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Abstract

Background: Despite advances in treatment and the potential role of serum albumin as a prognostic biomarker, the mortality rate
of individuals with coronary heart disease (CHD) continues to increase. Thus, this study aimed to assess the relationship between
serum albumin levels and the risk of all-cause mortality and cardiovascular death in individuals with CHD.Methods: This large-scale
retrospective cohort study included 1556 participants diagnosed with CHD from the National Health and Nutrition Examination Survey
spanning 1999 to 2015. We conducted multivariate Cox regression, subgroup and sensitivity analyses, and restricted cubic spline (RCS)
plots to examine the link between serum albumin levels and all-cause mortality and cardiovascular death. Results: After gradually
adjusting the confounding variables, serum albumin consistently demonstrated a strong link to increased overall and cardiovascular-
related mortality risk when employed as a continuous variable (hazard ratio [HR]: 0.938, 95% confidence interval [CI]: 0.912–0.964;
p < 0.001; HR: 0.921, 95% CI: 0.884–0.960; p < 0.001; respectively); meanwhile, serum albumin as a three-category variable, with
Tertile 1 (T1,≤40 g/L), Tertile 2 (T2, 40–43 g/L), and Tertile 3 (T3,>43 g/L), was only closely related to the risk of all-cause death (T2
vs. T1, HR: 0.771, 95% CI: 0.633–0.939; p = 0.010; T3 vs. T1, HR: 0.761, 95% CI: 0.612–0.947; p = 0.014; respectively). Subgroup
analysis showed that serum albumin was linked to all-cause mortality across most groups (≤60 or>60 years, male or female, and without
hypertension, diabetes, or chronic kidney disease); however, its correlation with cardiovascular death was observed only in the subgroup
without hypertension (p < 0.05). The sensitivity analysis indicated that excluding participants with an estimated glomerular filtration
rate <30 mL/min/1.73 m2 did not alter the association between serum albumin and the risk of all-cause and cardiovascular mortality.
Moreover, the RCS analysis further supported a consistent negative linear trend between serum albumin levels and mortality risks (p for
nonlinearity >0.05). Conclusions: The serum albumin levels in individuals with CHD were inversely and linearly related to all-cause
mortality and cardiovascular death risk.
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1. Introduction

Cardiovascular disease (CVD) has become one of the
most important public health problems in the world, and
it is also one of the most important causes of death in the
world, among which the prevalence and mortality of coro-
nary heart disease (CHD) are the highest [1,2]. Although
the medical treatment and surgical treatment of CHD have
become standardized, the prognosis is still not optimistic,
and themortality rate is still gradually rising in patients with
CHD [3]. Therefore, screening and early intervention of re-
versible risk factors is very important to improve the prog-
nosis and quality of life of patients with CHD.

Serum albumin is the most abundant multifunctional
protein in the blood. It not only plays a vital role in the
regulation of colloid osmotic pressure, but also has antiox-
idant properties, and can also respond to various diseases

as an acute phase reaction protein [4–7]. However, unlike
other acute phase reactive proteins, its concentration is at a
low level in the acute phase [5]. In addition, albumin is a
biomarker reflecting nutritional status. Hypoalbuminemia
is due mainly to the decline in liver synthesis, decreased in-
take and chronic inflammation, which can be seen in many
diseases [8,9]. Recent research has indicated that serum al-
bumin is strongly associatedwith the outcome andmortality
of many chronic diseases, including cirrhosis, chronic heart
failure and chronic obstructive pulmonary disease [10–15].
Moreover, serum albumin and its composite indicators play
a significant role in assessing cardiovascular risk and pre-
dicting clinical outcomes [16]. Several studies have demon-
strated that serum albumin, whether used alone or in combi-
nation with other clinical parameters, is strongly associated
with no-reflow and new-onset atrial fibrillation following
percutaneous coronary intervention in patients with acute
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Fig. 1. Flow chart of selected participants.

myocardial infarction [17,18]. It has also been linked to
left ventricular hypertrophy in individuals with hyperten-
sion [19]. Additionally, lower albumin levels have been
shown to predict long-term all-cause mortality in patients
with dual-chamber permanent pacemakers [20]. However,
the relationship between serum albumin and mortality risk
in patients with coronary heart disease remains unclear.

Therefore, based on the current research background
and knowledge gaps, and to provide therapeutic strategies
for the management of albumin in the prognosis of CHD,
we used data from the 1999–2015 National Health and Nu-
trition Examination Survey (NHANES), to examine the as-
sociation between serum albumin levels and the death risks
for CHD patients.

2. Methods
2.1 Research Design and Participants

As outlined in Fig. 1, based on data from theNHANES
between 1999 and 2015, a total of 1556 individuals were in-
cluded. Inclusion criteria: (1) Adults aged ≥18 years; (2)
Self-reported diagnosis of CHD in the NHANES database.
Exclusion criteria: (1) Individuals without information on
mortality status or time; (2) Individuals lacking baseline
laboratory data on serum albumin. The protocol was ap-
proved by the Institutional Review Board of the National
Center for Health Statistics (Protocol #98-12, #2005-06)
and complied with the Declaration of Helsinki. All partici-

pants provided informed consent before participating in the
study.

2.2 Data Source and Initial Classification
This research is a retrospective cohort study based on

cross-sectional NHANES data linked to mortality records
from the National Death Index (NDI). The fundamental
step was gathering baseline data, which was carried out in
line with the pre-determined research design. The collected
data covered various aspects, including demographic infor-
mation, physical examination data, details about complica-
tions, drug treatment records, and biomarker data. For in-
stance, smoking status was simply categorized as a binary
variable—whether an individual was currently smoking or
not.

