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ABSTRACT

Background. Plasma osteopontin (pOPN) is a promising aging-related biomarker among individuals with and without
kidney disease. The interaction between sex, pOPN levels, and global and cardiorenal outcomes among older individuals
was not previously evaluated.

Methods. In this study we investigated the association of pOPN with 24-month global mortality, major cardiovascular
events (MACEs), MACEs + cardiovascular (CV) mortality, and renal decline among older individuals; we also evaluated
whether sex modified observed associations. pOPN levels were measured in a cohort of 2013 outpatients (908 men and
1105 women) aged 75 years or more enrolled in the context of a multicenter prospective cohort study in Europe.
Multivariable linear regression, Cox and Fine Gray models, and linear mixed regression models were fitted to evaluate
whether sex modified the associations between biomarkers and study outcomes.

Results. In total, 2013 older participants with a median age of 79 years, 54.9% of whom women, were included in the
study; increased pOPN levels were associated with all-cause mortality specifically among women [reduced fully adjusted
model resulting from backward selection, hazard ratio, 95% confidence interval (CI): 1.84, 1.20-2.89]. Addition of pOPN to
models containing age, eGFR, and albumin-to-creatinine ratio (ACR) improved the time-dependent area under the curve
(AUC) at 6, 12, and 24 months, among women only. No significant association was found between the biomarker levels,
MACE, and MACE + CV mortality. Conversely, increased baseline pOPN was associated with eGFR decline in all patients
(—0.45, 95%CI: —0.68 to —0.22 ml/min/1.73 m? year) but with slightly steeper declines in women compared to men (—0.57,
—0.99 to —0.15 vs —0.47, —0.88 to —0.07).

Conclusions. pOPN levels were significantly lower in women than in men but associated with all-cause mortality in
women only; increase in serum pOPN was associated with eGFR decline over time in all patients, but with stronger
associations among women. Assessment of pOPN may help identifying older female participants at risk of poor
outcomes.
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KEY LEARNING POINTS

What was known:

e pOPN is a matricellular glycoprotein involved in several biological activities and recently emerged as a biomarker of global
and cardiovascular outcomes in patients with and without chronic kidney disease (CKD).

e pOPN levels were shown to increase in patients with CKD and were positively associated with other indicators of kidney
damage and dysfunction.

e However, despite this relative abundance of data on the association of pOPN with global and cardiorenal outcomes in multi-
ple cohorts, data in older populations are limited to men and did not address the potential effect modification of sex in the

observed relationships.
This study adds:

Potential impact:

targeted interventions.

e Increase in pOPN levels were associated with 2-year all-cause mortality specifically among older women screened for CKD.
¢ A multiplicative interaction between female sex and pOPN was found in models predicting all-cause mortality.
e Associations between pOPN and eGFR decline were present in all individuals, but slightly stronger among women.

e Assessment of pOPN may help identifying older female participants at risk of poor outcomes and assist clinicians in tailoring

INTRODUCTION

Plasma osteopontin (pOPN) is a matricellular glycoprotein
involved in several biological activities because of its ubiqui-
tous expression in the main human tissues and organs [1].
It primarily functions as a modulator of immune response
and is involved in the control of local biomineralization, cal-
cification signaling [2], and wound healing [3]. By interacting
with integrin receptors and CD44, pOPN can activate signal-
ing pathways that suppress bone mineralization; in vascular
smooth cells, calcification-inducing signals, such as elevated
serum phosphate levels, trigger the upregulation of pOPN
thus preventing the progression of vascular calcification by
decreasing deposition of calcium phosphate [2, 4]. pOPN is
also upregulated during inflammatory processes that char-
acterize wound healing; its interaction with fibroblast and
endothelial receptors induce cell migration, extracellular ma-
trix deposition, and neoangiogenesis that contribute to healing
processes [1, 3].

Recently, deregulation of pOPN signaling has been associated
with obesity, diabetes, kidney injury, urinary stones [5], cardio-
vascular disease, and cancer [1]. Furthermore, it was also re-
ported that pOPN could be able to capture patients at risk of
global [6-10] and cardiovascular (CV) mortality [6, 9, 11]; inter-
estingly, pOPN was found to increase in patients with CV events,
showing also correlations with traditional CV risk markers 8,
10-15].

