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ABSTRACT
Objectives  REVEAL-CKD aims to estimate the prevalence 
of, and factors associated with, undiagnosed stage 3 
chronic kidney disease (CKD).
Design  Multinational, observational study.
Setting  Data from six country-specific electronic medical 
records and/or insurance claims databases from five 
countries (France, Germany, Italy, Japan and the USA [two 
databases]).
Participants  Eligible participants (≥18 years old) had 
≥2 consecutive estimated glomerular filtration rate 
(eGFR) measurements (calculated from serum creatinine 
values, sex and age) taken from 2015 onwards that were 
indicative of stage 3 CKD (≥30 and <60 mL/min/1.73 m2). 
Undiagnosed cases lacked an International Classification 
of Diseases 9/10 diagnosis code for CKD (any stage) 
any time before, and up to 6 months after, the second 
qualifying eGFR measurement (study index).
Main outcome measures  The primary outcome was 
point prevalence of undiagnosed stage 3 CKD. Time to 
diagnosis was assessed using the Kaplan-Meier approach. 
Factors associated with lacking a CKD diagnosis and 
risk of diagnostic delay were assessed using logistic 
regression adjusted for baseline covariates.
Results  The prevalence of undiagnosed stage 3 CKD was 
95.5% (19 120/20 012 patients) in France, 84.3% (22 
557/26 767) in Germany, 77.0% (50 547/65 676) in Italy, 
92.1% (83 693/90 902) in Japan, 61.6% (13 845/22 470) 
in the US Explorys Linked Claims and Electronic Medical 
Records Data database and 64.3% (161 254/250 879) in 
the US TriNetX database. The prevalence of undiagnosed 
CKD increased with age. Factors associated with 
undiagnosed CKD were female sex (vs male, range of odds 
ratios across countries: 1.29–1.77), stage 3a CKD (vs 3b, 
1.81–3.66), no medical history (vs a history) of diabetes 
(1.26–2.77) or hypertension (1.35–1.78).
Conclusions  There are substantial opportunities to 
improve stage 3 CKD diagnosis, particularly in female 
patients and older patients. The low diagnosis rates in 
patients with comorbidities that put them at risk of disease 
progression and complications require attention.
Trial registration  NCT04847531.

INTRODUCTION
Chronic kidney disease (CKD) is an estab-
lished global public health concern.1 CKD has 
a significant effect on patients, attributable 
to direct mortality and morbidity, as well as 
elevated risk of cardiovascular diseases.2 The 
global prevalence of CKD is rising,3 owing to 
ageing populations and increased prevalence 
of CKD-associated risk factors including type 
2 diabetes (T2D) and hypertension.4

Early intervention and appropriate 
management of CKD is recommended in the 
internationally recognised Kidney Disease: 
Improving Global Outcomes (KDIGO) 
guidelines5 to help delay disease progres-
sion and reduce the incidence of complica-
tions. Furthermore, in 2019, KDIGO held a 
controversies conference on the topic of early 
identification and intervention in CKD. The 
consensus statement from this conference 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ REVEAL-CKD uses large, contemporary, country-
specific databases to provide robust estimates of 
the prevalence of undiagnosed stage 3 chronic kid-
ney disease (CKD).

	⇒ The study uses a strict, consistent and internation-
ally recognised definition of stage 3 CKD to ensure 
accuracy when calculating the prevalence of diag-
nosed/undiagnosed CKD.

	⇒ Data from the countries and databases examined 
may not be representative of other countries with 
substantially different healthcare systems or CKD 
screening policies.

	⇒ There is a risk of misclassification of undiagnosed 
CKD if diagnoses were made in environments 
that did not contribute to the databases used or 
if diagnosing physicians did not use International 
Classification of Diseases 9/10 codes appropriately.
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urged action, including the implementation of screening 
programmes and interventions for high-risk individ-
uals.6 Early-stage CKD is primarily asymptomatic,7 there-
fore, CKD is primarily diagnosed at later disease stages 
and the initiation of effective interventions is delayed or 
missed.5 Previous studies have demonstrated low levels 
of diagnosis of early-stage CKD in Italy,8 Sweden9 and 
the USA.10–15 However, these previous studies have been 
limited to single countries or databases, or at-risk groups 
such as patients with T2D, and did not assess the prev-
alence of CKD diagnosis across various subgroups (eg, 
patients with or without comorbidities). There is a need 
for contemporary information on the prevalence of, and 
factors associated with, undiagnosed stage 3 CKD, as well 
as a need to understand factors associated with diagnostic 
delay in these patients.

REVEAL-CKD (NCT04847531) is a multinational, 
observational study designed to fill this evidence gap. 
REVEAL-CKD aims to quantify the prevalence of, and 
factors associated with, undiagnosed stage 3 CKD in large 
populations across several countries.16 Here, we present 
data on the prevalence of, and factors associated with, 
undiagnosed stage 3 CKD in France, Germany, Italy, 
Japan and the USA.

METHODS
Study design
The study design for REVEAL-CKD has been reported in 
detail elsewhere16 and is summarised below.