2.3 Medical Condition Definitions
Hypertension was defined by a documented diagnosis,

elevated systolic blood pressure (SBP≥140 mmHg) and/or
diastolic blood pressure (DBP ≥90 mmHg), or the admin-
istration of antihypertensive therapy. A diagnosis of dia-
betes was based on physician confirmation, elevated fasting
plasma glucose (FPG≥7.0mmol/L), increased hemoglobin
A1c (HbA1c ≥6.5%), or ongoing antidiabetic treatment.
Hypercholesterolemia was defined based on a previous di-
agnosis or ongoing use of cholesterol-lowering drugs. A
self-reported history of stroke was used to define stroke.
The estimated glomerular filtration rate (eGFR) was cal-
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Table 1. Baseline characteristics.
All participants T1 (≤40 g/L) T2 (40–43 g/L) T3 (>43 g/L) p value

N 1556 522 568 466

Age, years 68.66 ± 11.56 69.58 ± 11.04 69.20 ± 11.01 66.96 ± 12.59 0.001
Sex, male, n (%) 1048 (67.40) 316 (60.50) 388 (68.30) 344 (73.80) <0.001
Smoking, n (%) 0.110

Yes 268 (17.20) 109 (20.90) 89 (15.70) 70 (15.00)
No 735 (47.20) 236 (45.20) 271 (47.70) 228 (48.90)
Missing 553 (35.50) 177 (33.90) 208 (36.60) 168 (36.10)

Comorbidities, n (%)
Hypertension 0.094

Yes 1125 (72.30) 394 (75.50) 405 (71.30) 326 (70.00)
No 425 (27.30) 124 (23.80) 162 (28.50) 139 (29.80)
Missing 6 (0.40) 4 (0.80) 1 (0.20) 1 (0.20)

Diabetes <0.001
Yes 491 (31.60) 204 (39.10) 178 (31.30) 109 (23.40)
No 1063 (68.30) 318 (60.90) 390 (68.70) 355 (76.20)
Missing 2 (0.10) 0 (0) 0 (0) 2 (0.40)

Hypercholesterolemia 0.315
Yes 1046 (67.20) 336 (64.40) 395 (69.50) 315 (67.60)
No 429 (27.60) 152 (29.10) 147 (25.90) 130 (27.90)
Missing 81 (5.20) 34 (6.50) 26 (4.60) 21 (4.50)

Stroke 0.162
Yes 238 (15.30) 92 (17.60) 89 (15.70) 57 (12.20)
No 1316 (84.60) 429 (82.20) 478 (84.20) 409 (87.80)
Missing 2 (0.10) 1 (0.20) 1 (0.10) 0 (0)

Treatment, n (%)
Hypotensive drugs 0.266

Yes 1025 (65.90) 358 (68.60) 367 (64.60) 300 (64.40)
No 476 (30.60) 144 (27.60) 178 (31.30) 154 (33.00)
Missing 55 (3.50) 20 (3.80) 23 (4.00) 12 (2.60)

Hypoglycemic drugs <0.001
Yes 458 (29.40) 197 (37.70) 165 (29.00) 96 (20.60)
No 1097 (70.50) 325 (62.30) 403 (71.00) 369 (79.20)
Missing 1 (0.10) 0 (0) 0 (0) 1 (0.20)

Cholesterol-lowering drugs 0.167
Yes 916 (58.90) 291 (55.70) 357 (62.90) 268 (57.50)
No 478 (30.70) 170 (32.60) 158 (27.80) 150 (32.20)
Missing 162 (10.40) 61 (11.70) 53 (9.30) 48 (10.30)

Body mass index, kg/m2 29.41 ± 6.14 30.59 ± 7.24 29.40 ± 5.78 28.13 ± 4.87 <0.001
Systolic blood pressure, mmHg 132.69 ± 21.87 132.32 ± 22.17 132.06 ± 21.79 133.85 ± 21.64 0.404
Diastolic blood pressure, mmHg 66.97 ± 12.62 65.00 ± 12.71 67.17 ± 12.27 68.83 ± 12.65 <0.001
Triglycerides, mmol/L 1.46 (1.03, 2.15) 1.40 (0.95, 2.06) 1.60 (1.14, 2.32) 1.67 (1.16, 2.33) 0.020
Total cholesterol, mmol/L 4.69 ± 1.22 4.55 ± 1.20 4.71 ± 1.23 4.82 ± 1.21 0.002
LDL‑C, mmol/L 2.58 ± 0.96 2.49 ± 0.95 2.60 ± 0.92 2.66 ± 1.01 0.150
HDL‑C, mmol/L 1.24 ± 0.37 1.24 ± 0.36 1.23 ± 0.38 1.25 ± 0.37 0.777
White blood cell, ×109/L 7.42 ± 2.57 7.63 ± 2.28 7.44 ± 3.13 7.18 ± 2.04 0.023
Hemoglobin, g/dL 14.03 ± 1.60 13.43 ± 1.68 14.13 ± 1.46 14.58 ± 1.43 <0.001
Platelets, ×109/L 227.91 ± 68.96 234.26 ± 74.23 227.28 ± 66.74 221.56 ± 64.89 0.015
Alanine transaminase, U/L 21.00 (16.00, 27.00) 19.00 (15.00, 25.00) 21.50 (18.00, 26.25) 24.00 (18.00, 30.00) <0.001
Aspartate aminotransferase, U/L 24.00 (20.00, 28.00) 22.00 (19.00, 27.00) 23.50 (20.00, 28.25) 26.00 (22.00, 31.00) <0.001
Total bilirubin, umol/L 12.74 ± 5.40 11.79 ± 4.90 12.87 ± 5.45 13.63 ± 5.70 <0.001
eGFR, mL/min/1.73 m2 77.79 ± 29.64 70.80 ± 29.60 78.94 ± 27.85 84.23 ± 30.20 <0.001
Fibrinogen, g/L 4.03 ± 0.85 4.48 ± 0.94 3.99 ± 0.81 3.80 ± 0.73 <0.001
C-reactive protein, mg/L 0.26 (0.12, 0.61) 0.39 (0.15, 0.92) 0.25 (0.11, 0.52) 0.20 (0.08, 0.37) <0.001
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Table 1. Continued.
All participants T1 (≤40 g/L) T2 (40–43 g/L) T3 (>43 g/L) p value

