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Background: Hypertension (HTN) and anemia contribute to left ventricular (LV) hypertrophy and are 
associated with adverse outcomes. Anemia is often overlooked in patients with HTN, and its combined impact 
on the heart may be underestimated. The study aims to investigate the additive effects of anemia on LV function 
and global strains in individuals with essential HTN, utilizing cardiac magnetic resonance (CMR) imaging.
Methods: A total of 238 patients diagnosed with HTN and 67 sex- and age-matched controls who 
underwent CMR examination were retrospectively included. All HTN patients were divided into two 
groups: 88 with anemia and 150 without anemia. LV performance was evaluated using CMR including LV 
function parameters, LV global radial peak strain (GRPS), global circumferential peak strain (GCPS), and 
global longitudinal peak strain (GLPS). Comparisons among the three groups were conducted using one-way 
analysis of variance (ANOVA), the Kruskal-Wallis test, or the Chi-squared test. Additionally, multivariable 
linear regression analysis was performed to investigate factors associated with LV global strains.
Results: The HTN patients with anemia were older and had lower hemoglobin concentration and 
estimated glomerular filtration rate, and higher indices for LV end-diastolic volume, end-systolic volume, 
mass index, and mass/volume ratio compared with the control group and HTN without anemia group 
(all P<0.001). Additionally, the GLPS and GCPS deteriorated progressively from the HTN without 
anemia group to the HTN with anemia group when compared with the control group (all P<0.001). After 
adjusting for age, GLPS (−10.40%±0.46% vs. −11.95%±0.35%, P=0.008), GCPS (−16.60%±0.52% vs. 
−18.08%±0.39%, P=0.025), and GRPS (28.95%±1.49% vs. 32.72%±1.14%, P=0.048) were significantly 
poorer in HTN patients with anemia compared with those without anemia. Furthermore, multivariate 
analysis revealed significant independent associations between anemia and GLPS (β =0.308, P=0.002), GCPS 
(β =0.273, P=0.004), and GRPS (β =−0.142, P=0.021).
Conclusions: Anemia has additive deleterious effects on LV function and global strains in patients with 
HTN. Regular monitoring and early intervention of anemia might be beneficial for patients with HTN.
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Introduction

Essential hypertension (HTN) escalates the risk of cardiac, 
cerebral, and renal events (1). The global prevalence of 
HTN was approximately 1.4 billion in 2010 and is projected 
to rise to 1.6 billion by 2025 (2). HTN imposes a significant 
burden on healthcare systems globally and stands as the 
primary modifiable risk factor for cardiovascular disease 
(CVD) and overall mortality worldwide (3,4). Anemia 
affects about one-third of the global population, leading 
to impaired neurological development, reduced work 
efficiency, and increased morbidity and mortality (5). Anemia 
reduces tissue oxygen delivery, prompting a cardiovascular 
response that can lead to damage, manifesting as cardiac 
enlargement, left ventricular hypertrophy (LVH), and 
arterial remodeling (6). 

Anemia is  a  s ignif icant  r isk factor for  adverse 
cardiovascular outcomes in patients with HTN. Chronic 
anemia increases preload, decreases afterload, and elevates 
cardiac output, potentially leading to maladaptive LVH, a 
known risk factor for adverse outcomes and overall mortality 
(7,8). With aging, the incidence of HTN rises, making 
elderly patients more susceptible to anemia as a comorbidity. 
Although both conditions can independently harm the 
cardiovascular system (6,9,10), their combination can worsen 
cardiac dysfunction (11). Despite its significance as an 
independent predictor of mortality in this population (12), 
anemia is often overlooked, leading to an underestimation of 
its impact on heart health—particularly concerning cardiac 
structure and function in patients with HTN.

Cardiac magnetic resonance (CMR) is crucial in 
cardiology for its unique and intricate imaging techniques, 
which enables a thorough evaluation by offering precise 
measurement of LV volumes and function, t issue 
characterization, and scar quantification (13). CMR is 
particularly valuable in detecting subtle changes related 
to HTN, including early myocardial dysfunction using 
myocardial feature tracking, which may revolutionize LV 
risk assessment in HTN patients (14). Multiple published 
studies have indicated a link between anemia and LV 
diastolic dysfunction in patients with diabetes, chronic 
kidney disease (CKD), or CVD, yet the findings are 
inconsistent (15). To our knowledge, no study has utilized 
CMR feature tracking (CMR-FT) technology to investigate 

the synergistic effects of HTN and anemia on cardiac 
function. Therefore, in this study, we employed CMR-FT 
technology to examine the additional impact of anemia on 
LV function and strains in patients with HTN, aiming to 
enhance understanding and management of HTN patients 
with anemia. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1768/rc).

Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethical 
approval for this clinical study was obtained from the 
Biomedical Research Ethics Committee of West China 
Hospital, Sichuan University (No. 2019-811). The 
requirement for informed consent from patients was waived 
due to the retrospective nature of this study.

From July 2012 to September 2023, we retrospectively 
enrolled 598 patients diagnosed with essential HTN who 
had undergone CMR examinations at our institution. These 
hypertensive patients exhibit cardiovascular symptoms 
[including heart failure (HF)] and abnormal findings on 
initial electrocardiogram (ECG) or ultrasound, such as wall 
thickening. These findings necessitate further investigation 
for cardiomyopathy. HTN is defined as office systolic blood 
pressure readings of ≥140 mmHg and/or diastolic blood 
pressure (DBP) readings of ≥90 mmHg, as outlined in 
the 2018 European Society of Cardiology and European 
Society of Hypertension (ESC/ESH) guidelines (16). The 
diagnostic criteria for anemia were in accordance with 
the World Health Organization (WHO) guidelines (17). 
Specifically, individuals (excluding pregnant women) with 
hemoglobin (Hb) concentrations below 120 g/L for females 
or 130 g/L for males would be classified as having anemia. 
The exclusion criteria were as follows: (I) patients with a 
history of coronary heart disease (myocardial infarction, 
percutaneous coronary intervention and/or coronary 
artery bypass grafting), congenital heart diseases, primary 
or secondary myocardiopathy not caused by HTN, severe 
aortic or mitral valve diseases, documented surgical 
procedures for heart diseases, history of chemotherapy 
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or radiotherapy, and severe renal failure [estimated 
glomerular filtration rate (eGFR) <30 mL/min/1.73 m2]; 
(II) contraindications to CMR or poor CMR image quality; 
and (III) incomplete key clinical data. The inclusion criteria 
for the control group were as follows: (I) no history of 
ECG abnormalities or symptoms of CVD; (II) no history 
of diseases that could impair cardiac function, such as 
HTN, type 2 diabetes mellitus, coronary heart disease, 
cardiomyopathy, valvular heart disease, systemic diseases; 
and (III) the CMR revealed normal findings. Finally, a 
total of 238 HTN patients were eligible for this study, 
including 88 patients with HTN and anemia and 150 
patients with HTN but without anemia. A total of 67 age- 
and sex-matched healthy individuals were selected from our 
volunteer database to serve as the control group.

