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ABSTRACT 

Background. Plasma ( p- ) activin A is elevated in chronic kidney disease–mineral and bone disorder ( CKD-MBD ) . Activin A 

inhibition ameliorates CKD-MBD complications ( vascular calcification and bone disease ) in rodent CKD models. We 
examined whether p-activin A was associated with major adverse cardiovascular events ( MACE ) , all-cause mortality and 
CKD-MBD complications in CKD patients. 
Methods. The study included 916 participants ( 741 patients and 175 controls ) from the prospective Copenhagen CKD 

cohort. Comparisons of p-activin A with estimated glomerular filtration rate ( eGFR ) , coronary and thoracic aorta 
Agatston scores, and bone mineral density ( BMD ) were evaluated by univariable linear regression using Spearman’s rank 
correlation, analysis of covariance and ordinal logistic regression with adjustments. Association of p-activin A with rates 
of MACE and all-cause mortality was evaluated by the Aalen–Johansen or Kaplan–Meier estimator, with subsequent 
multiple Cox regression analyses. 
Results. P-activin A was increased by CKD stage 3 ( 124–225 pg/mL, P < .001 ) and correlated inversely with eGFR 

( r = −0.53, P < 0.01 ) . P-activin A was associated with all-cause mortality [97 events, hazard ratio 1.55 ( 95% confidence 
interval 1.04; 2.32 ) , P < 0.05] after adjusting for age, sex, diabetes mellitus ( DM ) and eGFR. Median follow-up was 4.36 
( interquartile range 3.64–4.75 ) years. The association with MACE was not significant after eGFR adjustment. Agatston 

scores and BMD were not associated with p-activin A. 
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Conclusion. P-activin A increased with declining kidney function and was associated with all-cause mortality 
independently of age, sex, DM and eGFR. No association with MACE, vascular calcification or BMD was demonstrated. 

Keywords: activin A, CKD-MBD, MACE, renal osteodystrophy, vascular calcification 
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KEY LEARNING POINTS 

What was known: 

• Plasma ( p- ) activin A is increased in chronic kidney diseas
• In rodent CKD models, inhibiting activin A slows the progr

disorder.

This study adds: 

• This study, which included controls and CKD stage 1–5ND
with declining kidney function.

• P-activin A was independently associated with all-cause m
• P-activin A cannot be used as a biomarker of bone minera

Potential impact: 

• Activin A is a promising target for therapeutic interventio
• Strategies aiming at decreasing p-activin A might prove b
• Further study regarding the pathophysiological changes r

NTRODUCTION 

hronic kidney disease–mineral and bone disorder ( CKD-MBD ) 
s a syndrome of dysregulated mineral metabolism including de- 
angement of minerals and hormones together with bone abnor- 
alities, vascular calcification and cardiomyopathy, which pro- 
resses with declining kidney function [ 1 ]. Ultimately, this leads
o fractures, cardiovascular events and mortality [ 1 , 2 ]. 

There is an urgent need to develop readily accessible and
ost-effective methods to determine the risk of CKD-MBD com- 
lications. Contemporary methods in clinical practice primarily 
ely on traditional biochemical plasma parameters like calcium,
hosphate, vitamin D and parathyroid hormone ( PTH ) . However,
ll these parameters are still suboptimal in the assessment of
KD-MBD with respect to vascular calcification [ 3 ] and bone
isease [ 4 ] in patients with CKD. Several studies have demon-
trated associations between the traditional plasma parameters 
nd cardiovascular events and mortality [ 5 ]. So far, clinical trials
imed at correcting biochemical abnormalities have not proven 
eneficial effects on hard endpoints [ 6 ]. Therefore, it is crucial to
dentify other pathophysiologically relevant biochemical factors 
ith the potential for therapeutic manipulation. 
Activin A is a hormone belonging to the transforming growth

actor- β ( TGF- β) superfamily. It is closely involved in several 
hysiological processes including organogenesis and fibrosis.
ecently, activin A has been linked to kidney disease and CKD-
BD. A few human studies have found elevated activin A plasma

