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Abstract. Background: Regular monitoring 
is required to ensure that patients who have, 
or are at risk of, chronic kidney disease (CKD) 
receive appropriate management. Guidelines 
recommend regular testing of estimated glo-
merular filtration rate (GFR) and albuminuria. 
However, evidence suggests that albuminuria 
testing rates, specifically urine albumin-to-
creatinine ratio (UACR), are suboptimal. Aim: 
To assess published evidence relating to the 
drivers of non-adherence to albuminuria test-
ing guidelines and the impact of not identify-
ing CKD across the course of progression. Ma-
terials and methods: A systematic review of 
five bibliographic databases was conducted, 
supplemented by hand searches of relevant 
conference abstracts. Results: One study was 
identified that reported drivers of non-adher-
ence to albuminuria testing guidelines. The 
largest barrier was the perception that test-
ing does not impact patient management. 
Thirteen studies were identified that evaluat-
ed the impact of not identifying CKD patients. 
All included studies analyzed the effect of not 
identifying worsening CKD severity leading 
to late referral (LR). 12/13 studies reported 
only on clinical impact, and 1/13 reported 
on clinical and economic impact. LR led to 
higher costs and worse outcomes than early 
referral, including higher rates of mortality 
and worsened kidney replacement therapy 
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preparation. Conclusion: This systematic re-
view demonstrates a gap in evidence explor-
ing the drivers of non-adherence to albu-
minuria testing guidelines and the impact of 
not identifying patients in the early stages of 
CKD. Guideline-recommended testing allows 
timely identification, referral, and treatment 
for patients with, or at risk of, CKD, providing 
the best chance of avoiding the worsened 
outcomes identified in this review.

Introduction

Chronic kidney disease (CKD) poses diag-
nostic challenges due to asymptomatic pro-
gression in its early stages, with symptoms 
only presenting once substantial kidney 
function has been lost [1]. As CKD progresses 
to more advanced stages, such as end-stage 
kidney disease (ESKD), there is a strong as-
sociation with worsening clinical outcomes, 
economic burden, and healthcare resource 
utilization [2]. In more advanced stages, pa-
tient management options may also be lim-
ited to co-morbidity management, dialysis, 
and/or kidney transplantation [3].

When detected early, CKD progression is 
an increasingly manageable disease, due to 
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the availability of established and new treat-
ment options [4, 5, 6]. To allow for timely ini-
tiation of these treatments, comprehensive 
and regular testing of at-risk populations is 
recommended by global guidelines [3, 6, 7]. 
This includes estimated glomerular filtration 
rate (GFR) testing, an established method 
for monitoring kidney function, and test-
ing for albuminuria, an indicator of kidney 
damage and cardiovascular (CV) event risk. 
Dual testing is crucial, as CKD-related kidney 
damage can be present even when estimat-
ed GFR indicates normal kidney function, as 
evidenced by high levels of albuminuria [3].

Diabetes [6], CV [7], and kidney disease 
guidelines [3] recommend simultaneous 
dual testing (with the quantitative urine al-
bumin-to-creatinine ratio (UACR) test being 
preferred over less sensitive urine albumin-
uria dipstick testing). Despite GFR testing 
guidelines being well adhered to, real-world 
evidence suggests that physicians are not 
consistently adhering to albuminuria test-
ing guidelines [8]. Low rates of UACR test-
ing have been reported in countries such as 
France (29%) [9] and the US (21%) [10]. As 
yet, it is unclear why there is underuse of 
UACR testing.

Optimized identification of CKD as per 
guidelines, using both methods of testing, 
is likely to have benefits to how care is de-
livered as well as to patient outcomes [1]. 
However, from our knowledge, no studies 
have systematically examined the impact of 
not identifying CKD patients.

The present study sought to understand, 
via a systematic review, reasons for non-ad-
herence to albuminuria testing guidelines, in-
cluding UACR testing, in CKD and at-risk pop-
ulations. In addition, we evaluated the clinical 
and economic impact of not identifying CKD 
across the course of a patient’s disease pro-
gression – this includes failed/late/missed/no 
diagnosis, and lack of identification of wors-
ening CKD severity leading to late referral for 
kidney replacement therapy (KRT).

Materials and methods

Research questions

This systematic review asked the follow-
ing research questions via a single search 
strategy (see ‘Appendix’ for search strategy):

–– What are the drivers of non-adherence 
to albuminuria testing guidelines in diag-
nosing and tracking CKD progression?

–– What is the clinical/humanistic and eco-
nomic impact of not identifying CKD over 
the course of progressive kidney func-
tion loss?

Research methods
The systematic review was conducted in 

accordance with the Centre for Reviews and 
Dissemination handbook and reported in ac-
cordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses 
(PRISMA) recommendations [11]. The pro-
tocol was pre-registered on the PROSPERO 
international register (CRD42021275223).

Literature search
This review used search terms relating 

to CKD, albuminuria, and non-identification. 
Five databases (see Supplemental material) 
were searched from the date of database 
inception to August 24, 2021. In addition, 
forward citation searching using Science Ci-
tation Index Expanded was used. Abstracts 
from 8 conferences (see Supplemental ma-
terial), limited to 2020 – 2021, were hand-
searched by a single researcher (KM). In 
addition, backwards citation searching was 
undertaken on any systematic reviews that 
met the inclusion criteria at the title and ab-
stract (ti/ab) stage. While this document will 
use recent nomenclature definitions from 
the Kidney Disease Improving Global Out-
comes (KDIGO) consensus conference [12], 
search strings account for the historic vari-
ability in language.

Screening
Two researchers independently screened 

ti/ab (KM and IMG) and full texts (KM and 
RT) of records for both research questions 
simultaneously. Disagreements over study 
eligibility were resolved by a third research-
er (JH). As documented in PROSPERO, dur-
ing the ti/ab screening process, studies were 
tagged as either CKD-only, or type 2 diabe-
tes (T2D) with CKD patient populations, al-
lowing the included population to be broad-citation
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ened to CKD patients if a limited number of 
T2D-specific papers were captured.

Inclusion and exclusion criteria

Each research question had its own inclu-
sion and exclusion criteria (Table 1). Records 
were screened against both criteria, how-
ever, records only had to meet one of the 
research question’s criteria to be included.

Data extraction and 
quality assessment

Data, which included record information, 
study design, and outcomes were extracted 
by one reviewer (KM), and independently 
checked by a second reviewer (RT) for ac-
curacy and completeness. Study quality was 
assessed by two researchers independently 
using the National Heart, Lung, and Blood 
Institute quality assessment tool for obser-
vational, cohort, or cross-sectional studies 
[13]. In addition, the Strengthening the Re-

porting of Observational Studies in Epide-
miology checklist for cross-sectional studies 
was used for surveys [14].

