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Abstract

High scores of lymphocyte-to-high-density lipoprotein cholesterol ratio (lymphocyte-to-HDL-c) may be a new indicator of inflamma-
tion and metabolic syndrome. Here, we investigated the associations of the lymphocyte-to-HDL-c with traditional and non-traditional
cardiometabolic risk markers in subjects at high cardiovascular risk. This study is a cross-sectional analysis with subjects assisted
in a Secondary Health Care (n=581, age=63.06+ 13.86 years; 52.3% women). Lymphocyte-to-HDL-c ratio were assessed by rou-
tine laboratory tests. Anthropometric and/or biochemical variables were used to calculate traditional (body mass index — BMI, and
waist-to-height ratio — WHtR) and non-traditional (lipid accumulation product index—LAP, visceral adiposity index—VALI, deep-
abdominal-adipose-tissue index—DAAT, atherogenic index of plasma—AIP, and waist-hypertriglyceridemic phenotype—HTGW)
cardiometabolic risk markers. Furthermore, anthropometric measurement waist circumference (WC), blood pressure, metabolic
syndrome (MS), and biochemical markers (lipid and glycemic profile) were considered traditional markers of cardiometabolic risk.
Pearson's chi-square test, Poisson regression with robust variance, or multinomial logistic regression were performed (o«=0.05).
Individuals with a high lymphocyte-HDL-c ratio (>0.84, 3rd tertile) were associated with the HTGW phenotype, high VAL, high
LAP, hypertriglyceridemia, high AIP, high very low-density lipoprotein-cholesterol (VLDL-c), pre-diabetes, and 3 and 4 MS com-
ponents compared with individuals in the first tertile, independent of confounders. Our findings supported the lymphocyte-to-HDL-c
ratio as a potential biomarker during the screening of subjects at high cardiovascular risk.
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Background

Obesity is a chronic disease characterized by low-grade

inflammation [1, 2] and is reaching alarming proportions
worldwide [3], directly contributing to metabolic dysregula-
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is characterized by an abnormal or excessive accumulation
of fat that poses a risk to health. This accumulation occurs
when there is an imbalance between calorie intake and
energy expenditure, resulting in excess energy being stored
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macrophages [6], comprising up to 40% of the cells in obese
adipose tissue when compared with under 10% in lean indi-
viduals [7]. Both adipocytes and macrophages produces pro-
inflammatory cytokines with potential to alter hematologic
parameters, particularly regarding white blood cells [8, 9].

The Body Mass Index (BMI) is a commonly used diag-
nostic tool in the current obesity classification system. BMI
is a useful measure in epidemiological studies due to its
simplicity and low cost. However, its ability to accurately
assess an individual's body composition and associated car-
diovascular risk has been questioned [10, 11]. This finding
supports the need to establish other indices that consider
abdominal adiposity and body fat distribution when assess-
ing obesity-related cardiometabolic risk. Waist circumfer-
ence (WC) [12] and waist-to-height ratio (WHtR) [13] are
traditional indicators of central obesity and are well estab-
lished in the identification of cardiovascular risk [4].

Alternatively, some non-traditional cardiometabolic risk
markers are easy-to-use indicators of visceral adiposity
which could combine anthropometric and lipid metabolism
indicators, contributing to early diagnosis and treatment
of individuals at cardiometabolic risk [14], such as deep-
abdominal-adipose-tissue index (DAAT) [15], visceral adi-
posity index (VAI) [16], lipid accumulation product index
(LAP) [17], atherogenic index of plasma (AIP) [18], and
waist-hypertriglyceridemic phenotype (HTGW phenotype)
[19].

In addition to the traditional inflammatory markers, the
neutrophil-lymphocyte ratio, platelet-lymphocyte ratio, and
monocyte-lymphocyte ratio have been associated with inflam-
mation in inflammatory diseases such as diabetic cardiomyo-
pathy [20] and Crohn's disease [21]. Furthermore, obesity has
been associated with relative and sometimes absolute lym-
phocytosis, and the connection between lymphocytosis and
cardiometabolic risk markers has aroused the interest of the
scientific community [22, 23]. In this context, the lymphocyte-
to-high-density lipoprotein cholesterol (lymphocyte-to-HDL-
¢) ratio has emerged as a novel inflammatory and metabolic
syndrome biomarker that has the advantage of being cost-
effective and easily measurable [24-27]. Because obesity can
lead to a pro-inflammatory state and dyslipidemia and both
disruptions could increase cardiovascular risk, we suspected
that the lymphocyte-to-HDL-c has the potential to be a car-
diometabolic risk marker with great applicability. However, to
the best of our knowledge, all available studies enrolled West
Asian populations [24-27] and the relationship between lym-
phocyte account and the risk of cardiovascular events remains
controversial [28]. Evidence shows that Asians are at a higher
risk of cardiometabolic disease at a lower BMI than other
races [29] and this increases the need for studies assessing
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such relationships in distinct populations. Therefore, we aimed
to evaluate the associations of lymphocyte-to-HDL-c with tra-
ditional and non-traditional cardiometabolic risk markers in a
Brazilian population at high cardiovascular risk.

