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Association between Mean Corpuscular Hemoglobin
Concentration and Future Depressive Symptoms in Women
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Insufficient hemoglobin and depression share several symptoms and often occur in the same patients.
Here, we sought to clarify their relationship by investigating two indices of oxygenation at the tissue level:
mean corpuscular hemoglobin concentration (MCHC) and hemoglobin level. We hypothesized that MCHC
would be more informative than hemoglobin levels. This prospective, longitudinal, community-based study
included 337 participants (108 men and 229 women; age range, 38-87 years) who received evaluations of
MCHC, hemoglobin levels and depressive symptom scores (DSS) during baseline and follow-up
examinations, which were performed in 2008-2011 and 2010-2012, respectively. MCHC and hemoglobin
levels were measured as part of complete blood counts, while DSS was evaluated using the Beck
Depression Inventory. Associations were analyzed using linear regression. We found a statistically
significant association between baseline MCHC and follow-up DSS (8 = —-0.69, p = 0.026), which remained
statistically significant after controlling for potential confounders (8 = -0.71, p = 0.011). Further, when we
analyzed the relationship separately for men and women, we observed that it remained stable for women
before (8 = —1.00, p = 0.014) and after (8 = —1.09, p = 0.003) adjusting for confounders. The stable
association indicates that MCHC may be superior to hemoglobin level as a prognostic factor for future

depressive symptoms in women.

MCHC is easy to measure and low MCHC is usually treatable.

Therefore, screening and intervention efforts could be targeted at women with low MCHC, who appear to
have elevated risks of developing depressive symptoms.
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Introduction

Depression was the fourth leading contributor to the
global burden of disease in 2002, and is projected to be the
second and first leading contributor by 2030 globally and
among high-income countries, respectively (Mathers and
Loncar 2006). In the United States, the prevalence of major
depressive episode diagnosed by Diagnostic and Statistical
Manual of Mental Disorders, 4™ Edition (DSM-IV) among
adults (more than 18 years old) in 2013-2014 was 6.6%
(Center for Behavioral Health Statistics and Quality 2015).
The estimated prevalence of depressive symptoms, accord-
ing to data from National Health and Nutrition Examination
Survey (NHANES) during 2005-2010, among adults (more
than 18 years old) was 25.6% (Wittayanukorn et al. 2014).
Among Korean adults (18 to 64 years of age), the preva-
lence of major depressive disorder sharply increased from
4.0% in 2001 to 6.7% in 2011 (Ministry of Health and

Welfare Republic of Korea Division of Mental Health
Policy 2012). Depression is the leading cause of disability
in the world (World Health Organization 2013), in part
because of suicide attempts, and depression-related suicides
have increased in Korea in recent decades (National
Statistical Office of Korea Vital Statistics Division 2012).
Due to its social burden, depression is now a major public
health problem (Beardslee et al. 2013). Despite its signifi-
cance, however, there is a lack of epidemiologic studies on
depression risk factors and the prevention of depression in
community settings in the Asia-Pacific region.

Conditions involving hemoglobin insufficiency,
including anemia, have similar symptoms as depression,
such as fatigue, weakness, helplessness, melancholy, and
impaired quality of life (Krishnan et al. 2006; Hamer and
Molloy 2009; Umegaki et al. 2011; Steptoe et al. 2012). In
Korea, the prevalence of anemia in 2011 was 2.4% among
men and 12.8% among women (Korean Centers for Disease
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Control and Prevention 2013). Despite the alarming preva-
lence of hemoglobin insufficiency and depression and their
overlapping symptomatology (Umegaki et al. 2011), few
studies have addressed the association between these two
conditions (Umegaki et al. 2011). Furthermore, previous
studies have utilized only cross-sectional (Onder et al.
2005; Umegaki et al. 2011; Chen et al. 2012; Stewart and
Hirani 2012) or relatively short longitudinal analysis (e.g.,
I-month duration) (Steptoe et al. 2012) restricted to the
elderly (Onder et al. 2005; Umegaki et al. 2011; Chen et al.
2012; Stewart and Hirani 2012) or specific groups of
patients (Steptoe et al. 2012). These studies showed that
lower hemoglobin is significantly associated with depres-
sive symptoms; however, their external validity was very
limited. Although hemoglobin insufficiency could be a use-
ful risk factor for depression symptom in clinical practice,
the association between hemoglobin level and depressive
symptoms remains underexplored.

