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The relationship between
C-reactive protein-albumin-
lymphocyte index and peripheral
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The C-reactive protein albumin lymphocyte (CALLY) index is a newly proposed indicator of immune,
inflammatory, and nutritional status. However, there is no research on the relationship between
CALLY index and peripheral artery disease (PAD). We utilized relevant data from NHANES 1999-2004
on lower limb diseases research. PAD was diagnosed as an ankle-brachial index<0.9. CALLY index was
calculated using the formula: albumin (g/L) x lymphocytes (10°/L) + [CRP (mg/L) x 10]. Multivariable
logistic regression and restricted cubic splines (RCS) were used to explore the relationship between
CALLY index and the risk of PAD. Subgroup analysis was performed based on grouping variables. A
total of 5283 participants aged 40 and above were included, with 419 PAD patients and 4864 non-PAD
patients. Baseline data showed that PAD patients had significantly higher CALLY values. Multivariable
logistic regression results indicated a significant negative correlation between CALLY index and the
risk of PAD after adjusting for covariates (OR, 0.813, 95%Cl, 0.717-0.923). RCS confirmed a significant
linear negative correlation between CALLY index and the risk of PAD (P for nonlinearity =0.989, P for
overall =0.002). Subgroup analysis revealed that the negative correlation between CALLY index and
the risk of PAD remained significant in subgroups of male, white, other races, normal weight, former
smoking, now drinking, as well as those with hypertension, without CKD, with or without diabetes,
and with or without CVD. In other subgroups, there was also a negative correlation trend between

In CALLY and the risk of PAD. CALLY index is significantly negatively correlated with the risk of PAD.
Future research should further validate the clinical application value of the CALLY index.

Keywords Peripheral artery disease, C-reactive protein-albumin-lymphocyte index, NHANES, Negative
correlation, Cross-sectional study

Peripheral artery disease (PAD) is a common atherosclerotic disease, which is characterized by lower limb
artery stenosis leading to distal blood supply insufficiency, causing pain and intermittent claudication’?.
Epidemiological studies indicate that PAD affects over 200 million middle-aged and elderly individuals globally
and is closely associated with increased rates of amputation and mortality®>-%. With the aging population, the
prevalence of PAD is expected to rise?. However, early PAD symptoms may be mild, or patients may mistakenly
believe that leg vascular diseases are not life-threatening, resulting in underdiagnosis and undertreatment”®.
When local ischemia worsens or is accompanied by foot infection or even gangrene, conventional drugs
and other treatment methods often have poor efficacy’. Even if blood flow is restored through lower limb
revascularization, postoperative vascular restenosis and other issues often affect the long-term prognosis of
patients'®!!. Early diagnosis and intervention are crucial for PAD patients'?.

The C-reactive protein-albumin-lymphocyte (CALLY) index is an emerging biomarker that combines
albumin, lymphocytes, and C-reactive protein (CRP) to assess patients’ nutritional status, immune response,
and inflammatory state'. Previous studies have shown that CALLY index is closely associated with the risk of
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sarcopenia, cardiorenal syndrome, and rheumatoid arthritis disease activity14‘16. Given that nutritional status,
systemic inflammation, and immune response are central to the pathophysiology of atherosclerosis, the CALLY
index could be a potential indicator for predicting the risk of PAD. However, the relationship between CALLY
index and PAD remains insufficiently explored. Understanding this relationship is essential for early screening of
high-risk PAD populations and intervention. This study aimed to explore the relationship between CALLY index
and the risk of PAD in the general U.S. population using the data from NHANES 1999-2004.

