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Abstract:

Background: Depression exists in mild, moderate, and severe depressive attacks. Evidence suggests that
depression is linked to anemia. Several studies have established a correlation between depression and anemia. In
previous studies, a venous blood sample was normally used to analyze the average value of hemoglobinand
parameters of erythrocytes. The current study examined full blood count (FBC) in different populations of
erythrocytes in individuals with depression (DE) compared to a healthy control group (CON).

Material and Methods: All DE, n=24 were diagnosed with DSM-IV and ICD-10. CON, n=54 served as controls.
A Percoll™ gradient was used to separate erythrocytes into different density fractions. In all fractions, FBC, i.e.,
red blood cell count (RBC), hemoglobin concentration (Hb), mean corpuscular hemoglobin (MCH), mean body
hemoglobin concentration (MCHC) and mean body volume (MCV) were analyzed using a CELL-DYN 4000. As
a comparison, a second blood sample was also taken, where the mean values of FBC were analyzed.

Results: When the mean value of FBC was analyzed, no significant difference was found between the groups. In
contrast, when erythrocytes were separated by density, a lesser amount of Hb was found amongst the smaller
erythrocytes, i.e. fractions nos. 8-17 (p < 0.05). No significant difference was found when measuring MCH and
MCHC in the same density fractions.

Conclusion: The current study provides evidence that smaller erythrocytes that were divided by density have less
hemoglobin. However, erythrocytes which were not separated by density i.e. mean values of hemoglobin showed
no difference between the groups. For that reason, it may be of value to perform an extended analysis of
erythrocytes and hemoglobin as a complement to the average value of hemoglobin. This may be of value when
DE patients are investigated for anemia.
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Introduction

Depression is a neurological condition that can be differed into
severe, moderate, mild, and depressive episodes. The disease is
common in several different populations, and the condition is more
common in those suffering from chronic disease [1]. Several
different studies confirm that depression is related to anemia [2-4].
However, a contrary notion exists, an earlier cohort study confirmed
that no association exists between depressive disorders and
hemoglobin levels or anemia status [2]. Another study showed that
the connection with anemia is accounted for by physical health
status and may mirror anemia of chronic disease [5]. Another
additional study suggests that anemia is associated with depression
in women but not in men [6].

Symptoms of low hemoglobin level (dizziness, fatigue, whiteness,
shortness of breath during physical activity, higher heart rate at rest)

also occur in depressive symptoms. A possible connection between
low hemoglobin levels i.e. anemia and depression can probably be
explained by an underlying poorer physical health status such as
fatigue [7-9], lower levels of brain oxygen [10], deficiency of
vitamin Baz2 [11] or elevated inflammatory levels [12-13]. However,
previous studies show that depression may result in lower
hemoglobin levels due to worse health behaviors, examples include
malnutrition or high alcohol consumption [14-15]. The use of
psychotropic treatments especially selective serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors
(SNRIs) is connected to a higher risk of abnormal bleeding which
could lead to anemia [16-17]. On the other hand, antidepressants
may be able to decrease the risk of anemia by easing depressive
symptoms and thereby improving health-related behaviors [14].
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To our knowledge, previous studies regarding depression and
anemia have focused on the analysis of whole blood, that is, a
regular venous blood sample in which the average value of
hemoglobin level and parameters of red blood cells have been
analyzed. In this study, the aim was to analyze the full blood count
in different populations of erythrocytes in individuals with major
depression. These different population of red blood cells was then
compared with the red blood cells of healthy participants in an adult
population to determine whether depression is associated with
anemia.

Material and Methods
Subjects

The current study included 24 patients with depression (DE), aged
50 + 14 years (mean * SD). Recruitment of patients took place in
connection with care visits to the psychiatry clinic at the local
hospital. All subjects included in the study were diagnosed with
DSM-IV and ICD-10. As for DSM-1V, it is specifically described
that the condition must have resulted in a change in the person's
condition. The patients who verbally declined the study were
excluded. The control group (CON) consisted of 54 healthy
individuals aged 67 + 4 years (mean + SD). All of the CON group
were included in the study after requesting medical care at a nearby
health center, all of whom were free of any depressive condition.
Appropriate Ethics declarations are as follows: both patients and the
control group gave informed consent. The study has been
approved by the local ethics committee at Linkdping University,
Sweden (reg. number: 2012/269-32).

Laboratory Investigations

From each subject, two blood samples were taken from the
antecubital vein. Vacutainer™ tubes (Becton and Dickinson, New
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Jersey, U.S.A.) were used for this purpose. The blood of the first
tube, containing 7.5 ml was anticoagulated by adding 2.5 ml of
antiplatelet solution. This mix where then poured into a 50 ml tube
containing a linear Percoll™ (GE Healthcare Bio-Sciences AB,
Sweden) gradient covering the density range of 1.04-1.09 kg L. The
gradient tube was then used to separate erythrocytes by density. The
procedure has been described previously [18-20]. Briefly, the
gradient tube was centrifuged at 2767 g for 1.5 hours. Next, the
bottom of the tube was perforated so that 2 ml gradient fractions
could be poured by gravity into smaller test tubes. In each of these
fractions a Full Blood Count (FBC), i.e., red blood cell count (RBC),
hemoglobin (Hb) concentration, mean corpuscular hemoglobin
(MCH), mean body hemoglobin concentration (MCHC) and mean
body volume (MCV) were analyzed using a CELL-DYN 4000
(Abbott Diagnostics, lllinois, USA). The second tube, containing 3,5
ml venous blood anti-coagulated with NaEDTA was used to
measure mean values of FBC.