N 1556 522 568 466

Fasting plasma glucose, mmol/L 6.85 ± 2.62 7.13 ± 3.30 6.95 ± 2.53 6.37 ± 1.55 0.005
Hemoglobin A1c, % 6.20 ± 1.26 6.48 ± 1.52 6.17 ± 1.16 5.92 ± 0.94 <0.001
Outcomes, n (%)
All-cause death 0.001

Yes 604 (38.80) 238 (45.60) 201 (35.40) 165 (35.40)
No 952 (61.20) 284 (54.40) 367 (64.60) 301 (64.60)

Cardiovascular death 0.174
Yes 244 (15.70) 92 (17.60) 90 (15.80) 62 (13.30)
No 1312 (84.30) 430 (82.40) 478 (84.20) 404 (86.70)

Missing values for smoking, comorbidities, and medication use were shown in the table. LDL-C, low-density lipopro-
tein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.

Table 2. Cox regression analysis of serum albumin with all-cause and cardiovascular death.
Model 1 Model 2 Model 3

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

All-cause death
T1 Ref. - Ref. - Ref. -
T2 0.659 (0.546, 0.795) <0.001 0.676 (0.560, 0.816) <0.001 0.771 (0.633, 0.939) 0.010
T3 0.543 (0.444, 0.663) <0.001 0.589 (0.482, 0.720) <0.001 0.761 (0.612, 0.947) 0.014
per 1 unit increment 0.909 (0.889, 0.930) <0.001 0.908 (0.886, 0.930) <0.001 0.938 (0.912, 0.964) <0.001

Cardiovascular death
T1 Ref. - Ref. - Ref. -
T2 0.765 (0.571, 1.023) 0.071 0.785 (0.587, 1.050) 0.103 0.893 (0.658, 1.211) 0.466
T3 0.532 (0.385, 0.737) <0.001 0.580 (0.418, 0.803) 0.001 0.734 (0.518, 1.040) 0.082
per 1 unit increment 0.904 (0.873, 0.936) <0.001 0.905 (0.871, 0.940) <0.001 0.921 (0.884, 0.960) <0.001

HR, hazard ratio.

culated using established methods from the literature, and
chronic kidney disease (CKD) was defined as eGFR less
than 60 mL/min/1.73 m2 [21,22].

2.4 Follow-up and Outcome Measurement

Participants in the study were tracked from the date of
their initial NHANES interview until December 31, 2015.
During this follow-up period, the outcomes assessed were
all-cause mortality and cardiovascular death, which were
classified using ICD-10 codes. This period allowed for the
collection of comprehensive data on mortality risks, offer-
ing valuable insights into the long-term health implications
of the variables under study. The use of ICD-10 coding en-
sured standardized and reliable classification of the causes
of death, which was essential for the analysis of mortality
patterns in the cohort.

2.5 Approach to Statistical Evaluation

For this analysis, participants were grouped based on
serum albumin tertiles: T1 (≤40 g/L), T2 (40–43 g/L),
and T3 (>43 g/L). Before comparing continuous variables
across these groups, we assessed the normality of their dis-
tributions using the Shapiro-Wilk test. Variables that fol-

lowed a normal distribution were compared using one-way
ANOVA, while non-normally distributed variables were
analyzed using Kruskal-Wallis H tests. Categorical vari-
ables were analyzed using the Chi-square test to assess dif-
ferences between groups. Survival probabilities for all-
cause and cardiovascular mortality were estimated using
Kaplan-Meier survival curves across the three serum al-
bumin groups. To explore the association between serum
albumin and outcomes, Cox regression models were uti-
lized. Model 1 was unadjusted; Model 2 was adjusted
for age and sex; Model 3 was further adjusted for a com-
prehensive set of covariates depending on the outcome.
For all-cause mortality, Model 3 included age, sex, dia-
betes, hypercholesterolemia, stroke, hypoglycemic drugs,
cholesterol-lowering drugs, body mass index (BMI), SBP,
DBP, white blood cell count, hemoglobin, eGFR, fibrino-
gen, C-reactive protein (CRP), FPG, and HbA1c. For
cardiovascular mortality, Model 3 included age, sex, hy-
pertension, diabetes, stroke, hypoglycemic drugs, SBP,
DBP, white blood cell count, hemoglobin, platelets, ala-
nine aminotransferase (ALT), eGFR, fibrinogen, and CRP.
Subgroup and sensitivity analyses were conducted to eval-
uate the stability and reliability of the relationship between
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Fig. 2. The association between serum albumin levels and all-cause mortality (A) as well as cardiovascular death (B) shown
through Kaplan-Meier survival curves.

serum albumin and the mortality risks. Specifically, sen-
sitivity analysis was performed by excluding participants
with an eGFR <30 mL/min/1.73 m2 to assess whether se-
vere renal impairment affected the observed associations.
Additionally, restricted cubic spline (RCS) plots with three
knots were employed to examine potential nonlinear asso-
ciations between serum albumin levels and both all-cause
and cardiovascular death, and these models were fully ad-
justed for covariates (i.e., based on Model 3). Missing
data were handled using a combination of multiple impu-
tation for variables with low rates of missingness and pre-
defined exclusion criteria for individuals with missing key
variables, such as serum albumin or mortality data, to min-
imize bias and maintain data integrity. All statistical anal-
yses were performed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA) and R version 4.1.3 (R Foundation for
Statistical Computing, Vienna, Austria), with statistical sig-
nificance defined by a p-value of less than 0.05.

