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Purpose: Age-related reduction in bone marrow activity has been shown to cause anemia,

and hypertension and endothelial dysfunction (atherosclerosis) are age-related diseases.

However, recent studies have revealed a close association between bone marrow activity

and endothelial maintenance. This study aimed to determine the association between elevated

reticulocyte levels in conjunction with vigorous bone marrow activity and hypertension and

atherosclerosis among the elderly.

Study population and Methods: To determine the associations between reticulocyte

levels and hypertension and atherosclerosis, we conducted a cross-sectional study of 2,098

elderly Japanese individuals, aged between 60 and 89 years, who had participated in an

annual health check-up in 2014.

Results: Of the total study population, 1,348 individuals were diagnosed with hypertension

(systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or

having used antihypertensive medication), and 393 were diagnosed with atherosclerosis

(carotid intima-media thickness ≥1.1 mm). Reticulocyte levels were found to be significantly

positively associated with hypertension and inversely associated with atherosclerosis.

Cardiovascular risk factor-adjusted odds ratios and 95% confidence intervals for hyperten-

sion and atherosclerosis, when raised incrementally by 1 standard deviation to determine

reticulocyte levels (5.5×104 cells/μL for men and 5.0×104 cells/μL for women), were 1.12

(1.01, 1.25) and 0.83 (0.72, 0.94), respectively.

Conclusion: Along with established cardiovascular risk factors, reticulocyte levels in

elderly Japanese individuals were found to be positively associated with hypertension and

inversely associated with atherosclerosis. This finding may help clarify the background

mechanisms concerning the association between bone marrow activity and vascular

remodeling.
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Introduction
Recent studies have reported a close association between bone marrow activity and

endothelial maintenance.1,2 The process of aging results in reduced bone marrow

activity, which is associated with age-related anemia.3–5 Recent studies have indi-

cated that erythropoietic activity, estimated according to reticulocyte levels, could

be an indicator of endothelial maintenance capacity among elderly individuals.

Moreover, previous studies have reported a positive association between hemo-

globin and hypertension,6–8 indicating that hypertension might be positively
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associated with hemoglobin production that could be

determined using reticulocyte levels. Since hypertension

is a recognized factor in endothelial injury and, given that

hypertension may promote a maximum production cap-

ability of hematopoietic stem cells (CD34-positive cells)

in the elderly,9 a positive association between hypertension

and hemoglobin production suggests that hypertension

stimulates endothelial repair activity.

Furthermore, aggressive endothelial repair is

a recognized cause of atherosclerosis.10,11 Therefore, it is

possible to establish a bidirectional association between

hypertension and atherosclerosis-hypertension that induces

endothelial dysfunction (atherosclerosis) and vice versa.12

We considered that a positive association between hyper-

tension and atherosclerosis would likely be observed in

our study population.

Aging has been reported to be associated with low-grade

inflammation,13 which can result in age-related diseases

such as atherosclerosis.14 Since low-grade inflammation

has been reported to be associated with anemia15 and low

hemoglobin,16 aggressive endothelial repair that results in

atherosclerosis could be associated with lower hemoglobin

production.

In this study, we hypothesized that, for elderly

Japanese individuals, reticulocyte levels would be posi-

tively associated with hypertension, that hypertension

would be positively associated with atherosclerosis, and

that reticulocyte levels would be inversely associated with

atherosclerosis.

To confirm our hypothesis, we conducted a cross-

sectional study of elderly Japanese individuals, between

60 and 89 years old, who had participated in an annual

health check-up in 2014.

Materials and methods
Study population
The study population comprised 2,374 elderly residents

aged 60–89 years from the city of Goto and the town of

Saza in western Japan, who underwent an annual medical

check-up in 2014, as recommended by the Japanese

government.

Participants for whom data were not available for body

mass index (BMI) (n=1), blood pressure (n=2), carotid

intima-media thickness (CIMT) (n=3), or laboratory find-

ings (n=270) were excluded from the study. The remaining

2,098 participants with a mean age of 70.1 years (standard

deviation (SD), 6.3; range, 60–89 years) were enrolled.

All procedures performed in studies involving human

participants were in accordance with the ethical standards

of the institution research committee and with the 1964

Helsinki Declaration, and its later amendments for com-

parable ethical standards. This study was approved by the

Ethics Committee of Nagasaki University Graduate School

of Biomedical Sciences (project registration number

14051404). Written consent forms were available in

Japanese to ensure comprehensive understanding of the

study objectives, and informed consent was provided by

the participants.

