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ARTICLE INFO ABSTRACT

Keywords: Objective: C-reactive protein to lymphocyte ratio (CLR) has been identified as a novel inflam-
C-reactive protein matory biomarker. However, the role of CLR in myocardial infarction is unclear. Thus, this study
Lymphocyte

designs to investigate the association of CLR with the prevalence of myocardial infarction in a
large multiracial population in the United States.

Methods: Participants from the National Health and Nutrition Examination Survey (NHANES)
2017-March 2020 Pre-pandemic were included in this cross-sectional study. Multivariable
regression and subgroup analyses, controlling for demographic variables, were performed to
examine the association between CLR and its quintiles and myocardial infarction. A smooth curve
fitting was used to model the non-linear relationship between them.

Results: A total of 12,615 participants aged >18 years were recruited, of whom 609 (4.83%) self-
reported a history of myocardial infarction. Compared to those in the lowest quartile of In-
transformed CLR (Q1), the myocardial infarction risks for subjects in Q2, Q3, and Q4 were
1.64, 1.71, and 1.79 times, respectively. Obvious upward trends were observed when In-
transformed CLR increased (P for trend <0.01). In continuous analyses, the fully adjusted odds
ratios (OR) for myocardial infarction prevalence per In-transformed increment in CLR was 1.46
(95% CI: 1.16-1.84, P < 0.01). Furthermore, a linear association was detected for In-transformed
CLR with the risk of myocardial infarction. Interaction test showed that the effect of CLR on
myocardial infarction was significantly affected by age (P for interaction = 0.04).

Conclusions: Data from a large, cross-sectional cohort program show that CLR is positively asso-
ciated with myocardial infarction prevalence. Our findings highlight that CLR may be a novel
inflammation warning biomarker for myocardial infarction.

Myocardial infarction
Cross-sectional
NHANES

1. Introduction

Myocardial infarction (MI) is a serious heart disease with high mortality rates and poor outcomes worldwide. In recent years,
reperfusion therapy, mainly primary percutaneous coronary intervention, has been associated with a dramatic reduction in MI-related
deaths [1]. However, the incidence of MI continues to rise, emerging as one of the world’s most pressing public health challenges in
recent decades, with about 7 million patients diagnosed with MI yearly [2,3]. It is commonly accepted that during MI, myocardium
blood flow is suddenly reduced as a result of plaque rupture and thrombus formation. When MI occurs, cardiomyocytes, as well as
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other heart cells, die from a lack of blood and oxygen [4]. At the same time, the inflammatory process begins with the infiltration of
inflammatory cells. In addition, atherosclerosis is characterized by inflammation from the earliest stages. As atherosclerosis progresses,
inflammation has been linked to strokes and acute myocardial infarctions [5]. Even the body can perform self-repair by eliciting a
suitable inflammatory response for injured myocardial tissue, it is important to note that persistent excessive inflammatory response
further exacerbates cardiomyocyte apoptosis and may result in serious adverse events that have a detrimental impact on the prognosis
of the patient [6,7]. Therefore, these evidences clearly indicate that inflammation plays an important role in ML

The C-reactive protein (CRP) is a classic inflammation marker used to monitor infections and inflammatory conditions. There is
general agreement that lymphocytes are a major component of the immune response, and that excessive immune activation leads to a
decrease in lymphocyte counts [8]. In routine clinical practice, leukocytes, neutrophils, lymphocytes, platelets, or CRP are usually
measured as indicators of inflammation. Thus, a combination of these inflammatory biomarkers should have better reproducibility and
accuracy than a single biomarker. Recently, there is good evidence that the ratio of C-reactive protein to lymphocytes (CLR), as a novel
inflammatory biomarker, can be used for predicting both prognosis and diagnostic evaluation of various diseases. For example, increasing
CLR indicates unfavorable outcomes for COVID-19 patients [9]. Furthermore, the CLR played a significant and independent role in
predicting the outcome of patients with severe fever with thrombocytopenia syndrome [10]. Moreover, several studies have linked a high
CLR to a poor prognosis for patients with malignant diseases [11-15]. However, the association between CLR and MI is not well described
until now. The level of CLR reflects the balance between the systemic inflammatory and immune responses [16]. Given that both
inflammation and immunity are important for cardiovascular disease, we believed CLR can be assumed to reflect systemic inflammatory
and immune status in MI. To the best of our knowledge, there is no study investigating the association of CLR with MI. Therefore, the main
goal of our study was to investigate whether higher CLR is linked to higher risk of MI in US adults using a cross-sectional design.