evels in patients with CKD [ 7 , 8 ]. In rodents, plasma levels of ac-
ivin A are increased in acute and chronic kidney disease [ 9 –13 ],
otentially due to induction and systemic secretion from injured 
idneys [ 9 , 14 ]. Interestingly, inhibition of activin A signalling has
een shown to ameliorate vascular calcification, bone disease,
ardiomyopathy and progressive kidney disease in CKD mice 
 11 , 15 , 16 ]. Activin A mediates several biological actions in the
ardiovascular system and skeleton, including stimulation of os- 
eoclastogenesis [ 17 , 18 ]. Moreover, activin A is closely linked to
D ) .
n of renal disease and the consequences of mineral and bone 

ialysis ) patients, is the largest to show that p-activin A rises 

lity.
sity or vascular calcification.

cial to CKD-related mortality.
d to activin A signalling in CKD is warranted.

he Wnt signalling system [ 19 ]. Evidence suggests that activin
 increases the kidney expression and circulating levels of Wnt
nhibitor Dickkopf-1 ( DKK-1 ) , which can be reversed by activin
 inhibition [ 19 ]. This implies that activin A is a suitable medi-
tor of CKD-MBD and suggests that it may also be a potential
iomarker and therapeutic target of CKD-MBD. 

The aim of the current study was first, to demonstrate
hat p-activin A rises with declining kidney function; second,
o investigate whether p-activin A could be a biomarker for
ascular calcification and bone mineral density ( BMD ) ; and
hird, to examine whether elevated p-activin A is associated
ith major adverse cardiovascular events ( MACE ) and all-cause
ortality. 

ATERIALS AND METHODS 

ohort 

he present study used the prospective observational Copen-
agen CKD Cohort, which has previously been described in de-
ail [ 20 ]. The study included 741 patients with CKD stage 1–5ND
 no dialysis ) aged 30–75 years at inclusion. Participants were re-
ruited from October 2015 to June 2017 from the outpatient clinic
t the Department of Nephrology, Rigshospitalet, Copenhagen,
enmark. CKD staging was based upon Kidney Disease: Improv-
ng Global Outcomes ( KDIGO ) guidelines using the Chronic Kid-
ey Disease Epidemiology Collaboration formula [ 21 ]. Exclusion
riteria comprised previous kidney transplantation with a func-
ional graft, active malignancy, pregnancy, intellectual disabil- 
ty, dementia and psychosis. An age- and sex-matched control
roup of 175 healthy individuals was recruited [ 22 , 23 ]. Their in-
lusion criteria were 30–75 years of age with no history of cardio-
ascular disease, no CKD ( eGFR > 60 mL/min/1.73 m 

2 and urine
lbumin:creatinine ratio < 30 mg/mmol ) , no malignancy and no
ther chronic diseases. 
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he study was in accordance with the Declaration of Helsinki 
I and approved by the Danish Scientific Ethical Committee ( H- 
-2011-069 ) and the Danish Data Protection Agency ( 30-0840 ) .
ritten informed consent was signed by all participants before 

nclusion. 

esign 

he study was designed to answer three main questions: first, to 
etermine p-activin A levels among a large cohort of healthy in- 
ividuals and patients with CKD stage 1–5ND; second, to investi- 
ate whether p-activin A could function as a biomarker for CKD- 
BD as determined by an association between p-activin A and 

adiographic measures of vascular calcification and BMD; and 
hird, to examine whether p-activin A is associated with MACE 
nd all-cause mortality ( Supplementary data, Fig. S1 ) . 

The primary outcome was defined as a composite of MACE 
nd all-cause mortality. Both were also examined independently 
s secondary outcomes. MACE included: myocardial infarction,
ercutaneous coronary intervention ( PCI ) , coronary artery by- 
ass grafting ( CABG ) , ischaemic stroke, carotid endarterectomy 
r stenting, percutaneous transluminal angioplasty ( PTA ) of a 
ower limb, artery bypass graft of lower limb and non-traumatic 
ower limb amputation. All-cause mortality included death from 

ny cause. The follow-up period was from baseline blood sam- 
le until first occurring event ( MACE, mortality, lost to follow- 
p, withdrawal of consent ) or end-of follow-up. All data were 
etrieved from electronic medical records. 

lood analyses 

ll analyses were performed by the Department of Biochemistry,
igshospitalet, Copenhagen, Denmark. Heparinized p-activin A 

as measured by enzyme-linked immunosorbent assay ( ELISA ) 
 DAC00B, R&D Systems, MN, USA ) . Intra- and inter-assay varia- 
ion was 4.2% and 7.6%, respectively. 

