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Abstract
Background  NICE guidelines recommend GPs use the kidney failure risk equation (KFRE) to identify people with 
chronic kidney disease (CKD) at higher risk of kidney failure. Albuminuria results are required to calculate KFRE.

Aim  Analyse the implementation of KFRE into clinical practice and investigate if albuminuria testing varied amongst 
patients with CKD, particularly for underserved groups.

Design and setting  Retrospective cohort study of 23,063 adults in Glasgow from 2013 to 2022.

Method  We evaluated albuminuria testing rates and the predictive performance of KFRE in estimating 5-year kidney 
failure risk amongst people with CKD. Logistic regression models quantified associations between demographic/
clinical variables and albuminuria testing. Amongst people who developed kidney failure, we retrospectively assessed 
the impact of KFRE on the timing of meeting criteria for referral to renal services.

Results  Albuminuria testing was performed in 44.5% of 10,874 adults with CKD. Females (adjusted odds ratio (aOR) 
0.86: 95% CI 0.79–0.93) and those with hypertension (aOR 0.69: 95% CI 0.63–0.77) were less likely to have albuminuria 
testing. Those aged 40–50 years (aOR 1.83: 95% CI 1.15–2.91), with diabetes (aOR 2.35: 95% CI 2.14–2.58) and living in 
the least socioeconomically deprived areas (aOR 1.11: 95% CI 1.00-1.23) were more likely to have albuminuria testing. 
Of 1,352 individuals with incident kidney failure, incorporating KFRE into referral guidelines helped identify high-risk 
patients early.

Conclusion  KFRE could be calculated for less than half of people due to lack of albuminuria testing. Focus should be 
given to improving albuminuria testing and inequities identified to allow wider implementation of KFRE.
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Introduction
Chronic kidney disease (CKD) is common, affect-
ing approximately 10% of the population globally [1]. 
Although most people with CKD have mild disease with 
a slight reduction in estimated glomerular filtration 
rate (eGFR), a small proportion of people develop kid-
ney failure requiring kidney replacement therapy (KRT: 
long-term dialysis or kidney transplantation). Identify-
ing individuals with CKD at risk of progressing to kid-
ney failure can be challenging and in the past, referrals 
from primary to secondary care primarily relied on eGFR 
thresholds (e.g. eGFR < 30 mL/min/1.73m2), resulting in 
some low-risk patients being referred [2]. Risk predic-
tion models – such as the kidney failure risk equation 
(KFRE)– aim to estimate the risk of kidney failure for an 
individual using clinical and demographic information 
[3]. One of the main aims of prognostic models, like the 
KFRE, is to aid treatment decisions and to more accu-
rately identify adults with CKD at elevated risk of kidney 
failure [3].

Clinical guidelines in the UK from The National Insti-
tute for Health and Care Excellence (NICE) incorporated 
the KFRE into CKD guidelines in 2021 [4], suggesting 
that adults with a five-year risk of kidney failure greater 
than 5% be referred for specialist assessment. The KFRE 
is a simple tool, using age, sex, eGFR and urine albumin-
creatinine ratio (uACR). However, uACR testing amongst 
people with CKD has historically been low in the UK [5] 
and globally [6, 7], which challenges the implementation 
of KFRE in clinical practice.

In this study, we hypothesised that low uACR testing 
rates would be observed amongst patients with CKD, 
particularly for underserved groups such as women or 
those from more socioeconomically deprived areas [8]. 
We sought to ascertain whether updated NICE guidelines 
from 2021, if used, would identify individuals at elevated 
risk of kidney failure earlier than older guidance which 
relied primarily on eGFR. We used data from a large 
population with linkage to renal health records, which 
allowed us to reliably identify CKD and kidney failure. 
We aimed to discover (1) what demographic variables 
were associated with availability of uACR results, (2) if 
referral criteria which included KFRE identified patients 
earlier than criteria based mainly on eGFR and (3) the 
predictive performance of KFRE for individuals who had 
uACR results available.

