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Abstract
Background: The association between oral nutritional supplement use and nutritional parameters among patients with 
nondialysis chronic kidney disease (CKD-ND) with or at high risk of undernutrition/protein-energy wasting has not been 
previously studied. The definition of patient subgroups most likely to benefit from oral nutritional supplementation (ONS) is 
also an area where more research is needed.
Objective: To assess nutritional parameter trajectories among patients with CKD-ND prescribed oral nutritional 
supplements in British Columbia, and to compare trajectories by nutritional phenotype.
Design: Longitudinal cohort study, pre-post design.
Setting: Multidisciplinary CKD clinics across British Columbia.
Patients: A total of 3957 adult patients with CKD-ND, who entered multidisciplinary CKD clinics during 2010 to 2019, 
met criteria for oral nutritional supplement prescription based on dietitian assessment, and received ≥1 oral nutritional 
supplement prescription.
Measurements: Longitudinal nutritional parameters, including body mass index (BMI), serum albumin, serum bicarbonate, 
serum phosphate, and neutrophil-to-lymphocyte ratio (NLR).
Methods: Using linear mixed models, slopes for nutritional and inflammation parameters were assessed in the 2-year 
periods before and after the first oral nutritional supplement prescription. Hierarchical cluster analysis was applied to identify 
nutritional phenotypes using baseline data, and slope analysis was repeated by cluster.
Results: In the pre-oral-nutritional-supplement period, declines in BMI (−0.87 kg/m2/year, 95% confidence interval [CI]: 
−0.99 to −0.75), albumin (−1.11 g/L/year, 95% CI: −1.27 to −0.95), and bicarbonate (−0.49 mmol/L/year; 95% CI: −0.59 to 
−0.39), and increases in NLR (+0.79/year; 95% CI: 0.60 to 0.98) and phosphate (+0.05 mmol/L/year; 95% CI: 0.04 to 0.06) 
were observed. Following oral nutritional supplement prescription, there were statistically significant increases in BMI slope 
(+0.91 kg/m2/year, P < .0001), albumin slope (+0.82 g/L/year, P < .0001), and phosphate slope (+0.02 mmol/L/year, P = 
.005), as well as a decline in NLR slope of −0.55/year (P < .0001). There was no significant change in bicarbonate slope. 
Cluster analysis identified 5 distinct phenotypes. The cluster with the highest mean baseline NLR and lowest mean BMI 
demonstrated the greatest number of improvements in nutritional parameter slopes in the post-oral-nutritional-supplement 
period.
Limitations: Possibility of residual confounding. Data on dietary intake, muscle mass, and nutritional scoring systems were 
not available in the registry.
Conclusions: Among patients with CKD-ND prescribed oral nutritional supplements, there were improvements in 
nutrition/inflammation parameters over time following the first ONS prescription. The heterogeneity in response to ONS 
by cluster subgroup suggests an individualized approach to nutritional management may be beneficial.