Data collection and laboratory

measurements
Body weight and height were measured with an automatic

body composition analyzer (BF-220; Tanita, Tokyo, Japan),

and BMI (kg/m2) was calculated. Trained examiners used

a blood pressure measuring device (HEM-907; Omron,

Kyoto, Japan) to measure and record systolic and diastolic

blood pressure of the right arm after at least 5 mins of rest

with the participant in a seated position. Hypertension was

defined as systolic blood pressure ≥140 mmHg and/or dia-

stolic blood pressure ≥90 mmHg and/or the use of antihy-

pertensive medication.

Fasting blood samples were collected in a heparin

sodium tube, an EDTA-2K tube and a siliconized tube.

Concentrations of triglyceride (TG), HDL-cholesterol

(HDL-C), γ-glutamyltranspeptidase (γ-GTP), hemoglobin

A1c (HbA1c), and creatinine were measured with standard

laboratory procedures. All measurements were performed

at SRL, Inc. (Tokyo, Japan). The glomerular filtration rate

(GFR) was estimated with an established method recently

adapted and introduced by a working group of the Japanese

Chronic Kidney Disease Initiative,17 which yielded an esti-

mate of GFR (ml/min/1.73 m2)=194×(serum creatinine

(enzyme method))−1.094×(age)−0.287×(0.739 for women).

Quantities of white blood cells (WBC), platelets, red

blood cells (RBC), and reticulocytes in samples from the

EDTA-2K tube were measured using an automated proce-

dure at SRL, Inc. Reticulocyte levels were determined

using the following formula: reticulocytes (×104 cells/

μL)=(reticulocytes, ‰)×RBC (×104 cells/μL)/1,000. (for
men: 5.45±1.77 [×104 cells/μL] and for women: 5.45±1.77

[×104 cells/μL]).
Ultrasonography was conducted to measure the carotid

intima-media thickness (CIMT) of the left and right com-

mon carotid arteries by an experienced vascular technician
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using a LOGIQ Book XP with a 10-MHz transducer

(GE Healthcare, Milwaukee, WI, USA). Maximum values

for the left and right CIMTwere calculated with automated

digital edge-detection software (Intimascope; MediaCross,

Tokyo, Japan) following a protocol that has been described

in detail elsewhere.18 This software automatically identi-

fies the edges of the internal and external membranes of

the blood vessels, and can also determine automatically

distance at a sub-pixel level (estimated to be 0.01 mm

which measures CIMT at a 10×higher axial resolution)

using a polynomial measurement formula.19 The right

and left CIMT values, excluding plaque measurements,

were then calculated and the maximum left or right

CIMT value was used for analysis. Since a previous

study reported a normal CIMT value as <1.1 mm, we

defined atherosclerosis as a CIMT value of ≥1.1 mm.20

Statistical analysis
Characteristics of the study population in relation to reti-

culocyte levels and hypertension status were expressed as

mean ± standard deviation for contentious variables, and

as prevalence for medication status. A trend test was

performed using a regression model for mean values.

Logistic regression models were used to calculate odds

ratios (ORs) and 95% confidence intervals (CIs) to deter-

mine associations between hypertension and atherosclero-

sis. Logistic regression models were also used to

determine the association of reticulocytes with hyperten-

sion and atherosclerosis.

The present study focused on reticulocyte levels,

hypertension, and atherosclerosis. Since recent studies

have identified a close association between vascular remo-

deling and bone marrow activity,1,2 and age-related anemia

is due to a reduction in bone marrow activity,3–5 these

factors influencing both bone marrow activity and vascular

remodeling (atherosclerosis) were assumed to be con-

founding factors for the present analysis.

BMI status is a determinant factor for the association

between hemoglobin and hypertension,7 as well as for an

increase in arterial stiffness.21 Furthermore, BMI status has

been shown to influence the association between HbA1c and

atherosclerosis,22 while glycated hemoglobin may be asso-

ciated with erythrocyte turnover.23 BMI and HbA1c were

considered confounding factors in the present analysis.

Moreover, renal function is strongly associated with

anemia24 and atherosclerosis,10 while TG can stimulate vas-

cular repair.25 Furthermore, the activity of vascular

remodeling (including atherosclerosis progression) can

influence the association between blood pressure levels and

TG26 and HDL-C.27 Therefore, GFR, TG, and HDL-C were

considered important confounding factors in our study.