Results

Research question 1 – drivers of 
non-adherence to albuminuria 
testing guidelines

From a total of 13,271 records screened, 
only 1 record met the inclusion criteria for 
research question 1 [15]. The study was a 
cross-sectional survey of active US primary 
care physicians on reasons for non-adher-
ence to albuminuria testing guidelines in 
non-diabetic patients [15]. Physicians were 
asked to agree or disagree with a selection 
of barriers presented in two clinical set-
tings – patients with hypertension and eGFR 
≥ 60 mL/min/1.73m2, and patients with hy-
pertension and eGFR < 60 mL/min/1.73m2. 
The perception was that albuminuria test re-
sults would not significantly impact manage-
ment (37% and 24%, for eGFR ≥ 60 and eGFR 

Table 1. Broad inclusion and exclusion criteria for systematic review research questions.

Research question Characteristic Inclusion criteria Exclusion criteria
What are the drivers 
of non-adherence to 
albuminuria testing 
guidelines in diagnosing 
and tracking CKD 
progression?

Population Health care professionals Any other stakeholders
Intervention Testing for albuminuria, type of test 

not specified
Any other test, including 
GFR testing

Outcome • Drivers of non-adherence to testing 
guidelines

• Barriers to testing guidelines

 Any other outcomes

Study design Any No restrictions
Language English language Non-English language

What is the impact of not 
identifying CKD over the 
course of progressive 
kidney function loss?

Population Patients with CKD that have not been 
identified, including the following:
• Missed/late diagnosis (when a 

diagnosis was only made at a more 
advanced stage)

• Failed diagnosis (when a diagnosis 
has not been correctly identified)

• Not diagnosed

• Patients with type 1 
diabetes and CKD

• Any other patient 
population

Intervention To capture patients that had not been 
identified before, studies needed to 
include a CKD diagnostic test, 
including any of the following:
• Test for albuminuria plus GFR test
• GFR test only 
• Test for albuminuria only

Any other diagnostic tests

Outcome • Any clinical outcomes
• Any economic outcomes

No restrictions on 
outcomes

Study design Any No restrictions
Language English language Non-English language

CKD = chronic kidney disease; GFR = glomerular filtration rate.
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< 60 mL/min/1.73m2, respectively). The fol-
lowing factors were also listed as barriers 
to albuminuria testing (largest to smallest): 
limited time or more urgent patient issues 
(25% and 20%), not recommended by guide-
lines (25% and 11%), cost (13% and 9%), and 
poor patient adherence (5% and 5%).

Research question 2 – the impact 
of not identifying chronic kidney 
disease patients

Based on a pre-defined criterion (see 
“Research methods”), the population for re-
search question 2 was broadened from T2D 
CKD patients to CKD patients at the ti/ab 
screening stage (ahead of full-text screen-
ing) because only 11 records specifically 
captured T2D patients with CKD [16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26]. Therefore, af-
ter broadening the criteria, from a total of 

13,271 records screened, 13 records were 
included for research question 2 (Figure 1).

All 13 included records reported on dif-
ferent studies. All included studies (13/13) 
reported clinical and/or humanistic out-
comes; 1 of these studies (1/13) also report-
ed economic outcomes. All studies (13/13) 
included GFR testing; no studies (0/13) 
used UACR testing for diagnostic purpos-
es. Henceforth, the term GFR includes the 
terms estimated GFR and residual GFR used 
by some included studies.

Of the 13 included studies, 5 were con-
ducted in Europe [27, 28, 29, 30, 31], 5 in 
Asia [32, 33, 34, 35, 36], 2 in the USA [37, 
38], and 1 in South America [39]. Study 
cohort sizes ranged from 75 to 2,195 par-
ticipants. One included study analyzed only 
children (< 18 years old) [27]; the remaining 
studies (12/13) evaluated adults.

All studies (13/13) were focused on un-
derstanding the impact of not identifying 
progression through analyzing the impact of 
early vs. late referral time to a nephrologist; 

Figure 1. PRISMA flow diagram of included publications. *Only 11 of the 129 records captured type 2 diabetes patients 
with chronic kidney disease. Therefore, the patient population was broadened to chronic kidney disease patients. 
CKD = chronic kidney disease.
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no studies (0/13) were identified that ex-
amined the impact of non-diagnosis. Stud-
ies classified late referral (LR) either by the 
time-period between specialist nephrology 
referral and start of KRT (10/13 studies) [27, 
28, 29, 31, 32, 33, 34, 35, 36, 37] or the GFR 
value at referral (3/13 studies) [30, 38, 39]. 
The definition of late referral by time varied 
from < 1 month to < 1 year between seeing a 
nephrologist and commencing KRT. GFR val-
ue for late referral was either defined as < 15 
mL/min/1.73m2 or < 20 mL/min/1.73m2.

One study segmented an early refer-
ral (ER) sub-population by planned or un-
planned dialysis (Table 2) [28].

Impact of late referral on 
glomerular filtration rate

All included studies recorded GFR testing 
at time of referral (baseline) and/or time of 
KRT commencement; none reported albu-
minuria testing.

GFR at time of referral was measured in 8 
studies, of which 7 reported lower GFR in LR 
than ER [27, 29, 31, 32, 33, 34, 36], demon-
strating an association between late referral 

and poorer kidney function. Five compari-
sons were statistically significant (p < 0.05), 
ranging from 4.4 – 14.9 mL/min/1.73m2 for 
LR and 5.1  –  45.6 mL/min/1.73m2 for ER 
[27, 29, 32, 33, 34]. LR cohorts in all stud-
ies reported a mean GFR within the CKD G5 
region (Figure 2), regardless of the time be-
tween referral and KRT initiation.

Four studies recorded GFR at the time of 
KRT [27, 28, 32, 34]. Irrespective of referral 
group (late or early), all GFR mean values 
were in the G5 region (Figure 2). Two stud-
ies recorded lower GFR in LR than ER at the 
time of KRT, with only 1 of these studies 
showing statistical significance (7.9 vs. 10.2 
mL/min/1.73m2; p = 0.02) [27].

Impact of late referral on 
mortality and cardiovascular 
disease

All studies that reported mortality 
(across all LR definitions, follow-up lengths, 
and types of KRT) (9/13) reported a higher 
mortality rate amongst patients experienc-
ing an LR compared with an ER for CKD [29, 
30, 31, 32, 33, 35, 36, 37, 38]. Within this 

Table 2. Included studies and their definitions of late referral, additional definitions, and kidney replacement therapy types.