POPN levels were shown to increase in patients with chronic
kidney disease (CKD) and were associated with other indica-
tors of kidney damage and dysfunction [6, 7, 9, 15-17]. In this
regard, increasing serum pOPN levels were found to be as-
sociated with estimated glomerular filtration rate (eGFR) de-
cline in patients with CKD of the German Chronic Kidney Dis-
ease (GCKD) study [18], although inclusion of pOPN in predic-
tion models did not improve prognostic accuracy compared
to traditional markers of kidney function such as eGFR and
albumin-to-creatinine ratio (ACR) [19]. However, despite this
relative abundance of data on the association of pOPN with
global and cardiorenal outcomes in multiple cohorts, data in
older populations are limited to men [11] and did not ad-
dress the potential effect modification of sex in the observed
relationships.

Accordingly, the aims of the study were to (i) examine the
association of pOPN, all-cause mortality, major cardiovascular
events (MACEs), MACEs + cardiovascular (CV) mortality, and
eGFR decline among older individuals; (ii) to explore whether
sex can modify the observed associations and whether inclu-
sion of pOPN in regression models affected discriminatory ca-
pacity in men and women compared to traditional markers of
kidney function (eGFR, ACR).

MATERIALS AND METHODS
Data source and study design

The present study uses data from the Screening for Chronic
Kidney Disease among Older People across Europe (SCOPE)
study (European Grant Agreement no. 634 869). Methods of the
SCOPE study have been described elsewhere [20]. Briefly, all
participants aged 75 or more attending outpatient services at
participating institutions from August 2016 to August 2018 were
asked to participate. After signing a written informed consent,
enrolled participants underwent a comprehensive geriatric
assessment including demographic data, socioeconomic status,
physical examination, comprehensive geriatric assessment,
bioimpedance analysis for determination of body composition,
diagnoses (clinical history and assessment of clinical documen-
tation exhibited by participants and/or caregivers), quality of
life, physical performance, overall comorbidity, and blood and
urine sampling. Participants were followed up for 24 months as
previously described [21]. The study protocol was approved by
ethics committees at all participating institutions and complies
with the Declaration of Helsinki and Good Clinical Practice
Guidelines.

Sample selection

Overall, 2461 participants were initially enrolled in the study.
Of them, 200 were excluded from this study because of incom-
plete baseline kidney function data, as were 239 participants
with missing pOPN. Finally, nine participants were excluded be-
cause of missing follow-up data, thus leaving a final sample of
2013 participants to be included in the analysis.
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Definition of exposure and covariates

The collection of clinical and biochemical characteristics has
been described in detail elsewhere [20]. Venous blood samples
for pOPN measurements were drawn at the baseline visit in the
morning after an overnight fast and stored in —80°C pending
analyses.

pOPN was measured by using a commercial sandwich ELISA
(DY1433, R&D Systems, Minneapolis, MN, USA) according to the
recommendations of the manufacturer. The measuring range of
the assay is 62.5-4000 pg/ml and the samples were diluted with
10 mg/ml bovine serum albumin in phosphate buffered saline
(0.15 M Nacl, 0.02 M Na,HPOy, pH 7.2) to ensure that the samples
were within the measuring range and to reduce the matrix and
pH variations between plasma and urine. The total coefficient of
variation (CV) for the assay was ~6%.

Venous blood and urine samples for measurement of tra-
ditional metabolites were collected at all in-person study vis-
its (baseline, and 1-year and 2-year study visits). These samples
were used to analyze multiple biomarkers, including creatinine,
cholesterol, parathyroid hormone (PTH), vitamin D, calcium, and
phosphate.

Baseline serum creatinine was measured by isotope dilution
mass spectrometry traceable standard method, and eGFR was
calculated by creatinine-based Berlin Initiative Study (BIS) equa-
tion, which was specifically developed in a population older than
70 years [22]. Urinary ACR was also measured and included in the
analysis.

Outcomes

Outcomes of the present study were all-cause mortality, MACEs,
the combined end-point MACEs and/or CV mortality, and eGFR
decline.

For participants dying during the follow-up period, infor-
mation about date, place, and cause of death were collected
from death certificates provided by relatives or caregivers. City
or town registers were consulted to retrieve information about
death when neither relatives nor caregivers could be contacted.
Information about CV deaths and MACE were collected in keep-
ing with the definitions in the Standardized Definitions for
End Point Events in Cardiovascular Trials. CV death included
death resulting from acute myocardial infarction, sudden car-
diac death, heart failure, stroke, CV procedures, CV hemorrhage,
and other CV causes [23]. MACEs included: Myocardial Infarc-
tion, Hospitalization for Unstable Angina, Transient Ischemic At-
tack and Stroke, and Heart Failure Event [24].

