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ABSTRACT

Background. Data on the referral rate of chronic kidney disease (CKD) patients to specialists are sparse. Investigating
referral rates and characterizing patients with kidney disease not followed by a nephrologist are relevant for future
measures in order to optimize public health and guideline implementation.
Methods. Data were extracted from the Kidney Disease Cohort of Southern Denmark (KidDiCo). Referral rates for all
incident CKD patients below 60 mL/min/1.73 m² and referral rates according to the KDIGO guidelines based on
glomerular filtration rates below 30 mL/min/1.73 m² were calculated. Information on contact with one of the
nephrologist outpatient clinics in the Region of Southern Denmark was collected from the Danish National Patient
Registry. The individual follow-up time for nephrology contact was 12 months. Additional data were accessed via the
respective national databases. CKD patients on dialysis and kidney transplanted patients were excluded.
Results. A total of 3% of patients with an eGFR <60 mL/min/1.73 m²–16% of patients with an eGFR <30 mL/min/
1.73 m² and 35% of patients with an eGFR <15 mL/min/1.73 m² were in contact with a nephrologist in the outpatient
settings. Younger age, male sex, diabetes, hypertension, higher education and proximity to a nephrology outpatient
clinic increased the chance of nephrology follow-up.
Conclusion. Only a small fraction of CKD patients are followed by a nephrologist. More studies should be performed in
order to find out which patients will profit the most from renal referral and how to optimize the collaboration between
nephrologists and general practitioners.
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LAY SUMMARY

Only a few patients are aware of having chronic kidney disease (CKD). Being followed by a specialist nephrologist is
important, e.g. in terms of slowing down kidney disease progression, cardiovascular disease prevention and
end-stage kidney disease management initiation, including dialysis and kidney transplantation.
We performed a cohort study using data from patients from the region of Southern Denmark. With the help of
certain diagnostic codes for outpatients in the cohort, we were able to identify patients who were followed by a
nephrologist and those who were not.
Our study found that only 16% of patients who, according to current guidelines, should be followed by a nephrologist
were actually followed. Predictors for nephrology follow-up included younger and male, having diabetes and/or
hypertension, patients with higher education and patients living close to a nephrologist.
New strategies for improving outpatient care of patients with CKD have to be considered.

GRAPHICAL ABSTRACT

Keywords: chronic kidney disease, guidelines, referral

INTRODUCTION

Chronic kidney disease (CKD) is a global health challenge af-
fecting 10% of the world population [1]. However, only 20% of
patients are aware of having CKD, even at the more advanced
stages [2]. Physicians are often not conscious of their patients
suffering from decreased renal function [3, 4]. Representable re-
ferral rates from health systems with universal healthcare are
sparse. The referral rate has been difficult to measure and re-
sults have been heterogeneous.

CKD is divided into stages from 1 to 5 according to glomeru-
lar filtration rate (GFR) [5]. CKD stages 1 and 2 require either al-
buminuria or a structural disease. Stages 3 and 4 refer to mod-

erate or clinically significant CKD with a GFR of between 60 and
15mL/min/1.73 m². A GFR of 60mL/min/1.73 m² can be seen as a
cut-off since it represents a loss of 50% of the normal renal func-
tion [6, 7]. In stage 5, GFR is <15 mL/min/1.73 m² and is referred
to as end-stage renal disease (ESRD), requiring renal replace-
ment therapy such as dialysis or renal transplantation.Absent or
late pre-dialysis nephrology care is associated with poorer blood
pressure control,worse biochemical parameters and a lower rate
of permanent vascular access among patients at dialysis initia-
tion [8, 9]. Late referral 3–4 months before initiation of dialysis
has been shown to have higher mortality in the first [8, 10] or
second year [11] after initiation of dialysis when compared with
timely referral. Both primary care physician recognition of CKD
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FIGURE 1: A geographical presentation of the municipalities covered by KidDiCo. Maps of municipalities with courtesy from the Department of Regional Development,

Global Goals and Analysis in the Region of Southern Denmark (edited by the author). Denmark map GettyImages-1144785834 (edited by the author).

and nephrology co-management are associated with improved
quality of care [12].

