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Abstract
Aims: Cardiovascular disease (CVD) remains the leading cause of mortality. 
New biomarkers are needed to improve CVD risk prediction. Several studies have 
reported associations between surfactant protein D (SP-D), an innate immune 
system component, and CVD; however, general population studies remain scarce. 
The main aim of this study was to investigate the association between SP-D and 
CVD events incidence in the Spanish general adult population.
Methods: Socio-demographic, lifestyle (including smoking status) and clinical 
data from 1707 participants of the di@bet.es cohort without previous CVD 
events were collected and analysed. CVD events (including both morbidity and 
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1   |   INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause 
of mortality worldwide. More than half a billion people 
are affected by cardiovascular diseases, which accounted 
for 20.5 million deaths in 2021.1 Projections for the 
period 2025–2050,2 suggest that the prevalence will likely 
continue to be unchanged, atherosclerosis being the major 
cause of CVD.

In this context, several approaches have been con-
sidered to predict and estimate the cardiovascular risk. 
Cardiovascular risk scores – such as the Framingham 
Risk Score3 or the Systematic Coronary Risk Evaluation 
(SCORE2 and its variants)4 – are essential tools widely 
used in clinical practice to estimate 10-year cardiovas-
cular disease risk. Recent advances have enabled the 
development of polygenic risk scores.5 and Artificial 
Intelligence (AI) has shown potential to accelerate CVD 
diagnosis.6

Also, biomarkers play a crucial role in the early de-
tection and risk stratification of CVD. Classical biomark-
ers for atherosclerotic cardiovascular risk include total 
cholesterol, LDL-cholesterol, HDL-cholesterol and tri-
glycerides. High sensitivity C reactive protein (hs-CRP) 
has been widely considered in the context of CVD due 
to its implications in vascular inflammation.7 Lower es-
timated glomerular filtration rates (eGFR) have also been 
associated with CVD mortality.8

Detecting new biomarkers for predicting CVD re-
mains necessary to reduce disease prevalence and con-
sequently, mortality. Surfactant protein D (SP-D), a 
component of the innate immune system secreted as 
part of pulmonary surfactant, has attracted attention 

in CVD. The sources of circulating SP-D have not yet 
been fully elucidated. Although SP-D migrates from the 
alveolar tissue to the bloodstream after lung damage, 
evidence shows that SP-D is also expressed in vascular 
tissue and influences vascular inflammation.9 From a 
clinical perspective, elevated circulating SP-D levels 
have been consistently associated with a higher risk of 
CVD and death.10

We hypothesized that increased serum SP-D levels 
are related to an atherosclerotic environment that leads 
to higher CVD events incidence. The aim of this work 
was to assess whether SP-D could be used as a predictive 
biomarker of CVD events in the spanish adult general 
population.
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mortality) were reported at baseline and after 7.5 years of follow-up. SP-D serum 
levels were measured by ELISA and categorized in quartiles.
Results: SP-D categories are associated with CVD events incidence, independently 
from other strong risk factors such as cardiovascular risk scores (SCORE2 and 
SCORE2-OP), BMI, hs-CRP, or eGFR. Although SP-D has been linked to smoking, 
SP-D categories predicted CVD events incidence even among non-smokers. The 
addition of SP-D to multivariate models improved performance in the assessment, 
predicting 83% of the events with a specificity of 74% and a sensitivity of 84% in 
the overall population.
Conclusions: SP-D may be considered as a promising biomarker of CVD events 
in combination with other well established factors in clinical practice.
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Key Messages

Surfactant protein D (SP-D), an innate 
immune system component, is associated with 
cardiovascular disease (CVD) events incidence in 
Spanish adult general population
•	 Higher SP-D categories were linked to a greater 

risk of developing CVD, even among non-
smokers, despite the increase in SP-D levels 
having been traditionally related to smoking.

•	 The addition of SP-D categories to well-known 
risk factors for CVD such as SCORE2 risk score, 
BMI, hs-CRP, and eGFR improved accuracy 
of risk prediction models, highlighting its 
potential value as a biomarker for CVD.
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2   |   METHODS

2.1  |  Study population

The study population was based on Di@bet.es study. 
Detailed information and participant flow chart have been 
previously described.11,12 Briefly, Di@bet.es study was a 
cohort study conducted between 2008 and 2010, with a 
re-evaluation between 2016 and 2017 (average follow-up 
time of 7.5 ± 0.6 years). The primary goal of this study was 
to assess the prevalence and incidence of T2DM in Spain. 
Participants older than 18 years were selected using a 
cluster sampling design from the National Health System 
registries. Exclusion criteria included institutionalized 
subjects, pregnancy or nursing, serious disease or surgery 
that prevented them from participating in the study or not 
signing the informed consent. Di@bet.es baseline sample 
resulted in 5072 individuals and a total of 2408 subjects 
participated in the follow-up. For our sub-study, only 
followed-up participants with no CVD events at baseline, 
no missing data on serum SP-D levels and tobacco use 
were selected, resulting in a final population of 1707 
followed-up participants at risk of CVD.