Study Late referral definition* Additional definitions Renal replacement type†

Boehm et al. 2010 [27] Time: ≤ 3 months N/A Hemodialysis, peritoneal, 
and kidney transplant

Caskey et al. 2003 [28] Time: < 1 month Planned (previous serum creatinine > 300 μmol/L 
and non-urgent first dialysis) vs. unplanned 
dialysis

Hemodialysis and peritoneal

Chow et al. 2008 [36] Time: < 3 months N/A Peritoneal
De Jager et al. 2011 [29] Time: < 3 months N/A Hemodialysis and peritoneal
Guerra et al. 2014 [39] GFR value at referral: 

< 15 mL/min/1.73m2
N/A Unspecified dialysis

Kazmi et al. 2014 [37] Time: < 4 months N/A Hemodialysis and peritoneal
Kim et al. 2013 [32] Time: < 1 year N/A Hemodialysis and peritoneal
Kumar et al. 2012 [33] Time: < 3 months N/A Unspecified dialysis
Lee et al. 2014 [34] Time: < 1 year N/A Hemodialysis and peritoneal
Lhotta et al. 2003 [30] GFR value at referral: 

< 20 mL/min/1.73m2
N/A Unspecified dialysis

Navaneethan et al. 2007 [38] GFR value at referral: 
< 15 mL/min

N/A Hemodialysis and peritoneal

Selim et al. 2015 [31] Time: < 1 year Early start dialysis vs. late start dialysis (GFR value 
of ≥ 7.5 mL/min/1.73m2)

Hemodialysis

Shiao et al. 2008 [35] Time: < 6 months Early start vs. late start dialysis (GFR value of 
> 5 mL/min/1.73m2)

Peritoneal and hemodialysis

*Time between seeing nephrologist and commencing kidney replacement therapy; †The following terms: hemodialysis, peritoneal dialysis, dialy-
sis (type unidentified in included studies), and kidney transplant, are collectively referred to as kidney replacement therapy in this study. GFR = 
glomerular filtration rate; N/A = not applicable.
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subgroup of 9 studies, all those that per-
formed unadjusted hazard models (7/9) re-
ported an increased risk of mortality with LR 
[29, 30, 31, 32, 35, 36, 37] compared with 
ER; 5 of these reported a statistically sig-
nificant risk, ranging from hazard ratio (HR), 
2.1; 95% confidence intervals (CI), 1.6 – 2.9 
to HR, 2.68; 95% CI, 1.20 – 5.98 [29, 31, 32, 
36, 37].

In studies where models were adjusted 
for relevant factors (4/9), LR retained its 
association with greater mortality risk in 
all but 1 study (HRadjusted, 0.52; 95% CI, 
0.22 – 1.22)) [36], where adjustments for 
baseline serum albumin concentration and 
residual GFR were made. One study adjust-
ed for estimated GFR, along with 10 other 
laboratory measurements where LR was as-
sociated with mortality (HRadj, 2.38 (95% 
CI: 1.27 – 4.45)) [32]; however, in this study, 
GFR did not significantly differ between LR 
and ER cohorts. All remaining studies that 
had adjusted for factors reported an in-
creased risk of mortality with LR [29, 31, 37].

The relationship between GFR and all-
cause mortality was not consistent across 
all studies. Within 3 studies [31, 32, 36], 
lower GFR – indicating worse renal func-

tion – either measured at the time of refer-
ral or dialysis, was significantly associated 
with increased mortality. However, 2 stud-
ies reported an increased risk of mortality 
with higher GFR when recorded at dialysis 
[35, 37]. In 1 study, this was explained to 
be due to patient characteristics – those 
with a higher GFR being older, occupation-
ally less active, having more comorbidities, 
and poorer nutritional status than those 
with lower GFR [35]. In the remaining study, 
those who were referred late had a higher 
average GFR than those referred early, 9.1 
vs. 8.7 mL/min/1.73m2, respectively [37].

LR was associated with a five-fold in-
creased risk of CV disease when LR was 
defined as < 3 months (HR univariate, 5.43 
(95% CI: 1.46  –  20.21), p  =  0.01) [36] and 
<  1-year (HR multivariate, 4.99 (95% CI: 
1.48 – 16.82), p = 0.009) [32].

Impact of late referral on 
mortality in patients with diabetes

Diabetes mellitus sub-groups were ana-
lyzed in 2 studies, neither of which specified 
the proportion of type 1 diabetic vs. T2D 
patients [29, 32]. In a univariate analysis 
of one such sub-group, LR (defined as <  1 
year) was associated with an increased risk 
of mortality (HR, 2.42, (95% CI: 1.26 – 4.64); 
p = 0.008) and CV death (HR, 26.71 (95% CI: 
1.49  –  478.99, p  =  0.03) [32). In the other 
study, an adjusted model evaluating pa-
tients with diabetes disclosed a similar trend 
between LR (defined as <  3 months) and 
mortality [29]. However, through a synergy 
index calculation, diabetes did not have an 
additional worsening effect, inferring that 
timely referral is important in future dialysis 
patients, irrespective of diabetic status.

Impact of late referral 
on hospitalization

Across 3 studies that reported on hospi-
talization, none reported statistically signifi-
cant trends between LR and hospitalization 
across various LR definitions [35, 36, 37]. In 
1 study, GFR was an independent predictor 
for all-cause hospitalization (HR, 1.075 (95% 
CI: 1.011 – 1.42); p = 0.02) [35].

Figure 2. Prognosis of chronic kidney disease by glo-
merular filtration rate and albuminuria categories: 
KDIGO 2012 [3]. CKD = chronic kidney disease; GFR = 
glomerular filtration rate.
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Impact of late referral on dialysis

Emergent dialysis
One study reported that the rate of emer-

gent dialysis was lower in ER (0%) than in LR 
(53%) (defined as <  3 months) [33]. More-
over, emergency hemodialysis (HD) was as-
sociated with an increased rate of mortality 
when LR was defined as <  12 months (HR, 
1.63 (95% CI 1.00 – 2.67)) [32].

Dialysis modality
Analysis of dialysis modality was record-

ed in 4 studies [27, 28, 29, 38]. In a study 
of children, ER patients were significantly 
more likely than LR (defined as < 3 months) 
patients to undergo the preferred guideline 
modality of kidney transplantation (40% 
vs. 11%; p = 0.007) and < 12 months (40% 
vs. 21%; p  =  0.04) [27]. Despite this, GFR 
did not correlate with pre-emptive kidney 
transplantation (odds ratio, 0.99 (95%  CI, 
0.98 – 1.01; p = 0.4)).

One study (LR defined as <  1 month) 
demonstrated a higher rate of peritoneal 
dialysis (PD) in ER patients compared with 
LR patients (29% vs. 11%; p  =  0.002) [28]. 
When the LR definition was increased from 
< 1 month to < 90 days, the significant dif-
ference appeared to be mitigated (32% vs. 
20%; p = 0.06). A non-diabetic CKD popula-
tion that defined LR by a specific GFR (< 15 
mL/min) reported a non-significant higher 
rate of receiving PD as first KRT in ER pa-
tients compared with LR patients (p  =  0.4) 
[38]. In an additional study, where rates of 
HD were analyzed and LR was defined <  3 
months, LR patients started more frequently 
on this modality compared with ER patients; 
no data nor p-values were provided [29].

Vascular access
The timing and type of vascular access 

differed between referral groups (late vs. 
early), which appeared to impact clinical 
outcomes, particularly mortality.

