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Effects of physician’s specialty on regular chronic
kidney disease care in predialysis
A population-based cross-sectional study
Ming-Yen Lin, PhDa,b, Charles Tzu-Chi Lee, PhDc, Mei-Chuan Kuo, MDa,b, Shang-Jyh Hwang, MDa,b,d,e,
Hung-Chun Chen, MD, PhDa,b, Yi-Wen Chiu, MDa,b,∗

Abstract
Late referral in chronic kidney disease (CKD) is associated with irregular care and poor prognosis. How the specialty of healthcare
provider affect late referral and irregular CKD care remain unclear.
We conducted a population-based cross-sectional study to include incident dialysis patients from 2002 to 2007 in Taiwan and

observed for 1, 2, and 3 years before dialysis. The medical visits-related information was evaluated every 3 months, retrospectively.
Irregular follow-up was defined as missing a follow-up during more than one interval every year.
A total of 46,626 patients were included. At 1, 2, and 3 years prior to maintenance dialysis, 87%, 66%, and 50% of patients had

regular medical visits; however, only 49%, 23%, and 12% had estimated glomerular filtration rate (eGFR) regularly monitored,
respectively. Independent factors of less regular eGFR follow-up included age (adjusted odds ratio (OR) 0.995, 95% confidence
interval 0.993–0.998), cardiac disorder (0.90, 0.82–0.99), and stroke (0.76, 0.69–0.84), as well as regular visits at some other
specialties (adjusted OR range: from 0.77 to 0.88); whereas, independent factors of less regular visits at nephrology included
diabetes mellitus (0.48, 0.46–0.51), cardiac disorder (0.61, 0.56–0.66), stroke (0.53, 0.48–0.58), and regular visits at any other
specialty (adjusted OR range: from 0.22 to 0.78).
Regular medical visits were quite common in late CKD patients, but they received regular eGFR measurement and visit at

nephrology much less frequently. Physicians play a major role in the late referrals in CKD and its irregular care.

Abbreviations: ACR = albumin-creatinine ratio, CI = confidence interval, CKD = chronic kidney disease, eGFR = estimated
glomerular filtration rate, ICD-9-CM = International Classification of Disease, Ninth Revision, Clinical Modification, iPTH = intact
parathyroid hormone, NHI = National Health Insurance, OR = odds ratio, PCR = protein-creatinine ratio.

Keywords: chronic kidney disease, co-care with nephrology, healthcare behavior, physician’s practice patterns, quality of
predialysis care

1. Introduction mortality, and hospitalization.[1,3,5–8] This not only exposes CKD
Low awareness of chronic kidney disease (CKD) is quite common
in the general population. Even in CKD stage 5, it has been
reported that as high as 30% to 50% of patients were never
informed of their renal status.[1–4] Low awareness of CKD and
late nephrology referral are associated with poor prognosis, such
as rapid progress to end stage renal disease (ESRD), higher
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patients to potential renal injuries which otherwise could have
been avoided, but also delays the timely treatment necessary
to retard the disease progression.[4,9,10] Thus, to address the
increasing dialysis burden worldwide, it is critically important to
elucidate the mechanisms of the low awareness level and late
referral of CKD.
The low awareness and late referral of CKD is multifactorial,

and the causative factors may interact with each other.[11,12] Low
awareness of chronic disease could come from both patients’
not seeking medical help and physicians’ under-diagnosis. That
CKD patients often have other chronic diseases earlier makes
this population tend to seek medical care initially from other
specialists rather than nephrologists.[8,13–17] The “silent”
characteristics associated with CKD progression probably also
contribute to keeping these patients from seeking medical care.
Furthermore, medical access and insurance coverage have been
reported as 2 major barriers of nephrology referral in late CKD
patients.[18–22] Given the high prevalence of co-morbidities in
CKD, many of this population had non-nephrology medical visit
initially before transferring to nephrologists. Little is known
about how these initial medical visits affect late CKD care. Thus,
we hypothesized that nephrology referral and regular CKD care
would be improved in late CKD patients under regular medical
visits. Taiwan, a small island, has almost all of its citizens covered
by National Health Insurance (NHI), which makes access to
medical care relatively comprehensive; thus, it constitutes an
appropriate area for testing the abovementioned hypothesis. We
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conducted this population-based study in order to elucidate how
physicians’ specialty affect care in late CKD.