Methods
Study design and setting
A retrospective cohort study was performed using data 
from the West of Scotland Safe Haven. This holds data 
on approximately 1.4  million people living within the 
Greater Glasgow & Clyde area, UK [9]. Haematology and 
biochemistry results were obtained from the Scottish 

Care Information (SCI) Store [10], renal data from the 
Strathclyde Electronic Renal Patient Register (SERPR, 
Vitalpulse, UK) which records data on all individuals 
referred to the renal service and all renal replacement 
therapy and transplantation activity, and mortality data 
from the National Records of Scotland. These data were 
also linked to hospital admissions (Scottish Morbidity 
Record 01 (SMR01)) and the SCI diabetes register [11]. 
We studied adults aged 18 years and over. The study 
period started on January 1st, 2013, as before this date 
we could not be certain that laboratory testing of serum 
creatinine used standardised instruments. The follow-up 
period extended until the 31st of December 2022. The 
study is reported in line with Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
guidelines [12] and Transparent reporting of a multivari-
able prediction model for individual prognosis or diagno-
sis (TRIPOD) guidelines [13].

Variables and definitions
Age to the nearest year, was defined at the date of CKD 
identification, based on the latest sustained eGFR mea-
surement < 60mL/min/1.73m2. Age was categorised 
(18–40, 40–50, 50–60, 60–70, 70–80 and > 80 years) to 
aid interpretation of results. Area-based socioeconomic 
deprivation was measured using the Scottish Index of 
Multiple Deprivation (SIMD) [14], categorised into ter-
tiles (SIMD deciles 1–3, 4–7 and 8–10). The latest SIMD 
status (SIMD 2012) recorded before the start of the study 
period was used. Hypertension and diabetes diagnoses 
were ascertained from SMR01 and SCI diabetes records. 
Availability of albuminuria testing was identified by the 
presence of a uACR result six months before or after 
meeting CKD diagnostic criteria.

We ascertained which people met the criteria for refer-
ral to renal services, using two NICE guidelines. The 
referral criteria in the 2014 NICE guideline were [15]:

 	• eGFR < 30mL/min/1.73m2.
 	• uACR > 70 mg/mmol.
 	• A sustained decrease in eGFR of 25% or more and 

a change in eGFR category, or a sustained decrease 
in eGFR of 15mL/min/1.73m2 or more within 12 
months.

The referral criteria in the 2021 NICE guideline were [4]:

 	• Five-year risk of requiring KRT exceeding 5% 
(estimated using KFRE using age, sex, eGFR, uACR 
[16])

 	• uACR > 70 mg/mmol.
 	• A sustained decrease in eGFR of 25% or more and 

a change in eGFR category, or a sustained decrease 
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in eGFR of 15mL/min/1.73m2 or more within 12 
months.

Both guidelines also included uACR > 30 mg/mmol com-
bined with haematuria, but it was not possible to include 
this criterion as we did not have information on the pres-
ence or absence of haematuria.

Referral criteria were classed as being met if at least 
one criterion within the referral criteria was met. Indi-
viduals were then categorised as meeting the 2014 or 
2021 guideline, both or neither. For people who met both 
guideline referral criteria, as described above, we identi-
fied which guideline referral criteria was met first or if 

they were met at the same time (where time zero is the 
date of meeting the criterion). We quantified the rates 
of incident kidney failure and all-cause mortality for this 
population. Incident kidney failure was defined as com-
mencing dialysis for 90 days or more, receipt of a kidney 
transplant or eGFR decline to < 15mL/min/1.73m2 sus-
tained for more than 90 days; whichever occurred first.