Existing secondary data were extracted from estab-
lished, verified relevant databases containing electronic 
medical records and/or insurance claims in the coun-
tries of interest. Data for France were extracted from The 
Health Improvement Network, a large database of anony-
mised electronic medical records.17 Data for Germany 
were extracted from the German Disease Analyzer, a data-
base of anonymised longitudinal data on drug prescrip-
tions, diagnoses and medical and demographic data 
contributed by a panel of more than 2500 physicians in 
Germany.18 Data for Italy were extracted from the IQVIA 
Longitudinal Patient Database, a computerised network 
of over 900 family physicians, which includes anonymised 
data on patient consultations and treatments.19 Data for 
Japan were extracted from Japan Real World Data, an 
integrated database of medical information including 
both electronic medical records and claims data.20 Data 
for the USA were extracted from two separate databases: 
Explorys Linked Claims and Electronic Medical Records 
Data (LCED), a database of inpatient and outpatient 
medical records and claims data from commercially 
insured individuals,21 and TriNetX, a database of inte-
grated electronic medical records and claims data from 
35 healthcare organisations, which provides clinical 
patient data from both inpatient and outpatient encoun-
ters.22 The coverage of each database used is described in 
online supplemental table 1.

Patients aged ≥18 years were included in the analyses 
if they had at least two consecutive estimated glomer-
ular filtration rate (eGFR) measurements that fell within 
the range indicative of stage 3 CKD (≥30 and <60 mL/
min/1.73 m2) and were recorded >90 and ≤730 days 
apart, taken on or after 1 January 2015. The decision to 
require at least two eGFR measurements with a gap of at 
least 90 days between each measurement was made to 
ensure that patients met the requirements for the KDIGO 
definition of CKD.5 In order to investigate the potential 
impact of requiring two eGFR measurements to classify 
patients, a sensitivity analysis was performed on data from 
the TriNetX database that included all patients with at 
least one eGFR measurement within the range of stage 3 
CKD, taken within the same date range used for the main 
analysis. All patients had at least 12 months of continuous 
presence in the database before the first qualifying eGFR 
measurement. Full inclusion and exclusion criteria are 
shown in online supplemental table 2. eGFR was calcu-
lated from serum creatinine values, sex and age, using the 
CKD Epidemiology Collaboration (CKD-EPI) equation.23 
In line with current trends among physicians24 25 and 
guidance from expert recommendations,26 race modi-
fiers were not used in the calculation of eGFR.

To account for potential delays in recording of diagnostic 
codes, undiagnosed CKD was defined as lacking an Interna-
tional Classification of Diseases (ICD) 9/10 diagnosis code 
corresponding to CKD (any stage), any time before and up 
to 6 months after index (date of second qualifying eGFR 
measurement). The ICD coding system varied by country 
depending on what was available in each database; the full 
list of ICD-9/10 codes used to determine diagnosed cases 
can be found in online supplemental table 3. A sensitivity 
analysis was performed to calculate the overall prevalence 
of undiagnosed stage 3 CKD using a broader definition 
of CKD adapted from Winkelmayer et al.27 This sensitivity 
analysis included diagnostic codes for several additional 
manifestations of renal disease (online supplemental table 
4).

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

Statistical analysis
Overall prevalence of undiagnosed stage 3 CKD and 
patient demographic and clinical characteristics at index 
are presented descriptively. Comorbidities at index were 
identified using ICD-9/10 codes. Medication use at index 
was identified by the presence of at least one prescrip-
tion for a given medication at or in the 12 months before 
index. Odds ratios (ORs) for factors associated with being 
undiagnosed any time before and up to 6 months after 
index were calculated using logistic regression analysis, 
adjusted for covariates at index. Hazard ratios for diag-
nostic delay among patients undiagnosed at index were 
calculated using Cox regression analysis, adjusted for 
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covariates at index. The Kaplan-Meier method was used 
to estimate the time to diagnosis among patients undiag-
nosed at index. Statistical analysis was performed by using 
Python V.3.7 and R V.4.0.2.

RESULTS
This analysis of patients with stage 3 CKD included 
20 012 patients from France, 90 902 patients from  
Germany, 65 676 patients from Italy, 26 767 patients from 
Japan, 22 470 patients from the LCED database in the 
USA and 250 879 patients from the TriNetX database in 
the USA (figure 1). The characteristics of these patients 
at index are shown in table 1.

At index, median age was 71–80 years, median eGFR 
was 49‍–‍52 mL/min/1.73 m2, 66.9%%–77.7% of patients 
had CKD stage 3a (eGFR ≥45 and <60 mL/min/1.73 m2) 
and 22.3%–33.1% of patients had CKD stage 3b (eGFR 
≥30 and <45 mL/min/1.73 m2). The overall prevalence 
of urinary albumin-creatinine ratio (UACR) testing was 

very low and ranged from 1.8% (US, TriNetX) to 5.5% 
(Japan).

Overall prevalence of undiagnosed stage 3 CKD
The proportion of patients with stage 3 CKD without a 
diagnosis at or within 6 months after index varied by data-
base and was 95.5% in France, 84.3% in Germany, 77.0% 
in Italy, 92.1% in Japan, 61.6% in the US LCED database 
and 64.3% in the US TriNetX database (figure 2A). In the 
sensitivity analysis using a broader set of ICD-9/10 codes 
to identify CKD diagnoses, the prevalence of undiagnosed 
CKD was 53.6%–89.9% (online supplemental table 5). In 
the sensitivity analysis of 532 921 patients in the TriNetX 
database who had at least one qualifying eGFR measure-
ment, the prevalence of undiagnosed stage 3 CKD was 
82.2% (online supplemental table 6).