2. Methods

2.1. National health insurance in Taiwan

In 1995, NHI, a government-run insurer with a single-payer
insurance system was established for the entire population of
Taiwan. The characteristics of NHI include: payroll-related
premiums shared among employers, employees, and the govern-
ment; fee-for-service under the global budget; and the require-
ment of co-payment for medication, ambulatory care, and
inpatient care. As the enrolment of NHI was mandatory, by
December 2008, there were 22.918 million individuals enrolled
in the program nationwide, with a coverage rate of 99.5%. The
registration of Catastrophic Illness Database cases, such as
chronic renal disease and cancer, were required by the bureau of
NHI before certification for Catastrophic Illness could be
granted.

2.2. Definition of study population

We conducted a retrospective, population-based cross-sectional
study, which was approved by the Institutional Review Board,
KaohsiungMedical University Hospital (KMUH-IRB-EXEMPT-
20130012). All research procedures follow the guidelines of
the Declaration of Helsinki. Because the patient identifiers were
scrambled in the data to the public for research purpose, the
Institutional Review Board agreed the study exempted from
the requirement for written or verbal inform consents from
participants. The research data were obtained from the NHI
Research Database provided by the National Health Research
Institute and included outpatient, ambulatory care, hospital
inpatient care, as well as dental service. It covered all claims
submitted from 1997 to 2008, but did not contain laboratory
results. Any insured person who needs maintenance dialysis
should be issued the Catastrophic Illness certificate for dialysis
to waive the deduction. Thus, all patients in the NHI Research
Database were screened, and the study cohort included those who
met both of the following criteria: having a Catastrophic Illness
certificate for maintenance dialysis [International Classification
of Disease, Ninth Revision, Clinical Modification, (ICD-9-CM)
code 585]; and having the prescription of dialysis for 90 d after
the issuance of the Catastrophic Illness certificate for mainte-
nance dialysis. Any person who was younger than 18 year old
when dialysis started or received treatment for renal graft (ICD-9-
CM code V42.0) during the observation period was excluded.
Patients’ demographic information (i.e., age, gender, living area,
and socioeconomic status), information regarding medical visits,
and comorbidity were obtained after exclusion criteria were
applied. The relevant comorbidities in this study included
diabetes mellitus (ICD-9-CM code 250), hypertension (ICD-9-
CM codes 401–405), cardiac disorders [ICD-9-CM code 410
(myocardial infarction), 428 (congestive heart failure)], stroke
(ICD-9-CM code 433, 434, 436), and gout (ICD-9-CM code
274). The presence of comorbidity was defined as a disease
diagnosis code shown at least 2 times from outpatient claim data
or one time from inpatient claim data at the second year before
maintenance dialysis. All these comorbidities are the possible
confounding factors in our model to explain the association
between medical visit and eGFR measurement base on our
clinical experience. Furthermore, we have included Charlson
score to reduce the confounding effect by selecting these
2

comorbidities. The Charlson comorbidity index scores were
calculated according to the method listed in a previous study.[23]
2.3. Information regarding medical visits

The observation period in this study comprised the 3 years before
the first maintenance dialysis. All parameters of interest were
further investigated at 1 year, 2 years, and3years of the observation
period, respectively. In these observation periods, each participant
was screened for the timing and frequency of the outpatient visits
and the tests prescribed to monitor CKD progression and
complications. Any visits or tests occurring in the emergency
department were excluded. In addition to frequency, hospital level
and specialtyof eachmedical visitwere collected for eachoutpatient
visit. Hospitals in Taiwan are classified into 4 levels by Bureau of
NHI, that is, primary clinic, local hospital, general hospital, and
medical center hospital, according to the numbers of beds,
specialties, and kinds of services available. The tests of interest
included hemoglobin, serum creatinine, serum potassium, serum
calcium, serum phosphorus, intact parathyroid hormone (iPTH),
gas analysis, urine albumin-creatinine ratio (ACR), and protein-
creatinine ratio (PCR). Tests for ACR and PCRwere included only
when both urinary creatinine and urinary albumin/protein survey
were arranged on the sameprescription.Given that the prescription
could be valid formedication refill for no longer than 90 d, all of the
identified medical visits and tests were further grouped every
3 months, retrospectively since the maintenance dialysis for the
evaluation of regularity.
2.4. Definition of regular medical visit