Image acquisition

All CMR scans were conducted with patients in the supine 
position using a 3.0 T whole-body magnetic resonance 
scanner, either the TrioTim or MAGNETOM Skyra 
system (Siemens Medical Solutions, Erlangen, Germany). 
The equipment was outfitted with 32-channel body phased 
array coils and standard ECG trigger apparatus. Balanced 
steady-state free precession (b-SSFP) cine images were 
obtained using a retrospective vector ECG gating method 
at the end of an inspiratory breath-hold, with 25 frames 
reconstructed per breath-hold session. Standard short-
axis, long-axis two-, three-, and four-chamber cine images 
were acquired, encompassing the entirety of the LV. The 
scanning parameters utilized were as follows: repetition 
time (TR) of 2.81 or 3.4 ms, echo time (TE) of 1.22 ms, flip 
angle of 40° or 50°, slice thickness of 8 mm, field of view 
(FOV) of 250×300 or 340×285 mm2, and matrix of 208×139 
or 256×166.

Image analysis 

The CMR images were transferred to offline commercial 
software (Cvi42, v.5.17.2; Circle Cardiovascular Imaging, 
Calgary, Canada) for analysis by radiologist (B.Y.H.) with 
over 5 years of CMR experience, who was blinded to 
the participants’ clinical data. In the Short-3D module, 
the endocardial and epicardial contours of the LV were 
automatically detected with manual correction during 
end-diastolic and end-systolic phases on short-axis cine 
images. Subsequently, morphological and functional 
parameters were automatically computed, which included 

LV end-diastolic volume (EDV), end-systolic volume 
(ESV), stroke volume (SV), ejection fraction (EF), and 
myocardial mass (M). The papillary muscles and trabeculae 
were incorporated into the parameters of the LV cavity 
but excluded from the LVM. Body surface area (BSA) 
was determined using the Mosteller formula, and the LV 
volumes and LVM were normalized to BSA [indexed as 
end-diastolic volume index (EDVI), end-systolic volume 
index (ESVI), stroke volume index (SVI), and mass index 
(MI), respectively]. The LV mass/volume ratio (M/V) was 
calculated by dividing the LVM by the LVEDV. The short- 
and long-axis four-, three-, and two-chamber cine images 
were input into the feature tracking module to assess 
LV myocardial strains (Figure 1). The endocardium and 
epicardium of the LV were automatically detected at end-
diastole with manual corrections, ensuring exclusion of 
papillary muscles and trabeculae, with the LV extent defined 
in the long-axis views. LV global radial peak strain (GRPS), 
global circumferential peak strain (GCPS), and global 
longitudinal peak strain (GLPS) results were automatically 
generated. For strain analysis, global strain capacity in 
HTN patients was considered abnormally impaired if the 
absolute value of any strain parameter was less than or equal 
to the mean minus two standard deviations (SDs) of the 
global strain parameter in the control group.

Reproducibility of LV strains 

To assess interobserver variabil ity,  30 cases were 
randomly chosen, and the LV global strains were analyzed 
independently by two radiologists in a double-blinded 
fashion. Intraobserver variability was assessed by comparing 
measurements of the same participants taken by one of the 
radiologists with a 1-month interval between assessments.

Statistical analysis 

All statistical analyses were conducted utilizing SPSS 
software (version 24.0; IBM Corp., Armonk, NY, USA). 
The normality of continuous variables was assessed with 
the Shapiro-Wilk test. Normally distributed data were 
expressed as means ± SD, whereas non-normally distributed 
data were presented as medians (interquartile range: 
25th to 75th percentile). Categorical data were presented 
as frequencies (percentages) and compared using the 
appropriate Chi-squared or Fisher’s exact test. The clinical 
and CMR-derived variables were compared among control 
participants and HTN patients with and without anemia 
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Figure 1 Measurement of LV strains using cardiac magnetic resonance feature tracking. Panel (A) shows the short-axis view, while panels (B-
D) display the long-axis 2-, 3-, and 4-chamber views, respectively, at the end-diastole phase. The light blue line denotes the LV myocardium, 
the red line indicates the endocardium, and the green line represents the epicardium. LV, left ventricular.

using one-way analysis of variance (ANOVA), followed 
by Bonferroni’s post hoc corrections, the Kruskal-Wallis 
test, or the Chi-squared test (Fisher’s exact test) as deemed 
appropriate. Analysis of covariance was employed to assess 
the discrepancies in CMR parameters between HTN patients 
with and without anemia after adjusting for age. Pearson’s 
or Spearman’s correlation coefficient was employed to 
examine relationships between LV global strains, functional 
parameters, and clinical parameters. The factors influencing 
LV contractile function were evaluated using linear regression 
analysis. Variables showing significance (P<0.05) in univariate 
analysis and demonstrating no collinearity were incorporated 
into constructing the multivariate models. Intra- and inter-
observer variabilities of LV deformation were assessed using 
the intraclass correlation coefficients (ICCs). Statistical 
significance was set at a two-tailed P value <0.05.