Mean corpuscular hemoglobin concentration (MCHC)
is a measure of the concentration of hemoglobin per volume
of packed red blood cells (RBCs). If reduced hemoglobin
synthesis rate is faster than reduced synthetic RBC volume,
then MCHC level is decreased. We hypothesize that
MCHC may be a better index of oxygenation at the tissue
level than total systemic hemoglobin concentration, because
it provides information on the hemoglobin concentration of
each RBC. A conceptual framework outlining potential

Chronic disease status (HTN, hy
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pathways between MCHC and depressive symptoms is
described in Fig. 1. If MCHC is lower for a long period,
we assume that oxygenation of brain cells would be
reduced, and these micro-hypoxic brain cells may affect
depressive symptoms. Therefore, this study aimed to ana-
lyze the longitudinal association between MCHC and
depressive symptom scores in a community based prospec-
tive cohort study among relatively healthy participants over
a 2.2-year mean follow-up period. Additionally, we ana-
lyzed the association between hemoglobin concentration
and depressive symptom score in comparison to MCHC
results.

Methods

Study participants

We conducted a longitudinal analysis of data collected in the
prospective Korean Genome and Epidemiologic Study (KoGES)-
Kangwha cohort study, which started in 2006 and involves
community dwellers on the Kangwha Island, Incheon, South Korea.
Detailed methods for the KoGES-Kangwha study are reported
elsewhere (Lee et al. 2012). Because the Korean version of the Beck
Depression Inventory (K-BDI) has been available to the study since
2008, we included participants who completed a baseline examination
between 2008 and 2011 and a follow-up health examination between
2010 and 2012. The K-BDI was administered twice-once at baseline
and once at follow-up. Out of a total of 338 participants, one
participant was excluded due to the use of depression medication at
baseline, resulting in 337 (108 men, 229 women) participants who
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Fig. 1. Potential pathways between MCHC and depressive symptoms.
A conceptual framework outlining potential pathways between MCHC and depressive symptoms is described.
Hemoglobin insufficiency can caused by chronic disease status, aspirin intake, iron deficiency, vitamin deficiency, and
gastrointestinal occult bleeding. Considering transportation pathway which has blood brain barrier to reach the brain
tissue, we hypotheses that MCHC may be a better index of oxygenation at the brain tissue level than total hemoglobin
concentration because it provides information on the hemoglobin concentration of each Red Blood Cell (RBC). If
MCHC is lower for a long period, we assume that oxygenation of brain cells would be reduced because brain cell
oxygenation is highly dependent of oxygen brought by hemoglobin on each RBC. This reduced substance exchange,
antioxidant may reduce and pro-inflammatory cytokine may increase, thereby dopamine function and neurotransmitter
synthesis may reduce in the brain cells. Therefore these accumulated brain cell damage may affect depressive

symptoms.

HTN; hypertension, DM; diabetes mellitus, Hb; hemoglobin, RBC; Red blood cell, MCHC; mean

corpuscular hemoglobin concentration, GI; gastrointestinal, BBB; blood brain barrier, O2; oxygen, BMI; body mass

index, and Syn; synthesis.
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were between the ages of 38 and 87 years, being included in this
study. The study was carried out at Department of Preventive
Medicine, Yonsei University College of Medicine, Seoul, Korea. All
participants signed an informed consent form, and the study protocol
was approved by the Institutional Review Board of Yonsei University
Health System (4-2010-0272) and monitored by the Human Research
Protection Center of Severance Hospital, Yonsei University Health
System. This study has been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki)
for research involving humans.