The regularity of medical visits for each participant was evaluated
by the frequency of clinic visits at the same hospital or clinic every
3 months, retrospectively since the maintenance dialysis. No
medical visit in any 3-month interval was defined as one missing.
Regular medical visit was defined as having no more than one
missing visit every year in the observation period.
2.5. Definition of regular follow-up of CKD progression

The follow-up of CKD progression was evaluated by the
frequency of the estimated glomerular filtration rate (eGFR)
and proteinuria measurement every 3 months at the same
hospital or clinic in the observation period. Similar to medical
visit, one missing measurement for any test above was defined as
no prescription in any 3-month interval. Regular eGFR follow-up
was defined as no more than one missing measurement every
year in the observation period, and the same applied to regular
proteinuria follow-up.
2.6. Definition of regular follow-up of CKD complications

The CKD complications follow-up was evaluated by the
frequency of tests for hemoglobin, serum potassium, serum
calcium, serum phosphorus, iPTH, and gas analysis at least once
every 3 months at the same hospital or clinic in the observation
period. Regular CKD complications follow-up were tested for all
participants at the 1-, 2-, and 3-year observation periods. Again,
one missing measurement for any test above was defined as no
prescription in any 3-month interval. Regular CKD complica-
tions follow-up for each item in the observation period was
defined as no more than one missing measurement for the item
every year.
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2.7. Statistical analysis

A descriptive analysis was carried out to describe the social-
demographics, clinical characteristics, proportions of regular
measurement of eGFR, and proportions of regular medical visits
at the 1-, 2-, and 3-year observation periods. Because no prior
study ever tested our main hypothesis, we used G∗Power to
estimate sample size by assuming clinical reasonable conditions
as a=0.05, b=0.8, 2-tailed test, prevalence of irregularity of
eGFR measurement or medial visit at nephrology=70%,
prevalence of regular medical visit=90%, and the odds ratio
of regular eGFRmeasurement is 1.5 times in regular medical visit
group compared to irregular group. The expected sample size for
this study is 2684 by G∗Power estimation.[24] Descriptive
statistics, such as mean, standard deviation, median, interquartile
range, and proportions were utilized when appropriate. The
normal distribution was evaluated through the Kolmogorov–
Smirnov test. Chi-square test and Mann–Whitney U test were
used to assess the different distributions of patient characteristics
between regular and irregular medical visit groups. Univariable
logistic analysis was performed to select the variables with P
value < .25 to be candidates for inclusion in multivalable
analysis. Multiple logistic regression analysis with stepwise
variable selection then was construct to identify significant
independent factors related to the irregularity of eGFR
Table 1

Clinical characteristics of the subjects by regular medical visit in 1-y

Variable
Total Regular medic

(n=46,626) (n=4

Age, years 63.3 (52.5–72.4) 64.5 (5
Gender (male, %) 22,898 (49.1) 19,408 (4
Area (urban, %) 33,487 (71.8) 28,922 (7
Socioeconomic status†

Low 17,569 (37.7) 15,752 (3
Moderate 24,407 (52.3) 20,868 (5
High 4,650 (10) 3,801 (9

Modality
Hemodialysis 42,572 (91.3) 37,035 (9
Peritoneal dialysis 4,054 (8.7) 3,386 (8

Comorbidities
Diabetes mellitus 22,340 (47.9) 21,260 (5
Hypertension 30,364 (65.1) 28,646 (7
Cardiac disorders 4,321 (9.3) 4,157 (1
Stroke 3,230 (6.9) 3,079 (7
Gout 6,384 (13.7) 6,072 (1
Charlson’s index score 2 (1–4) 3 (1

Time cohort
2002–2003 14,520 (31.1) 12,372 (3
2004–2005 15,627 (33.5) 13,548 (3
2006–2007 16,479 (35.3) 14,501 (3