The Danish guidelines and the KDIGO workgroup guidelines
regardingwhen to refer CKD patients to a specialist nephrologist
were launched in 2015 and 2013, respectively. Both guidelines
recommend referring CKD patients with a GFR <30mL/min/1.73
m² to a nephrologist. Interestingly, KDIGO guidelines for lipids
recommend treatment with statins in patients 50 years and
older with a GFR 60 mL/min/1.73 m2. Patients with a GFR of
between 60 and 30 mL/min/1.73 m² are reliant on their gen-
eral practitioner’s (GP) awareness of those guidelines. Settings
with universal health coverage and aggregated data for the en-
tire population provide an ideal situation for comparing current
care to guideline recommendations [13, 14]. Denmark offers uni-
versal healthcare and, therefore, referral rates are not influenced
by the patients’ financial situation.

The aim of this study is to identify the referral rate to a
nephrologist of CKD stage 3–5 patients in general and those ful-
filing KDIGO criteria for referral to a nephrologist in terms of GFR
being in CKD stage 4–5. Secondly, the study aims to characterize
CKD stage 4–5 patients who were followed in a nephrology out-
patient clinic.

MATERIALS AND METHODS

All CKD patients followed and treated in special care clin-
ics for nephrology in Denmark are registered according to
the relevant International Classification of Diseases (ICD-
10) codes. The Danish National Patient Register is highly
valid for renal disease, including ESRD [15]. In addition, CKD
patients in Denmark are treated exclusively in hospital settings
as outpatients. Only physicians working in hospitals, and not
GPs, use ICD codes. These codes allow us to identify the pro-
portion of both incident and prevalent cases with CKD referred
to and followed in a hospital unit for their kidney disease. CKD
patients were identified by the KidDiCo, which has proven to be
representative and to have favourable coverage of the Region of
Southern Denmark [16]. KidDiCo is a cohort describing patients
with creatinine levels measured in participating laboratories in

Southern Denmark between 2006 and 2013. The creatininemea-
surements from 2006 were used as a wash-out phase. Therefore,
patients fulfiling CKD 3–5 criteria in 2006 were excluded from
this study. All patients fulfiling CKD criteria between 2007 and
2013 registered in the geographical area of the KidDiCo were
included in this study. An eGFR of 60 mL/min/1.73 m² or above
prior to fulfiling CKD 3–5 criteria was not mandatory. However,
we assume that patients with an eGFR <60 mL/min/1.73 m2

would have been identified and excluded during the 1-year
washout period.

A previous article has described how the KidDiCo cohort
compares with the general population in the time period be-
tween 2007 and 2013 [16].

A total of N = 669 929 individuals registered at one point in
time in the geographical area of the KidDiCo between 2007 and
2013 had at least one creatininemeasured and were, thereby, in-
cluded in the KidDiCo. Based on data from Statistics Denmark,
N = 857 854 individuals lived in the region covered by the Kid-
DiCo between 2007 and 2013. The median age of the general
population in the geographical area was 45 years, of whom 51%
were male. In comparison, the median age of individuals in the
KidDiCo was 51 years old, and 46% were male [16]. Of the 17
municipalities in KidDiCo, n = 3 (18%) municipalities (Kolding,
Sønderborg and Odense) have a nephrology department with an
outpatient clinic. Amapwith the includedmunicipalities can be
seen in Fig. 1.

We strictly followed the KDIGO guidelines according to the
identification of CKD stages 3–5. Two eGFR measurements at
least 3 months apart, but no longer than 1 year, with no normal
eGFR measurement in between, had to be present. The incident
CKD stages were defined by the eGFR value at the time-point
when CKD criteria were fulfiled. Patients on dialysis or kidney-
transplanted patientswere excluded sincewe assume that these
patients, per definition, are routinely followed by a nephrologist.