In studies that analyzed vascular access 
in patients undergoing HD (n = 4), ER was as-
sociated with higher rates of permanent vas-
cular access (PVA) compared with LR across 
various LR definitions [28, 31, 34, 38]. With-
in the ER cohort of Caskey et al., planned HD 

patients were more likely to have PVA com-
pared with unplanned patients (p  <  0.001) 
[28]. Additionally, Selim et al. [31] demon-
strated that temporary vascular access vs. 
arteriovenous fistula (AVF) – a PVA method 
– was associated with an increased risk of 
all-cause mortality within 5 years after HD 
initiation (HR, 1.68 (95% CI: 1.02  –  2.75); 
p = 0.04)).

One study analyzing patients undergo-
ing PD demonstrated that ER was associ-
ated with a higher likelihood of planned 
implantation of catheters than unplanned 
(p < 0.001), where unplanned catheter im-
plantation was associated with an increased 
risk of all-cause hospitalization (HR, 1.694 
(95% CI: 1.111 – 2.583); p = 0.01), but not 
mortality (HR, 1.643 (95% CI: 0.689 – 3.915)) 
[35].

Impact of late referral on 
health-related quality of life

Only 1 study analyzed the effect of LR 
(< 1 month) on health-related quality of life 
(QoL), where the visual analog scale (VAS) 
and Short Form 36 (SF-36) instruments were 
undertaken 8 weeks after dialysis initiation 
[28]. VAS scores were significantly higher 
(i.e., a better QoL) in ER patients compared 
with LR patients (58.4 vs. 50.4; p  =  0.005), 
although this difference was not significant 
on exclusion of a patient subgroup from 
Estonia for whom SF-36 data were unavail-
able (p  =  0.09). When measured by SF-36, 
ER had no independent effect on QoL, on 
either the Physical Component Summary 
(PCS) score (p  =  0.4) or the Mental Com-
ponent Summary (MCS) score (p = 1.0). By 
comparison, when a sub-group analysis of 
planned vs. unplanned dialysis within the ER 
group was undertaken, patients undergoing 
planned dialysis had a significantly better 
mean QoL (VAS) compared with unplanned 
dialysis (p  =  0.03) and significantly higher 
MCS scores (p = 0.003), but insignificant PCS 
scores [28].

The percentage of good nutrition was 
measured using the subjective global as-
sessment in 2 studies, with better nutrition-
al status observed in ER vs. LR (32.7% vs. 0%) 
[39] and (71% vs. 63.2%) [29].
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Impact of late referral 
on healthcare costs

The 1 study capturing costs defined LR as 
< 1 year [34]. The total medical costs during 
the first 12 months after dialysis initiation 
did not differ between ER and LR (p = 0.8). 
By comparison, costs during the first month 
after dialysis were statistically higher in LR 
patients compared with ER patients (3,438 
vs. 3,029 USD; p = 0.03), which was driven 
partly by dialysis type (HD) (p < 0.001). More 
patients in ER vs. LR started HD with a native 
AVF (30.7 vs. 20.1%; p = 0.003) and without 
the insertion of a temporary vascular central 
venous catheter (40.2 vs. 49.0%; p = 0.03). 
Both variables contributed towards the low-
er costs seen in ER patients. In the year be-
fore dialysis, ER was associated with lower 
medical costs compared with LR (p < 0.001). 
The relationship between medical costs and 
laboratory parameters was not investigated.

Discussion

Reasons for non-adherence 
to albuminuria guidelines

In the single study [15] identified in this 
systematic review addressing reasons for 
non-adherence to albuminuria guidelines, 
the most prominent reason stated was that 
test results would not significantly impact 
non-diabetic patient management, i.e., 
even if the test was done, results would not 
have influenced choice of the limited treat-
ment options at the time (2014). However, 
with additional treatment options becoming 
increasingly available that are able to slow 
CKD progression, this rationale will become 
harder to justify for decision makers. As the 
patient population of interest in the above 

study did not have T2D – a common risk fac-
tor for CKD – there is a high likelihood that 
this drove the understanding that testing for 
albuminuria is not recommended by guide-
lines for this patient population.

The lack of evidence identified through 
the systematic review prompted some of 
the authors to conduct a short global sur-
vey of healthcare practitioners to explore 
reasons further. This reported that the most 
prominent reason (27% of all reasons pro-
vided) was lack of awareness of guidelines/
UACR testing [40], demonstrating a need for 
increased education aimed at healthcare 
practitioners.

Paucity of evidence examining the 
impact of not identifying chronic 
kidney disease patients

Research question 2 within the review 
set out to explore the impact of not identify-
ing CKD patients, a possible scenario when 
CKD testing guidelines are not adhered to.

No included studies analyzed the impact 
of not identifying patients in the early stages 
of CKD. This may be due to the difficulty in 
identifying these patients due to the asymp-
tomatic nature of CKD in the early stages. In 
addition, the search strategy included terms 
for diagnosing, meaning that these types of 
papers should have been captured by this 
literature review, again evidencing for a lack 
of literature on this topic.

Instead, all 13 studies analyzed the im-
pact of not identifying progression of CKD, 
as these studies were focused on late vs. 
early referral to a nephrologist. As only early 
vs. late referral cohorts were identified, with 
GFR (which measures kidney function) be-
ing the only CKD diagnostic test captured, it 

Table 3. Proposed research questions.

Proposed research questions
What is the clinical and economic impact of identifying CKD patients (with type 2 diabetes) through late diagnosis/referral vs. early diagnosis/
referral when both eGFR tests and albuminuria tests have been undertaken?

This research question should have a specific focus on the quality of life and costs measured across CKD progression, including diagnosis, 
referral to a nephrologist, and requirement for KRT.
What is the real-world impact of early diagnosis and timely treatment regimens that can prevent CKD progression, compared with late 
diagnosis where timely treatment and management are not given?

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; KRT = kidney replacement therapy.
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could be inferred that kidney damage mea-
sured by testing for albuminuria test is a hid-
den confounder of the outcomes evaluated. 
Further investigation into the outcomes as-
sociated with dual testing in a patient popu-
lation other than early vs. late referral is re-
quired to observe the complete benefits of 
early CKD identification.

QoL and economic impact of not iden-
tifying CKD patients were underexplored 
outcomes, as were outcomes relating to 
diabetic patients. Table 3 summarizes the 
questions that require answering to fill in 
the numerous evidence gaps identified by 
this review.

The clinical impact of late referral

All 13 studies consistently pointed to 
worse clinical and economic outcomes in 
CKD patients who were referred late.

Timely referral is a key component of 
optimal CKD care; therefore, it could be as-
sumed that patients who were referred late 
received suboptimal care across the course 
of their progression, which includes late ini-
tiation of therapy. Timely initiation is critical 
to managing CKD patients as it slows pro-
gression, reduces secondary processes that 
contribute to ongoing nephron loss, and can 
manage patients’ high blood pressure [41], a 
potential contributor to CV events. However, 
for patients to be initiated on timely and ac-
curate therapy, patients must receive regu-
lar eGFR testing and testing for albuminuria 
to assess their true CKD severity.

