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Introduction: Lactate dehydrogenase (LDH) is an important oxidoreductase in the anaero-
bic metabolic pathway. The role of LDH in arterial stiffness (AS) and 10-year cardiovascular
disease (CVD10) risk has not been established.

Methods: This retrospective, cross-sectional, and observational study evaluated the relation-
ships between the LDH level and AS and CVDIO risk in 12,597 health-examined people
(6988 men and 5609 women; mean age, 49.49 years) in China. Brachial-ankle pulse wave
velocity (baPWV) was used to estimate AS. The Framingham CVD 10-year risk prediction
model was used to calculate the CVD10 risk score.

Results: In both sexes, an increased LDH level was associated with increased AS and
CVDI10 (men: B = 0.032, P < 0.001; women: = 0.025, P < 0.001). Half of the population
with a high LDH level (=172 U/L) showed significantly increased AS and CVD10 risk score.
Men and women with baPWV >1400 cm/s had a higher LDH level, and the latter was
significantly different from that of the group with baPWV <1400 cm/s (men: 176.93430.99
vs 173.00+33.36, P < 0.001; women: 189.10+£34.20 vs 171.39+£31.08, P < 0.001). In both
sexes, a higher level of LDH was noted in groups with higher CVDI10 risk score (men:
176.65+32.51 vs 172.94+32.46, P < 0.001; women: 202.51+44.05 vs 175.734£32.39, P <
0.001).

Discussion: An increased LDH level may be associated with AS and CVD10 risk. The LDH
level could be a new predictor of AS and CVDI10 risk in health-examined populations.
Keywords: lactate dehydrogenase, arterial stiffness, 10-year cardiovascular disease risk,

brachial-ankle pulse wave velocity, Framingham CVD 10-year risk prediction model

Introduction
Models of arterial stiffness (AS) and 10-year cardiovascular risk (CVD10) are used
widely to assess the likelihood of cardiovascular diseases (CVDs) and to provide
evidence for CVD prevention.' > The AS degree can be assessed using brachial—
ankle pulse wave velocity (baPWV). CVDIO can be calculated using the
Framingham CVD Risk score.*

Lactate dehydrogenase (LDH) is an important enzyme in the anaerobic metabolic
pathway. This enzyme is present in plants and animals. It is present ubiquitously in
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multifarious tissues, and serves as an important “checkpoint”
of gluconeogenesis and DNA metabolism.” It is often used to
diagnose myocardial infarction, tissue injury, and some types
of malignant tumors. The LDH level can be used to aid the
diagnosis of myocardial infarction.” Komolafe et al found
that serum levels of C-reactive protein, procalcitonin, and
LDH could be used to aid the diagnosis of pancreatic
necrosis.® European phase-I trials have shown a high level
of LDH to be an independent diagnostic factor in patients
with sarcoma and other mesenchymal tumors.” However, the
role of LDH in AS and CVDI10 risk has not been established.

We explored the relationship between AS and CVD10
risk and LDH level. We wished to: (i) clarify the effect of
LDH on predicting AS and CVDI10 risk; (ii) try to explain
how LDH could be used for the early prevention of arter-
iosclerosis and cardiovascular events.

Methods
Ethical Approval of the Study Protocol

This study was conducted in accordance with the
Declaration of Helsinki 1964 and its later amendments.
The study protocol was approved by the Human Research
Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University (2018-SR-175) in Nanjing,
China. Written informed consent was obtained from all
participants. Data on personal identification were anon-
ymized and de-identified before analyses.

Study Population
The study cohort comprised 12,597 individuals (6988 men
and 5609 women; mean age, 49.49 £ 10.02 years; range, 18—
92 years) who visited the Health Management Center of the
First Affiliated Hospital of Nanjing Medical University for
a health check-up from January 2017 to December 2020.
People were excluded if they had a prior history of malig-
nancy, cardiovascular disease, uremia, or liver cirrhosis.
Participants underwent routine clinical examination,
including medical history, physical examination, baPWV,
and completion of the Framingham Cardiovascular Risk
Questionnaire.

