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Referral to nephrologists is associated with the slow
progression of kidney dysfunction in patients with type 2
diabetes mellitus
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Kwon Wook Joo", Yon Su Kim“?, Seung Seok Han"
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Background: Although treatment guidelines exist, referrals and discussions among clinicians about the disease can lead to more ap-
propriate treatment for the patient. This study evaluated the effects of referrals from diabetes clinics to nephrologists on kidney func-
tion in type 2 diabetic patients through causal inference analysis.

Methods: Patients with type 2 diabetes mellitus (DM) who initially visited the diabetes clinic were either referred to nephrologists (re-
ferral group) or continued under the care of diabetologists at the diabetes clinic (non-referral group). The slope of the estimated glo-
merular filtration rate (eGFR) per year was calculated based on the annual median difference in yearly eGFR values. We applied a dif-
ference-in-differences model to this time-series dataset with an inverse propensity weighting estimator to evaluate the effect of refer-
ral to nephrologists.

Results: Among the 30,160 patients who initially visited the diabetes clinic, 3,885 (12.9%) were referred to nephrologists during fol-
low-up. At the time of referral, the median (interquartile range) values of the eGFR and random urine albumin-to-creatinine ratio were
55.0 mL/min/1.73 m? (40.3-76.8 mL/min/1.73 m?) and 107 mg/g (20-846 mg/g), respectively. The average treatment effect of
referral to nephrologists was an improvement in the eGFR slope, with an increase of 5.8 mL/min/1.73 m? (95% confidence interval,
4.8-6.8 mL/min/1.73 m?) per year. The effect of referral was greater in patients with a high risk of progression than in those with a
low risk.

Conclusion: Referral to nephrologists is associated with slow progression of kidney dysfunction in patients with type 2 DM, support-
ing the need to evaluate how to facilitate timely referral for each patient as a next step.
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Introduction third of individuals with type 2 DM develop CKD, which

can progress to end-stage kidney disease (ESKD) if not
Chronic kidney disease (CKD) is a major complication of  effectively managed [1]. The progression of CKD in dia-
type 2 diabetes mellitus (DM), contributing substantially  betic patients is influenced by various factors, including
to morbidity and health care costs. Approximately one- uncontrolled hyperglycemia, hypertension, and albumin-
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uria [2,3]. The effective management of these risk factors is
crucial for slowing the progression of kidney dysfunction
and improving patient outcomes. Recent guidelines from
the Kidney Disease Improving Global Outcomes (KDIGO)
and American Diabetes Association (ADA) propose evi-
dence-based strategies for managing risk factors in patients
with diabetic kidney disease (DKD), including renin-an-
giotensin system (RAS) blockers, sodium-glucose cotrans-
porter inhibitors, and glucagon-like peptide-1 receptor
agonists [4,5].

Although comprehensive guidelines for the management
of DM are available, they emphasize the importance of
setting individualized targets for each patient rather than
adopting a universal treatment approach [6,7]. With re-
spect to blood pressure targets, optimal and tolerable lev-
els can differ for each patient [8,9]. Similarly, for glycemic
control, individualized targets of glucose and hemoglobin
Alc are advised based on the risk of hypoglycemia [4,5].
The perspective and treatment of such patients can vary
depending on their condition and comorbidities. There-
fore, experts in each field may have different approaches
to treating the same patient, which can create synergy in
treatment or lead to debates that require discussion. The
ADA guidelines suggest referring the patients to a ne-
phrologist when the estimated glomerular filtration rate
(eGFR) is less than 30 mL/min/1.73 m” or when persistent
worsening of albuminuria and eGFR are observed, but the
evidence for this recommendation of referral or its timing
is not definitive [4]. Referring to nephrologists could aid
in the preservation of kidney function and recovery from
acute kidney dysfunction if it exists [10-12], but further ex-
ploration and research are needed to understand how such
referrals can truly lead to better patient outcomes.

