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Missed opportunities: Lack of a diagnostic workup of anaemia
results in a high prevalence of unidentified anaemia
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standardized inpatient diagnostic and treatment approach to anaemia. Therefore, the

common aetiologies of anaemia in hospitalized patients and test for an association
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Grant/Award Number: K23H140132 ized adult patients with anaemia. Patient laboratory data were used to assess the fre-
quency of anaemia diagnostic workup and common aetiologies of anaemia.

Results: In a sample of 945 patients (mean age 58 years, 57% female and 72% Black),
30% patients had chronic anaemia, 11% had multifactorial anaemia, 5% had iron defi-
ciency and 37% had insufficient laboratory data to determine their anaemia aetiology
(unidentified aetiology). Patients with an unidentified aetiology received fewer trans-
fusions and were more likely to be White, have longer hospital stays and have higher
nadir haemoglobin levels.

Conclusion: A significant portion of hospitalized patients with anaemia did not have
an identified aetiology. A standardized diagnostic algorithm could decrease this num-

ber and help patients receive appropriate treatment.
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Highlights

e The most prevalent type of anaemia in hospitalized adult patients is chronic anaemia, fol-
lowed by unidentified anaemia.

e The majority of patients with anaemia do not undergo a full standardized anaemia workup
including nutritional, iron and haemolytic blood testing.

e Patients with unidentified anaemia receive significantly fewer transfusions than those with

identified causes.
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INTRODUCTION

Anaemia is a common condition that affects 40%-70% of hospitalized
patients [1, 2] and is associated with increased length of stay (LOS)
and higher re-admission rates [3-5]. Anaemia is also associated with
increased mortality, decreased quality of life and reductions in func-
tional status [6, 7]. Accordingly, the presence of anaemia in hospital-
ized patients should trigger a diagnostic workup, because some
aetiologies of anaemia are treatable and treatment may mitigate the
adverse effects of anaemia. However, the causes of anaemia are not
consistently evaluated by clinicians in the inpatient setting.

There are several reasons why anaemia is not consistently evalu-
ated in the inpatient setting. First, data from trials informing restrictive
transfusion practices may have inadvertently de-emphasized the sig-
nificance of anaemia overall and the importance of a treatment
approach that identifies and targets the underlying aetiology of anae-
mia rather than a patient’s haemoglobin (Hb) level. Data from transfu-
sion trials have shown that withholding transfusion until a patient’s
Hb drops below 7 g/dL (restrictive transfusion) is safe with respect to
mortality, but few of these trials have measured the adverse effects
of untreated anaemia [8, 9]. Moreover, rarely have inclusion/exclusion
criteria and the results of these trials included or reported on patients’
aetiology of anaemia. As a result, anaemia often is not considered sig-
nificant in the inpatient setting until a patient’s Hb is <7 g/dL. Clini-
cians have a diminished appreciation of the adverse consequences of
untreated anaemia, and restrictive transfusion based on single Hb
values is the standard of care irrespective of a patient’s aetiology of
anaemia. Furthermore, this focus on transfusion and subsequent lack
of knowledge on the aetiology of a patient’s anaemia shifts focus from
alternative treatments of anaemia with known aetiologies. Several
aetiologies of anaemia have known and definitive treatments, such as
supplemental iron for iron deficiency anaemia, vitamin B, and folate
supplements for these respective nutritional deficiencies and
erythropoiesis-stimulating agents for anaemia due to chronic kidney
disease [10]. Second, clinician’s primary focus in hospitalized patients
is treating acute illness, and treatment for non-life-threatening illness,
like mild anaemia, is frequently deferred to the outpatient setting.
Third, there is no standard, widely accepted diagnostic approach to
evaluating the causes of and treating anaemia in hospitalized patients.
One reason for this may be that the laboratory values useful in the
diagnostic approach to anaemia in the ambulatory setting can be
affected by acute illness and therefore often do not hold the same
diagnostic value in hospitalized patients. As a result, transfusion trials
do not address how to optimally treat anaemia [11]. Inpatient clini-
cians often dismiss mild anaemia as inconsequential and not needing
treatment [12] and assume certain aetiologies of anaemia
(i.e., anaemia of chronic inflammation [ACI]) rather than definitively
diagnose them [13], and the workup and treatment of anaemia in hos-
pitalized patients varies by the provider [14].

To address this variation, standardize the diagnosis and treatment
of anaemia and improve patient care, data on the diagnostic labora-
tory tests ordered by clinicians and the prevalence of the different

aetiologies of anaemia in hospitalized patients would be useful.

