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Objective To investigate the risk factors of left ventricular diastolic dysfunction in maintenance hemodialysis (MHD)

Method We retrospectively collected data from 363 hemodialysis patients who were on dialysis for at least 3 months
at January 1, 2020. According to the echocardiogram results, these patients were divided into left ventricular diastolic
dysfunction (LVDD) group and non-LVDD group. The differences in basic data, cardiac structure and functiona
between the two groups were analyzed. Logistic regression analysis was used to analyze the risk factors of cardiac

Results Compared with the non-LVDD group, patients in the LVDD group were older, with an increased proportion
of coronary heart disease, more prone to chest tightness, shortness of breath. Simultaneously, they had a significantly
increased (p <0.05) proportion of cardiac structural abnormalities such as left ventricular hypertrophy, left heart
enlargement and systolic dysfunction. Multivariate logistic regression analysis showed that the risk of LVDD was
significantly increased in elderly MHD patients older than 60 years (OR=3.86, 95%Cl 1.429-10.429), and left ventricular
hypertrophy was also significantly associated with LVDD (OR=2.227, 95% Cl 1.383-3.586).

Conclusion According to research, both age and left ventricular hypertrophy are risk factors for LVDD in MHD
patients. It is recommended that early intervention for LVDD should be implemented to improve the quality of dialysis
and reduce the incidence of cardiovascular events in MHD patients.
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Background

Cardiovascular disease (CVD) is a common comorbid-
ity in chronic kidney disease (CKD) patients [1], it is
also the leading cause of death in patients undergoing
maintenance hemodialysis [2]. Left ventricular diastolic
dysfunction (LVDD) is commonly observed in CKD
patients and occurs in the early stages of heart disease
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[3]. At the same time, progressive diastolic dysfunction
is independently associated with a higher probability of
death and has a similar impact on survival and death [3].
Early detection and intervention of LVDD can reduce
the incidence of cardiovascular events and improve the
prognosis of MHD patients [4]. In this study, we used the
basic information of MHD patients combined with the
results of echocardiography to find out the relevant risk
factors affecting the diastolic function of the heart and
to evaluate their impacts on the cardiac function, pro-
viding insights and guidance for clinical diagnosis and
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functional management of cardiovascular diseases in
MHD patients.

Materials and methods

This was a retrospective cross-sectional study in which
all patients that underwent dialysis for at least 3 months
at January 1, 2020 were included.

Inclusion criteria

age>18 years, regular hemodialysis patients whose
hemodialysis age>3 months, consent to the study and
signed informed consent.

Exclusion criteria

acute myocardial infarction three months before enroll-
ment. Severe heart valve disease or rheumatic heart dis-
ease and patients who disagree with the study.

The information we collected included age, gender,
hemodialysis age (months), the primary disease of kidney
and complications, such as hypertension, diabetes, coro-
nary heart disease and heart failure. Dialysis frequency
and average ultrafiltration capacity per time were col-
lected. Venous blood was collected before dialysis, and
we also collected the test items involving hemoglobin,
serum creatinine, uric acid, albumin, calcium, phospho-
rus, parathormone, brain natriuretic peptide(BNP) and
cardiac troponin I (cTnl).

Echocardiography examination was performed on
non-dialysis days by an experienced sonographer using
a Philips color doppler instrument (CX50). Tissue Dop-
pler methods were used to assess diastolic function of
the heart.We measured right ventricular outflow tract,
ascending aorta diameter, left atrial diameter, septal
thickness, left ventricular posterior wall thickness, left
ventricular end-systolic diameter, left ventricular end-
diastolic diameter, pulmonary artery diameter, right ven-
tricular diameter, right atrial diameter, left ventricular
ejection fraction and others.

Diagnostic criteria for diastolic dysfunction

According to the detection methods recommended by
the American Echocardiography Association and the
European Association of Cardiovascular Imaging in
2016, the following 4 indicators were used to measure
the disease:1. Lateral septal e velocity<7 cm/s, or lateral
wall e velocity<10 cm/s; 2. Average E/e>14; 3. Left atrial
volume index>34ml/m?% 4. Peak velocity of tricuspid
regurgitation>2.8 m/s [5]. If two or more indicators did
not exceed the critical value, it indicated normal diastolic
function; if two or more indicators exceed the critical
value, it indicated abnormal diastolic function. If there
were exactly two indicators reaching the critical value, it
should be judged according to the clinical manifestations.
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In the meantime, we conducted a questionnaire sur-
vey on these patients, it consists of three questions:the
symptoms of chest tightness, chest pain, shortness of
breath after activity recorded in the past 3 months. The
questionnaire was filled out at the same time when the
patient underwent the echocardiography. Two hemodial-
ysis specialist nurses conducted the questionnaire beside
the patients while the echocardiography was completed.
Even if it is missed sometimes, it will be filled in 1-2 days
later.All patients signed an informed consent form before
the echocardiography examination.