We aimed to evaluate the effects of referrals from dia-
betologists to nephrologists on the progression of kidney
dysfunction in patients with type 2 DM. Conducting a ran-
domized controlled trial on the effect of referral to nephrol-
ogists may pose ethical and research limitations. Therefore,
we addressed this issue via causal inference analysis with
a large cohort of patients with type 2 DM who initially vis-
ited the diabetic clinic. We also explored the differences in
management, such as medications and the frequency of
kidney biopsy, between diabetologists and nephrologists.
These findings may provide valuable insights into the im-
portance of referral to nephrologists in managing patients
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with DKD.

Methods
Ethical considerations

This study was conducted in accordance with the princi-
ples outlined in the Declaration of Helsinki. The research
protocol was reviewed and approved by the Institutional
Review Board of Seoul National University Hospital (No.
H-2307-104-1449). To ensure patient data confidentiali-
ty, all patient information was anonymized and securely
stored, with access restricted to authorized researchers
only.

Study patients

A total of 52,625 patients who visited the diabetes clinic at
a tertiary hospital between July 2004 and November 2023
due to a diagnosis of type 2 DM were included. Patients
were excluded if they were under the age of 18 years, had
DM other than type 2 DM (e.g., suspected steroid-induced
or postpancreatectomy DM), had underlying stage 5 CKD
or ESKD (e.g., dialysis and kidney transplantation), had a
follow-up duration of less than 2 years, or if laboratory tests
necessary to calculate changes in eGFR were unavailable.
Additionally, patients who visited the nephrology clinic be-
fore the diabetes clinic were excluded. After applying these
criteria, 30,160 patients were included in the final analysis.
A detailed flow chart of the patient selection process is pro-
vided in Supplementary Fig. 1 (available online).

Data collection and study variables

We collected a comprehensive set of variables for each
patient, including demographic information such as age,
sex, body mass index, systolic and diastolic blood pres-
sures, and comorbidities (e.g., hypertension, malignancy,
ischemic heart disease, and cerebrovascular disease). The
following laboratory findings were retrieved: serum cre-
atinine, hemoglobin Alc, hemoglobin, protein, albumin,
cholesterol, and random urine albumin-to-creatinine ratio
(ACR). The eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation [13]. When
the protein-to-creatinine ratio was measured without
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measuring the ACR value, this value was converted to the
ACR according to a previously proposed formula [14]. The
patients were categorized into subgroups based on the risk
of CKD progression, as described in the KDIGO guideline
[5]. We also calculated the 2-year and 5-year risks of ESKD
progression suggested by the KDIGO guidelines [5]. Data
on medication prescriptions were collected, and a detailed
list of medications is provided in Supplementary Table 1
(available online). The rates of kidney biopsies and the cor-
responding diagnoses were documented.

To quantify the degree of kidney function decline, we
calculated the slope of the eGFR. This slope represents
the change in the median eGFR, estimated as the repre-
sentative value for each calendar year, over the following
year. If the eGFR dropped below 10 mL/min/1.73 m’, an
indication of irreversible or severe kidney dysfunction, all
subsequent eGFR values were censored and excluded from
the slope calculation. The eGFR slope was computed for
the study period, provided that more than two sequential
eGFR values were available for accurate calculation. Years
lacking adequate data were excluded from the analysis.

Definition of nephrology referral and timing

In this study, we categorized patients with type 2 DM who
regularly attended a diabetic clinic into two groups based
on their nephrology referral status. Patients without any re-
cord of visiting the nephrology department were classified
as the “non-referral” group, while those with at least one
nephrology visit were classified as the “referral” group. The
timing of referral was defined as the date of the patient’s
first nephrology outpatient visit. For each patient in the re-
ferral group, we calculated the 2-year ESKD risk at the time
of this initial nephrology visit, using the KDIGO guideline’s
risk formula [5,15]. Patients with a 2-year risk greater than
10% were classified as “late referral,” while those with a risk
lower than 10% were classified as “early referral.” The risk
was calculated as follows:

age
exponent = —0.2201 x (19_0 - 7.036) +0.2467 x (male — 0.5642)
eGFR
~0.5567 x ( - 7.222) +0.4510 x (logACR — 5.137)