Measurements

Depressive symptoms: Trained research interviewers obtained
participant information, including personal history, family history,
and health behaviors, using a standardized questionnaire. Depressive
symptoms were assessed using the K-BDI, which has been
demonstrated to be a valid and reliable screening tool for depressive
symptoms (Beck et al. 1961; Hahn et al. 1986; Lee and Song 1991).
The K-BDI is a 21-item measure that evaluates the emotional, cogni-
tive, and motivational aspects of depression. Each of the 21 K-BDI
items was scored from 0 to 3 points, which was summed to give a

final score between 0 and 63. K-BDI score was used as a continuous
variable.

Biomarkers: MCHC and hemoglobin concentrations were
obtained from a standard complete blood count (CBC) blood panel.
Blood samples were collected from the antecubital vein after at least
eight hours of fasting and were sent to a centralized research
laboratory for analysis. CBC, fasting glucose, total cholesterol, high-
density lipoprotein cholesterol (HDL), and triglyceride levels were
measured by colorimetric and impedance methods using automatic
analyzers (ADVIA 120, Siemens medical Sol, USA). Diabetes
mellitus was defined as fasting glucose > 126 mg/dL or current use of
diabetic medication. Dyslipidemia was defined as total cholesterol
> 240 mg/dL or triglyceride > 200 mg/dL or low-density lipoprotein
(LDL) > 160 mg/dL or HDL < 40 mg/dL or current use of lipid-
lowering medication.

Covariates: Participants were required to refrain from smoking
or ingesting caffeine for eight hours preceding the health examination.
Prior to resting heart rate and blood pressure measurements,
participants were asked to sit and rest in a room for at least five
minutes. With participants seated, an appropriately sized cuff was
applied snugly around the upper right arm at the heart level. Heart

Table 1. Different characteristics between women and men.

Variables Total Women Men p value
(N = 337) (N = 229) (N = 108)
Age (years) 58.12 + 9.04 56.66 + 8.40 61.23 £ 9.58 <.0012
Baseline MCHC (g/dl) 32.85 £ 1.21 3270 + 1.15 33.18 £ 1.28 <.0012
Baseline hemoglobin 13.37 + 1.32 12.87 + 0.85 14.44 + 1.50 <.0012
(g/dI)
Baseline depression score 8.01 £ 7.23 8.44 + 7.41 7.08 + 6.78 0.1082
(points)
Follow-up depression 8.05 + 6.90 8.36 £ 7.09 741 £ 6.44 0.2382
score (points)
BMI (kg/m?) 24.60 + 3.18 2493 + 3.28 23.89 + 2.84 0.005°
Menopause (N, %) 166 (72.49) 166 (72.49) - -
Marriage status (N, %) <.001®
Currently married 41 (12.17) 191 (83.41) 105 (97.22)
Others 296 (87.83) 38 (16.59) 3 (2.78)
Cigarette smoking (N, %)
Never 272 (80.71) 224 (97.82) 48 (44.44) <.001®
Former 42 (12.46) 3(1.31) 39 (36.11)
Current 23 (6.82) 2 (0.87) 1(19.44)
Alcohol drinking (N, %)
Never 210 (62.31) 172 (75.11) 8 (35.19) <.001°¢
Former 40 (11.87) 15 (6.55) 5(23.15)
Current 87 (25.82) 2 (18.34) 5 (41.67)
Hypertension (N, %) 113 (33.53) 7 (33.62) 6 (33.33) 0.958 ¢
Dyslipidemia (N, %) 199 (59.05) 135 (58.95) 4 (59.26) 0.957°¢
Diabetes mellitus (N, %) 2 (12.46) 26 (11.35) 6 (14.81) 0.369 ¢
Cardiovascular disease 12 (3.56) 8 (3.49) 4 (3.70) 1.000 ®
(N, %)
Cancer (N, %) 12 (3.56) 7 (3.06) 5 (4.63) 0.532°
Aspirin use (N, %) 3 (0.89) 3(1.31) 0 (0.00) 0.554°

