Clinical Kidney Journal, 2024, vol. 18, no. 1, sfae339

https:/doi.org/10.1093/ckj/sfae339
Advance Access Publication Date: 13 November 2024
Original Article

Clinical Kidney Journal

ORIGINAL ARTICLE

Differences in association between
hypoalbuminaemia and mortality among younger
versus older patients on haemodialysis

Clara Sanz-Garcia (12, Minerva Rodriguez-Garcia (9234

José Luis GOrriz-Teruel (9>°, Beatriz Martin-Carro 92, Jiirgen Floege’,
Bernardino Diaz-Lépez®, Carmen Palomo-Antequera 48,

Emilio Sanchez-Alvarez 9234 Carlos Gomez-Alonso 249,

Jests Ferndndez-Gémez ©*1°, Miguel Angel Hevia-Suérez 410,

Juan Francisco Navarro-Gonzalez (911121314 'Maria Dolores Arenas 1>,
Francesco Locatelli @1, Carmine Zoccalil’ 1819 Anibal Ferreira (©20:21,
Cristina Alonso-Montes (92, Jorge Benito Cannata-Andia %%,

Juan Jesus Carrero 92223+ gnd José Luis Fernandez-Martin ©©2*; on behalf of
COSMOS

THospital del Oriente de Asturias Francisco Grande Covian. Department of Nephrology, Arriondas, Spain,
2Instituto de Investigacién Sanitaria del Principado de Asturias (ISPA), Bone and Mineral Research Unit,
REDInREN (RD06/0016/1013, RD12/0021/0023 and RD16/0009/0017) and RICORS2040 (RD21/0005/0019) del ISCIII,
Oviedo, Spain, 3Hospital Universitario Central de Asturias, Department of Nephrology, Oviedo, Spain,
4University of Oviedo, Department of Medicine, Oviedo, Spain, *Hospital Clinico Universitario de Valencia
(INCLIVA), Department of Nephrology, Valencia, Spain, ®University of Valencia, Department of Medicine,
Valencia, Spain, "RWTH Aachen University Hospital, Divisions of Nephrology and Cardiology, Aachen,
Germany, 8Hospital Universitario Central de Asturias, UGC Internal Medicine, Oviedo, Spain, *Hospital
Universitario Central de Asturias, UGC Metabolismo Oseo, Oviedo, Spain, '°Hospital Universitario Central de
Asturias, Urology Unit, Oviedo, Spain, !Hospital Universitario Nuestra Sefiora de Candelaria, Unidad de
Investigacién y Servicio de Nefrologia, Santa Cruz de Tenerife, Spain, *?Instituto de Salud Carlos III,
RICORS2040 (RD21/0005/0013), Madrid, Spain, *Universidad de La Laguna, Instituto de Tecnologias
Biomédicas, La Laguna, Santa Cruz de Tenerife, Spain, *Universidad Fernando Pessoa Canarias, Facultad de
Ciencias de la Salud, Las Palmas de Gran Canaria, Spain,

Received: 21.8.2024; Editorial decision: 31.10.2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1

G20z Arenuer gz uo sasn jd'jun'ysoj@enouly Aq 9966681/69@%%/8L/a|0!ue/.f>|0/w00'dnoowepeoe//:sduu wos pereeii 1 cAL KIDNEY J OURNAL


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae339
https://orcid.org/0000-0002-2906-5225
https://orcid.org/0009-0002-5776-7926
https://orcid.org/0000-0002-1134-9051
https://orcid.org/0000-0002-1683-6617
https://orcid.org/0000-0001-5593-2209
https://orcid.org/0000-0002-4431-3223
https://orcid.org/0000-0003-1424-8659
https://orcid.org/0000-0001-9344-2980
https://orcid.org/0000-0001-7207-3354
https://orcid.org/0000-0002-5015-7474
https://orcid.org/0000-0003-3470-3137
https://orcid.org/0000-0002-7505-261X
https://orcid.org/0000-0002-3300-6033
https://orcid.org/0000-0002-1248-2858
https://orcid.org/0000-0001-6543-9960
https://orcid.org/0000-0003-4763-2024
https://orcid.org/0000-0003-3455-1778
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

2 | C.Sanz-Garcia et al.