Methods

Data source

The National Health and Nutrition Examination Survey (NHANES), conducted by the National Center for Health
Statistics (NCHS), is a nationally representative survey designed to assess the relationship between nutrition and
health in the U.S. general population. A total of 31,126 participants took part in the NHANES 1999-2004, with
relevant data on lower limb diseases available for those aged 40 and above (n=9970). We initially included
all subjects who underwent lower limb disease examinations in NHANES 1999-2004. Exclusion criteria: (1)
Participants with an ankle brachial index (ABI) > 1.4 (n=113), (2) Participants with missing ABI data (n=3020),
(3) Participants with missing CALLY index related data (n=344), (4) Rheumatoid arthritis patients (n=448),
(5) Participants with missing covariates (n="762). A total of 5283 participants were included in the final analysis,
with 419 diagnosed with PAD and 4864 without PAD. (Fig. 1).
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Fig. 1. Process flowchart for screening participants for inclusion in the study.
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Peripheral artery disease

Measure systolic blood pressure at the brachial artery of the right arm, and if the condition of the right arm
interferes with the measurement (Presence of rash or open wounds, dialysis diversion surgery, right radical
mastectomy, or any other factors that may interfere with accurate measurements), measure it at the left arm.
Measure ankle joint systolic pressure at the posterior tibial artery of both lower limbs. ABI is calculated by
dividing the posterior tibial artery systolic pressure by the brachial artery systolic pressure. PAD was diagnosed
when at least one side had an ABI<0.9.

C-reactive protein-albumin-lymphocyte index
Blood samples were collected after participants fasted for at least 8.5 but no more than 24 h. The CALLY index
was calculated as follows: albumin (g/L) x lymphocytes (10%/L) + [CRP (mg/L) x 10].

Covariates

The selection of covariates is based on previous research and references to high-risk factors for PAD and factors
that may affect the CALLY index**!>!7. Covariates included age, sex, race, poverty-income ratio (PIR), body
mass index (BMI), total cholesterol, smoking history, drinking history, and the presence of hypertension, diabetes,
cardiovascular disease (CVD), and chronic kidney disease (CKD). PIR was calculated by dividing family income
by the poverty guidelines, specific to family size, as well as the appropriate year and state. We divided them
into normal (<25 kg/m?), overweight (25-30 kg/m?), and obesity (=30 kg/m?) groups based on BMI values.
We categorize smoking history into never (smoking less than 100 cigarettes in one’s lifetime), former (smoking
over 100 cigarettes but now completely quitting), and now. At the same time, we categorize drinking history
into never (drinking less than 12 drinks in a lifetime), former (not drinking since last year but drinking>12
drinks in a lifetime), and now. Hypertension was defined as an average systolic BP > 140 mmHg and/or average
diastolic BP >90 mmHg, or self-reported diagnosis or use of antihypertensive medications. Diabetes was defined
as fasting blood glucose>7 mmol/L, random blood glucose>11.1 mmol/L, or 2-hour OGTT glucose>11.1
mmol/L, or glycated hemoglobin > 6.5%, or self-reported diagnosis or use of antidiabetic medications. CVD was
assessed via questionnaires. CKD was defined as an estimated glomerular filtration rate < 60 mL/min/1.73 m>.

Statistical analysis

Data were analyzed using R (version 4.2.1). All statistical analyses were weighted using the “wtmec4yr” and
“wtmec2yr” weights. Continuous variables are presented as mean (standard error), and categorical variables are
presented as frequencies (weighted percentage). The CALLY index values were converted to natural logarithm,
and participants were grouped into tertiles based on the In CALLY values. Multivariable logistic regression was
used to explore the relationship between CALLY index and PAD. Three models were constructed: Model 1 was
not adjusted; Model 2 was adjusted based on demographic data (age, gender, race, PIR, BMI); Model 3 adjusted
for all covariates. RCS was applied to detect the dose-response relationship between CALLY index and PAD.
According to the In CALLY level, groups were divided into three percentiles, Q1 <5.388, 5.388 <Q2<6.404, and
Q3>6.404. Subgroup analysis was conducted based on grouping variables. Interaction tests were performed
using likelihood ratio tests to assess whether grouping variables interact with the relationship between CALLY
index and PAD. Additionally, the area under the curve (AUC) of the receiver operating characteristic (ROC) was
used to evaluate the predictive ability of CALLY index for PAD.