Written informed consent was obtained from all the 
participants. The study was approved by the Ethics and 
Clinical Investigation Committee of the Hospital Regional 
Universitario de Malaga (Malaga, Spain) in addition to 
other regional ethics and clinical investigation commit-
tees all over Spain. The research was carried out in ac-
cordance with the Declaration of Helsinki of the World 
Medical Association.

2.2  |  Variables and procedures

Clinical, lifestyle and sociodemographic data were 
collected through an interviewer-administered structured 
questionnaire. Phisical examinations, followed by blood 
sample collection, were performed. Blood samples, 
obtained under overnight fasting conditions, were 
centrifuged and serum was frozen at −80°C until analysis. 
Serum SP-D levels were measured by ELISA (Human SP-D 
ELISA Kit EH3809; FineTest, Biolake (China)). Serum 
samples were diluted 1:2. The assay had a sensitivity of 
0.938 ng/mL, and a range of 1.563–100 ng/mL. Values 
outside this range were excluded.

The following variables were considered for this study: 
age, sex, weight, height, fasting plasma glucose, choles-
terol, LDL-cholesterol, HDL-cholesterol, triglycerides, 
systolic and diastolic blood pressure, creatinine and hs-
CRP. Sex was defined as men/women (self-reported in the 
questionnaire). BMI was calculated as weight/height2 (kg/
m2). Insulin resistance was estimated by the homeostasis 

model assessment (HOMA)13; estimated GFR was cal-
culated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation.14 Regarding exposure 
variables, smoking status was defined as current smokers 
versus former/never been smokers. Presence of type 2 di-
abetes (T2D) at baseline was defined as patients requir-
ing oral antidiabetic drugs/insulin therapy and diagnosed 
prior to admission. Pulmonary diseases recorded included 
chronic obstructive pulmonary disease (COPD), asthma 
and bronchitis and were self-reported. Cardiovascular dis-
ease events at baseline included non-fatal cardiovascular 
events before the recruitment such as coronary artery dis-
ease (CAD), cerebrovascular disease or peripheral artery 
disease (PAD) and were self-reported in a questionnaire. 
Cardiovascular Risk Score (classified as low, moderate and 
high risk) was calculated using the RiskScorecvd package in 
Rstudio, applying SCORE2 (general) and SCORE2-OP (for 
older population) algorithms according to the European 
Cardiovascular Guidelines 2021.4 Data regarding age, 
sex, smoking status, systolic blood pressure, total cho-
lesterol, HDL-cholesterol and diabetes were used for the 
calculation. CVD events at follow-up included non-fatal 
and fatal cardiovascular events to assess the incidence of 
both CVD morbidity and mortality, respectively. Non-fatal 
cardiovascular events were collected at follow-up with a 
self-reported questionnaire and included CAD, cerebro-
vascular disease and PAD. Fatal cardiovascular events 
were collected through a query to the National Institute of 
Statistics (INE) with a censoring date of December 2016.

2.3  |  Statistical analysis

Descriptive results are expressed as median (interquartile 
range) or N (percentage of subjects). Normal distribution 
of the variables was evaluated with Lilliefors test, Q-Q 
plots and histograms. Non-normal variables were 
normalized with the Bestnormalize package. Homogeneity 
of the variances was tested with Levene's test. Adjusted 
ANOVA or χ2-square Pearson test were performed to 
assess the differences between variables. Incident CVD 
events were evaluated by using generalized regression 
models adjusted for potential confounders. The ability 
of SP-D to predict the risk of CVD events was evaluated 
through using receiver operating characteristic (ROC) 
curve analysis. Area Under the Curve (AUC), specificity 
and sensitivity of the models were calculated with the 
pROC package. Differences between the AUC of models 
were studied by using DeLong test. The predictive 
accuracy of the model was determined by calculating 
the Integrated Discrimination Improvement (IDI) and 
the continuous Net Reclassification Improvement (NRI). 
Post-hoc analysis for statistical power was performed 
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with WebPower package. Multicollinearity was assessed 
by using correlation matrices, Variance Inflation Factor 
(VIF) and Tolerance (TOL) values. All statistical analysis 
were performed by using R Statistical Software (version 
4.3.3) for Windows.