Measurements

After an overnight fast, samples of venous blood from the
anterior cubital vein were taken while participants were
resting in the sitting position. We used vacuum tubes
containing ethylenediamine tetra-acetic acid or serum
separation gel to collect blood samples. After blood

sampling, routine hematology and biochemistry tests
(total cholesterol (TC), triglycerides (TG), high-density
lipoprotein-cholesterol (HDL-C), low-density lipoprotein-
cholesterol (LDL-C), LDH, fasting blood glucose, alkaline
phosphatase (ALP)) were undertaken. The glycated hemo-
globin (HbA,.) level was determined by ion-exchange
high-performance liquid chromatography.

After resting peacefully for 10 min, systolic blood
pressure (sBP) and diastolic blood pressure (dBP) were
measured using the same automatic digital sphygmoman-
ometer placed on the upper arm at heart level. The mean
value of two measurements was used for dBP and sBP,
respectively. We measured height and body weight accord-
ing a protocol described previously'® and then calculated
the body mass index (BMI).

baPWV

After resting for 5-10 min, participants lay supine on a test
bed with their hands at the sides of their body while keeping
body muscles relaxed and breathing normally. baPWV was
measured by an arteriosclerosis tester (VP-1000; Omron,
Tokyo, Japan). Balloon markers for the upper arms and
lower legs were aligned with the brachial artery and medial
sides of the lower legs, respectively. An electrocardiography
sensor was placed in the left second intercostal area. The
dBP and sBP of limbs were measured simultaneously.
baPWV was taken as the average value measured on both
sides. A “low baPWV” group (<1400 cm/s (4333 men and
4035 women)) and “high baPWV” group (>1400 cm/s (2655
men and 1574 women)) were created.

CVDI0 Risk

CVDI0 risk was assessed according to the Framingham
CVD 10-year risk prediction model'' based on stratified
scores for sex, age, BP, TC level, HDL-C level, and
smoking history. CVDI10 risk <10% was defined as the
“low-risk” group (4057 men and 131 women). Those with
CVDI10 risk >10% were considered to be in the “medium—
high risk” group (2931 men and 5478 women).

Statistical Analyses

SPSS 20.0 (IBM, Armonk, NY, USA) was used to establish
a database. The Shapiro—Wilk normal test was undertaken
on the distribution of all indicators. Indicators conforming to
a normal distribution are represented by the mean + standard
deviation, and the #-test was used for comparison between
two groups. Data with a non-normal distribution are repre-
sented by the median (quartiles) [M(P,s, P75)], and the
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comparison between groups was done by the Mann—
Whitney U-test. Enumeration data are expressed as rates,
and the chi-square test was used for comparison between
two groups. To assess the significance of cardiovascular risk
factors on AS and increased CVDI10 risk, stepwise multi-
variate regression analyses were carried out. The final model
was determined using Py, < 0.05 and Py, > 0.10.
A standardized coefficient (f) and P-values are presented.
P < 0.05 was considered significant.

Results

To study the new objective markers of AS and CVDI10
risk, we collected the data of 12,597 individuals who
underwent physical examination at the health management
center of our hospital from January 2017 to
December 2019 (6988 men and 5609 women), and col-
lected their various test indicators for statistical analyses.

To determine the association between an increased
LDH value and baPWV and CVD10 risk score, we divided
participants into two groups based on the median LDH
value. The high-LDH group was accompanied by high
baPWV (P < 0.001) and CVDI10 risk score (P < 0.001)
(Table 1). Figure 1 shows the distribution of baPWV and
CVDI10 risk score between the two groups.

Stepwise regression analysis was employed to analyze
baPWV and CVDIO risk scores and various clinical
indices for the entire study cohort, respectively. This
approach enabled determination of the association between
each factor and AS and risk of cardiovascular events.

