, vitamin B, ferritin,
and transferrin saturation levels were similar in the
study and control groups. Subgroup comparisons
based on anemia status showed similar results.
The clinical indications for folate determinations
were similar in the folate-deficient patients and the
control group. Only 68 of 152 patients (44.7%) were
prescribed a folate supplement.

Conclusions: Neither laboratory parameters nor
clinical findings in patients’ charts were capable
of distinguishing folate-deficient patients from
controls. It seems that folate determinations in
patients without known risk factors for folate defi-
ciency are of little clinical significance.
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olic acid is a B group vitamin, essential for DNA synthesis and

the metabolism of homocysteine. Folate deficiency has been

associated with macrocytic anemia, unfavorable pregnancy
outcomes such as low birth weight and neural tube defects, cardiovas-
cular disease, and possibly neoplasms of the colon. Folate deficiency
is common during pregnancy; however, it can occur at any age due to
a poor diet, malabsorption, alcoholism, or use of certain drugs. The
Recommended Dietary Allowance for folic acid is 400 ug daily, similar
to the Reference Nutrient Intake in the United Kingdom. In 1998,
the US Food & Drug Administration mandated the fortification of all
enriched cereal products with folic acid at a concentration of 140 pg
per 100 g of product.! Follow-up research, using data from the Fram-
ingham Offspring Cohort Study, has estimated that the prevalence of
folate deficiency has declined dramatically from an estimated 50% to
7%.%? Other studies report-smaller declines from 4.8% to 0.6%,* 18.4%
to 0.2%, or 22% to 1.7%.°| Although fortification of cereal products
with folic acid is not,mandatory in Israel, many products are fortified,
whether imported orlocally manufactured. A retrospective review of
all folate déterminations between January 2004 and February 2007 in
the central district of Clalit Health Services (CHS) revealed that only
4.3% of the 43,176 tests ordered were below the norm (5.6 nmol/L).

In light of the decreasing prevalence of this vitamin deficiency in
the United States and the apparent scarcity of low folic acid levels in
Israel, we evaluated the utility of folate determinations in the primary
care setting in Israel in individuals with no known predisposition for
folate deficiency.

Because determination of serum folate status is regarded as the most
appropriate screening test for folate deficiency,’ our objective was to de-
termine whether clinical or laboratory parameters can serve to identify
and assist in adequately managing folate-deficient individuals without
known predisposing factors for folate deficiency in a community setting.

METHODS

We conducted a retrospective review of all folate level determina-
tions performed over a 3-year period between January 1, 2004, and
January 1, 2007, in 13 large urban
clinics in CHS in Israel. Clalit
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of the population and more than 70% of
the elderly patients. Patient records in

CHS have been computerized for more

Take-Away Points
It seems that folate determinations in patients without known risk factors for folate defi-

ciency are of little clinical significance.

than a decade. These records include
demographic data, working diagnoses,
medications, laboratory results, hospi- L
talizations, referrals, and administrative
data. All laboratory tests are sent to a  m
central laboratory, and the results are
electronically entered in the patient’s
medical record. We reviewed the charts

of all patients between 17 and 75 years of age who had

B Neither laboratory parameters nor clinical findings were capable of distinguishing fo-
late-deficient patients from controls in a retrospective review of primary care patients in

B In patients without known risk factors for folate deficiency, only 1.9% of tests would
result in an actual change in management.

In patients without known risk factors for folate deficiency, only 1.9% of tests resulted in
an actual change in management.

H Table 1. Demographic Characteristics

low serum folate levels (<5.6 nmol/L). Characteristics Controls Cases P

We excluded patients who required folic acid moni- Al cases
toring or were at risk of folate deficiency, such as those No. 556 159
;Vlth a know;l miabsorpt;ﬁ)n dlsorccller, mental 1zletar— Male, % 446 454 362

ation, or schizophrenia; those residing in an old age
zophirent £ g Age, y, mean (SD) 48.4(18.9)  48.2(19.0) 927
home or other institution; pregnant women; hemodi-
. . . . . Cases with anemia
alysis patients; and those treated with anti-epileptics
No. 141 37
or methotrexate.