2. Methods
2.1. Study population

The National Health and Nutrition Examination Survey (NHANES), utilizing a stratified, multistage probability sample of non-
institutionalized civilians in US, is a long-term epidemiology survey to acquire fundamental data and assess health status (https://
wwwn.cde.gov/nchs/nhanes/default.aspx). The most recently released available data of the NHANES from March 2017 to 2020
Pre-pandemic was analyzed in this cross-sectional study. Data collected in the cross-sectional survey include demographics, diet,
physical examination, and questionnaires. The NHANES starts with a home interview in which trained personnel ask questions and
automated data are collected. After that, all the participants go to a mobile examination clinic, where qualified personnel collect
anthropometric data and biological samples. NHANES survey data is freely accessible on the web for use by data researchers and other
users. For more information about NHANES, please visit www.cdc.gov/nchs/nhanes/. NHANES project has been approved by the
Ethics Review Committee of the National Center for Health Statistics and Research. It is a publicly accessible database, so ethical
approval was not required.

We identified the outcomes (MI) using a Medical Condition Questionnaire. When an individual returned “yes” to the question “has a
doctor ever told you that you had a heart attack (also called myocardial infarction),” we determined that a participant had ML Previous
epidemiological studies using NHANES data have employed self-reported MI measures, and the results of several studies have indi-
cated that the self-reported measurement method is reliable [17-19]. The study involved 15,549 participants aged >18 years. Among
these participants, we excluded participants who were pregnant women (n = 144), without CLR value (n = 2158), and participants
who did not report myocardial infarction status (n = 632). A total of 12,615 participants were ultimately included in the analysis
(Fig. 1). In the most recently released NHANES data, CRP concentrations were measured using a highly sensitive two-reagent,
immunoturbidimetric system. The laboratory procedure was performed at University of Minnesota, Advanced Research and Diag-
nostic Laboratory based on high-sensitivity near-infrared particle immunoassay rates (https://wwwn.cdc.gov/nchs/data/nhanes/
2017-2018/labmethods/HSCRP-J-MET-508.pdf). The high-sensitivity C-reactive protein (hs-CRP) can detect low levels of CRP
using hypersensitive detection technology, and is a more sensitive inflammatory marker, which detecting slight increases in CRP levels
even when within the normal range [20]. Thus, the hs-CRP was used in this study and was measured in mg/1.

2.2. Variables

Based on the existing literature and clinical relevance, variables with potential links to MI were gathered in this study. The
sociodemographic characteristics including age, sex (male/female), ethnicity (Mexican Americans, non-Hispanic Black, non-Hispanic
white, other races), waist circumference, body mass index (BMI), marital status (we defined married/living with partner as “married,”
widowed/divorced/separated/never married as “unmarried”), education level (less than high school, high school, above high school),
and alcohol user status (never/mild/moderate/heavy). The history of malignancy, statins use, antihypertensive drugs, hypoglycemic
drugs, anti-hyperlipidemic drugs, and cardiac disease (heart failure/coronary heart disease/angina/stroke) were determined from the
Medical Conditions Questionnaire (MCQ) by self-reporting. Smoking status was divided into never smoker (smoked less than 100
cigarettes in life), former smoker (smoked over 100 cigarettes but not still smoking recently), and current smoker. Recreational activity
was categorized as none, moderate, vigorous, moderate and vigorous. Diabetes was defined based on self-reported diabetes diagnosis,
fasting plasma glucose (FPG) level >7.0 mmol/L, HbAlc > 6.5%, or taking diabetes medication to lower blood sugar. It was defined as
hypertension if the patient received a diagnosis by a physician, was taking antihypertensive medication, or had a mean systolic blood
pressure greater than 140 mmHg or diastolic blood pressure >90 mmHg on examination. The estimated glomerular filtration rate


https://wwwn.cdc.gov/nchs/nhanes/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/default.aspx
http://www.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/labmethods/HSCRP-J-MET-508.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/labmethods/HSCRP-J-MET-508.pdf