Factors such as alcohol consumption and smoking sta-

tus influence vascular remodeling. Alcohol consumption

influences γ-GTP and smoking status influences the

WBC;28 therefore, we included γ-GTP and WBC as con-

founding factors rather than considering these factors

directly as in a previous study.29

In addition, since a previous study reported that systo-

lic but not diastolic hypertension is associated with an

increase in atherosclerosis,30 we used systolic blood pres-

sure rather than diastolic blood pressure as a confounding

factor for the analysis to determine the association

between reticulocyte levels and atherosclerosis.

Therefore, three different approaches were used to make

adjustments for confounding factors. First, adjustment was

made only for sex and age (Model 1). For Model 2, we

included other potential confounding factors, namely TG

(mg/dL), HDL-C (mg/dL), HbA1c (%), γ-GTP (U/L),

WBC (cells/μL), and GFR (ml/min/1.73 m2), as well as

systolic blood pressure (mmHg) for analysis of the relation-

ship between reticulocyte levels and atherosclerosis. Finally,

Model 3 was further adjusted for BMI (kg/m2). Continuous

variables were used for all confounding factors.

All statistical analyses were performed using the SAS

system for Windows (version 9.4; SAS Inc., Cary, NC).

p-values of <0.05 were regarded as statistically significant.

Results
Characteristics of the study population
Characteristics of the study population in relation to

reticulocyte levels are shown in Table 1. Systolic

blood pressure, diastolic blood pressure, antihyperten-

sive medication use, BMI, TG, γ-GTP, HbA1c, GFR,

WBC, platelets, and RBC were positively associated

with reticulocyte levels, while age and HDL-C showed

an inverse association.

Characteristics of the study population in relation to hyper-

tension status are shown in Table 2. Compared to the non-

hypertension group, the hypertension group showed signifi-

cantly higher number of men; significantly higher values for

age, systolic blood pressure, diastolic blood pressure, BMI,

TG, γ-GTP, HbA1c, WBC, platelet, RBC, and reticulocyte

levels; and significantly lower HDL-C and GFR levels.
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Association between hypertension and

reticulocytes
A positive association was found between hypertension and

reticulocyte levels, as shown in Table 3, with the association

remaining unchanged even after further adjustment for car-

diovascular risk factors (Model 2). However, even though the

statistical power remained significant, the association

became weaker after further adjustment for BMI (Model 3).

Table 1 Characteristics of the study population based on absolute values of reticulocyte levels

Reticulocyte tertiles p-value

T1 (low) T2 T3 (high)

No. at risk 696 702 700

Men, % 38.1 37.9 38.0 0.998

Age, years 71.1±6.9 70.1±6.3 69.3±5.7 <0.001

Systolic blood pressure, mmHg 135±19 137±19 138±18 0.006

Diastolic blood pressure, mmHg 78±11 79±11 80±12 <0.001

Anti-hypertensive medication use, % 37.4 42.6 49.4 <0.001

Body mass index (BMI), kg/m2 21.6±2.9 22.9±3.0 24.1±3.2 <0.001

Serum triglycerides (TG), mg/dL 91±54 110±66 126±82 <0.001

Serum HDL-cholesterol (HDL-C), mg/dL 62±15 60±15 58±16 <0.001

Serum γ-glutamyltranspeptidase (γ-GTP), U/L 26±25 30±27 38±37 <0.001

HbA1c, % 5.6±0.5 5.7±0.5 5.7±0.6 <0.001

Glomerular filtration rate (GFR), mL/min/1.73 m2 66.4±13.3 67.8±13.9 68.3±13.8 0.022

White blood cells (WBC), cells/μL 5096±1220 5294±1280 5712±1421 <0.001

Platelets, ×104/μL 21.7±6.1 22.4±5.1 23.1±5.8 <0.001

Red blood cells (RBC), ×104 cells/μL 427±39 441±38 456±41 <0.001

Reticulocytes, ‰ 8±1 11±1 16±31 <0.001

Carotid intima-media thickness (CIMT), mm 1.0±1.0 1.0±1.0 0.9±0.6 0.359

Note: Values: mean ± SD. Median values of reticulocyte tertiles for men are 3.7×104 cells/μL for T1, 5.3×104 cells/μL for T2, and 7.1×104 cells/μL for T3 and, for women,

the corresponding values are 3.4×104 cells/μL, 4.8×104 cells/μL, and 6.5×104 cells/μL.