3   |   RESULTS

3.1  |  Baseline characteristics of the 
population at risk of CVD according to 
SP-D categories

Study sample included 1707 individuals with a mean age 
of 50 years (age range 18–89 years), of whom 58.7% were 

women. SP-D quartiles were calculated and used to define 
the categories Q1 to Q4 (Q1: 1.69–6.92 ng/mL, n = 457; Q2: 
6.92–9.60 ng/mL, n = 449; Q3: 9.60–13.92 ng/mL, n = 407; 
Q4: 13.92–95.86 ng/mL, n = 394).

Differences in baseline characteristics of the subjects at 
risk of CVD according to the SP-D categories are presented 
in Table 1. Those subjects in the higher SP-D category pre-
sented higher median age, triglycerides levels, systolic and 
diastolic blood pressure values. There were differences in 
the fasting plasma glucose levels across categories. HDL-
cholesterol levels significantly decreased across SP-D cat-
egories, as well as estimated GFR. There were statistically 
significant differences in sex distribution across categories. 
The percentage of smokers was higher in the highest SP-D 
category and increased across SP-D categories (Q1: 13.1%, 

T A B L E  1   Baseline characteristics of the study population at risk of CVD regarding SP-D categories.

Variable SP-D Q1 (n = 457) SP-D Q2 (n = 449) SP-D Q3 (n = 407) SP-D Q4 (n = 394) p

Age, years 48.00 (38.00–59.00) 48.00 (38.00–61.00) 50.00 (40.00–62.00) 52.00 (41.00–64.00) < 0.001

Sex < 0.001

Men 152 (33.3%) 185 (41.2%) 186 (45.7%) 182 (46.2%)

Women 305 (66.7%) 264 (58.8%) 221 (54.3%) 212 (53.8%)

BMI, kg/m2 27.45 (24.61–30.44) 27.18 (24.25–30.75) 27.43 (24.60–31.01) 27.80 (24.91–30.55) 0.73

Glycemia, mg/dL 92.52 
(84.42–101.16)

93.78 
(86.04–102.42)

94.14 
(86.04–104.13)

94.32 (86.67–104.04) 0.03

HOMA index 1.68 (1.19–2.57) 1.79 (1.18–2.71) 1.77 (1.20–2.72) 1.76 (1.20–2.51) 0.27

Cholesterol, mg/dL 197.22 
(169.76–226.99)

196.06 
(170.92–221.19)

197.41 
(173.63–224.28)

202.24 (175.37–227.38) 0.59

LDL, mg/dL 104.22 
(85.07–127.22)

104.02 
(84.69–123.36)

106.54 
(85.85–125.29)

110.60 (87.39–131.48) 0.31

HDL, mg/dL 52.98 (45.24–60.32) 51.04 (44.08–59.55) 51.43 (43.89–60.71) 50.66 (42.15–58.00) < 0.01

Triglycerides, mg/dL 99.20 
(70.86–139.06)

100.97 
(74.40–143.49)

99.20 
(75.73–133.75)

108.06 (78.39–148.80) < 0.01

Systolic Blood Pressure, 
mmHg

125.50 
(113.33–140.00)

130.00 
(116.50–141.00)

130.00 
(117.00–145.67)

130.00 (119.00–145.50) < 0.001

Diastolic Blood Pressure, 
mmHg

74.50 (69.00–82.33) 76.50 (70.00–83.50) 77.00 (71.00–83.50) 77.50 (70.00–85.00) < 0.01

hs-CRP, mg/mL 1.59 (0.71–3.44) 1.72 (0.83–3.25) 1.44 (0.67–3.29) 1.78 (0.94–3.61) 0.15

eGFR, ml/min/1.73 m2 102.17 
(94.06–111.81)

101.15 
(91.46–110.94)

99.21 
(89.82–109.73)

98.21 (87.43–110.01) < 0.001

Smoking habit 60 (13.1%) 100 (22.3%) 97 (23.8%) 151 (38.3%) < 0.001

SCORE2 CVD risk score < 0.001

Low risk 319 (72.3%) 280 (64.5%) 242 (61.1%) 189 (49.2%)

Moderate risk 96 (21.8%) 116 (26.7%) 106 (26.8%) 127 (33.1%)

High risk 26 (5.9%) 38 (8.8%) 48 (12.1%) 68 (17.7%)