Methods

Study Design and Population

The STrengthening the Reporting of OBservational Stud-
ies in Epidemiology (STROBE) guideline was used to
report the data presented in this article (https://www.
strobe-statement.org/) [30]. This is a cross-sectional
study enrolling baseline data from adults and older adults
(aged 18 years or older) referred for the treatment of non-
communicable chronic diseases from 2015 to 2020 in a
Secondary Healthcare unit situated at Zona da Mata,
Minas Gerais, Brazil. The referral criteria adopted by the
service, according to the assistance sector, were as fol-
lows [31]:

1. Cardiology: hypertensive individuals with high and very
high cardiovascular risk determined by the Framingham
Score [32]; suspected secondary arterial hypertension;
resistant arterial hypertension;

2. Endocrinology: individuals with type 2 diabetes mellitus
(T2DM) in the following cases i) use of insulin with
poor metabolic control (considered glycated hemoglobin
(HbA1C) > 9%); ii) use of full-dose oral antidiabetics
that have poor metabolic control; iii) impossibility to
perform insulin treatment at the Primary Healthcare;

3. Nephrology: individuals with systemic arterial hyperten-
sion and/or T2DM and i) chronic kidney disease (CKD)
in stages 3B, 4 or 5 (non-dialysis); ii) estimated annual
glomerular filtration loss > SmL/min/year; iii) protein-
uria >1g/day or proteinuria <lg/day + hematuria; iv)
abrupt increase in serum creatinine (> 30%); v) 25%
decrease in estimated glomerular filtration when start-
ing any medication that blocks the renin-angiotensin-
aldosterone axis.

All active records were assessed, and the exclusion
criteria were the absence of data on lymphocyte and/or
HDL-c from baseline. Of 1,179 records, 581 had complete
data on lymphocyte-to-HDL-c and thus were included in
this study (Fig. 1).

The study was conducted by consulting the institu-
tion's records and did not directly involve any patient.
The managers signed the Term of Institutional Consent
and the survey followed the precepts of Resolutions
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466/12 [33] and 580/18 [34], the last one regarding the
ethical specificities of surveys with strategic interest to
the Brazilian Unified Healthcare System. The study pro-
tocol was approved by the Ethics Committee of the Fed-
eral University of Vigosa (opinion: 5.164.152, CAAE:
50015621.4.0000.5153).

Data Collection

Sociodemographic, lifestyle, and clinical data were
extracted from records of active patients. Marital status
was classified as “married” and “unmarried/not married”
(single or widowed or other). Health self-perception was
assessed by the question: “How do you classify your health
status?” and classified as positive (“excellent, very good
or good”) or negative (“regular or poor”) [35]. Sleep self-
perception was assessed by the questions adapted from
Zucconi and Ferri [36]: “Are you dissatisfied with your
sleep?”, “Are you sleepy or fatigued during daily activi-
ties?”, “Does the partner or other observers complain of

Adults and older adults (aged >18 years)
served in Secondary Healthcare,
2015-2020.

unusual sleep behavior (i.e., snoring, pauses in breath-
ing or leg movements, and/or daytime drowsiness or
fatigue)?”. Sleep condition was classified according to the
presence of fatigue/irregular/dissatisfied sleep sensations.

Blood pressure (mmHg), body weight (kg), height (m),
and WC (cm) were routinely measured by trained nurses.
Blood pressure is measured in the antecubital region
using a digital pressure gauge (Omron®, model HEM
7122) following standard clinical protocols. Body weight
was obtained using an electronic scale with a capacity of
300 kg and a division of 100 g with individuals wear-
ing light clothes. The height was measured using a wall-
mounted vertical stadiometer with a maximum length of
220 cm and a precision of 1 mm with an acrylic display,
with users barefoot, upright, with their heels against the
wall. WC was measured at the umbilical level using an
inelastic measuring tape.

Blood samples and analyses were performed by accred-
ited laboratories through venipuncture following stand-
ard protocols. Individuals were instructed to proceed with

The referral criteria adopted by the service:

2)

1179 individuals served in Secondary
Healthcare, 2015-2020.

3)

581 individuals included in the

analysis
63.9% 52.3% 68.0%  29.51+6.07
(n=371)  (n=304)  (n=362) Kg/m?