We further divided this group into 2 subgroups: pa- Male, % 32.6 270 517
tients with anemia and patients without anemia. Ane- Age, y, mean (SD) 52.3(18.9) 50.9 (18.6) 681
mia was defined as a hemoglobin level below 13 mg/dL. ~ Cases without anemia
in men and below 12 mg/dL in women. No. 415 115

A control group with normal serum folate levels was Male, % 487 513 618
matched by sex, age group, clinic location, and anemia S, v, Feer (5T 470 18.7) 474 (19.1) 870

status.

SD indicates standard deviation.

We reviewed the electronic medical records in search
of possible indications for folic acid measurement and
whether folate-deficient patients were prescribed a folate sup-
plement. Indications were classified into the following 5 groups:
routine evaluation, anemia workup, macrocytosis or macrocyt-
ic anemia workup, gastrointestinal symptoms, and neurologic
symptoms. In cases where folate determinations were sent by
consultants, this was recorded, and when possible, the indica-
tion was noted. If obtained, results of hemoglobin, hematocrit,
red blood cell indices, ferritin, iron, transferrin, transferrin satu-

ration, and vitamin B,, tests were reviewed as well.

Statistical Analysis

We used the statistical software Epi Info 2002 (Centers for
Disease Control and Prevention, Atlanta, Georgia). Because
we expected the majority of folic acid tests to be in the normal
range, we matched each case of folate deficiency with 4 sub-
jects who had normal folate values. We chose a sample that
allowed us to find the incidence of this phenomenon (change
in diagnosis) with statistical significance of P <.05 and an
incidence power of 80%. Relying on these assumptions, the
minimal sample size was 54 patients in the research group and

216 in the control group.

Single variable comparisons of the patients’ characteristics
were performed using the % test to compare noncontinuous
variables (eg, sex, clinical indication for folate determination,
physician actions) and analysis of variance and the ¢ test for
comparison of the continuous variables (eg, age, serum folate
level). We used a multinomial logistic regression model con-
trolling for anemia status, age, and sex to compare laboratory

parameters between folate-deficient cases and controls.

RESULTS

A total of 152 folate-deficient subjects (37 with anemia)
fulfilled the inclusion criteria, and we matched them with
556 controls (141 with anemia). Demographic characteristics
were similar in both groups (Table 1).

Table 2 shows the laboratory values for folate-deficient
cases and controls. Hematologic indices, including mean
cell volume, were similar in both groups. We performed a
separate analysis comparing the laboratory results for all fo-
late-deficient individuals with those of a randomly selected

matched group of individuals with normal folate status who
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M Table 2. Hematologic Indices and Nutritional Status Comparisons Between Controls and Folate-Deficient
Cases in a Logistic Regression Model Controlling For Anemia Status, Age, and Sex

Mean (SD)
Test Cases Controls R? 95% Cl P

Folate, nmol/L 4.4 (0.13) 16.2 (0.69) 0.44 0.38-0.50 <.0012
No. of patients 152 556

Hemoglobin, g/dL 13.2 (0.30) 13.2 (0.14) 0.92 0.77-1.10 .36
No. of patients 146 539

Hematocrit, % 40.3 (0.87) 40.4 (0.40) 1.01 0.99-1.03 .32
No. of patients 138 533

RBC, M/pL 4.6 (0.09) 4.6 (0.04) 0.75 0.49-1.42 18
No. of patients 137 563

MCH, pg 29.1 (0.51) 29.2 (0.23) 1.01 0.94-1.08 .87
No. of patients 137 532

MCHC, g/dL 32.7 (0.21) 32.8 (0.09) 0.91 0.77-1.08 .28
No. of patients 136 532

MCV, fL 88.7 (1.29) 88.9 (0.62) 1.01 0.98-1.03 .60
No. of patients 144 539

RDW, % 13.5(0.35) 13.2 (0.17) 0.99 0.94-1.05 .80
No. of patients 138 532

Iron, pg/dL 70.6 (6.76) 81.1 (4.12) 0.99 0.98-0.998 .008?
No. of patients 92 318

Transferrin, mg/dL 266.1 (12.54) 279.4 (7.54) 0.99 0.99-1.00 .055
No. of patients 64 209