Statistical methods
Baseline characteristics were described using means with 
standard deviations (SD) for continuous data, medians 
with interquartile ranges (IQR) for non-normally dis-
tributed data and counts with percentages for categorical 

Table 1  Baseline characteristics
Analysis 1 (prevalent 
CKD)

Analysis 2 (incident chronic 
kidney failure during the study 
period)

Analysis 3 (preva-
lent CKD popula-
tion [population 
1] with uACR data)

Patients n 10,874 1,352 4,838
Sex   Male 4,402 (40.5) 758 (56.1) 2,151 (44.5)

  Female 6,472 (59.5) 594 (43.9) 2,687 (55.5)
Age Median (IQR) 79 (71–85) 64 (52–77) 77 (69–83)
eGFR
mL/min/1.73 m2

Median (IQR) 49.6 (39.4–45.1) 11.5 (7.0–14.0) 48.6 (38.1–54.5)

Baseline eGFR
(from median creatinine 
previous 365 days), n (%), mL/
min/1.73 m2

  ≥60 1,713 (15.8) 29 (2.1) 646 (13.4)
  45–59 5,784 (53.2) 25 (1.8) 2,536 (52.4)
  30–44 1,900 (17.5) 32 (2.4) 898 (18.6)
  15–29 969 (8.9) 370 (27.4) 546 (11.3)
  <15 508 (4.7) 890 (65.8) 212 (4.4)
  Missing N/A 6 (0.4) N/A

uACR
Available within 6 months 
of CKD diagnosis, n(%), mg/
mmol

Median (IQR) 2.7 (0.6–14.7) 11.7 (1.0–78.0) 2.7 (0.6–14.7)
  <3 2,501 (23.0) 153 (11.3) 2,501 (51.7)
  3–30 1,473 (13.6) 137 (10.1) 1,473 (30.5)
  31–69 340 (3.13) 56 (4.1) 340 (7.0)
  ≥70 524 (4.8) 129 (9.5) 524 (10.8)
  Missing 6,036 (55.5) 877 (64.9) N/A

Hypertension* n(%) 2,032 (18.7) 542 (40.1) 785 (16.2)
Diabetes* n(%) 2,706 (24.9) 537 (39.7) 1,663 (34.4)
Socioeconomic deprivation
Scottish index of multiple 
deprivation (SIMD) group

  1–3 most deprived 4,822 (44.3) 652 (48.2) 2,196 (45.4)
  4–7 3,176 (29.2) 346 (25.6) 1,341 (27.7)
  8–10 least deprived 2,560 (23.5) 290 (21.4) 1,169 (24.2)
  Missing 316 (2.9) 64 (4.7) 132 (2.7)

Death n(%) 7,108 (65.4) 2,894 (59.8)
Kidney failure/ESKD n(%) 989 (9.1) N/A 100% 594 (12.3)

  Dialysis 143 (1.3) N/A 89 (1.8)
  Transplant 153 (1.4) N/A 97 (2.0)
  eGFR < 15 mL/min/1.73m2 693 (6.4) N/A 408 (8.4)

Baseline 5-year KFRE (%) Median (IQR)  N/A N/A 0.34 (0.09–1.9)
  <5 N/A 4,009 (82.9)
  5–9  N/A N/A 202 (4.2)
  10–14  N/A N/A 107 (2.2)
  15–20  N/A N/A 70 (1.5)
  >20  N/A N/A 450 (9.3)
  Missing  N/A N/A N/A

* Prior to first eGFR < 60 (population 1/3) prior to ESKD (population 2)
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vairables. Analyses were performed using R (version 
4.3.1).

Analysis 1 – Application of KFRE to people with CKD
People with CKD G3-5 with at least five years of follow-
up were included, i.e., they had two eGFR values < 60mL/
min/1.73m2 more than 90 days apart with no val-
ues > 60mL/min/1.73m2. The eGFR was calculated from 
creatinine using the CKD-EPI 2009 equation without 
incorporating the race coefficient [17], as recommended 
during the study period. People on long-term dialysis or 
previous kidney transplantation were excluded.

We performed univariable and multivariable logistic 
regression models, including age, sex, SIMD, diabetes 
and hypertension diagnoses, to quantify associations 
between predictor variables and the availability of uACR 
results. Incidence of kidney failure and all-cause mortal-
ity were expressed per 1000 patient-years. Individuals 
were censored at time of death, reaching kidney failure 
or last recorded activity in health records, whichever 
occurred earliest.