Results

Baseline characteristics of the study population

Table 1 presents the baseline characteristics of the participants, grouped by PAD status. The In CALLY was
significantly higher in the PAD group compared to the non-PAD group. Additionally, significant differences
were observed between the two groups in terms of age, race, PIR, smoking history, alcohol consumption, and
the prevalence of chronic conditions such as hypertension, diabetes, CVD, and CKD.

Multivariate logistic regression

The multivariate logistic regression analysis revealed a significant negative association between the In CALLY
and the risk of PAD, after adjusting for confounding variables (OR, 0.813, 95%ClI, 0.717-0.923). For every 1-unit
increase in In CALLY, the risk of PAD decreased by approximately 18.7%. Compared with the first tertile of In
CALLY, the third tertile of In CALLY was associated with a significantly lower risk of PAD (OR, 0.643, 95%CI,
0.444-0.930). (Table 2)

Restricted cubic splines

The RCS analysis demonstrated a dose-response relationship between In CALLY and the risk of PAD.
The results indicated a significant linear negative correlation between In CALLY and the risk of PAD (P for
nonlinearity =0.989, P for overall=0.002). (Fig. 2)

Subgroup analysis

In subgroup analysis, we adjusted for all variables except for grouping variables. Subgroup analysis based on
all stratified variables showed that the negative correlation between In CALLY and the risk of PAD remained
significant in subgroups of male, white, other races, normal weight, former smoking, now drinking, as well as
those with hypertension, without CKD, with or without diabetes, and with or without CVD. In other subgroups,
there was also a negative correlation trend between In CALLY and the risk of PAD. This supports the robustness
of the findings. (Fig. 3)
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Total PAD
Variable (n=5283) Non-PAD (n=4864) | (n=419) P-value
Age (years) 55.271(0.237) | 54.614(0.229) 67.615(0.739) | <0.001
Sex 0.338
Male 2759(49.272) 2539(49.432) 220(46.265)
Female 2524(50.728) 2325(50.568) 199(53.735)
Race <0.001
White 2978(79.293) 2733(79.271) 245(79.723)
Black 850(7.945) 760(7.663) 90(13.241)
Mexican Americans 1106(4.550) 1038(4.613) 68(3.365)
Other Race 349(8.211) 333(8.453) 16(3.671)
PIR 3.330(0.053) 3.372(0.055) 2.551(0.092) <0.001
BMI (kg/m?) 0.068
Normal 1503(30.397) | 1378(30.618) 125(26.247)
Overweight 2123(38.855) 1958(38.955) 165(36.989)
Obesity 1657(30.748) 1528(30.427) 129(36.763)
Total cholesterol (mg/dL) | 210.659(0.872) | 210.833(0.884) 207.392(2.634) | 0.197
Ln CALLY 5.986(0.023) 6.016(0.025) 5.423(0.070) <0.001
Smoking history <0.001
Never 2447(46.862) | 2318(47.692) 129(31.278)
Former 1800(32.649) 1615(32.164) 185(41.760)
Now 1036(20.488) 931(20.144) 105(26.962)
Drinking history <0.001
Never 729(11.679) 659(11.433) 70(16.297)
Former 1254(20.478) 1106(19.799) 148(33.221)
Now 3300(67.844) 3099(68.768) 201(50.482)
Diabetes <0.001
No 4430(88.569) 4140(89.384) 290(73.267)
Yes 853(11.431) 724(10.616) 129(26.733)
Hypertension <0.001
No 2527(54.892) 2430(56.452) 97(25.588)
Yes 2756(45.108) 2434(43.548) 322(74.412)
CVD <0.001
No 4565(88.889) 4290(90.190) 275(64.447)
Yes 718(11.111) 574(9.810) 144(35.553)
CKD <0.001
No 4661(91.600) 4391(92.890) 270(67.360)
Yes 622(8.400) 473(7.110) 149(32.640)

Table 1. Population characteristics stratified by PAD. PAD, peripheral artery disease; PIR, poverty-income
ratio; BMI, body mass index; CALLY, C-reactive protein albumin lymphocyte; CVD, cardiovascular disease;
CKD, chronic kidney disease.