>Fundacién Renal Ifigo Alvarez de Toledo, Madrid, Spain, *®Alessandro Manzoni Hospital, Department of
Nephrology and Dialysis, Lecco, Italy, YRenal Research Institute, NY, USA, ¥Institute of Molecular Biology and
Genetics (Biogem), Ariano Irpino, Italy, 1°Grande Ospedale Metropolitano, Associazione Ipertensione
Nefrologia Trapianto Renale (IPNET), c/o Nefrologia Reggio Calabria, Italy, 2°Universidade Nova de Lisboa,
NOVA Medical School, Faculdade de Ciéncias Médicas, Lisbon, Portugal, >*Hospital Curry Cabral, Department
of Nephrology, Unidade Local de Satide Séo José Lisbon, Portugal, ??Department of Medical Epidemiology and
Biostatistics, Karolinska Institutet, Stockholm, Sweden and ?*Department of Clinical Sciences, Danderyd
University Hospital, Karolinska Institutet, Stockholm, Sweden

*These authors contributed equally to this study as senior authors.
Correspondence to: Jorge B. Cannata-Andia; E-mail: jorge.cannata@gmail.com, Cristina Alonso-Montes; E-mail: cristinaam.huca@gmail.com

ABSTRACT

Background. Ageing often affects biomarker production. Yet, clinical/optimal thresholds to guide clinical decisions do
not consider this. Serum albumin decreases with age, but hypoalbuminaemia is defined as serum albumin <4.0 g/dl.
This study explores whether age might affect serum albumin levels and its association with mortality in haemodialysis
patients.

Methods. COSMOS (Current Management of Secondary Hyperparathyroidism: a Multicentre Observational Study) is a
prospective, open-cohort, observational study of haemodialysis patients followed for 3 years. Binary logistic and linear
regression were used to analyse the association between age and hypoalbuminaemia or serum albumin (continuous).
Cox proportional hazard multivariate regression was used to examine the relationship between hypoalbuminaemia and
mortality in patients younger and older than 65 years. Time-dependent receiver operating characteristic (ROC) curves
were used to assess the discriminatory ability of serum albumin and optimal thresholds for predicting mortality.
Results. The present analysis included 5585 patients. The odds of experiencing hypoalbuminaemia increased with age
[adjusted odds ratios = 1.56(95%CI: 1.31-1.86), 1.89(95%CI: 1.59-2.24), 2.68(95%CI: 2.22-3.23) for 56-65, 66-75, and >75
years, respectively (reference <55 years; P value for trend: <0.001)]. Survival analysis showed that the association
between hypoalbuminaemia and mortality was weaker in patients aged >65 compared to <65 years [hazard ratios:
1.36(95%CI: 1.17-1.57) and 1.81(95%CI:1.42-2.31) respectively; P value for interaction 0.004]. The ability of albumin levels
to predict mortality was consistently higher in younger patients. Optimal albumin thresholds for predicting mortality
were 3.7 g/dl in patients younger than 65 years and 3.5 g/dl in patients 65 years and older.

Conclusions. Ageing is accompanied by lower albumin levels, and the association between hypoalbuminaemia and
mortality may be modified by age. Different clinical thresholds that consider age may better discriminate risks
associated with hypoalbuminaemia.
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Differences in association between hypoalbuminaemia and

MeeM mortality among younger versus older patients on haemodialysis

Journal

Age often impacts on biomarkers production, however optimal thresholds to guide clinical decisions do not take into account ageing.
This study explores whether age might influence serum albumin levels and its association with mortality in haemodialysis patients.
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Methods:

* Multicentre, observational,
prospective, open-cohort study

* 227 haemodialysis (HD) centres

* 20 European countries

Cohort: Maintenance HD
patients (n = 5585)

Follow-up: 3 years

Obijective:

Assess the discriminatory ability
of serum albumin and optimal
thresholds for predicting mortality

Results

Hypoalbuminaemia
increased with age,
exceeding 70% in

patients >70
years old

The association between
hypoalbuminaemia and
mortality risk was
higher in patients <65
than 265 years old:
HR 1.81 (1.42-2.31)
vs. 1.36 (1.17-1.57)

9

Albumin cut-off levels of
3.7 g/dI for <65 years and
3.5 g/dI for 265 years old

patients were those with
highest sensitivity and

specificity

in patients younger and older P.004
than 65 years
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Conclusion: Hypoalbuminaemia prevalence increases with ageing and serum albumin levels show a
stronger negative correlation with age. Serum albumin is a better predictor of mortality in younger

patients, indicating that age modifies the prognostic capacity of serum albumin in haemodialysis
patients.