DCT scan ( vascular calcification and BMD ) 

ultidetector computed tomography ( MDCT ) scans were per- 
ormed in 580 patients with CKD ( 320-detector CT scanner,
quillon One, Canon Medical Systems, Japan ) , as described pre- 
iously [ 20 ]. Vascular calcification was assessed in the coronary 
rteries and thoracic aorta using the Agatston scoring method 
 24 ] with commercially available software ( Vitrea 6.3, Vital Im- 
ges Inc., MN, USA ) . Calcification was defined by a distinct voxel 
ith an attenuation threshold ≥130 Hounsfield Units [ 24 ]. Four 
nd 45 patients were excluded due to inadequate scan qual- 
ty ( motion artefact, noise artefact or out of scan field ) in the 
oronary arteries and thoracic aorta, respectively. Participants 
ere divided into risk groups depending on Agatston score: 0 

 no calcification ) , 1–100, 101–400 and > 400 [ 25 ]. 
BMD was measured in thoracic vertebrates Th7–9 from 

he MDCT scans using a calibration phantom pad of cylindri- 
al bone-equivalent calcium hydroxyapatite rods with differ- 
nt densities ( 0, 75 and 150 mg/cm 

3 plus one fat equivalent ) .
MD scores were measured using commercially available semi- 
utomated software ( Nvivo TM , Image Analysis, KY, USA ) as de- 
cribed previously [ 26 ]. In brief, volumetric trabecular BMD was 
easured in three consecutive thoracic vertebras ( Th7–9 ) . The 
entre of each vertebra was marked manually in three dimen- 
ions and the region of interest was placed automatically by the 
oftware with a 2–3 mm distance to the cortical bone. In case 
f heavy degenerative changes, fractures, bone islands and os- 
eophytes that compromised adequate BMD measurements the 
ertebra was excluded, and the final BMD analysis was based on 
nly two vertebras. The entire analysis was excluded if two ver- 
ebras were omitted or if the images were of inadequate quality 
 noise, motion artefacts ) . As according to the American College 
f Radiology, BMD was presented as mg/cm 

3 and divided into 
hree groups of BMD > 120, 80–120 and < 80 mg/cm 

3 correspond- 
ng to normal, osteopenic and osteoporotic levels [ 27 , 28 ]. Thirty-
ix patients were excluded due to inadequate scan quality. 

tatistics 

aseline characteristics are presented as count with percent- 
ge for categorical data, or as mean with standard deviation for 
ormally distributed data, and median with interquartile range 
or non-normally distributed data. Longitudinal data were log- 
ransformed when appropriate. One-way analysis of variance 
ith Tukey’s multiple comparison test or Kruskal–Wallis test 
as applied for comparisons between groups. The linear cor- 
elation of activin A with ( i ) eGFR, ( ii ) coronary Agatston score,
 iii ) thoracic aorta Agatston score and ( iv ) BMD were tested us- 
ng Spearman’s rank correlation, with further testing of the asso- 
iation in adjusted models based on analyses of covariance and 
rdinal logistic regression with adjustment for age, sex, diabetes 
ellitus ( DM ) and eGFR. 
Five-year survival and cumulative incidence of MACE and 

ll-cause mortality were evaluated between strata of p-activin 
 ( low: ≤100; low-medium: 101–200; medium: 201–300; high- 
edium: 301–400; high: > 400 pg/mL ) based on the Kaplan–Meier 
r Aalen–Johansen estimators. Hazard ratios ( HRs ) for the asso- 
iations of p-activin A with all-cause mortality and MACE were 
omputed in multiple Cox regression models adjusted for age,
ex, DM and eGFR including subgroup analyses. All data anal- 
ses were performed in R ( version 4.0.1; R Core Team 2019 ) . A
wo-tailed P -value < .05 was considered statistically significant. 