MCHC, mean corpuscular hemoglobin concentration; BMI, body mass index.
Data were expressed as mean £+ SD or people (%).
between women and men.

ap value was calculated by t-test
bp value was calculated by Fisher’s exact test between

women and men. °p value was calculated by Chi-square test between women and men.
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rate and blood pressure were measured twice with at least a 5-minute
interval between measurements using an automatic sphygmomano-
meter (Dinamap 1846 SX/P; GE Healthcare, USA). If the difference
between the first and second measurements was greater than 10
mmHg, additional measurements were taken. The average of the last
two measurements was used for analysis. Hypertension was defined
as average systolic blood pressure > 140 mmHg, or average diastolic
blood pressure > 90 mmHg, or current blood pressure medication use.
Standing height was measured to the nearest 0.1 cm on a stadiometer
(SECA763, SECA GMBH, Germany). Body weight was measured to
the nearest 0.1 kg on a digital scale with participants wearing
underwear and examination gowns. Body mass index (BMI) was
calculated as weight (kg) divided by height (m?).

Marriage status was utilized as a categorical variable: never
married, currently married, or divorced/separated/widowed.
Menopause was defined as absence of menorrhea during recent 12
months or previous history of total hysterectomy. Cigarette smoking
was utilized as categorical variable as never smoker (less than 100
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cigarettes during lifetime), former smoker, and current smoker.
Alcohol drinking also utilized as categorical variable as never drinker,
former drinker, and current drinker. Information on chronic disease
history, including cardiovascular disease diagnosis, and cancer
diagnosis were collected by interview. Medication histories, such as
aspirin intake were obtained.

Statistical analysis

T-tests, Chi-square tests, and Fisher’s exact tests were used for
testing sex differences of each variable (Table 1). Trends between
variable means and MCHC quartiles were tested using trend tests
(Table 2). Correlations between variables and follow-up depressive
symptom score were assessed by Pearson’s correlation coefficients
(Table 3). Multiple linear regression analysis was used to evaluate
the associations between baseline MCHC, hemoglobin, and follow-up
depressive symptom scores (Tables 4 and 5); unadjusted and adjusted
p coefficients, standard error, and p values were calculated. In the
final adjusted model, we controlled for baseline depressive symptom

Table 2. Characteristics of participants categorized by baseline mean corpuscular
hemoglobin concentration (MCHC) quartile.

MCHC quartile (g/dl)

p for
<321 32.1t0<32.7 327 to<33.7 > 337
Variables (N =73) (N = 88) (N =91 (N = 85) trend
Women (N, %) 59 (80.82) 64 (72.73) 62 (68.13) 44 (51.76) <.0012
Menopause (N, %) 42 (71.19) 46 (71.88) 48 (77.42) 30 (68.18) 0.9962
Age (years) 59.23 + 5871 + 872 5880 + 857 5585 + 860 0.026°
10.13
MCHCe (g/dl) 3128 + 0.74 3235+ 017 3313 +029 3442 + 057 <.001°
Hemoglobin® (g/dl) 12.67 + 138 1340+ 1.18 1333+ 1.18 1399+ 126 <.001®
Depression score
(points)

Baseline 7.82 + 6.72 7.56 + 7.25 847 + 791 8.13 + 6.95 0.614°

Follow-up 992 + 746 772+ 774 7.96 + 6.15 6.91 + 5.96 0.011°
BMI (kg/m?) 2457 £ 3.89 2440 +273 2488 £303 2451 +3.12  0.846°
Marriage status (N, %) 0.0722

Currently married 58 (79.45) 77 (87.50) 83 (91.21) 78 (91.76)

Others 15 (20.55) 11 (12.50) 8 (8.79) 7 (8.24)

Cigarette smoking (N, %) 0.2152

Never 63 (86.30) 73 (82.95) 76 (83.52) 60 (70.59)

Former 7 (9.59) 9 (10.23) 9 (9.89) 17 (20.00)

Current 3 (4.11) 6 (6.82) 6 (6.59) 8 (9.41)

Alcohol drinking (N, %) 0.063?