The clinical urgency to initiate KRT is like-
ly to be high in those referred late, leading to 
limited preparation time – a potential driver 
to the worse clinical outcomes identified by 
this review. During the preparation stages 
ahead of dialysis, many guidelines recom-
mend PVA over temporary vascular access. 
However, PVA requires timely assessment of 
the suitability for, and creation of, pre-emp-
tive access [42]. Therefore, the higher rates 
of PVA in ER cohorts where time for prepa-
ration ahead of dialysis is longer than LR, 
are not unexpected. This preferred method 
improves mortality rates, possibly through 
reducing systemic infection rates [43]. LR 
also resulted in an increased likelihood of 
patients receiving unplanned catheter im-
plantation over planned implantation, with 
unplanned being associated with increased 

rates of hospitalizations [35]. This further 
supports the concept that LR leads to a lack 
of preparation time ahead of KRT, resulting 
in worse clinical outcomes for patients.

Amongst patients referred early to a ne-
phrologist, those undergoing planned dialy-
sis had a better QoL than those who under-
went unplanned dialysis [28]. Despite being 
referred early, the importance of opportune 
preparation ahead of initiating ESKD man-
agement is again highlighted.

The clinical impact of LR (increased risk 
of all-cause mortality, CV mortality, and the 
likelihood of suboptimal preparation for the 
chosen dialysis modality) has been similarly 
observed in a meta-analysis solely focused 
on LR [44].

The economic impact 
of late referral

As only 1 study analyzed the economic 
impact of not identifying CKD patients, there 
is a need for further research in this area [34]. 
Nonetheless, that study demonstrated that 
patients referred late to nephrology services 
had increased healthcare costs. It appears 
that worse clinical outcomes, including high-
er mortality rates, and poor preparation, in-
cluding frequent use of temporary vascular 
access, drove these higher costs. If superior 
clinical care and more timely preparation – 
in the form of ER – are primarily provided 
to patients with CKD, it can be assumed that 
the economic burden associated with LR can 
be simultaneously reduced. As the uniden-
tified global CKD population continues to 
grow due to rising numbers of T2D patients 
and continued lack of monitoring, there 
needs to be increased awareness around 
the cost savings that could be achieved with 
identifying and referring patients in a timely 
manner [45].

Limitations of this review

Findings from this review should be in-
terpreted with consideration of several limi-
tations. The search strategy was focused on 
capturing English-language papers only, and 
there was no exploration of a psychology-
specific database that may have contained 
literature relevant to the research ques-citation
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tions. In addition, the strategy was designed 
to capture studies that analyzed the impact 
of not identifying CKD patients; however, it 
did not include explicit terms to specifical-
ly capture phrases related to referral – the 
only topic identified for research question 
2. Studies that only had mention of referral 
and not other terms related to identification 
and diagnosing may have been missed.

For research question 2, the included 
studies were published between 2003 and 
2015, despite searching for studies up to 
August 2021. Therefore, outcomes may not 
be as representative of current clinical prac-
tice as they could be, which indicates that 
additional primary research into this area is 
warranted.

Conclusion

This review demonstrates that there is 
a lack of evidence exploring reasons for not 
undertaking testing for albuminuria in pa-
tients with, or at risk of, CKD, and the impact 
of not identifying patients in the early stages 
of CKD. Included studies demonstrated that 
late referral is associated with worse clinical 
outcomes and higher health care costs. Pa-
tients should be regularly monitored as per 
guidelines and receive regular GFR and test-
ing for albuminuria to increase the chance of 
timely referral.

Funding

This study was funded by Bayer, AG and 
conducted by Wickenstones Ltd.

Conflict of interest

FG reports personal fees from Bayer AG 
Division Pharmaceuticals, during the con-
duct of the study; personal fees from Bayer 
AG Division Pharmaceuticals, outside the 
submitted work.

GR reports personal fees from Bayer AG 
Division Pharmaceuticals, during the con-
duct of the study; personal fees from Bayer 
AG Division Pharmaceuticals, outside the 
submitted work.

KM is employed by Wickenstones Ltd, 
a company that received consultancy fees 
from Bayer.

JH is employed by Wickenstones Ltd, 
a company that received consultancy fees 
from Bayer.

PR reports grants and other from Bayer, 
during the conduct of the study; grants and 
other from AstraZeneca, other from Astel-
las, other from Boehringer Ingelheim, other 
from Novo Nordisk, other from Gilead, other 
from Abbott, other from Merck, other from 
Sanofi, outside the submitted work.

FDRH reports grants from National In-
stitute for Health Research (NIHR) School 
for Primary Care Research, NIHR Applied 
Research Collaboration, the NIHR Oxford 
Biomedical Research Centre (BRC), and the 
NIHR Oxford Medtech and In-Vitro Diagnos-
tics Co-operative (MIC), outside the submit-
ted work; and FDRH occasionally consults or 
lectures, usually linked to an international 
medical society event, for global biotech 
companies, which include Amgen, Bayer, BI, 
BMS, Novartis, Novo Nordisk, and Pfizer in 
the past 5 years on his specialty expertise in 
cardiovascular disease and digital studies.

CW reports personal fees from AstraZen-
eca, personal fees from Amgen, personal 
fees from Bayer, personal fees from Boeh-
ringer Ingelheim, personal fees from FMC, 
personal fees from MSD, personal fees from 
GSK, personal fees from GILEAD, personal 
fees from Vifor, outside the submitted work.

References
[1]	 Fraser SD, Blakeman T. Chronic kidney disease: 

identification and management in primary care. 
Pragmat Obs Res. 2016; 7: 21-32. CrossRef 
PubMed

[2]	 Evans M, Lewis RD, Morgan AR, Whyte MB, Hanif 
W, Bain SC, Davies S, Dashora U, Yousef Z, Patel 
DC, Strain WD. A Narrative Review of Chronic Kid-
ney Disease in Clinical Practice: Current Challeng-
es and Future Perspectives. Adv Ther. 2022; 39: 
33-43. CrossRef PubMed

[3]	 Kidney Disease: Improving Global Outcomes 
(KDIGO) CKD Work Group. KDIGO 2012 Clinical 
Practice Guideline for the Evaluation and Man-
agement of Chronic Kidney Disease. Kidney Int. 
2013; 3: 1-150.