We estimated the ratio of nephrologist referrals for two
groups. First, patients with an eGFR <60 mL/min/1.73 m², and
second, the ratio of patients with an eGFR <30 mL/min/1.73
m², according to KDIGO guidelines should be referred to a
nephrologist.
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Table 1. Overview of the ICD-10 codes and respective diagnoses used to identify patients as nephrology outpatients

ICD-10 code Description

DE102 Type 1 DM with kidney complications
DE107 Type 1 diabetes with multiple complications
DE112 Type 2 DM with kidney complications
DE117 Type 2 diabetes with multiple complications
DI12 Hypertensive CKD
DI13 Hypertensive heart and CKD
DM30.0 Polyarteritis nodosa and related conditions
DM31 Other necrotizing vasculopathies
DM32 Systemic lupus erythematosus
DM34 Systemic sclerosis (scleroderma)
DN00-N08.9 Glomerular diseases
DN15 Other renal tubulointerstitial diseases
DN16 Renal tubulointerstitial disorders in diseases classified elsewhere
DN17-19.9 Acute kidney failure and CKD
DN26 Unspecified contracted kidney
DN27 Small kidney of unknown cause
DN28 Other disorders of kidney and ureter, not elsewhere classified
DQ61 Cystic kidney disease

Referral to a nephrologist was defined by a kidney-related
primary or secondary ICD-10 diagnosis codewithin 1 year of CKD
incidence. The diagnoses were hand-picked by the authors J.D.K.
and J.G.H. (Table 1). Identifying patients directly as ‘being listed
as outpatient in nephrology clinics’ was not possible since the
codes in the register are referring to medical outpatient contact
and cannot be subdivided into the different specialties.

Age, Charlson comorbidity score (CS) and socioeconomic
data were based on the individual CKD stage defining point.
Renal diagnoses were removed from CS. Hypertension (HT), di-
abetes mellitus (DM) and cardiovascular disease (CVD) were
enriched with ATC codes for reimbursed prescriptions, as de-
scribed in a previous study [17]. CVD was defined as ICD-10
codes formyocardial infarction, congestive heart failure, periph-
eral vascular disease or cerebrovascular disease. HT and DM di-
agnoses were enriched using redeemed drug prescriptions ±3
months from the time point of CKD incidence. For HT, the fol-
lowing ATC codes were used: C03 ‘diuretics’, C07 ‘beta-blocking
agents’, C08 ‘calcium-channel blockers’ and C09 ‘agents on the
renin–angiotensin system’. For DM, the ATC code A10 ‘drugs-
used-in-diabetes’ was used.

We divided the age category as follows: category 1 = 18–59
years, category 2 = 60–79 years and category 3 = 80 years and
over.

In order to define the proximity to a nephrology outpatient
department, we used community codes. Patients who lived in
a community with a nephrology outpatient clinic at one stage
from the CKD incidence date and up to 12 months after were
defined as living in a community with a nephrology outpa-
tient clinic. For example, patients living in the municipality of
Haderslev are associated with the nephrology department in
Sønderborg andwould have to travel 71 km to reach the nephrol-
ogy outpatient clinic.

Stata version 16 was used for the statistical analysis [17]. The
manuscript was written in accordance with the STROBE state-
ment [18].

RESULTS

A total of n = 65920 incident patients with CKD stages 3–5
not transplanted or on dialysis were identified. A total of
n = 1975 (3.0%) were followed by a nephrologist according to the

predefined outpatient ICD-10 codes 12 months after the CKD
incidence date. Since Danish National guidelines and KDIGO
guidelines recommend referral at GFR <30 mL/min/1.73 m2, we
focused on patients with CKD stages 4–5 not transplanted or
in dialysis. A total of N = 5535 patients were identified. Of
those, N = 878 (16%) were followed by a nephrologist. Further
subdivision resulted in a referral rate for CKD 4 patients of
11% and 35% for CKD 5 patients, not on dialysis and/or not
transplanted.

