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Increased neutrophil to lymphocyte ratio
in persons suffering from hypertension with
hyperhomocysteinemia
This article has been corrected since Advance Online Publication, and an erratum is also printed in this issue.

Li Gang and Zhang Yanyan

The neutrophil to lymphocyte ratio (NLR) is increased in various cardiovascular diseases. The objective of this study is to determine

whether the NLR is increased in persons suffering from hypertension with hyperhomocysteinemia (HTH). We retrospectively

analyzed the results of a large cohort of individuals undergoing health examinations with respect to NLR values, homocysteine

(HCY) concentration, total cholesterol, triglyceride (TG) concentration, glucose concentration, creatinine (Cr) concentration, smoking

status, drinking status and blood pressure. When participants were grouped according to the NLR quartiles, there were strong,

graded increases in HCY (Po0.001) and the numbers of patients suffering from HTH were up to two-fold higher in the fourth vs.
the first quartile. The NLR of the participants suffering from HTH group was significantly higher than the participants suffering

from hypertension in the non-HTH group and the normotension group. In an unconditional multiple logistic regression analysis,

NLR predicted HTH independently of age, sex, body mass index, smoking, drinking, TG and Cr. The present study demonstrated

that the NLR value increased in the HTH group and positively correlated with HCY but not with blood pressure.
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INTRODUCTION

Hypertension is estimated to affect over 200 million Chinese
individuals and its incidence has dramatically increased in recent
years, especially in the middle aged and elderly populations.1

Up to two-thirds of individuals with hypertension are undiagnosed
or untreated.1 As many as one-third of individuals who live in the
Chinese South region have plasma homocysteine (HCY)
⩾ 10 μmol l− 1, and in the northern region the proportion is three-
fifth. In individuals with hypertension, the prevalence of hyperhomo-
cysteinemia was significantly higher than in healthy individuals.2

Persons suffering from hypertension with hyperhomocysteinemia
(HTH) have a higher risk of developing ischemic stroke3 and
cardiovascular events4 than persons suffering from hypertension alone.
Hyperhomocysteinemia and hypertension increase the risk of

ischemic stroke and cardiovascular events are mutually reinforcing.
Although definitive mechanisms have not been completely elucidated,
an accumulating body of evidence suggests that chronic low-grade
systemic inflammation might have a crucial intermediary role in
pathogenesis. Previous studies suggest that HCY can induce the
expression of monocyte chemoattractant protein-1 and interleukin-8
(IL-8) by impairing endothelial cells. This may then promote
neutrophil recruitment and induce leukocyte activation, accelerating

atherosclerotic lesion formation.5 Moreover, neutrophil infiltration
was found to have a role in ischemic stroke.6

The neutrophil to lymphocyte ratio (NLR), a major inflammation
biomarker, is calculated by dividing the absolute neutrophil counts by
the absolute lymphocyte count. Recent evidence documented a strong
association between an elevation in NLR and the occurrence of
stroke,7,8 cardiac events,9 acute coronary syndrome,10 heart failure,11

as well as fatal and nonfatal events.
Despite these findings, to the best of our knowledge, an association

between the NLR and HTH has not been reported in the literature.
HCY has been reported to be associated with inflammatory biomar-
kers. Therefore, we evaluated whether the NLR is increased in HTH.

MATERIALS AND METHODS

Study participants
The study involved participants from a large company, including current and
retired employees. According to the company’s policy, all current and retired
employees are provided with an annual health examination. Between January
2014 and December 2014, a total of 6788 participants (4238 men and women
2550, aged 26–92 years, mean 58 years) self-reported personal health
information including medical history, family history, smoking status, alcohol
consumption and measured height, weight and blood pressure, and provided
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blood specimens for hematological and biochemical testing. Hypertensive
patients were registered and received medical services at the department of
chronic non-communicable diseases of our hospital. According to the Chinese
guidelines for the management of hypertension, hypertension was defined as
systolic blood pressure of 140 mm Hg or higher, or diastolic blood pressure of
90 mm Hg or higher. HTH was defined as plasma HCY ⩾ 10 μmol l− 1 with
essential hypertension. Non-HTH was defined as plasma HCY o10 μmol l− 1

with essential hypertension.