2 year risk = 1 — 0.9832°*P (exponent)

Statistical analysis

The variables were organized according to the calendar
year, with the number of prescribed days for the medica-
tion variable and the median values for the other variables.
In cases with missing data, the forward filling method was
applied to fill in the gaps. If the initial value of a variable
was missing, it was imputed using the median value of
the initial non-missing data points. Serum creatinine and
eGFR values, which represent kidney function, were not
imputed and were left as missing values if not available.
Descriptive statistical analyses were performed to sum-
marize the patient information. Continuous variables with
a normal distribution are presented as the means + stan-
dard deviations, whereas those without a normal distri-
bution are presented as medians with interquartile ranges
(IQRs). Categorical variables are shown as percentages.
Categorical variables were compared using either the chi-
square test or Fisher exact test, whereas continuous vari-
ables were compared using either the Student t test or the
Mann-Whitney U test, depending on their distribution. Pe-
nalized spline regression was used to smooth and visualize
changes in values over time. To quantify the differences in
medication prescription rates between the referral group
and the non-referral group, negative binomial regression
was used. These analyses were conducted for each year
and each medication, with Bonferroni correction applied
for multiple testing. All the statistical analyses were con-
ducted using R version 4.2.2 (R Foundation for Statistical
Computing) and Python version 3.11.5. A two-sided p-val-
ue of less than 0.05 was considered statistically significant.

Causal inference analysis

To assess the effect of referral to nephrologists on kidney
function in patients with type 2 DM, we employed the dif-
ference-in-differences (DiD) model using the did package
[16], which demonstrated its utility in previous studies
[17,18]. This approach enhances causal interpretation by
using a difference-in-differences of variables before and
after the referral to control baseline differences between
referral and non-referral groups. By comparing outcome
changes over time within each group, the method isolates
the referral effect while accounting for differences in pa-
tient complexity, initial kidney function, and shared trends
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that might otherwise confound results. Examining how
trends diverge post-intervention allows for a more accurate
estimate of the referral’s causal impact, distinguishing it
from other time-related factors. The did package further al-
lows for multiple time periods and variations in treatment
timing, ensuring that the parallel trends assumption con-
ditionally holds on adjusted variables. Unlike traditional
two-way fixed effects regressions, the did package mitigates
common drawbacks by providing more accurate treatment
effect estimates.

The analysis utilized an inverse probability weighting
estimator, allowing for an unbalanced panel. The treated
group consisted of patients who were referred to nephrol-
ogists, whereas the untreated group consisted of patients
who were not referred. We calculated the average treat-
ment effect of the treatment group (ATT) based on the
relative time to the referral point, adjusting for sex, age,
body mass index, eGFR, ACR, hemoglobin Alc, albumin,
and comorbidities, including hypertension, any cancer,
ischemic heart disease, and cerebrovascular disease. This
approach enabled us to precisely measure the impact of
referrals on the annual change in eGFR, considering varia-
tions in referral timing.

We conducted a sensitivity analysis using the HonestDiD
package [19], which provides robust inference and sensi-
tivity tools for difference-in-differences and event study
designs. This package allows for a formalization of the
hypothesis that pretreatment trends can inform potential
violations of parallel trends in the posttreatment period.
The relative magnitudes of these violations were bound,
ensuring that posttreatment violations were no more than
a constant M times larger than the maximum pretreatment
violations. For example, setting M=1 implies that posttreat-
ment violations are no worse than the worst pretreatment
violations.