ESULTS 

he final study cohort consisted of 916 participants ( 741 patients 
ith CKD1–5ND and 175 controls ) . Baseline characteristics are 
resented in Table 1 . P-activin A was measured in 896 partic- 
pants ( 723 patients and 173 controls ) . Activin A was elevated 
n patients with CKD and rose continuously with declining kid- 
ey function, reaching statistical significance from CKD3 [con- 
rol 124 ( 87–176 ) vs CKD3 225 ( 152–296 ) pg/mL, P < .001; Fig. 1 ].
-activin A was inversely correlated with eGFR ( Spearman r = –
.53, P < .001; Fig. 2 ) . P-activin A was elevated irrespective of kid-
ey disease aetiology ( P < .01; Supplementary data, Table S1 ) . 
The presence of vascular calcification was determined in 

oronary arteries and thoracic aorta in 580 of the patients with 
KD. In the crude analysis p-activin A was elevated in patients 
ith coronary Agatston score > 400 ( P < .001 ) and in patients 
ith thoracic aorta Agatston score of 101–400 ( P < .05 ) and 
 400 ( P < .001 ) when compared with patients having a score 
f 0 ( Table 2 ) . However, when adjusting for eGFR all significance 
as lost and no association could be demonstrated between p- 
ctivin A and Agatston score. 

BMD tended to decrease with advancing CKD stage reaching 
ignificance from CKD1 to 3 and 4 ( P < .01; Table 1 ) . No differ-
nces were observed between any other groups. No difference 
n p-activin A was detected between patients with CKD divided 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad238#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad238#supplementary-data
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Table 1: Baseline demographic, clinical, medical and laboratory characteristics. 

Overall Control CKD1 CKD2 CKD3 CKD4 CKD5ND

N ( % ) 916 175 ( 19 ) 62 ( 7 ) 115 ( 13 ) 375 ( 41 ) 146 ( 16 ) 43 ( 5 ) 
Age ( years ) 61 ( 49–69 ) 63 ( 52–69 ) 41 ( 35–51 ) 49 ( 40–62 ) 64 ( 53–70 ) 64 ( 54–71 ) 65 ( 50–70 ) 
Sex, female ( n , % ) 354 ( 39 ) 68 ( 39 ) 26 ( 42 ) 51 ( 44 ) 133 ( 35 ) 60 ( 41 ) 16 ( 37 ) 

DM ( n , % ) 155 ( 17 ) 0 ( 0 ) 1 ( 2 ) 5 ( 4 ) 90 ( 24 ) 46 ( 32 ) 13 ( 30 ) 
Hypertension ( n , % ) 695 ( 76 ) 51 ( 29 ) 43 ( 69 ) 92 ( 80 ) 337 ( 90 ) 131 ( 90 ) 41 ( 95 ) 
Vit. D suppl. ( n , % ) 263 ( 29 ) 5 ( 3 ) 16 ( 26 ) 34 ( 30 ) 112 ( 30 ) 67 ( 46 ) 29 ( 67 ) 
Phos. Bind. ( n , % ) 26 ( 3 ) 0 ( 0 ) 0 ( 0 ) 1 ( 1 ) 0 ( 0 ) 10 ( 7 ) 15 ( 35 ) 

Creatinine ( μmol/L ) 124 ( 89–176 ) 82 ( 71–92 ) 71 ( 65–80 ) 92 ( 82–102 ) 141 ( 122–162 ) 236 ( 206–262 ) 424 ( 369–473 ) 
eGFR ( mL/min/1.73 m 