Knowing how often and in which patients clinicians attempt to work
up and identify the underlying aetiology of anaemia, and the overall
prevalence of the different aetiologies of anaemia, could drive inter-
ventions that improve the evaluation and treatment of hospitalized
patients with anaemia. Moreover, such data could be useful for
designing studies to identify the optimal inpatient management strate-
gies for the different aetiologies of anaemia that go beyond simply
the decision of when to transfuse and ultimately help inform a stan-
dardized diagnostic and treatment algorithm for hospitalized patients.
While a previous study in part characterized the prevalence of anae-
mia in hospitalized patients, the data collected for that study were not
comprehensive, did not consider aetiologies of anaemia that are clini-
cally relevant to the inpatient setting and was conducted internation-
ally where practice patterns may be different than in the
United States [3]. As a result, the purpose of this study was to
(1) examine the diagnostic approach and prevalence of the different
aetiologies of anaemia in hospitalized patients in a US academic medi-
cal centre, and (2) test for the association between the aetiologies of

anaemia and patient’s clinical and demographic characteristics.

MATERIALS AND METHODS
Study design

This was a prospective observational study of hospitalized general
medicine patients with an Hb < 10.0 g/dL at the University of Chicago
Medical Center (UCMC). Patients were recruited for this study
between January 2019 and February 2020. The Institutional Review
Board approved the study procedures, and all study subjects provided

informed consent.

Study eligibility and inclusion criteria

All general medicine inpatients at UCMC were approached for con-
sent to the University of Chicago Hospitalist Project (UCHP), an
established inpatient clinical research infrastructure at UCMC.
Patients consenting to the UCHP and with an Hb level <10.0 g/dL at
any point during hospitalization were eligible for this study. An
Hb < 10.0 g/dL was the inclusion criterion because data for this study
were collected as part of a larger study on anaemia and red blood cell
transfusion, and for patients with an Hb > 10 g/dL, there was no equi-

poise with respect to the possibility of receiving transfusion.

Diagnostic approach and aetiology of anaemia

Every laboratory test result for each patient during their admission
was collected from hospital administrative data and was used to
determine which patients received a diagnostic workup for their anae-
mia and the aetiology of the patient’s anaemia. The aetiology of the

patient’s anaemia was determined by adapting diagnostic criteria
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UNIDENTIFIED ANAEMIA IN HOSPITALIZED ADULTS

validated in large cohorts of patients with anaemia [15]. Patients were
categorized as having the following: (1) anaemia due to nutritional
deficiency, including iron deficiency, defined by a ferritin level
<50 ng/mL, vitamin B4, deficiency, defined by a vitamin B, level
<20 pg/mL or By, <300 pg/mL with a corresponding methylmalonic
acid >0.4 mmol/L, or folate deficiency, defined by a serum folate level
<3.4 ng/mL or a red blood cell folate <316 ng/mL; (2) chronic anae-
mia, including ACI, defined by a ferritin >100 ng/mL and a C-reactive
protein (CRP) > 5 mg/dL, and anaemia of chronic kidney disease,
defined by a glomerular filtration rate <30 mL/min/body surface area;
(3) acute blood loss anaemia, defined by an admission Hb > 11.5 g/dL.
Although there is no clear cutoff for acute blood loss anaemia, an
admission Hb of 11.5 g/dL was used because an Hb drop of 1.5 g/dL
is considered clinically relevant and consistent with acute anaemia;
(4) haemoglobinopathy, including either sickle cell anaemia or thalas-
semia based on an International Classification of Disease 10 code,
and/or a mean corpuscular volume (MCV) < 80 fL without nutritional
or chronic anaemia; (5) haemolytic anaemia defined by a haptoglobin
<20 mg/dL and an MCV > 100 fL; (6) anaemia due to thyroid disease,
defined by a thyrotropin <0.1 mcU/mL. Patients meeting criteria for
more than one aetiology were categorized as having (7) multiple aeti-
ologies of anaemia, while those with no laboratory values drawn dur-
ing hospitalization or laboratory values not meeting criteria for any of
the above anaemia aetiologies were classified as (8) having unidenti-

fied anaemia.

Patient demographic data collection

Hospital administrative data were also used to determine patients’
age, sex, race, ethnicity, Charlson Comorbidity Index (CCI) score [16],

LOS and receipt of a transfusion.