Baseline T2DM 38 (8.3%) 50 (11.1%) 54 (13.3%) 60 (15.2%) 0.01

Pulmonary diseases 20 (4.38%) 28 (6.27%) 32 (7.86%) 26 (6.60%) 0.19

Incident CVD event 13 (2.84%) 22 (4.90%) 32 (7.86%) 41 (10.41%) < 0.001

Note: Differences across SP-D categories were measured by ANOVA adjusted by age, sex and/or BMI as appropriate, or chi-square test. SCORE2 algorithm 
estimates 10-year cardiovascular risk and incorporates age, sex, smoking status, systolic blood pressure, total cholesterol, HDL-cholesterol and diabetes.
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Q2: 22.3%, Q3: 23.8%, Q4: 38.3%). Baseline prevalence of T2D 
increased progressively across SP-D quartiles. In Q1, 8.3% of 
participants had T2D at baseline, compared with 11.1% in 
Q2, 13.3% in Q3, and 15.2% in Q4 (p = 0.01). SCORE2-based 
classification indicated that low CVD risk was more frequent 
in Q1, whereas moderate/high CVD risk was more common 
in Q4. No associations were found in our study population 
between SP-D categories and BMI, insulinoresistance, total 
cholesterol, LDL-cholesterol or hs-CRP levels. Interestingly, 
no significant differences were found between SP-D catego-
ries and the presence of pulmonary diseases in our study 
population. Otherwise, correlation analyses between SP-D 
and our study variables were conducted, with results avail-
able in Table S1.

3.2  |  CVD incidence after 7.5 years 
according to SP-D categories

In our study population, 108 incident cases of CVD events 
were reported after follow-up. We identified 39 cases of 
coronary artery disease (36.11%), 28 cases of cerebrovascular 
disease (25.93%), 13 cases of peripheral artery disease 
(12.04%) and 33 deaths related to cardiovascular causes 

(30.55%). In addition, the proportions of participants who 
developed CVD events according to SP-D categories were 
studied. Among the subjects who developed CVD events, 13 
(2.84%) had SP-D levels ranged in Q1, 22 (4.89%) in Q2, 32 
(7.88%) in Q3, 41 (10.41%) in Q4, what reveals an increase 
in the incidence across categories (p < 0.001) (Table 1). This 
increase was maintained in the sex-stratified analyses for 
both sexes (men; p = 0.01, women; p = 0.01) (Table S2).

We evaluated the association between SP-D levels and 
CVD event likelihood (Table  2). Multivariate analyses 
showed that those subjects who were in higher SP-D cat-
egory had a higher likelihood of developing CVD event 
after 7.5 years of follow-up. Particularly, when adjusting for 
SCORE2 and BMI (Model 1), those participants who had 
SP-D levels ranged in Q4 had 2.35-fold higher likelihood 
of developing CVD event than those who had SP-D levels 
ranged in Q1. When stratified analyses were performed 
regarding smoking status, non-smokers with SP-D levels 
ranged in Q4 had 3.07 times more likelihood of CVD event, 
while in smokers we did not detect a significant association, 
due to limited statistical power confirmed with post-hoc 
power analyses. In the fully adjusted model (Model 2, ad-
justed for SCORE2, BMI, hs-CRP and eGFR) the associa-
tions remained consistent: Q3 and Q4 were associated with 

T A B L E  2   Likelihood of incident CVD after 7.5 years across SP-D categories regarding smoking status.

Overall Population Non-smokers Smokers

(N = 1707,108 CVD events) (N = 1299, 91 CVD events) (N = 408, 17 CVD events)

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Model 1

SP-D Q2 versus Q1 1.26 (0.60–2.64) 0.55 1.41 (0.64–3.09) 0.39 1.00 (0.09–11.29) 0.99

SP-D Q3 versus Q1 2.10 (1.05–4.21) 0.04 2.51 (1.21–5.21) 0.01 1.26 (0.11–14.08) 0.85

SP-D Q4 versus Q1 2.35 (1.20–4.61) 0.01 3.07 (1.48–6.35) < 0.01 2.18 (0.24–20.06) 0.49

SCORE2

Moder. versus low 3.99 (2.21–7.19) < 0.001 4.68 (2.51–8.73) < 0.001 4.81 (0.54–42.68) 0.15

High versus low 17.73 (9.94–31.65) < 0.001 19.11 (10.29–35.50) < 0.001 27.38 (3.28–228.95) < 0.01

BMI 1.06 (1.02–1.11) < 0.01 1.04 (0.99–1.09) 0.11 1.13 (1.02–1.26) 0.02

Model 2

SP-D Q2 versus Q1 1.29 (0.61–2.73) 0.50 1.44 (0.65–3.17) 0.37 1.14 (0.10–13.21) 0.92

SP-D Q3 versus Q1 2.16 (1.08–4.35) 0.03 2.55 (1.23–5.31) 0.01 1.25 (0.11–14.20) 0.86

SP-D Q4 versus Q1 2.38 (1.20–4.69) 0.01 2.97 (1.43–6.19) p < 0.01 2.22 (0.23–21.13) 0.49

SCORE2

Moder. versus low 3.39 (1.87–6.14) < 0.001 3.81 (2.00–7.23) < 0.001 5.04 (0.56–45.01) 0.15