The proportion of patients with undiagnosed CKD per 
calendar year at index is shown in online supplemental 
figure 1. Overall, there were no prevailing trends in 
the proportion of patients with undiagnosed CKD per 

Figure 1  Cohort selection. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ICD, International 
Classification of Diseases; LCED, Explorys Linked Claims and Electronic Medical Records Data; LPD, Longitudinal Patient 
Database; RWD, Real World Data; THIN, The Health Improvement Network.

https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386


4 Tangri N, et al. BMJ Open 2023;13:e067386. doi:10.1136/bmjopen-2022-067386

Open access�

Ta
b

le
 1

 
O

ve
ra

ll 
p

at
ie

nt
 c

ha
ra

ct
er

is
tic

s 
at

 s
tu

d
y 

in
d

ex
 (d

at
e 

of
 s

ec
on

d
 e

G
FR

 m
ea

su
re

m
en

t) 
ac

co
rd

in
g 

to
 c

ou
nt

ry
 a

nd
 d

at
ab

as
e

C
o

un
tr

y
Fr

an
ce

G
er

m
an

y
It

al
y

Ja
p

an
U

S
A

D
at

ab
as

e
T

H
IN

 c
eg

ed
im

 n
=

20
 0

12
D

is
ea

se
 a

na
ly

ze
r 

n=
26

 7
67

LP
D

 n
=

65
 6

76
Ja

p
an

 R
W

D
 n

=
90

 9
02

LC
E

D
 n

=
22

 4
70

Tr
iN

et
X

 n
=

2 
50

 8
79

C
K

D
 s

ta
tu

s*
, n

 (%
)

D
ia

gn
os

ed
89

2 
(4

.5
)

42
10

 (1
5.

7)
15

 1
29

 (2
3.

0)
72

09
 (7

.9
)

86
25

 (3
8.

4)
89

 6
25

 (3
5.

7)

U
nd

ia
gn

os
ed

19
 1

20
 (9

5.
5)

22
 5

57
 (8

4.
3)

50
 5

47
 (7

7.
0)

83
 6

93
 (9

2.
1)

13
 8

45
 (6

1.
6)

16
1 

25
4 

(6
4.

3)

A
ge

, y
, m

ed
ia

n 
(IQ

R
)

80
 (7

2–
86

)
79

 (7
2–

84
)

80
 (7

4–
85

)
76

 (6
9–

83
)

74
 (6

4–
82

)
71

 (6
4–

78
)

A
ge

 g
ro

up
s,

 y
 (%

)

<
45

67
 (0

.3
)

66
 (0

.2
)

18
8 

(0
.3

)
79

1 
(0

.9
)

24
3 

(1
.1

)
55

23
 (2

.2
)

45
–6

4
16

77
 (8

.4
)

24
31

 (9
.1

)
37

80
 (5

.8
)

13
 2

86
 (1

4.
6)

59
91

 (2
6.

7)
63

 7
26

 (2
5.

4)

65
–7

4
46

41
 (2

3.
2)

60
32

 (2
2.

5)
14

 2
64

 (2
1.

7)
25

 6
27

 (2
8.

2)
55

92
 (2

4.
9)

87
 8

80
 (3

5.
0)

≥7
5

13
 6

27
 (6

8.
1)

18
 2

38
 (6

8.
1)

47
 4

44
 (7

2.
2)

51
 1

98
 (5

6.
3)

10
 6

44
 (4

7.
4)

93
 7

50
 (3

7.
4)

M
al

e,
 n

 (%
)

90
91

 (4
5.

4)
11

 2
16

 (4
1.

9)
27

 7
28

 (4
2.

2)
48

 1
23

 (5
2.

9)
10

 0
51

 (4
4.

7)
10

5 
11

2 
(4

1.
9)

eG
FR

, m
L/

m
in

/1
.7

3 
m

2 , 
m

ed
ia

n 
(IQ

R
)

52
 (4

5–
56

)
52

 (4
4–

56
)

49
 (4

2–
55

)
52

 (4
6–

56
)

51
 (4

4–
56

)
51

 (4
4–

56
)

C
K

D
 s

ta
ge

, n
 (%

)

C
K

D
 s

ta
ge

 3
a

15
 1

01
 (7

5.
5)

19
 4

92
 (7

2.
8)

43
 9

37
 (6

6.
9)

70
 6

68
 (7

7.
7)

16
 3

20
 (7

2.
6)

18
3 

61
8 

(7
3.

2)

C
K

D
 s

ta
ge

 3
b

49
11

 (2
4.

5)
72

75
 (2

7.
2)

21
 7

39
 (3

3.
1)

20
 2

34
 (2

2.
3)

61
50

 (2
7.

4)
67

 2
61

 (2
6.

8)

B
as

el
in

e 
U

A
C

R
 

av
ai

la
b

le
, n

 (%
)

45
0 

(2
.2

)
0 

(0
.0

)†
9 

(<
0.

1)
‡

49
92

 (5
.5

)
89

9 
(4

.0
)

46
04

 (1
.8

)

H
D

L,
 m

m
ol

/L
, m

ed
ia

n 
(IQ

R
)

1.
37

 (1
.1

1–
1.