Results

Baseline characteristics 

A total of 305 participants were enrolled in the study, 
including 67 controls, 88 HTN patients with anemia (32 
with mild anemia, 44 with moderate anemia, and 12 with 
severe anemia), and 150 HTN patients without anemia. 
Among the three groups, the HTN with anemia group had 
a higher mean age compared with both the control and 
HTN without anemia groups. Hb levels (101±17 vs. 143±16 
vs. 150±15 g/L), BSA, and eGFR were significantly lower 
in the HTN with anemia group compared with the other  
two groups (all P<0.001). Additionally, BSA and eGFR 
of the HTN without anemia group were significantly 
lower than those of the control group. Detailed baseline 
characteristics are presented in Table 1.
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Characteristics of CMR-derived LV functional, geometric 
parameters among HTN patients and controls

The HTN with anemia group exhibited significantly higher 
basic LV geometric and functional parameters, including 
LVEDV, LVESV, LVSVI, and LVM, compared with both 
the control group and the HTN without anemia group 
(all P<0.001). However, there was no significant difference 

observed between the latter two groups. Furthermore, the 
LVEDVI, LVESVI, LVMI, and M/V were all significantly 
increased in the HTN with anemia group when compared 
with the other two groups (all P<0.001). Detailed 
information can be found in Table 2. In the HTN group 
without anemia, 41 patients (27%) had impaired LVEF 
(less than 50%), whereas in the HTN group with anemia, 

Table 1 Baseline characteristics

Variable Controls (n=67) HTN without anemia (n=150) HTN with anemia (n=88)

Demographics 

Age (years) 56.3±10.9 56.5±13.4 63.2±16.4*§

Male 37 (55.2) 86 (57.3) 43 (48.9)

BMI (kg/m2) 23.15±3.27 24.83±2.98* 22.93±3.20§

BSA (m2) 1.75±0.24 1.52±0.31* 1.34±0.29*§

Heart rate (beats/min) 69±11 73±14 76±14*

SBP (mmHg) 114±7 139±18* 139±21*

DBP (mmHg) 72±8 87±14* 83±14*

MAP (mmHg) 86±6 104±14* 102±15*

Current smoking 16 (23.9) 39 (26.0) 31 (35.2)

Dyslipidemia – 33 (22.0) 28 (31.8)

Diabetes – 31 (20.7) 29 (33.0)

Laboratory data

Hb (g/L) 150±15 143±16 101±17*§

TG (mmol/L) 1.14 (0.88, 1.50) 1.40 (0.99, 2.04) 1.26 (0.93, 1.98)

TC (mmol/L) 4.34 (3.87, 4.88) 4.31 (3.76, 4.89) 4.09 (3.47, 4.66)

HDL (mmol/L) 1.17 (1.02, 1.41) 1.29 (1.04, 1.50) 1.21 (0.98, 1.53)

LDL (mmol/L) 2.67 (2.23, 3.06) 2.51 (2.05, 2.97) 2.30 (1.76, 2.68)

eGFR (mL/min/1.73 m2) 105.0 (99.9, 111.4) 91.7 (80.1, 102.2)* 76.9 (51.1, 91.7)*§

Creatinine (μmol/L) 56.0 (50.5, 67.3) 70.4 (61.0, 82.5)* 82.0 (67.8, 110.8)*§

Medications

ACEI/ARB – 64 (42.7) 37 (42.0)

Beta‑blocker – 50 (33.3) 28 (31.8)

Calcium channel blocker – 84 (56.0) 58 (65.9) 

Diuretics – 26 (17.3) 20 (22.7)

Data are presented as mean ± standard deviation, median (Q1, Q3) or number (percentage). *, P<0.05 vs. controls; §, P<0.05 vs. HTN 
patients without anemia. HTN, hypertension; BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; MAP, mean arterial pressure; Hb, hemoglobin; TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker. 
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38 patients (43%) had impaired LVEF. After adjusting for 
age between the HTN patients with and without anemia 
groups, the former showed higher LVEDVI (118.8±4.4 
vs. 99.0±3.3 mL/m2, P<0.001), LVESVI (64.8±4.2 vs.  
48.5±3.2  mL/m 2,  P=0.003) ,  LVSVI (54.4±1.4  v s .  
50.5±1.1 mL/m2, P=0.032), LVM (111.9±3.3 vs. 98.9±2.5 g, 
P=0.002), LVMI (84.8±2.5 vs. 65.9±1.9 g/m2, P<0.001), and 
M/V (0.75±0.02 vs. 0.70±0.01 g/mL, P=0.034), but lower 
LVEF (49.2%±1.6% vs. 54.7%±1.2%, P=0.006) (Table 3).

Assessment of LV global strains using CMR across the 
three groups

Figure 2 depicts typical peak strain curves derived from CMR 
in three different directions for a healthy control, an HTN 
patient without anemia, and an HTN patient with anemia. 
Among the three groups, LV GCPS and GLPS exhibited a 
progressive and significant decline from the control group 
to HTN patients without anemia and further to HTN 

Table 2 Comparisons of CMR derived LV function and LV global strains findings among controls, HTN patients without anemia and HTN 
patients with anemia groups

Variable Controls (n=67) HTN without anemia (n=150) HTN with anemia (n=88)

LV function parameters

LVEDV (mL) 123.9 (112.3, 141.0) 136.4 (115.0, 163.0)* 142.0 (113.5, 179.4)*

LVEDVI (mL/m2) 71.8 (65.3, 78.3) 91.6 (77.4, 109.3)* 104.6 (82.9, 143.6)*§

LVESV (mL) 46.1 (39.7, 53.3) 56.0 (42.9, 73.8)* 64.3 (48.0, 101.0)*

LVESVI (mL/m2) 26.8 (22.6, 30.5) 35.1 (28.0, 51.9)* 46.9 (34.1, 78.0)*§

LVSV (mL) 78.5±14.9 76.1±19.1 71.1±21.9*

LVSVI (mL/m2) 45.2±8.3 50.8±12.1* 53.3±16.1*

LVEF (%) 62.6±4.6 54.8±15.0* 49.5±14.3*§

LVM (g) 72.9 (63.5, 87.0) 95.5 (77.8, 115.5)* 104.9 (85.4, 131.0)*

LVMI (g/m2) 43.8 (38.5, 50.0) 62.5 (54.4, 72.5)* 75.4 (62.2, 97.4)*§

M/V (g/mL) 0.62±0.12 0.70±0.16* 0.75±0.19*§

Peak strain

Radial (%) 37.53 (33.72, 42.51) 31.58 (23.83, 40.07)* 27.23 (19.15, 37.97)*

Circumferential (%) −20.62±2.39 −18.09±4.67* −16.58±4.94*§

Longitudinal (%) −15.20±2.36 −11.94±4.18* −10.41±4.32*§

PSSR

Radial (s−1) 2.23 (1.83, 2.96) 2.05 (1.48, 2.59) 1.64 (1.10, 2.16)*§

Circumferential (s−1) −1.04 (−1.18, −0.92) −1.05 (−1.19, −0.86) −0.96 (−1.11, −0.73)*§