[4]	 Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing 
P, Joseph A, Kolkhof P, Nowack C, Gebel M, 
Ruilope LM, Bakris GL, Fidelio DKD; FIDELIO-DKD 
and FIGARO-DKD investigators. Cardiovascular 
and kidney outcomes with finerenone in patients 
with type 2 diabetes and chronic kidney disease: 
the FIDELITY pooled analysis. Eur Heart J. 2022; 
43: 474-484. CrossRef PubMed

[5]	 Perkovic V, Jardine MJ, Neal B, Bompoint S, Heer-
spink HJL, Charytan DM, Edwards R, Agarwal R, 
Bakris G, Bull S, Cannon CP, Capuano G, Chu PL, citation

Groehl F, Garreta-Rufas A, 
Meredith K, Harris J, Rossing 

P, Hobbs FDR, Wanner C.
The drivers of non-adher-

ence to albuminuria testing 
guidelines and the clinical 

and economic impact of not 
identifying chronic kidney 

disease.
Clin Nephrol. 2023; 100: 

145-156.
DOI 10.5414/CN111106

https://doi.org/10.2147/POR.S97310
https://pubmed.ncbi.nlm.nih.gov/27822135
https://pubmed.ncbi.nlm.nih.gov/27822135
https://doi.org/10.1007/s12325-021-01927-z
https://pubmed.ncbi.nlm.nih.gov/34739697
https://doi.org/10.1093/eurheartj/ehab777
https://pubmed.ncbi.nlm.nih.gov/35023547


Drivers of non-adherence to albuminuria testing guidelines and impact of not identifying CKD	 155

de Zeeuw D, Greene T, Levin A, Pollock C, Wheeler 
DC, Yavin Y, Zhang H, et al; CREDENCE Trial Inves-
tigators. Canagliflozin and Renal Outcomes in 
Type 2 Diabetes and Nephropathy. N Engl J Med. 
2019; 380: 2295-2306. CrossRef PubMed

[6]	 American Diabetes Association Professional Prac-
tice C. 11. Chronic Kidney Disease and Risk Man-
agement: Standards of Medical Care in Diabe-
tes-2022. Diabetes Care. 2022; 45: S175-S184. 
PubMed 

[7]	 Visseren FLJ, Mach F, Smulders YM, Carballo D, 
Koskinas KC, Bäck M, Benetos A, Biffi A, Boavida 
JM, Capodanno D, Cosyns B, Crawford C, Davos 
CH, Desormais I, Di Angelantonio E, Franco OH, 
Halvorsen S, Hobbs FDR, Hollander M, Jankowska 
EA, et al; ESC National Cardiac Societies; ESC Sci-
entific Document Group. 2021 ESC Guidelines on 
cardiovascular disease prevention in clinical prac-
tice. Eur Heart J. 2021; 42: 3227-3337. CrossRef 
PubMed

[8]	 Folkerts K, Petruski-Ivleva N, Comerford E, Blan-
kenburg M, Evers T, Gay A, Fried L, Kovesdy CP. 
Adherence to Chronic Kidney Disease Screening 
Guidelines Among Patients With Type 2 Diabetes 
in a US Administrative Claims Database. Mayo 
Clin Proc. 2021; 96: 975-986. CrossRef PubMed

[9]	 Assogba GF, Couchoud C, Roudier C, Pornet C, 
Fosse S, Romon I, Druet C, Stengel B, Fagot-Cam-
pagna A. Prevalence, screening and treatment of 
chronic kidney disease in people with type 2 dia-
betes in France: the ENTRED surveys (2001 and 
2007). Diabetes Metab. 2012; 38: 558-566. Cross-
Ref PubMed

[10]	 Alfego D, Ennis J, Gillespie B, Lewis MJ, Montgom-
ery E, Ferrè S, Vassalotti JA, Letovsky S. Chronic 
Kidney Disease Testing Among At-Risk Adults in 
the U.S. Remains Low: Real-World Evidence From 
a National Laboratory Database. Diabetes Care. 
2021; 44: 2025-2032. CrossRef PubMed

[11]	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group 
P; PRISMA Group. Preferred reporting items for 
systematic reviews and meta-analyses: the PRIS-
MA statement. BMJ. 2009; 339: b2535. CrossRef 
PubMed

[12]	 Levey AS, Eckardt KU, Dorman NM, Christiansen 
SL, Cheung M, Jadoul M, Winkelmayer WC. No-
menclature for kidney function and disease: ex-
ecutive summary and glossary from a Kidney Dis-
ease: Improving Global Outcomes consensus 
conference. Nephrol Dial Transplant. 2020; 35: 
1077-1084. CrossRef PubMed

[13]	 National Heart L, and blood Institute. Study Qual-
ity Assessment Tools. 2013. https://www.nhlbi.
nih.gov/health-topics/study-quality-assessment-
tools.

[14]	 von Elm E, Altman DG, Egger M, Pocock SJ, 
Gøtzsche PC, Vandenbroucke JP, Initiative S; 
STROBE Initiative. Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational 
studies. BMJ. 2007; 335: 806-808. CrossRef 
PubMed

[15]	 Abdel-Kader K, Greer RC, Boulware LE, Unruh ML. 
Primary care physicians’ familiarity, beliefs, and 
perceived barriers to practice guidelines in non-
diabetic CKD: a survey study. BMC Nephrol. 2014; 
15: 64. CrossRef PubMed

[16]	 Schievink B, Kröpelin T, Mulder S, Parving HH, Re-
muzzi G, Dwyer J, Vemer P, de Zeeuw D, Lambers 

Heerspink HJ. Early renin-angiotensin system in-
tervention is more beneficial than late interven-
tion in delaying end-stage renal disease in pa-
tients with type 2 diabetes. Diabetes Obes 
Metab. 2016; 18: 64-71. CrossRef PubMed

[17]	 Anyanwagu U, Donnelly R, Idris I. Individual and 
Combined Relationship between Reduced eGFR 
and/or Increased Urinary Albumin Excretion Rate 
with Mortality Risk among Insulin-Treated Pa-
tients with Type 2 Diabetes in Routine Practice. 
Kidney Dis. 2019; 5: 91-99. CrossRef PubMed

[18]	 Anyanwagu U, Donnelly R, Idris I. The relationship 
between urinary albumin excretion, cardiovascu-
lar outcomes and total mortality among a large 
cohort of insulin-treated patients with type 2 dia-
betes in routine primary care practices. Nephrol 
Dial Transplant. 2020; 35: 471-477. CrossRef 
PubMed

[19]	 Bruno G, Merletti F, Bargero G, Novelli G, Melis D, 
Soddu A, Perotto M, Pagano G, Cavallo-Perin P. 
Estimated glomerular filtration rate, albuminuria 
and mortality in type 2 diabetes: the Casale Mon-
ferrato study. Diabetologia. 2007; 50: 941-948. 
CrossRef PubMed

[20]	 Folkerts K, Petruski-Ivleva N, Kelly A, Fried L, Blan-
kenburg M, Gay A, Kovesdy CP. Annual health 
care resource utilization and cost among type 2 
diabetes patients with newly recognized chronic 
kidney disease within a large U.S. administrative 
claims database. J Manag Care Spec Pharm. 
2020; 26: 1506-1516. CrossRef PubMed

[21]	 Kovesdy CP, Isaman D, Petruski-Ivleva N, Fried L, 
Blankenburg M, Gay A, Velentgas P, Folkerts K. 
Chronic kidney disease progression among pa-
tients with type 2 diabetes identified in US ad-
ministrative claims: a population cohort study. 
Clin Kidney J. 2020; 14: 1657-1664. CrossRef 
PubMed