Analytical approach

Baseline characteristics were reported using descriptive statis-
tics in the overall study population and in both men and women
separately. Continuous variables were expressed as median and
interquartile range (IQR) or mean and standard deviation (SD)
according to their distribution assessed through visual inspec-
tion and the Kolmogorov-Smirnov test. Categorical variables
were presented as absolute and relative (%) frequencies. Supple-
mentary analyses were made across tertiles of serum pOPN (T1,
T2, and T3), to explore how increasing pOPN levels may affect
the biochemical, clinical, and demographic profile of older indi-
viduals. Intergroup comparisons were evaluated by t-test, Mann-
Whitney, one-way ANOVA, and Kruskal-Wallis tests for continu-
ous variables, while the chi-squared test was used for categorical
data.

Linear relationships between baseline serum pOPN and re-
nal and bone biomarkers (eGFR, ACR, PTH, vitamin D, calcium,
phosphate) among men and women included in the study were
assessed by Spearman’s rank correlation test.

Investigation of the association between pOPN and study
outcomes was made by modeling pOPN as a continuous vari-
able undergoing a logarithmic transformation to account for its
right-skewed distribution.

Survival analysis

Global and cardiovascular study outcomes (all-cause mortal-
ity, MACEs, MACEs + CV mortality) were standardized per 1000
person-years and were presented descriptively in both men and
women. The person-days of follow-up computed from the day
of the first outpatient visit to death or the end of the study.
Kaplan-Meier curves were used to visualize the cumulative sur-
vival probability over the 2-year follow-up period in men and
women separately, and across tertiles of pOPN. The association
between pOPN levels and overall mortality was performed by us-
ing Cox proportional hazards regression models. Multicollinear-
ity was investigated using the variance inflation factor (a value
>3 was considered index of multicollinearity). Fine and Gray
competing risk-adjusted hazard models were used to explore
the association between pOPN MACEs, and MACEs + CV mor-
tality, with all-cause mortality treated as competing risk.

We used three different regression models to investigate
such associations based on the progressive inclusion of covari-
ates retrieved by literature review:

e Model A: adjusted for age and sex.

e Model B: model A + eGFR, ACR, smoking status, and waist-
to-hip ratio (WHR).

e Model C: model B + comorbidities (congestive heart fail-
ure (CHF), coronary artery disease (CAD), diabetes, atrial
fibrillation, anemia, osteoporosis, cancer, cerebrovascu-
lar disease], medications known to affect pOPN levels
[ACE inhibitors (ACEi), angiotensin receptor blockers
(ARBs), beta blockers, calcium channel blockers, lipid-
lowering drugs, antiplatelets], and markers of bone
metabolism (parathyroid hormone (PTH), calcium, phos-
phate, and vitamin D). ACR, PTH, and vitamin D were
logarithmically transformed because of their skewed
distribution.

Given the relatively low number of events for all-cause mortal-
ity, Cox regression models B and C investigating this outcome
were further filtered by applying a backward step-down vari-
able selection based on the Akaike information criterion (AIC)
and statistical significance of study variables (P < .05). We then
compared fully and parsimonious models by reporting informa-
tion according to AIC. Furthermore, we investigated whether
addition of pOPN to ACR and eGFR improved the discrimina-
tory power of Cox regression models, as measured by time-
dependent area under the curve (AUC) at 6, 12, and 24 months
[25].

Analyses to investigate the association between pOPN and
eGFR decline were conducted in a sub-cohort of 1534 patients
by using linear mixed models with random intercepts and ran-
dom slopes to model the patient-specific eGFR trajectories, im-
posing no restrictions on the covariance. Interaction terms with
time were also included to model the effects on the eGFR slope.
Results are reported as coefficients and P values.

The baseline coefficient (main effect) can be interpreted as
association with mean eGFR levels and the slope coefficient
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Table 1: General characteristics of the whole study population and of men and women separately.
Study population (2013) Men (908) Women (1105) P