Abrégé 
Contexte: L’association entre la prise de suppléments nutritionnels par voie orale (SNO) et les paramètres nutritionnels 
n’a jamais été étudiée chez les patients atteints d’insuffisance rénale chronique non dialysés (IRC-ND) présentant un risque 
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élevé de sous-alimentation/dénutrition protéino-énergétique. Des recherches sont également nécessaires pour définir les 
sous-groupes de patients les plus susceptibles de bénéficier d’une supplémentation par voie orale.
Objectifs: Évaluer les trajectoires des paramètres nutritionnels des patients atteints d’IRC-ND sous ordonnance de SNO 
en Colombie-Britannique, puis comparer ces trajectoires selon le phénotype nutritionnel.
Conception: Étude de cohorte longitudinale avec devis pré-post.
Cadre: Cliniques multidisciplinaires d’IRC en Colombie-Britannique
Sujets: 3 957 patients adultes IRC-ND ayant fréquenté les cliniques multidisciplinaires d’IRC entre 2010 et 2019, ayant 
satisfait au critère de prescription de SNO après évaluation par une diététicienne et ayant reçu au moins une ordonnance 
de SNO.
Mesures: Paramètres nutritionnels longitudinaux : indice de masse corporelle (IMC), albumine sérique, bicarbonate sérique, 
phosphate sérique et rapport neutrophiles/lymphocytes (RNL)
Méthodologie: Des modèles linéaires mixtes ont servi à évaluer les courbes des paramètres nutritionnels et inflammatoires 
pour des périodes de deux ans précédant et suivant la première prescription de SNO. Une analyse de classification hiérarchique 
a servi à établir les phénotypes nutritionnels grâce aux données initiales, puis l’analyse de la courbe a été répétée par classe.
Résultats: Au cours de la période précédant la prescription de SNO, on a observé une réduction de l’IMC (-0,87 kg/
m2/année; IC 95 % : -0,99 à -0,75), du taux d’albumine (-1,11 g/L/année; IC 95 % : -1,27 à -0,95) et du taux de bicarbonate 
(-0,49 mmol/L/année; IC 95 % : -0,59 à -0,39), et une hausse du RNL (+0,79/année; IC 95 % : 0,60 à 0,98) et du taux de 
phosphate (+0,05 mmol/L/année; IC 95 % : 0,04 à 0,06). Après la prescription d’un SNO, on a noté une hausse statistiquement 
significative de la courbe de l’IMC (+0,91 kg/m2/année; p<0,0001), de la courbe de l’albumine (+0,82 g/L/année; p<0,0001) 
et de la courbe du phosphate (+0,02 mmol/L/an; p=0,005), ainsi qu’une réduction de la courbe du RNL de -0,55/année 
(p<0,0001). Aucun changement significatif n’a été observé pour la courbe du bicarbonate. L’analyse de classification 
hiérarchique a permis de dégager cinq phénotypes distincts. Dans la période suivant la prescription de SNO, les classes ayant 
montré le plus grand nombre d’améliorations sont celles qui présentaient le RNL moyen le plus élevé et l’IMC moyen le plus 
bas au début de l’étude.
Limites: Possibilité de confusion résiduelle. Les données sur l’apport alimentaire, la masse musculaire et les systèmes de 
notation de la qualité nutritionnelle n’étaient pas disponibles dans le registre.
Conclusion: Des améliorations ont été observées au fil du temps dans les paramètres nutritionnels et inflammatoires des 
patients atteints d’IRC-ND après une première ordonnance de SNO. L’hétérogénéité de la réponse aux SNO dans les sous-
groupes de patients suggère qu’une approche individualisée de la gestion nutritionnelle des patients serait bénéfique.
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Introduction

Malnutrition and protein-energy wasting (PEW) are compli-
cations of advanced kidney disease associated with increased 
risk of frailty, cardiovascular disease, infectious complica-
tions, and mortality.1-6 The prevalence of PEW among 
patients with nondialysis chronic kidney disease (CKD-ND) 
ranges from 11% to 54%.3,7-11 Longitudinal cohort studies 
have demonstrated declines in weight and body mass index 

(BMI) after estimated glomerular filtration rate (eGFR) 
declined below 35 ml/min/1.73 m2, and those with >5% 
weight loss per year prior to starting dialysis were at higher 
risk of mortality following dialysis initiation.12 Thus, mal-
nutrition, if amenable to intervention, may be a potentially 
modifiable determinant of the high mortality rate observed 
in the early period following dialysis initiation.13 Moreover, 
nutritional status tends to be at its lowest at the time of dial-
ysis initiation, and this baseline nutritional status is the most 
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important predictor of nutritional parameter levels in the 
year following dialysis initiation.14,15 These previous find-
ings highlight the potential importance of managing malnu-
trition and PEW prior to end-stage kidney disease. 
International guidelines recommend oral nutritional supple-
mentation (ONS) for treatment of malnutrition and PEW in 
patients with CKD if intake remains inadequate despite 
dietary counseling.16-18 However, previous studies have 
focused on efficacy of ONS among patients on dialysis,19 
while ONS use among patients with CKD-ND with or at 
high risk of malnutrition and PEW has not been previously 
studied.

