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Background and methods: To determine the diagnostic
values of laboratory tests used in the diagnosis of iron-de-
Jiciency anemia, the authors conducted a systematic over-
view of the relevant literature. Computerized searches of
the MEDLINE database yielded 1,179 potentially relevant
citations. Fifty-five studies included the resulls of labora-
tory tests and bistologic examination of the bone marrow
Jor atleast 50% of an identifiable patient group. In these 55
studies, quality was assessed and descriptive information
concerning the study populations, the tests conducted, and
the results was extracted, all in duplicate.

Results: Serum ferritin radioimmunoassay was by far the
most powerful test, with an area under the receiver operat-
ing characteristic curve of 0.95. Test properties differed
Jor populations of patients with inflammatory, liver, or
neoplastic disease and patients without these conditions.
Likelibood ratio lines, which allow precise interpretation
of results across the entire range of ferritin concentration
values, were constructed for the individual populations.
Conclusion: Serum ferritin radioimmunoassay is an ex-
tremely powerful test for the diagnosis of iron-deficiency
anemia and, appropriately interpreted, can be applied to
the complete range of patients.
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ANEMIA is 2 common problem in all age groups and
populations, and iron deficiency a common cause.
While the definitive diagnosis of iron deficiency is
made by examination of the bone marrow obtained by
aspiration, laboratory tests are often used to aid diag-
nosis. Mean cell volume (MCV) determination, trans-
ferrin saturation (TS) testing, and serum ferritin radio-
immunoassay are used most commonly; determinations
of red cell protoporphyrin (RCP) and red cell volume
distribution (RDW) have also been suggested. Most re-
cently, measurement of the red cell ferritin (RCF) has
been suggested as being particularly helpful in evaluat-
ing patients who have inflammatory and liver disease,
conditions in which serum ferritin testing is thought to
be unreliable.
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Optimal use of a diagnostic test in clinical practice
requires an accurate estimate of pretest probability and
a knowledge of the test characteristics: sensitivity,
specificity, and the likelihood ratios associated with
various test results.! Any single study may provide esti-
mates of these test characteristics, but these estimates
may be distorted by a number of factors, including the
strategy of sampling patients and the play of chance.
Precise estimates of test characteristics cannot be
achieved using sample sizes of most single studies.? 3
We therefore conducted a comprehensive review of the
literature concerning the laboratory diagnosis of iron-
deficiency anemia. Specifically, we wished to ascer-
tain, in patients with clinically significant anemia who
are suspected of being iron-deficient, the likelihood
ratios associated with MCV, TS, serum ferritin, RCP,
RDW, and RCF with respect to the diagnosis of iron
deficiency. In addition, we wished to determine what
characteristics of the population (particularly age and
presence of acute or chronic disease) influence per-
formances of the tests.

PRIOR REVIEWS

Using search strategies described in detail below,
we identified a number of reviews related to the diag-
nosis of iron deﬁciency.“'8 These reviews, however,
failed to meet many of the criteria of a scientific over-
view?: none reported a systematic search of the litera-
ture, provided a methodologic assessment of the
evidence, or attempted a quantitative analysis. Further-
more, clinicians remain confused about the role of lab-
oratory tests in the diagnosis of iron deficiency, and no
prior review has clarified this role. We therefore con-
cluded that a scientific overview was warranted.

METHODS
Literature Search

Two MEDLINE searches were done. The first was as
follows: {iron or iron (tw)'] and [anemia/diagnosis or
bone marrow/analysis or bone marrow/metabolism)].
The second was: [iron (tw) or anemia or anemia (tw)]
and [erythrocytes/analysis or erythrocytes/pathology

*Text word.
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or erythrocyte count]. In the second search, if more
than 100 articles were obtained from any particular
MEDLINE file, “‘diagnosis”’ was added as a subheading.
These searches were repeated for all MEDLINE files
between 1966 and the time the final search was con-
ducted (January 1990). The citation lists were re-
viewed by two of us (GHG and ADQO), and any articles
that either person thought were relevant were ob-
tained. The citation lists of all reviews and primary
articles that were obtained were examined, and any
possibly relevant article was noted and obtained. For all
abstracts, the first author was contacted and a full text
of the study was requested.