Results

Baseline characteristics of patients visiting the diabetes
clinic

The baseline characteristics of the study patients are sum-
marized in Table 1. This cohort consisted of 30,160 patients,
with a mean age of 59.1 + 12.3 years, and 43.4% of patients
were female. Among these patients, 3,885 were referred to

4 www.krcp-ksn.org

nephrologists during follow-up. The median time from the
initial visit to the diabetes clinic to referral was 4 years (IQR,
2-8 years). When baseline characteristics were compared
between the two groups, the referral group had higher rates
of comorbidities such as hypertension, ischemic heart
disease, and cardiovascular disease than the non-referral
group. The referral group had worse baseline kidney func-
tion, with a low eGFR and a high ACR. Medication usage
at baseline differed between the groups; the referral group
had lower usage rates of metformin, dipeptidyl peptidase-4
inhibitors, glucagon-like peptide-1 receptor agonists, and
sodium-glucose cotransporter-2 inhibitors, but higher us-
age rates of secretagogues, thiazolidinediones, and insulin
than the non-referral group. The prescription rates for all
the medications are listed in Supplementary Table 1 (avail-
able online).

Trends in referrals and laboratory findings

Fig. 1 shows the changes in patient numbers over time.
The number of patients who visited the diabetes clinic
remained constant over the years, with a median number
of 1,592 patients (IQR, 1,554-1,653 patients) per year. The
number of patients referred to nephrologists gradually in-
creased over time (Fig. 1A). The total number of patients
who visited the diabetes clinic at least once per year steadi-
ly increased, peaking at 16,951 in 2022, while the number
of patients who visited nephrologists at least once per year
was highest in 2023, at 2,214 (Fig. 1B).

Changes in laboratory findings and estimated ESKD risk
between the referral and non-referral groups over time are
depicted in Fig. 2. At the start of the observation period, the
eGFR trends significantly differed between the two groups,
with the referral group having markedly low eGFR levels
(Fig. 2A). The eGFR slope highlights these differences, with
the referral group exhibiting a steeper decline of -2.121
mL/min/1.73 m® per year than -0.849 mL/min/1.73 m” per
year in the non-referral group (Fig. 2B). These differences
in baseline kidney function between the two groups indi-
cate that patients with kidney dysfunction were referred
primarily to nephrologists throughout the study period.
The hemoglobin Alc levels were similar between the two
groups, with a similar trend as the study time progressed
(Fig. 2C). The ACR values continuously increased in the
referral group, whereas the non-referral group had con-
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Table 1. Baseline characteristics of patients visiting the diabetes clinic

Characteristic Total Non-referral group Referral group p-value
No. of patients 30,160 26,275 3,885
Age (yr) 59.1+12.3 58.8+12.3 60.8+11.9 <0.001
Female sex (%) 43.4 43.7 41.8 0.03
Body mass index (kg/m?) 248 +4.3 248 +4.3 249+4.3 0.26
Systolic blood pressure (mmHg) 131.3+15.8 131.2 +15.7 132.2+ 175 0.40
Diastolic blood pressure (mmHg) 771 +10.8 771+10.7 76.6 +11.9 0.53
Hypertension (%) 9.6 9.0 13.7 <0.001
Malignancy (%) 11.3 11.4 10.9 0.34
Ischemic heart disease (%) 5.3 4.9 7.8 <0.001
Cerebrovascular disease (%) 4.8 4.3 7.8 <0.001
Laboratory finding
Serum creatinine (mg/dL) 0.87 (0.74-1.00) 0.85 (0.73-1.00) 1.00 (0.83-1.20) <0.001
eGFR (mL/min/1.73 m?) 86.7 (73.1-97.2) 88.0 (75.6-97.9) 72.6 (58.6-87.9) <0.001
Hemoglobin Alc (%) 1(6.5-8.1) 1 (6.5-8.1) 2 (6.5-8.3) <0.001
Hemoglobin (g/dL) 13.6 (12.2-14.8) 13.6 (12.3-14.9) 13.2(11.8-14.5) <0.001
Protein (mg/dL) 2 (6.8-7.5) 2 (6.8-7.5) 1(6.7-7.5) <0.001
Albumin (g/dL) 3(4.0-4.5) 3(4.0-4.5) 2(3.8-4.4) <0.001
Cholesterol (mg/dL) 168 (142-196) 168 (142-196) 168 (142-196) 0.33
ACR (mg/g) 14.0 (8.0-39.0) 13.0 (7.0-31.0) 38.0(12.0-199.0) <0.001
Medication prescription (%)
Metformin 62.7 63.8 55.5 <0.001
Dipeptidyl peptidase-4 inhibitor 28.8 29.9 21.6 <0.001
Glucagon-like peptide-1 receptor agonist 0.9 0.9 0.5 0.006
Sodium-glucose cotransporter-2 inhibitor 4.2 4.7 1.2 <0.001
Secretagogues 41.1 40.3 46.3 <0.001
Thiazolidinedione 54 5.1 75 <0.001
Insulin 27.7 26.7 34.6 <0.001
Calcium channel blocker 20.3 19.1 28.4 <0.001
ACEi or ARB 31.7 29.5 46.9 <0.001
p-Blocker 12.1 11.3 17.7 <0.001
Diuretics 14.4 131 229 <0.001
Kidney biopsy (%) 0.5 0.02 3.8 <0.001