Table | Clinical Characteristics of Different LDH Levels

Significant associations with baPWV were found for sex,
age, smoking, BMI, sBP, dBP, as well as levels of uric
acid, ALP, LDH, TC, HDL-C, LDL-C, fasting glucose,
and HbA;.. The TG Ilevel alone did not show
a significant association with baPWV (Table 2). Sex, age,
smoking, BMI, sBP, as well as levels of ALP, LDH, TC,
TG, HDL-C, LDL-C, and fasting glucose were correlated
significantly with increased CVDI10 risk score. However,
no significant association was found between dBP, uric-
acid level, and HbA;. level and CVDI10 risk score
(Table 2).

Comparison of LDH wvalues by cutoffs of baPWV
(1400 cm/s) or CVDI10 risk score (10%) was done for men
and women, respectively (Table 3). For men and women,
age, BMI, sBP, dBP, as well as levels of ALP, LDH, TC, TG,
LDL-C, fasting glucose, and HbA . with baPWV >1400 cm/
s were higher than those of men and women with baPWV
<1400 cm/s (P < 0.001 or P < 0.05) (Table 3). In men, there
was no significant difference in terms of smoking, uric-acid
level, or HDL-C level between the two groups (P > 0.05)
(Table 3). Among women, the high-baPWV group carried
a higher prevalence of smoking, but the prevalence was not
significantly different between the two different baPWV-
level groups. (P = 0.649) (Table 3). We divided participants
into low-risk and medium-high-risk groups for cardiovas-
cular events based on CVDI0 risk score (Table 4). Except
for the level of uric acid, there was no significant difference
between the two groups of men (P = 0.108). Other cardio-
vascular risk factors were significantly different between the

LDH<Median (172 IU/L) (n=6286)
Male,n 3568 (56.76)
Agey 47.81£9.56
Smoking,n 1199 (19.07)
BMI,kg/m? 24.2443.12
sBPmmHg 124.13£16.58
dBPmmHg 76.54+11.36
uric acid,umol/L 330.18+86.67
ALPU/L 79.40+22.35
TC,mmol/L 5.27+1.01
TG,mmol/L 1.73£1.26
HDL-C,mmol/L 1.33£0.30
LDL-C,mmol/L 3.27%0.75
FBG,mmol/L 5.52%1.26
HbAlc,% 5.61£0.76
baPWYV,cm/s 1293.75+£239.54
CVDI10,% 3(1,8)

LDH>Median (172 IU/L) (n=6311) | P
3420 (54.19) 0.004
51.16+10.20 0.000
1175 (18.62) 0.191
25.06+3.28 0.008
129.88+17.74 0.000
78.93+11.38 0.766
335.93+87.27 0.769
88.25+25.50 0.000
5.47+1.11 0.000
1.83+1.48 0.055
1.35+0.32 0019
3.40+0.80 0.000
5.54+1.29 0.726
5.68+0.74 0242
1375.13+263.85 0.000
4(1,10) 0.000
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Figure | baPWV and CVDI0 of different LDH levels. (A) Comparison of baPWYV between two groups with different LDH levels. (B) Comparison of CVD10 between two

groups with different LDH levels. ***P < 0.001.

two groups with different CVDI10 risk scores in men and
women (P < 0.001) (Table 4).

Discussion

Our cross-sectional study showed that the LDH level was
positively associated with baPWV and CVDI10 risk, and
independent of classical cardiovascular risk factors. These
effects persisted even after adjustment for drugs that alter

blood-vessel function, such as antihypertensive drugs,
anti-DM drugs, and cholesterol-lowering drugs.