Age, median (IQR) 79 (77-83) 79 (77-83) 79 (77-83) 82
WHR, median (IQR) 0.93 (0.88-0.98) 0.98 (0.94-1.02) 0.89 (0.85-0.93) <.001
Smoking, n (%) 876 (43.5) 565 (62.2) 311 (28.1) <.001
Hypertension, n (%) 1544 (76.79) 700 (77.1) 44 (76.4) 75
Cerebrovascular disease, n (%) 258 (12.9) 134 (14.8) 124 (11.2) .022
CHEF, n (%) 348 (17.3) 178 (19.6) 170 (15.4) 015
Diabetes, n (%) 488 (24.2) 271 (29.8) 217 (19.6) <.001
CAD, n (%) 268 (13.3) 164 (18.1) 104 (9.4) <.001
Atrial fibrillation, n (%) 312 (15.5) 167 (18.4) 145 (13.1) .001
Anemia, n (%) 404 (20.1) 235 (26.0) 169 (15.3) <.001
Cancer, n (%) 353 (17.5) 192 (21.1) 161 (14.6) <.001
Osteoporosis, n (%) 604 (30.0) 130 (14.3) 474 (42.9) <.001
PTH (pg/ml), median (IQR) 58.0 (41.4-84.2) 61.1 (44.0-91.7) 56.2 (40.2-79.2) <.001
Calcium (mg/dl), mean (SD) 9.4 (0.5) 9.4 (0.5) 9.5 (0.5) <.001
Phosphate (mg/dl), mean (SD) 3.3(0.6) 3.2(0.6) 3.5(0.5) <.001
Vitamin D (ng/ml), median (IQR) 22.9 (14.8-31.0) 21.3 (14.1-28.7) 24.3 (15.5-32.8) <.001
eGFR, ml/min/1.73 m2, median (IQR) 54.7 (43.8-63.5) 52.5 (40.8-61.8) 56.5 (46.3-64.5) <.001
eGFR, ml/min/1.73 m?, n (%) <.001

>60 674 (33.5) 260 (28.6) 414 (37.5)

45-59.9 788 (39.2) 341 (37.6) 447 (40.4)

30-44.9 413 (20.5) 223 (24.6) 190 (17.2)

<30 138 (6.8) 84 (9.2) 54 (4.9)
ACR, mg/g, median (IQR) 11.5 (3.8-32.0) 13.2 (4.4-59.8) 10.2 (3.3-24.2) <.001
ACR, mg/g, n (%) <.001

<30 1482 (73.6) 594 (65.4) 888 (80.4)

30-300 395 (19.6) 218 (24.0) 177 (16.0)

>300 136 (6.8) 96 (10.6) 40 (3.6)
ACEi/ARBs, n (%) 1131 (56.1) 525 (57.8) 606 (54.8) 19
Beta blockers, n (%) 811 (40.3) 364 (40.1) 557 (40.4) .90
Lipid-lowering drugs, n (%) 906 (45.0) 453 (49.9) 453 (41.0) <.001
Calcium antagonists, n (%) 507 (25.2) 238 (26.2) 269 (24.3) .36
Antiplatelets, n (%) 744 (37.0) 382 (42.1) 362 (32.8) <.001
Anticoagulants, n (%) 317 (15.7) 179 (19.7) 138 (12.5) <.001
Biphosphonates and other antiresorptive drugs, n (%) 158 (7.8) 30 (3.3) 128 (11.6) <.001
Vitamin D and analogues,n (%) 423 (21.1) 178 (19.6) 245 (22.2) 176
POPN, ng/ml, median (IQR) 38.9 (27.4-56.1) 43.2 (29.7-61.5) 36.5 (25.8-50.9) <.001

(interaction effect) as association with the eGFR variation over
time. We applied the AIC on a model containing pOPN and co-
variates to investigate the importance of predictors.

All analyses were conducted in all participants and in both
men and women to assess whether the interaction between sex
and pOPN could modify the observed associations. A sensitiv-
ity analysis for eGFR decline was conducted by using CKD-EPI
equation instead of BIS equation to estimate eGFR. All statisti-
cal analyses carried out by R software v.4.6. All tests of statistical
significance were two-tailed, and P < .05 was considered statis-
tically significant.

RESULTS
Baseline characteristics of the study population

Overall, the 2013 participants included in the study were aged 79
(77-83) years, and 48.9% were men (Table 1). The median pOPN,
eGFR, and ACR levels were 38.9 (27.4-57.1) pg/ml, 54.7 (43.8-63.5)
ml/min/1.73 m?, and 11.5 (33.8-32.0)mg/g, respectively.

The 448 participants excluded from the analysis because
of missing baseline kidney function or pOPN were older, more
frequently men, with a higher WHR and serum PTH levels than
the included ones. Additionally, they had a higher prevalence

of diabetes and anemia, than the included participants. Finally,
eGFR and ACR did not significantly differ between excluded and
included participants.