Fig. 1 Individual selection flowchart for this study. Abbreviation: BMI, body mass index; HDL-c, high-density lipoprotein cholesterol; T2DM,

Cardiology: hypertensive individuals with high and very high cardiovascular risk b
the Framingham Score; suspected secondary arterial hypertension; resistant
arterial hypertension;

Endocrinology: individuals T2DM in the cases i) use of insulin with poor metabolic
control (HbA1C > 9%); ii) use of full-dose oral antidiabetics with poor metabolic
control; iii) impossibility to perform insulinization at the Primary Healthcare;
Nephrology: individuals with SAH and/or T2DM and i) CKD in stages 3B, 4 or 5 (non
-dialysis); ii) estimated annual glomerular filtration < SmL/min/year; iii) proteinuria
>1g/day or proteinuria <1g/day + hematuria; iv) abrupt increase in serum
creatinine (2 30%); v) 25% decrease in estimated glomerular filtration when
starting any medication that blocks the renin-angiotensin-aldosterone axis. /

02 individuals were excluded due to a lack of age data.
05 individuals under the age of 18.

591 individuals were excluded for not having lymphocyte and/or HDL-c data.

type 2 diabetes mellitus; HbA1C, glycated hemoglobin; CKD, chronic kidney disease; SAH, systemic arterial hypertension
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blood collection after 12 h of overnight fasting. Data from
the following biochemical parameters were assessed: dif-
ferential blood cell counts (red blood cells, platelets, total
white blood cells, lymphocytes, monocytes, neutrophils,
basophils, and eosinophils) (unit/mm?), glucose (mg/dL),
HbA1C (%), triglycerides (TG) (mg/dL), total cholesterol
(TC) (mg/dL) and the fractions high-density lipoprotein-
cholesterol (HDL-c) (mg/dL), low-density lipoprotein-
cholesterol (LDL-c) (mg/dL), and very low-density lipo-
protein-cholesterol (VLDL-c) (mg/dL).

Traditional and Non-Traditional Cardiometabolic
Risk Markers

Anthropometric and/or biochemical variables were used to
calculate traditional (BMI and WHtR) and non-traditional
(LAP, VAI, DAAT, AIP, and HTGW) cardiometabolic risk
markers (Chart 1). Furthermore, anthropometric measure-
ment (WC), blood pressure, metabolic syndrome (MS), and
biochemical markers (lipid and glycemic profile) were con-
sidered traditional markers of cardiometabolic risk in the
present study.

Obesity was defined by a BMI >30.00 kg/m? [37].
Abdominal obesity is defined by the presence of WC > 80
or 88 cm for women and >94 or 102 cm for men [12]. WtHR
was classified according to the cut-off point (< and >0.5)
[13]. The presence of MS [38], altered lipid profile (high
triglycerides > 150 mg/dl; high LDL-c > 160 mg/dl) [39]
or glucose status (pre-T2DM: fasting glucose between
100 to 125 mg/dL and/or HbA1C between 5.7 to 6.4%; or
T2DM: fasting glucose > 125 mg/dL and/or HbA1C > 6.4%)
[40] was determined. For MS, the component HDL-c was
excluded because the marker is used in the lymphocyte-to-
HDL, which was the focus of the paper. Furthermore, due to
the absence of well-established cut-off values, the markers
DAAT [15], VAI [16], LAP [17], and AIP [18] were clas-
sified according to median values. Those using antihyper-
tensive medications and/or with systolic and diastolic blood
pressure > 140 mmHg and >90 mmHg, respectively, were
considered to have hypertension [41].

Statistical Analysis

Statistical analysis was performed using the SPSS version
21.0 and STATA version 13.0. The level of significance in
two-tailed tests was set at 5%. Categorical variables were
assessed according to lymphocyte-to-HDL-c tertiles through
linear trend chi-square and presented as absolute and relative
frequencies. Poisson regression with robust variance was
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performed when the outcome prevalence was > 10%. This
analysis evaluated the association between lymphocyte-to-
HDL-c tertiles (independent variable) and cardiometabolic
risk markers (binary dependent variables). The absence of
the outcome was considered the category of reference. Mul-
tinomial logistic regression was used to evaluate the asso-
ciation between lymphocyte-to-HDL-c tertiles (independent
variable) according to fasting glucose categories (normal,
pre-diabetes, and diabetes). Normal fasting glucose was con-
sidered the reference category. Adjustment variables were
selected based on statistical criteria (p-value <0.2) in the
relation between lymphocyte-to-HDL-c tertiles with soci-
odemographic, clinical, and lifestyle variables. Figure 2 rep-
resents the theoretical model to summarize the relationships
between study variables.