Data are expressed as number only, mean + standard deviation, percentage only, or median (interquartile range).
ACEi, angiotensin-converting enzyme inhibitor; ACR, random urine albumin-to-creatinine ratio; ARB, angjotensin receptor blocker; eGFR, estimated

glomerular filtration rate.

sistently low ACR levels (Fig. 2D). The 2-year and 5-year
risks of progression to ESKD increased over time, where-
as the degree of increase was more pronounced in the
referral group than in the non-referral group (Fig. 2E, F).
This change was prominent during the first 5-year period,
where it accelerated more rapidly than it did in the subse-
quent years.

Treatment effect of referral to nephrologists

We analyzed the treatment effect of referral to nephrolo-
gists based on the slope of the eGFRs. The DiD model was
applied after adjusting for variables, such as age, sex, body
mass index, eGFR, ACR, hemoglobin Alc, serum albumin,
and comorbidities. Accordingly, ATTs were estimated over
time, with the overall ATT for the entire period being 5.8
mL/min/1.73 m? per year (95% confidence interval [CI],
4.8-6.8 mL/min/1.73 m’ per year). The ATT after referral to
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Figure 1. Trends in the number of patients over time and by referral status. (A) The number of new patients visiting the diabetes
clinic each calendar year. (B) The number of patients followed up in the diabetes clinic or the department of nephrology each calendar

year.

nephrologists remained consistently greater than zero, in-
dicating a beneficial effect of referral on preserving kidney
function (Fig. 3). The estimated confidence intervals of ATT
remained above zero for M values up to 0.4 (Supplementary
Fig. 2, available online). The deviation from parallel trends
after referral was no more than 0.4 times the maximum de-
viation observed before referral. These results indicate that
the DiD model was reliable after the basic assumption was
considered.

Given that ACR is also an indicator of kidney status, we
performed a DiD analysis on ACR changes. However, the
results were not statistically significant (ATT value, 0.02
mg/g; 95% CI, -0.537 to 0.577 mg/g), suggesting that ne-
phrology referral did not lead to substantial improvement
in albuminuria. Additionally, we conducted a DiD analysis
on hospitalization rates (events per year) and found that
nephrology referral significantly reduced the hospitaliza-
tion rate, with an ATT of -0.247 events per year (95% CI,
-0.376 to -0.117) (Supplementary Fig. 3, available online).
However, when limited to cardiovascular events, the ATT
value was not significant (-0.003 events per year; 95% CI,
-0.048 t0 0.041).