3. Results
3.1 Participant Characteristics at Baseline

As presented in Table 1, individuals with higher serum
albumin levels were younger, were more likely to be males,
had a lower prevalence of diabetes and all-cause mortal-
ity, uses significantly less hypoglycemic drugs, had lower
BMI, lower levels of white blood cell, platelets, fibrinogen,
CRP, FPG, HbA1c, and higher levels of DBP, triglycerides,
total cholesterol, hemoglobin, abnormal liver function and
eGFR (p < 0.05). The probability for all-cause and cardio-
vascular mortality decreased over time in all three serum
albumin groups (Fig. 2). At each follow-up period, the T3
group demonstrated higher survival probabilities than the
T1 group (p < 0.001).

3.2 Multivariate Adjusted Association

As shown in Table 2. In the unadjusted model 1, the
Cox regression analysis indicated that elevated serum albu-
min levels were significantly associated with a reduced risk

of both all-cause and cardiovascular death. This relation-
ship was observed whether albumin was analyzed as a con-
tinuous or categorized variable. For continuous measure-
ments, the hazard ratios (HR) were 0.909 (95% CI: 0.889–
0.930, p < 0.001) and 0.904 (95% CI: 0.873–0.936, p <

0.001). When classified into tertiles, the T3 group (high-
est albumin) had a lower hazard ratio compared to the T1
group (lowest albumin), withHRs of 0.543 (95%CI: 0.444–
0.663, p < 0.001) and 0.532 (95% CI: 0.385–0.737, p <

0.001), respectively. After adjusting for age and sex (model
2), serum albumin remained significantly related to reduced
risks of all-cause and cardiovascular death. The HRs were
0.908 (95% CI: 0.886–0.930, p < 0.001) and 0.905 (95%
CI: 0.871–0.940, p < 0.001) when as a continuous vari-
able. When treated as a categorical variable, the T3 group
compared to T1 had HRs of 0.589 (95% CI: 0.482–0.720, p
< 0.001) and 0.580 (95% CI: 0.418–0.803, p = 0.001), re-
spectively. After accounting for all confounding factors in
Model 3, serum albumin as a continuous variable remained
significantly associated with all-cause and cardiovascular
death (HR: 0.938, 95% CI: 0.912–0.964, p < 0.001; HR:
0.921, 95% CI: 0.884–0.960, p < 0.001). However, when
classified into three categories, serum albumin was only
significantly linked to all-cause death. Comparisons of the
various groups showed that the T2 group relative to T1 had
an HR of 0.771 (95% CI: 0.633–0.939, p = 0.010), and the
T3 group compared to T1 had an HR of 0.761 (95% CI:
0.612–0.947, p = 0.014).

3.3 Subgroup Analysis, Sensitivity Analysis and RCS
Analysis

Subgroup analysis of Table 3 revealed that serum albu-
min was linked to the likelihood of mortality from all causes
across several subgroups, including participants aged ≤60
or >60 years, males, and those without hypertension, dia-
betes, or CKD. Notably, in the female subgroup, the signif-
icant association with all-cause mortality was observed in
the T2 group rather than the T3 group. However, the rela-
tionship between serum albumin and cardiovascular death
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Fig. 3. Restricted cubic spline plots showing the relationship between serum albumin levels and all-cause (A) as well as cardio-
vascular death (B).

was only observed in individuals without hypertension (T2
vs T1, HR: 0.480, 95% CI: 0.249–0.923, p< 0.05), and not
in T3, which should be noted to avoid misinterpretation.
In sensitivity analyses, the exclusion of participants with
eGFR <30 mL/min/1.73 m2 did not alter the previously
observed correlation. The relationship between serum al-
bumin and both all-cause and cardiovascular mortality re-
mained in line with the observed results from the threemod-
els shown in Table 2 (Table 4). Further analysis using RCS
showed that serum albumin levels were linearly and in-
versely related to all-cause and cardiovascular death (non-
linearity p-values = 0.089 and 0.624, respectively) (Fig. 3).

4. Discussion
In this large, retrospective cohort study, our find-

ings indicated that serum albumin was significantly associ-
ated with both all-cause mortality and cardiovascular death
among those suffering from CHD. Moreover, this associa-
tion presented a linear negative correlation pattern. These
results not only emphasized the significance of serum al-
bumin in the prognostic assessment and care of CHD pa-
tients, but also suggested that for individuals with hypoal-
buminemia, appropriate supplementation of exogenous al-
bumin might have potential clinical value in improving the
prognosis of patients with CHD and even CVD. However,
whether higher concentrations of serum albumin will im-
prove patient outcomes will require further study to identify
those subgroups of patients who will benefit most from this
therapy.

Several studies have verified the relationship between
serum albumin and the prognosis of certain chronic dis-
eases. In a clinical trial involving 559 participants, Feng
et al. [10] demonstrated an independent negative correla-
tion between 4-year all-cause mortality and baseline serum
albumin levels in heart failure patients. In a cohort study
of 3398 patients with severe chronic obstructive pulmonary
disease, Ling et al. [11] identified a negative relationship
between serum albumin levels and in-hospital mortality.
In a case-control study of 1383 patients with nonalcoholic