Laboratory procedures
Blood specimens were collected in the morning from 0730–0900 h when the
subjects were still fasting from the previous evening. Fasting was defined as not
having consumed a meal for more than 10 h. Whole blood samples were
collected in EDTA-K2 and were used for hematological analysis; serum
specimens were collected in dried vacuum tubes, centrifuged within 1 h and
used for biochemical analyses, including total cholesterol (TC), triglyceride
(TG), glucose (Glu), creatinine (Cr) and HCY assays.
Hematological testing was performed on the Sysmex XE-2100 (Sysmex

Corporation, Kakogawa, Hyogo, Japan) automated hematology analyzer.
Biochemical parameters (Glu, TC, TGs, Cr and HCY) were evaluated by
enzymatic techniques in an AU2700 Olympus Autoanalyzer (Olympus
Corporation, Tokyo, Japan). TC was measured via colorimetric analysis.
The fasting plasma Glu was measured using a hexokinase assay. TG was
measured using a glycerol phosphate oxidase assay. Cr was measured using an
enzymatic assay. An enzymatic cycling assay was used for HCY analysis.
Throughout the study, routine internal quality-control procedures and an
external quality assessment scheme were used to validate the reliability of the
results. As severe lipidemia and hemolysis could interfere with the assessments,
samples with a concentration of TGs > 5 mmol l− 1 or a free hemoglobin value
higher than 5 g l− 1 were scheduled for re-acquisition.
An Omron HEM-6000 (OMRON Corporation, Dalian, China) was used to

measure blood pressure after the subjects rested for 5 min in a sitting position
in a quiet room. Height and weight were measured at the screening center by
two trained nurses and body mass index was calculated as the weight divided by
the squared height (kg m− 2).

Statistical analysis
The data were expressed as the median (5th–95th) or counts. For normality
tests, skewed variables (HCY and NLR) were logarithmically transformed to
improve normality before analysis. Normally distributed continuous variables
were compared by one-way analysis of variance (followed by a least significant

difference test for multiple comparisons between groups). As the distributions
of TG were skewed, differences in the distributions of these variables between
groups were determined using the non-parametric Kruskal–Wallis test.
For categorical variables, differences between groups were examined using
the χ2-test. The χ2-test was also used to calculate the odds ratio (by the
Bonferroni test for multiple comparisons). An unconditional logistic regression
was used to identify factors that were independently associated with HTH. A
receiver operating characteristic curve was used to determine the cutoff value of
NLR to predict HTH vs. non-HTH. The statistical analyses were performed
using the statistical package SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).
The level of statistical significance was set at Po0.05.

RESULTS

NLR results were categorized into quartiles and the main findings from
this investigation are shown in Table 1. As predicted, individuals in the
highest NLR quartile were, on average, older and had higher TC, Glu
and Cr levels than individuals in the lowest NLR quartile. There were
strong, graded increases in HCY and HTH prevalence across the NLR
quartiles, and the number of HTH patients was up to two-fold higher
in the fourth quartile vs. the first quartile of NLR. The systolic blood
pressure and diastolic blood pressure were not significantly increased
in the highest NLR quartile compared with the lowest NLR quartile,
although the difference was statistically significant.
We evaluated the odds ratio of HTH according to the NLR

quartiles. As shown in Figure 1, the risks of HTH in quartiles II, III
and IV relative to the odds ratio of I were 1.426 (95% confidence

Table 1 Characteristics of the entire population (n=6788)

I

p1.27 (n=1690)

II

1.28–1.62 (n=1723) P-value

III

1.63–2.07 (n=1669) P-value

IV

X2.08 (n=1700) P-value P for trend

Quartile of NLR
Gender, M/F 977/730 1037/702 0.153 1057/639 0.008 1167/572 o0.001 o0.001

Age, years 57 (44–77) 57 (44–78) 0.498 55 (43–79) 0.720 59 (44–81) o0.001 o0.001

SBP, mm Hg 126 (102–156) 126 (101–156) 0.476 126 (100–155) 0.415 127 (101–158) 0.002 0.003