Statistical analysis

SPSS statistical software was used for analysis in the
study(version 20.0;IBM Corp.Armonk,NY,USA). The
measured data conforming to normal distribution were
expressed as meanz*standard deviation, and compari-
son between groups was performed by t-test. The mea-
sured data of non-normal distribution were represented
as M (Q1,Q3), and comparison between two groups was
performed by rank sum test. The adoption rate or per-
centage of enumeration data was expressed, and compar-
ison between groups was performed by chi-square test.
Binary Logsitic regression analysis was used to screen
the risk factors for LVDD. The results were expressed as
odds ratio (OR), and p<0.05 was considered statistically
significant.

Results

1. Asshown in Fig. 1, a total of 363 MHD patients were
included, including 108 (29.8%) LVDD patients and
137 were male. Patients in the LVDD group were
older than those in the non-LVDD group (p<0.05).
The serum BNP and cTnl levels were higher
(p<0.05), and the triglyceride levels were lower
(p=0.043) in patients of LVDD group. Furthermore,
the proportion of LVDD group combined with
coronary heart disease increased, and the symptoms
of chest tightness and shortness of breath more likely
occurred in LVDD patients (all p<0.05)(Table 1).

2. Subgroup analysis of age. According to age, MHD
patients were divided into young group (<40 years
old), middle-aged group (40—60 years old) and
elderly group (> 60 years old). As shown in Table 1,
with the gradual increase of age, the proportion of
patients in LVDD group increased gradually, which
were 4.6%, 27.8% and 67.6%, respectively, and the
difference was statistically significant (p = 0.002)
(Table 1).

3. Comparison of echocardiographic parameters
between the two groups. As shown in Table 2,

LA, IVS, LVPW, LVDd, LVDs and PA in LVDD
group were all higher than those of the non-LVDD
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(N=382)

The patients with hemodialysis age more than
3 months before January 1,2020 in HD center

Acute myocardial infarction three months

ago before enrollment(N=5)
Severe heart valve disease(N=4)
Disagree with the study (N=10)

The patients enrolled in the study
(N=363)

LVDD group
(N=108)

Non-LVDD group
(N=255)

Fig. 1 The flow chart for enrollment process of MHD patients in the study.MHD,maintenance hemodialysis.LVDD,left ventricular diastolic dysfunction

group, while FS was lower (all p <0.05). Meanwhile,

the proportion of left ventricular hypertrophy,

left heart enlargement, systolic dysfunction,

valve regurgitation, valve stenosis, pulmonary

hypertension and pericardial effusion increased

significantly (p <0.05), and the ejection fraction of

LVDD group was lower than that of non-LVDD

group (p=0.001).
4. Risk factors analysis for LVDD in MHD patients. Logis-
tic regression analysis showed that age, coronary heart
disease, left ventricular hypertrophy, recent chest tight-
ness and shortness of breath were significantly associated
with diastolic dysfunction in MHD patients, as shown in
Table 3. Multivariate logistic regression analysis showed
that age and left ventricular hypertrophy were indepen-
dent risk factors for LVDD. Compared with young MHD
patients aged less than 40 years, elderly MHD patients
aged more than 60 years old had a significantly higher
risk of LVDD (OR=3.86, 95% CI 1.429-10.429). Mean-
while, left ventricular hypertrophy was also significantly
associated with LVDD (OR=2.227, 95%CI 1.383-3.586)
(Table 4).

Discussion
Cardiovascular disease is the most common cause of
death in MHD patients [2]. LVDD is an early structural
and functional change in the heart, mainly manifested
as impaired ventricular filling, abnormal left ventricu-
lar relaxation in early diastole and reduced myocardial
compliance [6]. When these changes are gradually aggra-
vated, resulting in irreversible abnormalities of myocar-
dial structure, heart failure will develop, which can lead
to poor prognosis [7]. LVDD will significantly increase
the risk of death in MHD patients [3].Meanwhlie, LVDD
is more closely related to physical function and body
composition than left ventricular systolic dysfunction in
MHD patients [8].Due to the lack of obvious symptoms
and timely diagnosis, it is very important to identify the
risk factors of LVDD and carry out early intervention.
Previous studies have shown that increasing age is
significantly associated with the development of dia-
stolic dysfunction [9]. The prevalence of LVDD was 36%
(15.8-52.8%) in the elderly over 60 years old and 51.3% in
the elderly over 80 years old [10]. In this study, patients
were divided into three groups: young, middle-aged
and elderly. The proportion of middle-aged and elderly
patients (aged over 60 years) in LVDD group was 67.6%,
which was significantly higher than that in the young
group (4.6%) (p<0.05). Multivariate logistic regression
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Table 1 Comparison of basic characteristics of MHD patients
with and without diastolic dysfunction [x+s, N (%)]
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Table 2 Comparison of echocardiographic parameters in MHD
patients with and without diastolic dysfunction