Table 2 Characteristics of the study population based on hypertension

Hypertension p-value

(-) (+)

No. at risk 750 702

Men, % 32.9 40.8 <0.001

Age, years 68.5±5.5 71.1±6.6 <0.001

Systolic blood pressure, mmHg 122±11 144±17 <0.001

Diastolic blood pressure, mmHg 73±9 82±11 <0.001

Anti-hypertensive medication use, % - 67.1 -

Body mass index (BMI), kg/m2 22.0±2.9 23.3±3.3 <0.001

Serum triglycerides (TG), mg/dL 102±64 113±73 <0.001

Serum HDL-cholesterol (HDL-C), mg/dL 62±15 59±15 <0.001

Serum γ-glutamyltranspeptidase (γ-GTP), U/L 28±25 33±33 <0.001

HbA1c, % 5.6±0.5 5.7±0.6 <0.001

Glomerular filtration rate (GFR), mL/min/1.73 m2 69.3±12.6 66.5±14.1 <0.001

White blood cells (WBC), cells/μL 5153±1286 5487±1346 <0.001

Platelets, ×104/μL 22.1±5.1 22.6±5.5 0.044

Red blood cells (RBC), ×104 cells/μL 438±40 443±42 <0.001

Reticulocytes, ‰ 11±4 12±4 <0.001

Carotid intima-media thickness (CIMT), mm 1.0±1.3 1.0±1.6 0.848

Note: Values: mean ± SD. Hypertension is defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or used anti-hypertensive

medication.
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Association between hypertension and

atherosclerosis
As shown in Table 4, hypertension was significantly posi-

tively associated with atherosclerosis. This association and

its degree remained unchanged, even after further adjust-

ments for cardiovascular risk factors including BMI

(Model 2, Model 3).

Association between atherosclerosis and

reticulocyte count
As shown in Table 5, atherosclerosis was found to be inversely

associated with reticulocyte levels. This association remained

unchanged even after further adjustments for known cardio-

vascular risk factors including BMI (Model 2, Model 3).

Sensitivity analysis
We evaluated sex-specific associations with hypertension and

found these to be similar to our overall results. The

age-adjusted ORs and 95% CIs for hypertension and athero-

sclerosis, when raised incrementally by 1 SD to determine

reticulocyte levels (5.5×104 cells/μL for men and

5.0×104 cells/μL for women) were 1.34 (1.15, 1.59) and 0.83

(0.70, 0.98) for men, respectively, and 1.33 (1.18, 1.50) and

0.96 (0.81, 1.14) for women, respectively.

Table 3 Odds ratios (ORs) and 95% confidence intervals (CIs) for hypertension in relation to reticulocyte levels

Reticulocytes p-value 1 SD increment in reticulocytes

T1 (Low) T2 T3 (High)

No. of participants 696 702 700

No. of cases (%) 406 (58.3) 457 (65.1) 485 (69.3)

Model 1 1 1.46 (1.16, 1.82) 1.88 (1.49, 2.36) <0.001 1.34 (1.21, 1.47)

Model 2 1 1.36 (1.08, 1.71) 1.58 (1.24, 2.00) <0.001 1.24 (1.12, 1.38)

Model 3 1 1.20 (0.95, 1.51) 1.25 (0.97, 1.60) 0.080 1.12 (1.01, 1.25)

Notes: Model 1: Adjusted for sex and age only. Model 2: Adjusted further for HDL-C, TG, HbA1c, γ-GTP, WBC, and GFR. Model 3: Further adjustment for BMI. Increments in

reticulocytes of 1 SD are 5.5×104 cells/μL for men and 5.0×104 cells/μL for women. Hypertension is defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure

≥90 mmHg and/or use of antihypertensive medication.

Abbreviations: HDL-C, HDL-cholesterol; TG, triglyceride; HbA1c, hemoglobin; γ-GTP, γ-glutamyltranspeptidase; WBC, white blood cells; GFR, glomerular filtration rate;

BMI, body mass index.