DBP, mm Hg 77 (61–94) 78 (62–95) 0.297 77 (61–94) 0.529 77 (60–94) 0.096 0.034

HCY, μmol l−1 8.2 (5.9–14.4) 8.3 (5.7–14.6) 0.571 8.3 (5.7–15.9) 0.031 8.6 (5.8–18.9) o0.001 o0.001

BMI, kg m−2 23.1(18.7–28.0) 23.3 (18.7–28.7) 0.049 23.3 (19.0–28.4) 0.021 23.2 (18.7–28.0) 0.722 0.664

TC, mmol l−1 5.09 (3.63–6.89) 5.12 (3.69–6.71) 0.003 4.99 (3.51–6.68) o0.001 4.82 (3.43–6.52) o0.001 o0.001

TG, mmol l−1 1.12 (0.53–2.89) 1.16 (0.54–2.88) 0.843 1.15 (0.03–0.37) 0.471 1.10 (0.51–2.90) 0.412 0.854

Glu, mmol l−1 5.05 (4.27–6.54) 5.03 (4.27–6.74) 0.685 5.03 (4.21–7.21) 0.105 5.11 (4.22–7.66) o0.001 o0.001

Cr, μmol l−1 57 (40–79) 59 (40–82) 0.020 59 (41–82) 0.002 60 (41–86) o0.001 o0.001

Hypertension, no. 411 423 0.875 412 0.805 481 0.036 0.011

HTH, no. 98 139 0.009 154 o0.001 196 o0.001 o0.001

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; Cr, creatinine; DBP, diastolic blood pressure; F, female; Glu, glucose; HCY, homocysteine; HTH, hyperhomocysteinemia;
M, male; NLR, neutrophil/lymphocyte ratio; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
Differences in the study variables across NLR quartiles were tested by Kruskal–Wallis test (for skewed variables), one-way ANOVA (for continuous variables) and χ2-test (for categorical variables).
Differences vs. the lowest quartile of NLR are evaluated by least significant difference test. Variables were expressed as media (5th–95th).

Figure 1 Odds ratio of hypertension with HTH across NLR quartiles.
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interval, 1.091–1.863, P= 0.009), 1.671 (95% confidence interval,
1.270–2.148, Po0.001) and 2.117 (95% confidence interval,
1.645–2.725, Po0.001), respectively. The odds ratios of HTH steadily
increased across the NLR quartiles.
Next, we compared the NLR values of HTH group with the

non-HTH group and whether there were other differences between
the groups. These results are shown in Table 2. The individuals in
the HTH group were, on average, older and had a higher smoking
ratio, drinking ratio and had higher Cr levels than individuals in
the non-HTH group. The NLR values of the HTH group were
significantly higher than the non-HTH group. Similar results were
found when the participants were stratified by age (o49, 49–65 and
465 years; Table 3). In addition, the NLR values were not statistically
significantly different when comparing the non-HTH group with the
normotension group. The systolic blood pressure and diastolic blood
pressure values of the HTH group were not significantly greater than
the non-HTH group.
In the unconditional multiple logistic regression analysis performed

on the entire population, the following risk factors were evaluated:
gender, age, body mass index, smoking, drinking, Glu, TC, TG, Cr and
NLR. HTH was significantly associated with all variables, except for
Glu and TC. These results are shown in Table 4. The NLR was a
positive predictor of HTH independently of sex, age, body mass index,
smoking, drinking, TG and Cr.
A receiver operating characteristic analysis was used to determine

the cutoff value of NLR to predict HTH vs. non HTH. A NLR value of

1.88 or higher predicted HTH with a sensitivity of 45.2% and
specificity of 67.2% (Figure 2).