65
)

1.
34

 (1
.1

0–
1.

63
)

1.
32

 (1
.0

9–
1.

58
)

1.
40

 (1
.1

4–
1.

71
)

1.
22

 (0
.9

8–
1.

50
)

1.
22

 (0
.9

8–
1.

50
)

M
is

si
ng

, n
65

14
82

32
17

 5
13

35
 3

05
10

 0
22

13
8 

79
8

LD
L,

 m
m

ol
/L

, m
ed

ia
n 

(IQ
R

)
2.

89
 (2

.2
4–

3.
61

)
2.

84
 (2

.1
7–

3.
65

)
2.

69
 (2

.0
7–

3.
36

)
2.

74
 (2

.3
0–

3.
31

)
2.

38
 (1

.8
4–

3.
05

)
2.

38
 (1

.8
1–

3.
05

)

M
is

si
ng

, n
66

76
70

87
19

 4
75

33
 5

89
89

36
12

5 
47

4

C
om

or
b

id
iti

es
, n

 (%
)

H
yp

er
te

ns
io

n
12

 4
12

 (6
2.

0)
13

 6
79

 (5
1.

1)
51

 3
24

 (7
8.

1)
53

 0
22

 (5
8.

3)
20

 0
61

 (8
9.

3)
20

3 
15

5 
(8

1.
0)

Ty
p

e 
2 

d
ia

b
et

es
35

32
 (1

7.
6)

69
35

 (2
5.

9)
21

 3
00

 (3
2.

4)
§

18
 9

89
 (2

0.
9)

92
88

 (4
1.

3)
95

 4
41

 (3
8.

0)

E
st

ab
lis

he
d

 C
V

D
¶

**
14

49
 (7

.2
)

19
04

 (7
.1

)
69

37
 (1

0.
6)

25
 6

37
 (2

8.
2)

62
92

 (2
8.

0)
49

 7
44

 (1
9.

8)

H
ea

rt
 fa

ilu
re

98
6 

(4
.9

)
43

64
 (1

6.
3)

63
78

 (9
.7

)
30

 0
63

 (3
3.

1)
53

14
 (2

3.
6)

47
 0

02
 (1

8.
7)

A
tr

ia
l fi

b
ril

la
tio

n
21

61
 (1

0.
8)

42
17

 (1
5.

8)
11

 1
05

 (1
6.

9)
11

 9
91

 (1
3.

2)
46

27
 (2

0.
6)

41
 2

14
 (1

6.
4)

M
ed

ic
at

io
n 

us
e,

 n
 (%

)

A
C

E
 in

hi
b

ito
r

46
34

 (2
3.

2)
96

35
 (3

6.
0)

25
 0

98
 (3

8.
2)

45
01

 (5
.0

)
87

83
 (3

9.
1)

57
 8

06
 (2

3.
0)

A
R

B
65

30
 (3

2.
6)

10
 5

73
 (3

9.
5)

26
 1

98
 (3

9.
9)

21
 4

22
 (2

3.
6)

63
02

 (2
8.

0)
37

 9
46

 (1
5.

1) C
on

tin
ue

d



5Tangri N, et al. BMJ Open 2023;13:e067386. doi:10.1136/bmjopen-2022-067386

Open access

C
o

un
tr

y
Fr

an
ce

G
er

m
an

y
It

al
y

Ja
p

an
U

S
A

D
at

ab
as

e
T

H
IN

 c
eg

ed
im

 n
=

20
 0

12
D

is
ea

se
 a

na
ly

ze
r 

n=
26

 7
67

LP
D

 n
=

65
 6

76
Ja

p
an

 R
W

D
 n

=
90

 9
02

LC
E

D
 n

=
22

 4
70

Tr
iN

et
X

 n
=

2 
50

 8
79

S
G

LT
2 

in
hi

b
ito

r
0 

(0
.0

)
0 

(0
.0

)
35

3 
(0

.5
)

13
63

 (1
.5

)
22

 (0
.1

)
21

49
 (0

.9
)

G
LD

 (a
ny

)
34

89
 (1

7.
4)

83
19

 (3
1.

1)
17

 3
63

 (2
6.

4)
13

 4
31

 (1
4.

8)
94

00
 (4

1.
8)

60
 2

59
 (2

4.
0)

A
nt

ip
la

te
le

ts
59

64
 (2

9.
8)

65
97

 (2
4.

6)
31

 1
51

 (4
7.

4)
18

 7
96

 (2
0.

7)
24

76
 (1

1.
0)

16
 3

08
 (6

.5
)

Lo
op

 d
iu

re
tic

29
24

 (1
4.

6)
10

 5
08

 (3
9.

3)
22

 1
60

 (3
3.

7)
11

 9
79

 (1
3.

2)
55

63
 (2

4.
8)

43
 4

70
 (1

7.
3)

A
nt

ic
oa

gu
la

nt
s

30
18

 (1
5.

1)
81

82
 (3

0.
6)

16
 1

97
 (2

4.
7)

14
 4

86
 (1

5.
9)

63
47

 (2
8.

2)
54

 9
86

 (2
1.