In British Columbia (BC), a government-funded 
Nutritional Supplement Policy under the direction of renal 
dietitians guides ONS prescription for patients with CKD, 
regardless of eGFR, who meet criteria based on degree of 
weight loss or inadequate nutrient intake.20 To date, this is 
the only universal coverage program for ONS that is stan-
dardized across a provincial program, and therefore, it is of 
interest to study its implementation from a stewardship per-
spective. Based on the premise of “precision nutrition,”21 
responses to nutritional supplementation may also differ sub-
stantially among individuals. Therefore, we aimed to assess 
longitudinal nutritional status parameters in response to ONS 
treatment in a cohort of patients with CKD-ND using BC 

registry data. We hypothesized that there would be identifi-
able change over time in nutritional status parameters with 
ONS prescription, and that we could identify subgroups of 
patients using cluster analysis, to explore possible variation 
in response.

Materials and Methods

This analysis included longitudinal data from adult patients 
>18 years of age with CKD-ND who entered multidisci-
plinary CKD clinics in BC between January 1, 2010, and 
December 31, 2019, and who initiated any ONS during CKD 
clinic follow-up. According to the current ONS policy for the 
adult population with CKD, ONS prescription by registered 
renal dietitians is indicated when any of the following condi-
tions occur and cannot be addressed through nutritional 
counseling/diet changes alone: unintentional weight loss 
>10% of the usual body weight in the past 6 months, current 
weight <90% of desirable body weight, nutrient intake 
<80% recommended, and/or current hypercatabolic state 
(surgery, infections, burns, wounds).20 A list of ONS avail-
able under this policy is in Supplemental Table 1. Several 
types of ONS are available in the BC Renal formulary, 
including general ONS, renal-specific ONS, diabetes-spe-
cific ONS, and protein-only ONS. Renal dietitians deter-
mine the type of ONS and frequency of administration 
needed to meet daily intake requirements for a given patient. 
Duration of ONS treatment is variable and based on the 
patient’s medical condition and regular evaluation by a renal 
dietitian of the patient’s dietary intake and response to 
supplement(s).20 Demographic and laboratory data from 
routine follow-up were extracted from the Patient Records 
and Outcome Management Information System, an elec-
tronic registry of kidney patients in BC. Patients with previ-
ous renal transplant were excluded from the analysis. Ethics 
approval was obtained from the University of British 
Columbia-Providence Health Care Institute (study number: 
H19-01154).

Statistical Analysis

Using a before-after study design, linear mixed effects mod-
els with segmented regression were used to determine the 
slopes of the following 5 nutritional parameters: BMI, serum 
albumin, serum bicarbonate, serum phosphate, and neutro-
phil-to-lymphocyte ratio (NLR) in the 2 years prior to  
(pre-ONS) and 2 years after (post-ONS) the first ONS pre-
scription. Included patients were required to have at least 2 
measurements pre-ONS and post-ONS for slope measure-
ments. Each model was adjusted for sex, age, eGFR, urine 
albumin-creatinine ratio, hypertension, cardiovascular dis-
ease, diabetes, health region, and calendar year of the first 
ONS prescription.

Cluster analysis using hierarchical clustering method with 
consensus clustering was performed. Baseline values of 

Table 1. Baseline Characteristicsa of Nondialysis Chronic  
Kidney Disease Patients Prescribed Oral Nutritional Supplements 
(N = 3957).

Age (years) 76.5 (66.5, 83.6)
Female (%) 1838 (46.5%)
Comorbidities (%)
 Diabetes 2074 (52.4%)
 Hypertension 3141 (79.4%)
Estimated glomerular filtration rate (ml/min/1.73 m2) 23 (16, 31)
Cause of CKD
 Hypertension 683 (17.3%)
 Diabetes 577 (14.6%)
 Polycystic 59 (1.5%)
 Congenital 18 (0.5%)
 Glomerulonephritis/Autoimmune 304 (7.7%)
 Other 1782 (45.0%)
 Unknown 815 (20.6%)
Urine albumin-to-creatinine ratio (mg/mmol) 28.4 (5.1, 141.8)
Body mass index (kg/m2) 24.6 (21.8, 28.3)
Serum albumin (g/L) 39 (35, 42)
Serum phosphate (mmol/L) 1.3 (1.1, 1.5)
Serum bicarbonate (mmol/L) 24 (22, 27)
Serum ferritin (µg/L) 157 (77, 325)
Iron saturation (%) 23 (17, 31)
Hemoglobin (g/L) 108 (97, 120)
Parathyroid hormone (pmol/L) 12.2 (7.3, 19.9)
Neutrophil-to-lymphocyte ratio 3.3 (2.3, 5.2)