Keywords: ageing, albumin, chronic kidney disease, haemodialysis, mortality

KEY LEARNING POINTS

What was known:

e Serum albumin is a well-established marker of nutritional status and a strong predictor of mortality in haemodialysis pa-
tients.

e Hypoalbuminaemia (low serum albumin levels) is associated with increased morbidity and mortality in haemodialysis pa-
tients.

e The impact of age on the association between serum albumin levels and mortality in haemodialysis patients had not been
thoroughly investigated.

This study adds:

¢ In haemodialysis patients, the association between hypoalbuminaemia and mortality is influenced by age, being stronger
in younger patients (<65 years) compared to older patients (>65 years).

¢ The hypoalbuminaemia prevalence increases with age, and serum albumin levels show a stronger negative correlation with
age.

¢ Serum albumin is a better predictor of mortality in younger patients, indicating that age modifies the prognostic capacity of
serum albumin in haemodialysis patients.

Potential impact:

¢ These findings suggest the need to adjust current guidelines for optimal serum albumin levels in haemodialysis patients
based on age.

¢ Clinicians should consider age-specific cut-off points for serum albumin when assessing the nutritional status and mortality
risk in haemodialysis patients.

e Future prospective studies could establish evidence-based age-adjusted cut-off levels for serum albumin, improving mor-
tality risk stratification and patient care in haemodialysis.
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INTRODUCTION

Hypoalbuminaemia is a significant prognostic marker of adverse
outcomes in the general population and in patients undergo-
ing haemodialysis. Serum albumin levels are extensively used to
evaluate the nutritional status of individuals, whether they have
chronic kidney disease (CKD) or not. A decrease in these levels
is associated with inflammation, fluid overload, frailty, and mal-
nutrition, among others [1-4].

The Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines for haemodialysis patients define hypoalbu-
minaemia as serum values below 4.0 g/dl [5]. However, the
most recent update of these guidelines did not establish a
specific cut-off value for hypoalbuminemia [6].

A great proportion of patients undergoing haemodialysis are
elderly, with the ageing, there are important changes in body
composition, characterized by an increase in fat mass, a de-
crease in lean mass, reduced physical activity, and lower daily
energy requirements [7]. In our clinical experience, many elderly
haemodialysis patients with seemingly good health status, ex-
hibit albumin levels lower than those recommended by guide-
lines.

Several studies have been published on the association be-
tween hypoalbuminaemia and increased morbidity and mortal-
ity in haemodialysis patients [8-13]. However, no studies have
yet been conducted to determine whether this relationship is
modified by the age of the patients.

In this study, we hypothesize that the decline in albumin lev-
els with the ageing could influence the albumin prognostic ca-
pacity in the elderly haemodialysis patients.

MATERIALS AND METHODS
Study design

COSMOS is a multicentre, observational, prospective, open-
cohort study spanning a 3-year period. It involved a total of 6797
patients from 227 haemodialysis centres across 20 European
countries. Patients and centres were randomly selected from a
full list of dialysis facilities in these 20 countries. Haemodialysis
centres with more than 40 patients were included in the study,
and each centre contributed with 20 patients. The number of pa-
tients recruited per country was proportional to the haemodial-
ysis population in each participating country.

Patient recruitment began in February 2005 and concluded
in July 2007, thus the follow-up period finished in July 2010.
The study received approval by the Ethics Committee of Univer-
sity Hospital, Doctor Peset (Approval number 05/054, Valencia,
Spain). Patients provided informed consent to participate in the
study which was conducted following the principles of the Dec-
laration of Helsinki. All study details have been previously pub-
lished [14-17].