Model 1 Model 2 Model 3
Result OR(95%CI) P-value | OR(95%CI) P-value | OR(95%CI) P-value
Ln CALLY 0.679(0.610,0.754) | <0.001 | 0.769(0.678,0.872) | <0.001 | 0.813(0.717,0.923) | 0.002
Q1 (n=1762) | ref ref ref ref ref ref

Q2 (n=1760) | 0.775(0.581,1.032) | 0.080 0.897(0.650,1.238) | 0.497 0.975(0.693,1.372) | 0.882
Q3 (n=1761) | 0.368(0.255,0.531) | <0.001 | 0.551(0.376,0.806) | 0.003 0.643(0.444,0.930) | 0.021

Table 2. Relationship between Ln CALLY and PAD. Adjusted variables: Model 1: unadjusted. Model 2: age,
sex, race, PIR, BMI. Model 3: age, sex, race, PIR, BMI, total cholesterol, smoking history, drinking history,
diabetes, hypertension, CVD, CKD. CALLY, C-reactive protein albumin lymphocyte; PAD, peripheral artery
disease; PIR, poverty-income ratio; BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney
disease; OR, odds ratio; CI, confidence interval.
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Fig. 2. The dose-response relationship between CALLY index and the risk of PAD.

ROC curves of CALLY index in relation to PAD
We perform ROC analysis based on weighted data. The results showed that the AUC value of CALLY index was
0.629, indicating moderate predictive ability. (Fig. 4)

Discussion

In this study, we explored the relationship between the CALLY index and PAD using NHANES data from 1999
to 2004. The results from multiple logistic regression and RCS analysis indicate a significant linear negative
correlation between CALLY index and the risk of PAD. Further subgroup analysis confirmed the stability of this
negative correlation across different demographic and clinical variables. Our study provides new evidence for
the potential of CALLY index as a biomarker for PAD and suggests its potential utility as an assessment tool for
the risk of PAD in clinical settings.

To our knowledge, this is the first study to evaluate the relationship between the CALLY index and PAD in a
large, nationally representative population. The CALLY index integrates three widely used clinical parameters:
albumin, lymphocyte count, and CRP, which reflect nutritional status, immune capacity, and systemic
inflammation respectively. Biological plausibility for the observed association is supported by the known roles
of these components in vascular health.

Malnutrition, impaired immune function, and chronic low-grade inflammation are recognized risk factors
for the development of PAD!®!°. First, albumin is an important marker of nutritional status. Low levels of
albumin are often associated with anemia, malnutrition, and an increased risk of cardiovascular diseases such as
atherosclerosis?®-22. Previous studies have shown that low albumin levels can promote inflammatory responses
and accelerate atherosclerosis, potentially increasing the risk of PAD?*. Second, lymphocyte count serves as an
indicator of immune function. Lymphopenia has been linked to chronic inflammation and poor outcomes in
cardiovascular disease. Reduced lymphocyte levels may reflect immunosenescence or stress-induced immune
suppression, both of which contribute to endothelial injury and atherogenesis**~2°. Thus, maintaining a normal
lymphocyte count may protect blood vessels from inflammation-induced damage, potentially reducing the risk
of PAD. Finally, CRP is a well-established biomarker of inflammation and has a direct pathogenic role in vascular
remodeling and plaque instability?”. Numerous studies have shown that elevated CRP levels are closely associated
with the onset and progression of PAD?-%’. High CRP levels typically indicate systemic inflammation, which
plays a critical role in the development of PAD. Therefore, a higher CALLY index indicates better nutritional,
immune, and inflammatory status, which may provide vascular protection and reduce the risk of PAD. The
negative correlation between the CALLY index and the risk of PAD further emphasizes the importance of good
nutritional status and immune function in mitigating the risk of PAD.