[22]	 Ohkuma T, Jun M, Chalmers J, Cooper ME, Hamet 
P, Harrap S, Zoungas S, Perkovic V, Woodward M, 
Group AC; ADVANCE Collaborative Group. Combi-
nation of Changes in Estimated GFR and Albumin-
uria and the Risk of Major Clinical Outcomes. Clin 
J Am Soc Nephrol. 2019; 14: 862-872. CrossRef 
PubMed

[23]	 Ritz E. Consequences of late referral in diabetic 
renal disease. Acta Diabetol. 2002; 39 (Suppl 1): 
S3-S8. CrossRef PubMed

[24]	 Thomas MC. The assessment and management 
of albuminuria in primary care. Diabetes Res Clin 
Pract. 2008; 80: 83-88. CrossRef PubMed

[25]	 Wada T, Haneda M, Furuichi K, Babazono T, Yo-
koyama H, Iseki K, Araki S, Ninomiya T, Hara S, 
Suzuki Y, Iwano M, Kusano E, Moriya T, Satoh H, 
Nakamura H, Shimizu M, Toyama T, Hara A, Maki-
no H; Research Group of Diabetic Nephropathy, 
Ministry of Health, Labour, and Welfare of Japan. 
Clinical impact of albuminuria and glomerular fil-
tration rate on renal and cardiovascular events, 
and all-cause mortality in Japanese patients with 
type 2 diabetes. Clin Exp Nephrol. 2014; 18: 613-
620. CrossRef PubMed

[26]	 Zhang XL, Yuan MX, Wan G, Yang GR, Li DM, Fu 
HJ, Zhu LX, Xie RR, Zhang JD, Lv YJ, Li YL, Du XP, 
Wang ZM, Cui XL, Liu DY, Gao Y, Cheng SY, Wang 
Q, Ji Y, Li GW, et al. The effects of AER and eGFR 
on outcomes of CVD in patients with T2DM in an 
urban community over 8 years of multifactorial 
treatment: the Beijing Communities Diabetes citation

Groehl F, Garreta-Rufas A, 
Meredith K, Harris J, Rossing 

P, Hobbs FDR, Wanner C.
The drivers of non-adher-

ence to albuminuria testing 
guidelines and the clinical 

and economic impact of not 
identifying chronic kidney 

disease.
Clin Nephrol. 2023; 100: 

145-156.
DOI 10.5414/CN111106

https://doi.org/10.1056/NEJMoa1811744
https://pubmed.ncbi.nlm.nih.gov/30990260
https://www.ncbi.nlm.nih.gov/pubmed/34964873
https://doi.org/10.1093/eurheartj/ehab484
https://pubmed.ncbi.nlm.nih.gov/34458905
https://pubmed.ncbi.nlm.nih.gov/34458905
https://doi.org/10.1016/j.mayocp.2020.07.037
https://pubmed.ncbi.nlm.nih.gov/33722396
https://doi.org/10.1016/j.diabet.2012.08.004
https://doi.org/10.1016/j.diabet.2012.08.004
https://pubmed.ncbi.nlm.nih.gov/23036461
https://doi.org/10.2337/dc21-0723
https://pubmed.ncbi.nlm.nih.gov/34353883
https://doi.org/10.1136/bmj.b2535
https://pubmed.ncbi.nlm.nih.gov/19622551
https://pubmed.ncbi.nlm.nih.gov/19622551
https://doi.org/10.1093/ndt/gfaa153
https://pubmed.ncbi.nlm.nih.gov/32750134
https://doi.org/10.1136/bmj.39335.541782.AD
https://pubmed.ncbi.nlm.nih.gov/17947786
https://pubmed.ncbi.nlm.nih.gov/17947786
https://doi.org/10.1186/1471-2369-15-64
https://pubmed.ncbi.nlm.nih.gov/24755164
https://doi.org/10.1111/dom.12583
https://pubmed.ncbi.nlm.nih.gov/26434564
https://doi.org/10.1159/000493731
https://pubmed.ncbi.nlm.nih.gov/31019922
https://doi.org/10.1093/ndt/gfy258
https://pubmed.ncbi.nlm.nih.gov/30169825
https://pubmed.ncbi.nlm.nih.gov/30169825
https://doi.org/10.1007/s00125-007-0616-1
https://pubmed.ncbi.nlm.nih.gov/17333106
https://doi.org/10.18553/jmcp.2020.26.12.1506
https://pubmed.ncbi.nlm.nih.gov/33251992
https://doi.org/10.1093/ckj/sfaa200
https://pubmed.ncbi.nlm.nih.gov/34084461
https://pubmed.ncbi.nlm.nih.gov/34084461
https://doi.org/10.2215/CJN.13391118
https://pubmed.ncbi.nlm.nih.gov/31160317
https://pubmed.ncbi.nlm.nih.gov/31160317
https://doi.org/10.1007/s005920200002
https://pubmed.ncbi.nlm.nih.gov/12038699
https://doi.org/10.1016/j.diabres.2007.10.024
https://pubmed.ncbi.nlm.nih.gov/18093680
https://doi.org/10.1007/s10157-013-0879-4
https://pubmed.ncbi.nlm.nih.gov/24132561


Groehl, Garreta-Rufas, Meredith, et al.	 156

Study 18. Ther Clin Risk Manag. 2018; 14: 1537-
1545. CrossRef PubMed

[27]	 Boehm M, Winkelmayer WC, Arbeiter K, Mueller 
T, Aufricht C. Late referral to paediatric renal fail-
ure service impairs access to pre-emptive kidney 
transplantation in children. Arch Dis Child. 2010; 
95: 634-638. CrossRef PubMed

[28]	 Caskey FJ, Wordsworth S, Ben T, de Charro FT, Del-
croix C, Dobronravov V, van Hamersvelt H, Hen-
derson I, Kokolina E, Khan IH, Ludbrook A, Luman 
M, Prescott GJ, Tsakiris D, Barbullushi M, Ma-
cLeod AM; EURODICE group. Early referral and 
planned initiation of dialysis: what impact on 
quality of life? Nephrol Dial Transplant. 2003; 18: 
1330-1338. CrossRef PubMed

[29]	 de Jager DJ, Voormolen N, Krediet RT, Dekker FW, 
Boeschoten EW, Grootendorst DC, Group NS; 
NECOSAD Study Group. Association between 
time of referral and survival in the first year of 
dialysis in diabetics and the elderly. Nephrol Dial 
Transplant. 2011; 26: 652-658. CrossRef PubMed

[30]	 Lhotta K, Zoebl M, Mayer G, Kronenberg F. Late 
referral defined by renal function: association 
with morbidity and mortality. J Nephrol. 2003; 
16: 855-861. PubMed

[31]	 Selim G, Stojceva-Taneva O, Spasovski G, Tozija L, 
Grozdanovski R, Georgievska-Ismail L, Zafirova-
Ivanovska B, Dzekova P, Trajceska L, Gelev S, 
Mladenovska D, Sikole A. Timing of nephrology 
referral and initiation of dialysis as predictors for 
survival in hemodialysis patients: 5-year follow-
up analysis. Int Urol Nephrol. 2015; 47: 153-160. 
CrossRef PubMed