fatty liver diagnosed hepatic biopsies, Takahashi et al. [23]
found that individuals with moderate or lower serum albu-
min levels had a higher likelihood of death or requiring a
liver transplant compared to those with higher serum albu-
min levels. Another large prospective cohort study also re-
ported that acute inpatients with serum albumin levels≤3.4
g/dL faced a greater risk of all-cause mortality or ischemic
events compared to those with serum albumin levels >3.4
g/dL [24]. In addition, two recent prospective single-center
studies in the emergency department of an Italian hospital
showed that the serum albumin level measured on admis-
sion could independently predict the mortality of patients
with acute infection 30 days after discharge, and that serum
albumin had a higher predictive value for 30-day mortal-
ity in patients with a low to medium organ failure assess-
ment score [25,26]. Thomas et al. [27] found that reduced
albumin levels were independently linked to higher mor-
tality rates 5 and 9 years after follow-up in 331 patients
over 55 of age with an intra-capsular fracture of the femoral
neck, and they identified 42 g/L as the optimal threshold
of serum albumin for predicting patient survival, these re-
sults were helpful for decision-making in patients undergo-
ing total hip replacement or hemiarthroplasty. In addition,
in a prospective cohort study involving 1000 patients with
ischemic stroke, higher serum albumin levels were signifi-
cantly linked to a lower risk of death, emphasizing its po-
tential clinical role as a prognostic marker in this patient
group [28]. While these studies did not include CHD pa-
tients, our findings align with their results, confirming a
strong association between serum albumin levels and the
risk of both all-cause and cardiovascular mortality. These
studies added further evidence for the detrimental effects
of hypoalbuminemia in CVD, and that low serum albumin
should be considered as a risk factor for increased mortality
in patients with CHD. However, it is still unknown what the
safe concentration of serum albumin should be in patients
with CHD. A recent study questioned the safety of higher
the serum albumin levels. In the PRACTICE study, a 60-
month follow-up of 14,994 coronary artery disease patients
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Table 3. Subgroups analysis.
All-cause death Cardiovascular death

T1 T2 T3 T1 T2 T3

Ref. HR (95% CI) p value HR (95% CI) p value p trend Ref. HR (95% CI) p value HR (95% CI) p value p trend

Age
≤60 years 1.0 0.375 (0.184, 0.765) 0.007 0.442 (0.228, 0.859) 0.016 0.012 1.0 0.879 (0.266, 2.909) 0.833 1.099 (0.300, 4.019) 0.887 0.936
>60 years 1.0 0.816 (0.663, 1.005) 0.055 0.766 (0.607, 0.966) 0.025 0.052 1.0 0.913 (0.664, 1.255) 0.575 0.721 (0.500, 1.040) 0.080 0.203

Sex
Male 1.0 0.815 (0.641, 1.035) 0.094 0.717 (0.548, 0.937) 0.015 0.045 1.0 1.045 (0.717, 1.523) 0.819 0.844 (0.555, 1.284) 0.429 0.536
Female 1.0 0.641 (0.440, 0.934) 0.021 0.899 (0.602, 1.343) 0.603 0.060 1.0 0.659 (0.370, 1.174) 0.157 0.563 (0.281, 1.130) 0.106 0.185

Hypertension
Yes 1.0 0.789 (0.621, 1.003) 0.053 0.772 (0.593, 1.005) 0.055 0.081 1.0 0.975 (0.684, 1.390) 0.890 0.837 (0.562, 1.248) 0.383 0.647
No 1.0 0.539 (0.374, 0.777) 0.001 0.572 (0.387, 0.847) 0.005 0.002 1.0 0.480 (0.249, 0.923) 0.028 0.480 (0.230, 1.003) 0.051 0.054

Diabetes
Yes 1.0 0.787 (0.563, 1.099) 0.159 0.732 (0.490, 1.092) 0.126 0.224 1.0 0.944 (0.572, 1.560) 0.824 0.650 (0.338, 1.247) 0.195 0.405
No 1.0 0.749 (0.582, 0.965) 0.026 0.744 (0.569, 0.973) 0.031 0.041 1.0 0.942 (0.638, 1.390) 0.762 0.844 (0.555, 1.284) 0.427 0.723

Chronic kidney disease
Yes 1.0 0.734 (0.527, 1.022) 0.067 0.790 (0.545, 1.145) 0.214 0.150 1.0 0.759 (0.456, 1.264) 0.289 0.855 (0.485, 1.505) 0.587 0.560
No 1.0 0.759 (0.587, 0.982) 0.036 0.706 (0.532, 0.938) 0.016 0.037 1.0 0.997 (0.666, 1.494) 0.987 0.717 (0.451, 1.140) 0.159 0.225
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Table 4. Sensitivity analysis after excluding individuals with eGFR <30 mL/min/1.73 m2.
Model 1 Model 2 Model 3

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

All-cause death
T1 Ref. - Ref. - Ref. -
T2 0.678 (0.557, 0.825) <0.001 0.691 (0.567, 0.840) <0.001 0.740 (0.603, 0.908) 0.004
T3 0.562 (0.456, 0.692) <0.001 0.602 (0.488, 0.742) <0.001 0.726 (0.580, 0.908) 0.005
p for trend - <0.001 - <0.001 - 0.005
per 1 unit increment 0.914 (0.892, 0.935) <0.001 0.914 (0.891, 0.937) <0.001 0.932 (0.906, 0.959) <0.001

Cardiovascular death
T1 Ref. - Ref. - Ref. -
T2 0.798 (0.588, 1.083) 0.147 0.828 (0.610, 1.123) 0.225 0.911 (0.662, 1.255) 0.570
T3 0.555 (0.396, 0.779) 0.001 0.612 (0.436, 0.859) 0.005 0.734 (0.511, 1.055) 0.095
p for trend - 0.002 - 0.016 - 0.236
per 1 unit increment 0.913 (0.880, 0.948) <0.001 0.912 (0.876, 0.950) <0.001 0.923 (0.885, 0.962) <0.001