Outpatient visitx (times)
Overall 29 (19–42) 32 (2
By hospital leveljj

Medical center hospital 3 (0–14) 4 (0
General hospital 1 (0–12) 2 (0
Local hospital 0 (0–4) 0 (0
Primary clinic 9 (3–19) 10 (3

eGFR= estimated glomerular filtration rate.
Values represent median (interquartile range), or n (%).
∗
Regular medical visit defined as no more than one missing occurrence for having at least one medic

† For socioeconomic status, low=dependent; moderate=monthly income <$20,000 (New Taiwan dol
‡ Difference of characteristics between regular and irregular follow-up groups was tested by independe
x Number of medical visit in one-year before maintenance dialysis.
jj Hospitals in Taiwan are classified into 4 levels by Bureau of NHI, i.e., primary clinic, local hospital, gene
services available.

3

measurement and irregular medical visits at nephrology.
Variance inflation factor was used to detect multicollinearity
in the regression model. We used Akaike information criterion to
determine the best set of variables and c-statistic to evaluate
goodness-of-fit of the final models. Odds ratio (OR) was
calculated as exponential of the estimated regression coefficients
and the 95% confident interval (CI) for each OR was also
computed. Furthermore, linear trend test was used to evaluate the
effect of the cohort. All statistical tests were carried out by using
SAS 9.2 software. A 2-sided P<.05 was considered as significant.

3. Results

3.1. Demographic characteristics

In the Taiwan National Health Research Dataset from 2002 to
2007, we identified 57,339 patients who had been issued the
Catastrophic Illness certificate for maintenance dialysis. Later,
48,283 patients (84.2%) had survived for more than 3 months
after their first dialysis. Patients who were younger than 18 year
old (n=190) or had received treatment for renal graft (n=1467)
in the observation period were excluded. Thus, 46,626 subjects
formed the study cohort. Their clinical characteristics, obtained
by regular medical follow-up at the same hospital/clinic in the
year before the first maintenance dialysis, are shown in Table 1.
ear before maintenance dialysis.

al visit group
∗

Irregular medical visit group
0,421) (n=6205) P-value‡

4.0–73.0) 53.3 (44.3–65.4) <.001
8.0) 34,90 (56.2) <.001
1.6) 4,565 (73.6) .001

9.0) 1,817 (29.3) <.001
1.6) 3,539 (57.0)
.4) 849 (13.7)

<.001
1.6) 5,537 (89.2)
.4) 668 (10.8)

2.6) 1,080 (17.4) <.001
0.9) 1,718 (27.7) <.001
0.3) 164 (2.6) <.001
.6) 151 (2.4) <.001
5.0) 312 (5.0) <.001
–4) 0 (0–2) <.001

0.6) 2,148 (34.6) <.001
3.5) 2,079 (33.5)
5.9) 1,978 (31.9)

2–44) 9 (4–17) <.001

–15) 0 (0–4) <.001
–13) 0 (0–3) <.001
–5) 0 (0–2) <.001
–21) 3 (1–8) <.001

al visit in a 3-month interval of one-year before maintenance dialysis at the same hospital/clinic.
lars); and high = monthly income ≥$20,000 (New Taiwan dollars).
nt t test or Chi-square test, as indicated.

ral hospital, and medical center hospital, according to the numbers of beds, specialties, and kinds of
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Figure 1. Regular medical visit is not associated with first estimated glomerular filtration rate (eGFR) measurement in predialysis care, but has more first
nephrologist visits in the beginning of observation before dialysis. Time distribution between (A) first eGFR measurement; or (B) first nephrology visit to the
maintenance dialysis in the observation period by one-year regular medical visit. eGFR=estimated glomerular filtration rate.

Table 2

Proportions of regular medical visits, co-care with nephrologist,
and regular eGFR measurement in one-year before maintenance
dialysis by specialty and hospital level.