Analysis 2 – Value of KFRE compared to eGFR 
threshold < 30mL/min/1.73 m2 to guide referral for people 
who develop kidney failure
People with incident kidney failure and at least five years 
of preceding data were included. We identified which of 
these people had eGFR and uACR values available five 
years before the development of kidney failure.

The time from meeting referral criteria to the first 
kidney failure event, censored at the end of 1 year after 
meeting the guideline referral criteria, was explored. We 
performed Cox proportional hazards regression to assess 
associations with time delay from date of meeting referral 
criteria to onset of kidney failure. Numbers of individuals 
meeting referral criteria within 365 days before initiation 
of KRT (dialysis or transplant) was compared between 
individuals meeting 2014, 2021 or both 2014 and 2021 
NICE guidelines referral criteria.

Analysis 3 – Predictive performance of KFRE
People in analysis 1 who had uACR values available 
within six months of meeting CKD diagnostic criteria 
were included. We calculated KFRE values for individuals 

Table 2  Analysis 1 results. Numbers of participants with available uACR and logistic regression
uACR available
n (%)

Odds ratio (95% confidence interval)
Univariable Multivariable*

Sex Male 2,151 (48.9) Ref. Ref.
Female 2,687 (41.5) 0.74 (0.69–0.80) 0.86-(0.79–0.93)

Age group 18–40 49 (44.1) Ref. Ref.
40–50 139 (59.9) 1.89 (1.20–2.99) 1.83 (1.15–2.91)
50–60 312 (53.4) 1.48 (0.99–2.23) 1.32 (0.87-2.00)
60–70 770 (55.1) 1.55 (1.05–2.29) 1.41 (0.95–2.10)
70–80 1,905 (50.4) 1.28 (0.88–1.88) 1.29 (0.88–1.90)
> 80 1,663 (34.8) 0.68 (0.46–0.99) 0.75 (0.51–1.10)

SIMD group
Missing values N = 316 (2.9%)

1–3 (most deprived) 2,196 (45.5) Ref. Ref.
4–7 1,341 (42.2) 0.87 (0.80–0.96) 0.93 (0.84–1.02)
8–10 (least deprived) 1,169 (45.7) 1.00 (0.91–1.11) 1.11 (1.00-1.23)

Hypertension No 4,053 (45.8) Ref. Ref.
Yes 785 (38.6) 0.74 (0.67–0.82) 0.69 (0.63–0.77)

Diabetes No 3,175 (38.9) Ref. Ref.
Yes 1,663 (61.5) 2.51 (2.29–2.74) 2.35 (2.14–2.58)

*Adjusted for sex, age group, SIMD group, hypertension and diabetes

Table 3  Individuals meeting NICE guideline referral criteria and timing in relation to experiencing kidney failure
NICE guideline n (%)

1352
Meeting referral criteria > 365 days before 
kidney failure event n(%)

Time of meeting re-
ferral criteria before 
kidney failure event 
(years): mean (SD)

None 75 (5.6) - -
Met both on same date 893 (66.1) 826 (92.5) 5.0 (2.6)
NICE 2014 first 239 (17.7) 211 (88.3) 3.9 (2.5)
NICE 2021 first 116 (8.6) 113 (97.4) 6.2 (2.3)
NICE 2014 only 22 (1.6) 13 (59.1) 2.1 (2.1)
NICE 2021 only 7 (0.5) 1 (14.3) 0.2 (1.1)
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and assessed the performance of the KFRE for predict-
ing kidney failure events using (i) area under the receiver 
operating characteristic curve for discrimination and (ii) 
calibration curves for calibration [3].