Never 49 (67.12) 55 (62.50) 58 (63.74) 48 (56.47)

Former 9 (12.33) 5 (5.68) 9 (9.89) 17 (20.00)

Current 15 (20.55) 28 (31.82) 24 (26.37) 20 (23.53)
Hypertension (N, %) 24 (32.88) 37 (42.05) 31 (34.07) 21 (24.71) 0.1372
Dyslipidemia (N, %) 49 (67.12) 46 (52.27) 56 (61.54) 48 (56.42) 04152
Diabetes mellitus (N, %) 10 (13.70) 7 (7.95) 15 (16.48) 10 (11.76) 0.8122
Cardiovascular disease 1(1.37) 6 (6.82) 2 (2.20) 3 (3.53) 0.9342
(N, %)

Cancer (N, %) 2 (2.74) 4 (4.55) 4 (4.40) 2 (2.35) 0.8512
Aspirin use (N, %) 1(1.37) 1(1.14) 0 (0.00) 1(1.18) 0.7192

MCHC, mean corpuscular hemoglobin concentration; BMI, body mass index.
Data were expressed as mean + SD or people (%). *p for trend was calculated by
Cochran-Armitage trend test. °p for trend was calculated by general linear model using
contrast coefficients for linear trend test. baseline lab results.
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Table 3. Correlations of follow-up depression score with each variable.

Total Women Men
(N =337) (N = 229) (N = 108)
Variables Pear‘sc‘)n's Pvalue Pear.sc.)n‘s Pvalue Pearéc?n's Pvalue
Coefficients Coefficients Coefficients

Age (years) 0.10 0.080 0.13 0.054 0.09 0.361
Follow-up time 0.1 0.038 0.09 0.172 0.17 0.086
(years)
BMI (kg/m?) 0.04 0.466 0.06 0.391 -0.04 0.669
MCHC (g/dl)

Baseline -0.12 0.026 -0.16 0.014 -0.01 0.954

Follow-up -0.04 0.451 -0.01 0.879 -0.09 0.336
Hemoglobin (g/dl)

Baseline -0.09 0.115 -0.14 0.039 0.03 0.737

Follow-up -0.04 0.466 -0.02 0.812 0.01 0.929
Depression score
(points)

Baseline 0.51 <.001 0.49 <.001 0.56 <.001

MCHC, mean corpuscular hemoglobin concentration; BMI, body mass index.

Table 4. Association between baseline MCHC concentration and follow-up de-
pression score.
Total (N = 337) Women (N = 229) Men (N = 108)

B SE P B SE p B SE p
Unadjusted  -0.69 0.31 0.026 -1.00 0.40 0.014 -0.03 0.49 0.954
Model A? -0.75 0.26 0.005 -1.10 0.35 0.002 -0.16 0.41 0.692
Model B® -0.69 0.27 0.012 -1.06 0.35 0.003 -0.08 0.43 0.845
Model C¢ -0.70 0.28 0.011 -1.08 0.35 0.002 -0.09 0.45 0.844
Model D¢ -0.71 0.28 0.011 -1.09 0.36 0.003 -0.13 0.47 0.785

R?=0.2936 R?= 0.2914 R?= 0.3229

Adj R?= 0.2629

Adj R?= 0.2520

Adj R?= 0.2374

MCHC, mean corpuscular hemoglobin concentration; BMI, body mass index.

aModel A: Adjusted for baseline depression score. "Model B: Adjusted for age, sex
(only in total) and to the factors in model A. Model C: Adjusted for BMI, meno-
pause (only in women), cigarette smoking, alcohol drinking, marriage status, and to
the factors in model B. Model D: Adjusted for hypertension, hyperlipidemia,
diabetes mellitus, cerebrovascular disease, cancer, and aspirin intake (only in
women), and to the factors in model C. R2 and adjusted R2 are acquired from final

model (D).