Regular
medical visit

∗
Co-care with
nephrologist

Regular eGFR
measurement†

Overall 86.7 – 48.6
By specialty
General medicine 24.8 9.0 1.1
Nephrology 43.9 – 34.1
Endocrinology 10.7 3.9 2.2
Cardiology 12.2 4.7 1.4
Neurology 4.4 1.8 0.2
Other internal medicine 20.2 7.3 3.5
Urology 2.6 1.2 0.3
Surgery 3.5 1.5 0.1
Orthopedics 2.2 0.9 <0.01
Otolaryngology 2.6 1.4 0.0
Ophthalmology 14.4 7.5 0.0
Dermatology 2.9 1.6 <0.01
Traditional Medicine 6.5 2.9 0.1
Others‡ 6.3 3.2 0.04

By hospital levelx

Medical center 36.9 – 24.7
General hospital 29.9 – 16.7
Local hospital 17.7 – 5.9
Primary clinic 43.0 – 2.3

Data presented as percentage.
∗
Regular medical visit defined as no more than one missing occurrence for having at least one medical

visit in a 3-month interval of the year before dialysis at the same hospital/clinic.
† Sum of patient number of medical visit or eGFR measurement from all specialties is not equal to
overall patient number of eGFR measurement, due to that the definition of regularity in each specialty is
more strict than overall regularity.
‡Others include pediatrics, obstetrics and gynecology, psychiatry, rehabilitation, dentistry,
anesthesiology, radiology, pathology, and nuclear medicine.
x Hospitals in Taiwan are classified into 4 levels by Bureau of NHI, that is, primary clinic, local hospital,
general hospital, and medical center hospital, according to the numbers of beds, specialties, and kinds
of services available.
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3.2. First eGFR measurement and nephrologist visit before
maintenance dialysis in the observation period

The first eGFR measurements and nephrologist visit for all
subjects in the 3-year observation period (the 3 years before
maintenance dialysis) are shown in Figure 1A and B. Two-thirds
of them had the first eGFR measurement in the third year before
maintenance dialysis, one-sixth in the second year, and the
remaining one-sixth in the first year. More than 10% even had
the first eGFR measurement within half-a-year before the first
maintenance dialysis, and nearly 5% never had eGFR measure-
ment at an outpatient clinic (parachute dialysis). For those who
had one-year regular medical visits before maintenance dialysis at
any specialty, the first eGFR measurement in the observation
period did not appear to be much earlier than those without
regular medical visits (Fig. 1A); however, there seemed to bemore
first nephrologist visits in the beginning of the observation period
when patients were under regular medical visits (Fig. 1B). In
addition, 62.8%, 76.1%, and 68.9% of the first eGFR
measurement occurring at the first-, second-, and third-year
before maintenance dialysis, respectively, were prescribed at
specialties other than nephrology.

3.3. Regularity of medical visit and eGFR measurement
before maintenance dialysis

Table 1 presents the clinical characteristics of the study subjects
by one-year regularmedical visit (at least 3 out of the 4 quarters in
which the patient had visited the same hospital or clinic at least
one time). Near 90% of incident dialysis patients had their
regular medical visit in one year before maintenance dialysis. This
group was a little older, more likely to be female, and had a
slightly lower income. The prevalence of diabetes mellitus,
hypertension, cardiac disease, stroke, gout, and Charlson Index
score were much higher in the regular group. In different time
cohorts, a continuous improvement of regularity can be seen.
Table 2 shows the regularity of medical visits, co-care with

nephrologist, and eGFR measurement at various specialties in
one-year before the maintenance dialysis. As expected, the
proportion of regular eGFR measurement decreased as the
observation period increased. The percentages of regular eGFR
measurement for 1-, 2-, and 3-years were 48.6%, 22.8%, and
11.7%, respectively (Fig. 2). The follow-up of urine protein
seemed not be a routine practice in daily CKD care, as <1% of
4

the patients in this study met our definition of regularity in any
observation period (Fig. 2)

3.4. Regularity of CKD complications follow-up before
maintenance dialysis

Figure 2 presents the poor follow-up for CKD complications in
predialysis. Less than half of all incidental dialysis patients had



Figure 2. Proportions of regular medical visit and regular follow-up of renal
function and CKD complications in various observation periods. Regular follow-
up in a certain observation period defined as no more than one missing
occurrence for having at least one visit/survey in a 3-month interval of every year
at the same hospital/clinic. ACR=albumin creatinine ratio, CKD=chronic
kidney disease, eGFR=estimated glomerular filtration rate, iPTH= intact
parathyroid hormone, PCR=protein creatinine ratio.
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their hemoglobin and potassium levels under regular follow-up in
the year before maintenance dialysis. Only approximately 20%
had regular follow-up for their mineral disorders and <1% for
iPTH and metabolic acidosis. Similar to eGFR measurement, the
complications survey decreased dramatically as the observation
period increased (Fig. 2).
3.5. Nephrology visit and regular eGFR follow-up before
maintenance dialysis