We conducted a subgroup analysis to explore how ATT
values for referrals varied according to the risk of CKD
progression. The CKD risk categories are defined based on
the KDIGO guidelines [5], using a combination of glomer-
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ular filtration rate and albuminuria levels to assess CKD
risk, classifying patients into low, moderate, high, and very
high-risk groups. The referral group was categorized into
groups at low risk (n = 928), moderate risk (n = 778), high
risk (n = 901), and very high risk (n = 1,278) at the time of
referral to nephrologists (Supplementary Fig. 4, available
online). As the risk level increased, the ATT values also
increased: 0.9 mL/min/1.73 m® per year (95% CI, 0.1-1.8)
for low risk, 3.5 mL/min/1.73 m” per year (95% CI, 2.4-4.6)
for moderate risk, 4.8 mL/min/1.73 m” per year (95% CI,
2.9-6.8) for high risk, and 10.4 mL/min/1.73 m® per year
(95% CI, 8.6-12.3) for very high risk. Subgroup analysis was
performed according to the time point at which the 2-year
ESKD risk reached 3%. The patients who were referred ear-
lier and later than this time point were categorized into the
early referral group (n = 2,553) and the late referral group
(n = 1,332), respectively. The ATT values for the early and
late referral groups were 3.1 mL/min/1.73 m” per year (95%
CI, 2.4-3.7) and 9.9 mL/min/1.73 m” per year (95% CI, 8.1-
11.8), respectively. These results suggest that referral has a
positive effect on kidney function regardless of whether it is
early or late, with the effect appearing to align with higher
CKD progression risk.
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Trends in medication prescriptions over time plementary Table 2 (available online). Metformin was the

most commonly prescribed antidiabetic medication, with
The median, maximum, and minimum prescription rates  a median prescription rate of 56.8% (IQR, 48.7%-60.6%),
of medications per calendar year are described in Sup-  followed by secretagogues at 31.6% (IQR, 28.6%-43.1%).
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to the difference-in-differences model.

The ATT was estimated as the annual slope of estimated glomerular rates.

Among antihypertensive medications, RAS blockers were
the most frequently prescribed, with a median rate of 34.6%
(IQR, 34.0%-35.8%), followed by calcium channel blockers
at 20.4% (IQR, 19.8%-20.9%) and diuretics at 12.8% (IQR,
10.8%-15.5%).

To visualize differences in prescription rates between the
referral and non-referral groups, we rescaled the minimum
and maximum prescription rates for each medication to
a range between 0 and 1 and presented the results as a
heatmap (Fig. 4A). Over the years, the prescription rates of
medications, such as metformin, dipeptidyl peptidase-4
inhibitors, glucagon-like peptide-1 receptor agonists, and
sodium-glucose cotransporter-2 inhibitors, increased,
while the prescription of nonsteroidal anti-inflammatory
drugs decreased over time.

To compare the prescription patterns between the re-
ferral and non-referral groups, we accounted for temporal
and patient-specific differences with a negative binomial
regression. The multivariate-adjusted coefficients are
shown as a heatmap (Fig. 4B). The prescription trends for
glucagon-like peptide-1 receptor agonists and sodium-glu-
cose cotransporter-2 inhibitors initially showed a tendency
toward fewer prescriptions in the referral group, but this
reversed over time, resulting in more prescriptions in the
referral group by 2023. Antihypertensive medications, such
as RAS blockers, were increasingly prescribed in the refer-
ral group over time. The prescription of acetaminophen or
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tramadol was more common, while nonsteroidal anti-in-
flammatory drugs were less frequently prescribed in the re-
ferral group than in the non-referral group. Febuxostat and
allopurinol were frequently prescribed in the referral group
for most of the study period. Fibrates were prescribed less
frequently in the referral group than in the non-referral
group. Overall, prescription patterns for certain medica-
tions changed following referral to nephrologists.