The clinical and demographic profile was significantly dif-
ferent between men and women (Table 1). Compared to men,
women were less commonly smokers and had a lower WHR,
ACR, and PTH, but a higher eGFR, vitamin D, calcium, and phos-
phate; HDL cholesterol; additionally, they had a lower preva-
lence of several comorbidities (CV diseases, anemia, cancer,
and diabetes), a lower prescription of lipid-lowering drugs, an-
tiplatelet, and anticoagulant medications; conversely, they had
a higher prevalence of osteoporosis and a greater prescription
of bisphosphonates and other antiresorptive drugs compared to
men pOPN levels were significantly lower in women compared
to men.

Characteristics of the study population after stratification
by pOPN tertiles are reported in Supplementary Material 1,
Supplementary Table S1 Participants in the higher pOPN tertile
were older, more commonly men, and smokers, with a higher
prevalence of cardiovascular diseases, diabetes, anemia, and os-
teoporosis; they were also characterized by higher median lev-
els of PTH and ACR, and by a lower eGFR, compared with other
tertiles. Prescription of beta blockers, calcium antagonists, an-
ticoagulants, and vitamin D and analogues increased with
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Figure 1: Correlations between pOPN, eGFR, ACR, PTH, calcium, phosphate, and vitamin D, in the overall study population and in men and women separately.

increasing pOPN tertiles. Conversely, prescription of bispho-
sphonates and other antiresorptive drugs progressively de-
creased with increasing pOPN tertiles.

Cross-sectional associations between pOPN and other
biomarkers are shown in Fig. 1. pOPN was positively associated
with ACR and PTH and negatively associated with eGFR in
both sexes; a mild positive correlation between pOPN and both
phosphate and vitamin D emerged only in men.

Association between pOPN and study outcomes

During a median follow-up time of 23 [22-24] months, 97 (4.8%)
participants died, with an incidence rate (95%CI) of 25.7 per 1000
person-years; the corresponding figures for the other outcomes
were: 322 (16.6%) and 97.5 per 1000 person-years for MACEs; 360
(17.9%) and 106.8 per 1000 person-years for MACE + CV mortal-
ity; —1.16 (—1.34, —0.98) ml/min/1.73 m? for eGFR decline rate
per year. Overall, outcome incidence rates were significantly
lower in women than in men for overall mortality (P < .001)
and MACE + CV mortality (P = .02), while no significant differ-
ence was found for the incidence of MACEs only and eGFR de-
cline (Table 2). In Cox proportional hazard models, pOPN was
associated with global mortality in the whole study popula-
tion, while associations with MACEs and MACE + CV mortal-

ity were non-statistically significant (Tables 3 and 4); in sex-
stratified analyses, pOPN was strongly associated with global
mortality only among women and a multiplicative interaction
between sex and pOPN was detected (P < .001); furthermore,
only among women the inclusion of pOPN in survival models in-
vestigating global mortality significantly improved the discrim-
ination compared to models including eGFR and ACR only; in-
deed, time-dependent AUCs at 6, 12, and 24 months were 0.58,
0.68, and 0.77 for models including eGFR, ACR, and age; the cor-
responding figures for models including also pOPN were 0.68,
0.74, 0.81 (P < .05). By contrast, associations between pOPN,
MACEs, and MACE + CV mortality were not statistically signifi-
cant both in whole study population and sex-stratified analyses
(Table 4). As regards the investigation of renal outcomes, pOPN
was found to be associated with eGFR decline in all patients and
in both men and women, but with stronger associations among
women (Table 4).

DISCUSSION

Our analysis shows that higher levels of pOPN are associ-
ated with increasing severity of CKD stages in a population of
older community-dwelling individuals; even though women had
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Table 2: Incidence of study outcomes in the whole study population and in men and women separately.

Outcome All (2013) Men (908) Women (1105) P
Overall mortality per 1000 py (95%CI) 25.7 (20.6-30.8) 38.0 (28.7-47.3) 15.9 (10.4-21.3) <.001
Overall mortality rate, n (%) 97 (4.8) 74 (7.0) 33 (3.0) <.001
MACGEs, per 1000 py (95%CI) 97.5 (86.8-108.1) 108.2 (91.4-125.0) 88.8 (75.1-102.5) 21
MACEs, n (%) 322 (16.6) 160 (18.1) 162 (15.2) 10
MACEs + CV mortality, per 1000 py (95%CI) 106.8 (95.8-117.8) 121.6 (104.0-139.2) 94.9 (80.9-108.9) .02
MACEs + CV mortality, n (%) 360 (17.9) 183 (20.1) 177 (16.0) 02
eGFR decline (ml/min/year), mean (95%CI) —1.16 (—1.34, —0.98) —1.18 (—1.44, —0.92) —1.14 (-1.75, —0.53) 41

Py, person-years.