2 ) 49 ( 32–74 ) 81 ( 73–91 ) 101 ( 95–108 ) 68 ( 64–79 ) 41 ( 35–50 ) 22 ( 19–26 ) 12 ( 10–13 ) 
Haemoglobin ( mmol/L ) 8.6 ( 7.9–9.3 ) 9.0 ( 8.6–9.5 ) 8.8 ( 8.1–9.4 ) 8.7 ( 8.2–9.5 ) 8.6 ( 8.0–9.3 ) 7.9 ( 7.2–8.5 ) 7.2 ( 6.8–8.0 ) 
Ionized calcium ( mmol/L ) 1.22 ( 1.19–1.25 ) 1.23 ( 1.20–1.25 ) 1.23 ( 1.19–1.25 ) 1.23 ( 1.21–1.26 ) 1.21 ( 1.19–1.25 ) 1.20 ( 1.16–1.23 ) 1.17 ( 1.13–1.22 ) 
Phosphate ( mmol/L ) 1.04 ( 0.91–1.81 ) 1.02 ( 0.86–1.14 ) 0.97 ( 0.85–1.11 ) 1.02 ( 0.90–1.10 ) 1.00 ( 0.89–1.15 ) 1.18 ( 1.06–1.37 ) 1.58 ( 1.41–1.78 ) 
PTH ( pmol/L ) 7 ( 5–10 ) 5 ( 4–6 ) 4 ( 4–5 ) 5 ( 4–6 ) 7 ( 5–10 ) 13 ( 9–20 ) 29 ( 16–41 ) 
Activin A ( pg/mL ) 198 ( 125–289 ) 124 ( 87–176 ) 133 ( 87–174 ) 161 ( 94–222 ) 225 ( 152–296 ) 285 ( 197–403 ) 374 ( 257–496 ) 

BMD ( mg/cm 

3 ) 132 ( 102–167 ) NA 147 ( 131–186 ) 147 ( 105–184 ) 126 ( 97–164 ) 122 ( 97–156 ) 138 ( 111–171 ) 

Values are presented as n ( % ) or median ( interquartile range ) . 
NA: not assessed; Vit. D suppl.: vitamin D supplements; Phos. Bind.: phosphate binders. 

Figure 1: P-activin A levels in controls and patients with CKD. P-activin A increases with declining kidney function reaching statistical significance from CKD stage 3. 
Groups with different letters are significantly different. P-activin A levels are presented in Table 1 . 

F
igure 2: Correlation between p-activin A and eGFR. P-activin A is negatively correlate
d with eGFR ( Spearman’s r = –0.53 and P < .001 ) . 
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Table 2: P-activin A levels in relation to vascular calcification and BMD. 

Agatston score 0 1–100 101–400 > 400 

Coronary arteries 196 ( 118–262 ) 239 ( 157–337 ) 226 ( 154–316 ) 267 ( 187–363 ) ***,a 

Thoracic aorta 196 ( 121–264 ) 203 ( 142–297 ) 233 ( 164–302 ) *,a 255 ( 173–363 ) ***,a 

BMD ( mg/cm 

3 ) Normal 
> 120 

Osteopenic 
80–120 

Osteoporotic 
< 80 

210 ( 134–284 ) 222 ( 154–332 ) 203 ( 141–320 ) 

Values are presented as median ( interquartile range ) p-activin A in pg/mL. 
* P < 0.05 and *** P < 0.001, both compared with Agatston score of 0. 
a Insignificant when adjusting for eGFR. 

Figure 3: Kaplan–Meier curve showing unadjusted absolute risk of the primary composite outcome ( MACE and all-cause mortality ) evaluated between strata of p-activin 

A. P-activin A strata: low: < 100; low-medium: 100–200; medium: 200–300; high-medium: 300–400; high: > 400 pg/mL. Log-rank P < .0001. 
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nto groups of normal, osteopenic and osteoporotic BMD levels 
 Table 2 ) . 

The outcome analyses included the 896 participants with 
vailable p-activin A measurement. Median follow-up time was 
.36 ( interquartile range 3.64–4.75 ) years. A total of 188 events oc- 
urred: 21 myocardial infarctions, 12 PCIs, 6 CABGs, 28 ischaemic 
trokes, 1 carotid endarterectomies/-stents, 11 PTAs of lower 
imb arteries, 2 artery bypass grafts of lower limb arteries, 10 
on-traumatic lower limb amputations and 97 deaths. This led 
o 157 first events, 97 deaths and 77 MACEs for the final analyses.
ix were lost to follow-up, 76 started dialysis and 30 received a 
idney transplant—all included in the final analyses. 