DISCUSSION

The findings of the present study are as follows: (1) the NLR values of
the HTH group were significantly greater than the non-HTH group,
followed by the normotension group; (2) elevated NLR values were
positively correlated with increased HCY; and (3) elevated NLR values
have higher odds ratios for HTH. To the best of our knowledge, this is
the first report on the clinical significance of the NLR in HTH.
Individuals with HTH have a higher predicted risk for developing

coronary atherosclerosis and vascular thrombosis later in life. A
case–control study reported that the risk of cardiovascular events for
individuals with HTH nearly quintupled compared with individuals
with hypertension alone and was 25-fold higher than healthy
normotensive people.12 A prospective cohort study of Chinese
individuals during a 12-year follow-up period demonstrated that
individuals with HCY 49.47 μmol l− 1 had a 2.3-fold increased risk
for stroke and myocardial infarction, and there was a 2.4-fold
increased risk of death in individuals with HCY 411.84 μmol l− 1.13

An accumulating body of evidence has shown that in healthy people, a
5 μmol l− 1 increase in HCY is associated with a 60% increase in men
and 80% increase in women in the risk of acute coronary syndrome
and a 50% increase in the risk of stroke.14 The risks are not only
associated with cardiovascular and cerebrovascular conditions; similar
results were also found in peripheral vascular conditions.15

Table 2 Demographic and laboratory data of the patient and control groups (n=6788)

Normotension (n=5059) Non-HTH (n=1141) P-value HTH (n=588) P-value P for trend

Gender, M/F 2902/2157 749/392 o0.001 526/62 o0.001 o0.001

Age, years 55(43–78) 59 (45–80) o0.001 65 (47–82) o0.001 o0.001

BMI, kg m−2 22.9 (18.6–27.9) 24.2 (19.7–29.3) o0.001 24.2 (19.5–29.4) o0.001 o0.001

SBP, mm Hg 120 (100–137) 146 (129–167) o0.001 147 (133–169) o0.001 o0.001

DBP, mm Hg 74 (60–87) 88 (68–100) o0.001 86 (64–101) o0.001 o0.001

Neutrophils, 109 l−1 3.2 (1.9–5.5) 3.4 (1.9–5.5) o0.001 3.7 (2.2–5.6) o0.001 o0.001

Lymphocytes, 109 l−1 2.0 (1.2–3.1) 2.1 (1.3–3.3) o0.001 2.0 (1.1–3.4) 0.055 0.006

NLR 1.60 (0.86–3.00) 1.59 (0.84–3.00) 0.695 1.76 (0.96–3.33) o0.001 o0.001

HCY, μmol l−1 8.2 (5.7–15.0) 8.0 (5.9–9.6) o0.001 11.9 (10.1–33.9) o0.001 o0.001

TC, mmol l−1 4.94 (3.54–6.65) 5.08 (3.64–6.89) o0.001 4.89 (3.43–6.67) 0.578 0.063

TG, mmol l−1 1.07 (0.52–2.82) 1.28 (0.58–3.15) o0.001 1.33 (0.61–3.21) o0.001 o0.001

Glu, mmol l−1 4.99 (4.23–6.71) 5.28 (4.35–7.94) o0.001 5.31 (4.31–8.15) o0.001 o0.001

Cr, μmol l−1 58 (40–81) 58 (40–78) 0.477 68 (48–97) o0.001 o0.001

Smoking, no.(%) 1254 (25) 261 (23) 0.172 200 (34) o0.001 o0.001

Drinking, no.(%) 1231 (24) 350 (31) o0.001 213 (36) o0.001 o0.001

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; Cr, creatinine; DBP, diastolic blood pressure; F, female; Glu, glucose; HCY, homocysteine; HTH, hyperhomocysteinemia;
M, male; NLR, neutrophil/lymphocyte ratio; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
Differences in the study variables were tested by one-way ANOVA (for continuous variables) and χ2-test (for categorical variables). Differences vs. the normotension are evaluated by least significant
difference test. Variable was expressed as media (5th–95th).