Table 3: Detailed comparison of full and reduced Cox regression models investigating the association between pOPN and all-cause mortality
in the whole study population and among men and women as separate.

Study population Men Women

Reduced model
(AIC 1319.7)

Reduced model
(AIC 768.4)

Reduced model
(AIC 423.8)

Full model (AIC
Model B 1322.7)
POPN 1.11 (0.89-1.39)
Age 1.08 (1.03-1.13)*
Female sex 0.54 (0.32-0.93)*
eGFR 0.96 (0.95-0.98)*
ACR 1.28 (1.13-1.44)*
Smoking status 1.15 (0.74-1.78)
WHR 0.88 (0.66-1.18)

Full model C

Full model
(AIC 1333.7)

1.13 (0.91-1.42)
1.09 (1.04-1.13)
0.60 (0.39-0.92)
0.96 (0.95-0.98)
1.28 (1.13-1.44)

Reduced model
(AIC 1309.0)

0.89 (0.67-1.18)
1.11 (1.06-1.17)*

0.97 (0.94-0.99)"
1.40 (1.20-1.63)"

Reduced model
(AIC 765.6)

1.81 (1.19-2.77)*
1.05 (0.97-1.12)

0.96 (0.94-0.99)"
1.13 (0.92-1.38)

Reduced model
(AIC 418.5)

pOPN 1.23 (0.94-1.60)
Age 1.09 (1.04-1.14)*
Female sex 0.50 (0.28-0.91)*
eGFR 0.98 (0.96-0.99)*
ACR 1.22 (1.07-1.41)
Smoking status 1.12 (0.70-1.78)
WHR 0.91 (0.66-1.24)
CAD 0.83 (0.44-1.57)
Atrial fibrillation 0.55 (0.26-1.15)
CHF 1.38 (0.79-2.38)
Diabetes 1.14 (0.68-1.90)
Anemia 1.38 (0.83-2.28)
Osteoporosis 1.07 (0.61-1.87)
Cancer 1.43 (0.87-2.33)
CVD 0.64 (0.30-1.36)
Lipid-lowering drugs 0.90 (0.54-1.50)
Beta blockers 1.09 (0.68-1.77)
Calcium channel blockers 1.12 (0.69-1.82)
Antiplatelets 0.56 (0.32-0.99)*
ACEi/ARBs 1.01 (0.64-1.60)

Biphosphonates and other antiresorptives
Vitamin D and analogues

1.12 (0.43-2.92)
0.68 (0.38-1.20)

1.15 (0.92-1.43)*
1.08 (1.04-1.13)*
0.50 (0.31-0.79)"
0.97 (0.95-0.99)"
1.28 (1.13-1.43)"

1.27 (0.81-1.99)

0.63 (0.39-0.99)"

1.44 (0.91-2.28)

1.47 (1.14-1.99)*

0.91 (0.69-1.20)
1.11 (1.06-1.17)*

0.97 (0.95-0.99)"
1.39 (1.19-1.62)*

1.39 (1.01-1.90)*

1.84 (1.20-2.80)*
1.05 (0.97-1.12)

0.97 (0.94-0.99)*
1.12 (0.91-1.38)

1.53 (1.00-2.35)"

Anticoagulants 2.09 (1.06-4.13)*
PTH 0.87 (0.59-1.30)
Calcium 1.02 (0.69-1.52)
Phosphate 1.49 (1.13-1.96)"
Vitamin D 1.17 (0.78-1.76)
*P < .001

lower median pOPN levels and lower all-cause and CV mortality
rates, associations between pOPN levels and globalmortality in
fully adjusted models was significant only among women. As-
sociations between biomarker levels, MACEs, and MACEs + CV
mortality were not significant Finally, increase in pOPN levels

was associated with accelerated eGFR in all individuals, but with
stronger associations among women.

Previous studies have explored the prognostic role of pOPN
in participants with and without CKD [6-8, 10, 11]. In this
regard, participants with moderate to severe CKD were shown
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Table 4: Investigation of the associations between Ln pOPN and study outcomes other than all-cause mortality in the whole population and

in men and women separately.