scores, age, sex, BMI, menopause status, cigarette smoking, alcohol
drinking, marriage status, hypertension, dyslipidemia, diabetes melli-
tus, medical history of cardiovascular disease, medical history of can-
cer, and aspirin intake. As hemoglobin concentration depends on age
and sex (Weiskopf et al. 2005), we included age and sex in the model.
In addition, we included smoking status, alcohol drinking, marriage
status, chronic underlying diseases, aspirin intake, menopause, and
BMI because they could influence hemoglobin and depression. We
also included baseline depressive symptom scores to consider base-
line depression status.

All statistical analyses were performed using SAS version 9.2.0
(SAS Institute, Cary, NC, USA). A two-tailed p value of < 0.05 was
considered statistically significant.

Results

Changes in depression symptom categories during
study periods stratified with MCHC quartiles are shown in
Fig. 2.

Differences in baseline MCHC and hemoglobin
concentrations were shown between men and women (Table
1). Women had lower baseline MCHC and hemoglobin
levels compared to men. Characteristics of study partici-
pants categorized by baseline MCHC quartile are shown in
Table 2. Sex, age, and depressive symptom score at
follow-up showed significant linear trends. Correlations
between participant characteristics and follow-up depressive
symptom scores are shown in Table 3. Among women,
follow-up depressive symptom scores were positively



214 J M. Lee et al.
Table 5. Association between baseline hemoglobin concentration and follow-up
depression score.
Total (N = 337) Women (N = 229) Men (N = 108)
B SE P B SE P B SE )
Unadjusted  -0.45 0.28 0115 -1.14 0.55 0.039 0.14 0.41 0.737
Model A? -0.38 0.25 0.125 -0.90 0.48 0.064 -0.21 0.35 0.557
Model BP -0.37 0.30 0.217 -0.92 0.48 0.059 -0.13 0.41 0.752
Model C¢ -0.42 0.31 0.178 -0.95 0.49 0.054 -0.18 0.43 0.682
Model D¢ -0.39 0.31 0.212 -0.87 0.50 0.081 -0.16 0.45 0.719
R?2=0.2829 R?=0.2813 R?= 0.3233

Adj R?= 0.2517

Adj R’= 0.2378

Adj R?= 0.2378

BMI, body mass index.
aModel A: Adjusted for baseline depression score. "Model B: Adjusted for age,
sex (only in total) and to the factors in model A. “Model C: Adjusted for BMI,
menopause (only in women), cigarette smoking, alcohol drinking, marriage status,
and to the factors in model B. ‘Model D: Adjusted for hypertension, hyperlipid-
emia, diabetes mellitus, cerebrovascular disease, cancer, and aspirin intake (only
in women), and to the factors in model C. R2 and adjusted R2 are acquired from

final model (D).

100%
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40%
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20%

Proportion of depression symptom
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0%

MCHC quartile

Depression symptom
m Severe

= Moderate

= Mild
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Fig. 2. Change of participants’ depression symptom between baseline (2008-2011) to follow up (2010-2012) by MCHC

quartile.

Numbers inside the bar are actual numbers of people. Left axis proportions were calculated with these actual numbers.

For example, Q1 BL 69% = 51/(51 + 12 + 7 + 3) x 100.