The findings of this study have significant clinical implications. The CALLY index is an easily measurable
composite biomarker that reflects an individual’s nutritional status, immune function, and level of inflammation.
Given the high incidence and disability rate of PAD, as well as its strong association with other cardiovascular
diseases, early identification of high-risk populations is crucial for timely intervention and disease prevention®"32,
Our study validated the relationship between CALLY index and PAD risk through a cross-sectional approach.
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Variables Number OR(95%CI) P for interaction
Sex 0.368
Male 2759 = 0.780(0.658,0.925)

Female 2524 —eH 0.867(0.707,1.062)

Race 0.889
White 2978 o 0.818(0.700,0.956)

Black 850 —e—ti 0.840(0.666,1.061)

Mexican Americans 1106 —e—H 0.833(0.656,1.057)

Other Race 349 ———i 0.544(0.333,0.889)

BMI 0.854
Normal 1503 o 0.786(0.662,0.932)

Overweight 2123 o 0.860(0.669,1.107)

Obesity 1657 ——h 0.813(0.627,1.054)

Smoking history 0.930
Never 2447 [ L 0.857(0.684,1.072)

Former 1800 —o— 0.809(0.658,0.995)

Now 1036 — 0.816(0.622,1.071)

Drinking history 0.050
Never 729 —e— 0.916(0.698,1.202)

Former 1254 o4 0.920(0.756,1.118)

Now 3300 = 0.719(0.591,0.875)

Hypertension 0.962
No 2527 —— 0.845(0.701,1.019)

Yes 2756 o 0.796(0.672,0.942)

Diabetes 0.820
No 4430 o 0.829(0.718,0.958)

Yes 853 —o—i 0.768(0.613,0.961)

CVD 0.832
No 4565 o 0.821(0.701,0.960)

Yes 718 —o— 0.764(0.600,0.972)

CKD 0.477
No 4661 o 0.800(0.684,0.936)

Yes 622 ——H 0.838(0.651,1.078)

03 0.8 13

Fig. 3. Forest plot for subgroup analysis.

The conclusion is that participants with lower CALLY indices may face a higher risk of developing PAD. The
CALLY index may serve as a novel tool for assessing the risk of PAD in clinical settings and could help guide
the development of tailored treatment strategies. This is particularly relevant for the elderly population, where
PAD often coexists with other chronic diseases’*. By evaluating the CALLY index, clinicians can gain a
comprehensive understanding of a patient’s health status and implement early interventions.

Our main advantage lies in conducting a large-scale cross-sectional study using NHANES, a nationally
representative sample. In addition, we use ABI to diagnose PAD. In fact, few large sample studies have measured
ABI. Although this study provides preliminary evidence for the association between the CALLY index and PAD,
several limitations should be noted. First, the cross-sectional nature of the data limits our ability to establish
causal relationships. Future prospective studies are needed to explore the causal link between the CALLY index
and PAD and to validate its effectiveness as a predictive tool for PAD. Second, although we have adjusted for
multiple potential confounders in this study, some residual confounding factors may still influence the results.
Finally, due to the large number of missing values for the ABI and CALLY index, potential selection bias may
have been introduced.
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Fig. 4. ROC curves of CALLY index in relation to PAD.

Conclusion

This study demonstrates a significant negative correlation between the CALLY index and the risk of PAD. The
CALLY index, which combines indicators of nutritional status, immune function, and inflammation, provides
a new tool for assessing the risk of PAD. Future research should further validate the clinical application of the
CALLY index and explore its potential value in the early screening and treatment of PAD.

Data availability
All data are publicly available at https://www.cdc.gov/nchs/nhanes/.
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