Note. Results expressed as median (interquartile range) or number (percentage). 
CKD = chronic kidney disease.
aWithin 12 months prior to the first prescription of oral nutritional supplements.
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Figure 1. Nutritional trajectories for body mass index, serum albumin, neutrophil-to-lymphocyte ratio, serum bicarbonate, and serum 
phosphate before and after the first oral nutritional supplement prescription among patients with nondialysis chronic kidney disease.
Note. Time 0 refers to time of the first ONS prescription. Changes in slope (post-ONS slope vs pre-ONS slope) are shown in boxes. Linear mixed effect 
models adjusted for sex, age, eGFR, urine albumin-creatinine ratio, hypertension, cardiovascular disease, diabetes, health region, and calendar year of the 
first ONS prescription. Graph shown for reference patient with the following characteristics: 60 years old, male sex; no history of cardiovascular disease, 
diabetes, or hypertension; urine albumin-to-creatinine ratio: 3.0 mg/mmol; eGFR: 60 ml/min/1.73m2; Island Health Authority; initiated ONS prescription in 
2015. BMI = body mass index; ONS = oral nutritional supplement; eGFR = estimated glomerular filtration rate; CI = confidence interval.
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BMI, serum albumin, serum bicarbonate, serum phosphate, 
and NLR that were the closest measurement within 12 
months prior to the first ONS prescription were utilized as 
clustering variables. Parameters consisted of 80% subsam-
pling with 500 repetitions, and cluster size ranging from 2 to 
20. The optimal number of clusters was selected by applying 
the elbow test to the change in the area under the cumulative 
distribution function curve. The slope analyses were repeated 
for each of the resulting cluster subgroups.

Regression analyses were performed using SAS version 
9.4 (SAS Institute, Inc, Cary, North Carolina). Cluster analy-
sis was performed with the ConsensusClusterPlus package in 
R 4.0.3 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results

Pre-Post Analysis for Overall Cohort

Of 26 265 patients in BC who entered CKD clinics between 
January 1, 2010 and December 31, 2019, 3957 patients were 
prescribed ONS according to policy criteria and were 
included in the analysis (Supplemental Figure 1). Among the 
3957 patients in the cohort, 847 patients initiated dialysis and 
17 patients received transplant within 2 years after ONS pre-
scription. Baseline demographics are shown in Table 1. The 
median age was 76.5 years (IQR: 66.5-83.6), with 46.5% 
women, and median eGFR of 23 ml/min/1.73 m2 (IQR: 
16-31). Median time from clinic entry to the first ONS pre-
scription was 8.6 months (IQR: 2.0-24.4). In the pre-ONS 
period, patients demonstrated declines in BMI (−0.87 kg/m2/
year, 95% confidence interval [CI]: −0.99 to −0.75), serum 
albumin (−1.11 g/L/year, 95% CI: −1.27 to −0.95), and 
serum bicarbonate (−0.49 mmol/L/year; 95% CI: −0.59 to 
−0.39), as well as increases in NLR (+0.79/year; 95% CI: 
0.60 to 0.98) and serum phosphate (+0.05 mmol/L/year; 
95% CI: 0.04 to 0.06) (Figure 1). Following the first ONS 
prescription, there were statistically significant increases in 
BMI slope (+0.91 kg/m2/year, P < .0001) and albumin slope 
(+0.82 g/L/year, P < .0001), as well as a decline in NLR 
slope of −0.55/year (P < .0001) (Figure 1). The change in 
serum phosphate slope was of small magnitude (+0.02 
mmol/L/year, P = .005), while there was no significant 

change in bicarbonate slope associated with ONS use (−0.05 
mmol/L/year, P = .4363).