BL, Baseline; FU, Follow up; and Q, MCHC quartile (Q1 lowest, Q4 highest).

correlated with baseline MCHC, baseline hemoglobin, and
baseline depressive symptom score. Among men, however,
only follow-up depressive symptom score at follow-up was
positively correlated with baseline depressive symptom
scores. Associations between baseline MCHC and
follow-up depressive symptom score are shown in Table 4.
In the total population, there was a significant inverse
association between baseline MCHC and follow-up
depressive symptom score (f = —0.69, p = 0.026). This
association remained significant in the final model after
controlling for baseline depressive symptom score, age,
sex, BMI, menopause status, cigarette smoking, alcohol
drinking, marriage status, hypertension, dyslipidemia,

diabetes mellitus, medical history of cardiovascular disease,
medical history of cancer, and aspirin intake (f = —0.71, p
= 0.011). Among women, this association was stable
before (f = —1.00, p = 0.014) and after (f = —1.09, p =
0.003) adjusting for confounding factors and covariates. In
contrast, this association was not significant among men (f
= —0.03, p = 0.954). Cross-sectional analysis revealed no
significant association between baseline MCHC and
baseline depressive symptom score nor between follow up
MCHC and follow up depressive symptom score (data were
not shown). Associations between baseline Hb and
follow-up depressive symptom score are shown in Table 5.
There was a significant inverse association between
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baseline hemoglobin and follow-up depressive symptom
score in women (f = —1.14, p = 0.039). However, after
adjustment for confounders the association was no longer
significant (f =—0.87, p = 0.081).

Discussion

We found that baseline MCHC was significantly
associated with future depressive symptom scores in
women. Cross-sectional analysis, however, revealed no
significant association between baseline MCHC and
baseline depressive symptom score. We also found that
MCHC is a better biomarker than hemoglobin for future
prediction of depression risk.

Prior studies about hemoglobin and depression have
been conducted; However, the study populations involved
mostly the elderly (Onder et al. 2005; Lucca et al. 2008;
Hamer and Molloy 2009; Umegaki et al. 2011; Chen et al.
2012; Pan et al. 2012; Stewart and Hirani 2012) or patients
with specific diseases such as acute coronary syndrome
(Steptoe et al. 2012), beta-thalassemia (Keskek et al. 2013),
postpartum (Corwin et al. 2003), stroke (Ormstad et al.
2012), and depression (Maes et al. 1996). Because previous
studies were limited to specific populations, epidemiologic
evidence for such a link in the general or a younger
population is still inadequate. Most of these studies used a
cross-sectional study design (Maes et al. 1996; Corwin et
al. 2003; Onder et al. 2005; Lucca et al. 2008; Umegaki et
al. 2011; Chen et al. 2012; Pan et al. 2012; Stewart and
Hirani 2012; Keskek et al. 2013). There were only three
prospective studies with follow-up length of 3 weeks
(Steptoe et al. 2012), 12 to 18 months (Ormstad et al.
2012), and 2 years (Hamer and Molloy 2009). Moreover,
longitudinal study results were lacking on this topic, with
no longitudinal study available that targeted Asian-Pacific
populations. Many studies have found significant an
association between hemoglobin and depression (Maes et
al. 1996; Hamer and Molloy 2009; Umegaki et al. 2011;
Steptoe et al. 2012), but others have failed to show
statistically significant findings. In men, there was no
significant relationship between hemoglobin and depressive
symptoms (Umegaki et al. 2011). Baseline hemoglobin
values were not associated with depressive symptom scores
after 2 years in elderly from the United Kingdom (Hamer
and Molloy 2009). In stroke patients, hemoglobin levels
were associated with depressive symptoms at both 12
months and 18 months following stroke, but hemoglobin
levels were not associated with depressive symptoms 6
months later (Ormstad et al. 2012). In a study with an
elderly population in Italy, mild anemia had a higher odds
ratio of depression symptoms than those who did not have
anemia (Lucca et al. 2008). However, the association failed
to show statistical significance after adjustment for chronic
disease status. This present study was started from an
examination of these small inconsistencies. Considering a
possible transportation pathway for oxygen, which
encounters the blood brain barrier to reach the brain tissue,