In contrast to low regular follow-up for CKD progress and
complications, incident dialysis patients had very regular medical
visits in predialysis. As shown in Figure 2, nearly 90% of incident
dialysis patients at the 1-year, 70% at 2-year, and 50% at 3-year
observation period had regularmedical visits at the same hospital or
clinic. Further classifying these regular visits by specialty, we found
that nephrology was first, but only accounted for 44%, 21%, and
12% in the 1-, 2-, and 3-year observation period, respectively.
Among those under regular nephrology clinic, 78%,67%, and58%
in the 1-, 2-, and 3-year observation period, respectively, had regular
eGFRmeasurement. In addition, regular co-care with nephrologists
for predialysis patients was not common. There was a trend of
increasing rateof regular co-carewhenapproaching thebeginningof
maintenance dialysis; however, almost none of the other specialties
had a co-care percentage higher than 50% at the last year before
maintenance dialysis (Table 2).
Regular medical visits did not produce regular eGFR

measurement in predialysis. Regardless of whether or not co-
care occurred with nephrologists, physicians in other specialties
did not usually prescribe regular eGFR measurement to this
population (Table 2). In addition, those under regular co-care
were prescribed less regular eGFR measurement when compared
with those only under regular follow-up in nephrology clinics
(42% vs 84%, P< .001).

3.6. Independent factors of regular eGFR measurement
and regular medical visit at nephrology before
maintenance dialysis

Table 3 presents the independent factors of regular eGFR
measurement at the year before maintenance dialysis. Patients of
5

a younger age (adjusted OR 0.995, 95% CI: 0.993–0.998,
P< .001) tended to receive regular eGFR measurement. There
was significant continuous improvement of regular eGFR
measurement in different time cohorts (linear trend P< .001).
The presence of hypertension (adjusted OR 1.21, 95% CI 1.14-
1.28, P< .001), and gout (adjusted OR 1.12, 95% CI 1.04-1.20,
P= .004) were independently positive predictors; whereas,
cardiac disorders (adjusted OR 0.90, 95% CI 0.82-0.99,
P= .03) and stroke (adjusted OR 0.76, 95% CI 0.69–0.84,
P< .001) were negative ones. As expected, regular visits at
nephrology (adjusted OR 19.16, 95%CI 18.06–20.33, P< .001)
had the strongest predictive power of regular eGFR measure-
ment. For the rest of the specialties, the association varied from
positively to negatively significant. Regular medical visits at
higher hospital levels were associated with more regular eGFR
measurement. However, this association was totally the opposite
at local hospital or primary clinics, which means that predialysis
patients with regular OPD visits at local hospital or primary
clinics had a lower chance of their eGFR being regularly
monitored.
The independent factors of one-year regular medical visit at

nephrology are also shown in Table 3. Patients of an older age
(adjusted OR 1.008, 95% CI 1.006–1.008, P< .001), female
gender (adjusted OR 1.27, 95%CI 1.21–1.33, P< .001), living in
an urban area (adjusted OR 1.06, 95%CI 1.008–1.119, P= .02),
and having a slightly higher income (adjusted OR 1.18, 95% CI
1.09–1.28, P< .001) tended to have regular nephrology follow-
up. The presence of diabetes mellitus (adjusted OR 0.48, 95% CI
0.46–0.51, P< .001), cardiac disorders (adjusted OR 0.61, 95%
CI 0.56–0.66, P< .001), and stroke (adjusted OR 0.53, 95% CI
0.48–0.58, P< .001) were independently negative predictors;
whereas, hypertension (adjusted OR 1.64, 95% CI 1.56–1.73,
P< .001) and gout (adjusted OR 1.38, 95% CI 1.30–1.48,
P< .001) were positive ones. Higher Charlson’s Index (adjusted
OR 1.31, 95% CI 1.29–1.33, P< .001) was associated with
regular visits at nephrology. There was still significantly
continuous improvement of regular visits at nephrology in
different time cohorts (linear trend P< .001). Surprisingly,
regular visits at other specialists all decreased the regular visits
at nephrology at very low odds ratios (adjusted OR range: from
0.22 to 0.78). Regular medical visits at higher hospital levels were
associated with more regular nephrology visits. Patients who had
regular medical visits at medical center hospitals were approxi-
mately 1.09 times more likely to have regular nephrology care,
compared to only 2 times while having regular medical visits at
primary clinics.
4. Discussion