revealed a U-shaped relationship between serum albumin
and the risks of major adverse cardiovascular events. Af-
ter adjusting for confounders, albumin levels below 45 g/L
were linked to lower risks, while levels above 50 g/L were
associated with higher risks [29]. They found that albumin
levels below 35 g/L were independently related to higher
all-cause and cardiac death risk [29]. In addition to its role
as an individual biomarker, serum albumin also contributes
to several composite indices that have shown strong asso-
ciations with poor outcomes in cardiopulmonary diseases.
Among these, the prognostic nutritional index (PNI) and the
Naples scoring systems have drawn increasing attention.
Forexample, in a study involving 221 patients with heart
failure who had implantable cardioverter-defibrillators, re-
ported that lower PNI scores were significantly linked to
higher all-causemortality [30]. Likewise, Şaylık et al. [31],
in a cohort of 1889 patients with acute ST-segment eleva-
tion myocardial infarction, found that the Naples Score in-
dependently predicted long-term mortality and improved
the prognostic accuracy beyond traditional models. An-
other study also demonstrated that the Naples prognostic
score was an independent predictor of long-term mortal-
ity in patients with acute pulmonary embolism [32]. These
findings collectively suggest that serum albumin, whether
assessed on its own or as part of a composite risk score,
holds substantial prognostic value in the context of CVD.
It is worth noting that while a significant association was
observed, causality cannot be inferred from this observa-
tional study. Serum albumin may not be a direct causal fac-
tor but rather a surrogate marker of underlying pathophys-
iological conditions, such as chronic inflammation, malnu-
trition, or systemic illness. Hypoalbuminemia could reflect
a catabolic state, liver dysfunction, or ongoing inflamma-
tory processes, all of which may contribute to poor out-
comes in CHD patients. This highlights the importance
of interpreting our findings within the broader clinical and
biological context. Besides, subgroup analysis revealed a
more pronounced inverse association between serum albu-

min levels and both all-cause and cardiovascular mortal-
ity in non-hypertensive individuals compared to those with
hypertension, suggesting a potentially meaningful but bor-
derline significant protective effect. This pattern may re-
flect the complex interplay between hypertension, vascu-
lar damage, albuminuria, and systemic inflammation, all of
which could modulate the prognostic value of serum albu-
min. Further investigation is warranted to understand how
hypertension-related pathophysiology might attenuate the
protective association of albumin in CHD patients.

Our study has several limitations. First, the study pop-
ulation reflected a small percentage of the American popu-
lation. Second, due to the limitations of population survey
data, the research data did not include echocardiography
and coronary angiography data. Thirdly, due to the limi-
tation of the database, we failed to investigate the associ-
ation between serum albumin and additional outcomes of
individuals with CHD, such as major adverse cardiovascu-
lar events. Fourth, serum albumin levels were measured at
baseline during the NHANES survey, while CHD diagnosis
was based on self-reported or physician-confirmed history,
meaning that albumin measurements may have occurred af-
ter the onset of CHD. This raises the possibility of reverse
causality—where CHD itself may contribute to lower albu-
min levels through mechanisms such as chronic inflamma-
tion or malnutrition—potentially biasing the observed as-
sociations. Fifth, due to the limitations of the NHANES
dataset, we were unable to compare serum albumin with
other established cardiovascular biomarkers, such as B-type
natriuretic peptide or high-sensitivity troponin, which were
not systematically collected. This limits our ability to eval-
uate the relative prognostic value of albumin in the context
of risk stratification. We have acknowledged this as a lim-
itation and suggest that future studies incorporate a wider
range of biomarkers for a more comprehensive assessment.
Sixth, although our study covered a 16-year period, the
NHANES dataset does not provide dynamic measures of
serum albumin or detailed records of evolving CHD man-
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agement strategies over time. As a result, we were unable
to assess whether secular trends in albumin levels or treat-
ment practices influenced the observed associations. We
have acknowledged this limitation and suggest that future
research based on long-term follow-up data is needed to ex-
plore the potential impact of temporal changes. Finally, we
might have overlooked some potential risk factors, such as
genetic susceptibility, socioeconomic status, dietary nutri-
tion, and environmental factors, associated with increased
risk in CHD patients.

5. Conclusions
In this retrospective cohort study utilizing the sur-

vey data from the general population, we discovered not
only that serum albumin levels were significantly associ-
ated with the likelihood of all-cause and cardiovascular
mortality in individuals with CHD, but also that this associ-
ation exhibited a linear negative correlation pattern. These
results help to define the effects of serum albumin on CVD,
and remind us of the importance to monitor serum albu-
min levels in patients with CHD to improve the adverse
outcomes of patients with CVD.

Availability of Data and Materials
All raw data used in this study can be accessed on the

NHANES website (https://wwwn.cdc.gov/nchs/nhanes/def
ault.aspx).

Author Contributions
JT: Conceptualization, Investigation, Data curation,

Formal analysis, Visualization, Writing-original draft,
Writing-review & editing, Validation, Funding acquisition,
Project administration, Supervision. TW: Conceptualiza-
tion, Methodology, Software, Data curation, Formal anal-
ysis, Writing-review and editing. QW, QH, FY, XX,
and PZ: Conceptualization, Validation, Writing-review and
editing. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
The research scheme was approved by the National

Center for Health Statistics of the Center for Disease Con-
trol and Prevention Institutional Review Board (Protocol
#98-12, #2005-06). Participants have signed the informed
consent form. The research program and content were in
line with the Declaration of Helsinki.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Bauersachs R, Zeymer U, Brière JB, Marre C, Bowrin K,

Huelsebeck M. Burden of Coronary Artery Disease and Periph-
eral Artery Disease: A Literature Review. Cardiovascular Ther-
apeutics. 2019; 2019: 8295054. https://doi.org/10.1155/2019/
8295054.

[2] Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bit-
tencourt MS, et al. Heart Disease and Stroke Statistics-2022 Up-
date: AReport From theAmericanHeart Association [published
correction appears in Circulation. 2022; 146: e141]. Circulation.
2022; 145: e153–e639.

[3] Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati
E, Baddour LM, et al. Global Burden of Cardiovascular Dis-
eases and Risk Factors, 1990-2019: Update From the GBD 2019
Study. Journal of the American College of Cardiology. 2020; 76:
2982–3021. https://doi.org/10.1016/j.jacc.2020.11.010.

