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Lactate Dehydrogenase in Hypertensive Disorders in Pregnancy: 
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Abstract
Background: Lactate dehydrogenase has had an exciting 
journey as a utility marker in different illnesses, but current-
ly, its clinical utility has been relegated to confirm hemolysis, 
as a tumor marker, and as a diagnostic biomarker of pre-
eclampsia. The findings of lactate dehydrogenase concen-
trations taking reference values to healthy persons are not 
consistent when these are related to hypertensive disorders 
in pregnancy, mainly to begin symptoms or little severity 
presentation. The goal in this work was to evaluate the ma-
ternal serum concentration of lactate dehydrogenase and 
its utility as a severity or diagnosis marker for hypertensive 
disorders in pregnancy.

Methods: In this retrospective study, we included 5,558 
cases of HDP and 800 healthy pregnancies. HDP classifica-
tion and LD values were collected from the medical records 
in the paper chart.

Results: The prevalence of HDP in our hospital was ap-
proximately 6.4 ± 0.1%. We found a tendency toward in-
creases in median LD concentrations with the increasing 
severity of HDP and found a positive correlation (p = 0.037) 

or error probability of 0.037% between LD concentrations 
and severity of HDP in Mexican pregnant women.

Conclusion: Serum LD concentration in HDP is a marker of 
severity, diagnosis and adverse maternal outcomes.
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Introduction
Lactate dehydrogenase (LD) is a cytoplasmic enzyme 

that is widely expressed in tissues and cells. LD is an en-
zyme in the glycolytic pathway catalyzes the oxidation 
of L-lactate to pyruvate with the mediation of nicotin-
amide adenine dinucleotide (NAD+) as the hydrogen 
acceptor. This reaction is reversible and can be detect-
ed in the laboratory in serum samples by measuring LD 
activity in terms of the rate of dihydronicotinamide ad-
enine dinucleotide dehydrogenase (NADH) production 

Check for
updates

http://doi.org/10.23937/2474-3690/1510040
http://doi.org/10.23937/2474-3690/1510040
http://crossmark.crossref.org/dialog/?doi=10.23937/2474-3690/1510040&domain=pdf


ISSN: 2474-3690DOI: 10.23937/2474-3690/1510040

Vazquez-Alaniz et al. J Hypertens Manag 2019, 5:040 • Page 2 of 6 •

determined spectrophotometrically at 340 nm [1,2]. 
LD is a critical serologic marker for diagnosis, staging/
prognosis, and recurrence, and monitoring of germ cell 
tumors [3], as well as for multiple myeloma, another 
malignant disease wherein high LD levels are associ-
ated with disease severity and poor prognosis [4,5]. 
Serum LD levels increase in proportion to the clinical 
severity of idiopathic pulmonary arterial hypertension 
and have a strong, independent association with the 
long-term mortality of these patients. Assessing the po-
tential role of LD as a biomarker and mediator involved 
in the pathogenesis of idiopathic arterial hypertension 
might be worthwhile [6]. LD has had an exciting journey 
as a utility marker in different illnesses, but currently, 
its clinical utility has been relegated to confirm hemo-
lysis, as a tumor marker, and as a diagnostic biomark-
er of preeclampsia (PE) [3,7]. However, the findings of 
LD concentrations taking reference values to healthy 
persons are not consistent when these are related to 
hypertensive disorders in pregnancy (HDP), mainly to 
begin symptoms or mild PE.

The HDP are among the leading causes of maternal 
and perinatal morbidity and mortality worldwide [8]. 
The public classification system was adopted by the Na-
tional High Blood Pressure Education Program (NHBPEP) 
Working Group in 1990 and subsequently endorsed by 
46 medical organizations. The updated version in 2000 
has become a standard that the American College of 
Obstetrics and Gynecology (ACOG) follows. From the 
NHBPEP original reports, guidelines from international 
societies have emerged, each one with their evidence, 
although many with similar recommendations [9]. The 
HDP should be classified as pre-existing hypertension, 
gestational hypertension, preeclampsia, or others hy-
pertensive effects based on different diagnostic and 
therapeutic considerations. Hypertension in pregnancy 
is defined by systolic blood pressure ≥ 140 mmHg and/
or diastolic blood pressure ≥ 90 mmHg [10].