Table 4 Odds ratios (ORs) and 95% confidence intervals (CIs)

for atherosclerosis in relation to hypertension

Hypertension p-value

(-) (+)

No. of participants 750 1348

No. of cases (%) 105 (14.9) 288 (21.5)

Model 1 1 1.36 (1.06, 1.75) 0.016

Model 2 1 1.36 (1.05, 1.76) 0.019

Model 3 1 1.34 (1.03, 1.74) 0.027

Notes: Model 1: Adjusted for sex and age only. Model 2: Adjusted further for

HDL-C, TG, HbA1c, γ-GTP, WBC, and GFR. Model 3: Further adjustment for BMI.

Hypertension is defined as systolic blood pressure ≥140 mmHg and/or diastolic

blood pressure ≥90 mmHg and/or use of antihypertensive medication.

Atherosclerosis is defined as carotid intima-media thickness (CIMT) ≥1.1 mm.

Abbreviations: HDL-C, HDL-cholesterol; TG, triglyceride; HbA1c, hemoglobin;

γ-GTP, γ-glutamyltranspeptidase; WBC, white blood cells; GFR, glomerular filtra-

tion rate; BMI, body mass index.

Table 5 Odds ratios (ORs) and 95% confidence intervals (CIs) for atherosclerosis in relation to reticulocyte levels

Reticulocytes p-value 1 SD increments of reticulocytes.

T1 (Low) T2 T3 (High)

No. of participants 696 702 700

No. of cases (%) 154 (22.1) 131 (18.7) 108 (15.4)

Model 1 1 0.86 (0.65, 1.12) 0.73 (0.55, 0.96) 0.024 0.89 (0.79, 0.99)

Model 2 1 0.80 (0.61, 1.05) 0.65 (0.49, 0.88) 0.004 0.85 (0.75, 0.96)

Model 3 1 0.77 (0.59, 1.02) 0.61 (0.45, 0.83) 0.002 0.83 (0.72, 0.94)

Notes: Model 1: Adjusted for sex and age only. Model 2: Adjusted further for systolic blood pressure, HDL-C, TG, HbA1c, γ-GTP, WBC, and GFR. Model 3: Further

adjustment for BMI. Increments of 1 standard deviation (SD) in reticulocytes are 5.5×104 cells/μL for men and 5.0×104 cells/μL for women. Atherosclerosis is defined as

carotid intima-media thickness ≥1.1 mm.

Abbreviations: HDL-C, HDL-cholesterol; TG, triglyceride; HbA1c, hemoglobin; γ-GTP, γ-glutamyltranspeptidase; WBC, white blood cells; GFR, glomerular filtration rate;

BMI, body mass index.
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Discussion
In addition to established cardiovascular risk factors, reti-

culocyte levels were shown to be significantly positively

associated with hypertension and were significantly inver-

sely associated with atherosclerosis.

Bone marrow activity has recently been shown to be

closely associated with vascular maintenance, since hemato-

poietic stem cells derived from bone marrow reportedly play

a major role in vascular homeostasis.1,2 Hematopoietic bone

marrow activity declines with age,3–5 resulting in anemia in

elderly individuals. Therefore, erythropoietic activity deter-

mined according to reticulocyte levels may indicate the

endothelial maintenance capacity of elderly individuals.

Hypertension has been reported to injure the endothe-

lium, and hypertension may also influence the maximum

production capability of hematopoietic stem cells;9 there-

fore, hypertension could be associated with erythropoietic

activity as indicated through the level of endothelial repair

activity occurring among elderly individuals. Hemoglobin

has been found to be positively associated with

hypertension,7 which may be due to a mechanism leading

to disruption of the microcirculation resulting from insuf-

ficient endothelial repair.8 We found a significant positive

association between reticulocyte levels and hypertension.

The platelet count can act as an indicator of vascular

maintenance capacity.31 Therefore, our additional analysis

that showed the platelet count was significantly positively

associated with reticulocyte levels (sex and age-adjusted

partial correlation coefficient (r)=0.10, p<0.001); this

observation supports the aforementioned mechanism.

Aging is a process that has been reported to be associated

with oxidative stress.32 Recently, it has been hypothesized that

oxidative stress may function as a key factor in the pathogen-

esis of hypertension.33 Since oxidative stress also induces

hematopoiesis, including that of the erythroid lineage,34 reti-

culocyte levels could be positively associated with hyperten-

sion through indicating oxidative stress activity.