The serum LDH level is closely related to the occur-
rence of CVDs and cardiovascular events.'*'* A recent
meta-analysis revealed that the incidence of cardiovascular
events and mortality in patients with coronavirus disease-
19 was associated with an increased serum level of
LDH."” In addition, LDH is involved in lysosome

Table 2 Factors Associated with baPWV or CVDI0 (Stepwise Multiple Regression Analysis)

baPWV CVDIO

Standardized Coefficient (f) P Standardized Coefficient (f) P
Male,n —0.062 0.000 —-0.289 0.000
Age)y 0.366 0.000 0.409 0.000
Smoking,n 0.018 0.008 0.446 0.000
BMl,kg/m? —0.115 0.000 —-0.032 0.000
sBRmmHg 0.402 0.000 0.161 0.000
dBEmmHg 0.090 0.000 -0.012 0.124
Uric acid,umol/L 0.065 0.000 —0.009 0.152
ALRU/L 0.033 0.000 —0.062 0.000
LDH,U/L 0.032 0.000 0.025 0.000
TC,mmol/L 0.092 0.000 0.204 0.000
TG,mmol/L 0.005 0.630 0.028 0.000
HDL-C,mmol/L —0.047 0.000 —0.151 0.000
LDL-C,mmol/L —0.068 0.002 —0.035 0.042
FBG,mmol/L 0.080 0.000 —0.044 0.000
HbAlc,% 0.030 0.004 —0.013 0.125

14 https: International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhu et al

Table 3 Clinical Characteristics of the Subjects According to baPWV

Male Female

baPWYV <1400cm/s baPWYV >1400cm/s P baPWYV <1400cm/s baPWYV >1400cm/s P

(n=4333) (n=2655) (n=4035) (n=1574)
Agey 46.07+9.00 53.84+9.53 0.000 | 46.8218.74 58.38+8.41 0.000
Smoking,n 1465(33.81) 894(33.67) 0.906 | 11(0.25) 5(0.32) 0.649
BMl,kg/m2 25.46+3.03 25.75+3.03 0.000 | 23.10+3.00 24.54+3.11 0.000
sBRmmHg 123.55+12.84 138.38+15.90 0.000 | 117.40%14.61 141.99£16.92 0.000
dBPmmHg 77.65+9.64 86.38+10.57 0.000 | 70.8719.67 81.02+10.23 0.000
Uric acid,umol/L 379.074£73.95 378.96179.31 0.952 | 268.99+59.28 293.22+66.63 0.000
ALPU/L 83.21+23.40 87.50+21.96 0.000 | 77.69+25.17 94.80+25.44 0.000
LDH,U/L 173.00+£33.36 176.93+£30.99 0.000 | 171.39+£31.08 189.10+£34.20 0.000
TC,mmol/L 5.32+1.04 541%1.13 0.001 | 5.28%1.01 5.66x1.12 0.000
TG,mmol/L 1.97+1.54 2.18+1.64 0.000 | 1.31+0.82 1.80+1.20 0.000
HDL-C,mmol/L 1.234£0.26 1.23+0.27 0.448 | 1.49+0.32 1.4240.30 0.000
LDL-C,mmol/L 3.3610.77 3.40+0.81 0.048 | 3.21+0.74 3.49+0.80 0.000
FBG,mmol/L 5.48+1.09 6.04+1.79 0.000 | 5.1740.72 5.71+1.48 0.000
HbAlc,% 5.58+0.68 5.90%1.01 0.000 | 5.46+0.47 5.86+0.86 0.000

Table 4 Clinical Characteristics of the Subjects According to CVDI10
Male Female
CVDI0 <10 (n=4057) | CVDI0 =10 (n=2931) | P CVDI0 <10 (n=5478) | CVDI0 =10 (n=131) | P