Table 3 NLR of the patient and control groups stratified by age quartiles (n=6788)

Normotension (n=5059) Non-HTH (n=1141) P-value HTH (n=588) P-value P for trend

o49 Years 1.65 (0.92–2.92) 1.58 (0.86–2.58) 0.037 1.65 (0.90–3.21) 0.995 0.160

49–65 Years 1.56 (0.84–2.87) 1.54 (0.80–2.87) 0.778 1.67 (0.96–3.00) 0.002 0.025

465 Years 1.61 (0.89–3.54) 1.73 (0.85–3.31) 0.667 1.86 (0.96–3.73) 0.025 0.048

Abbreviations: ANOVA, analysis of variance; HTH, hyperhomocysteinemia; NLR, neutrophil/lymphocyte ratio.
Differences in the study variables were tested by one-way ANOVA (for continuous variables). Differences vs. the normotension are evaluated by least significant difference test. Variable was
expressed as media (5th–95th). The 49- to 57-year subgroups and the 58- to 65-year subgroups were combination processing.
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NLR is an inflammatory index in complete blood counts and could
be easily and inexpensively measured clinically. Over the past few
years, the association between an elevated NLR and cardiovascular and
cerebrovascular diseases has become increasingly clear. Recent
prospective studies have found that an elevated NLR is a prognostic
marker of stroke8,16 and is strongly associated with the risk of a
cardiovascular event.9 Moreover, an accumulating body of evidence
suggests that NLR is a useful parameter for predicting mortality in
patients with coronary artery disease17,18 or myocardial infarction.19

As HTH is a typical cardiovascular and cerebrovascular disease, we
hypothesized that the NLR value might be increased in HTH. This
hypothesis has been supported by the present study.
Some inflammatory markers have been reported to be correlated

with hypertension. A study of African Americans reported that
increased neutrophil levels or decreased lymphocyte levels could
predict the development of hypertension.20. A greater NLR value has
also been observed in some subtypes of hypertension. For instance, a
recent small case–control study in Turkey investigated resistant
hypertension21, showing that the NLR value in cases of resistant
hypertension was 3.15 vs. 2.11 in controlled hypertension cases or 1.87
in normotension cases. Another case–control study of non-dipper
hypertension22 reported that individuals with non-dipper hyperten-
sion had a greater NLR value compared with dipper hypertension.
Other inflammatory markers such as C-reactive protein have
been found to be positively correlated with blood pressure23 and
independently predict hypertension.24 Similar to C-reactive protein,
IL-6 has also been found to be positively correlated with blood
pressure. Furthermore, animal experiments showed that neutrophil
gelatinase-associated lipocalin increased in young spontaneously
hypertensive rats.25 However, studies have not considered the effect
of HTH. The results of our investigation demonstrate that the NLR
did not increase with increasing blood pressure and was not
significantly different between the non-HTH group and the
normotension group. However, the NLR is linked to HCY and in
the HTH group the NLR was significantly greater than in the
non-HTH group and the normotension group. Therefore, perhaps
the relationship between the NLR and HTH is mainly attributable to
the influence of HTH.
Several in vitro and in vivo studies have shown that HCY can cause

inflammation by a variety of mechanisms. HCY was found to enhance
the endothelial cell production of superoxide anions26 and superoxide
anions decrease the availability of endothelial nitric oxides.27

Decreased endothelial nitric bioavailability can increase the expression
of monocyte chemoattractant protein-1,28 an inflammatory cell
chemoattractant oxide. The expression of other inflammatory
cell chemoattractant oxides, such as IL-8, has also been increased,
owing to the effects of HTH. Therefore, the association between NLR
and HTH, possibly due to HCY, could induce the expression of
monocyte chemoattractant protein-1 and IL-8 by impairing
endothelial cells, and monocyte chemoattractant protein-1 and IL-8
could then promote neutrophil recruitment and induce leukocyte
activation to accelerate atherosclerotic lesion formation. As individuals
with HTH have a higher risk of cardiovascular events and stroke, and
elevated NLR values are linked to an increased risk of cardiovascular
events and stroke, we hypothesized that the increased risk in part
caused by HCY could indirectly attract inflammatory cells. In addition,
if HCY is found to directly attract inflammatory cells to infiltrate the
cardiac vasculum and cerebral vasculum in future in vitro or in vivo
studies, this may confirm the results of this study and provide a
possible mechanism to explain why HTH is associated with a higher
risk of stroke and cardiovascular events, and provide possible targets
for future therapies.
Many potential confounding factors could affect the NLR value,