Selection Criteria

The following criteria were used to select
research:

1. The target population: patients over 18 years
old with low levels of hemoglobin (<13.0 g/dL
for men, <11.0 g/dL for women). In many stud-
ies, only a proportion of patients met these cri-
teria and it was impossible to separate the pa-
tients who met the criteria from those who did
not. So long as it appeared that 10% or more of
the patients met the criteria, the studies were
included.

2. The diagnostic intervention: quantitation of
MCV, TS, serum ferritin, RCP, RDW, or RCF.

3. Outcomes: the relation between test results and
findings on histologic examination of aspirated
bone marrow. Studies were included only if
data were presented in a manner that aliowed
the calculation of, at least, test sensitivity. Stud-
ies in which it was not possible to separate indi-
vidual patients who had had bone marrow
aspiration from those who had not had the
procedure were included only if at least 50% of
an identifiable subgroup of patients had had
bone marrow aspiration.

Initially, study titles were examined for eligibility
by two of us (GHG and ADO), and articles that either
one thought might be relevant were obtained. Subse-
quently, full papers were reviewed by two of us (GHG
and either ADO or MA), and papers judged relevant
were included in the overview. Disagreements were
resolved by conference.

Foreign-language papers that were thought poten-
tially eligible were reviewed by a single reviewer who
both understood the language and had medical train-
ing. Foreign-language papers for which we did not have
easy access to a translator with medical training were
excluded. One paper in Japanese and one in Chinese
was excluded on this basis.?®

Assessments of Methodologic Quality

The following criteria were used to assess method-
ologic quality.

1. The populations:

* Ideal: consecutive anemic patients (with ex-
plicit definition of anemia) who consented to
have bone marrow aspiration for histologic
examination.

e Second best: consecutive anemic patients
who underwent bone marrow aspiration.

* Worst: anything else.

2. The interventions:

» Ideal: specified method of testing (i.e., how
laboratory tests were done). If reference was
made to an article that apparently provided
a detailed method, this was considered
adequate.

* Anything else.

3. Outcome measures:
e Bone marrow examined by two or more
readers blinded to the results of other tests.
¢ Either blinding or two or more readers, but
not both.
¢ Neither blinding nor two or more readers.

Papers were once again reviewed twice, with dis-
agreement resolved by conference.

Data Collection

Two reviewers (GHG and, for each paper, one of
ADO and MA) abstracted information from all papers.
Information abstracted included: the numbers of pa-
tients in all age, gender, and disease categories, the
process of patient selection (‘‘consecutive,” “approxi-
mating consecutive,”’ or ‘‘arbitrary, probably unrepre-
sentative’”), whether the patients were anemic by our
definition (versus anemic by authors’ definitions, or
impossible to separate anemic population), the pro-
portion of patients having undergone bone marrow as-
piration, and the results of the investigations in iron-de-
ficient and non - iron-deficient subjects. Discrepancies
were resolved by a single reviewer (GHG), who re-
viewed the original paper to discern the reason for the
disagreement.

We found one instance in which several reports
had been published with apparently overlapping
data.}*!3 In this case, we included only the report with
the most complete data set.

Analysis

For the initial relevance and methodologic quality
ratings, agreement between two observers was calcu-
lated using a weighted kappa statistic'¢ with quadratic
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weights.?> The principal analysis was conducted for
articles in which dot plots or tables of data allowed test
results for each individual subject to be abstracted. In
the initial analysis, receiver operating characteristic
(ROC) curves were generated, the area under each
curve was calculated, and the areas under the curves
were compared.'¢ The data from the studies were com-
bined to estimate the typical likelihood ratios across
studies and associated 95% confidence intervals.!”