Assuming a prevalence of HTGW phenotype in the exposed
(third Lymphocyte/HDL-c ratio tertile) and non-exposed (first
Lymphocyte/HDL-c ratio tertile) groups (42.5% and 26.4%,
respectively), bilateral alpha, the analysis had approximately
90% power to detect a difference of this magnitude or larger
(prevalence ratio=1.6%; difference in prevalence=16.1%),
according to the OpenEpi online software [43] (https://www.
openepi.com/Menu/OE_Menu.htm).

Results

Of the 581 participants included in the study, the major-
ity were more like older adults (63.9%), married (58.1%),
and female (52.3%). Furthermore, 87.4% had a family his-
tory of chronic diseases, 70.1% used multiple medications,
86.2% had hypertension, and 52.7% had three or four MS
components.

Lymphocyte-to-HDL-c had a mean of 0.79 (sd 0.32) in our
sample. The prevalence of older adults, married subjects, the
practice of physical activity, diabetes history, and use of dia-
betes drugs increased, while smoking and chronic kidney dis-
ease history decreased, across lymphocyte-to-HDL-c tertiles
(Table 1). Moreover, values of LAP, VAL triglycerides, VLDL,
and AIP increased according to the increase in lymphocyte-to-
HDL-c tertiles. The prevalence of subjects with HTGW pheno-
type, diabetes, and three or four MS components also increased
across the tertiles (Table 2).

In regression analysis, the lymphocyte-to-HDL-c ratio
was positively associated with traditional and non-traditional
markers of cardiometabolic risk. Those participants included
in the third tertile of lymphocyte-to-HDL-c had a higher
prevalence of HTGW phenotype, pre-diabetes, diabetes,
hypertriglyceridemia, and 3 and 4 MS components com-
pared to those in the first tertile. Also, the higher prevalence


https://www.openepi.com/Menu/OE_Menu.htm
https://www.openepi.com/Menu/OE_Menu.htm

Inflammation

of subjects with high VAI, LAP, VLDL, and AIP was associ-

risk markers such as LAP, VAI, AIP, and HTGW pheno-

Chart 1 Equations and markers used for calculation of cardiometabolic risk markers

Traditional cardiometabolic risk markers
Body mass index (BMI, kg/mz) [35]
Abdominal obesity 1 [12]

weight (kg) / [height (m)]?
men: WC > 94 cm

women: WC > 80 cm

Abdominal obesity 2 [12]

men: WC > 102 cm

women: WC > 88 cm

Waist-to-height ratio (WHtR) [13]
Non-traditional cardiometabolic risk markers
Lipid Accumulation Product Index (LAP, cm.mmol.1) [16]

WC (cm) / height (m)

men: [(WC (cm) — 65) x TG (mmol/l)]

women: [(WC (cm) — 58) x TG (mmol/1)]

Visceral Adiposity Index (VAL log) [15]

men: [WC (cm)/(39.69 + 1.88 x BMI (kg/m2))] X (TG (mmol/1)/1.03)

X (1.31/HDL (mmol/1))

women: [WC (cm)/(36.58 + 1.89 x BMI (kg/m2))] x (TG
(mmol/1)/0.81) x (1.52/HDL (mmol/l))

Deep-Abdominal-Adipose-Tissue Index (DAAT, cm?) [14]

men: - 382.9 + [1.09 x weight (kg)] + [6.04 x WC (cm)] + [- 2.29 x
BMI]

women: - 278 + [- 0.86 x weight (kg)] + [5.19 x WC (cm)]

Atherogenic index of plasma (AIP, log) [17]
Waist-hypertriglyceridemic phenotype 1 (HTGW phenotype 1)

log [TG (mg/dl)/HDL (mg/dl)]
men: TG > 150 mg/dl + WC > 94 cm

[18] women: TG > 150 mg/dl + WC > 80 cm

Waist-hypertriglyceridemic phenotype 2 (HTGW phenotype 2)

men: TG > 150 mg/dl + WC > 102 cm

(18] women: TG > 150 mg/dl + WC > 88 cm

WC waist circumference, TG triglycerides, HDL-c high-density lipoprotein cholesterol

ated with the 3th tertile of lymphocyte-to-HDL-c>0.84. All
results remain significant after adjustment for age, marital
status, practice of physical activity, smoking history, history
of diabetes, and chronic kidney disease (Table 3).

Discussion

In this cross-sectional study, we investigated the asso-
ciation between lymphocyte-to-HDL-c with traditional
and non-traditional cardiometabolic risk markers in sub-
jects at high cardiovascular risk assisted in a Secondary
Healthcare service. The main findings of this study were
as follows: i) Sociodemographic and clinical variables
were distinctly associated with the presence of higher
lymphocyte-to-HDL-c ratio; ii) Increased lymphocyte-to-
HDL-c ratio is consistently associated with traditional car-
diometabolic risk markers, such as higher number of MS
components, pre-diabetes, diabetes, and hypertriglyceri-
demia; iii) Lymphocyte-to-HDL-c ratio is also positively
associated with several non-traditional cardiometabolic

type; iv) The value of 0.84 for high lymphocyte-to-HDL-
c ratio presents significant associations after adjustment
for potential confounders. To the best of our knowledge,
this study is the first to focus on the relationship between
lymphocyte-to-HDL-c as a novel and indirect cardiometa-
bolic risk marker in Brazilians.