Obesity is known to be closely associated with states of

oxidative stress.35 Our analysis showed that the statistical

power of this association remained significant, even when

the degree of association between reticulocyte levels and

hypertension became weaker after adjustment for BMI.

Hypertension has been reported to induce the progres-

sion of atherosclerosis and vice-versa.12 In our study, we

found a significant positive association between hyperten-

sion and atherosclerosis. We also found a significant inverse

association between reticulocyte and atherosclerosis.

Aging is recognized as a factor associated with oxidative

stress32,36 and is also associated with chronic low-grade

inflammation.13,15 Furthermore, aging is also known to be

one of the main risk factors for the development of

atherosclerosis.37,38

Since low-grade inflammation is reported to be asso-

ciated with anemia,15 low hemoglobin levels16 and

atherosclerosis,14 aggressive endothelial repair that causes

atherosclerosis could be associated with lower hemoglobin

production, as indicated by low-grade inflammation.

Furthermore, hemodynamic disturbances due to

increased oxidative stress, premature cellular senescence,

and impairment of synthesis and/or secretion of endothe-

lium-derived vasoactive molecules, cause age-related struc-

tural and functional changes to the vasculature;38 therefore,

age-related oxidative stress and inflammation can be

expected to lead to the development of atherosclerosis.

Erythrocytes are an important component of the antiox-

idant capacity of blood,39 and activation of erythropoiesis

can cause reduction in oxidative stress.40 Since reticulo-

cytes are immature erythrocytes, an increase in the level

of reticulocytes may indicate an increase in antioxidant

activity that prevents atherosclerotic progression while, at

the same time, an increase in antioxidant activity may be

induced through oxidative stress and inflammation, which

are related to hypertension. This process could explain our

findings, in which reticulocyte levels showed a significantly

positive association with hypertension, as well as showing

an inverse association with atherosclerosis.

Furthermore, endothelial dysfunction has been recog-

nized as one of the initial mechanisms leading to glomer-

ular injury (reduced GFR) and atherosclerosis.41 Reduced

renal function, a risk factor associated with anemia, is

known as renal anemia. In our study, renal function

(GFR) was considered a confounding factor. However,

GFR showed a positive association with reticulocyte levels

(Table 1) and, when compared to participants without

hypertension, those with hypertension showed significant

lower GFR values (Table 2). These associations also sup-

ported our results in relation to similar associations

between reticulocyte levels and hypertension, and between

reticulocyte levels and atherosclerosis.

Figure 1 shows a summary of the possible mechanisms

accounting for our results. Given age-related reduction in bone

marrow activity is a well-recognized cause of anemia in

elderly individuals,3 reticulocyte levels might also be influ-

enced through age-related reduction in bone marrow. Low-

grade inflammation, positively associated with aging,13 has
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also been reported to be positively associated with anemia15

and low hemoglobin levels.16 Therefore, an increase in reticu-

locyte levels may indicate that the influence of age-related

reduction in bone marrow activity and chronic low-grade

inflammation on bone marrow activity is not severe. Based

on this phenomenon, hypertension might promote reticulocyte

production through stimulating endothelial repair activity,

while elevated reticulocyte levels might have a beneficial

influence on endotheliummaintenance. Therefore, an ambiva-

lent association between reticulocyte levels and on age-related

diseases, such as hypertension and atherosclerosis, was shown.

This study has some limitations that warrant consideration.

First, while erythrocytes reportedly play an important role in

anti-oxidative stress,39,40 no data concerning oxidative stress

were available. Further investigations using data such as those

for reactive oxygen species, superoxide dismutase, and cata-

lase are necessary. Chronic low-grade inflammation might

also play an important role in associations identified;13,15,16

however, no data on chronic low grade inflammation were

available. Further investigations with high-sensitivity

C-reactive protein and soluble tumor necrosis factor-

αreceptor 2 are necessary. Our results could also have been

influenced due to hemorrhagic anemia because hemorrhagic

anemia stimulates reticulocyte production. However, this

study was a general population study. Therefore, we consider

that the influence of hemorrhagic anemia was likely to have

been limited. Furthermore, because this was a cross-sectional

study, causal relationships could not be established.

Conclusion
In conclusion, our study revealed that, in addition to well

established cardiovascular risk factors, reticulocyte levels

were significantly positively associated with hypertension

and significantly inversely associated with atherosclerosis

in the elderly. These results may help clarify the back-

ground mechanisms concerning age-related endothelial

activity.
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