Baseline data collected from each patient included demo-
graphics [age, gender, body mass index (BMI)], medical his-
tory (smoking habits, aetiology of CKD, diabetes mellitus, car-
diovascular disease), and treatments (time on haemodialysis,
haemodialysis regimen including hours per week and type).
Moreover, laboratory values from the previous 6 months [cal-
cium, phosphate, parathyroid hormone (PTH), albumin, and
haemoglobin] were also collected. Additional data on treat-
ments, monthly laboratory values, and outcomes (including
death) were collected every 6 months throughout the entire
3-year follow-up period. All data were obtained from medical
records. At baseline and at subsequent 6-month intervals, the

mean values of laboratory tests from the preceding 6 months
were calculated.

Patients lost to follow-up regardless of reason were replaced
with new patients undergoing haemodialysis for <1 year. From
an initial cohort of 6797 patients, 4500 were randomly selected
at study outset and 2297 individuals entered the study later
to compensate the dropout of patients during the follow-up
period.

Statistical analysis

A descriptive analysis was performed in patients with and with-
out hypoalbuminaemia at cohort entry (referred to as baseline
and defined as serum albumin <4 g/dl), in patients above or be-
low 65 years. We also classified patients by quintiles of distri-
bution in serum albumin. Numerical variables were described
using means and standard deviations for normally distributed
data, and medians and interquartile ranges for non-normally
distributed data. To account for the data distribution, statis-
tical comparisons were performed by using one-way ANOVA
or Kruskal-Wallis tests accordingly. Categorical variables were
presented as frequencies and percentages of patients and chi-
squared test was used for comparisons.

The association between baseline serum albumin
(dependent numeric variable) and various characteristics
of patients (independent variables) was assessed using linear
regression analysis. Crude and adjusted estimates were cal-
culated for the following variables: age, gender, BMI, smoking
habit, aetiology of CKD, presence of cardiovascular disease, time
on haemodialysis, type of dialysis, serum PTH, calcium, and
phosphate levels.

The relationship between age and baseline hypoalbu-
minaemia (yes/no) was assessed using binary logistic regres-
sion. For this analysis, age was categorized into four increasing
groups: <55 years (reference), 55-65 years, 65-75 years, and >75
years. Crude and multivariate adjustments were performed. The
multivariable model included the following covariates: gender,
BMI, smoking habit, aetiology of CKD, presence of cardiovascu-
lar disease, time on haemodialysis, type of dialysis, serum PTH,
calcium, and phosphate levels.

Cox proportional hazard regression was used to study the as-
sociation between all-cause mortality and baseline hypoalbu-
minaemia in patients older and younger than 65 years. Haz-
ard ratios were adjusted by the variables detailed previously.
The potential effect modification of age on the association be-
tween hypoalbuminaemia and all-cause mortality was assessed
by examining the interaction term between these two covari-
ates. The same analysis was also conducted in different patient
subgroups: men, women, those with and without diabetes, and
those with and without cardiovascular disease. Additional anal-
yses were carried out considering baseline serum albumin as
a continuous variable using restricted cubic splines with three
knots at fixed percentiles. Furthermore, the relative risk of mor-
tality was examined using serum albumin as a time-dependent
variable, collected every 6 months.

Time-dependent receiver operating characteristic curves
(ROC) was used to assess the discrimination of baseline serum
albumin in predicting all-cause mortality and identify the cut-
off value with highest sensitivity and specificity.

Statistical analyses were performed using R software for win-
dows (version 4.4.0, R Foundation for Statistical Computing, Vi-
enna, Austria) with the RStudio interface (version 2024.04.1 Build
748).
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Table 1: Clinical and demographic characteristics of 5585 HD patients from COSMOS stratified by albumin and age at cohort entry.