Results
Analysis 1 – Application of KFRE to people with CKD
Of 23,063 adults with CKD, 10,874 were included in 
the analysis (Additional File 1: Figure S1). There were 
11,861 individuals excluded as their first eGFR mea-
surement < 60mL/min/1.73m2 was outside of the study 
period. The median age at CKD diagnosis was 79 (IQR 
71–85) years, and the median eGFR was 49.6 (IQR 39.4–
45.1) mL/min/1.73m2 (Table 1).

uACR was available in 44.5% of people. Univariable 
analysis showed that the people least likely to have uACR 
tested were females, those under the age of 40 years, 
those over the age of 80 years, those without diabetes, 
and those with hypertension (Table  2). Multivariable 
logistic regression showed characteristics independently 
associated with albuminuria testing were age 40–50 years 
(adjusted odds ratio (aOR) 1.83 (95% confidence interval 
(CI) 1.15–2.91), p = 0.01), a diagnosis of diabetes (aOR 
2.35 (95% CI 2.14–2.58), p < 0.001) and living in the least 

socioeconomically deprived areas (aOR 1.11 (95% CI 
1.00-1.23), p = 0.04). Characteristics independently asso-
ciated with lack of uACR testing were female sex (aOR 
0.86 (95% CI 0.79–0.93), p < 0.001) and diagnosis of 
hypertension (aOR 0.69 (95% CI 0.63–0.77), p < 0.001).

Within five years of CKD diagnosis, 62.0% of people 
met one or more criteria for referral to specialist renal 
services. Of the 6,740 people who met a referral criterion, 
5,318 (78.9%) met the 2014 and 2021 criteria on the same 
date. The 2021 criteria identified 413 people earlier than 
the 2014 criteria, which represented 6.1% of everyone 
who met a criterion at any time.

There were 989 people with incident kidney fail-
ure (long-term dialysis, transplantation or sustained 
eGFR < 15mL/min/1.73m2). Event rates per 1000 patient-
years were 13.3 for eGFR < 15, 2.9 for kidney transplan-
tation, 2.7 for long-term dialysis, and 136.0 for all-cause 
mortality.

Analysis 2 – Value of KFRE compared to eGFR 
threshold < 30mL/min/1.73 m2 to guide referral for people 
who develop kidney failure
Of 1,736 people with incident kidney failure, 1,352 
were included as they had five years of preceding data 

Table 4  KFRE values. Values with an asterisk* have been rounded up to the nearest 5 to maintain participant anonymity
KFRE n (%)
< 5% 5–10% 10–15% 15–20% > 20%

Overall 4,009 (82.9) 202 (4.2) 107 (2.2) 70 (1.5) 450 (9.3)
Sex Female 2,343 (87.2) 93

(3.5)
43 (1.6) 24 (0.9) 184

(6.9)
Male 1,666 (77.5) 109 (5.1) 64 (3.0) 46 (2.1) 266

(12.4)
Age group 18–40 29

(55.8)
6 (11.5) 5 (9.6) 5*

(9.6)
7 (13.5)

40–50 71
(49.3)

15 (10.4) 10 (6.9) 10* (6.9) 38 (26.4)

50–60 212 (67.1) 20
(6.3)

8
(2.5)

5*
(1.6)

71 (22.5)

60–70 571 (73.8) 41
(5.3)

25 (3.2) 20* (2.6) 117 (15.1)

70–80 1,623 (84.8) 66
(3.5)

41 (2.1) 30* (1.6) 153 (8.0)

> 80 1,503 (91.2) 54
(3.3)

18 (1.1) 10* (0.6) 64
(3.9)

SIMD group
Missing values = 137 (2.8%)

1–3 (most deprived) 1,770 (80.4) 105* (4.8) 50* (2.3) 37 (1.7) 239
(10.9)

4–7 1,137 (84.6) 50* (3.7) 30* (2.2) 14 (1.0) 113 (8.4)
8–10 (least deprived) 995 (84.9) 50* (4.3) 30* (2.6) 13 (1.1) 84

(7.2)
Hypertension Yes 752 (95.4) 12

(1.5)
5
(0.6)

5* (0.6) 14 (1.8)

No 3,257 (80.3) 190 (4.7) 102 (2.5) 70* (1.7) 436
(10.8)

Diabetes Yes 1,367 (82.2) 54
(3.3)

37 (2.2) 37 (2.2) 168
(10.1)

No 2,642 (83.2) 148 (4.7) 70 (2.2) 33 (1.0) 282 (8.9)
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(Additional File 1: Figure S2). The median age at the 
development of kidney failure was 64 years, and 56.1% 
were male (Table 1).