Obesity is characterized by a low-intensity chronic
inflammatory process caused by excessive and inappro-
priate activation of the immune system, affecting the pro-
portion of circulating cells, which results in exacerbation
of the metabolic abnormalities of obesity [22]. Previous
studies have demonstrated that total peripheral lymphocyte
counts assessed isolated are positively associated with adi-
posity, visceral adipose tissue, and the presence of meta-
bolic disruptions [22, 23]. Therefore, changes in circulat-
ing lymphocytes could represent a key factor in the study
of obesity and its associated co-morbidities, since these
changes could reflect adipose inflammation in obesity [44]
and low-grade systemic inflammation is considered the link
between obesity and cardiometabolic disorders [45]. On
the other hand, important findings from the Framingham
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Fig.2 Theoretical model to

summarize the relationships

between study variables.

Abbreviations: CKD, chronic Age
kidney disease; HDL-c, high-

density lipoprotein cholesterol; =

DM, diabetes mellitus; MS,
metabolic syndrome. By https://
www.dagitty.net/ [42]
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[46], Tromsg Heart [47], and Prospective Cardiovascu-
lar Munster (PROCAM) [48] studies revealed an inverse
and consistent relationship between serum concentrations
of HDL-c and the risk of cardiovascular disease. Thus,
the incorporation of HDL-c in the lymphocyte-to-HDL-c
seems to be a more powerful indicator of cardiometabolic
risk. Furthermore, our results were consistent with some
of the previous studies reporting increased lymphocyte-to-
HDL-c in subjects with MS [24-27]. MS is a combination
of metabolic factors related to obesity, involving central
obesity, hypertension, dyslipidemia, impaired glucose tol-
erance, and insulin resistance.

The literature has also supported mechanisms for the
positive association of lymphocyte-to-HDL-c and tradi-
tional and non-traditional cardiometabolic risk markers and
further indicated the bidirectional nature of such relation-
ships [22, 25, 49-52]. Adipose tissue is a primary source
of inflammatory mediators which could alter hematologic
indicators, particularly the white blood cell, culminating
in peripheral blood lymphocytosis [8, 9]. However, the
contribution of adipose tissue over systemic inflammation
appears to be site dependent. Central obesity, characterized
by fat deposition in visceral adipose tissue, can increase the
pro-inflammatory status than peripheral obesity, marked by
subcutaneous adipose tissue [53]. In fact, increased visceral
adipose tissue can injure adipocyte metabolic homeosta-
sis and promote abnormal pro-inflammatory signaling,
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3 and 4 MS components

Smoking history

activating resident immune cells to release increased
amounts of pro-inflammatory mediators with peripheral
action [54]. In the present study, markers of central obe-
sity (VAI, LAP, and HTGW phenotypes), and not general
adiposity makers (obesity by BMI). This outcome could
reflect the influence of central obesity in cardiometabolic
risk accessed by peripheral lymphocytosis.

Increase in total lymphocyte appears to play also a
prominent role during the early stages of obesity, even
when their comorbidities are not present [22, 23], since
the increase in lymphocyte-to-HDL-c is present in indi-
viduals with high visceral adipose tissue irrespective of
the presence of MS [22]. However, visceral fat accumula-
tion is a well-established predictor of enhanced risks for
diabetes, metabolic syndrome, and cardiovascular dis-
eases [55, 56] while increased total lymphocyte count in
peripheral blood would be responsible for amplifying the
inflammatory response in patients with central obesity
[22], leading to metabolic disruptions such as insulin
resistance and increasing cardiovascular risk. Therefore,
in the present study, the prominent role of visceral adi-
pose tissue in systemic inflammation and consequently in
lymphocytosis could explain the positive and consistent
associations between lymphocyte-to-HDL-c with mark-
ers of central obesity and metabolic disruptions. On the
other hand, metabolic disruptions could also change lym-
phocyte-to-HDL-c. Insulin could stimulate white blood
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Table 1 Characteristics of
Sample According to the
Lymphocyte-To-HDL-C
Tertiles (N=581)

Total Lymphocyte-to-HDL-c tertiles P-value

T1 T2 T3
(0.10-0.64)  (0.65-0.83) (0.84-3.59)