High versus low 11.27 (5.98–21.23) < 0.001 12.10 (5.98–24.50) < 0.001 31.35 (3.36–292.09) < 0.01

BMI 1.06 (1.01–1.11) < 0.01 1.04 (0.99–1.10) 0.13 1.15 (1.02–1.29) 0.02

hs-CRP 1.01 (0.97–1.04) 0.72 1.01 (0.98–1.04) 0.62 0.97 (0.87–1.08) 0.55

eGFR 0.98 (0.96–0.99) < 0.01 0.98 (0.97–0.99) 0.02 1.01 (0.96–1.05) 0.78

Note: Model 1 was adjusted by SCORE2 and BMI. Model 2 was adjusted by SCORE2, BMI, hs-CRP and eGFR. SCORE2: Systematic Coronary Risk Estimation 2 
(includes age, sex, smoking status, systolic blood pressure, total cholesterol, HDL-cholesterol and diabetes).
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ORs of 2.16 (p = 0.03) and 2.38 (p = 0.01), respectively, in 
overall population, and with ORs of 2.55 (p = 0.01) and 2.97 
(p < 0.01) in non-smokers, with no detectable significant as-
sociations in smokers. Estimated GFR showed an inverse 
association with CVD risk in overall population (OR = 0.98; 
p < 0.01) and in non-smokers (OR = 0.98; p = 0.02), whereas 
hs-CRP was not significant in any subgroup. Likelihood 
of incident CVD regarding sex was reported in Table  S3. 
Multicollinearity among independent variables was as-
sessed using Variance Inflation Factor (VIF), Tolerance (Tol) 
values, and correlation matrixes, revealing no evidence of 
multicollinearity (all VIF<5, Tol>0.2 and |r| < 0.7).

3.3  |  Predictive value of SP-D on the 
risk of CVD incidence

We also aimed to assess whether incorporation of SP-D 
into logistic regression models containing established 

CVD-related variables could improve the prediction of 
cardiovascular events both in overall population and after 
stratification by smoking status. For that, two basic pre-
dictive models, were evaluated: Model A1, which included 
SCORE2 and BMI and Model A2, comprising SCORE2, 
BMI, hs-CRP, and estimated GFR. Extended models 
(Model 1 and Model 2) were constructed by adding SP-D 
categories to Model A1 and Model A2 respectively. AUC 
for these models and CI95% for each one are represented 
in Figure 1. Specificity and sensitivity of the models were 
calculated and shown in Table 3. The predictive value of 
the models was evaluated and results for the DeLong test, 
IDI and NRI are reported in Table 4.

In overall population, the inclusion of SP-D catego-
ries in the model comprising SCORE2 and BMI (Model 1 
vs. Model A1) resulted in a modest increase in specificity 
(0.69 to 0.70) while maintaining sensitivity at 0.83. This 
was accompanied by a significant AUC improvement 
(from 0.811 to 0.827; DeLong p = 0.025) and (continuous 

F I G U R E  1   ROC curve for the predictive value of serum levels of SP-D in estimating CVD event incidence for Model A1 versus Model 1 
in overall population (A), non-smokers (B), and smokers (C), and for Model A2 versus Model 2 in overall population (D), non-smokers (E), 
and smokers (F). In light blue, model A1: SCORE2 + BMI; in dark blue, model 1: SCORE2 + BMI + SP-D categories; in light green, model 
A2: SCORE2 + BMI + hs-CRP + eGFR; in dark green, model 2: SCORE2 + BMI + hs-CRP + eGFR + SP-D categories. CVD: Cardiovascular 
disease; SCORE2: Systematic Coronary Risk Estimation 2 (includes age, sex, smoking status, systolic blood pressure, total cholesterol, HDL-
cholesterol and diabetes); hs-CRP: Ultrasensitive C Reactive Protein. eGFR: Estimated Glomerular Filtration Rate. AUC, Area Under the 
Curve; 95% CI, 95% Confidence Interval; ROC, Receiver Operating Characteristic.
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NRI = 0.459; 95%CI 0.266–0.652; p < 0.001), although 
the integrated discrimination index (IDI) was not statis-
tically significant (p = 0.105). A similar pattern was ob-
served when SP-D was added to the model that included 
SCORE2, BMI, hs-CRP and eGFR (Model 2 vs. Model 
A2), with specificity increasing from 0.73 to 0.74, sensi-
tivity increasing from 0.81 to 0.84, significant AUC im-
provement (from 0.821 to 0.834; DeLong p = 0.036), and 
significant NRI (0.459; 95% CI 0.266–0.652; p < 0.001), 
but no significant IDI change (p = 0.208). The addition 
of SP-D suggest an improvement in the prediction; how-
ever, a higher sample size would be needed to assess the 
improvement of discrimination with certainty.