Statistical analysis

Descriptive statistics were used to characterize patient demographic
and clinical characteristics as well as to quantify the frequency of
diagnostic laboratory tests and the prevalence of anaemia aetiologies.
Because of the small number of non-Black and non-White patients
cared for at our institution, race was characterized as a categorical
variable using the values of ‘Black/African-American’, ‘White’ and
‘Other’. The mean was used to summarize normally distributed vari-
ables while the median and interquartile range were used for non-
normally-distributed variables. Chi-squared (categorical variables) and
t-tests (continuous variables) were used to test for clinical and demo-
graphic differences across the anaemia aetiology categories. Multivari-
able linear regression models were used to test for associations
between clinical and demographic characteristics and anaemia aetiol-
ogy. Sensitivity analyses were also conducted using different Hb cut-
offs for acute blood loss anaemia but are not reported here because

the results were not significantly or substantively different than using
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an Hb of 11.5 g/dL. Statistical analysis was performed using Stata sta-
tistical software (StataCorp, College Station, TX).

RESULTS
Patient characteristics

A total of 945 patients consented for study participation. Their mean
age was 58 years, and 57% (538/945) were female. The race and eth-
nicity of the sample was 72% (684/945) Black, 22% (208/945) White,
6% (53/945) Other and 94% (888/945) non-Hispanic or non-Latine.
The average LOS was 9.2 days, the mean Hb was 9.5 g/dL, the nadir
Hb was 7.7 g/dL and 37% (345/945) received a transfusion.

Diagnostic workup and prevalence of anaemia
aetiologies

All enrolled patients (100%, 945/945) had a complete blood count
(CBC), 98% (934/945) had a basic metabolic panel (BMP), 29%
(276/945) had a reticulocyte count and 48% (454/945) had iron stud-
ies collected during their hospitalization (Table 1).

Based on the laboratory values drawn during patient’s admission,
6% (56/945) had nutritional anaemia, 30% (281/945) had chronic
anaemia with 4% (34/945) having anaemia solely due to
chronic inflammation and 22% (208/945) having anaemia solely due

to chronic kidney disease, 9% (83/945) had acute blood loss anaemia,

TABLE 1 Distribution of diagnostic laboratory tests overall and
by identified versus unidentified anaemia.

Overall Identified Unidentified

(N=945), (N=593), (N=352),
Laboratory test n (%) n (%) n (%)
Basic metabolic panel 923 (98) 327 (55) 110 (31)
Reticulocyte count 276 (29) 214 (36) 62 (18)
Iron and total iron- 454 (48) 329 (55) 125 (36)
binding capacity
Transferrin and 454 (48) 329 (55) 125 (36)
transferrin saturation
Ferritin 437 (62) 327 (55) 110 (31)
Vitamin By, 268 (28) 194 (33) 74 (21)
Folate 187 (20) 134 (23) 53(15)
Methylmalonic acid 4(1) 3(0) 1(0)
Homocysteine 9(1) 5(1) 4(1)
C-reactive protein 242 (26) 168 (28) 74 (21)
Thyroid-stimulating 316 (33) 224 (38) 92 (26)
hormone
Haptoglobin 217 (23) 168 (28) 49 (14)

Coombs/direct 47 (5) 38 (6) 9(3)
antiglobulin test
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6% (53/945) had sickle cell anaemia, 11% (107/945) had multifactorial
anaemia and 37% (352/945) had unidentified anaemia (Table 2). There
were also differences in the number of units of transfusion that

patients with different aetiologies received (Figure 1). Given the

TABLE 2 Prevalence and distribution of aetiology of anaemia.

Total N (%), 945

Nutritional anaemia (iron + B4, + folate) 56 (6)
Iron deficiency 51 (5)
B, deficiency 0 (0)
Folate deficiency 4 (0)
Multiple nutritional aetiologies 1(0)

Chronic anaemia (ACl or CKD) 281 (30)
Chronic inflammation 34 (4)
Chronic kidney disease 208 (22)
Multiple chronic aetiologies 39 (4)

Acute anaemia 83(9)

Sickle cell 53 (6)

Haemolytic anaemia 3(0)

Thyroid disease 10 (1)

Multifactorial 107 (11)

Unidentified 352 (37)

Abbreviation: ACI, anaemia of chronic inflammation; CKD, chronic kidney
disease.

unexpected and high number of patients with unidentified anaemia,
subsequent analyses compared differences between patients with
identified and unidentified anaemia. Additionally, because of the small
number of patients with haemolytic anaemia and anaemia due to thy-

roid disease, these aetiologies were excluded from regression models.