[4] Oettl K, Stauber RE. Physiological and pathological changes in
the redox state of human serum albumin critically influence its
binding properties. British Journal of Pharmacology. 2007; 151:
580–590. https://doi.org/10.1038/sj.bjp.0707251.

[5] Gabay C, Kushner I. Acute-phase proteins and other systemic
responses to inflammation [published correction appears in The
New England Journal of Medicine. 1999; 340: 1376]. The New
England Journal of Medicine. 1999; 340: 448–454.

[6] Jagdish RK, Maras JS, Sarin SK. Albumin in Advanced Liver
Diseases: TheGood andBad of aDrug!. Hepatology (Baltimore,
Md.). 2021; 74: 2848–2862. https://doi.org/10.1002/hep.31836.

[7] Bernardi M, Angeli P, Claria J, Moreau R, Gines P, Jalan R, et
al. Albumin in decompensated cirrhosis: new concepts and per-
spectives. Gut. 2020; 69: 1127–1138. https://doi.org/10.1136/gu
tjnl-2019-318843.

[8] Dick SA, Epelman S. Chronic Heart Failure and Inflammation:
What Do We Really Know? Circulation Research. 2016; 119:
159–176. https://doi.org/10.1161/CIRCRESAHA.116.308030.

[9] Fuhrman MP, Charney P, Mueller CM. Hepatic proteins and nu-
trition assessment. Journal of theAmericanDietetic Association.
2004; 104: 1258–1264. https://doi.org/10.1016/j.jada.2004.05.
213.

[10] Feng KY, Ambrosy AP, Zhou Z, Li D, Kong J, Zaroff JG, et
al. Association between serum albumin and outcomes in heart
failure and secondary mitral regurgitation: the COAPT trial.
European Journal of Heart Failure. 2023; 25: 553–561. https:
//doi.org/10.1002/ejhf.2809.

[11] Ling M, Huiyin L, Shanglin C, Haiming L, Zhanyi D, Shuchun
W, et al. Relationship between human serum albumin and in-
hospital mortality in critical care patients with chronic ob-
structive pulmonary disease. Frontiers in Medicine. 2023; 10:
1109910. https://doi.org/10.3389/fmed.2023.1109910.

[12] D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic re-
view of 118 studies. Journal of Hepatology. 2006; 44: 217–231.
https://doi.org/10.1016/j.jhep.2005.10.013.

[13] Carvalho JR, Verdelho Machado M. New Insights About Albu-
min and Liver Disease. Annals of Hepatology. 2018; 17: 547–
560. https://doi.org/10.5604/01.3001.0012.0916.

[14] Chen CW, Chen YY, Lu CL, Chen SCC, Chen YJ, Lin MS, et al.
Severe hypoalbuminemia is a strong independent risk factor for
acute respiratory failure in COPD: a nationwide cohort study. In-

9

https://wwwn.cdc.gov/nchs/nhanes/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/default.aspx
https://doi.org/10.1155/2019/8295054
https://doi.org/10.1155/2019/8295054
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1038/sj.bjp.0707251
https://doi.org/10.1002/hep.31836
https://doi.org/10.1136/gutjnl-2019-318843
https://doi.org/10.1136/gutjnl-2019-318843
https://doi.org/10.1161/CIRCRESAHA.116.308030
https://doi.org/10.1016/j.jada.2004.05.213
https://doi.org/10.1016/j.jada.2004.05.213
https://doi.org/10.1002/ejhf.2809
https://doi.org/10.1002/ejhf.2809
https://doi.org/10.3389/fmed.2023.1109910
https://doi.org/10.1016/j.jhep.2005.10.013
https://doi.org/10.5604/01.3001.0012.0916
https://www.imrpress.com


ternational Journal of Chronic Obstructive Pulmonary Disease.
2015; 10: 1147–1154. https://doi.org/10.2147/COPD.S85831.

[15] Horwich TB, Kalantar-Zadeh K, MacLellan RW, Fonarow GC.
Albumin levels predict survival in patients with systolic heart
failure. American Heart Journal. 2008; 155: 883–889. https://do
i.org/10.1016/j.ahj.2007.11.043.

[16] Fanali G, di Masi A, Trezza V, Marino M, Fasano M, Ascenzi
P. Human serum albumin: from bench to bedside. Molecular as-
pects of medicine. 2012; 33: 209–290. https://doi.org/10.1016/
j.mam.2011.12.002.

[17] Selçuk M, Çınar T, Şaylık F, Akbulut T, Asal S, Çiçek V, et al.
Predictive value of uric acid/albumin ratio for the prediction of
new-onset atrial fibrillation in patients with ST-Elevation my-
ocardial infarction. Revista De Investigacion Clinica; Organo
Del Hospital De Enfermedades De La Nutricion. 2022; 74: 156–
164. https://doi.org/10.24875/RIC.22000072.

[18] Kurtul A, Ocek AH, Murat SN, Yarlioglues M, Demircelik
MB, Duran M, et al. Serum albumin levels on admission are
associated with angiographic no-reflow after primary percuta-
neous coronary intervention in patients with ST-segment ele-
vation myocardial infarction. Angiology. 2015; 66: 278–285.
https://doi.org/10.1177/0003319714526035.

[19] Liu Y, Wang Y, Meng Y, Wang Q, Guo Y. Correlation between
the Hemoglobin, Albumin, Lymphocyte, and Platelet (HALP)
score and left ventricular hypertrophy in older patients with hy-
pertension. Cardiovascular Innovations and Applications. 2023;
8: 946.

[20] Hayıroğlu Mİ, Çınar T, Çinier G, Yüksel G, Pay L, Keskin K,
et al. Prognostic value of serum albumin for long-term mortality
in patients with dual-chamber permanent pacemakers. Biomark-
ers in Medicine. 2022; 16: 341–348. https://doi.org/10.2217/bm
m-2021-0991.