9)

U
nl

es
s 

ot
he

rw
is

e 
st

at
ed

, p
er

ce
nt

ag
es

 r
ep

re
se

nt
 t

he
 p

ro
p

or
tio

n 
of

 p
at

ie
nt

s 
in

 a
 s

p
ec

ifi
c 

gr
ou

p
 (e

g,
 a

ge
) o

r 
w

ith
 a

 s
p

ec
ifi

c 
va

ria
b

le
 (e

g,
 m

ed
ic

al
 h

is
to

ry
).

*P
er

ce
nt

ag
es

 r
ep

re
se

nt
 t

he
 p

ro
p

or
tio

n 
of

 d
ia

gn
os

ed
/u

nd
ia

gn
os

ed
 c

as
es

 in
 t

he
 o

ve
ra

ll 
co

ho
rt

 fo
r 

ea
ch

 c
ou

nt
ry

/d
at

ab
as

e.
†U

A
C

R
 t

es
tin

g 
d

at
a 

no
t 

av
ai

la
b

le
 in

 t
he

 G
er

m
an

 D
is

ea
se

 A
na

ly
ze

r 
d

at
ab

as
e.

‡D
ire

ct
 m

ea
su

re
m

en
ts

 o
f U

A
C

R
 w

er
e 

no
t 

av
ai

la
b

le
 in

 t
he

 IQ
V

IA
 L

on
gi

tu
d

in
al

 P
at

ie
nt

 D
at

ab
as

e 
in

 It
al

y,
 h

ow
ev

er
, U

A
C

R
 w

as
 c

al
cu

la
te

d
 a

s 
ur

in
e 

al
b

um
in

 (m
g/

d
L)

 d
iv

id
ed

 b
y 

ur
in

e 
cr

ea
tin

in
e 

(g
/

d
L)

 if
 p

at
ie

nt
s 

ha
d

 r
ec

or
d

s 
fo

r 
b

ot
h 

of
 t

he
se

 v
ar

ia
b

le
s 

on
 t

he
 s

am
e 

d
ay

.
§O

w
in

g 
to

 a
 la

ck
 o

f g
ra

nu
la

rit
y 

fo
r 

IC
D

-9
 d

ia
gn

os
tic

 c
od

es
 in

 t
he

 d
at

ab
as

e 
us

ed
, t

yp
e 

of
 d

ia
b

et
es

 c
ou

ld
 n

ot
 b

e 
d

et
er

m
in

ed
 in

 p
at

ie
nt

s 
fr

om
 It

al
y.

¶
 E

st
ab

lis
he

d
 C

V
D

 in
cl

ud
es

 p
at

ie
nt

s 
w

ith
 a

 h
is

to
ry

 o
f m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 u
ns

ta
b

le
 a

ng
in

a,
 s

tr
ok

e,
 t

ra
ns

ie
nt

 is
ch

em
ic

 a
tt

ac
k,

 c
or

on
ar

y 
ar

te
ry

 b
yp

as
s 

gr
af

t 
an

d
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 
in

te
rv

en
tio

n.
**

 O
w

in
g 

to
 a

 la
ck

 o
f g

ra
nu

la
rit

y 
fo

r 
IC

D
-9

 d
ia

gn
os

tic
 c

od
es

 in
 t

he
 d

at
ab

as
e 

us
ed

, e
st

ab
lis

he
d

 C
V

D
 d

oe
s 

no
t 

in
cl

ud
e 

co
ro

na
ry

 a
rt

er
y 

b
yp

as
s 

gr
af

t 
an

d
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n 

in
 

p
at

ie
nt

s 
fr

om
 It

al
y.

A
C

E
, a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e;
 A

R
B

, a
ng

io
te

ns
in

-I
I r

ec
ep

to
r 

b
lo

ck
er

; C
K

D
, c

hr
on

ic
 k

id
ne

y 
d

is
ea

se
; C

V
D

, c
ar

d
io

va
sc

ul
ar

 d
is

ea
se

; e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; G

LD
, 

gl
uc

os
e-

lo
w

er
in

g 
d

ru
g;

 H
D

L,
 h

ig
h-

d
en

si
ty

 li
p

op
ro

te
in

; I
C

D
-9

, I
nt

er
na

tio
na

l C
la

ss
ifi

ca
tio

n 
of

 D
is

ea
se

s 
ni

nt
h 

re
vi

si
on

; I
Q

R
, i

nt
er

q
ua

rt
ile

 r
an

ge
; L

C
E

D
, E

xp
lo

ry
s 

Li
nk

ed
 C

la
im

s 
an

d
 E

le
ct

ro
ni

c 
M

ed
ic

al
 R

ec
or

d
s 

D
at

a;
 L

D
L,

 lo
w

-d
en

si
ty

 li
p

op
ro

te
in

; L
P

D
, L

on
gi

tu
d

in
al

 P
at

ie
nt

 D
at

ab
as

e;
 R

W
D

, R
ea

l W
or

ld
 D

at
a;

 S
G

LT
2,

 s
od

iu
m

-g
lu

co
se

 c
ot

ra
ns

p
or

te
r-

2;
 T

H
IN

, T
he

 H
ea

lth
 Im

p
ro

ve
m

en
t 

N
et

w
or

k;
 U

A
C

R
, u

rin
ar

y 
al

b
um

in
-c

re
at

in
in

e 
ra

tio
.