We further examined the characteristics of patients with
CKD stages 4 and 5 not on dialysis or transplanted, divided into
a referred and a non-referred group (see Table 2). Characteristics
of CKD 4 patients can be seen in Supplementary data, Table S1,
and characteristics of CKD 5 patients can be seen in Supplemen-
tary data, Table S2.

In the referred group, 38.2% were women compared with
56.9% in the non-referred group (P < .001). The biggest share of
patients in the referred group was the 60–79 year olds at 53.2%,
and in the non-referred group, the ≥80 years patients at 55.9%
(P < .001).

The ratio of patients with DM and HT was higher in the re-
ferred group.A total of 31.3% had DM in the referred group as op-
posed to 19.3% (P < .001) in the non-referred group. The number
of patients with HT was much higher, in general, in both groups,
with 89.1% in the referred group and 86.4% in the non-referred
group (P = .033). The ratio of CVD, however, was lower in the re-
ferred group at 31.3%, than in the non-referred group at 36.0%
(P = .008).

The ratio of patients on the job market was more than twice
as high in the referred group when compared with the non-
referred group; 13.3% versus 5.2% (P < .001).

Most of the patients in the non-referred group had a lower
CKD stage. In the referred group, 46.6% of the patients had CKD
stage 5 at incidence, and in the non-referred group, this number
was much lower at 16.5% (P < .001).

A multivariate logistic regression analysis was performed
to show the odds ratios for being followed by a nephrol-
ogist. Missing data from the educational level and occupa-
tional status were excluded from the linear regression (see
Table 3).

Males had a one and a half times higher odds ratio (OR, 1.5;
P < .001) for being followed by a nephrologist.
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Table 2. Characteristics of not-referred and referred CKD stages 4–5 patients excluding dialysis patients and kidney transplanted patients

Not referred Referred to nephrologist P-value

N = 4657 N = 878
Sex Male 2007 (43.1%) 543 (61.8%) <.001

Female 2650 (56.9%) 335 (38.2%)
Age group category (years) 18–839 49 (1.1%) 63 (7.2%) <.001

40–59 269 (5.8%) 184 (21.0%)
60–79 1737 (37.3%) 467 (53.2%)
80+ 2602 (55.9%) 164 (18.7%)

Age group (years) 18–29 10 (0.2%) 22 (2.5%) <.001
30–39 39 (0.8%) 41 (4.7%)
40–49 86 (1.8%) 72 (8.2%)
50–59 183 (3.9%) 112 (12.8%)
60–69 546 (11.7%) 225 (25.6%)
70–79 1191 (25.6%) 242 (27.6%)
80–89 1896 (40.7%) 158 (18.0%)

90 and over 706 (15.2%) 6 (0.7%)
Diabetes No 3756 (80.7%) 603 (68.7%) <.001

Yes 901 (19.3%) 275 (31.3%)
Hypertension No 633 (13.6%) 96 (10.9%) .033

Yes 4024 (86.4%) 782 (89.1%)
Cardiovascular diseases No 2982 (64.0%) 603 (68.7%) .008

Yes 1675 (36.0%) 275 (31.3%)
Charlson score 0 2593 (55.7%) 479 (54.6%) <.001

1 510 (11.0%) 147 (16.7%)
2 1082 (23.2%) 174 (19.8%)
3 233 (5.0%) 46 (5.2%)
4+ 239 (5.1%) 32 (3.6%)

Education level Short 3112 (66.8%) 726 (82.7%) <.001
Middle 299 (6.4%) 89 (10.1%)
Long 16 (0.3%) 15 (1.7%)

Missing 1230 (26.4%) 48 (5.5%)
Occupational status Active 243 (5.2%) 117 (13.3%) <.001

Temporarily not active 18 (0.4%) 12 (1.4%)
Not active 4379 (94.0%) 740 (84.3%)