Vitamin B,,, pmol/L 284.1 (22.93) 292.6 (10.19) 1.00 0.99-1.00 .09
No. of patients 145 536

Ferritin levels, ng/mL 75.6 (115.3) 60.8 (82.3) 1.00 0.99-1.004 17
No. of patients 86 322

Cl indicates confidence interval; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean cell volume;
R2, multivariate coefficient of determination; RBC, red blood cell; RDW, red blood cell distribution width; SD, standard deviation.

ap <.05.

were not matched on anemia status (n = 4910). The results of
this analysis (Table 3) also show no differences in laboratory

parameters between folate-deficient cases and controls.

Indications for Folate Determinations

Overall, the indications for folate status determinations
did not differ between the 2 groups (Table 4). When all
folate-deficient cases were compared with all controls, no
specific indication was found more often in the folate-de-
ficient group than in the control group. When the groups
with anemia were compared, the test was sent as part of an
anemia workup at the same rate in both the folate-deficient
and control groups (51% vs 48%, respectively; P >.05).
Similar results were seen when the test was performed for

other indications or as a request for periodic blood tests by

the patient (22% for folate-deficient cases vs 28% for con-
trols; P >.05). In the groups without anemia, the test was
sent as part of a routine workup in 53% of folate-deficient

cases compared with 46% of those with normal folate status

(P =.154).

Physician Response to Folate Deficiency

The files of all individuals with folic acid deficiency were
examined to see whether the deficiency was properly ad-
dressed by either documenting the deficiency or administrat-
ing folic acid supplements. Patients with a folic acid level
below the norm were prescribed a folate supplement in 68 of
152 (44.7%) cases; in only 1 case the file was updated with
a diagnosis of folic acid deficiency without prescription of a

folate supplement.
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H Table 3. Comparison of Folate-Deficient Group With a Separately Matched Control Group Without Anemia

Status Matching

Test Cases
Folate, nmol/L 4.4(0.1)
No. of patients 192
Hemoglobin, g/dL 13.2 (0.3)
No. of patients 192
Hematocrit, % 40.3(0.7)
No. of patients 192
RBC, M/uL 4.53(0.1)
No. of patients 192
MCH, pg 29.2 (0.4)
No. of patients 192
MCHC, g/dL 32.7(0.2)
No. of patients 192
MCYV, fL 89.0 (1.0)
No. of patients 192
RDW, % 13.5(0.3)
No. of patients 192
Iron, pg/dL 72.4 (5.9)
No. of patients 129
Transferrin, mg/dL 256.4 (12.9)
No. of patients 82
Transferrin, saturated % 20.9(2.4)
No. of patients 89
Vitamin B12, pmol/L 285.5 (18.9)
No. of patients 192

Mean (SD)
Controls P
170 (0.2) <.0012
4910
13.0 (0.0) .093
4708
39.7 (0.1) .086
4708
4.49 (0.0 225
4708
29.1 (0.1) .622
4708
32.7 (0.0 .680
4708
88.8(0.2) .627
4708
13.2 (0.1) 122
4708
80.1 (1.4) .018
2633
274.7 (2.9) .0042
1339
21.2 (0.0 .783
1320
302.5 (3.9) .090
4661

MCH indicates mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean cell volume; RBC, red blood cell;

RDW, red blood cell distribution width; SD, standard deviation.
2P <.05.

DISCUSSION

Laboratory determinations of serum folate status are com-
monly obtained in adult primary care as part of the evaluation
of anemia, whether macrocytic or not; nutritional status; and
other clinical scenarios.” Although regarded as the most ap-
propriate screening test for folate deficiency, true folic acid
deficiency is rarely detected in clinical practice.® There are
no clear guidelines in Israel regarding folate status determina-
tions. Among our goals was to inquire into why the test is
ordered so often and whether such guidelines could possibly
be formulated based on the results.