Sex

Female

Male

Age

Adults

Older adults

Marital status
Unmarried/Not married
Married

Read and/or write
Education

<4y

4—8y

>8y

Type of housing

Urban

Rural

Health Perception
Excellent/very good/good
Regular/poor

Physical activity
Smoking

Alcoholism

Family history of HAS
Family history of T2DM
Family history of CKD
Fatigue/irregular/dissatisfied sleep
Polypharmacy
Psychiatric drugs
Antacid drugs
Antihypertensive drugs
Anti-diabetic drugs
Insulin use

Other drugs

304 (52.3) 113(372)  95(31.2)  96(31.6) 0.075
277 47.7) 80(28.9)  99(35.7)  98(35.4)

210(36.1) 70(333)  66(314)  74(35.2) 0.700
371(63.9) 123(332) 128 (34.5) 120 (32.3)

237 (41.9) 88(37.1)  82(34.6)  67(28.3) 0.025
329(58.1) 100 (30.4) 107 (32.5) 122 (37.1)
420(76.8) 144 (34.3)  137(32.6) 139 (33.1) 0.740

231 (47.9) 85(36.8)  66(28.6) 80 (34.6) 0.672
147 (30.5) 42(28.6)  54(367)  51(34.7)
104 (21.6) 34(32.7)  36(34.6)  34(32.7)

363(79.4) 104 (28.7)  133(36.6) 126 (34.7) 0.098
94 (20.6) 42 (44.7) 19(202)  33(35.1)

245(524) 79(322)  85(347)  81(33.1) 0.806
223(47.6) 75(33.6)  67(30.0)  81(36.3)

170 (32.0) 44(25.9)  59(347) 67 (39.4) 0.011
92(17.2) 42(457)  26(283) 24 (26.1) 0.009
112(209) 41(36.6)  41(36.6)  30(26.8) 0.132
338(61.3) 111(32.8) 117(34.6) 110 (32.5) 0.981
213(38.7) 58(272)  72(338)  83(39.0) 0.006
74(13.4) 40 (54.1) 18 (24.3) 16 (21.6) 0.002
82(15.6) 27(329)  28(34.1)  27(32.9) 0.945
380 (70.1) 121(31.8)  129(33.9) 130 (34.2) 0.528
94(17.7)  37(39.4)  28(29.8) 29 (30.9) 0.199
116 24)  34(29.3)  42(362) 40 (34.5) 0.474

460(79.2) 151 (32.8)  152(33.0) 157 (34.1) 0.515
335(57.7)  95(28.4) 105(31.3)  135(40.3)  <0.001
143 (24.6) 46(32.2)  46(326)  51(35.7) 0.575
433 (74.5) 140 (32.3) 149 (34.4) 144 (33.3) 0.704

Data are presented as absolute (relative) frequencies, n (%). Bold values point to p-values statistical signifi-
cance of the chi-square test of linear trend

HDL-c high-density lipoprotein cholesterol, HAS hypertension, 72DM type 2 diabetes mellitus, CKD
chronic kidney disease. Unmarried/not married include singles, widowers, and others

cell proliferation and down-regulate HDL-c [50-52],
even so, disruptions in glucose metabolism may affect
the lymphocyte-to-HDL-c. These findings reinforce the
interest in the use of lymphocyte-to-HDL-c as a novel
cardiometabolic biomarker.

Furthermore, our results showed an increase in lym-
phocyte-to-HDL-c as the cardiovascular risk indicators
increased, showing positive associations. However, previ-
ous study indicates that this relationship could be shifted in
patients with established coronary disease [28]. The authors
of the controversial study [28] discussed that the results were
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Table 2 Traditional and Non-Traditional Markers of Sample According to the Lymphocyte-To-HDL-C Tertiles (N=581)

Total Lymphocyte-to-HDL-c tertiles (n=581) p-value
T1 (< 0.65) T2 (0.65-0.84) T3 (>0.84)