Albumin (g/dl) Age (years)
Overall <4 >4 <65 >65

n 5585 3592 1993 2458 3127
Albumin (g/dl) [median (IQR)] 3.8[3.5,4.1] 3.6 [3.3,3.8] 4.2 [4.1,4.4] 3.9 [3.6,4.2] 3.8 [3.4,4.0]
Age (years) [mean (SD)] 64.1 (14.3) 66.1 (13.6) 60.3 (14.9) 51.0 (10.7) 74.3 (6.0)
Sex = male (%) 3396 (60.8) 2063 (57.4) 1333 (66.9) 1566 (63.7) 1830 (58.5)
BMI (kg/m?) [mean (SD)] 25.3 (5.1) 25.2 (5.2) 25.5 (4.9) 25.5 (5.5) 25.2 (4.7)
Smoking habits (%)

Current 805 (14.4) 499 (13.9) 306 (15.4) 572 (23.3) 233 (7.5)

Former 1220 (21.9) 794 (22.1) 426 (21.4) 455 (18.5) 765 (24.5)

Never 3555 (63.7) 2298 (64.0) 1257 (63.2) 1427 (58.1) 2128 (68.1)
Primary kidney disease (%)

Diabetic nephropathy 1208 (21.6) 844 (23.5) 364 (18.3) 479 (19.5) 729 (23.3)

Hypertension/nephroangiosclerosis 1136 (20.4) 749 (20.9) 387 (19.4) 324 (13.2) 812 (26.0)

Glomerulonephritis 953 (17.1) 550 (15.3) 403 (20.3) 570 (23.2) 383 (12.2)

Obstructive/interstitial nephropathy 655 (11.7) 413 (11.5) 242 (12.2) 307 (12.5) 348 (11.1)

PKD 451 (8.1) 274 (7.6) 177 (8.9) 249 (10.1) 202 (6.5)

Tumours 90 (1.6) 56 (1.6) 34 (1.7) 44 (1.8) 46 (1.5)

Unknown aetiology 636 (11.4) 410 (11.4) 226 (11.4) 247 (10.1) 389 (12.4)

Other 452 (8.1) 295 (8.2) 157 (7.9) 234 (9.5) 218 (7.0)
Diabetes mellitus = yes (%) 1723 (30.9) 1199 (33.4) 524 (26.3) 623 (25.3) 1100 (35.2)
CV history = yes (%) 4032 (72.2) 2650 (73.8) 1382 (69.5) 1520 (61.9) 2512 (80.4)
Dialysis vintage (months) [median (IQR)] 20.0 [8.0, 51.0] 17.0 [7.0, 48.0] 26.0 [10.0, 58.0] 20.0 [8.0, 51.0] 21.0 [8.0, 51.0]
Dialysis technique (%)

Low-flux 3007 (53.8) 2037 (56.7) 970 (48.7) 1204 (49.0) 1803 (57.7)

High-flux 2075 (37.2) 1268 (35.3) 807 (40.5) 986 (40.1) 1089 (34.8)

Others 503 (9.0) 287 (8.0) 216 (10.8) 268 (10.9) 235 (7.5)

PTH (pg/ml) [median (IQR)]

209.2 [108.0,370.0] 200.0 [103.0,355.6] 227.5 [121.5,401.5] 236.3 [116.0,428.4] 193.2 [103.5,334.8]

Calcium (mg/dl) [median (IQR)] 9.1[8.6,9.5] 9.0[8.6,9.5] 9.2[8.8,9.7] 9.1[8.6,9.5] 9.1[8.7,9.5]
Phosphate (mg/dl) [median (IQR)] 5.2 [4.4, 6.2] 5.1[4.3,6.1] 5.4[4.5,6.3] 5.6 [4.7, 6.6] 4.9[4.1,5.8]
Haemoglobin (g/dl) [median (IQR)] 11.5 [10.7, 12.3] 11.4 [10.5,12.2] 11.7 [11.0, 12.4] 11.5 [10.6, 12.2] 11.5 [10.8, 12.3]

PKD: polycystic kidney disease, CV: cardiovascular.

RESULTS

A total of 5585 patients (82.2% of the initial cohort) were included
in the present analysis of the COSMOS cohort after excluding in-
dividuals with missing follow-up data (n = 490) or lacking serum
albumin at baseline (n = 722). During follow-up, 1470 patients
died, 582 received a kidney transplant, 215 were transferred to
other haemodialysis centres, 21 switched to peritoneal dialysis,
and 46 were lost to follow-up for other reasons.