Elevated p-activin A level was associated with an increased 
isk of the primary outcome and both secondary outcomes when 
ooking at p-activin A divided into strata ( log-ranks P < .0001,
ray’s test P < .001; Figs 3 and 4 , Supplementary data, Fig. S2 ) .
ox proportional hazard models revealed that p-activin A was 
ssociated with the composite outcome of MACE and all-cause 
ortality [HR 2.44 ( 95% confidence interval 1.88; 3.17 ) , P < .001] 
s well as all-cause mortality [HR 3.13 ( 2.23; 4.39 ) , P < .001] in the
nadjusted analysis. However, when adjusting for age, sex, DM 

nd eGFR only the association with all-cause mortality remained 
ignificant [HR 1.55 ( 1.04; 2.32 ) , P < .05; Table 3 ]. Subgroup anal- 
ses showed interaction with CKD2–3 patients ( P < .05; Table 4 ) .
-activin A was associated with the secondary outcome of MACE 
ithout all-cause mortality in the unadjusted analysis [HR 2.28 
 1.57; 3.29 ) , P < .001] and when adjusted for age, sex and DM [HR
.68 ( 1.13; 2.50 ) , P < .05]. However, significance was lost when
dding adjustment for eGFR [HR 1.26 ( 0.83; 1.91 ) , P = .28]. 

ISCUSSION 

his prospective cohort study of 916 participants, including 
oth CKD1–5ND patients and healthy controls, is the largest to 
emonstrate that p-activin A increases with declining kidney 
unction. It corroborates findings from a French and an Amer- 
can study [ 7 , 29 ]. The French study included 232 patients with
KD2–5 and found the same association and similar p-activin 
 levels using an identical assay [ 29 ]. The American study in-
estigated 104 participants with CKD2–5D including 19 controls 
nd found the same significant relation between p-activin A and 
idney function, but with a plasma level 1.5–2 times higher than 
hat in our study. This might be due to the use of heparinized
lasma versus serum for activin A measurement or be due to 
ifferent ELISA kits ( catalogue number not specified ) . 
As activin A has a size of 26 kDa and therefore is expected

o be freely filtered in the glomerulus, the increased plasma 
evels in kidney disease might just be due to accumulation. How- 
ver, kidney expression and urinary excretion of activin A is un- 
etectable in healthy individuals whereas they both increase 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad238#supplementary-data
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Figure 4: Kaplan–Meier curve showing unadjusted absolute risk of the secondary outcome all-cause mortality evaluated between strata of p-activin A. P-activin A 
strata: low: < 100; low-medium: 100–200; medium: 200–300; high-medium: 300–400; high: > 400 pg/mL. Log-rank P < .0001. 

Table 3: Adjusted and unadjusted HRs for the primary composite outcome ( MACE and all-cause mortality ) and the secondary outcome 
( all-cause mortality ) . 

Model 
Primary composite outcome 
( MACE + all-cause mortality ) 

Secondary outcome 
( all-cause mortality ) 

HR ( 95% CI ) P -value HR ( 95% CI ) P -value 

Unadjusted 2.44 ( 1.88; 3.17 ) < .001 3.13 ( 2.23; 4.39 ) < .001 
Adjusted for age and sex 2.05 ( 1.55; 2.73 ) < .001 2.70 ( 1.85; 3.94 ) < .001 
Adjusted for age, sex and DM 1.76 ( 1.32; 2.34 ) < .001 2.28 ( 1.55; 3.34 ) < .001 
Adjusted for age, sex, DM and eGFR 1.27 ( 0.94; 1.70 ) .12 1.55 ( 1.04; 2.32 ) < .05 
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ignificantly in kidney disease [ 30 , 31 ]. Moreover, in rats with
idney disease, activin A levels are higher in plasma from kid-
ey vein compared with plasma from kidney artery—as opposed 
o identical levels in controls [ 14 ]. Although accumulation can-
ot be completely ruled out, this indicates production and sys-
emic secretion of activin A from injured kidneys. Also, other
rgans like the cardiovascular and inflammatory system might 
ontribute to the increased plasma levels [ 29 , 32 , 33 ]. 