Longitudinal (s−1) −0.84 (−0.93, −0.75) −0.77 (−0.92, −0.52)* −0.72 (−0.83, −0.46)*

PDSR

Radial (s−1) −2.09 (−3.17, −1.61) −1.83 (−2.67, −0.96) −1.23 (−2.29, −0.55)*§

Circumferential (s−1) 0.99 (0.85, 1.21) 0.87 (0.57, 1.04) 0.82 (0.52, 1.01)

Longitudinal (s−1) 0.83 (0.71, 1.02) 0.72 (0.54, 0.93)* 0.71 (0.44, 0.88)*

Data are presented as mean ± standard deviation or median (Q1, Q3). *, P<0.05 vs. controls. §, P<0.05 vs. HTN patients without anemia. 
“−” indicates the direction of strains (negative). Negative strain means shortening, thinning, and/or contraction, while positive strain means 
lengthening, thickening, and/or relaxation from end-diastole to end-systole. CMR, cardiovascular magnetic resonance; HTN, hypertension; 
LV, left ventricular; LVEDV, LV end diastolic volume; LVEDVI, LV end-diastolic volume index; LVESV, LV end systolic volume; LVESVI, LV 
end-systolic volume index; LVSV, LV stroke volume; LVSVI, LV stroke volume index; LVEF, LV ejection fraction; LVM, LV mass; LVMI, LV 
mass index; M/V, mass/volume ratio; PSSR, peak systolic strain rate; PDSR, peak diastolic strain rate.
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Table 3 Comparisons of CMR data in patients with HTN using analysis of covariance

Variable HTN without anemia (n=150) HTN with anemia (n=88) P value

LV function parameters

LVEDV (mL) 146.8±4.3 155.9±5.6 0.204

LVEDVI (mL/m2) 99.0±3.3 118.8±4.4 <0.001

LVESV (mL) 71.8±4.3 83.2±5.6 0.111

LVESVI (mL/m2) 48.5±3.2 64.8±4.2 0.003*

LVSV (mL) 75.0±1.6 73.1±2.1 0.463

LVSVI (mL/m2) 50.5±1.1 54.4±1.4 0.032*

LVEF (%) 54.7±1.2 49.2±1.6 0.006*

LVM (g) 98.9±2.5 111.9±3.3 0.002*

LVMI (g/m2) 65.9±1.9 84.8±2.5 <0.001*

M/V (g/mL) 0.70±0.01 0.75±0.02 0.034*

Peak strain

Radial (%) 32.72±1.14 28.95±1.49 0.048*

Circumferential (%) −18.08±0.39 −16.60±0.52 0.025*

Longitudinal (%) −11.95±0.35 −10.40±0.46 0.008*

PSSR

Radial (s−1) 2.17±0.11 1.69±0.15 0.011*

Circumferential (s−1) −1.02±0.02 −0.96±0.03 0.130

Longitudinal (s−1) −0.68±0.04 −0.67±0.05 0.849

PDSR

Radial (s−1) −1.53±0.23 −0.68±0.30 0.028*

Circumferential (s−1) 0.65±0.05 0.72±0.07 0.467

Longitudinal (s−1) 0.69±0.03 0.64±0.04 0.361

Adjustment of age in HTN patients with and without anemia using analysis of covariance. Values are given as mean ± standard error. *, 
indicates a significance level of <0.05. “−” indicates the direction of strains (negative). Negative strain means shortening, thinning, and/or 
contraction, while positive strain means lengthening, thickening, and/or relaxation from end-diastole to end-systole. CMR, cardiovascular 
magnetic resonance; HTN, hypertension; LV, left ventricular; LVEDV, LV end diastolic volume; LVEDVI, LV end-diastolic volume index; LVESV, 
LV end systolic volume; LVESVI, LV end-systolic volume index; LVSV, LV stroke volume; LVSVI, LV stroke volume index; LVEF, LV ejection 
fraction; LVM, LV mass; LVMI, LV mass index; M/V, mass/volume ratio; PSSR, peak systolic strain rate; PDSR, peak diastolic strain rate. 

patients with anemia. LV GRPS was significantly decreased 
in both HTN patient groups compared with the control 
group (P<0.05), whereas there was no significant difference 
observed between the HTN groups (P=0.085). The GRPS 
values were 37.53% (33.72–42.51%) in controls, 31.58% 
(23.83–40.07%) in HTN without anemia, and 27.23% 
(19.15–37.97%) in HTN with anemia; GCPS values were 
−20.62%±2.39%, −18.09%±4.67%, and −16.58%±4.94%; 
GLPS values were −15.20%±2.36%, −11.94%±4.18%, and 

−10.41%±4.32%, respectively (all P<0.05) (Table 2, Figure 3). 
Among hypertensive patients, the number and proportion 
of individuals with normal LVEF but impaired strain were 8 
(3.4%) for radial strain, 10 (4.2%) for circumferential strain, 
and 25 (10.5%) for longitudinal strain. After adjusting for 
age, GLPS (−10.40%±0.46% vs. −11.95%±0.35%, P=0.008), 
GCPS (−16.60%±0.52% vs. −18.08%±0.39%, P=0.025), and 
GRPS (28.95%±1.49% vs. 32.72%±1.14%, P=0.048) were 
significantly worse in HTN patients with anemia vs. HTN 
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Figure 2 Representative left ventricular global peak strain curves in three directions: (A1-C1) radial, (A2-C2) circumferential, and (A3-C3) 
longitudinal. Curves are shown for a control subject (A1-A3), an HTN patient without anemia (B1-B3), and an HTN patient with anemia 
(C1-C3). The blue arrows represent the global peak strain values. GRPS, global radial peak strain; GCPS, global circumferential peak strain; 
GLPS, global longitudinal peak strain; LV, left ventricular; HTN, hypertension. 
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patients without anemia (Table 3). After adjusting for eGFR, 
GLPS (−11.88%±0.35% vs. −10.52%±0.46%, P=0.020) 
remained significantly worse in HTN patients with anemia 
compared to those without anemia (Table S1).