Variable Non-LVDD LVDD group p- Variable Non-LVDD LVvDD group  P-
group (N=108) value group (N=108) value
(N=255) (N=255)
Male 137(67.8%) 65(60.2%) 0.257 RVOT (mm) 22.78+13.05 22.79+3.69 0.993
Age 58.13+14.46 64.26+12.35 <0.001 AO (mm) 26.54+19.33 26.59+3.21 0.978
Age group 0.002 LA (mm) 28.96+5.39 32.24+6.35 <0.001
Young group 33 (12.9%) 5 (4.6%) VS (mm) 11.25+1.76 1226+1.76 <0.001
Middle-aged group 98 (38.4%) 30 (27.8%) LVPW (mm) 10.51+£1.48 11.26+£1.97 <0.001
Elderly group 124 (48.6%) 73 (67.6%) LVDd (mm) 42.02+6.747 46.24+8.38 <0.001
Dialysis age(month) 53.12+37.84 49.23+3880 0373 LVDs (mm) 26.80+5.89 3427+279 <0.001
Average ultrafiltration  2145+801.9 2095 +784.43 0.584 PA (mm) 20.78+2.25 21.62+2.38 0.002
capacity(ml) RV (mm) 264+14.02 26.06+5.19 0.807
Hypertension 194 (76.1%) 8 (81.5%) 0258 RA (mm) 28.01+4.08 28.10+560 0.858
Heart failure 126 (49.4%) 5 (60.2%) 0.06 FS (%) 36.42+6.16 34.48+801 0.013
Coronary heart disease 49 (19.2%) 35(324%) 0.006 LVH 118(46.3%) 70(64.8%) 0.001
Chest distress 85(33.3%) 2(48.1%) 0.008 Left ventricular 11(4.3%) 15(13.9%) 0.001
Anhelation 75 (29.4%) 8 (44.4%) 0.006 enlargement
Chest pain 24 (9.4%) 16 (14.8%) 0.133 Systolic dysfunction 14(5.5%) 23(21.3%) 0.000
Hemoglobin(g/L) 108.62+13.72 1106+£13.33  0.206 Valvular regurgitation 158(62%) 95(88%) 0.000
Serum 1019.22+£251.63 983.69+£289.97  0.241 Valvular stenosis 2(0.8%) 5(4.6%) 0.015
creatinine(umol/L) Ejection fraction (%) 6542+939 6123+12.63 0.001
Uric acid(umol/L) 461.42+105.94 44862+8845 0273 Abbreviations: RVOT right ventricle outflow tract,AO aorta,LA left atrial,RA
Albumin(g/L) 4035+3.50 3081+304 0.168 right atrial, /VS intervehtricular septa.l thic.knes.s,L\/PW. left ventricular posFerior
Blood sugar(mmol/L) 10344584 10494575 0818 \év:(ljligljtililcefct“r:::;rg::ﬂ ;SI?no(::rs;oIal(;te(rj;/tzsn:ilgﬂiwxisntfcf:Ia\rlez::sctill?cr
cTnl(ug/L) 0.00+0.06 011+£0.74 0.022 diameter,FS fractional shortening,LVH left ventricular hypertrophy,Systolic
Parathormone(pmol/l)  56.23+47.07 61895511 0321  dysfunctiondefinedas ejection fraction less than 40%
Phosphorus(mmol/L) 2194064 219+0629  0.966
Calcium(mmol/L) 2.09+0.28 207+033 0719 Table 4 Multivariate logistic regression analysis of MHD patients
BNP(pg/ml) 480.89+850.81 1041.06%1470.80 <0.001 with diastolic dysfunction
Triglyceride(mmol/L) 214164 1754105 0043 Risk factors P-value OR 95%Cl
High-density 1.06+0.26 109+029 0334 Age group
lipoprotein(mmol/L) Young group 1
Low density 2.08+0.77 232+2.17 0119 Middle-aged group 0.235 1873  0.665~528
lipoprotein(mmol/L) Elderly group 0.008 3.86 1.429~10429
Total 3.96+1.30 401097 0.707 Left ventricular hypertrophy 0.001 2227  1.383~3586

cholesterol(mmol/L)
Abbreviations: c7n/ cardiac troponin I, BNP brain natriuretic peptide

Table 3 Univariate logistic regression analysis of MHD patients
with diastolic dysfunction