Statistics

Microsoft Excel®, ver. 12.0.6514.5000 was used for the statistical
calculations. The unpaired Student's t-test was used to estimate
quantitative data. p-values < 0.05 were used to specify significance.

Results

The mean values of full blood count (FBC) between DE and CON
are shown in table 1. There was no demonstrated difference between
the groups.

Figure 1: The distribution of erythrocytes (x 10*%/L) in the gradient
for depression patients and controls. Fraction no. 1 detains
erythrocytes having the highest density.
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Figure 1: The distribution of erythrocytes (x 10'%/L) in the gradient for depression patients and controls. Fraction no. 1 detains
erythrocytes having the highest density.
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Figure 2: lllustrates Hb-concentration in matching 17 different density fractions, no significant difference was found in
fractions nos. 1-7, fractions nos. 8-17, on the other hand, showed a significant difference, p<0.05.
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Figure 3: displays MCH measured in the same 17 different density fractions. Some of the fractions (fractions nos. 3, 9, and
12) showed a significant difference between the two groups, p < 0.05. At last,
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DE Controls p-value
(mean + SD) (mean + SD)
Full Blood Count
RBC (x 1012L) 4.45+0.67 4.51+0.71 NS
Hb (g/L) 140 + 14.1 139 +20.3 NS
MCH (pg) 30.68 +1.53 31.02 +1.85 NS
MCHC (g/L) 319 +40.62 329 +9.07 NS
MCV (fL) 94 +3.18 94 +5.09 NS
NS= not significant.

Table 1 shows the mean values of Full Blood Count (FBC) (n=24) between the Depression (DE) and Control group (CON)
(n=54).
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Figure 4: presents MCHC in identicall7 different density fractions. Only fraction no. 9 exposed a significant difference between
the two groups, p < 0.05.

Discussion

To present knowledge, this is to be the first description of studying
different erythrocytes subpopulations in individuals with depression
compared to a healthy control group. The current study shows that
there is no significant difference when analyzing the mean values of
FBC between the groups (table 1). In contrast, when the whole
blood was separated by density and size, a significant difference was
found when comparing Hb concentration in fractions nos. 8-17, i.e.
these are the fractions where the smaller red cells were present
(p<0.05) (figure no. 2). No significant difference was found when
measuring MCH and MCHC in the same density fractions (figure
nos. 3-4).

The existing study thus displays significant differences when
comparing the two study groups with respect to Hb concentration in
the different red cell density fractions (figure no.2). However, this
difference only exists in fraction no. 8-17, i.e. where the smaller
erythrocytes were located. Previous research has shown that low
hemoglobin levels (anemia) are related to depressive symptoms [21-

23]. Such a connection is highly to be expected since symptoms of
a low hemoglobin level (fatigue, dizziness, paleness, shortness of
breath during physical activity, higher heart rate at rest) likewise
often happen when having depressive (or anxiety) symptoms. The
connection between low hemoglobin levels and depression could be
explained by the fact that these individuals have a poorer physical
health status where fatigue often is present [24-26]. On the contrary,
higher hemoglobin levels were found in people with depressive
and/or anxiety disorders. However, individuals with higher severity
of depression showed both higher and lower hemoglobin levels. The
conclusion of that study showed that no relationship existed between
depression hemoglobin levels or anemia status [27]. Despite low
hemoglobin levels, DE showed a normal MCH and MCHC. This
suggests that mean values of FBC may not sufficient to be able to
draw a conclusion about depression and anemia, i.e.,, Hb-
concentration. The current study provides evidence that smaller
erythrocytes from DE patients contain less hemoglobin. The study
also revealed that there was no difference in the mean hemoglobin
values of erythrocytes that were not separated by density. One can
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confirm that the current study thereby shows no clear evidence for
an association between depression and low hemoglobin levels.
Regardless, the current method shows that there may be value in
examining erythrocytes and hemoglobin on a deeper level instead of
analyzing an average value of hemoglobin. In particular, this may be
of significance when DE patients are examined for anemia . The
clinical implication of the monitored hemoglobin level
heterogeneity remains however still uncertain; one cannot estimate
the clinical significance of our results based on the present study.
For this reason, larger studies of this subject are necessary to
evaluate these questions. The current method used a continuous
Percoll™ gradient with a density range from 1.04 to 1.09 kg/L to
separate erythrocytes according to density. These gradients are more
precise than discontinuous ones. After centrifugation, high-density
red cells are located in the bottom of the test tube. From a technical
point of view and in terms of reproducibility, the technique
implemented in this study is an inferior alternative in comparison to
the techniques used in various laboratories around the world. Many
laboratories use a flow cytometric technique, which is superior to
the one now described. However, there is a big advantage with this
technology, i.e. the technique allows the red cells to be separated by
density i.e. size. By using technique there is also an opportunity to
analyze Hb-content in many different sizes  of red cells. With a
flow cytometric technique, only a general average value based on
the body's red cells is provided.
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