Agey 44.41+7.80 55.41+8.79 0.000 | 49.54+9.57 71.7616.87 0.000
Smoking,n 629(15.50) 1730(59.02) 0.000 | 12(0.22) 3(2:29) 0.000
BMl,kg/m2 25.34+3.06 25.90+2.95 0.000 | 23.44+3.06 26.23+3.22 0.000
sBRmmHg 125.80+13.71 133.86+17.28 0.000 | 123.50+18.20 157.90+15.23 0.000
dBRmmHg 79.49+10.45 83.01+11.08 0.000 | 73.56+10.78 80.34+11.18 0.000
Uric acid,umol/L | 380.27+73.48 377.31£79.39 0.108 | 274.81+61.33 316.61+87.57 0.000
ALPU/L 83.24+21.72 87.22+23.54 0.000 | 82.10+26.28 98.92+25.86 0.000
LDH,U/L 172.94+32.46 176.65+32.51 0.000 | 175.73+32.39 202.51+44.05 0.000
TC,mmol/L 5.20%1.00 5.57%1.13 0.000 | 5.38+1.05 5.88+1.26 0.000
TG,mmol/L 1.86+1.30 2.31+1.87 0.000 | 1.43+0.95 2.15+1.41 0.000
HDL-C,mmol/L 1.25+0.27 1.20£0.25 0.000 | 1.48+0.32 1.34+0.25 0.000
LDL-C,mmol/L 3.2710.74 3.53+0.81 0.000 | 3.28+0.76 3.65+0.91 0.000
FBG,mmol/L 5.53+1.20 5.92+1.66 0.000 | 5.30+0.99 6.20+1.81 0.000
HbAlc,% 5.57+0.72 5.88+0.94 0.000 | 5.56+0.61 6.261.11 0.000

activation to regulate autophagy,'® participates in tumor
occurrence, and can be used as a therapeutic target for
acute liver failure.'” Compared with the studies mentioned
above, our study reveals the effect of the serum LDH level
on vascular sclerosis and the risk of future CVD in people
with preclinical CVD. We defined ‘“high” baPWV
>1400 cm/s, which has been shown to be associated with
higher serum LDH levels in men and women. A “high”
Framingham CVD Risk score was defined as an estimated
risk >10% for a 10-year CVD event, which was classified
as low risk (<10%) and medium—high risk (>10%).'®
Recently, the use of statins or aspirin has been proposed

to prevent future morbidity and mortality from CVD based
on risk estimation of a 10-year CVD event.'*°

LDH consists of two subunits: heart (H) and muscle
(M). LDH activity in heart and muscle is hundreds-of-
times higher than that in normal serum. Hence, if the
skeletal
damaged, the LDH level in serum is increased signifi-
cantly (especially the levels of LDHI and LDH2). In our

study, the serum LDH level was correlated with AS and

myocardium, muscle, or other tissues are

CVDI10, which may be explained by two main biological
mechanisms. First, atherosclerotic lesions are systemic, so

coronary arteries have different degrees of sclerosis, which
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affects the myocardial blood supply.”' > This scenario
will not cause myocardial infarction, but will cause differ-
ent degrees of myocardial ischemia and damage to myo-
cardial cells. Simultaneously, a certain concentration of
LDH will be released into blood. The increased incidence
of cardiovascular disease after arteriosclerosis was accom-
panied by increased LDH levels, suggesting that increased
LDH levels also increased the risk of CVD10, which was
consistent with the results of this study. Second, the high-
risk factors of CVD (eg, smoking, hypertension, DM)
affect the function of the cardiovascular system to varying
degrees, which results in different degrees of cell damage
in tissues (eg, muscle) and organs (eg, heart, liver,
kidney).>*** LDH present in various cell types is released
into blood, thereby resulting in an increase in the serum
LDH level. If the LDH level increases to a certain extent,
it indicates serious tissue lesions, myocardial infarction,
liver failure, or damage to other important organs, which is
consistent with our data showing the LDH level to be
positively correlated with CVD10 and baPWV.

Our study had two main limitations. First, we did not
assess the effects of baPWV (eg, heart rate, peripheral
arterial disease, hypertension, DM, atrial fibrillation).
Second, variables which may affect the value of baPWV
and CVDI10 were not adjusted, which may have had an
impact on the relationship between the LDH level and
baPWYV, and LDH level and CVD10.

Conclusions

The serum LDH level of healthy people was positively
correlated with CVD10 and baPWV. The serum LDH level
may be a new objective biological indicator to predict
CVD and cardiovascular events, and provide a new basis
for early intervention of CVD.
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