Cluster Analysis

Cluster analysis based on nutritional parameters identified 5 
main clusters (Supplemental Figure 1), which were labeled 
by their most salient features (Table 2). Complete baseline 
data for the 5 clusters are shown in Supplemental Table 2. 
Pre- and post-ONS slopes of BMI, serum albumin, phos-
phate, bicarbonate, and NLR for each cluster are shown in 
Figure 2 and Supplemental Table 3.

Cluster 1 (N = 471) was characterized by the highest 
mean NLR and the lowest mean BMI. Among patients in this 
group, 13.8% had glomerulonephritis/autoimmune cause of 
CKD, compared with 4.4% to 8.2% in the other clusters. 
Following the first ONS prescription, this cluster demon-
strated increases in BMI slope (+1.55 kg/m2/year, P < 
.0001), serum albumin slope (+1.38 g/L, P < .0001), and 
serum bicarbonate slope (+0.50 mmol/L/year, P < .005), as 
well as a decrease in NLR slope (−2.14/year, P < .0001). 
Cluster 2 (N = 898), the largest cluster, was characterized by 
hypoalbuminemia. This cluster demonstrated increases in 
serum albumin slope (+2.15 g/L/year, P < .0001), BMI slope 
(+0.52 kg/m2/year, P = .0059), and serum phosphate slope 
(+0.06 mmol/L/year, P < .0001). There were no statistically 
significant changes in slopes of the other parameters. Among 
cluster 3 (N = 672), characterized by a low mean BMI, there 
was a significant increase in BMI slope (+1.21 kg/m2/year, P 
< .0001) with ONS treatment, accompanied by decreases in 
serum albumin slope (−0.81 g/L/year, P < .0001) and bicar-
bonate slope (−0.96 mmol/L/year, P < .0001), and an increase 
in NLR slope (+0.64/year, P = .004). Cluster 4 (N = 367), 
characterized by acidosis, demonstrated increases in BMI 
slope (+0.80 kg/m2/year, P < .0001) and serum bicarbonate 
slope (+1.00 mmol/L/year, P < .0001) following the first 
ONS prescription, but there were no statistically significant 
changes in slopes of other parameters. In cluster 5 (N = 135), 
characterized by the highest BMI (mean: 30 kg/m2) among 
clusters, there was a decrease in serum albumin slope (−1.23 
g/L/year, P < .0001), an increase in NLR slope (+0.66/year, 
P = .02), and no statistically significant changes in BMI, 
bicarbonate, or phosphate slopes.

Table 2. Cluster Analysis of Patients Prescribed Oral Nutritional Supplements and Nutritional Parameter Characteristicsa by Cluster.

Cluster Main feature of cluster
No. of 

patients
BMI, 
kg/m2

Albumin,  
g/L

Phosphate, 
mmol/L

Bicarbonate, 
mmol/L NLR

1 Lowest BMI and highest NLR 471 22.1 36.1 1.4 23.3 8.5
2 Hypoalbuminemia 898 29.8 34.0 1.3 24.4 4.2
3 Low BMI 672 22.3 42.4 1.3 27.1 3.0
4 Acidosis 367 24.1 41.8 1.4 19.9 3.6
5 Highest BMI 135 30.0 42.9 1.3 24.5 2.3
Total 2543 25.6 38.2 1.3 24.3 4.5

Note. BMI = body mass index; NLR = neutrophil-to-lymphocyte ratio.
aMean nutritional parameters at baseline (closest measurement within 12 months prior to the first ONS prescription).
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Discussion

In a large cohort of 3957 patients, we found ONS prescription 
was associated with increases in BMI and albumin slopes, and 
a decrease in NLR slope. There was minimal effect on phos-
phate slope and no significant change in bicarbonate slope in 
the overall cohort. This analysis is the first, to our knowledge, 
to assess longitudinal trajectories of nutritional parameters 
before and after ONS prescription in a large outpatient popula-
tion of patients with CKD-ND at risk of malnutrition/PEW. 
Uniquely this population is under the care of multidisciplinary 
teams, and ONS is fully supported financially in BC.