Subsequent analyses were restricted to serum fer-
ritin radioimmunoassay. Initially, we wished to see
whether the results for individual studies were consis-
tent. Using cutoff points of 18 or 45 ug/dL, homogene-
ity of the proportions of patients with iron deficiency
above and below each cutoff point was formally tested
using the Breslow-Day test.1® This was done by compar-
ing the odds ratios for each study (that is, the ratio of the
odds of being above the cutoff point and the odds of
being below the cutoff point).

In addition to random error, we identified the fol-
lowing potential sources of variability among the rele-
vant studies.

1. The target population: age, gender, health
state. The following health-state-related cate-
gories of patients were identified: patients who
had chronic renal failure, those who had mis-
cellaneous inflammatory disease, those who
had infection, those who had rheumatoid ar-
thritis, those who had liver disease, those who
had inflammatory bowel disease, those who
had hematologic malignancy, those who had
nonhematologic malignancy, those without
any other underlying disease, and a miscella-
neous population of patients who did not fit
into any one of these categories.

2. The methodologic quality of the studies (rele-
vant factors included strategies for patient se-
lection, the proportion of subjects for whom
bone marrow aspiration was done, and blinded
interpretation of the marrow).

‘When heterogeneity was found, each variable was
tested in a univariate analysis to see whether some of
the heterogeneity could be explained by that variable.
For example, patients were divided into categories ac-
cording to underlying health state and a test was con-
ducted to see whether there was heterogeneity across
the health states.

Models of the distribution of values in iron defi-
ciency and non-—iron deficiency were generated, and
likelihood ratio lines calculated on the basis of the
best-fit models.'® The data proved to be skewed but
were normalized by a natural logarithmic transforma-
tion, and the transformed data were used to generate
the likelihood functions.

TABLE 1
Methodologic Characteristics of the Studies

No. Studies (%)

Population
Consecutive patients 40 (75.5%)
Sample approximates consecutive patients 5 (9.4%)
Arbitrary sample 8 (15.19%)
All anemic patients 25 (47.2%)
Can’t separate anemic population 28 (52.8%)
Intervention
Laboratory methods specified 50 (94.3%)
Laboratory methods not specified 3 (5.7%)
Outcome
>80% of patients had bone marrow aspiration 50 (94.3%)
50% to 80% of patients had bone marrow
aspiration 2 (3.8%)
Proportion of patients having bone marrow
aspiration not clear 1 (1.9%)
Bone marrow examination results read by 2 or
more blinded observers 4 (7.5%)
Bone marrow examination results read by 2 or
more observers or blinded observer 18 (34.0%)
Bone marrow examination results read by one
unblinded observer 31 (58.5%)

RESULTS
Agreement Studies

Initial literature searches generated 1,179 titles.
After the citation lists of possible relevant articles were
reviewed, 132 articles for which at least one of the two
observers felt the article might be relevant were identi-
fied. Agreement concerning possible relevance was ob-
tained for 1,035 of 1,080 (96%) of the titles included
in the agreement study (weighted kappa 0.82). Of the
135 articles retrieved, 127 were evaluated by two inde-
pendent reviewers. Two German articles were trans-
lated but not reviewed independently, and three others
were inadvertently not reviewed independently. Fifty-
fivel1-13, 1970 were ultimately judged relevant. Of the
127 reviewed independently, two reviewers agreed re-
garding relevance 103 times (weighted kappa 0.64).