Men

Women

MACE (HR, 95%CI)

1.19 (1.03-1.39)
1.00 (0.85-1.20)
1.03 (0.86-1.22)

MACE + CV mortality (HR, 95%CI)

1.20 (1.04-1.38)
0.96 (0.82-1.12)
1.00 (0.85-1.18)

1.09 (0.92-1.28)
1.01 (0.85-1.20)
1.05 (0.88-1.27)

1.20 (1.03-1.41)
1.06 (0.89-1.26)
1.09 (0.91-1.30)

CHF (HR, 95%CI)
1.56 (1.07-2.29) 1.78 (1.15-2.72)
( 1.86 (0.87-2.13)
(

1.36 (0.86-2.14)

1.08 (0.70-1.67)
1.15 (0.74-1.80)

BIS eGFR decline rate per year (LMM coefficient)

—5.32 (—6.29, —4.35)*
—0.35 (—0.64, —0.06)™
—0.37 (~0.67, —0.07)*

—4.50 (—5.40, —3.62)*
~0.56 (—0.86, —0.25)*
—0.47 (—0.80, —0.14)*

CKD—EPI eGFR decline rate per year (LMM coefficient)

All
Model A 1.15 (1.02-1.28)
Model B 1.00 (0.89-1.13)
Model C 1.04 (0.92-1.18)
Model A 1.20 (1.08-1.34)
Model B 1.01 (0.90-1.13)
Model C 1.04 (0.92-1.17)
Model A 1.64 (1.28-2.18)
Model B 1.19 (0.88-1.62)
Model C 1.23 (0.90-1.68)
Model A —4.89 (~5.54, —4.23)"
Model B —0.46 (~0.68, —0.25)"
Model C —0.45 (~0.68, —0.22)"
Model A —6.89 (~7.78, —5.99)"
Model B —0.57 (~0.85, —0.30)*
Model C —0.56 (~0.86, —0.27)"

~7.63 (—8.98, —6.27)*
—0.45 (—0.84, —0.07)™
—0.47 (—0.88, —0.07)*

—6.22 (~7.41, —5.03)"
—0.67 (—1.06, —0.28)*
—0.57 (~0.99, —0.15)™*

HR = hazard ratio.
*P < .001; **P < .05.

to have higher serum pOPN levels than healthy volunteers [9];
similarly, many studies demonstrated a linear increase of pOPN
levels with declining renal function in both adult and elderly
participants with CKD [6, 7, 11]. Furthermore, the physiological
roles of pOPN may explain differences found in their association
with kidney function in CKD. Indeed, pOPN is constitutively
expressed by many organs, such as bone and kidneys [26];
pOPN upregulation characterizes several systemic dysfunc-
tions, e.g. atherosclerotic plaque formation, development of
insulin resistance, and deterioration of chronic inflammatory
conditions [1, 27], diabetes and cardiovascular conditions, and
both acute and chronic kidney diseases. Indeed, pOPN may play
a central role in fostering chronic low-grade inflammation that
characterizes moderate to advanced CKD and may contribute
to eGFR decline and CKD progression [28]. To confirm this
hypothesis, pOPN deficiency was found to be protective against
aldosterone-mediated inflammation [29], while the use of anti-
aldosterone drugs was found to decrease pOPN levels in previous
studies [30].

As regards the relationship between pOPN with long-term
mortality, several studies have shown a strong association be-
tween plasma OPN levels and all-cause mortality in participants
with several conditions, such as chronic heart failure, septic
shock, type 1 diabetes, acute kidney injury, and CKD [8-10, 31,
32]. However, most of the previous studies were conducted in se-
lected groups composed of only adult participants (45-65 years
old) and the only study that included older participants, had no
female participants. In our cohort, a strong sexual dimorphism
emerged in all analyses, suggesting the existence of sex-specific
factors that may account for this variable risk.

In this regard, sexual hormones like estrogen and testos-
terone may affect OPN expression [33]; indeed, OPN gene
promoter can be stimulated through estrogen-related response
elements by estrogen-related receptor alpha (ERRe), as well as
by estrogen receptor alpha (ERa) [34]. Therefore, the observed