Our novel approach used cluster analysis, a form of unsu-
pervised machine learning, to create distinct groupings based 
on similarity across multiple variables. In doing so, we iden-
tified 5 specific “phenotypes,” which allowed us to explore 
heterogeneity of treatment response to ONS. While no previ-
ous studies have used cluster analysis to assess nutritional 
status in CKD-ND, this method was applied in 1 previous 
study in hemodialysis patients to group variables and to 
assess relationships between inflammation, malnutrition, 
and cardiovascular disease markers.22 However, this study 
did not report groupings of patient observations. Our data 
highlighted several examples of between-cluster heterogene-
ity in the change in nutrition and inflammation parameter 
slopes following ONS prescription. Cluster 1, with the high-
est mean NLR and the lowest mean BMI, demonstrated 
improvements in BMI, albumin, bicarbonate, and NLR 
slopes. Conversely, cluster 3, characterized by low BMI in 
the absence of inflammation or abnormalities in other nutri-
tional parameters, demonstrated an increase in BMI slope 
after ONS prescription, but adverse changes in serum albu-
min, bicarbonate, and NLR slopes. This result suggests that 
patients with inflammation may respond better to ONS. This 
is consistent with a previous study in hemodialysis patients, 
which assessed the association between ONS prescription 
protocol and mortality, and suggested a greater benefit in 
patients with higher WBC, a proxy for inflammation.23 
Cluster 4, characterized by lowest mean serum bicarbonate 
among clusters, demonstrated increases in BMI and bicar-
bonate slopes following ONS prescription. This contrasts 
with the results in the whole cohort, in which serum bicar-
bonate slopes did not change following ONS prescription. 
We did not analyze bicarbonate supplementation and there-
fore cannot exclude an effect of this possible cointervention 
on nutritional parameter slopes. Bicarbonate supplementa-
tion has been associated with improved nutritional status and 
decreased risk of progression of CKD.24 Our analysis sug-
gests that the phenotype with the highest mean BMI (cluster 
5), representing a small subgroup in the cohort, may be least 
responsive to ONS in terms of nutritional parameter changes. 
These patients may have sarcopenic obesity, characterized 
by low muscle mass and function in combination with obe-
sity.25 Such patients may respond better to other lifestyle 
interventions, as suggested by Androga et al.25

For clinical interpretation, the magnitude of changes in 
nutritional parameter slopes can be considered in relative 
terms (change in parameter/parameter mean). In a previous 
study from the Dialysis Outcomes and Practice Patterns 
Study,26 a decline by >3.5% in BMI and a decline by >5.3% 
in serum albumin were each associated with significantly 
increased mortality risk in hemodialysis patients. Across clus-
ter phenotypes, we observed relative changes in BMI ranging 
from −0.72% to +7.0% and relative changes in albumin of 
−2.9% to +6.3% associated with ONS use in our cohort. The 
clinical significance of changes in nutritional parameter slopes 
needs to be evaluated by assessing clinical outcomes including 
progression to kidney failure, mortality, hospitalization, and 
quality of life in future randomized controlled trials (RCTs) in 
the population with CKD-ND. Validation of phenotypes in 
other cohorts with CKD-ND is warranted, as are prospective 
studies evaluating the responses among the different patient 
phenotypes to tailored nutritional interventions.

Previous studies have assessed the clinical significance of 
longitudinal trajectories of nutritional parameters among 
patients with kidney disease. Among patients with CKD-ND 
in the Chronic Renal Insufficiency Cohort and the African 
American Study of Kidney Disease and Hypertension, 
patients with >5% annual weight loss prior to starting dialy-
sis had greater risk of death following dialysis initiation 
compared with patients with stable weight.12 In the hemodi-
alysis population, longitudinal changes in nutritional param-
eters and composite nutritional scores have been associated 
with hospitalization and mortality.27-29 Specifically, NLR 
slope and serum bicarbonate slope were identified as impor-
tant predictors of these outcomes.29 Hospitalizations have 
also been associated with prolonged declines in nutritional 
parameters among hemodialysis patients.14

While most evidence supporting ONS use originates from 
the population on dialysis, there is a paucity of studies assessing 
ONS in the population with CKD-ND. One randomized trial 
evaluated a nonprotein calorie supplement as an adjunct to a 
low-protein diet in patients with CKD-ND, and found improve-
ments in urine protein excretion and eGFR, but no differences in 
serum albumin, phosphorus, or C-reactive protein compared 
with the control group.30 However, this study did not specifi-
cally enroll patients with or at risk of malnutrition or PEW.