This is the first study investigating CKD care in predialysis on a
national basis after the launch of the CKD concept by NKF-
KDOQI in 2002. Even with the nationwide health insurance
coverage making medical care more accessible, patients in
Taiwan did not have satisfactory follow-up for CKD progression
and complications in predialysis. It was found that under-
diagnosis of late CKD was still common, and up to one-third of
incident dialysis patients might not have their eGFR measured
until 2 years before the maintenance dialysis. At the same time,
regular medical visits were common, but did not bring earlier
eGFR screen in this population. Furthermore, these regular
medical visits were diverse among many specialties and
accompanied by low nephrologist co-care and follow-up of
CKD progression and complications. In multivariate analysis,
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Table 3

Factors associated with regular medical visit at nephrology and eGFR measurement before maintenance dialysis.

Variable Regular eGFR measurement
∗

Regular medical visit at nephrology†

Adjusted odds ratio (95%CI) P-value Adjusted odds ratio (95%CI) P-value

Age (10 years) 0.995 (0.993–0.998) <.001 1.008 (1.006–1.009) <.001
Gender (male as reference)
Female – – 1.27 (1.21–1.33) <.001

Area (rural as reference)
Urban – – 1.06 (1.008–1.119) .02

Socioeconomic status‡ (low as reference)
Moderate 0.95 (0.90–1.00) .09 0.96 (0.909–1.003) .07
High 1.06 (0.97–1.17) .22 1.18 (1.09–1.28) <.001

Time cohort (2002–2003 as reference) P for linear trend: <.001 P for linear trend: <.001
2004–2005 1.10 (1.04–1.18) .002 1.27 (1.20–1.34) <.001
2006–2007 1.32 (1.24–1.41) <.001 1.74 (1.65–1.84) <.001

Comorbidities (none as reference)
Diabetes mellitus – – 0.48 (0.46–0.51) <.001
Hypertension 1.21 (1.14–1.28) <.001 1.64 (1.56–1.73) <.001
Cardiac disorders 0.90 (0.82–0.99) .03 0.61 (0.56–0.66) <.001
Stroke 0.76 (0.69–0.84) <.001 0.53 (0.48–0.58) <.001
Gout 1.12 (1.04–1.20) .004 1.38 (1.30–1.48) <.001
Charlson’s Index 1.07 (1.05–1.09) <.001 1.31 (1.29–1.33) <.001

Total visit number 1.05 (1.048–1.054) <.001 1.05 (1.045–1.051) <.001
Regular medical visits by specialty
General medicine 1.07 (1.002–1.142) .04 0.45 (0.425–0.477) <.001
Nephrology 19.16 (18.06–20.33) <.001 – –

Endocrinology 2.53 (2.33–2.75) <.001 0.22 (0.20–0.23) <.001
Cardiology 1.71 (1.58–1.86) <.001 0.26 (0.25–0.28) <.001
Neurology – – 0.36 (0.32–0.40) <.001
Other Internal medicine 1.69 (1.58–1.81) <.001 0.24 (0.23–0.26) <.001
Urology 1.20 (1.02–1.42) <.001 0.27 (0.23–0.31) <.001
Surgery 0.77 (0.67–0.88) <0.001 – –

Ophthalmology 0.88 (0.82–0.95) <0.001 0.78 (0.72–0.83) <.001
Othersx 0.82 (0.74–0.91) <0.001 0.60 (0.55–0.66) <.001

Regular medical visits by hospital leveljj

Medical center 1.02 (1.017–1.024) <.001 1.09 (1.089–1.093) <.001
General hospital – – 1.047 (1.044–1.051) <.001
Local hospital 0.97 (0.965–0.972) <.001 – –

Primary clinic 0.95 (0.944–0.950) <.001 0.965 (0.962–0.967) <.001

CI= confidence interval, eGFR=estimated glomerular filtration rate.
∗
Regular eGFR measurement defined as no more than one missing occurrence for having at least one eGFR measurement in a 3-month interval within the same hospital at one-year before dialysis.