When analyses were stratified by smoking status, the 
improvement in the predictive value after the inclusion of 
SP-D in the models remained significant in non-smokers. 
Adding SP-D (Model 1 vs. Model A1) increased specificity 
from 0.73 to 0.78 and sensitivity from 0.80 to 0.81, with sig-
nificant AUC gain (from 0.812 to 0.835; p = 0.022), signifi-
cant IDI improvement (0.015; p = 0.031), and significative 
reclassification accuracy (continuous NRI = 0.519; 95% 
CI 0.310–0.725; p < 0.001). In the extended model for non-
smokers, SP-D also improved AUC (from 0.819 to 0.837; 
p = 0.022) and NRI (0.519; 95% CI 0.310–0.725; p < 0.001), 
while IDI showed a non-significant trend (p = 0.071). No 
statistically significant improvements in the predictive 
value of the models were detected among smokers, also 
attributable to limited statistical power in this subgroup.

4   |   DISCUSSION

Despite ongoing efforts to prevent CVD, risk prediction 
remains imprecise and incidence rates of cardiovascular 
events are still high. This highlights the urgent need to 

identify new strategies to improve CVD prediction. In 
this study, we evaluated for the first time the role of SP-D 
as a potential biomarker for incident CVD events after 
7.5 years in a representative cohort of the Spanish adult 
general population. Our findings provide evidence that 
higher SP-D categories are associated with higher risk 
of developing CVD, independent of from strong well-
established risk factors for CVD such as SCORE2, BMI, 
hs-CRP and eGFR.

Clinical cross-sectional studies examining the associ-
ation between SP-D and CVD in different health condi-
tions have been reported. A positive association between 
levels of circulating SP-D, carotid intima-media thickness 
and coronary artery calcification, both established mark-
ers of atherosclerosis, was found in patients on long-term 
haemodialysis.15 Elevated serum SP-D levels have also 
been observed in patients with heart failure16 and were 
associated with cardiovascular events among individuals 
with coronary heart disease and heart failure.17 In con-
trast, only one cross-sectional study whose population 
was over 60 years old reported that there was no signif-
icant association between plasma SP-D and subclinical 
atherosclerosis.18

The relationship between circulating SP-D and inci-
dent CVD events or mortality, particularly from cardiovas-
cular causes has been also evaluated, with several studies 
supporting its independent association beyond other tra-
ditional risk factors,10,19–21 most of them focused on sub-
jects with previous cardiovascular related conditions. For 
example, Hill et  al. reported that serum SP-D is a good 
predictor of cardiovascular morbidity and mortality.10 
Similarly, Xu et al. revealed that plasma SP-D levels may 
independently predict cardiovascular events after a mean 
follow-up of 28 months in patients with coronary artery 
disease.19 Furthermore, SP-D levels have been linked to 

Overall population Non-smokers Smokers

Spec. Sens. Spec. Sens. Spec. Sens.

Mod. A1 
(SCORE2 + BMI)

0.69 0.83 0.73 0.80 0.72 0.82

Mod. 1 
(SCORE2 + BMI + SP-
D)

0.70 0.83 0.78 0.81 0.69 0.88

Mod. A2 
(SCORE2 + BMI + hs-
CRP + eGFR)

0.73 0.81 0.84 0.70 0.70 0.82

Mod. 2 
(SCORE2 + BMI + hs-
CRP + eGFR + SP-D)

0.74 0.84 0.80 0.80 0.66 0.88

Note: Area Under the Curve (AUC) was calculated from Receiver Operating Curve (ROC) and showed 
with 95% confidence interval. Specifity (Spec.) and Sensitivity (Sens.) Model A1: SCORE2 + BMI; 
Model 1: SCORE2 + BMI + SP-D categories; Model A2: SCORE2 + BMI + hs-CRP + eGFR, Model 2: 
SCORE2 + BMI + hs-CRP + eGFR+SP-D categories.

T A B L E  3   Comparison between 
predictive models for CVD incidence in 
overall population and across smoking 
categories.
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CVD outcomes in patients with peripheral arterial dis-
ease.20 Increased circulating SP-D has been associated 
with total mortality in elderly population.21 However, data 
regarding the association between higher serum SP-D 
levels and incident CVD as well as cardiovascular related 
death in the general population are scarce. As far as we 
know, only a study evaluated the relationship between 
SP-D and mortality in general population21; however, 
the study population was elderly (>70 years) and mortal-
ity cause was not assessed. In our case, participants aged 
18–89 were selected, what comprises a broad range from 
adult population, and only CVD related mortality was as-
sessed, in contrast to the mentioned study.21 Additionally, 
non-fatal and fatal CVD events were studied as a single 
outcome in order to capture all cardiovascular related 
events, which is similar to the strategy performed by Otaki 
et al20 Furthermore, our study population included 1707 
participants without previously reported CVD, providing 
evidence in a representative cohort free of prior CVD, 
which is a distinctive aspect compared to previously dis-
cussed studies.10,19,20 Finally, no previous studies assessed 
the role of smoking habit in the analyses. Despite the dif-
ferences, our results would be in line with previous litera-
ture reporting association between SP-D and CVD events.