Dramatic changes in the cardiovascular system oc-
cur throughout gestation beginning soon after concep-
tion, presumably with the objective of increasing blood 
flow and nutrient delivery to the fetal-placental unit. 
The Healthy pregnancy is associated with increased 
endothelium-mediated relaxation, blunted response 
to vasoconstrictors, and increased flow-mediated di-
lation [11]. Modification of the placental bed arteries 
to reach a high-flow, low-resistance status to support 
this increased blood flow is achieved by extravillous tro-
phoblast-mediated remodeling of spiral arteries, with a 
replacement of the endothelium by trophoblasts [12]. 
The link between abnormalities in trophoblast invasion 
and generalized maternal endothelial dysfunction seen 
in HDP, particularly in preeclampsia, maybe via release 
of placental factors, such as syncytial knots, shedding 
of syncytiotrophoblast basement membrane fragments 
(STBM), leukocyte and platelet membrane particles, 
activated neutrophils, cytokines, growth factors, angio-

genic factors, and hormones [13]. These factors will in-
teract with the maternal vascular endothelium, which 
may already be damaged and can cause maternal en-
dothelial cell damages. The STBM may also damage the 
endothelium and activate neutrophils, and this may lead 
to endothelial dysfunction as part of the widespread in-
travascular inflammation [14]. Evidence for endothelial 
dysfunction in preeclampsia includes reduced in-vitro 
endothelium-dependent dilatation of isolated vessels, 
increased vascular reactivity in response to vasocon-
strictor stimuli, and elevated biomarker levels associat-
ed with endothelial activation and injury [12]. Detection 
of high-risk patients with increased LD levels, as a mark-
er of endothelial damage by HDP, mandates close mon-
itoring and correct management to decrease both ma-
ternal and fetal morbidities [15]. In the present study, 
we evaluated the maternal serum concentration of LD 
and its utility as severity or diagnosis marker for HDP.

Material and Methods
In this retrospective study of 10 years, we included 

all women diagnosed with any HDP who were admitted 
to the Gynecology and Obstetrics Department of the 
Hospital General de Durango, Mexico, between January 
2008 and December 2017.

Pregnant women with any HDP were identified by fi-
nal diagnosis of the patient at discharge in the hospital 
and recruited by the archive and statistic department 
in agreement of the ICD-10 code. Patients with HDP di-
agnosed from localities outside the Durango state and 
women with HDP associated with trophoblastic disease 
were excluded. HDP diagnosis was confirmed by medi-
cal record review by the principal investigators. Gesta-
tional hypertension was defined by systolic blood pres-
sure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 
mmHg on at least two occasions 6 hours apart, without 
proteinuria. Preeclampsia was defined as > 20 weeks 
gestation with incident hypertension (defined as a sys-
tolic blood pressure ≥ 140 mmHg and/or diastolic blood 
pressure 90 mmHg on at least two occasions 6 hours 
apart) and proteinuria (300 mg protein excreted over 
24 h, or 30 mg/dL in a random urine sample or 1+ pro-
tein on urine dipstick). Eclampsia was defined by seizure 
occurrence in women with preeclampsia that cannot be 
attributed to other causes. The hemolysis, elevated liv-
er enzymes, and low platelet (HELLP) syndrome in pre-
eclamptic or eclamptic women was defined by platelet 
count less than 100,000 cells/mm3, liver enzymes more 
than twice the normal value, and the presence of micro-
angiophatic haemolytic anemia, or observation of burr 
cell schistocytes and polychromasia on peripheral blood 
smear observation. Healthy pregnancies were defined 
as those normotense pregnant women without compli-
cations before, during and later pregnancy resolution.

Maternal demographic data including place of birth, 
age, gravity, gestational age at delivery, mean arterial 
pressure (MAP), HDP classification, and LD values were 
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tions are a severity marker of HDP, we calculated the 
Spearman range correlation, and data were represent-
ed in graphic distribution by error bars later. Finally, a 
baseline was obtained with IQR (Q1 - Q3) of LD values 
for each HDP classification, and reference values were 
established for each classification.

Results
Ethical approval was obtained from the Institutional 

Review Boards of the Hospital where this retrospective 
study was conducted. In our hospital 107,937 patients 
were attended in the gynecological & obstetrical ser-
vice during 10 years, and 86,202 deliveries occurred 
during the same period, including fetal deaths 20 weeks 
gestation. A total of 5,552 women presented with preg-
nancy complicated with any HDP category in agreement 
with the criteria of NHBPEP and Technical Guidelines for 
Diagnosis, Prevention and Management of Preeclamp-
sia-Eclampsia of Health Ministry in Mexico. The case 
distribution in 2008 to 2017 with the different sub-clas-
sifications of HDP, including 800 healthy pregnancies, 
is shown in Table 1. All cases were confirmed after the 
medical records were reviewed. The prevalence of HDP 

collected from the medical records in the paper chart. 
LD values were taken from the first laboratory examina-
tion during admission. The LD concentrations were de-
termined through a dry chemistry method in Johnson & 
Johnson Vitros® 5.1 FS analyzer by (Ortho Clinical Diag-
nostics 1001 U.S 202 Raritan, NJ 08869), validated with 
daily internal quality control and monthly by external 
quality assurance programs.