Table 1 shows the baseline characteristics of the entire cohort
and stratified by the presence/absence of hypoalbuminaemia
at baseline (<4 g/dl) and by age (<65 or >65 years). The full
cohort had a mean age of 64.1 years and a haemodialysis
vintage of 20.0 months. Men comprised a higher proportion
of participants (60.8%). Diabetic nephropathy and hyperten-
sion/nephroangiosclerosis were the two most frequent primary
causes of kidney disease. Diabetes mellitus and cardiovascular
disease were frequent comorbidities in this cohort (30.9% and
72.2%, respectively). The median serum albumin was 3.8 and in-
terquartile range 3.5-4.1 g/dl.

A total of 3592 (64.3%) patients met the criterion for hy-
poalbuminaemia, (serum albumin below 4 g/dl). These patients
were 5.8 years older, and less often males, had lower dialysis
vintage, higher prevalence of diabetes and cardiovascular dis-
ease and lower levels of serum PTH, calcium, phosphate, and
haemoglobin. To provide a more detailed understanding of the
relationships between serum albumin levels and patient char-
acteristics, Supplementary Table S1 categorizes the full cohort
into quintiles of serum albumin concentration.

A total of 3127 patients (56.0%) were 65 years or older. Com-
pared to younger patients, the elderly population had a lower
proportion of males, a higher prevalence of diabetes and cardio-
vascular disease, and lower serum levels of PTH and phosphate
(Table 1).

The prevalence of hypoalbuminaemia increased linearly
with age, exceeding 70% in patients over 70 years old (Fig. 1).
This association between serum albumin and age was con-
firmed by both crude and adjusted linear regression analy-
ses, demonstrating a strong negative correlation (8 standard-
ized coefficients of —0.204 and -0.187, respectively; P < .001)
(Supplementary Table S2). Crude and adjusted binary logistic re-
gression also confirmed increased odds for clinical hypoalbu-
minaemia with older age (P for trend < .001, Table 2).

The association between all-cause mortality and serum al-
bumin, modelled as a continuous variable, differed graphically
between patients younger and equal or older than 65 years. Pa-
tients younger than 65 years exhibited a more pronounced in-
crease in the relative risk of mortality with lower serum albu-
min levels (e.g. HR = 3.71 at 2.5 g/dl) compared to older patients
(HR = 2.36), although the 95% confidence interval was wider,
probably due to the smaller number of cases in this group (Fig. 2).

Additional analyses revealed that hypoalbuminaemia was
associated with an increased hazard ratio of mortality in both,
younger and older patients. However, the hazard ratio was
higher in magnitude in the younger patients [1.81 (95% CI: 1.42—
2.31)] compared to older ones [1.36 (95% CI: 1.17-1.57)]. The
interaction term age x serum albumin in the Cox regression
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Figure 1: Prevalence of hypoalbuminaemia (serum albumin <4.0 g/dl) across age groups.

Table 2: Crude and adjusted logistic regression analysis showing odds for clinical hypoalbuminaemia (<4.0 g/dl) across increasing age cate-

gories.

Odds-ratio[95%CI]
Age (years) <55 55-65 65-75 >75 P trend
Crude Reference 1.57[1.34-1.85] 2.05[1.77-2.38] 3.00[2.55-3.53] <.001
Adjusted* 1.56[1.31-1.86] 1.89[1.59-2.24] 2.68[2.22-3.23] <.001

“Estimates were adjusted by age, sex, smoking habits, aetiology of CKD, BMI, diabetes, cardiovascular disease, type of haemodialysis, dialysis vintage, PTH, serum

calcium, and phosphorous.

model was statistically significant (P = .004) (Fig. 3). Hazard ra-
tios were consistently higher in patients younger than 65 years
compared to those aged 65 and older across all subgroups of
patients. This pattern was observed in men [1.85 (95%CI: 1.39-
2.47) vs. 1.42 (95%CI: 1.18-1.71)], women [1.71 (95%CI: 1.07-2.71)
vs. 1.29 (95%CI: 1.02-1.63)], patients with diabetes [1.76 (95%CI:
1.18-2.63) vs. 1.15 (95%CI: 0.92-1.44)], patients without diabetes
[1.85 (95%CI: 1.36-2.51) vs. 1.49 (95%CI: 1.23-1.81)], patients with
cardiovascular disease [1.73 (95%CI: 1.32-2.28) vs. 1.36 (95%Cl:
1.16-1.59)], and patients without [1.98 (95%CI: 1.16-3.37) vs. 1.46
(95%CI: 0.98-2.19)]. Cox regression analysis using serum albu-
min as a time-dependent variable further demonstrated signif-
icantly higher hazard ratio in patients younger than 65 years
[4.05 (95%CI: 2.81-5.84) vs. 2.79 (95%CI: 2.24-3.49), P for interac-
tion = .001].