There are several clinical implications for our study. First, 
ONS appears to improve nutritional parameters among 
CKD-ND, in keeping with the goal of ONS. Second, cluster 
analysis is the method by which we can empirically identify 
nutritional phenotypes based on multiple nutritional param-
eters. In many large dialysis organizations in the United 
States, ONS supplement programs utilize serum albumin cri-
teria alone.23,31-33 However, because serum albumin is also 
affected by intercurrent illness, inflammation, and volume 
status, serum albumin alone is not a reliable marker of nutri-
tional status in kidney patients.34 Our study found that while 
nutritional parameters among the hypoalbuminemic cluster 
were responsive to ONS, other patient phenotypes (eg, with 
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high NLR and low BMI despite normal serum albumin lev-
els) also appear to have favorable responses to ONS treat-
ment. This highlights the heterogeneity of malnutrition and 
the PEW syndrome and the importance of dietitian assess-
ment of multiple nutritional parameters in the decision to 
start ONS. Third, we identified variability in ONS response 
across phenotypes, which suggests that management of mal-
nutrition and PEW with ONS and nutritional status assess-
ment may need to be customized by phenotype.

One of the limitations of the study is its observational 
design, and therefore, a causal link between ONS prescription 
and nutritional parameters cannot be inferred. There is also a 
possibility of residual confounding. We used a pre-post 
design, rather than a separate control group, due to confound-
ing by indication. However, future studies could perform 
comparisons between matched patients prescribed ONS ver-
sus not prescribed ONS. Data on dietary intake, muscle mass, 
and nutritional scoring systems were not available in the reg-
istry, although dietitians do perform intake assessments at 
CKD clinics. Therefore, we focused our analysis on readily 
available weight and lab parameters that are measured as part 
of routine follow-up. Because specific inflammation markers 
are not routinely measured among patients with CKD in BC, 
we selected NLR as an inflammation parameter, an outcome 
that has been validated in patients with kidney disease.35 The 
models assume a linear trajectory of longitudinal nutritional 
parameters in each segment (pre-ONS and post-ONS). 
Secular effects over time may affect nutritional parameter 
outcomes; therefore, we adjusted for year of the first ONS 
prescription in the regression models. We adjusted for base-
line demographic and comorbidity variables but not time-
varying variables, such as medications.

One of the strengths of our study is that we included a 
large, province-wide registry of patients with CKD-ND with 
longitudinal data and managed with standardized care pro-
tocols. Through a government-funded policy, ONS is pro-
vided without cost to kidney patients and without eGFR 
restriction, thereby allowing access to all patients with CKD 
who meet criteria based on low nutrient intake, and/or 
weight. This scope is unique, as many other ONS policies in 
North America have focused on ONS use in the dialysis 
population only. As the risk of mortality is greatest in the 
first 120 days after dialysis initiation, nutritional status is a 
potential contributor to this mortality risk that is amenable 
to treatment prior to dialysis initiation.13 Therefore, a future 
research direction will entail assessment of outcomes asso-
ciated with ONS treatment and the transition to dialysis.

Conclusion

Our study provides evidence that among patients with 
CKD-ND at risk of malnutrition/PEW, a dietitian-led ONS 
policy can improve nutritional status trajectories, as measured 
by objective weight and laboratory parameters. One of the 
additional findings of our study is that it may be important to 
establish nutritional phenotypes, and that cluster analysis 

appears to be a useful method of integrating multiple variables 
to establish these phenotypes. From a clinical perspective, our 
demonstration of the heterogeneity of response to ONS under-
scores the potential of developing personalized nutritional 
management strategies to optimize patient outcomes.
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