L. He et al. Heliyon 9 (2023) e17776

All participants from NHANES 2017-March 2020 Pre-pandemic (N=24814)

Age < 18 years (N=9265)

With pregnancy (N=144)

Without CLR (N=2158)

Potential subjects further analyzed (N=13247)

Individuals with unknown myocardial infarction status (N=632)

Individuals with both exposure and outcome (N=12615)

With myocardial infarction (N=609) Without myocardial infarction (N=12006)

Fig. 1. Flow chart of the study population inclusion.

(eGFR) was calculated according to Chronic Kidney Disease Epidemiology Collaboration formula [21]. Baseline laboratory tests
assessed were, bilirubin, creatinine, uric acid, total cholesterol, blood urea nitrogen, and high-density lipoprotein cholesterol (HDL-C).

2.3. Statistical analysis

In the NHANES, a complex multistage sampling design was used, and appropriate sampling weights were employed for the sta-
tistical analysis. Continuous variables between MI and non-MI groups were expressed as a survey-weighted mean (95% CI) and cat-
egorical variables were presented as a survey-weighted percentage (95% CI). To rule out the possibility of collinearity, we employed
the collinearity test when the variance inflation factor was greater than 5. A potential variable was included based on their associations
with the MI or caused more than 10% change in any effect measure [22]. Because of non-normal distribution of CLR, the data were
natural logarithm (LN) transformed before statistical analysis. The smooth curve fittings, based on generalized additive model, were
performed to examine the linear or non-linear relationship of In-transformed CLR with MI with full adjustment. In analyses investi-
gating associations with MI prevalence, the CLR were used as a continuous variable, scaled per 1-unit increment in In-transformed, or
divided into quartiles, using multivariable logistic regression models with various adjustments to measure odds ratios (ORs) and
corresponding 95% confidence intervals (Cls). In the crude model, no confounding factors were adjusted; Model 1 was adjusted for sex,
age, BMI, race, waist circumference, and education level; Model 2 was further adjusted for history of malignancy, history of coronary
heart disease, history of heart failure, history of angina, history of stroke, smoke, recreational activity, diabetes, hypertension, eGFR,
creatinine, uric acid, total cholesterol, HDL cholesterol, statins use, and antidiabetic drugs. Finally, stratified analyses were conducted
according to sex, age (<60 years or >60 years), BMI (<25, 25-30 or > 30 kg/m?), malignancy (yes or no), coronary heart disease (yes
or no), heart failure (yes or no), stroke (yes or no), angina (yes or no), recreational activity (yes or no), hypertension (yes or no),
smoking habits (never, former, now), statins use (yes or no), and eGFR (<60, 60-90,>90 ml/min/1.73 m?). Statistical significance of
interactions was tested by generating interaction terms between CLR and different subgroups and using Wald tests for dichotomous
variables and likelihood ratio tests for continuous variables. A forest plot was used to display the effects of different subgroups and the
significance of interactions. In order to examine the statistical significance of the interaction, we generated interaction terms between
CLR and different subgroups, and used Wald tests to check for binary variables, and likelihood ratio tests to check for multi-level
variables. Given that hs-CRP >10 mg/L was an abnormal stress state [23], we conducted sensitivity analyses to assess the reli-
ability of the results after excluded these participants. We further investigated the possibility of unmeasured confounding between CLR
and MI by calculating E-values. The e-value quantifies the magnitude of an unmeasured confounder that would be necessary to nullify
the observed association between CLR and MI [24].
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3. Results
3.1. Baseline characteristics