Missing/others 17 (0.4%) 9 (1.0%)
Nephrology outpatient clinic in municipality No 2864 (61.5%) 486 (55.4%) <.001

Yes 1793 (38.5%) 392 (44.6%)
CKD stage 4 3890 (83.5%) 469 (53.4%) <.001

5 767 (16.5%) 409 (46.6%)

According to age category, 18–59-year-old patients had an al-
most six times higher OR (OR, 5.9; P < .001) for being followed
by a nephrologist when compared with patients ≥80 years. For
patients in the age category of 60–79 years of age, the risk was
more than twice as high (OR, 2.3; P < .001) when compared with
the ≥80 year group.

Patientswith DM (OR, 1.8; P< .001) and hypertension (OR, 1.8;
P < .001) had a higher OR for being followed by a nephrologist.
CVD was not a significant risk factor (OR, 0.9; P = .311). The only
statistically significant result regarding CS was patients with a
score of four or more. Those patients were less likely to be fol-
lowed by a nephrologist (OR, 0.6; P = .031).

The ratio of patients followed by a nephrologist increased
with educational level, yet this only became significant in pa-
tients with high educational levels (OR 3.1; P < .004).

Employment status did not seem to be significant in terms of
nephrologist referral.

The odds ratio for being followed by a nephrologist was
higher in patients living in a community with a nephrology de-
partment (OR, 1.3; P = .002).

CKD patients with CKD stage 5 at incidence were more likely
to be followed by a nephrologist (OR, 3.6; P < .001).

DISCUSSION

This study showed that only a few patients suffering from CKD
are treated/followed by a nephrologist. The most prominent
characteristics of patients followed by nephrologists are males,
younger age, comorbidity in the form of HT and/or DM, high ed-
ucational level, proximity to a nephrology outpatient clinic and
higher CKD stage at incidence.

The ratio of women in the referred group in our study was
low. This is in accordance with a Swedish study, where women
were more likely to be diagnosed with CKD, but 27% were less
likely to contact a nephrologist [19].

In this study, the ratio of patients with DM andHTwas higher
in the referred group. This is in accordance with a study that
showed that the awareness rates among those with CKD were
higher if comorbid diagnoses of diabetes and hypertension were
present [2].

The influence of socioeconomic status (SES) on nephrology
referral has, to our knowledge, not been described before. A
recent Danish study found that patients with a lower SES
had a significantly lower willingness to participate in cardiac
rehabilitation (CR) after acute coronary syndrome [20]. In our
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Table 3. Multivariate logistic regression on referred CKD 4–5 patients

Referral to a nephrologist Odds ratio Standard error Z P>|Z|
95% confidence

interval

Age group category
Age 18–59 5.94 0.87 12.16 0 4.46 7.91
Age 60–79 2.33 0.25 7.88 0 1.89 2.87
Age 80< 1 (base)

Sex
Male 1.46 0.13 4.33 0 1.23 1.73

Female 1 (base)

Diabetes
No 1 (base)
Yes 1.84 0.2 5.69 0 1.49 2.27

Hypertension
No 1 (base)
Yes 1.75 0.24 4.17 0 1.35 2.28

CVD
No 1 (base)
Yes 0.9 0.09 –1.09 0.277 0.74 1.09

Charlson score
0 1 (base)
1 0.83 0.11 –1.37 0.17 0.63 1.08
2 0.94 0.11 –0.55 0.583 0.76 1.17
3 0.72 0.14 –1.7 0.089 0.49 1.05
4 0.64 0.14 –2.07 0.038 0.42 0.98

Education level
Short 1 (base)
Middle 1.07 0.15 0.46 0.646 0.81 1.41
Long 3.09 1.21 2.86 0.004 1.43 6.67

Occupational status
Not active 1 (base)
Active 0.86 0.13 –0.98 0.325 0.64 1.16

Temporarily not
active

1.57 0.63 1.12 0.262 0.71 3.45

Nephrology outpatient clinic in
municipality

No 1 (base)
Yes 1.28 0.11 2.91 0.004 1.08 1.52

CKD stage
4 1 (base)
5 3.58 0.32 14.35 0 3.01 4.26

_CONS 0.03 0.01 –19.87 0 0.02 0.05

study, only long educational levels, and not employment status,
were significantly associated with referral to a nephrologist. In
the CR study low educational level and not being economically
active was associated with lower willingness for CR [20].