In the era of folate fortification, the utility of this test is
questionable.’ In this sample only 4.3% of tests were posi-

tive for folate deficiency over a 3-year period. Hematologic

indices were not helpful in distinguishing folate-deficient
patients from their controls. This finding was consistent in
both subgroup analyses based on anemia status. As noted in
previous studies, evaluations of elevated mean cell volume
could not identify patients with folate deficiency,*®!° thus
suggesting that macrocytosis alone should no longer be con-
sidered an indication for folate status evaluation. Our results
suggest low serum iron levels may serve as an indicator of
folate deficiency, possibly as a marker of nutrition deficien-
cies, although other parameters of iron metabolism such as
transferrin saturation and ferritin levels do not support such
a correlation.

Concerns that this analysis was confounded by matching
groups based on anemia status prompted us to perform an ad-

ditional analysis comparing the folate-deficient group with a

VOL. 19, NO. 3

m THE AMERICAN JOURNAL OF MANAGED CARE =

el03



CLINICAL

M Table 4. Indications for Folate Status Determination

All Cases vs All Controls

Subgroup With Anemia Subgroup Without Anemia

Cases Controls Cases Controls Cases Controls
Indication (n=152) (n=556) (n=37) (n=141) P (n=115) (n=415) P
Routine evaluation, % 45.4 41.2 .362 216 28.4 413 53.0 45.5 .154
Anemia workup, % 15.1 14.6 .862 51.4 475 .680 NA NA NA
Macrocytosis or macrocytic anemia, % 4.6 8.8 .089 2.7 8.5 229 5.2 8.9 199
Gastrointestinal symptoms, % 13.2 13.3 .961 8.1 4.3 .344 14.8 16.4 .679
Neurologic symptoms, % 13.8 15.8 513 13.6 9.2 444 13.9 18.1 .296

NA indicates not applicable.

separately matched control group, regardless of anemia status.
The results of this analysis reinforce those of the primary anal-
ysis, showing that laboratory indices are incapable of identify-
ing folate-deficient patients.

Clinical presentation did not differ between the 2 groups.
Tests that were part of a clinical workup were ordered at sim-
ilar rates among both groups. Among the symptoms which
prompted doctors to send folate determinations were abdomi-
nal pain; those suggestive of malabsorption, inflammatory
bowel disease, or peptic ulcer disease; and those suggestive of
possible vitamin deficiencies such as aphthous stomatitis or
alopecia. Based on previous studies, there is little evidence
that alopecia is caused by folic acid deficiency!"'? and the role
of folic acid in aphthous stomatitis is debatable.!

Fewer than half of the folate-deficient patients received
a prescription for folate supplementation. We presume that
when tests are ordered without a clear clinical indication or
without laboratory parameters suggesting folate deficiency,
there may be a tendency to mistakenly overlook the results.
Assuming our study represents the general population with-
out known risk factors for folate deficiency, only 1.9% of all
folate tests in our district resulted in a change in manage-
ment. In their studies, Robinson and Mladenovic® and Latif
and colleagues® suggest empiric folate supplementation as an
alternative to ordering determinations of folic acid status. It
may be unethical to prescribe vitamins that a patient may
not require. In light of recent studies that question the safety
of folate supplementation,'*" this approach may not be ap-
propriate. Furthermore, doing so would require pretreatment
evaluation of cobalamin status and supplementation as re-

quired in order to avoid a masked cobalamin deficiency.

CONCLUSIONS

Neither laboratory parameters nor clinical findings in
patients’ charts were capable of distinguishing folate defi-
ciency in patients without known risk factors in compari-

son with controls. The low response rate of physicians to

the test results further cast doubt on the utility of this test.
The diagnostic value of a broad screening strategy is limited
for conditions such as folate deficiency that are not preva-
lent in the general population. For the 152 cases that were
found deficient, there may be clinical significance to the
findings. The fact that only half of them were prescribed a
folate supplement speaks to a separate issue of how physi-
cians respond to abnormal laboratory values. The findings
in our study reinforce our belief that either limiting folate
tests to cases suggestive of nutritional deficiencies or pro-
viding empiric folic acid treatment in such cases will re-
duce unnecessary laboratory tests. We recommend to the
Israeli Task Force for Preventive Medicine incorporation of
such a policy when formulating guidelines for folate status
determinations.
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