A total of 12,615 participants were included in the study, comprising 609 and 12,006 individuals with and without MI, respec-
tively. As shown in Fig. 2, the incidence of MI increased (from 2.85% to 6.50%) with the increase of quarters of CLR (P for trend <0.01).
Overall, substantial differences were noticed in both baseline demographic and clinical characteristics between participants with MI
and participants without MI (Table 1). Compared with the individuals without MI, participants in the MI group were older, more often
men, had a higher proportion of malignancy, coronary heart disease, heart failure, angina, stroke, smoke, diabetes, hypertension,
statins use, hypoglycemic drugs, anti-hyperlipidemic drugs, and higher level of creatinine, uric acid, blood urea nitrogen (all P < 0.05).
Moreover, the total cholesterol, HDL cholesterol, and eGFR of the participants with MI was significantly lower compared with that of
those without MI (all P < 0.05).

3.2. Positive relationship of CLR and the presence of MI

Due to the skewed distribution of CLR, we transform it with natural logarithm to make it closer to the normal distribution. Through
generalized additive models and smoothed curve fitting, and after adjusting for various potential confounders, we found a linear
relationship between In-transformed CLR and MI in this study (Fig. 3).

However, this relationship was only found in the population aged over 60 years when participants were divided into different age
groups (Fig. 4).

Three logistic regression models were created. Table 2 displays the relationship between CLR and MI in three models. In the crude
model, the continuous In-transformed CLR demonstrated an 84.8% (95% CI: 58.3%-115.9%) higher OR of MI with each 1-unit in-
crease of In-transformed CLR. Besides, this association still exists after adjusting for different variables, and the ORs for Model 1 and
Model 2 were 1.49 (1.24-1.79) and 1.46 (1.16-1.84), respectively. Furthermore, when using as categorical variables, the associations
of CLR for MI risks were in line with the trends in the continuous analyses. After all subjects were divided into quantiles according to
the levels of In-transformed CLR, and we found that individuals in Q2, Q3, and Q4 were associated with a higher risk of MI compared
with individuals in the Q1 (the lowest quartile) of In-transformed CLR in the crude model (all P < 0.05). After adjust for sex, age, BMI,
race, waist circumference, and education level, compared to those in the Q1, the prevalence of MI for subjects in the Q2, Q3, and Q4
was 1.36, 1.60 and 1.65 times, respectively (all P < 0.05). After full adjustment, In-transformed CLR remained positive associated with
Ml risk, with the ORs of 1.64 (1.15, 2.35) in Q2, 1.71 (1.20, 2.45) in Q3, and 1.79 (1.24, 2.58) in Q4 compared with the Q1 group (all P
< 0.05). Furthermore, the incidence of MI increased with the increase of quarters of In-transformed CLR in all models (all P for trend
<0.05).

The associations between In-transformed CLR and MI risks were generally significant in multiple subgroups.

As demonstrated in Fig. 5, the positive associations were more pronounced among participant who were males, older (aged >60
years), BMI between 25 and 30 kg/m?, eGFR between 60 and 90 ml/min/1.73 m?, with history of malignancy, hypertension, former
smoker, and performed recreational activity, as well as participant without history of coronary heart disease, heart failure, angina, and
statins use. Interaction tests revealed that age (<60 years or >60 years) influenced the association between CLR and MI after
adjustment (P for interactions = 0.04). Considering the opposite directionality of the association, these results may have clinical
implications. We further performed a sensitivity analysis after excluding subjects with hs-CRP >10 mg/L. The results of the sensitivity
analysis were in agreement with those of the main analysis. The results of the sensitivity analysis showed that Ln-transformed CLR,
whether used as a continuous or categorical variable, was still positively associated with MI (Table S1, all P < 0.05). We eventually

Prevalence of myocardial infarction

Ql Q2 Q3 Q4

Quarters of C-reactive protein to lymphocyte ratio

Fig. 2. Association between quarters of C-reactive protein to lymphocyte ratio and the prevalence of myocardial infarction.
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Table 1
Weighted baseline characteristics of participants by categories of myocardial infarction: NHANES 2017-March 2020 Pre-Pandemic.