Time-dependent ROC curves identified the cut-offs of 3.7 g/d,;
for patients younger and 3.5 g/d; for patients aged 65 years and
older as those with highest sensitivity and specificity (Fig. 4).

DISCUSSION

In haemodialysis patients, hypoalbuminaemia is an indicator of
nutritional status/inflammation and a strong predictor of mor-
tality. The present study suggests that the ageing is accompa-
nied by lower albumin levels, and that age may influence the as-
sociation between serum albumin and mortality. Conceptually,
our study proposes to use in clinical practice different cut-offs
for laboratory biomarkers by age (when indicated). In our study,
the association between albumin and mortality was stronger in

younger patients, and the thresholds to discriminate risk were
slightly higher than those older than 65 years.

Serum albumin levels are important indicators of nutritional
status, particularly in clinically stable people [18]. In these cases,
low albumin levels reflect overall malnutrition [19], making it
a reliable tool for identifying individuals at risk of adverse
health outcomes. Several studies have demonstrated that main-
taining adequate serum albumin levels has been associated
with improved clinical outcomes in patients on maintenance
haemodialysis [20]. Levels below 4 g/dl are considered clinically
low by KDOQI [5], although other guidelines such as those of the
International Society of Renal Nutrition and Metabolism con-
sider 3.8 g/dl [21].

The present study found that the prevalence of hypoalbu-
minaemia increased with age despite multiple adjustments for
identified confounders. A negative correlation between serum
albumin and age has been previously described in both the gen-
eral population [22] and haemodialysis patients [23]. However,
age itself may not be the sole cause of the decrease in serum al-
bumin in the elderly [18]. Age may encompass other conditions
of ageing, including loss of appetite, changes in body composi-
tion, lower energy needs, lower physical activity etc... [24, 25]. In
haemodialysis patients, despite the technological advances in
the filters used, and their adaptation to different clinical situa-
tions, there may be a (small) loss of serum albumin during the
session, which confers an additional risk of hypoalbuminaemia
[26-28].

Our study identified an independent association between
baseline hypoalbuminaemia and increased mortality risk,
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Figure 2: Impact of serum albumin on mortality risk in haemodialysis patients: a restricted cubic spline analysis with age stratification. Hazard ratios and 95% con-
fidence intervals (shaded area) are depicted in the elderly (=65 years old, n = 3127) and non-elderly (<65 years old, n = 2458) haemodialysis patients. Estimates were
adjusted for age, sex, smoke, aetiology of CKD, BMI, diabetes, cardiovascular disease, type of haemodialysis, vintage, PTH, calcium, and phosphate.
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Figure 3: Differential association between hypoalbuminaemia and 3-year mortality risk in non-elderly (<65 years) vs. elderly (=65 years) haemodialysis patients. Hazard
ratios were adjusted for age, sex, smoke, aetiology of CKD, BMI, diabetes, cardiovascular disease, type of haemodialysis, vintage, PTH, calcium, and phosphate.

aligning it with previous reports [20, 29]. Previous research sug-
gests that inflammation contributes to this association [25].
Building on this, a recent DOPPS study proposed a combined
measure of malnutrition (serum albumin) and inflammation (C-
reactive protein) as a strong predictor of mortality in haemodial-
ysis patients [11]. Unfortunately, the COSMOS study focused
on CKD-Mineral and Bone Disorder, and inflammatory markers
such as C-reactive protein or other surrogate markers of inflam-
mation, were not collected, which would have allowed a bet-
ter analysis of the multivariate models and a better assessment
of the association between relative mortality risk and serum
albumin.