In this context, chronic lung inflammation has been 
suggested to be related with increased risk of cardiovas-
cular and total mortality22; however, there are no univer-
sally accepted biomarkers that could predict these events. 
Among the candidates, surfactant protein D (SP-D) has 
been studied in the context of pulmonary diseases, as its 
circulating levels rise in response to increased translo-
cation from the lungs into the systemic circulation.23 In 
our study, the presence of pulmonary diseases at base-
line was found to be unrelated to SP-D categories and did 
not substantially affect the associations between SP-D 
and CVD risk in our fully adjusted model (results not 
shown). Importantly, it is well established that circulating 
SP-D increases with smoking, being nearly 40% higher 
in active smokers compared with non-smokers.24 In our 
study population, this relationship was clearly reflected: 
the proportion of smokers increased progressively across 
SP-D categories, reaching its highest value in the fourth 
quartile. However, despite the strong association between 
smoking and SP-D levels, our findings demonstrate that el-
evated SP-D significantly increases 3 times the likelihood 
of CVD incidence even among non-smokers subjects, re-
inforcing the detrimental effects of increased serum SP-D 
levels on health outcomes suggested by Sorensen et  al. 
and revealing that SP-D serves as more than just a marker 
for smoking in the context of mortality risk.21 This pro-
vides insights into alternative sources of circulating SP-D 
beyond tobacco exposure, which is consistent with reports 
describing SP-D secretion by various tissues.9T
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Regarding SP-D associations with CVD events in smok-
ers, we did not detect a significant association, likely due 
to limited statistical power, although the size of the effect 
showed an increase tendence across SP-D categories. The 
sample size of smoking participants who develop CVD 
events (n = 17) in our study limits the statistical power to 
assess differences. Post-hoc power analysis indicated that 
this subgroup was markedly underpowered, and a higher 
sample size would be needed to achieve higher statisti-
cal power. Therefore, these results should be interpreted 
cautiously, and the absence of significance likely reflects 
limited statistical power rather than the absence of a bio-
logical effect.

Sex-stratified analyses of CVD incidence across SP-D 
categories should also be considered as it has been re-
ported that there are sex differences regarding SP-D lev-
els.25 Baseline characteristics of our study population 
showed a higher proportion of men in the highest SP-D 
category, whereas women where more frequently repre-
sented in the lowest SP-D category. However, sex-based 
analyses performed were also limited by statistical power. 
While the incidence of CVD events increased across SP-D 
categories in both sexes, suggesting an association inde-
pendent of sex, no significant differences were found be-
tween CVD events incidence between men and women 
within each quartile (Supplementary Material). Further 
analyses and larger sample size is needed to clarify sex-
related effects.

Remarkably, our results reveal that SP-D catego-
ries were significantly associated with CVD events in-
cidence even considering that the models contained 
strong CVD-related variables such as validated risk 
scores (SCORE2 and SCORE2-OP), BMI, hs-CRP and 
eGFR. Interestingly, despite being a well-recognized in-
flammatory biomarker,7 hs-CRP was not a significant 
predictor in our models, despite showing an association 
in univariate analysis, whereas SP-D categories emerged 
as a more relevant predictor in our study population. 
Several factors may explain the lack of association be-
tween hs-CRP and CVD risk in our models. First, hs-
CRP measured at a single time point may not accurately 
reflect chronic inflammation, which has been shown to 
be more predictive of CVD when cumulative or longitu-
dinal measures are used.26,27 Second, prior research in-
dicates that the predictive value of hs-CRP may vary by 
specific outcomes, being stronger for coronary heart dis-
ease and non-fatal myocardial infarction than for other 
events or insufficient evidence for stroke7—while our 
study grouped all cardiovascular outcomes, potentially 
diluting such associations. Third, hs-CRP's incremental 
value over established risk factors is known to be mod-
est and sometimes inconsistent,28 which may explain 
the attenuation of its signal in fully adjusted models. 

Finally, large population-based29 and Mendelian ran-
domization studies30 have not confirmed a causal rela-
tionship between hs-CRP and atherosclerosis. Thus, its 
influence on cardiovascular events may involve non-
atherosclerotic pathways. In contrast, SP-D could reflect 
alternative mechanistic pathways involved in athero-
sclerosis, providing a complementary perspective on 
cardiovascular risk.