Ta
b

le
 1

 
C

on
tin

ue
d



6 Tangri N, et al. BMJ Open 2023;13:e067386. doi:10.1136/bmjopen-2022-067386

Open access�

calendar year, except in Italy, where the proportion of 
undiagnosed CKD tended to increase over time (68.2% 
undiagnosed in 2015 to 83.1% in 2020).

Demographics and clinical characteristics of patients with 
diagnosed and undiagnosed stage 3 CKD
Characteristics for patients with diagnosed and undi-
agnosed stage 3 CKD at index are presented in online 
supplemental table 7.

Patients with undiagnosed CKD tended to have slightly 
higher eGFR values than those with diagnosed CKD. A 
greater proportion of patients with stage 3a CKD were 
undiagnosed than patients with stage 3b CKD. There 
were fewer comorbidities such as hypertension, T2D and 
established cardiovascular disease in patients who were 
undiagnosed than in those who were diagnosed. Simi-
larly, the proportion of patients taking medicines such 
as glucose-lowering drugs, loop diuretics, angiotensin-
converting enzyme inhibitors and angiotensin receptor 
blockers tended to be lower in undiagnosed patients than 
in those who were diagnosed. In the sensitivity analysis 
of 532 921 patients in the US TriNetX database who had 
at least one qualifying eGFR measurement, the preva-
lence of comorbidities was lower than in the main cohort 
(online supplemental table 6). In all databases, a greater 

proportion of stage 3 CKD cases were undiagnosed in 
female patients than in male patients (figure 2B). In addi-
tion, in all databases, patients aged less than 45 years had 
the lowest proportion of undiagnosed CKD; the preva-
lence of undiagnosed CKD increased in older age groups 
in France, Germany, Italy and in the US TriNetX database 
(online supplemental figure 2).

Factors associated with undiagnosed CKD
The proportion of undiagnosed CKD tended to be higher 
in those without comorbidities at study index versus those 
with such comorbidities (figure  3). When adjusting for 
baseline covariates, female patients (vs male patients), 
patients with CKD stage 3a (vs 3b) and patients without 
a diagnosis of diabetes or hypertension (vs those with a 
diagnosis) were consistently more likely to lack a CKD 
diagnosis before and up to 6 months after index (online 
supplemental figure 3).

Time to CKD diagnosis
Among patients who lacked a diagnosis of stage 3 CKD at 
or before study index, the median (interquartile range 
[IQR]) follow-up duration was 2.22 (1.18–3.64) years in 
France, 0.61 (0.27–1.03) years in Germany, 3.64 (2.08–
4.88) years in Italy, 1.96 (0.84–3.41) years in Japan, 1.28 

Figure 2  Prevalence of undiagnosed stage 3 CKD according to country and database (A) overall and (B) by sex. Undiagnosed 
cases are those that lack a diagnosis code for CKD (any stage), any time before and up to 6 months after study index. CKD, 
chronic kidney disease; LCED, Explorys Linked Claims and Electronic Medical Records Data.

https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
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(0.53–2.34) years in the US LCED database and 1.19 
(0.44–2.32) years in the US TriNetX database. In patients 
undiagnosed at index, only a small proportion received a 
diagnosis during follow-up: 686/19 293 patients (3.6%) 
in France, 1157/23 302 patients (5.0%) in Germany, 
8152/52 533 patients (15.5%) in Italy, 3855/84 603 
patients (4.6%) in Japan, 3987/15 376 patients (25.9%) 
in the US LCED database and 44 007/178 410 patients 
(24.7%) in the US TriNetX database.

Among patients undiagnosed at index, diagnoses 
tended to accrue slowly over the whole duration of 
follow-up (figure  4). The proportion of patients with 
initial eGFR values indicative of stage 3b CKD (≥30 and 
<45 mL/min/1.73 m2) who received a diagnosis during 
follow-up was consistently higher than patients with initial 

eGFR values indicative of stage 3a CKD (≥45 and <60 mL/
min/1.73 m2; figure 4).

Among all patients undiagnosed at index (regardless 
of whether they received a diagnosis during follow-up), 
median time to diagnosis was only calculable using the 
Kaplan-Meier method for the US TriNetX database, 
because more than half of the patients in the other data-
bases remained undiagnosed at the end of the study 
period. In this database, the overall median (IQR) time 
to diagnosis was 4.75 (4.68–4.82) years.

After adjusting for selected baseline covariates, in all 
countries, female patients (vs male patients) and patients 
with stage 3a CKD at index (vs 3b) were more likely to be 
diagnosed later during follow-up (online supplemental 
figure 4). Although less pronounced, patients without a 

Figure 3  Prevalence of undiagnosed stage 3 CKD according to the presence of comorbidities at study index, by country and 
database. Established CVD includes patients with a history of myocardial infarction, unstable angina, stroke, transient ischaemic 
attack, coronary artery bypass graft and percutaneous coronary intervention. Study index is defined as the date of a patient’s 
second qualifying eGFR measurement. *Owing to a lack of granularity for ICD-9 diagnostic codes in the database used, type of 
diabetes could not be determined in patients from Italy. †Owing to a lack of granularity for ICD-9 codes in the database used, 
established CVD does not include coronary artery bypass graft and percutaneous coronary intervention in patients from Italy. 
CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; ICD-9, International 
Classification of Diseases 9; LCED, Explorys Linked Claims and Electronic Medical Records Data.

https://dx.doi.org/10.1136/bmjopen-2022-067386
https://dx.doi.org/10.1136/bmjopen-2022-067386
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history of comorbidities such as diabetes, heart failure or 
hypertension had a slightly elevated likelihood of delayed 
diagnosis (vs patients with a history of these conditions). 
Older patients also typically had a greater likelihood of 
delayed diagnosis than patients aged less than 45 years.