Statistical analysis
The SPSS software (version 15.0; SPSS Inc., Chicago, 

IL, USA) was used to perform statistical analysis; the 
clinical characteristics of the HDP sub-types were ex-
pressed as mean ± standard deviations (SD) or median 
and interquartile range (IQR). The mean of the continu-
ous values was compared using the Student’s t-test af-
ter testing for normality using the Kolmogorov-Smirnov 
test. A p-value equal to less than 0.05 was considered 
statistically significant. Mann-Whitney U-test, or stu-
dent’s t-test depending on the normality distribution, 
was performed to compare the groups. To calculate 
bi-variate correlation between LD values and HDP se-
verity expressed in the probability that LD concentra-
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Figure 1: Cases of Hypertensive disorders of pregnancy from 2008 to 2017.

Table 1: Lactic dehydrogenase values for different hypertensive disorders of pregnancy including normo-evolutive pregnancy.

Hypertensive disorders of 
pregnancy

Cases

(n)

LD concentration

(IU/L)

Standard 
deviation

Q1

Minimum value (IU/L)

Q3 Maximum

Value (IU/L)
Normo-evolutive pregnancy 800 274.49§ 101 201 360

Gestational hypertension 2,057 515.05¢ 339 400 565

Mild preeclampsia 1,089 537.13§ 122 463 567

Severe preeclampsia 1,817 654.92§ 222 522 729

Eclampsia 172 747.56§ 219 556 921

Severe preeclampsia + HELLP 361 1,492.4¢ 1,178 790 2,066

Eclampsia + HELLP 56 4,634.79¢ 3,855 2,117 4,898

§Media; ¢Median.
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we found a tendency to increase the mean of LD con-
centrations in relation to HDP severity and PE compli-
cated with HELLP syndrome. After establishing the data 
of non-parametric distribution, and Spearman range 
correlation analysis, we found a correlation (p = 0.037) 
or error probability of 0.037% between LD concentra-
tions and HDP severity in Mexican pregnant women 
(Figure 2). Likewise, the median and interquartile rang-
es (IQR) were established for LD values to find reference 
ranges through Q1 and Q3 values and, propose a new 
reference range for Mexican normo-evolutive pregnant 
women and Mexican pregnant women complicate with 
HDP (Table 1). Finally we established a baseline of LD 
values related to HDP (Figure 3).

Discussion
Based on the World Health Organization, HDP has 

been the second leading cause of maternal death 
globally to date [16], but it is the leading cause of 
maternal death in Latin America with up to 25% cases 
[17,18]. The most at risk age groups are young mothers 
aged between 10 and 24 years, and there are groups that 
present HDP with more severity [19]. Our population 
studied had a similar risk, with more prevalence of 
severe PE and eclampsia in young women (21.6 ± 6.2 
years). In contrast, change in the decrease of frequency 
for mild PE and increase for severe PE was found in 

in our hospital was about 6.4 ± 0.1%. The occurrence 
of HDP has increased each year in proportion with the 
pregnant women attended. However, the proportion 
related to HDP severity had been changed with respect 
to mild PE and severe PE because severe PE had been 
increasing, whereas mild PE had been decreasing over 
these 10 years possibly by changes in clinical criterial for 
classification of mild and severe preeclampsia; howev-
er, gestational hypertension and eclampsia remained 
stable (Figure 1). With respect to the frequency of HDP: 
Gestational hypertension 37.1% (n = 2,057), mild PE 
19.6% (n = 1,089), severe PE 32.7% (n = 1,817), eclamp-
sia 3.1% (n = 172), severe PEE with HELLP 6.4% (n = 361), 
and eclampsia + HELLP only presented, 1.01% (n = 56), 
of all cases, respectively. The mean of the chronologic 
age of women was 24.8 ± 7.3 years; the mean for ges-
tational age was 36.7 ± 4.0 weeks. The mean number of 
pregnancies was 2.29 ± 1.6, and MAP was 108.8 ± 18.3 
mmHg. With respect to the chronological age of preg-
nant women, those who had eclampsia had the lowest 
mean age (21.6 years ± 6.2 SD), compared with media 
the total of the women.

To calculate the LD reference concentrations for 
HDP; we include 14.5% (n = 800) LD values of healthy 
pregnancies which are shown in Table 1. So, LD refer-
ence values were stablished for normo-evolutive preg-
nancies and pregnancies complicated with HDP. Then, 
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angiogenic factors and the need to obtain a better 
interpretation of traditional biomarkers, we propose LD 
values as indicative of cellular damage and endothelial 
dysfunction in HDP, and LD can be used as an effective 
biochemical marker because it reflects the severity 
of the disease, occurrence of complications, and fetal 
outcomes [15] in the Mexican population.

HDP diagnosis and classification are the main goals 
in pregnant women with high blood pressure, and the 
correct evaluation of clinical and laboratory parameters 
is important to achieve these goals. In this study, we 
showed that LD concentrations in HDP are predictive 
of adverse maternal outcomes and, we propose new 
LD reference values to classify HDP based on serum LD 
concentration and established a baseline of LD concen-
trations based on HDP severity. Currently, the basic bio-
chemical tests for LD remain in effect to diagnose and 
classify HDP, and their use continues to provide valu-
able information for diagnosis and classification of preg-
nant women with HDP.
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