[21] Chen TK, Knicely DH, GramsME. Chronic Kidney Disease Di-
agnosis and Management: A Review. JAMA. 2019; 322: 1294–
1304. https://doi.org/10.1001/jama.2019.14745.

[22] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth
D. A more accurate method to estimate glomerular filtration
rate from serum creatinine: a new prediction equation. Modi-
fication of Diet in Renal Disease Study Group. Annals of In-
ternal Medicine. 1999; 130: 461–470. https://doi.org/10.7326/
0003-4819-130-6-199903160-00002.

[23] Takahashi H, Kawanaka M, Fujii H, Iwaki M, Hayashi H, Toy-
oda H, et al. Association of Serum Albumin Levels and Long-
Term Prognosis in Patients with Biopsy-Confirmed Nonalco-
holic Fatty Liver Disease. Nutrients. 2023; 15: 2014. https:
//doi.org/10.3390/nu15092014.

[24] Violi F, Novella A, Pignatelli P, Castellani V, Tettamanti M,
Mannucci PM, et al. Low serum albumin is associated with
mortality and arterial and venous ischemic events in acutely
ill medical patients. Results of a retrospective observational
study. Thrombosis Research. 2023; 225: 1–10. https://doi.org/
10.1016/j.thromres.2023.02.013.

[25] Turcato G, Zaboli A, Sibilio S, Fanni Canelles M, Rella E,
Giudiceandrea A, et al. Prognostic Role of Serum Albumin
in Predicting 30-Day Mortality in Patients with Infections
in Emergency Department: A Prospective Study. Journal of
Clinical Medicine. 2023; 12: 3447. https://doi.org/10.3390/jc
m12103447.

[26] Turcato G, Zaboli A, Sibilio S, Rella E, Bonora A, Brigo F. Al-
bumin as a prognostic marker of 30-day mortality in septic pa-
tients admitted to the emergency department. Internal and Emer-
gency Medicine. 2023; 18: 2407–2417.

[27] Thomas BK, Bajada S, Williams RL. Albumin is an Inde-
pendent Predictor of up to 9-Year Mortality for Intracapsular
Femoral Neck Fractures Aiding in Decision-Making for Total
Hip Arthroplasty or Hemiarthroplasty. The Journal of Arthro-
plasty. 2023; 38: 135–140. https://doi.org/10.1016/j.arth.2022.
08.015.

[28] Xu GH, Zhang J. Stable Stratified Correlation and Linear Nega-
tive Correlation Between SerumAlbumin and Risk of All-Cause
Death in Patients with Ischaemic Stroke. Artery Research. 2024;
30. https://doi.org/10.1007/s44200-024-00054-8.

[29] Zheng YY, Wu TT, Hou XG, Yang Y, Yang HT, Pan Y, et al.
The higher the serum albumin, the better? Findings from the
PRACTICE study. European Journal of InternalMedicine. 2023;
116: 162–167.

[30] Yakut I, Kanal Y, Aksoy A, Ozeke O, Ozcan OU, Ozen Y, et
al. Nutritional Status Is Associated with Mortality but Not Ap-
propriate Discharge of Implantable Cardioverter Defibrillators
in Patients with Heart Failure. Diagnostics (Basel, Switzerland).
2025; 15: 610. https://doi.org/10.3390/diagnostics15050610.

[31] Şaylık F, Çınar T, Selçuk M, Akbulut T, Hayıroğlu Mİ, Tan-
boğa İH. Evaluation of Naples Score for Long-Term Mor-
tality in Patients With ST-Segment Elevation Myocardial In-
farction Undergoing Primary Percutaneous Coronary Interven-
tion. Angiology. 2024; 75: 725–733. https://doi.org/10.1177/
00033197231170982.

[32] Pay L, Çetin T, Keskin K, Dereli Ş, Tezen O, Yumurtaş AÇ,
et al. Evaluation of Naples prognostic score to predict long-
term mortality in patients with pulmonary embolism. Biomark-
ers in Medicine. 2024; 18: 253–263. https://doi.org/10.2217/bm
m-2023-0741.

10

https://doi.org/10.2147/COPD.S85831
https://doi.org/10.1016/j.ahj.2007.11.043
https://doi.org/10.1016/j.ahj.2007.11.043
https://doi.org/10.1016/j.mam.2011.12.002
https://doi.org/10.1016/j.mam.2011.12.002
https://doi.org/10.24875/RIC.22000072
https://doi.org/10.1177/0003319714526035
https://doi.org/10.2217/bmm-2021-0991
https://doi.org/10.2217/bmm-2021-0991
https://doi.org/10.1001/jama.2019.14745
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.3390/nu15092014
https://doi.org/10.3390/nu15092014
https://doi.org/10.1016/j.thromres.2023.02.013
https://doi.org/10.1016/j.thromres.2023.02.013
https://doi.org/10.3390/jcm12103447
https://doi.org/10.3390/jcm12103447
https://doi.org/10.1016/j.arth.2022.08.015
https://doi.org/10.1016/j.arth.2022.08.015
https://doi.org/10.1007/s44200-024-00054-8
https://doi.org/10.3390/diagnostics15050610
https://doi.org/10.1177/00033197231170982
https://doi.org/10.1177/00033197231170982
https://doi.org/10.2217/bmm-2023-0741
https://doi.org/10.2217/bmm-2023-0741
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Research Design and Participants
	2.2 Data Source and Initial Classification
	2.3 Medical Condition Definitions
	2.4 Follow-up and Outcome Measurement
	2.5 Approach to Statistical Evaluation

	3. Results
	3.1 Participant Characteristics at Baseline
	3.2 Multivariate Adjusted Association
	3.3 Subgroup Analysis, Sensitivity Analysis and RCS Analysis

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