For the validity criteria concerning population, in-
tervention, and outcome, absolute agreements and
weighted kappas were 0.72 and 0.40, 0.86 and 0.49,
and 0.84 and 0.63, respectively. In most cases, over-
sight on the part of one or other of the reviewers was
responsible for the disagreement. In the case of the
population criterion, a problem arose from judgments
combining bone marrow aspiration and patient selec-
tion in a single question. These were subsequently sep-
arated in the data extraction process, and the results
from the data abstraction process were those used in the
analysis. A summary of the methodologic characteris-
tics of the studies is presented in Table 1.
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FIGURE 1. Receiver operating characteristic curves for serum fer-
ritin radioimmunoassay, red cell protoporphyrin determination, transfer-
rin saturation test, mean cell volume determination, and red cell volume
distribution (RDW). For each value of each test, the y-axis represents the
sensitivity of the test (the proportion of patients with iron deficiency
correctly identified by the test) and the x-axis (1 — specificity) of the test
(the proportion of patients without iron deficiency who are falsely classi-
fied as having iron deficiency).

TABLE 2
Area under the Receiver Operating Characteristic (ROC) Curve
for Each Test
Mean Area 95%
Total Number Under ROC  Confidence
of Subjects Curve Interval
All subjects from all
studies
Serum ferritin 2,579 0.95 0.94-0.96
Red cell
protoporphyrin 288 0.77 0.71-0.83
Mean cell volume 436 0.76 0.72-0.80
Transferrin
saturation 764 0.74 0.70-0.78
Red cell volume
distribution 273 0.62 0.55-0.69
Only subjects with
inflammatory,
liver, or neoplastic
disease
Red cell ferritin 101 0.76 0.70-0.82
Serum ferritin 919 0.93 0.91-0.95
All Tests

Figure 1 shows the ROC curves associated with the
tests. Data from all subjects were used in calculating
these curves. The greater the area under the ROC curve,
the more powerful the test. Visual inspection of the
ROC curves demonstrates that radioimmunoassay for
serum ferritin is by far the most powerful test. MCV,

RCP, and TS determinations are comparable; the RDW
test is the least useful. These findings are reflected in
the calculated areas under the ROC curves, which are
presented in Table 2. The area under the curve is a
measure of the predictive value of the test; the greater
the area, the greater the predictive value. Because of
the large sample size, confidence intervals around the
estimates of area under the curves are narrow, and
power to differentiate between the curves is high. The
difference between the area under the ferritin curve
and the areas under the other curves is highly signifi-
cant (p<0.001). The MCV determination proved sig-
nificantly more powerful than all others (p<0.001).
Differences between RCP, TS, and MCV results all could
have occurred by chance (i.e., p>0.05).

The likelihood ratios for the five tests are pre-
sented in Table 3. The extreme likelihood ratios seen
with high and low levels of serum ferritin reflect the
power of the test. Likelihood ratios are considerably
less extreme for the other tests.

Combinations of Tests

Five groups of researchers used regression analysis
to examine the independent contributions of different
tests to diagnosis.?4 34 39.53.71 Radioimmunoassay for
ferritin proved the most powerful predictor inall analy-
ses in which it was one of the tests carried out.24. 39 53. 71
One set of investigators found the erythrocyte sedimen-
tation rate the only variable with additional predictive
power.3? In a second instance, knowledge of RDW and,
to a lesser extent, TS improved the predictive model.>?
In a third study, TS was statistically significant, but
made only a trivial contribution to the model’s predic-
tive power.”! In a fourth study, MCV was the only test
that improved the predictive model once serum ferritin
concentration had been entered.?4 In all cases the addi-
tional contributions of other tests after serum ferritin
assay were small.

Serum Ferritin

Because serum ferritin assay was so much more
powerful than the other tests, and because results of
regression analyses suggested that other tests provided
little, if any, additional information, subsequent analy-
ses were restricted to this test. The Breslow-Day test for
the homogeneity of the likelihood ratios'® revealed sig-
nificant heterogeneity across studies (p<0.001). This
suggested that test properties varied across studies. Our
first hypothesis was that this heterogeneity could be
explained by differences in underlying health states.
The test for homogeneity across populations with dif-
fering health states was also positive (p = 0.001), sug-
gesting that test properties do vary across populations.
Because there was an inadequate number of subjects for
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precise ascertainment of test properties in every health
state, we selected two clinically relevant populations
for further study. The first included patients who had
“inflammatory disease,” including any of the following
conditions: chronic renal failure, miscellaneous in-
flammatory disease, infection, rheumatoid arthritis,
liver disease, inflammatory bowel disease, hematologic
malignancy, and nonhematologic malignancy. The sec-
ond group was a ‘‘mixed population’ including miscel-
laneous inpatients and outpatients for whom investiga-
tors did not identify any of the conditions listed above,
but who had other health problems in addition to their
suspected iron-deficiency anemias. We refer to this
group as our mixed population.