DISCUSSION
REVEAL-CKD is a large, multinational, observational study 
that uses a consistent, strict definition for undiagnosed 
CKD based on internationally recognised guidelines. 
By extracting data from contemporary, country-specific 

databases, the study provides a robust estimate of the prev-
alence of undiagnosed CKD in countries across the globe. 
The results from this analysis of six databases from five 
countries (France, Germany, Italy, Japan and the USA) 
demonstrate severe shortcomings in the diagnosis of stage 
3 CKD. Although there was some variability among coun-
tries, the consistently high proportions of undiagnosed 
stage 3 CKD despite clinical evidence of the disease are 
highly concerning, as are the low levels of UACR testing. 
Of note, except in Japan, the prevalence of UACR testing 
did not appear to be substantially higher even in patients 

Figure 4  Kaplan-Meier estimates of time to CKD diagnosis according to country and database in patients undiagnosed at 
index, overall and by CKD stage (3a/3b). Shaded areas represent 95% confidence intervals. CKD, chronic kidney disease; 
LCED, Explorys Linked Claims and Electronic Medical Records Data.
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with a diagnosis of stage 3 CKD. UACR testing, however, 
is necessary for assessing the risk of future progression to 
kidney failure.28 Missing opportunities for early diagnosis, 
prognostic assessment and management leaves patients at 
greater risk of further disease progression and complica-
tions, including end-stage renal disease and cardiovas-
cular events.6 29–31 Early interventions in CKD have been 
shown to improve outcomes by slowing CKD progression 
and reducing cardiovascular risk,6 32 and healthcare costs 
associated with the disease increase substantially as CKD 
stage advances.33 It is, therefore, vital for clinicians to seize 
the opportunity to diagnose and manage the condition as 
early as possible to minimise the impact of the disease, 
both in terms of financial burden and effects on health-
related quality of life.

It is reassuring that the patients who have comorbidities 
that are established risk factors for CKD, such as hyperten-
sion and T2D, had higher rates of diagnosis and tended 
to be diagnosed sooner than patients without these condi-
tions. However, even in patients with these comorbidities, 
the prevalence of undiagnosed CKD remained high. In 
the US databases, which had the lowest rates of undiag-
nosed CKD, approximately 50% of patients with comor-
bidities in addition to CKD still lacked a CKD diagnosis. 
Alarmingly, this was the case for patients with hyperten-
sion, T2D and established cardiovascular disease: groups 
in which KDIGO recommends screening for CKD,6 owing 
to their elevated risks of CKD progression and associ-
ated complications.34–36 Without an appropriate CKD 
diagnosis, opportunities may also be missed to prescribe 
newer therapies such as sodium-glucose cotransporter-2 
inhibitors which have been shown to improve cardiorenal 
outcomes in patients with CKD.37 38

We observed that the prevalence of undiagnosed CKD 
tended to rise with age, and older patients tended to have 
a higher risk of increased diagnostic delay than younger 
patients. In elderly patients, physicians may assume that 
eGFR values indicative of stage 3 CKD are caused by age-
related decline of kidney function.39 40 However, large 
population-based studies indicate that even in older 
adults at lower risk for kidney failure, stage 3 CKD is asso-
ciated with an elevated risk of mortality, cardiovascular 
events and acute kidney injury.41 Accordingly, KDIGO 
guidelines support the use of a single threshold value to 
define CKD across age subgroups consistent with criteria 
for other chronic non-communicable diseases.5 In elderly 
patients, the effects of late-stage CKD are likely to have a 
substantial influence on physical and cognitive abilities, 
medication safety and cardiovascular prognosis.2 6 41 It is 
therefore important that physicians do not underestimate 
the burden and effects of CKD in elderly patients and 
initiate guideline-appropriate management in a timely 
manner. Existing clinical tools (such as confirmatory 
cystatin C testing in suspected cases of CKD) can help 
mitigate the risk of overdiagnosis, although these remain 
underutilised.6 CKD management in elderly patients 
should be adapted taking into consideration factors such 
as their age, frailty, comedications and comorbidities.

In line with previous studies that suggest CKD is more 
prevalent in women than in men,42 43 the proportion of 
female patients with stage 3 CKD was higher than in male 
patients in all countries except Japan. Despite the higher 
prevalence of CKD in female patients, after adjusting 
for potential confounding factors, female patients had 
a higher likelihood of being undiagnosed than male 
patients in all countries. It has been suggested that the 
rate of progression of CKD is slower in women than in 
men,44–47 and physicians may, therefore, be less likely to 
diagnose the condition at early stages in women. However, 
the inequality demonstrated in this study is substantial 
and suggests a need for elevated awareness to minimise 
this gender disparity.