[32]	 Kim DH, Kim M, Kim H, Kim YL, Kang SW, Yang 
CW, Kim NH, Kim YS, Lee JP. Early referral to a ne-
phrologist improved patient survival: prospective 
cohort study for end-stage renal disease in Korea. 
PLoS One. 2013; 8: e55323. CrossRef PubMed

[33]	 Kumar S, Jeganathan J, Amruthesh. Timing of ne-
phrology referral: influence on mortality and 
morbidity in chronic kidney disease. Nephrourol 
Mon. 2012; 4: 578-581. CrossRef PubMed

[34]	 Lee J, Lee JP, Park JI, Hwang JH, Jang HM, Choi JY, 
Kim YL, Yang CW, Kang SW, Kim NH, Kim YS, Lim 
CS; CRC for ESRD investigators. Early nephrology 
referral reduces the economic costs among pa-
tients who start renal replacement therapy: a 
prospective cohort study in Korea. PLoS One. 
2014; 9: e99460. CrossRef PubMed

[35]	 Shiao CC, Huang JW, Chien KL, Chuang HF, Chen 
YM, Wu KD. Early initiation of dialysis and late im-
plantation of catheters adversely affect outcomes 
of patients on chronic peritoneal dialysis. Perit 
Dial Int. 2008; 28: 73-81. CrossRef PubMed

[36]	 Chow KM, Szeto CC, Law MC, Kwan BC, Leung CB, 
Li PK. Impact of early nephrology referral on mor-
tality and hospitalization in peritoneal dialysis 
patients. Perit Dial Int. 2008; 28: 371-376. Cross-
Ref PubMed

[37]	 Kazmi WH, Obrador GT, Khan SS, Pereira BJ, Kausz 
AT. Late nephrology referral and mortality among 
patients with end-stage renal disease: a propen-
sity score analysis. Nephrol Dial Transplant. 2004; 
19: 1808-1814. CrossRef PubMed

[38]	 Navaneethan SD, Nigwekar S, Sengodan M, 
Anand E, Kadam S, Jeevanantham V, Grieff M, 
Choudhry W. Referral to nephrologists for chronic 
kidney disease care: is non-diabetic kidney dis-

ease ignored? Nephron Clin Pract. 2007; 106: 
c113-c118. CrossRef PubMed

[39]	 Guerra DC, Rodrigues Neto Angéloco L, Furtado 
WR, Barbosa Coelho E, Garcia Chiarello P. Late 
referral for chronic kidney disease patients: nutri-
tional point of view. Nutr Hosp. 2014; 31: 1286-
1293. PubMed

[40]	 Garreta Rufas A, Meredith K, Harris J. MO370: 
Perceptions of Barriers and Mitigating Strategies 
for Suboptimal Albuminuria Testing: A Global Sur-
vey of a Range of Specialists. Nephrol Dial Trans-
plant. 2022; 37 (Suppl 3): gfac069.003. CrossRef

[41]	 Romagnani P, Remuzzi G, Glassock R, Levin A, 
Jager KJ, Tonelli M, Massy Z, Wanner C, Anders 
HJ. Chronic kidney disease. Nat Rev Dis Primers. 
2017; 3: 17088. CrossRef PubMed

[42]	 Jemcov TK, Van Biesen W. Optimal timing for vas-
cular access creation. J Vasc Access. 2017; 18 
(Suppl 1): 29-33. CrossRef PubMed

[43]	 Lorenzo V, Martn M, Rufino M, Hernández D, Tor-
res A, Ayus JC. Predialysis nephrologic care and a 
functioning arteriovenous fistula at entry are as-
sociated with better survival in incident hemodi-
alysis patients: an observational cohort study. Am 
J Kidney Dis. 2004; 43: 999-1007. CrossRef 
PubMed

[44]	 Smart NA, Dieberg G, Ladhani M, Titus T. Early 
referral to specialist nephrology services for pre-
venting the progression to end-stage kidney dis-
ease. Cochrane Database Syst Rev. 2014; 
CD007333. CrossRef PubMed

[45]	 Cockwell P, Fisher LA. The global burden of chron-
ic kidney disease. Lancet. 2020; 395: 662-664. 
CrossRef PubMed

citation

Groehl F, Garreta-Rufas A, 
Meredith K, Harris J, Rossing 

P, Hobbs FDR, Wanner C.
The drivers of non-adher-

ence to albuminuria testing 
guidelines and the clinical 

and economic impact of not 
identifying chronic kidney 

disease.
Clin Nephrol. 2023; 100: 

145-156.
DOI 10.5414/CN111106

https://doi.org/10.2147/TCRM.S170915
https://pubmed.ncbi.nlm.nih.gov/30214217
https://doi.org/10.1136/adc.2009.174581
https://pubmed.ncbi.nlm.nih.gov/20522470
https://doi.org/10.1093/ndt/gfg156
https://pubmed.ncbi.nlm.nih.gov/12808170
https://doi.org/10.1093/ndt/gfq438
https://pubmed.ncbi.nlm.nih.gov/20639517
https://pubmed.ncbi.nlm.nih.gov/14736013
https://doi.org/10.1007/s11255-014-0794-y
https://pubmed.ncbi.nlm.nih.gov/25099522
https://doi.org/10.1371/journal.pone.0055323
https://pubmed.ncbi.nlm.nih.gov/23372849
https://doi.org/10.5812/numonthly.2232
https://pubmed.ncbi.nlm.nih.gov/23573489
https://doi.org/10.1371/journal.pone.0099460
https://pubmed.ncbi.nlm.nih.gov/24927081
https://doi.org/10.1177/089686080802800113
https://pubmed.ncbi.nlm.nih.gov/18178951
https://doi.org/10.1177/089686080802800411
https://doi.org/10.1177/089686080802800411
https://pubmed.ncbi.nlm.nih.gov/18556379
https://doi.org/10.1093/ndt/gfg573
https://pubmed.ncbi.nlm.nih.gov/15199194
https://doi.org/10.1159/000102998
https://pubmed.ncbi.nlm.nih.gov/17522473
https://pubmed.ncbi.nlm.nih.gov/25726224
https://doi.org/10.1093/ndt/gfac069.003
https://doi.org/10.1038/nrdp.2017.88
https://pubmed.ncbi.nlm.nih.gov/29168475
https://doi.org/10.5301/jva.5000685
https://pubmed.ncbi.nlm.nih.gov/28297054
https://doi.org/10.1053/j.ajkd.2004.02.012
https://pubmed.ncbi.nlm.nih.gov/15168379
https://pubmed.ncbi.nlm.nih.gov/15168379
https://doi.org/10.1002/14651858.CD007333.pub2
https://pubmed.ncbi.nlm.nih.gov/24938824
https://doi.org/10.1016/S0140-6736(19)32977-0
https://pubmed.ncbi.nlm.nih.gov/32061314