We then looked to see whether there was remain-
ing heterogeneity within the mixed group of patients.
Heterogeneity remained (p <0.001). We tested to see
whether age, gender, or methodologic quality of the
studies explained the remaining variability. There was
no heterogeneity across any of these variables, suggest-
ing that they could not explain any of the residual
variability.

Subsequent analysis was therefore done for both
the inflammatory disease group and the mixed popula-
tion. Likelihood ratio lines and their associated 95%
confidence intervals for the two populations were con-
structed, and are presented in Figure 2. The properties
of serum ferritin assay, reflected in the likelihood ratio
lines, clearly differ for the two populations. The equa-
tion for calculating the likelihood ratio associated with
serum ferritin values in the mixed population is as
follows:

L = e(0-65429 — 1.6985In(x))

where Lis the likelihood ratio and x is the serum ferritin
value.

Using the same notation, the equation for calcu-
lating the likelihood ratio line associated with serum
ferritin values in the inflammatory population is as
follows:

L = e7-4793 — 1.7807 In(x))

TABLE 3
Likelihood Ratios of the Tests

95%
Number iron Number Not Likelihood Confidence
Interval Deficient Iron Deficient Ratio Interval*
Serum ferritin
=100 ug/L 48 1,320 0.08 0.07-0.09
45 < 100 ug/L 76 398 0.54 0.48-0.60
35 <45 ug/L 36 43 1.83 1.47-2.19
25 < 35 ug/L 58 50 2.54 2.11-2.97
15 <25 ug/L 117 29 8.83 7.22-10.44
=15 ug/L 474 20 51.85 41.53-62.27
Red cell protoporphyrin
=50 ug/dL 1 15 0.12 0.00-0.25
50 < 150 ug/dL 42 132 0.56 0.48-0.64
150 < 250 pug/dL 26 23 2.01 1.44-2.58
250 < 350 ug/dL 17 5 6.05 2.76-9.34
=350 ug/dL 14 3 8.31 2.60-14.02
Mean cell volume
=80 um3 24 128 0.29 0.21-0.37
85 < 90 um? 32 63 0.76 0.56-0.96
80 < 85 um? 43 71 0.91 0.71-1.11
75 < 80 um® 26 39 1.00 0.69-1.31
70 <75 ym® 31 14 3.33 1.89-4.67
<70 um?® 58 7 12.47 6.13-18.81
Transferrin saturation
=50% 4 44 0.15 0.06-0.24
30 < 50% 22 82 0.43 0.31-0.55
20 < 30% 36 111 0.52 0.41-0.63
10 < 20% 20 178 0.81 0.70-0.92
5<10% 70 44 2.54 1.99-3.09
=5% 72 11 10.46 6.42-14.50
Red cell volume distribution
=15 29 80 0.61 0.48-0.74
15<17 25 50 0.84 0.63-1.05
17 < 21 35 33 1.78 1.35-2.21
=21 13 8 2.72 1.34-4.10