Characteristics (weighted) Without myocardial infarction With myocardial infarction P-value

Age (years)
BMI (kg/m?)
Waist circumference (cm)
Bilirubin (mg/dl)
Creatinine (mg/dl)
Uric acid (mg/dl)
Blood urea nitrogen (mg/dl)
Total cholesterol (mg/dl)
HDL cholesterol (mg/dl)
eGFR (ml/min/1.73 m?)
Sex
Female
Male
Race
Mexican American
Non-Hispanic Black
Non-Hispanic White
Others
Education level
Less than high school
High school or GED
Above high school
Marital status
Unmarried
Married
Malignancy
No
Yes
Coronary heart disease
No
Yes
Heart failure
No
Yes
Angina
No
Yes
Stroke
No
Yes
Smoke
Never
Former
Now
Alcohol user
None
Mild
Moderate
Heavy
Recreational activity
None
Moderate
Vigorous
Moderate & Vigorous
Diabetes
No
Yes
Hypertension
No
Yes
Statins use
No
Yes
Hypoglycemic drugs
No
Yes
Anti-hyperlipidemic drugs
No
Yes

47.96 (46.82,49.10)
29.79 (29.26,30.32)
100.71 (99.32,102.09)
0.47 (0.45,0.49)

0.88 (0.87,0.89)

5.37 (5.31,5.44)

14.89 (14.55,15.22)
189.49 (185.99,192.98)
53.78 (52.81,54.75)
94.32 (92.69,95.96)

52.06 (49.79,54.33)
47.94 (45.67,50.21)

9.14 (6.16,13.35)
10.79 (7.86,14.64)
62.65 (57.21,67.78)
17.42 (14.19,21.20)

10.96 (9.30,12.86)
27.17 (24.01,30.57)
61.88 (57.61,65.97)

37.34 (34.44,40.35)
62.66 (59.65,65.56)

89.59 (88.01,90.99)
10.41 (9.01,11.99)

97.85 (96.91,98.50)
2.15 (1.50,3.09)

98.76 (98.43,99.02)
1.24 (0.98,1.57)

98.39 (97.90,98.77)
1.61 (1.23,2.10)

97.37 (96.54,98.00)
2.63 (2.00,3.46)

58.34 (55.34,61.28)
24.58 (22.81,26.44)
17.08 (14.99,19.40)

8.40 (7.21,9.75)

46.24 (42.93,49.58)
22.16 (20.15,24.31)
23.21 (20.01,26.76)

45.13 (41.50,48.81)
26.02 (22.63,29.71)
7.68 (6.27,9.38)

21.18 (18.39,24.25)

86.08 (84.78,87.29)
13.92(12.71,15.22)

60.80 (57.56,63.95)
39.20 (36.05,42.44)

83.74 (81.15,86.04)
16.26 (13.96,18.85)

89.98 (89.17,90.73)
10.02 (9.27,10.83)

82.05 (79.61,84.26)
17.95 (15.74,20.39)

64.59 (62.92,66.27)
30.96 (29.52,32.40)
107.54 (104.02,111.06)
0.49 (0.46,0.53)

1.02 (0.96,1.08)

5.92 (5.69,6.15)

18.24 (16.86,19.63)
170.94 (159.51,182.38)
46.60 (45.22,47.98)
77.28 (72.95,81.61)

32.07 (22.90,42.88)
67.93 (57.12,77.10)

3.74 (1.80,7.63)
9.25 (5.28,15.71)
71.44 (59.16,81.20)
15.57 (8.41,27.03)

17.09 (9.92,27.85)
29.46 (21.23,39.28)
53.45 (42.79,63.80)

41.17 (30.06,53.26)
58.83 (46.74,69.94)

77.38 (68.57,84.28)
22.62 (15.72,31.43)

40.25 (31.78,49.34)
59.75 (50.66,68.22)