HCY concentrations and blood pressure. In Chinese individuals,
men consume more tobacco and alcohol,29 and have higher HCY
concentrations.30 Smoking is associated with elevated NLR values31

and has a strong positive correlation with HCY concentrations.32

Alcohol consumption is associated with an augmented risk for
hypertension. HCY concentrations have been reported to increase
with age.30 Hypercholesterolemia accelerates angiosclerosis. Impaired
renal function is not conducive to the metabolism of HCY and
consequently increases HCY concentrations.33 Obesity, even without
metabolic syndrome, is also associated with elevated NLR values.34

However, in the unconditional multiple logistic regression analysis
after adjustment for multivariate confounding factors, the
relationships between NLR and HTH were still observable in our

Table 4 Logistic regression analysis of factors independently

associated with HTH

Variables P-value EXP(B) 95% CI

Gender o0.001 3.269 2.392–4.629

Age o0.001 1.068 1.058–1.078

BMI o0.001 1.073 1.039–1.109

Smoking 0.001 1.175 1.070–1.291

Drinking 0.005 1.096 1.028–1.169

Glu 0.113 1.059 0.986–1.138

TC 0.144 1.076 0.976–1.186

TG o0.001 1.167 1.076–1.266

Cr o0.001 1.024 1.018–1.031

NLR 0.030 1.097 1.009–1.193

Abbreviation: BMI, body mass index; CI, confidence interval; Cr, creatinine; Glu, glucose;
HTH, hyperhomocysteinemia; NLR, neutrophil/lymphocyte ratio; TC, total cholesterol;
TG, triglyceride.
Significance level was set at Po0.05.

Figure 2 Receiver operating characteristic analysis of NLR as a predictor of
HTH status. A full color version of this figure is available at the Hypertension
Research journal online.
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investigation, indicating that these associations are strong and
convincing.
The NLR is a sensitive but nonspecific indicator, which is easily

influenced by the above-described factors and appears to present
complicated information in clinical applications. As hypertensive
patients with these risk factors are also linked to a worse prognosis,
an elevated NLR value may be a predictor of morbidity and mortality
in hypertensive patients, and may also be able to be exploited in the
risk stratification of hypertension as has been done with other
cardiovascular diseases.16–19 Relevant studies of poor clinical outcome
subtypes of hypertension, such as resistant hypertension21 and
non-dipper hypertension,22 have observed greater NLR values
compared with the standard subtype of hypertension; these results
appear to support the opinion that the NLR could be used for
risk stratification. High-risk hypertensive patients benefited from
diminishing oxidative stress in a recent clinical trial,35 proving the
relationship between inflammation and risk from a clinical application
point of view. NLR values may be applied to the risk stratification of
hypertension if the results of the present study are confirmed in
future follow-up studies, and their further application may offer a
chance to improve our understanding of pathophysiology and
improve treatment for high risk hypertension.
This study has several limitations. First, it is possible that a minority

of undiagnosed hypertension subjects at study entry might have biased
our results. Nevertheless, the cohort underwent a medical examination
by our hospital every year and this possibility is infinitesimal.
Second, no information regarding vitamin B6 was available to evaluate
whether the NLR link to HCY was independent or mediated by
vitamin B6.
Regardless of these limitations, several strengths should be noted.

First, we included a very large cluster sample, which is perhaps
representative of the adult inhabitants living in the area of
southern China. Second, uniform methods were used to collect data
for all assays in our clinical laboratory. Third, the adjustment for
potential confounding factors including gender, age, body mass index,
smoking, drinking, Glu, TC, TG and Cr permitted us to ensure
that we provided an impartial estimate for the correlation between
NLR and HTH.
In summary, this cross-sectional study demonstrated that the NLR

value increased in the hypertension with the HTH group and was
positively correlated with HCY and not related to blood pressure
This suggests that that the hypertension with HTH group had a
higher risk of cardiovascular events and stroke, perhaps partially
because HCY could indirectly attract inflammatory cells. The NLR
could be used for risk stratification of hypertension and risk
determination.
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