low circulating levels of OPN among older women in our study
may at least be partly related to the blunted estrogen stimula-
tion. However, clinical evidence is conflicting. In fact, a previous
study showed no difference in pOPN levels among men and
women with systemic lupus erythematosus [35], while another
one highlighted that pOPN may increase in post-menopausal
women [36]. Nevertheless, plasma OPN levels were found to be
significantly lower among women compared to men in a popu-
lation of 925 healthy adults [37], and our findings seems to be in
keeping with this view. Interestingly, increase in pOPN was as-
sociated with global mortality only among women of our cohort,
underlining for the first time the existence of a sex dimorphism
of the association between pOPN and adverse outcomes in older
individuals; furthermore, clinical significance of this finding
is corroborated by the improvement of discriminatory ability
of models including pOPN along with eGFR, ACR, and age,
specifically among women, meaning that this biomarker can
then improve detection of individuals at risk of poor outcomes.
PpOPN is able to promote tissue fibrosis, inflammatory cascades,
and atherosclerotic plaque formation [38, 39], which are all
down-regulated by estrogens [40-42], which may account for
the lower global mortality of older women compared with men;
however, as kidneys are involved in metabolizing and excreting
estrogens, the presence of renal dysfunction can exacerbate
the hormonal deficiency particularly in older women, who are
exposed to lower estrogen concentrations compared to younger
ones. Progressive estrogen deficiency can lead to increased
phosphate retention and enhanced fibroblast growth factor 23
(FGF-23) production [43], which are markers of advanced CKD
and substantially contribute to its poor outcomes by inducing
vascular dysfunction, left ventricle hypertrophy, systemic and
local inflammation, and muscle wasting [44]. FGF23 is secreted
to contrast phosphate retention, but when eGFR declines, this
hormone fails to maintain phosphate homeostasis thus leading
to hyperphosphatemia despite abnormally high FGF23 levels;



hyperphosphatemia may stimulate pOPN synthesis and further
lead to renal fibrosis and increased risk of death [45].

Increase in pOPN in older women may trigger activation
of other estrogen-related or independent pathways. In this re-
gard, pOPN was found to interact with some biomarkers of adi-
pose tissue (e.g. leptin, and adiponectin) [46-48], which also
have shown sexual dimorphism [49-51]. Similar considerations
may support the finding of the association between pOPN lev-
els and eGFR decline in overall study population but with higher
strength in women; recent evidence has already shown that
POPN levels may help intercept the progression of CKD and
the onset of kidney failure in patients with altered kidney
function [18], but differences between men and women were
not reported; the variation in pOPN levels between males and
females, as well as the potential existence of a sex-related
dimorphism and its underlying pathways, require further
investigation.

Finally, our finding of nonsignificant associations between
pOPN and MACEs may be due to the older age of study par-
ticipants and shorter follow-up period of this study compared
with the previous ones reporting this association; furthermore,
previous studies were conducted on populations with higher
cardiovascular risks, including patients with peripheral artery
disease [52], and chronic stable angina [12]; these populations
are characterized by an increased risk of adverse cardiovascular
events and who may be exposed to chronic and higher eleva-
tions of pOPN with subsequent different effects on cardiovascu-
lar events. The absence of serial measurements of pOPN levels
did not allow us to address this issue.

Our findings should be interpreted with the following limita-
tions. First, the observational study design may have generated
confounding by indication. Second, the absence of serial mea-
surements of biomarker levels did not allow us to assess the
temporal relationship between biomarker trajectories over time
and study outcomes. Third, we cannot rule out the effect of
residual confounding due to unmeasured biological variables
regulating the expression of pOPN, such as alkaline phos-
phatase, leptin, and FGF 23; moreover, the length of the follow-
up might be too short to intercept the association between pOPN
and cardiovascular outcomes. This is confirmed by the obser-
vation of a nonstatistical trend of positive association between
this biomarker and incidence of heart failure during the 2-year
follow-up. Finally, survival bias could have led to a ceiling effect
in which individuals with the most unfavorable profiles were
notincluded or could not be followed up. However, our study has
also several strengths. First, we included a real-world large pop-
ulation of older outpatients enrolled by using a limited set of in-
clusion/exclusion criteria; as such, our findings may be relevant
to a broad population of older adults across Europe; second, this
is the first study to show the effect modification by sex in the as-
sociation between pOPN and outcomes in a population of older
individuals. Future research with longer follow-up periods and
comprehensive biomarker assessments is essential to validate
our results and further elucidate the underlying mechanisms
at play.

CONCLUSION

Women had a lower incidence of total mortality and MACEs + CV
mortality compared to men. pOPN levels were significantly lower
in women than in men but their increase was significantly as-
sociated with 2-year global mortality in women only; further-
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more, increase in serum pOPN was associated with eGFR decline
over time in all patients, but with stronger associations among
women. Assessment of pOPN may help identifying older female
participants at risk of poor outcomes and assist clinicians in tai-
loring targeted interventions.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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