69.10 (57.39,78.78)
30.90 (21.22,42.61)

70.12 (57.31,80.39)
29.88 (19.61,42.69)

80.05 (72.35,86.02)
19.95 (13.98,27.65)

31.83 (24.75,39.86)
45.72 (36.80,54.92)
22.46 (14.37,33.32)

9.80 (4.13,21.49)

45.29 (29.45,62.14)
17.77 (10.69,28.06)
27.15 (16.49,41.28)

54.07 (42.15,65.55)
31.39 (20.94,44.15)
4.03 (1.54,10.12)
10.51 (4.56,22.39)

52.57 (39.58,65.23)
47.43 (34.77,60.42)

25.49 (15.56,38.85)
74.51 (61.15,84.44)

33.40 (21.40,48.02)
66.60 (51.98,78.60)

63.49 (52.75,73.03)
36.51 (26.97,47.25)

32.47 (20.60,47.11)
67.53 (52.89,79.40)

<0.01
0.14

<0.01
0.23

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.06

0.09

0.49

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.79

0.05

<0.01

<0.01

<0.01

<0.01

<0.01

For continuous variables: survey-weighted mean (95% CI), P-value was by survey-weighted linear regression.
For categorical variables: survey-weighted percentage (95% CI), P-value was by survey-weighted Chi-square test.
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Fig. 3. The smooth curve between quarters of In-transformed c-reactive protein to lymphocyte ratio and the risk of myocardial infarction. The solid
red line represents the smooth curve, while the blue lines represent the 95% confidence interval. Sex, age, BMI, race, waist circumference, education
level, history of malignancy, history of coronary heart disease, history of heart failure, history of angina, history of stroke, smoke, recreational
activity, diabetes, hypertension, eGFR, creatinine, uric acid, total cholesterol, HDL cholesterol, statins use, and antidiabetic drugs were adjusted.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Subgroup analysis stratified by age between quarters of In-transformed c-reactive protein to lymphocyte ratio and the risk of myocardial
infarction. Sex, age, BMI, race, waist circumference, education level, history of malignancy, history of coronary heart disease, history of heart
failure, history of angina, history of stroke, smoke, recreational activity, diabetes, hypertension, eGFR, creatinine, uric acid, total cholesterol, HDL
cholesterol, statins use, and antidiabetic drugs were adjusted.

produced an E-value to measure the sensitivity to unmeasured confounding. The negative association between CLR and MI was
influenced only when the unmeasured covariates had ORs greater than >1.71 (the corresponding CI is at least 1.37) for both CLR and
MI (Fig. S1). Thus, the results of the sensitivity analysis showed that the conclusions drawn in the present study are reliable and
consistent. Since CRP and lymphocyte alone showed association with prevalence of MI, thus the receiver operating characteristic
(ROCQ) curve was plotted and the area under curve (AUC) value was calculated to evaluate the predictive ability of lymphocyte, CRP,
and CLR for ML Of the three indexes examined, the highest AUC was CLR. However, the statistical difference between lymphocyte,
CRP, and CLR was not significant (Fig. S2).
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Associations of the In-transformed C-reactive protein to lymphocyte ratio with myocardial infarction risk.

Non-adjusted

Adjust I

Adjust II

CLR In transform
CLR In transform quartiles

Q1

1.85(1.58, 2.16) <0.01

1 (Reference)

Q2 1.65 (1.27, 2.16) <0.01

Q3 1.91 (1.48, 2.49) <0.01

Q4 2.37 (1.84, 3.05) <0.01
P for trend <0.01

1.49 (1.24, 1.79) <0.01

1 (Reference)

1.36 (1.02, 1.82) 0.038
1.60 (1.20, 2.14) <0.01
1.65 (1.23, 2.22) <0.01
<0.01

1.46 (1.16, 1.84) <0.01

1 (Reference)

1.64 (1.15, 2.35) <0.01
1.71 (1.20, 2.45) <0.01
1.79 (1.24, 2.58) <0.01
<0.01

Non-adjusted model adjust for: none.