Patient differences between unidentified and
identified anaemia aetiologies

Compared to patients who had an identified aetiology of anaemia,
those with unidentified anaemia were more likely to be White
(p < 0.01), have a longer LOS (10.1 vs. 7.7, p < 0.01) and have higher
nadir (7.9 vs. 7.5, p < 0.01) Hb levels. Additionally, patients with uni-
dentified anaemia received significantly fewer units of red blood cell
transfusion than patients with identified anaemia (0.8 units
vs. 1.5 units, p < 0.01), and were less likely to receive a transfusion at
all (32% vs. 39%, p = 0.03). Table 3 compares the baseline characteris-
tics of patients with anaemia of identified causes to those of patients
with anaemia of unidentified causes.

Association between patient characteristics and
unidentified anaemia

There were also significant associations between patient’s age, their

nadir Hb levels and whether they had anaemia with identified or

Percentage of Patients Receiving Units of Transfusion Received by Anaemia ey ™5
. nits o
Aetlology Transfusion m3-4
Received
m1-2
p<0.01 a0

Percentage of Patients Receiving Transfusion

100.0% ' ]
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FIGURE 1 Percentage of patients who received certain numbers of transfusions, stratified by their respective anaemia aetiology. The
distribution of transfusion receipt varied significantly between these aetiologies, with all 945 patients accounted for. p-values represent a chi-
squared test comparing the distribution of the quantity of transfusions received by anaemia aetiology.
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TABLE 3 Characteristics of patients with unidentified and
identified aetiology of anaemia.?

Identified Unidentified
(N = 703) (N = 242) p-value

Age (years) 57 +18 60 + 16 0.29
Female patients, n (%) 348 (58) 190 (54) 0.16
Race, n (%)

Black/African- 466 (79) 218 (62)

American

White 95(16) 113(32) <0.01

Other 32 (5) 21(6)
Ethnicity, n (%)

Non-Hispanic or 560 (94) 328 (93) 0.70

-Latine
Charlson Comorbidity Index score, n (%)

0 78 (13) 48 (14)

1-2 154 (26) 93(27) 0.84

3-4 130 (22) 83(24)

5+ 223 (38) 122 (35)
Length of stay (days) 10.1[4.4,12.6] 7.7[3.9,9.8] <0.01
Haemoglobin (g/dL)

Mean 8.7+13 8.8+10 0.06

Nadir 75+14 79+12 <0.01
Transfusion

Receipt of, n (%) 232 (39) 113(32) 0.03

Number of units 1.5[0, 2] 0.8 [0, 1] <0.01

Note: Transfusion and length of stay rows report median and interquartile
range.
2Age and haemoglobin rows report mean + SD.
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unidentified causes. The rate of anaemia of unidentified cause
increased with patient age (18-44, 29%; 45-59, 39%; 60-74, 43%),
except in the oldest age group where the fraction of anaemia without
an identified cause decreased (754, 35%) (p < 0.001) (Figure 2). Addi-
tionally, patients with lower nadir Hb level during hospitalization were
less likely to have an unidentified cause of anaemia (p < 0.001)
(Figure 3).

In the logistic regression model, patients’ age, race and nadir Hb
were all predictive of having an unidentified cause of anaemia.
Patients between the age of 60 and 74 had 62% (p = 0.01) increased
odds of having an unidentified cause of anaemia, compared to
patients between the ages of 18 and 44. White patients had a 156%
(p < 0.01) increased odds of having an unidentified cause of anaemia,
compared to Black patients. Patients with a nadir Hb between 6.0 and
7.0 g/dL, between 7.0 and 8.0 g/dL, between 8.0 and 9.0 g/dL
and between 9.0 and 10.0g/dL had 110% (p =0.01), 270%
(p <0.01), 210% (p < 0.01) and 250% (p < 0.01) increased odds of
having an unidentified cause of anaemia, respectively, compared to
patients with a nadir Hb < 6.0 g/dL. When nadir Hb was modelled as
a continuous variable (rather than a categorical variable), an increase
in nadir Hb by 1.0 g/dL increased the odds of a diagnosis of unidenti-
fied cause of anaemia by 24% (p < 0.01).

DISCUSSION

In this study of hospitalized patients with anaemia, nearly all patients
received a CBC and BMP, around half had iron levels measured and
around a quarter had additional laboratory studies drawn that would
be considered part of a diagnostic workup of anaemia. This is

Percentage of Patients with Undiagnosed Anaemia by Age
Category
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5%
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45-59 (n=235)
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FIGURE 2 Percentage of patients who did not have their aetiology of anaemia definitively worked up by their age. p-values represent a chi-

squared test comparing percent unidentified anaemia by patient age.
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Percentage of Patients with Undiagnosed Anaemia by Nadir
Haemoglobin Level
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FIGURE 3 Percentage of patients who did not have their aetiology of anaemia definitively worked up by their nadir haemoglobin (Hb) level.
p-values represent a chi-squared test comparing percent unidentified anaemia by patient age.

inappropriate, given that standard treatment of anaemia (with or with-
out transfusion) requires a prior thorough diagnostic workup to
ensure that the correct underlying aetiology of a patient’s anaemia is
being treated. With only a fraction of patients receiving diagnostic
tests that can be used as anaemia workup, there is the potential that a
significant portion of patients are being treated inappropriately.