Differences in kidney biopsies between the referral and
non-referral groups

Among all patients, 152 kidney biopsies (0.5%) were per-
formed. Kidney biopsy was performed more frequently in
the referral group than in the non-referral group, with 148
(3.8%) and four cases (0.02%), respectively. Among the
biopsied patients, 80 (52.6%) were diagnosed with diabet-
ic nephropathy, 52 (34.2%) with glomerulonephritis, 15
(9.9%) with tubular disorders, two (1.3%) with thrombotic
microangiopathy, and three (2.0%) with no specific lesions
on histology (Fig. 5). For the four patients in the non-re-
ferral group who underwent kidney biopsy, the results re-
vealed glomerulonephritis.

Within the glomerulonephritis category, the most com-
mon diagnosis was immunoglobulin A nephropathy in 17
patients, followed by membranous nephropathy in nine
patients. Among the patients with tubular disorders, 11 had
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Figure 4. Heatmap showing the medications used according to calendar year. (A) Scaled prescription ratios according to calendar
year. The prescription ratio represents the proportion of days within a year that a particular medication was prescribed. Each
prescription ratio is scaled between a minimum value of O and a maximum value of 1 across the entire period, visualizing changes in
prescriptions over time. (B) The differences in the patterns of medication prescription between the referral and non-referral groups. The
negative binomial regression coefficients of medication prescription days according to the referral are visualized as natural logarithms.
Values of >0 indicate more prescriptions (a coefficient of 1 means 2.718 times more prescriptions) in the referral group than in the
non-referral group. The analysis was adjusted for age, sex, estimated glomerular filtration rate, random urine albumin-to-creatinine
ratio, hemoglobin Alc, and comorbidities. Bonferroni correction was applied to p-values for multiple testing. *p < 0.05, **p < 0.01,

***p < 0.001. "Periods when these drugs were not introduced in the hospital are represented in gray.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Figure 5. Histopathologic results in the referral and non-
referral groups.

chronic tubulointerstitial nephritis, three had acute tubu-
lointerstitial nephritis, and one had acute tubular necrosis.
For patients who underwent kidney biopsy, only one pa-
tient developed post-biopsy bleeding requiring transar-
terial embolization. The findings highlight the significant
diagnostic yield of kidney biopsies, predominantly in the
referral group, emphasizing the role of nephrologists in
addressing complex kidney conditions or other combined
disorders in patients with type 2 DM.

Discussion

Appropriate referrals and subsequent discussions between
clinicians can help improve patient outcomes. However,
direct evidence to show that referral to nephrologists is
beneficial for type 2 diabetic patients is lacking. The DiD
model, adjusting for baseline differences, demonstrated

www.krcp-ksn.org 9



Kidney Res Clin Pract [Epub ahead of print]

that referral to nephrologists was associated with a low
rate of decline in yearly eGFR values. Compared with the
non-referral group, the rate of prescription of renopro-
tective hypoglycemic and antihypertensive medications
increased, whereas the rate of prescription of medications
that may negatively affect kidney function decreased. Addi-
tionally, kidney biopsies were frequently performed in the
referral group, which revealed kidney diseases other than
diabetic nephropathy. These factors, such as differences
in medication use and biopsy frequency, might affect the
treatment approach. These findings underscore the impor-
tance of referral to nephrologists to enhance kidney care
for type 2 diabetic patients with CKD.

Several studies have shown that the involvement of ne-
phrologists in multidisciplinary care significantly improves
outcomes in patients with kidney diseases [12]. These
studies employed statistical methods to compare eGFR
values before and after the referrals [11,20] or between the
referral and the non-referral groups [21,22]. Randomized
controlled trials on referrals have not been conducted,
partially because conducting such trials may not be feasi-
ble. Accordingly, we employed a causal inference model
to estimate and validate the effect of nephrology referral.
The estimated ATT of referral on the eGFR slope was 5.8
mL/min/1.73 m® per year after accounting for confounding
variables and biases. These findings support previous study
results, which revealed a difference in the eGFR slopes
before and after referral ranging from 1 to 5 mL/min/1.73
m’ per year [11,20]. We also found that nephrology referral
reduces hospitalizations, thereby potentially improving
patients’ overall health outcomes and reducing the bur-
den on healthcare resources. The present model further
revealed that the beneficial effect of referral was evident
even in patients with preserved kidney function, suggest-
ing that early referral may be the optimal timing for some
patients. Although the nephrology referral did not show a
beneficial effect on ACR reduction, this result may reflect
the preexisting use of RAS inhibitors by diabetologists prior
to referral, which could have already optimized ACR levels,
thereby limiting the potential for further improvement after
referral.