The first kidney failure event was ascertained by 
eGFR < 15mL/min/1.73m2 in 640 (47.3%) people, dialy-
sis in 220 (16.3%), and transplantation in 492 (36.4%). Of 
these, 1,277 (94.5%) met one or both of the 2014/2021 
NICE referral guidelines criteria (Table 3). The 2021 cri-
teria identified 116 people earlier than the 2014 criteria, 
which represented 8.6% of the people who met criteria at 
any time. The 2014 criteria identified 239 (18.7%) people 
earlier than the 2021 criteria. Those who met 2021 refer-
ral criteria were more likely to meet the criteria ≥ 365 
days before experiencing kidney failure compared to 
those who met the 2014 criteria (HR 0.11, 95%CI 0.02–
0.83; p = 0.032). The mean time for meeting referral 
guideline criteria prior to kidney failure was 6.2 (SD 2.3) 
years when NICE 2021 criteria were met first compared 
to 3.9 (2.5) years when NICE 2014 criteria were met first.

Analysis 3 – Predictive performance of KFRE
Of 23,063 adults with CKD, 4,838 were included in the 
analysis (Additional File 1: Figure S3). The median five-
year KFRE was 0.3% (Table 1).

The highest KFRE values were found amongst males, 
adults aged 40–50 years, people with diabetes, and peo-
ple living in the most deprived areas (Table 4).

There were 594 people with incident kidney fail-
ure. Event rates per 1000 patient-years were 15.6 for 
eGFR < 15, 3.7 for kidney transplantation, 3.4 for long-
term dialysis and 110.7 for all-cause mortality.

KFRE produced good discrimination at predicting kid-
ney failure at five years with an area under the curve of 
0.81 (Fig.  1). Assessment of KFRE’s calibration was also 
good, but with over-prediction of risk amongst higher 
risk groups (Fig. 2).

Discussion
This study highlights that coverage of albuminuria testing 
is poor, with only 44.5% of the CKD population tested. 
This renders it impossible to calculate KFRE for most 
individuals in whom prognostication can help guide CKD 

Fig. 1  Area under receiver operating characteristic (ROC) curve (AUC) demonstrating KFRE’s discrimination at five years
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management. Additionally, health inequalities have been 
highlighted with some groups being less likely to have 
uACR testing including females, younger adults, those 
without diabetes and those living in the most socioeco-
nomically deprived areas.

The main strength of our study lies in its use of real-
world, regional cohort perspective, with good representa-
tion across socioeconomic deprivation indices, allowing 
it to be generalisable to similar populations. In addition, a 
robust definition of kidney failure was utilised, including 
linked renal data. There are, however, several limitations. 
First, we lacked certain data, such as ethnicity, which 
is key when considering inequities and kidney health 
outcomes. Second, individuals with CKD were identi-
fied during the study period and it is not possible to say 
with certainty that they did not have CKD prior to this 
time point as we did not use a look-back period. Third, 
we restricted uACR testing to six months before or after 
CKD diagnosis; in some situations, uACR may be car-
ried out at the first annual review 12 months after CKD 
diagnosis, although we feel this is suboptimal in assessing 
risk in a timely manner. Fourth, we did not know which 
patients were referred to secondary care renal services 
and when, to consider how clinical practice compared to 

guidelines. Finally, we were unable to assess the potential 
harms of uACR testing and the use of KFRE for refer-
rals, such as extra GP workload, patient distress or excess 
treatment burden.