Lymphocytes/HDL-c 0.79+0.32 0.51 (0.10) 0.74 (0.06) 1.11 (0.32) <0.001
Lymphocytes, % 36.75+8.87 28.09 (6.77) 34.36 (6.33) 41.75 (7.54) <0.001
HDL-c¢, mg/dl 47.13+£11.97 55.15 (12.08) 46.45 (8.57) 38.84 (7.79) <0.001
BMI, kg/m? 29.51+6.07 29.34 (6.41) 29.82 (6.02) 29.34 (5.78) 0.677
Obesity 228 (41.1) 72 (31.6) 83 (36.4) 73 (32.0) 0.985
Increased WC 406 (82.9) 130 (32.0) 136 (33.5) 140 (34.5) 0.389
Substantially increased WC 312 (63.7) 97 (31.1) 104 (63.0) 111 (35.6) 0.213
High LAP* 230 (50.0) 62 (27.0) 72 (31.3) 96 (41.7) <0.001
High DAAT* 252 (51.5) 80 (31.7) 85 (33.7) 87 (34.5) 0.583
High VAI* 223 (48.7) 46 (20.6) 73 (32.7) 104 (46.6) <0.001
WHtR 460 (95.2) 150 (32.6) 155 (33.7) 155 (33.7) 0.417
HTGW phenotype 1 193 (42.0) 51 (26.4) 60 (31.1) 82 (42.5) 0.001
HTGW phenotype 2 156 (33.9) 37 (23.7) 50 (32.1) 69 (44.2) <0.001
Hypertriglyceridemia 231 (46.8) 59 (25.5) 77 (33.3) 95 (41.1) <0.001
Hypercholesterolemia 46 (8.7) 13 (28.3) 14 (30.4) 19 (41.3) 0.238
High VLDL-c*, mg/dl 275 (50.0) 72 (26.2) 93 (33.8) 110 (40.0) <0.001
Fasting glucose status
Normal (< 100 mg/dl) 172 (30.6) 78 (45.3) 49 (28.5) 45 (26.2) 0.001
Pre-T2DM (100 to < 126 mg/dl) 110 (19.6) 30 (27.3) 43 (39.1) 37 (33.6)
T2DM (> 126 mg/dl) 280 (49.8) 79 (28.2) 96 (34.3) 105 (37.5)
HbAlc status
Normal (<5.7%) 58 (14.3) 25 (43.1) 18 (31.0) 15 (25.9)
Pre-T2DM (5.7% to < 6.5%) 310 (76.2) 85 (27.4) 111 (35.8) 114 (36.8) 0.852
T2DM (> 6.5%) 39 (9.6) 15 (38.2) 18 (46.2) 6(15.4)
Hypertension 501 (86.2) 164 (32.7) 170 (33.9) 167 (33.3) 0.753
MS components 306 (52.7) 83 (27.1) 104 (34) 119 (38.9)
<2 271 (46.6) 109 (40.2) 87 (32.1) 75 (27.7) <0.001
3or4
High AIP* 275 (50.0) 57 (20.7) 93 (33.8) 125 (45.5) <0.001

Data are presented as absolute (relative) frequencies or mean + standard deviation. Bold values point to p-values statistical significance of the

chi-square test of linear trend

HDL-c high-density lipoprotein cholesterol, WC waist circumference, BMI body mass index, LAP lipid accumulation product, DAAT deep-abdomi-
nal-adipose-tissue, VAI visceral adiposity index, WHR waist-to-height ratio, HTGW phenotype waist-hypertriglyceridemic phenotype, 7G triglycer-
ides, LDL-c low-density lipoprotein cholesterol, 72DM type 2 diabetes mellitus, MS metabolic syndrome, AIP atherogenic index of plasma, VLDL-c

very-low-density lipoprotein cholesterol

“Markers were categorized according to median values, since they are not established cut-off values (High LAP: >63.41; High AIP: > 1.14 High

DATT: >173.98; High VAI: >2.29; HighVLDL-c: >28.00)

unexpected, since atherosclerotic plaque is characterized by
the migration of monocytes/macrophages and lymphocytes
from the peripheral space into subendothelial layers of arter-
ies, and a parallel increase in absolute or proportionate lym-
phocyte counts could be postulated to maintain equilibrium
with plaque fractions. Thereby, immune system cells interact
in a complex network and more studies are needed to better

@ Springer

investigate the dynamics of lymphocyte counts in individu-
als with different degrees of cardiovascular risk.

In the present study, we investigated the role of the novel
but easily measurable, low-cost blood biomarker, which
employs the use of two biochemical tests that have been
widely investigated in clinical practice, the lymphocyte-to-
HDL-c ratio, in accessing cardiometabolic risk in a sample
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Table 3 Associations Between Cardiometabolic Risk Markers (Outcomes) According to Lymphocyte-To-HDL Tertiles (Independent Variable)

Outcomes

Lymphocyte-to-HDL-c tertiles (n=581)

Lymphocyte-to-HDL-c tertiles (n=581)

T1 (< 0.65)
Model 1

T2 (0.65-0.84)

T3 (>0.84)

T1 (< 0.65)

Model 2

T2 (0.65-0.84)

T3 (>0.84)

Obesity

HTGW phenotypel
HTGW phenotype2
High VAI*

High LAP*
Hypertrigliceridemia
High AIP*

High VLDL-c*
Fasting glucose status®
PreT2DM

T2DM

3 and 4 MS components

1.00 (reference)

1.11 (0.87-1.41)
1.17 (0.85-1.60)
1.34 (0.92-1.95)
1.11 (1.03-1.21)
1.03 (0.95-1.11)
1.21 (0.94-1.56)
1.14 (1.06-1.22)
1.07 (1.00-1.15)