When becoming CKD incident in stage 5, the OR of being fol-
lowed by a nephrologist was higher according to our data. CKD,
especially in the early stages, is a silent disease, which explains
the low awareness in patients with CKD. The low referral rate
from doctors may be due to insufficient awareness of guidelines

and recommendations regarding the referral of CKD patients
[21, 22].

We found that only 16%of patientswere referred according to
nephrology referral criteria. In Sweden, 36% of individuals with
eGFR stages 4–5 not yet on dialysis were referred to nephrologist
care [19]. This discrepancy may be explained by the differences
in population density, with a lower density of 100/km2 in the
Region of Southern Denmark and a higher density of 367.2/km2

in Stockholm, according to www.statista.com/statistics. As our

http://www.statista.com/statistics
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results show, the proximity to a nephrology outpatient clinicwas
significantly associated with being followed by a nephrologist.
Lower population density may be linked to longer distances to
access a nephrology outpatient clinic. The higher median age
of the non-referred patients could be due to the assumption
that older people are less likely to travel longer distances. In the
future, telehealth solutions could become an important tool to
overcome distance challenges.

In reality, however, one cannot expect that all CKD stage 3–5
patients, and not even all CKD stage 4–5 patients, for that mat-
ter, can be followed by a nephrologist. A Swedish study calcu-
lated that when strictly following KDIGO recommendations, a
>300% increase in nephrology consultation rates should be ex-
pected [19]. In order to provide excellent outpatient care,GPs and
nephrologists shouldwork closely together. Better access to spe-
cialist advice could be the key [23]. According to the study, GPs
found it hard to develop working partnerships with nephrolo-
gists, including matters regarding a timely exchange, unclear
roles and responsibilities, and limited access to nephrologists.
In order to provide excellent care for CKD patients, GPs should
be familiarwith current guidelines and recommendations.Many
nephrology guidelines include recommendations for patients
with GFR <60 mL/min/1.73 m². In our study, only 3% of this
group was followed by a nephrologist. Therefore, distribution
strategies for nephrology guidelines should be reconsidered and
should reach nephrologists and GPs alike.

Strength

Our study is the first to comprehensively investigate risk factors,
including socioeconomic and geographical factors, for nephrol-
ogy referral. Data are retrieved from a free public health system
with solid register data.

Limitations

Using ICD coding instead of actual ambulatory contact informa-
tion is not ideal. However, it is difficult to imagine having contact
at the nephrology outpatient clinic without one of these hand-
picked diagnoses. The Danish and KDIGO guidelines were first
published after the cohort inclusion period ended.Yet,we do not
think that the introduction of the guidelines would have a great
effect on the numbers. We have no information on whether the
patients were referred and then turned down by a nephrologist.
In our study, the exact distances from home to the nephrologist
were not taken into account. However, we think that using the
community codes is a good approximation.

CONCLUSION

Only a small fraction of CKD patients are followed by a nephrol-
ogist. The main factors associated with being followed by a
nephrologist are; age group 18–59 years,males, having hyperten-
sion and/or diabetes, higher education levels and proximity to a
department of nephrology. Telehealth could improve nephrol-
ogy care for patients living further away from nephrology out-
patient clinics. Renal guidelines should be distributed to GPs as
well. More studies should be performed on who profits most
from renal referral and how to optimize the collaboration be-
tween nephrologists and GPs.

SUPPLEMENTARY DATA
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