Otherwise, the predictive capability of the models im-
proved when SP-D categories were added, both in overall 
population and non-smokers. Taken together, these re-
sults suggest that SP-D is independently associated with 
CVD events and adds information to traditional risk pre-
diction algorithms.

The molecular mechanisms underlying the associa-
tion of SP-D and CVD are still under investigation. Some 
studies have suggested that SP-D plays a dual role in the 
development of atherosclerosis. In general, SP-D exerts 
anti-inflammatory properties, and dampens local inflam-
mation in the vessel, as well as systemic inflammation. 
However, SP-D can also exert a pro-inflammatory role, 
as it stimulates C-C chemokine receptor 2 inflammatory 
blood monocytes to secrete tumour necrosis-factor α and 
increases secretion of interferon-γ from natural killer 
cells.31 SP-D binding to OSCAR receptors induced TNF-α 
secretion from CCR2+ inflammatory monocytes.32 The 
explanation for that could be that human SP-D has dif-
ferent isoforms and a shift in SP-D isoforms can lead to 
changes in its pro- or anti-inflammatory role.9 Sorensen 
et al. also reported that SP-D, particularly in vessel walls 
have pro-inflammatory effects, which enhance the risk 
of atherosclerosis.9 In vitro studies in human coronary 
artery smooth muscle cells revealed that inflammatory 
mediators upregulate the expression of SP-D and func-
tions as an anti-inflammatory protein by reducing IL-8 
release.33 In vivo studies examining the role of SP-D in 
the development of atherosclerosis agree that SP-D plays 
a proatherogenic role, with SP-D knockout mice having 
smaller atherosclerotic plaque areas, which might be 
caused by a decreased systemic inflammation.34 Other 
study revealed that SP-D deficiency in mice reduces ath-
erosclerosis by decreasing the accumulation and prolif-
eration of macrophages and systematically reduced IL-6 
levels.35

Mixed approaches that combine biomarkers, CVD risk 
scores and artificial intelligence are the road to achieve 
personalized prevention. Together, our results support the 
utility of SP-D as a promising biomarker for cardiovascu-
lar risk prediction, with potential for integration into clin-
ical practice.

The main strength of this research is that data were 
obtained from a sizable nationwide cohort, with a con-
siderable follow-up duration and a substantial number 
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of events (108 incident cases). Analyses were stratified 
by smoking status, which revealed significant associa-
tions of SP-D even in non-smokers, which has not been 
previously assessed. Additionally, we provide evidence on 
the predictive role of SP-D for CVD events in the general 
population without prior CVD related conditions, an area 
with limited existing research. Finally, this study evaluates 
representatively the predictive capability of SP-D in the 
general population from a nationwide perspective, which 
enables broader extrapolation of our results and increases 
their implications for the public health system, potentially 
leading to important repercussions for CVD prevention 
strategies in Spain.

However, our study also presents some limitations. 
It is not possible to know what portion of total serum 
SP-D levels comes from lungs and what portion comes 
from other tissues, since it has been reported that many 
tissues secrete SP-D. Reference values for serum SP-D 
have not been established yet and the measurement of 
its levels has not been standardized or implemented 
in clinical practice. Other limitations of our study in-
clude its observational nature, which prevents us from 
establishing causal associations or fully excluding re-
sidual confounding in the relation between SP-D levels 
and CVD events. Additionally, we could not assess the 
effect of SP-D over different subtypes of CVD events 
as all CVD-related events were studied together due 
to sample size and also to avoid self-report bias in the 
classification of CVD events. Moreover, because CVD 
status was based on self-report, “no prior CVD” group 
could be a mixed population containing both genuinely 
healthy individuals and those with unrecognized dis-
ease, as only those participants who reported previously 
diagnosed CVD were excluded, leading to an underesti-
mation of subclinical atherosclerosis that may partially 
account for the observed associations. Finally, despite 
the presence of pulmonary disease being considered 
in this study, self-reporting may lead to the possibility 
of underdiagnosis of lung disease because of a lack of 
objective measures to assess the presence of pulmonary 
disease such as spirometry. Nevertheless, our findings 
can be the basis for future studies with a proper design 
that include standardized assessments for cardiovascu-
lar and pulmonary diseases diagnosis for the detection 
of subclinical cases.

In conclusion, our study demonstrates that high SP-D 
levels are associated with CVD event incidence, including 
both morbidity and mortality. This association has been 
confirmed even in non-smokers, despite SP-D has been 
linked with smoking. In smokers, we did not detect sig-
nificant associations due to limited statistical power. SP-D 
could be considered as a potential biomarker for CVD 
event incidence in combination with other risk factors. 

Further investigations with larger cohorts and long-term 
follow-up are needed to validate these findings before its 
implementation in clinical practice.
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