Regarding peak systolic strain rate (PSSR) and peak 
diastolic strain rate (PDSR), the HTN with anemia group 
exhibited lower radial PSSR and PDSR and circumferential 
PSSR compared with the other two groups (all P<0.05). 
However, there were no significant differences observed 

between the HTN without anemia group and the control 
group in these parameters. Additionally, the longitudinal 
PSSR and PDSR were significantly lower in both HTN 
patient groups compared with the control group (P<0.05), 
whereas there was no significant difference observed 
between the HTN groups. Notably, there was no significant 
difference in circumferential PDSR among the three groups 
(Table 2). After adjusting for age, the radial PSSR (1.69±0.15 
vs. 2.17±0.11 s−1, P=0.011) and PDSR (−0.68±0.30 vs. 

https://cdn.amegroups.cn/static/public/QIMS-24-1768-Supplementary.pdf
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−1.53±0.23 s−1, P=0.028) were still significantly worse in 
HTN patients with anemia vs. HTN patients without 
anemia (Table 3). 

Factors influencing LV global strains and functional 
parameters

Hb demonstrated a significant correlation with LVMI, 
LVEDVI, LVESVI, LVSVI, GLPS, and GCPS based on 
correlation analysis (r=−0.356, P<0.001; r=−0.335, P<0.001; 
r=−0.321, P<0.001; r=−0.260, P<0.001; r=0.187, P=0.001; 
r=0.113, P<0.05; respectively) (Figure 4). 

Following univariate linear regression analysis, anemia 
and triglycerides (TGs) were significantly associated 
with all three directions of LV global strains (all P<0.05)  
(Figure S1). Hb and eGFR were significantly associated 
with GCPS and GLPS (all P<0.05). In addition, DBP 
was independently related to GRPS (P=0.012) and GLPS 
(P=0.003), but not with GCPS (P=0.178). Multivariate 
linear regression analysis indicated that anemia had 

significant independent associations with GRPS (β =−0.142, 
P=0.021), GCPS (β =0.273, P=0.004), and GLPS (β =0.308, 
P=0.002). TG was independently associated with GRPS and 
GCPS (P<0.05). Moreover, Hb and eGFR were significantly 
associated with GCPS (all P<0.05). Detailed information is 
available in Table 4.

Intra- and inter-observer variability

The intraobserver and interobserver correlation coefficients 
were deemed excellent, with ICCs of global peak strains in 
all three directions exceeding 0.9. Detailed information is 
provided in Table S2.

Discussion

This study examined the impact of anemia on CMR-derived 
LV function and deformation in HTN patients, while also 
identifying independent factors of affecting LV systolic 
dysfunction. The key findings included the following: (I) 

Figure 3 Comparison of LV global peak strains and function parameters across three subgroups. Panel (A) displays radial strain, panel (B) 
shows circumferential strain, and panel (C) illustrates longitudinal strain. Furthermore, panels (D-F) compare LV function parameters: 
LVEDVI, LVESVI, and LVMI, respectively. The circumferential and longitudinal peak strain were reported both as absolute values. *, 
P<0.05. HTN-A−, HTN patients without anemia; HTN-A+, HTN patients with anemia; HTN, hypertension; GRPS, global radial peak 
strain; GCPS, global circumferential peak strain; GLPS, global longitudinal peak strain; LV, left ventricular; LVEDVI, LV end-diastolic 
volume index; LVESVI, LV end-systolic volume index; LVMI, LV mass index.
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Figure 4 Correlation analysis of hemoglobin with LV function parameters and global strain. Panel (A) illustrates the correlation for the 
LVEDVI, panel (B) for the LVESVI, panel (C) for the LVSVI, panel (D) for the LVMI, panel (E) for GLPS, and panel (F) for GCPS. The 
absolute values of circumferential and longitudinal peak strain were analyzed to avoid the influence of directional signs. Hb, hemoglobin; LV, 
left ventricular; LVEDVI, LV end diastolic volume index; LVESVI, LV end systolic volume index; LVSVI, LV stroke volume index; LVMI, 
LV mass index; GLPS, global longitudinal peak strain; GCPS, global circumferential peak strain.

Table 4 Univariable and multivariable correlation analysis between clinical parameters and left ventricular global strains in all HTN patients

Variable

GRPS Abs of GCPS Abs of GLPS

Univariable Multivariable Univariable Multivariable Univariable Multivariable

β P value β P value β P value β P value β P value β P value

Age 0.058 0.312 – – −0.046 0.424 – – −0.016 0.775 – –

Sex −0.108 0.060 – – −0.051 0.377 – – −0.103 0.072 – –

Body mass index 0.018 0.755 – – 0.132 0.021* −0.186 0.003* −0.003 0.959 – –

Heart rate −0.071 0.218 – – −0.082 0.154 – – −0.135 0.019* 0.096 0.123

Systolic blood pressure −0.057 0.324 – – 0.000 1.000 – – −0.138 0.016* −0.116 0.138

Diastolic blood 
pressure

−0.144 0.012* −0.082 0.182 −0.077 0.178 – – −0.169 0.003* 0.120 0.133

Hemoglobin 0.080 0.166 – – 0.113 0.048* 0.215 0.024* 0.186 0.001* 0.115 0.262

Estimated glomerular 
filtration rate

0.121 0.051 – – 0.178 0.004* −0.161 0.011* 0.209 0.001* −0.090 0.155

Triglycerides −0.157 0.011* −0.163 0.008* −0.018 0.004* 0.178 0.004* −0.131 0.034* 0.068 0.294

Total cholesterol −0.004 0.955 – – 0.023 0.708 – – 0.082 0.189 – –

High-density lipoprotein 0.095 0.126 – – 0.092 0.139 – – 0.192 0.002* −0.108 0.095

Low-density lipoprotein −0.023 0.708 – – 0.015 0.808 – – 0.073 0.239 – –

Anemia −0.175 0.002* −0.142 0.021* 0.227 <0.001* 0.273 0.004* 0.271 <0.001* 0.308 0.002*

*, P<0.05. HTN, hypertension; GRPS, global radial peak strain; β, standard regression coefficient; Abs, absolute value; GCPS, global 
circumferential peak strain; GLPS, global longitudinal peak strain. 
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HTN patients exhibited poorer LV global strains, poorer 
LVEF, higher LVMI, and higher M/V compared with the 
control group. (II) HTN patients with anemia showed the 
lowest LV global strains, highest LVMI, and highest M/V 
compared with controls and HTN patients without anemia. 
(III) Anemia served as an independent factor affecting 
GLPS, GCPS, and GRPS after adjusting for various factors 
in this study group.