Adjust I model adjust for: sex, age, BMI, race, waist circumference, education level.
Adjust I model adjust for: sex, age, BMI, race, waist circumference, education level, history of malignancy, history of coronary heart disease, history
of heart failure, history of angina, history of stroke, smoke, recreational activity, diabetes, hypertension, eGFR, creatinine, uric acid, total cholesterol,

HDL cholesterol, and statins use.

Variables OR(95%CI) P for interaction
Gender 0.51
Female 0.99 (0.94-1.03) —
Male 1.01 (1.00-1.03) -
Age (years) 0.04
<60 0.99 (0.96-1.03) —
>60 1.02 (1.01-1.03) W
BMI(kg/m?) 0.55
<25 1.00 (0.97-1.04) —|—
25-30 1.02 (1.00-1.05) -
>30 1.01 (0.99-1.02) Hou
Malignancy 0.09
No 1.00 (0.99-1.02) =
Yes 1.04 (1.02-1.07) —.—
Coronary heart disease 0.23
No 1.01 (1.00-1.02) ‘
Yes 1.00 (0.98-1.03) [y p—
Heart failure 0.88
No 1.01 (1.00-1.02) '
Yes 1.00 (0.98-1.03) [y p—
Stroke 0.89
No 1.01 (1.00-1.02) ‘
Yes 1.01 (0.98-1.04) — —
Angina 0.94
No 1.01 (1.00-1.02) ‘
Yes 1.01(0.92-1.12) L e ——
Recreational activity 0.33
No 1.01 (0.99-1.02) Ho
Yes 1.02 (1.00-1.03) o1
Hypertension 0.34
No 1.03 (0.99-1.07) [ E—
Yes 1.01 (1.00-1.02) ‘
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Fig. 5. Subgroup analysis of the association of C-reactive protein to lymphocyte ratio with myocardial infarction.
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4. Discussion

In a representative sample of US adults, the present study demonstrated that CLR were positively and obviously associated with MI
after adjusting for multiple covariates in the adults based on NHANES. Multiple sensitivity analyses and subgroup analysis confirmed
the robustness of the results. As far as we know, this is the first cross-sectional study with a relatively large sample size to examine the
connection between CLR and MI risk.

The CLR has recently been linked to adverse outcomes in certain clinical situations. As a new inflammatory biomarker, CLR has
demonstrated its essential role in diagnostic and prognostic prediction for COVID-19 pneumonia [16,25]. A recent study using
NHANES III data indicated that hs-CRP >0.5 mg/dl was an independent risk factor for all-cause mortality, cardiovascular mortality,
and cancer specific mortality in patients with metabolic associated fatty liver disease after adjusting for risk factors [26]. Apart from
infectious diseases, CLR is employed as a significant biomarker to assess the prognosis in cancer patients [11,12,14,27]. These studies
suggested that a combination of CRP and lymphocyte measured in routine examinations, can be utilized to reflect systemic inflam-
matory and immune status and may serve as a convenient and precise prognostic indicator for various diseases. CRP is an acute phase
protein, which is synthesized by the liver and activated by various cells under the influence of the body under trauma or inflammatory
factors [28]. CRP is nonspecific and its levels are increased in all inflammatory conditions. Previous studies have demonstrated that
CRP is a widely accepted universal inflammatory marker, and CRP levels rise in response to cell damage or tissue injury [29,30].
Lymphocytes play a role in stimulating the proliferation and control of endothelial cells and immune defense, which will be consumed
in large amounts when the body is traumatized [31]. A reduction in the lymphocyte count may be associated with apoptosis and
impairment of immune cells [32]. Thus, the CLR can reflect the balance between systemic inflammatory and immune status.
Furthermore, hs-CRP allows for the identification of lower CRP levels, and can assist in pinpointing more precise issues and chronic
inflammation over the long term [33]. As a result, elevated hs-CRP results can be a useful early warning sign of cardiovascular disease
and atherosclerosis in patients who are not exhibiting any symptoms [34,35]. Numerous studies in the literature have demonstrated
that even a slight increase in CRP concentration is linked to a poor prognosis in various chronic diseases [36,37]. These above evi-
dences suggest that CLR may also be associated with cardiovascular diseases, particularly MI.