Previous studies have demonstrated lower rates of 
uACR testing than in this study: 37% of people with CKD 
living in England [18] and 41% of people with CKD in a 
US cohort [6]. CKD monitoring and risk stratification 
rely on uACR testing, so these low rates are concern-
ing. There are a number of reasons which might explain 
these low rates: patients who are asked to submit urine 
samples for testing do not always do so, clinicians some-
times think that testing will not alter management [19], 
financial incentives for GPs testing people with diabetes 
in the UK were removed in 2014 [20], and primary care 
workloads may hinder chronic disease monitoring [21]. 
A possible avenue for increasing uACR testing is through 
mass screening [22]. A home-based uACR screening 
method trialled in the Netherlands achieved a favourable 
participation rate (51.8%), similar to other mass screen-
ing methods [23]. Although participation was lowest in 
those living in lower socioeconomic status areas [23]. 
It is likely that a multifaceted approach will be required 
to increase uACR testing rates, such as community 

Fig. 2  Calibration curve demonstrating KFRE’s calibration at five years
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engagement, support and education for patients and 
healthcare professionals.

In our study, people living in the most socioeconomi-
cally deprived areas had the highest uACR values and 
the highest rates of KRT (consistent with previous stud-
ies [24–26]), but they were the least likely to have uACR 
testing. Some studies have demonstrated an association 
between living in more deprived areas and the require-
ment for KRT, independent of other risk factors [25]. 
However, other studies suggest that this relationship may 
only exist in some ethnic groups [27], or not at all [28]. 
There is, however, good evidence that lower socioeco-
nomic status is associated with presenting to kidney ser-
vices late [29]. uACR testing rates in our study were low 
across all deprivation strata, but people living in deprived 
areas potentially have more to gain from improved CKD 
monitoring and management; a clear example of the 
Inverse Care Law [30]. Improving uACR testing rates 
and using KFRE to direct referrals to kidney services may 
help to reduce this inequity. Addressing these gaps in 
care may contribute to more of these people being pre-
scribed guideline-directed therapies such as RAS-inhib-
itors and SGLT2-inhibitors, which have both reno- and 
cardio-protective effects [31].

We found that females, younger and older individu-
als, and those without diabetes were least likely to have 
uACR testing. It is well-recognised that people with dia-
betes are the most likely to be tested [5, 7, 32] as diabe-
tes guidelines make clear recommendations for annual 
uACR testing [33]. In comparison, current hypertension 
guidelines are inconsistent with recommendations rang-
ing from dipstick urine testing only to annual uACR test-
ing [7]. Data from Sweden also show that women with 
CKD are less likely to have uACR testing than men [34]. 
It is unclear why these sex differences exist, but action 
should be taken to promote equitable access to CKD 
monitoring and management.

This study also highlights that incorporating KFRE into 
referral guidelines can help identify individuals at risk of 
kidney failure at an earlier time point than referrals based 
primarily on eGFR. This is in keeping other UK [16] and 
Canadian studies [35]. Earlier review in secondary care 
kidney clinics may allow for enhanced care planning for 
those who are likely to progress to kidney failure. How-
ever, the impact of KFRE on patient outcomes (such as 
reducing rates of kidney failure) does not yet appear to 
have been studied.

Conclusions
KFRE effectively predicts the risk of kidney failure in indi-
viduals with CKD and can be used to guide referrals from 
primary care to renal clinics, but uACR testing rates must 
be improved to allow GPs to implement it effectively. 
Guideline-directed CKD monitoring and management 

is key for all populations, but there is evidence of par-
ticularly poor monitoring amongst some groups: females, 
younger adults and those without diabetes, with higher 
testing amongst those from the least socioeconomically 
deprived areas. Further research is required to elicit what 
barriers/factors are impacting poor uACR testing from 
both healthcare professional and patient perspectives. 
Additionally, there is an urgent need to develop interven-
tions and appropriately targeted screening programmes 
based on these research gaps to improve uACR testing 
for individuals with, or at risk of, CKD.
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