Risk factors P-value OR 95%Cl

Age group

Young group 1

Middle-aged group 0.179 2.02 0.724~5.635
Elderly group 0.007 3.885 1452~10.394
Coronary heart disease 0.007 2016 1.211~3354
Left ventricular hypertrophy 0.001 2139 1.343~3406
Chest distress 0.008 1857  1.174~2938
Anhelation 0.006 1.92 1.206~3.058

also showed that age was an independent risk factor for
LVDD, and the risk of LVDD in the elderly group was
3.86 times higher than that of the young group (95%CI
1.429-10.429). The growth of the age is also an important

Abbreviations:OR odds ratio

risk factor for cardiovascular disease. With the increase
of age, the formation of reactive oxygen species increases,
and mitochondria fusion/fission imbalances, such as
continuous myocardial cell stress, causes irreversible
damage to the myocardial cells. Meanwhile, vascular
wall stiffness, left ventricular wall thickness and fibrosis
increase with age, which are the pathophysiological basis
for cardiac structural changes and electrophysiological
dysfunction [11]. In this study, LVH was also an indepen-
dent risk factor for LVDD in MHD patients (OR=2.227,
95%CI 1.383-3.586). LVH is one of the most common
myocardial changes in patients with end-stage renal
disease, and is often associated with myocardial fibrosis
and diastolic dysfunction [12]. LVH is an independent
risk factor for cardiovascular events in MHD patients,
and dialysis patients with LVH are prone to myocardial
ischemia, heart failure and sudden cardiac death [13].
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CKD-related risk factors can easily lead to cardiac fibro-
sis in uremic patients, structural abnormalities such as
cardiac hypertrophy, myocardial fibrosis, and thickening
of intramural arteries and arterioles [15]. In addition, the
adaptive response to pressure and volume overload lead
to cardiac hypertrophy and vascular remodeling [14].
These changes make the heart of patients with end-stage
renal disease prone to diastolic dysfunction. In addition,
the development of MHD will result in hemodynamic
changes caused by transient myocardial ischemia and low
blood pressure, and myocardial suppression [15]. LVDD
is present in patients who have ventricular filling obsta-
cle. During dialysis ultrafiltration, the reduction of blood
volume leads to the reduction of cardiac output, and the
change of blood pressure causes insufficient myocardial
perfusion, leading to myocardial damage, fibrosis, myo-
cardial hypertrophy and diastolic dysfunction [16]. In this
study, we also proved that compared with the non-LVDD
group, the LVDD group had a significantly higher pro-
portion of left heart enlargement, systolic dysfunction,
valve regurgitation, valve stenosis, pulmonary hyperten-
sion and pericardial effusion (p<0.05), while the LVDD
group had a lower ejection fraction (p=0.001).

Since the diastolic dysfunction may last for years before
any symptoms appear and it may represent the first stage
of diastolic heart failure, it is important to find diastolic
dysfunction early and start treatment before irreversible
structural changes and systolic dysfunction occurring [4].
Previous studies have shown that anemia, hypoalbumin-
emia, calcium and phosphorus metabolism disorders and
other pathological conditions are important influencing
factors of LVDD, and these conditions have a high inci-
dence in CKD patients [16—-17]. Therefore, for MHD
patients, correcting anemia, improving nutritional status
and calcium and phosphorus metabolism disorders will
help to improve the prognosis of patients.

Limits

This study was limited by its cross-sectional design,
which did not allow causal conclusions to be drawn. And
this study did not include long-term follow-up of LVDD
patients to further examine the risk of cardiovascular
events and all-cause death in MDH patients. In addition,
LVDD was not graded in the analysis of diastolic dys-
function. In future studies, prospective stratified studies
of LVDD patients are needed to explore treatment meth-
ods to improve diastolic dysfunction.

Conclusion

LVDD is a common complication in MHD patients, but
the increased risk of death is easily ignored. Age and left
ventricular hypertrophy are independent risk factors for
LVDD in MHD patients. Early detection and intervention
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of LVDD may be beneficial to reduce the incidence of
cardiovascular events.

Abbreviations

MHD  Maintenance hemodialysis

LVDD  Left ventricular diastolic dysfunction
CcvD Cardiovascular disease

CKD Chronic kidney disease

cTnl Cardiac troponin |

BNP Brain natriuretic peptide

RVOT  Right ventricle outflow tract

AO Aorta

LA Left atrial

RA Right atrial

VS Interventricular septal thickness

LVPW  Left ventricular posterior wall

LVDd  Left ventricular end diastolic dimension
LVDs Left ventricular end-systolic dimension
PA Pulmonary artery

RV Right ventricular diastolic diameter

FS Fractional shortening

LVH Left ventricular hypertrophy
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