*959% confidence interval around likelihood ratio for serum ferritin assay, red cell protoporphyrin determination, and transferrin saturation test.
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FIGURE 2. Likelihood ratio lines of serum ferritin radioimmunocassay for
the *mixed’’ and ** inflammatory disease”” populations. The top figure is a plot of
the serum ferritin in natural units (ug/L) against the logarithm of the likelihood
ratio. Subfigures A to F correspond to blocks A to F in the large figure and are
included to give a better sense of the curves at different sections. For each of
subfigures A to F, both the serum ferritin concentrations and the likelihood ratios
are plotted in natural units (#g/L). For each of subfigures A to F, the scales of both
serum ferritin concentrations and the likelihood ratios change to best depict the
significance of the curve for those values of serum ferritin.
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In our final analysis we examined in the popula-
tion of patients with inflammatory disease the issue of
the absolute usefulness of determining serum ferritin
concentrations in comparison with the usefulness of
RCF testing, proposed to take its place in this popula-
tion. Only two studies examined the properties of
RCF .30 3t The area under the ROC curves for RCF test-
ing in patients with inflammatory disease was substan-
tially less than that for serum ferritin determination
(Table 2).

DISCUSSION

The current study meets most of the methodologic
criteria developed for the conduct of scientific over-
views.® 72 The results are therefore likely to present a
valid summary of the usefulnesses of laboratory tests in
the diagnosis of iron-deficiency anemia.

Observer agreement for deciding the relevances of
the individual studies was not perfect, but was very
good. Observer agreement regarding the validity was
not nearly so good. Lack of precision in judgments of
methodologic quality may have contributed to the fact

170 210 250 200 goo 250 300 350 400 450 500
Serum forritin Serum ferritin

that differences in levels of methodologic quality did
not explain any of the differences in study results. The
difficulty we had agreeing emphasizes the need for
more than one independent evaluation in deciding
study relevance and validity when performing scien-
tific overviews.

The heterogeneity found across studies, even
within populations, raises questions about the appro-
priateness of aggregating the data. The most likely ex-
planation for the remaining heterogeneity is that even
our mixed population was contaminated, to varying
degrees, with patients who had underlying inflamma-
tory conditions. Nevertheless, the test properties de-
rived from the overview represent the best available
estimate and are likely to be a more accurate guide for
practice than are the results of any individual study.

Another limitation of the data is that results of MCV
and RDW determinations are available to physicians
earlier than the results of other tests. This may bias the
patients who enter the studies. For instance, patients
may be less likely to be included if their MCVs are
normal. Alternatively, patients whose MCVs are very
low in relation to their levels of hemoglobin may have
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laboratory studies to rule in thalassemia, never have
histologic examination of bone marrow, and thus be
excluded from the studies. Despite this limitation, the
studies enrolled heterogeneous populations that pro-
vided a reasonably fair representation of patients whom
physicians suspect of having iron deficiency.

An associated limitation of the data is that few stud-
ies have formally looked at whether radioimmunoassay
for serum ferritin adds important information to that
obtained by the routinely available MCV test. This
could be done using, for instance, a regression analysis.
Fortunately, ferritin determination is so much more
powerful than MCV testing that the conclusion that it
adds diagnostic power remains secure. A more difficult
issue is that there may be subgroups of patients with
specific patterns of MCV or RDW results in which ferri-
tin assay may not add important information. Unfortu-
nately, the available data do not allow exploration of
this issue.

It has been apparent for well over a decade that
serum ferritin radioimmunoassay results are systemati-
cally altered by underlying inflammatory or liver dis-
ease. Our overview confirmed this finding. However,
contrary to what most investigators have concluded,
this does not decrease the value of serum ferritin
measurement in these populations. Rather, the inter-
pretation of any given ferritin result in patients with
inflammatory or liver disease must differ from the
interpretation of the same test result in patients without
this disease. The characteristics of the test in these two
populations are depicted in Figure 2. For example, a
serum ferritin concentration of 30 ng/ml. is associated
with a likelihood ratio of 2 in a general populationanda
likelihood ratio of 4 in a population of patients with
inflammatory disease. Thus, if one had a patient with a
prior probability of iron deficiency of 50% and that
patient’s serum ferritin concentration was 30 ng/mL,
the posttest likelihood would be 0.66 if the patient did
not have inflammatory or liver disease or 0.80 if the
patient did have inflammatory or liver disease.