Interestingly, the present study revealed a stronger associa-
tion between hypoalbuminaemia and mortality risk in patients

younger than 65 compared to those older than this age. This
finding was consistent across the full cohort and various patient
subgroups including men, women, and patients with or with-
out diabetes or cardiovascular disease. The modifying effect of
age on the association between serum albumin and mortality
was also independent of whether baseline (representing long-
term effects) or time-dependent serum albumin (representing
short-term effects [30]) were used. Serum albumin had a bet-
ter mortality predictive capacity in the younger patients, as evi-
denced by time-dependent ROC curves. In line with the present
results, a previous study, which developed a nutritional risk in-
dex to screen haemodialysis patients for mortality risk, identi-
fied distinct age-dependent cut-off points for serum albumin to
best predicted death: 3.7 g/dl for patients younger than 65 years

G20z Arenuer gz uo sasn 1d'junysoj@enoulll Aq 996668./6€€9EIS/ |/81/BI01Me/Bo/Wwoo"dno-olwapeo.//:sdiy oy papeojumoq



8 | C.Sanz-Garcia et al.

ROC (time = 18 months)
1.0

0.8 1

o
2}
A

Sensitivity (TPR)
o
=

<65 years
- = 265years

024 /

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - specificity (FPR)

Figure 4: Age-dependent predictive ability of baseline serum albumin for mor-
tality at 18 months in haemodialysis patients using time-dependent ROC. The
area under the curve (AUC) of the time-dependent ROC curve was consistently
higher in patients younger than 65 years throughout all follow-up periods (data
not shown). As an example, the ROC curve at 18 months demonstrated that the
AUC for predicting 18-month mortality risk using baseline serum albumin lev-
els was significantly higher in patients younger than 65 years (95% confidence
intervals do not overlap). Serum albumin levels with the maximum sensitivity
and specificity were 3.7 g/dl for patients younger than 65 years and 3.5 g/dl for
those aged 65 years and older. TPR: true positive rate, FPR: false positive rate.

and 3.5 g/dl for those equal or older than 65 years, identical to
the cut-off values found in the present study [31].

Albumin has traditionally been used as a marker of poor nu-
tritional status, but serum albumin is a negative acute-phase re-
actant that decreases during acute and chronic illness and in-
flammation [22, 32]. Consequently, relying solely on serum albu-
min as an indicator of nutritional status in inflammatory con-
texts can be misleading, underscoring the need for comprehen-
sive assessments that account for both nutritional intake and
inflammatory markers [33].

The reason for the potentially greater impact of hypoalbu-
minaemia on mortality in younger patients remains unclear.
Despite extensive literature searches, we have not identified
scientific evidence supporting this finding. As previously men-
tioned, it is possible to speculate that, as patients age, albumin
levels may decline ‘physiologically’ due to physical and nutri-
tional changes associated with ageing, without necessarily im-
plying pathological conditions. These changes could include the
progressive loss of muscle mass and the increase in fat mass
that occur with age, as well as reduced protein-caloric intake
due to decreased physical activity and energy requirements in
these patients. Furthermore, hypoalbuminemia in older patients
often reflects chronic inflammation and frailty. By contrast, in
younger patients, hypoalbuminemia may be more closely asso-
ciated with acute and severe comorbidities such as infections,
acute inflammation, or neoplastic conditions, thereby contribut-
ing to the potential increase in mortality in this group of pa-
tients.

One limitation of the COSMOS study is its observational de-
sign, which precludes establishing causality. Also, the data vin-
tage may not fully reflect the current practices and outcomes

of haemodialysis patients. As discussed earlier, the absence of
inflammatory markers and other surrogate markers of inflam-
mation limited our ability to adjust for them in the relative risk
of mortality analysis and go further in the search of possible ex-
planations.

In conclusion, this study in a large cohort of haemodialy-
sis patients confirms that the prevalence of hypoalbuminaemia
increases with age, but adds the novel perspective that albu-
min exhibits stronger associations with mortality in younger vs.
older patients. Therefore, optimal thresholds varied and may be
considered differently in routine practice to inform clinical deci-
sions. Future prospective studies with more contemporary and
diverse patient populations are needed to confirm our observa-
tions and help establish evidence-based cut-off levels for serum
albumin in younger and older haemodialysis patients.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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