Our data indicate that HTN patients, both with and 
without anemia, demonstrated increased LVMI, elevated 
M/V, decreased LVEF, and impaired LV global strains 
compared with the control group. These observations align 
with findings reported in previous studies (18,19). HTN 
causes increased LVM and LVH, accompanied by interstitial 
fibrosis marked by type I and III collagen fiber accumulation. 
The severity of LV remodeling dictates the extent of fibrosis, 
resulting in increased LV stiffness, ultimately reducing 
myocardial systolic strain (20). This change can impact 
ventricular function, electrical activity, and myocardial 
perfusion, potentially affecting prognosis (21). Elevated 
LVM is acknowledged as an independent prognosticator 
for cardiovascular mortality and HF (22). Prolonged HTN 
can result in HF (23). Furthermore, myocardial strain 
provides an objective assessment of regional myocardial 
contractility by evaluating myocardial deformation. LV 
global strains serve as early and sensitive indicators of LV 
motion abnormalities (24,25). Our results emphasize that 
LV damage, particularly for GLPS, can occur due to HTN 
and anemia, even when LVEF levels appear normal. In 
patients with HTN, strain parameters demonstrate greater 
predictive power for adverse outcomes compared with 
LVEF (26). 

Our study demonstrated that HTN patients with 
anemia exhibited the highest indices of LVEDV, LVM, 
and M/V. Anemia is associated with increases in LVMI and 
LVM, both of which are critical indicators for diagnosing 
LVH. This finding supports the previously established 
mechanism (27). In response to anemia, the body adapts 
through both nonhemodynamic and hemodynamic changes 
to compensate for inadequate oxygen supply. The main 
nonhemodynamic change is increased erythropoiesis, 
whereas the key hemodynamic change is elevated cardiac 
output, resulting from lower afterload, increased preload, 
and positive inotropic and chronotropic effects (6). Over 
time, these adaptations lead to cardiac cavity enlargement 
(increased LVEDV and LVESV) and LVH (increased LVM). 
This morphological transformation of the heart is termed 

eccentric hypertrophy (28). Previous research has shown 
an association between anemia and adverse cardiovascular 
and renal events in patients with HTN (11). This article 
further explores how anemia worsens cardiac function in 
these individuals, potentially leading to poor prognosis. 
Our study shows that the coexistence of anemia and HTN 
leads to greater cardiac dysfunction, as evidenced by lower 
LV function parameters and global strains in HTN patients 
with anemia compared to other groups. The literature 
underscores the connection between anemia and HF risk, 
suggesting that it contributes to adverse cardiac remodeling 
and reduced function (29). Our findings offer deeper 
insights into this relationship, indicating a heightened risk 
of severe LV contractile dysfunction in anemic hypertensive 
patients.

Normocytic anemia was notably prevalent among 
HTN patients. Furthermore, inadequate blood pressure 
management correlated with decreased Hb concentration. 
These observations imply an elevated cardiovascular risk in 
uncontrolled HTN (12). However, anemia in HTN patients 
is frequently underestimated, which may lead to insufficient 
treatment. Prompt reversal of anemia in patients without 
obvious heart disease could potentially correct LVH (15,30). 
Nonetheless, in instances of severe anemia or when coupled 
with other heart conditions, irreversible damage may 
ensue, resulting in a deteriorated prognosis (31). Previous 
research has shown that mild anemia independently 
elevates cardiovascular and renal risk in high-risk HTN  
outpatients (11). Thus, upon HTN diagnosis, clinicians 
and patients should actively address anemia to prevent 
cardiovascular and renal complications.

This study revealed that anemia was independently 
linked to LV global strains, possibly attributable to volume 
overload. The etiology of anemia is multifaceted and 
diverse. Among HTN patients, numerous studies have 
focused on CKD, whether it is hypertensive or non-
hypertensive (32,33). Renal dysfunction is widespread 
among HTN patients and correlates with unfavorable 
prognoses. Impaired eGFR independently predicts anemia 
in HTN patients (34). Anemia is common in CKD, 
becoming more frequent as eGFR decreases due to reduced 
erythropoietin production by the kidneys, activation of 
the renin-angiotensin-aldosterone system, shortened red 
blood cell (RBC) lifespan, and iron deficiency (35,36). 
Additionally, several other risk factors may contribute to 
Hb reduction, including but not limited to resistance to 
erythropoietin, hemodilution, loss of RBCs, decreased RBC 
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longevity, inflammation, and endothelial dysfunction (37). 
This may help clarify our findings, indicating that anemia is 
independently associated with LV GLPS when factoring in 
eGFR. Additionally, our results indicate that HTN patients 
with anemia were older compared with participants in the 
other two groups within this study population. Anemia 
is particularly prevalent among the elderly, with causes 
ranging from bone marrow failure syndromes to CKD, 
nutritional deficiencies, and inflammatory conditions such 
as immunosenescence (38). Therefore, timely monitoring 
and improvement of Hb levels in HTN patients might be 
beneficial for enhancing their quality of life and prognosis, 
warranting further investigation.