REVEAL-CKD used the internationally recognised 
CKD-EPI equation to calculate eGFR values from avail-
able serum creatinine measurements.23 Multiple consec-
utive eGFR measurements indicative of stage 3 CKD 
were required to confirm the presence of CKD, in line 
with KDIGO recommendations suggesting a threshold 
of >90 days to consider the condition to be chronic.5 
This decision was made to conform to these widely used 
guidelines, and to avoid overestimating the prevalence 
of undiagnosed stage 3 CKD by including patients who 
had isolated eGFR measurements within the threshold of 
inclusion for stage 3 CKD (as a result of, for example, 
transient dehydration or acute kidney injury). To inves-
tigate the potential impact of requiring two qualifying 
eGFR measurements for inclusion in REVEAL-CKD, 
a sensitivity analysis was performed using the TriNetX 
database that included patients with at least one eGFR 
measurement indicative of stage 3 CKD. Among these 
patients, the prevalence of undiagnosed stage 3 CKD was 
higher than in the main REVEAL-CKD cohort (82.2% vs 
64.3%, respectively), whereas the prevalence of comor-
bidities was lower. This suggests that the requirement of 
multiple eGFR measurements may have biased the sample 
to select for patients with inherently poorer health status, 
because they may have been receiving more frequent 
healthcare visits than those with a single measurement, 
and therefore, may have had more eGFR measurements 
taken. Although it is difficult to confirm which patients in 
this sensitivity analysis truly had stage 3 CKD and which 
patients were included as a result of transient eGFR dips, 
it should be noted that these findings suggest that the 
true prevalence of undiagnosed stage 3 CKD may be even 
higher than identified in this study.

When calculating eGFR, race was not included as a 
modifier in line with recent trends among physicians24 25 
and guidance from expert recommendations.26 Inclusion 
of the race modifier may have been expected to inflate 
eGFR in Black patients. Indeed, in a sensitivity analysis 
performed on the US TriNetX database which included 
data on race (online supplemental table 8), we saw that 
a substantial proportion of Black patients (46.1%, corre-
sponding to 9.2% of the overall TriNetX cohort) were 
reclassified as having stage 2 CKD (eGFR between 60 
and 89 mL/min/1.73 m2) when the race modifier was 

https://dx.doi.org/10.1136/bmjopen-2022-067386
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included in the calculation of eGFR. The inclusion of this 
modifier may, therefore, allow CKD to progress further in 
Black patients before they receive appropriate diagnosis 
and intervention. The decision to use the CKD-EPI equa-
tion without race was made in part to facilitate compar-
isons among countries and databases in which race was 
not available, and also to provide a consistent method of 
calculating eGFR for measurements taken across a time 
period where the inclusion of the race modifier was being 
actively debated.48–52

Some limitations must be kept in mind when inter-
preting these data. Results from the included countries 
may not be generalisable to other countries, which could 
have significantly different diagnostic coding practices, 
healthcare systems and screening policies; conclusions 
regarding the observed differences between countries 
cannot be drawn for similar reasons. The TriNetX and 
LCED databases contained a high proportion of commer-
cially insured patients, and therefore, may not be repre-
sentative of the overall US population. Furthermore, 
data licensing issues prevented the pooling of data from 
multiple databases to provide an overall estimate of the 
prevalence of undiagnosed CKD. Confirmatory UACR 
testing was not necessary to meet the study definition of 
stage 3 CKD owing to the extremely low levels of UACR 
testing in most of the cohorts. For the same reason, UACR 
testing was not included in the multivariate analyses which 
assessed factors associated with a lack of CKD diagnosis 
and factors associated with time to CKD diagnosis. The 
proportion of inpatient versus outpatient encounters was 
unavailable for many of the databases used, and there-
fore comparisons between diagnoses in these two settings 
could not be made. Because many of the databases used 
did not include data on race, variability in the preva-
lence of undiagnosed CKD according to race could not 
be assessed. Because data were collected from between 
2015 and 2020, physicians may have still been using the 
race modifier for Black patients. Therefore, some Black 
patients may have been classified as having stage 2 CKD 
and have been less likely to receive a diagnosis as a result. 
It is important to note that this study focused on underdi-
agnosis for stage 3 CKD; low levels of UACR testing in 
all countries studied suggest that the prevalence of undi-
agnosed stage 1 and 2 CKD may be even higher. Lastly, 
there is a risk of misclassification if CKD diagnoses were 
made in clinical settings that do not contribute to the 
databases, or if patients had CKD that was recognised by 
their healthcare providers but was not recorded with an 
appropriate ICD-9/10 code in the databases. Although a 
lack of such codes may not always indicate that a patient’s 
CKD is undiagnosed, this definition of CKD diagnosis 
has been validated by previous real-world studies,8 11 12 27 
and provides an appropriate surrogate measure for rates 
of diagnosis in large epidemiological studies such as 
REVEAL-CKD.

In conclusion, this analysis of six large, secondary data-
bases from five countries demonstrates that most cases of 
stage 3 CKD are not diagnosed in a timely manner despite 

clinical evidence of the disease. Furthermore, although 
patients with existing risk factors for, or complications 
from, CKD were typically more likely to receive a CKD 
diagnosis, the prevalence of undiagnosed CKD in these 
patients remained alarmingly high. Clear opportunities 
exist for improved diagnosis of stage 3 CKD, particu-
larly in female patients, elderly patients and patients at 
high risk of CKD progression and complications. Future 
research will help to quantify the impact of early diag-
nosis and initiation of effective therapies on the risk of 
CKD progression, complications and long-term patient 
outcomes.
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