MI is a very common clinical syndrome characterized by obstruction of a blood vessel by a blood clot or narrowing of the blood-
vessel channel. The molecular mechanisms of MI still remain unclear; inflammation plays a crucial role in the occurrence and
development of MI [38]. However, the underlying relationship between CRP and MI is still uncertain. Numerous potential explanations
exist for the clinical role of elevated CRP levels in relation to the risk of MI. First, hs-CRP is a well-known indicator of senescence and
aging, which is characterized by the accumulation of senescent cells that secrete proinflammatory cytokines, chemokines and other
mediators that lead to inflammatory microenvironments in many tissues and organs [39]. As people age, the prevalence of coronary
artery disease rises significantly. Senescent cells accumulate in tissues, including the heart, and are linked to age-related pathologies
such as myocardial infarction [40]. Second, the level of CRP is linked to endothelial dysfunction and may be indicative of the pro-
gression of atherosclerosis. A recent study found that endothelial dysfunction and high-sensitivity C-reactive protein, in conjunction,
significantly raised the likelihood of developing heart failure [41]. For clinical applications, CRP appears to be the most promising
inflammatory biomarker, and numerous population-based studies have indicated that initial CRP levels can be used to predict future
cardiovascular events [42]. Third, as is well known, lymphocytes are responsible for determining the specificity of the immune sys-
tem’s reaction to infectious microorganisms and other foreign materials. Excessive inflammation and immune responses are of great
importance throughout the entire MI process [43]. Excessive immune activation leads to a decrease in lymphocyte counts [8]. As a
result, it will also lead to the increase of CLR.

These above evidences can explain the correlation between CRP and risk of MI.

The findings of this study are important because it suggests that maintaining low CLR may be an important consideration for reduce
MI risk. Our study contributes to the scarce data on age differences in the link between CLR and MI risk. Our findings revealed that
participants aged over 60 years have a greater risk of MI. However, the association is not significant in population aged less than 60
years. These findings suggest that age differences (elderly individuals aged 60 and over) may exist when examining the CLR on MI risk.
This is consistent with the fact that aging is associated with decreased immunity and linked to a higher risk of MI. Elderly individuals
are not only more likely to experience an MI, but are also more likely to develop heart failure [44,45].

The strengths of our study include the contribution of new evidence on the relationship between the CLR and MI risk, as well as the
examination of age differences in this relationship. Besides, the study was based on a large, nationally representative sample of adults
in the United States, and the study population was well-characterized and relatively homogeneous, allowing us to accurately control
for confounding factors and their effects on the results. Furthermore, the multiple potential confounders were adjusted carefully, and a
new method was used to select the variables. Moreover, the results of the sensitivity analyses provide additional support for the main
findings. An hs-CRP level above 10 mg/L is reported a stressful condition and was excluded in the sensitivity analyses. This allowed us
to obtain more precise results and accurately describe the correlation between hs-CRP and MI in individuals in a normal state.
However, it is important to note that there are several potential limitations to this study that should be taken into account. First, our
findings, which are based on US adults, may not be applicable to other populations, thus limiting the generalizability of our results.
Second, due to the cross-sectional nature of this study, we could only infer an association and not a causal relationship. Third, the self-
reported MI may introduce a subjective bias in our results. In NHANES database, we can’t distinguish between ST-segment elevation
MI and non-ST-segment elevation MI. Finally, due to the presence of unmeasured confounding factors, we could not eliminate all
potential residual confounders. However, E-value supports the stability of our results.
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5. Conclusions

In a large nationally representative survey individual among US adults, our results found that CLR was independently associated
with higher prevalence of MI in a linear manner in US adults. CLR may be a novel inflammation warning biomarker for myocardial
infarction. Age differences may exist when examining the relationship between CLR and MI. However, further prospective studies
should be conducted to verify their association.
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