This is the first study to demonstrate that p-activin A is in-
ependently associated with all-cause mortality in a large longi- 
udinal CKD cohort. Our findings corroborate a Norwegian study 
hat found serum activin A to be independently associated with
he composite outcome of mortality ( 17 events ) and MACE ( 8
yocardial infarctions, 8 stroke, 3 hospitalization for unstable 
ngina pectoris ) in a cohort of 135 patients with type 2 DM [ 34 ].
he same group has found circulating activin A to be associated
ith the severity of coronary atherosclerotic burden in patients 
ith type 2 DM [ 35 ]. Others have found increased activin A in
M [ 36 ]. We found no differences in p-activin A values among
arious kidney disease aetiologies. In our study, p-activin A was
ssociated with all-cause mortality independently of DM and 
GFR, but the association with MACE disappeared when adjust- 
ng for eGFR. Importantly, patients with CKD exhibit vascular 
alcification of both the intimal and medial arterial vessel wall.
ntimal calcification is associated with older age, hypertension,
iabetes, smoking, obesity, etc., and with atherosclerotic plaques
nd thrombotic events, whereas medial calcification is more
pecifically related to CKD-MBD with associated vascular stiff-
ess, heart failure, arrythmias and sudden cardiac death [ 37 ].
he definition of MACE in the present study is primarily con-
istent with atherosclerotic cardiovascular events and hence 
ostly related to intimal calcification outcomes. It could have
een interesting to investigate hospitalization from heart fail-
re, which is more related to outcomes associated with medial
alcification. In that aspect, others have found p-activin A to be
levated in patients with heart failure [ 32 ] as well as correlated
ith cardiac left ventricular mass/end diastolic volume ratio and
ortic pulse wave velocity [ 38 ], indicating a relation to cardiac
unction and vascular stiffness. 

Activin A signalling inhibition has been shown to amelio-
ate CKD-MBD-associated complications in CKD mice, where a
igand trap for the activin receptor reduced aortic calcification
 11 , 15 ]. The same ligand trap dose-dependently amended pro-
ression of vascular calcification ( i.e. attenuated increase of
gatston score ) in the abdominal aorta of haemodialysis pa-
ients [ 39 ]. We speculated whether p-activin A could be a
iomarker of CKD-MBD complications and measured vascular 
alcification by coronary and thoracic aorta Agatston scores
rom MDCT scans and used the same scans to determine the
olumetric thoracic BMD in patients with CKD. P-activin A was
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Table 4: Subgroup analysis of the primary composite outcome ( MACE and all-cause mortality ) and the secondary outcome ( all-cause mortality ) . 

Primary composite outcome 
( MACE + all-cause mortality ) 

Secondary outcome 
( all-cause mortality ) 

Subgroup N HR ( 95% CI ) P -value HR ( 95% CI ) P -value 

Sex 
Male 560 1.23 ( 0.84; 1.82 ) .29 1.36 ( 0.81; 2.28 ) .24 
Female 336 1.26 ( 0.80; 2.00 ) .31 1.78 ( 0.94; 3.37 ) .08 

Age 
< 60 years 428 1.49 ( 0.90; 2.47 ) .12 1.92 ( 0.86; 4.26 ) .11 
60–70 years 270 1.25 ( 0.72; 2.16 ) .42 1.69 ( 0.83; 3.43 ) .15 
> 70 years 198 1.16 ( 0.69; 1.96 ) .57 1.31 ( 0.71; 2.45 ) .39 

CKD stage 
0–1 234 0.75 ( 0.26; 2.13 ) .36 0.57 ( 0.17; 1.93 ) .36 
2–3 474 1.43 ( 0.92; 2.23 ) .11 2.56 ( 1.29; 5.10 ) < .01 
4–5 188 1.37 ( 0.87; 2.15 ) .42 1.24 ( 0.73; 2.08 ) .42 