For example, similar to other studies and clinical settings, the
most prevalent diagnosed aetiology of anaemia in our study of hospi-
talized adults was chronic anaemia [17, 18]. It is often regarded as the
most difficult aetiology to treat [17] and erroneously approached as a
diagnosis of exclusion [18] rather than definitively diagnosed as the
aetiology of anaemia for patients with any chronic condition. How-
ever, if it is approached as such, and patients do not receive compre-
hensive anaemia workups, it calls into question whether chronic
anaemia is being appropriately evaluated and, therefore, treated.

It is remarkable that a large portion of patients did not have a
diagnostic workup that would allow the aetiology of their anaemia to
be identified. Patients with unidentified anaemia in this study were
more likely to be middle aged, White and have a higher nadir Hb level
than patients with an identified cause of their anaemia. This is impor-
tant because anaemia is a chronic condition with significant adverse
health consequences that should be worked up and treated by inpa-
tient clinicians, and if almost 40% of patients with anaemia are not
receiving even iron studies, they may be receiving suboptimal treat-
ment and care that could result in deleterious outcomes. With the
data from this study, it is not possible to determine why there were
identified clinical and demographic differences in patients with uni-
dentified versus patients with identified anaemia. However, it is possi-
ble that the presence of anaemia is seen as more abnormal and more

alarming to clinicians in patients when it occurs at younger and older

ages, compared to those who are middle-aged. Similarly, the fact that
patients with unidentified anaemia had higher nadir Hb levels may
reflect that clinicians are just less concerned about mild anaemias than
severe anaemias, even though mild anaemia is as predictive of adverse
patient outcomes as more moderate and severe anaemias [19, 20].

Future studies that address the prevalence of unidentified anae-
mia could include prospective studies analysing a diagnostic algorithm
for anaemia, or studies that investigate how electronic health records
can be used to improve the workup and treatment of anaemia in the
inpatient setting. If part of the reason why unidentified anaemia is tol-
erated is because physicians do not see it as clinically important, trials
examining the outcomes of working up and treating anaemia in the
inpatient setting and outpatient setting could be done as well. Future
studies could examine the types of treatments patients with differing
aetiologies of anaemia receive and whether it is concordant with their
specific underlying cause or limited to a transfusion. Additionally,
studies examining the restrictive versus liberal transfusion policy
should examine anaemic patients by aetiology rather than lumping
patients with anaemia into groups irrespective of their aetiology of
anaemia. It is possible that better assessment and treatment of the
causes of anaemia in the inpatient setting could reveal opportunities
to further limit the use of transfusion in hospitalized patients and bet-
ter understand the longer term outcomes and optimal treatment anae-
mia in hospitalized patients.

There are limitations to this study and our findings. This study
included only patients with an Hb < 10 g/dL, and therefore did not
capture data on patients with very mild anaemias. This, however, may
have underrepresented the significance of our results, because we
found that patients with higher Hb levels were less likely to have a

diagnostic workup of anaemia. It is also possible that some patients
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had clearly determined aetiologies of anaemia at hospital presentation
that did not require further workup during their hospitalization, which
could be the subject of future work. The definitions we chose for the
aetiologies of anaemia are also not absolute and we did not consider
every single potential aetiology of anaemia. There is no widespread
acceptance of the specific laboratory values that define certain aetiol-
ogies of anaemia in the inpatient setting (i.e., iron deficiency), and so
we chose the definitions most often used and found minimal differ-
ences when applying other accepted definitions. Lastly, this is an
observational study that occurred at a single academic medical centre,
and therefore the results may not be generalizable.

In conclusion, anaemia is a common chronic condition associated
with adverse health outcomes, but no standard diagnostic workup for
anaemia in the inpatient setting exists. The lack of a standard diagnos-
tic workup results in significant variation in the workup and treatment
of anaemia in hospitalized adults, and a significant percent of patients
never have an aetiology of anaemia identified during their hospitaliza-
tion. Future work should focus on how to best define, work up and

manage anaemia in the inpatient setting to improve patient outcomes.
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