we hypotheses that MCHC may be a better index of
oxygenation at the brain tissue level than total hemoglobin
concentration, because it provides information on the
hemoglobin concentration of each RBC (Fig. 1). No
previous study has examined the association between
MCHC and depressive symptom score. Among women in
Table 4, the association between MCHC concentration and
follow-up depression score was stable before (f = —1.00, p
=0.014) and after (f = —1.09, p = 0.003) adjusting for con-
founding factors and covariates. However, among women
in Table 5, the association between hemoglobin concentra-
tion and follow-up depression score was significant before
adjusting (f = —1.14, p = 0.039), but not after (5 =—0.87, p
= 0.081). This finding goes along with our hypothesis and
suggests that MCHC may be a better biomarker for future
depressive symptoms than hemoglobin.

Strengths

To our knowledge, our study is the first prospective
study that investigated the association between MCHC and
depressive symptoms as far as we know. Second, our study
used both longitudinal approach (mean follow-up time was
2.20 years) and cross-sectional approach. This study
adjusted for a baseline depressive symptoms score to
demonstrate a clearer association between MCMH and
future depressive symptoms. Third, this study suggests that
MCHC may be a better biomarker for future depressive
symptoms than hemoglobin. Fourth, our study population
was comprised of middle to elder age spectrum. Fifth, our
data were obtained from a well-established community-
based cohort study that used standardized methodology for
ascertaining MCHC and depressive symptom scores as well
as relevant confounding factors.

A number of mechanisms may underlie the link
between hemoglobin insufficiency and depression. One
possible explanation is related to brain oxygen supply
(Weiskopf et al. 2005). Because the brain is a major
oxygen- and energy-consuming organ, it is sensitive to even
mild hemoglobin insufficiency (Umegaki et al. 2011). A
second explanation is related to micronutrients such as iron
(Stewart and Hirani 2012) and vitamins (Pan et al. 2012)
that are involved in hemoglobin insufficiency. Iron is
implicated in dopamine function (Snyder and Connor
2009), which has clear potential relevance for mood
disorders. Iron also plays a role in oxygenation of brain
parenchyma and the synthesis of several neurotransmitters
(Beard et al. 1993) that may be associated with depression.
A third explanation is related to erythropoiesis by occult
bleeding (Onder et al. 2005; Umegaki et al. 2011). Psycho-
logical distress may increase the risk of occult bleeding in
the digestive tract (Peura 1987), and activated sympathetic
tone may inhibit erythropoiesis (Maestroni 2000; Umegaki
et al. 2011; Stewart and Hirani 2012). Also there is
possibility that iron metabolism and erythron affect the
prooxidant and antioxidant systems and proinflammatory
cytokine levels, and induce depression (Rybka et al. 2013).
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Any or all of these factors could lead to chronically or
repeatedly low levels of MCHC, which may in turn lead to
the development of depression symptoms (Fig. 1).

Limitations

First, depressive symptom scores were only available
since 2008 and using 1st follow up till 2012, therefore our
study included small number of participants, with a mean
follow-up time is 2.20 years. However, this marks the
longest follow up duration on this subject to our knowledge.
In particular, our study included a small number of men,
particularly those who were hemoglobin insufficient or
depressed according to K-BDI. However, a previous cross-
sectional study of elderly Japanese individuals showed a
sex difference that was similar to that found in the present
study (Umegaki et al. 2011). Despite the small number of
participants, we were still able to observe sex-different
association, and we also expect future results due to the
ongoing nature of this cohort study. Second, we did not
explicitly determine the underlying cause of low MCHC.
Further studies are needed to further investigate different
types of anemia and low MCHC.

Conclusion

Our results suggest that lower MCHC is a risk factor
for future depressive symptom. Fortunately, diagnosis of
hemoglobin insufficiency is relatively simple, and
appropriate treatments exist in most cases (e.g. iron supple-
ment), suggesting that prevention of depression in a certain
percentage of people may be possible. These findings
suggest that screening and intervention efforts should target
hemoglobin insufficient (low MCHC concentration) among
women, although further investigations are required to
establish cut-off levels for depression prevention.
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