Limitations

This study has several limitations. Firstly, most of our 
patients exhibited mild to moderate anemia, with few cases 
of severe anemia, thus limiting our ability to explore the 
effects of varying degrees of anemia severity on cardiac 
health. Secondly, due to limited technical capabilities 
in earlier years, a significant proportion of patients in 
this study did not undergo T1 mapping evaluations. As 
a result, we lacked sufficient data to analyze LV tissue 
characterization (such as interstitial fibrosis) using this 
promising method. Thirdly, as it is a cross-sectional 
study, the long-term outcomes of HTN patients were not 
monitored, which could provide valuable insights into the 
influence of anemia. Lastly, this was an observational and 
single-center study conducted on a retrospective HTN 
cohort, which means that selection bias was unavoidable. 
Future multi-center research will prioritize increasing the 
sample size to provide a more accurate evaluation of how 
anemia affects cardiac function. Additionally, longitudinal 
and prospective studies employing novel CMR scanning 
techniques should investigate the potential long-term 
adverse effects of anemia on LV function, deformation, and 
tissue characterization in patients with HTN.

Conclusions

In patients with HTN, anemia exerts additional harmful 
impacts on LV function and global strains. Anemia serves 
as an independent determinant of LV global strains. 
Heightened awareness of anemia is warranted upon HTN 
diagnosis, and routine screening coupled with appropriate 
preventive measures may confer benefits to HTN patients.

Acknowledgments

None. 

Footnote

Reporting Checklist: The authors have completed the 
STROBE reporting checklist. Available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1768/rc

Funding: This study received support from the 1.3.5 project 
for disciplines of excellence at West China Hospital, 
Sichuan University (No. ZYGD23019). 

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1768/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). Ethical approval for this clinical study was 
obtained from the Biomedical Research Ethics Committee 
of West China Hospital, Sichuan University (No. 2019-
811). The requirement for informed consent from patients 
was waived due to the retrospective nature of this study.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Messerli FH, Williams B, Ritz E. Essential hypertension. 
Lancet 2007;370:591-603.

2.	 Tadic M, Cuspidi C, Marwick TH. Phenotyping the 
hypertensive heart. Eur Heart J 2022;43:3794-810.

3.	 Mills KT, Stefanescu A, He J. The global epidemiology of 

https://qims.amegroups.com/article/view/10.21037/qims-24-1768/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-1768/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-1768/coif
https://qims.amegroups.com/article/view/10.21037/qims-24-1768/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Hu et al. Effects of anemia on LV deformation in hypertensive patients1344

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(2):1332-1345 | https://dx.doi.org/10.21037/qims-24-1768

hypertension. Nat Rev Nephrol 2020;16:223-37.
4.	 Zhou W, Brown JM, Bajaj NS, Chandra A, Divakaran 

S, Weber B, Bibbo CF, Hainer J, Taqueti VR, Dorbala 
S, Blankstein R, Adler D, O'Gara P, Di Carli MF. 
Hypertensive coronary microvascular dysfunction: a 
subclinical marker of end organ damage and heart failure. 
Eur Heart J 2020;41:2366-75.

5.	 Chaparro CM, Suchdev PS. Anemia epidemiology, 
pathophysiology, and etiology in low- and middle-income 
countries. Ann N Y Acad Sci 2019;1450:15-31.

6.	 Metivier F, Marchais SJ, Guerin AP, Pannier B, London 
GM. Pathophysiology of anaemia: focus on the heart 
and blood vessels. Nephrol Dial Transplant 2000;15 
Suppl 3:14-8.

7.	 Groenveld HF, Januzzi JL, Damman K, van Wijngaarden 
J, Hillege HL, van Veldhuisen DJ, van der Meer P. Anemia 
and mortality in heart failure patients a systematic review 
and meta-analysis. J Am Coll Cardiol 2008;52:818-27.

8.	 Farrington DK, Sang Y, Grams ME, Ballew SH, Dunning 
S, Stempniewicz N, Coresh J. Anemia Prevalence, Type, 
and Associated Risks in a Cohort of 5.0 Million Insured 
Patients in the United States by Level of Kidney Function. 
Am J Kidney Dis 2023;81:201-209.e1.

9.	 Sarnak MJ, Tighiouart H, Manjunath G, MacLeod B, 
Griffith J, Salem D, Levey AS. Anemia as a risk factor 
for cardiovascular disease in The Atherosclerosis Risk 
in Communities (ARIC) study. J Am Coll Cardiol 
2002;40:27-33.

10.	 Xu Z, Chen P, Wang L, Yan J, Yan X, Li D. Relationship 
between TyG index and the degree of coronary artery 
lesions in patients with H-type hypertension. Cardiovasc 
Diabetol 2024;23:23.

11.	 Kim-Mitsuyama S, Soejima H, Yasuda O, Node K, 
Jinnouchi H, Yamamoto E, Sekigami T, Ogawa H, Matsui 
K. Anemia is an independent risk factor for cardiovascular 
and renal events in hypertensive outpatients with well-
controlled blood pressure: a subgroup analysis of the 
ATTEMPT-CVD randomized trial. Hypertens Res 
2019;42:883-91.

12.	 Paul B, Wilfred NC, Woodman R, Depasquale C. 
Prevalence and correlates of anaemia in essential 
hypertension. Clin Exp Pharmacol Physiol 
2008;35:1461-4.

13.	 Zdravkovic M, Klasnja S, Popovic M, Djuran P, Mrda D, 
Ivankovic T, Manojlovic A, Koracevic G, Lovic D, Popadic 
V. Cardiac Magnetic Resonance in Hypertensive Heart 
Disease: Time for a New Chapter. Diagnostics (Basel) 
2022;13(1):137.

14.	 Scatteia A, Baritussio A, Bucciarelli-Ducci C. Strain 
imaging using cardiac magnetic resonance. Heart Fail Rev 
2017;22:465-76.

15.	 Cho IJ, Mun YC, Kwon KH, Shin GJ. Effect of anemia 
correction on left ventricular structure and filling pressure 
in anemic patients without overt heart disease. Korean J 
Intern Med 2014;29:445-53.

16.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, 
Azizi M, Burnier M, et al. 2018 ESC/ESH Guidelines 
for the management of arterial hypertension. Eur Heart J 
2018;39:3021-104.