2.28 (1.26-4.10)
1.93 (1.21-3.07)
1.06 (0.99-1.14)

1.00 (0.77-1.29)  1.00 (reference)

1.59 (1.19-2.13)
1.85 (1.31-2.62)
1.28 (1.19-1.38)
1.14 (1.06-1.23)
1.56 (1.24-1.97)
1.27 (1.19-1.36)
1.15 (1.07-1.23)

2.13 (1.16-3.91)
2.30 (1.44-3.68)
1.13 (1.06-1.20)

1.24 (0.94-1.63)
1.17 (0.83-1.65)
1.39 (0.92-2.08)
1.12 (1.02-1.22)
1.05 (0.96-1.14)
1.24 (0.94-1.64)
1.15 (1.06-1.24)
1.08 (1.00-1.17)

2.17 (1.10-4.28)
2.29 (0.82-2.76)
1.04 (0.96-1.12)

1.12 (0.85-1.49)
1.54 (1.25-2.11)
1.71 (1.16-2.51)
1.27 (1.18-1.38)
1.16 (1.07-1.26)
1.57 (1.22-2.02)
1.28 (1.20-1.38)
1.16 (1.07-1.25)

2.29 (1.14-4.61)
1.76 (0.94-3.27)
1.09 (1.01-1.17)

Data are presented as prevalence ratio (95% confidence interval) and “odds ratio (95% confidence interval) according to Poisson regression with
robust variance or *multinomial logistic regression. Bold values point to statistical significance. HDL-c high-density lipoprotein cholesterol, LAP
lipid accumulation product, VAI visceral adiposity index, HTGW phenotype waist-hypertriglyceridemic phenotype, MS metabolic syndrome, AIP
atherogenic index of plasma, VLDL-c very-low-density lipoprotein cholesterol, 72DM: type 2 diabetes mellitus

Model 1: Crude. Model 2: Adjusted by marital status (not married or married), physical activity (yes or not), smoking history (yes or not), his-
tory of diabetes (yes or not), history of chronic kidney disease (yes or not). Model 2 did not adjust for history of diabetes (yes or not)

“Markers were categorized according to median values, since they are not established cut-off values (High LAP: > 63.41; High AIP:>1.14 High

DATT: > 173.98; High VAI: >2.29; HighVLDL-c: > 28.00)

of Brazilians at the high cardiovascular risk. However, that
recent scientific literature indicates other biomarkers that may
be sensitive in the diagnosis of cardiometabolic risk among
this population. For example, the anti-aging gene Sirtuin 1, a
nicotinamide adenine dinucleotide (NAD +) dependent his-
tone deacetylase, is a regulator of mitochondrial biogenesis,
cell metabolism, stress response and transcription [57, 58].
This leads to a potent anti-inflammatory, insulin sensitizing,
and anti-atherosclerosis effect [58]. Consequently, Sirtuin 1
is critical to the maintenance of cardiovascular function and
hepatic lipid metabolism and its expression has been associ-
ated with the risk for diabetes, MS, and cardiovascular disease.
Thus, it represents a promising biomarker for cardiovascular
disease that may be used for early diagnosis and more sensi-
tive assessment of cardiovascular risk in distinct populations
[59, 60]. Furthermore, diet and dietary specific compounds
can modulate Sirtuin 1 activity, by activation (calorie restric-
tion, zinc, magnesium, resveratrol) [58, 61] or inhibition (alco-
hol, bacterial lipopolysaccharides) [61]. Thus, Sitruin 1 could
also reflect early changes in cardiovascular risks from the diet
therapy. New studies that comparatively evaluate the use of the
lymphocyte-to-HDL-c in relation to epigenetic markers may be
useful in the search for cardiometabolic risk markers that have
a good cost—benefit ratio in specific populations.

Limitations

The present study has some limitations. First, collected
data represents outpatient follow-up routine and there was
an absence of other inflammatory biomarkers and cytokines
to attest the results. Secondly, despite the relatively large
sample enrolled, this is a retrospective single-center cross-
sectional study and inference is limited. Thirdly, as the study
involved subjects at high cardiovascular risk assisted in a
Secondary Healthcare service, ROC curves were not appro-
priate and tertile cut-off points cannot be used in other ethnic
groups.

Conclusion

In conclusion, lymphocyte-to-HDL-c ratio is positively asso-
ciated with traditional (MS components, pre-diabetes, dia-
betes, and hypertriglyceridemia) and non-traditional (LAP,
VAI, AIP, and HTGW phenotype) cardiometabolic risk
markers among individuals assisted at the Secondary Health
Care, supporting its use as a simple and adjuvant biomarker

@ Springer
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during the screening of subjects with high cardiovascular
risk. A prospective population-based cohort study is now
needed for definitive considerations.
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