The medication usage trends differed before and after
referrals. Although guidelines for managing diabetic pa-
tients have been established, these guidelines emphasize
the setting of individual targets. Medication choices may
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vary depending on the clinician’s perspective. The use of
hypoglycemic medications known for renoprotective ef-
fects, such as sodium-glucose cotransporter-2 inhibitors
and glucagon-like peptide-1 receptor agonists [23-26],
markedly increased over time. Furthermore, the use of an-
tihypertensive medication became more aggressive over
time, with a notable difference between the referral and
non-referral groups. The findings underscore the need to
establish individual treatment targets and select suitable
medications through referrals and discussions between
clinicians. The differences in the use of other medications
that can provoke kidney injuries are noteworthy. Despite
the well-known nephrotoxicity of nonsteroidal anti-in-
flammatory drugs [27], a significant reduction in their use
was observed after referral, indicating increased aware-
ness among nephrologists. Similarly, the high usage rates
of allopurinol and febuxostat for uric acid control suggest
a focused interest from nephrologists and may contrib-
ute to kidney function preservation [28]. With respect to
lipid-lowering agents, a trend toward less frequent use of
fibrates was observed, likely due to concerns about the
initial increase in creatinine levels associated with their
use [29,30]. These patterns indicate that concerted efforts
were undertaken to preserve kidney function in the referral
group through careful medication selection.

Almost half of the patients who underwent kidney biopsy
were diagnosed with other kidney diseases, not diabetic
nephropathy. This finding is consistent with a previous
study, which reported a 64% rate of nondiabetic etiologies
[31]. This significant proportion emphasizes the impor-
tance of distinguishing between diabetic nephropathy and
other kidney diseases because of their unique pathophys-
iology, which sometimes requires different treatment ap-
proaches. Histopathologic confirmation is especially cru-
cial in DKD patients with unusual or exceptional clinical
signs, as biopsy complications are very rare, occurring in
less than 0.5% of patients [32]. Although a small proportion
of referred patients underwent kidney biopsy, the presence
of patients with nondiabetic kidney diseases underscores
the diagnostic value of nephrology referral in identifying
and managing these cases.

Despite the strengths of our study, certain limitations
must be acknowledged. Although we conducted a causal
analysis by adjusting for multiple variables, we did not es-
tablish the optimum timing of referral. To determine the
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precise timing, randomized controlled trials or meta-anal-
yses on various criteria are needed. Because this study was
conducted in a single center within the Korean medical
system, factors such as physician preferences, insurance
coverage, and lack of data on medications prescribed at
other hospitals may limit the generalizability of our find-
ings to other settings or healthcare systems. Additionally,
due to the limitations of our outpatient data collection
nature, we were unable to distinguish between acute kid-
ney injury and CKD or obtain patient outcomes such as
mortality and dialysis initiation, and serum creatinine
was measured using different methods over time, with the
Jaffe method used before 2009 and the enzymatic method
thereafter.

In conclusion, the present study demonstrated that refer-
ral to nephrologists is associated with the slow progression
of kidney dysfunction in patients with type 2 DM. Although
a causal inference model was used for the study, the results
provide evidence that appropriate referrals and discussions
between clinicians should be applied to this patient sub-
set, particularly those with kidney dysfunction or potential
for worse outcomes. Clinical trials involving DKD patients
should consider or incorporate these findings, as the pres-
ence of referrals may affect overall outcomes.
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