17.	 WHO. Haemoglobin concentrations for the diagnosis of 
anaemia and assessment of severity. Geneva: WHO; 2011. 
Available online: https://www.who.int/publications/i/item/
WHO-NMH-NHD-MNM-11.1

18.	 Zhang G, Shi K, Yan WF, Li XM, Li Y, Guo YK, Yang 
ZG. Effects of diabetes mellitus on left ventricular function 
and remodeling in hypertensive patients with heart failure 
with reduced ejection fraction: assessment with 3.0 T MRI 
feature tracking. Cardiovasc Diabetol 2022;21:69.

19.	 Qian WL, Xu R, Shi R, Li Y, Guo YK, Fang H, Jiang 
L, Yang ZG. The worsening effect of anemia on left 
ventricular function and global strain in type 2 diabetes 
mellitus patients: a 3.0 T CMR feature tracking study. 
Cardiovasc Diabetol 2023;22:15.

20.	 Rodrigues JC, Amadu AM, Ghosh Dastidar A, McIntyre 
B, Szantho GV, Lyen S, Godsave C, Ratcliffe LE, 
Burchell AE, Hart EC, Hamilton MC, Nightingale AK, 
Paton JF, Manghat NE, Bucciarelli-Ducci C. ECG strain 
pattern in hypertension is associated with myocardial 
cellular expansion and diffuse interstitial fibrosis: a multi-
parametric cardiac magnetic resonance study. Eur Heart J 
Cardiovasc Imaging 2017;18:441-50.

21.	 Maceira AM, Mohiaddin RH. Cardiovascular magnetic 
resonance in systemic hypertension. J Cardiovasc Magn 
Reson 2012;14:28.

22.	 Kawel-Boehm N, Kronmal R, Eng J, Folsom A, Burke G, 
Carr JJ, Shea S, Lima JAC, Bluemke DA. Left Ventricular 
Mass at MRI and Long-term Risk of Cardiovascular 
Events: The Multi-Ethnic Study of Atherosclerosis 
(MESA). Radiology 2019;293:107-14.

23.	 Messerli FH, Rimoldi SF, Bangalore S. The Transition 
From Hypertension to Heart Failure: Contemporary 
Update. JACC Heart Fail 2017;5:543-51.

24.	 Schuster A, Hor KN, Kowallick JT, Beerbaum P, Kutty S. 
Cardiovascular Magnetic Resonance Myocardial Feature 
Tracking: Concepts and Clinical Applications. Circ 
Cardiovasc Imaging 2016;9:e004077.



Quantitative Imaging in Medicine and Surgery, Vol 15, No 2 February 2025 1345

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(2):1332-1345 | https://dx.doi.org/10.21037/qims-24-1768

25.	 Harbo MB, Nordén ES, Narula J, Sjaastad I, Espe EKS. 
Quantifying left ventricular function in heart failure: What 
makes a clinically valuable parameter? Prog Cardiovasc 
Dis 2020;63:552-60.

26.	 Lee WH, Liu YW, Yang LT, Tsai WC. Prognostic value of 
longitudinal strain of subepicardial myocardium in patients 
with hypertension. J Hypertens 2016;34:1195-200.

27.	 Schunkert H, Hense HW. A heart price to pay for 
anaemia. Nephrol Dial Transplant 2001;16:445-8.

28.	 Ibernon M, Moreso F, Ruiz-Majoral A, Sarrias X, Sarrias 
M, Grinyó JM, Serón D. Contribution of anemia and 
hypertension to left ventricular hypertrophy during the 
initial 2 years after renal transplantation. Transplant Proc 
2011;43:2199-204.

29.	 Ying Y, Ye J, Yuan Z, Cai D. Association of anaemia on 
heart failure and left ventricular function: A bidirectional 
Mendelian randomization study. ESC Heart Fail 
2024;11:299-305.

30.	 Dereli S, Bayramoğlu A, Özer N, Cerşit S, Kaya A, 
Özbilen M. Evaluation of left atrial volume and function 
by real time three-dimensional echocardiography in 
anemic patients without overt heart disease before 
and after anemia correction. Int J Cardiovasc Imaging 
2019;35:1619-26.

31.	 Hörl WH, Ertl G. Anaemia and the heart. Eur J Clin 
Invest 2005;35 Suppl 3:20-5.

32.	 Taddei S, Nami R, Bruno RM, Quatrini I, Nuti R. 
Hypertension, left ventricular hypertrophy and chronic 
kidney disease. Heart Fail Rev 2011;16:615-20.

33.	 Santulli G, Visco V, Ciccarelli M, Ferrante MNV, De 
Masi P, Pansini A, Virtuoso N, Pirone A, Guerra G, 
Verri V, Macina G, Taurino A, Komici K, Mone P. Frail 
hypertensive older adults with prediabetes and chronic 
kidney disease: insights on organ damage and cognitive 
performance - preliminary results from the CARYATID 
study. Cardiovasc Diabetol 2024;23:125.

34.	 Gela YY, Belay DG, Chilot D, Andualem AA, Bitew DA, 
Sinamaw D, Eshetu HB, Seid AM, Simegn W, Kibret AA, 
Seid MA, Diress M. Prevalence of anemia and associated 
factors among adult hypertensive patients in Referral 
Hospitals, Amhara Regional State. Sci Rep 2023;13:14329.

35.	 Webster AC, Nagler EV, Morton RL, Masson P. Chronic 
Kidney Disease. Lancet 2017;389:1238-52.

36.	 Loncar G, Obradovic D, Thiele H, von Haehling S, 
Lainscak M. Iron deficiency in heart failure. ESC Heart 
Fail 2021;8:2368-79.

37.	 Montero D, Haider T, Flammer AJ. Erythropoietin 
response to anaemia in heart failure. Eur J Prev Cardiol 
2019;26:7-17.

38.	 Stauder R, Valent P, Theurl I. Anemia at older age: 
etiologies, clinical implications, and management. Blood 
2018;131:505-14.

Cite this article as: Hu BY, Yang ZG, Tang SS, Wen XL,  
Yan WF, Yu SQ, Li Y. The impact of anemia on left 
ventricular function and deformation in patients with essential 
hypertension: a cardiac magnetic resonance study. Quant 
Imaging Med Surg 2025;15(2):1332-1345. doi: 10.21037/qims-
24-1768