DM 

No 747 1.23 ( 0.85; 1.77 ) .27 1.55 ( 0.92; 2.59 ) .10 
Yes 149 1.33 ( 0.79; 2.22 ) .28 1.50 ( 0.80; 2.82 ) .21 
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ignificantly elevated in those with the highest Agatston scores,
ut the association was lost when adjusting for eGFR. Indeed,
gatston score is one way to determine vascular calcium con- 
ent and it is possible that other scoring systems ( like the vol- 
me score or calibrated mass score ) [ 26 , 40 ] might have revealed 
ifferent results. Together, our study does not indicate p-activin 
 to be a biomarker of vascular calcification in CKD. 
Volumetric thoracic BMD has been shown suitable for 

ssessing fracture risk in an adult population with eGFR 
 40 mL/min/1.73 m 

2 [ 27 ] and low levels are associated with 
oronary artery calcification progression and mortality [ 41 –43 ].
ascular calcification should not affect the BMD measurements 
ssessed using MDCT scans. We found that BMD tended to de- 
rease with declining kidney function. CKD3–4, but not 5, had 
ignificantly lower BMD levels than CKD stage 1. The BMD mea- 
urement method used in the current study determines tra- 
ecular BMD which might not be the ideal assessment of bone 
olume in patients with CKD. Other studies have shown that 
atients with CKD exhibit rapid cortical bone loss with better 
reservation of trabecular bone [ 44 , 45 ], probably due to sec- 
ndary hyperparathyroidism with PTH’s catabolic effect on cor- 
ical bone and anabolic effect on trabecular bone [ 1 ]. The present 
tudy found p-activin A to be similar among patients with CKD 

rouped according to categories of normal, osteopenic and os- 
eoporotic BMD, thereby refuting p-activin A as a biomarker of 
MD. In CKD-MBD, bone quality should optimally be assessed 
sing the TMV classification ( turnover–mineralization–volume ) 
n bone biopsies [ 1 ]. Lima et al . have previously found an associa-
ion between p-activin A and bone turnover in patients with CKD 

 7 ]. Hence, activin A may still be related to bone quality, but not
olumetric BMD as presented in this study. One might also argue 
hat cortical volume would be of equal interest in the evaluation 
f bone quality in CKD-MBD, but this could not be measured 
ith the methods at hand. Dual energy X-ray absorptiometry 

 DXA ) is another accepted method for assessing bone quality.
XA was introduced to the KDIGO guidelines in 2016 and relies 
n prospective studies showing that DXA can predict fractures 
n patients with CKD stage 3–5D. Future studies on CKD-MBD 

hould ideally examine DXA and/or TMV parameters on bone 
iopsies as well as the association between volumetric thoracic 
MD and fracture risk. Unfortunately, detailed fracture follow-up 
ata were not available in the present cohort and bone biopsies 
or turnover and mineralization analyses were not taken. 
The strengths of the present study were the large number of 
ncluded patients and controls, as well as the longitudinal de- 
ign with > 4 years of follow-up. Limitations include the inabil- 
ty of the MDCT scans to discriminate between intimal and me- 
ial calcification. Inclusion of hospitalization for heart failure in 
he MACE definition might have revealed complications of me- 
ial calcification which could be more related to p-activin A than 
therosclerotic events. Another limitation is the lack of valida- 
ion of volumetric thoracic BMD as a predictor of fracture risk in
atients with CKD. Finally, the patients who progressed to end- 
tage kidney disease and received dialysis or a kidney transplant 
ere included in the follow-up analysis. Both events modify the 
isk of MACE and mortality, which might have influenced the 
esults. 

In conclusion, this is the largest study to show that p-activin 
 increases with declining eGFR and that p-activin A is associ- 
ted with all-cause mortality independently of age, sex, DM and 
GFR. Although activin A is implicated in CKD-MBD pathophysi- 
logy, our study opposes p-activin A as a biomarker of CKD-MBD 

egarding radiographic assessment of vascular calcification and 
MD. 
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