Because they allow a precise interpretation of the
meaning of any individual test result, likelihood ratio
lines, when they can be generated, provide the most
powerful guide to application of test results in clinical
practice. Data from individual studies, however, are

generally too sparse for calculation of likelihood ratio
lines. The strength of this overview is that aggregating
data across studies provided the power for calculating
likelihood ratio lines with relatively narrow confi-
dence intervals.

These results can be applied directly in clinical
practice. The clinician begins by making an estimate of
the prabability of iron deficiency based on information
he or she has prior to receiving the results of the serum
ferritin determination. This estimate can be referred to
as the ‘‘pretest probability estimate.”” For the diagnosis
of iron deficiency, this estimate can be based on a num-
ber of factors, including: history of previous anemia;
dietary history; history of any bleeding (including
melena); ingestion of gastric irritant drugs; historical
clues to other possible causes of anemia (including:
weakness, fatigue, or easy bruising; bone pain sugges-
tive of myeloma or other underlying malignancy; and
history of chronic inflammatory conditions such as
rheumatoid arthritis); and findings on physical exami-
nation such as abdominal mass, spontaneous bruising,
lymphadenopathy, splenomegaly, or melena or find-
ings suggesting chronic inflammatory disease.”® If the
pretest probability is neither extremely low (<10% for
instance) nor extremely high (>90%), radioimmunoas-
say for serum ferritin should be ordered, and the result
obtained. The clinician should then decide whether
the patient fits into the inflammatory disease popula-
tion or the mixed population, and should find the like-
lihood ratio associated with the test result by referring
to Figure 2. The posttest probability can then be calcu-
lated by hand, or using a simple nomogram or ‘‘likeli-
hood ratio card.”* This process is illustrated in Table 4,
which provides representative pretest and posttest
probabilities given different serum ferritin testing
results.

A much simpler approach would treat serum ferri-
tin concentration as having three categories. A value
<15 ug/L confirms the diagnosis of iron deficiency,
while a value of >100 ug/L rules out iron deficiency.
Intermediate values mandate further investigation.
While less precise than the approach described in the
previous paragraph, this simpler strategy may in many
instances be adequate.

In conclusion, the results of this study should alter

TABLE 4
Posttest Probabilities of Iron Deficiency Given Varying Pretest Probabilities and Results of Serum Ferritin Determinations

Serum Ferritin

Pretest Probability

Result 0.2 0.4 0.6 0.8
120 ug/L 0.05 0.08* 0.120.19 0.230.34 0.45 0.58
70 pug/L 0.110.19 0.25 0.38 0.43 0.58 0.67 0.79
50 ug/L 0.18 0.30 0.38 0.53 0.57 0.75 0.78 0.87
30 ug/L 0.35 0.51 0.590.73 0.76 0.86 0.90 0.94
10 pug/L 0.78 0.8 0.90 0.95 0.95 0.98 0.98 0.99

*Values in Roman type are results for the mixed population; values in italics are results for the inflammatory disease population.
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clinical recommendations and practice in the diagnosis
of iron-deficiency anemia. First, radioimmunoassay for
the determination of serum ferritin concentration
should be the only blood test ordered. Second, the tra-
ditional cutoff point dividing normal and abnormal,
which in most laboratories is between 12 and 20 ug/L,
is not optimal. The likelihood of iron deficiency does
not start to drop until values are higher than approxi-
mately 40 ug/L (for general populations) or 70 ug/L
(for those with inflammatory or liver disease). Third,
the test needn’t be abandoned in the management of
patients who have inflammatory and liver disease, al-
though the results should be interpreted somewhat dif-
ferently for such patients than for those without these
conditions. Fourth, knowledge of the precise proper-
ties of serum ferritin can enhance the power of the
laboratory diagnosis of iron deficiency.

The authors thank Dr. Joel Singer for conducting the initial prelimi-
nary data analysis and Debbie Maddock for her diligent work in keep-
ing track, and supervising the retrieval, of the citations.
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