† Regular medical visit at nephrology defined as no more than one missing occurrence for having at least one survey in a 3-month interval within the same hospital and nephrology department.
‡ For socioeconomic status, low=dependent; moderate=monthly income <$20,000 (New Taiwan dollars); and high=monthly income ≥$20,000 (New Taiwan dollars).
x Others include pediatrics, obstetrics and gynecology, psychiatry, rehabilitation, dentistry, anesthesiology, radiology, pathology, and nuclear medicine.
jj Hospitals in Taiwan are classified into 4 levels by Bureau of NHI, that is, primary clinic, local hospital, general hospital, and medical center hospital, according to the numbers of beds, specialties, and kinds of
services available.
Multiple logistic regression adjusted by all-listed variables through stepwise variable selection method was used. The Akaike information criterion and C statistic is 0.82 and 0.89 for regular eGFR measurement
model and 1.03 and 0.83 for regular medical visit at nephrology model, respectively.
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numerous comorbidities and regular medical visits at non-
nephrology subspecialists were proven to be risk factors of
irregular eGFR measurement and follow-up at nephrology. Our
findings above highlight some obstacles in contemporary CKD
care in Taiwan, and physicians might play a determinant role in
them.
Screening for high-risk populations of developing ESRD is one

of the main components of the CKD concept.[25,26] Prior to this
study, it was known that under-diagnosis of CKD was common,
but why the screen rate and awareness level were so low was
unclear. Since health insurance in Taiwan is obligatory, people in
Taiwan have less limited medical access when compared with
those in other areas. This can be seen from the high number and
diverse specialties of medical visits in predialysis. Probably due to
the same reason and the high comorbidities, around two-thirds of
these late CKD patients had their first eGFR measurement
prescribed by specialties other than nephrologists in the
6

observation period. However, that these late CKD patients
under regular medical visits did not have their first eGFR
measurement earlier when compared with those without,
suggested that these frequent outpatient visits seemed not
increase the CKD screen rate (Fig. 1A). This implied that CKD
screen was not considered as a routine daily practice in other
specialties, and this can be reflected in the current guideline
recommendations. Diabetes is the only common comorbidity of
CKD that has its care guidelines recommending renal function
survey in routine regular practice.[27] High comorbidities and
silent clinical characteristics of CKD easily lead these patients to
seek medical care in specialties other than nephrology in the
beginning of disease course; however, CKD screen is not executed
routinely in the practice of many physicians. This constitutes the
first obstacle of contemporary CKD care.
Although there is no strong evidence of benefit to suggest how

frequent eGFR should be measured in a late CKD patient, regular



[28,29]
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eGFR follow-up is clearly fundamental to CKD care. It
provides information about not only the CKD progression rate
and treatment response, but also some subclinical renal injuries
which, if detected earlier, may be reversed. As previously
mentioned, a very large number of late CKD patients were under
regular medical visits in other specialties, but had very low
regular eGFR measurement. This result, although not unexpect-
ed,[17] raised the concern that physicians in charge could
probably make the referral based on the uremic symptoms
which usually appear at a very late CKD stage. Furthermore, we
found that some comorbidity and associated regular medical
visits conversely deteriorate regular CKD care (eGFR measure-
ment as representative in this study). In other words, although
many late CKD patients were under regular medical visits at non-
nephrology clinics, these physicians neither offered basic CKD
care nor did they encourage co-care with nephrologists (this was
especially the case at primary clinics, as shown in the results).
Further investigation is needed to clarify whether the way that
health insurance reimburses the practice affects the referral and
co-care in these late CKD patients. The lack of policy and target
for co-care between non-nephrologists and nephrologists for
CKD patients constitute the second obstacle of contemporary
CKD care.
CKD progression and complications follow-up for late

predialysis patients, although not satisfactory, has exhibited
continuous improvement. This was partially due to the launch of
the CKD Preventive Project in Taiwan in 2001 and reimburse-
ment for that integrated care beginning in 2006.[30] However,
regular eGFRmeasurement at 2- and 3-years before maintenance
dialysis was unexpectedly low. The poor regular follow-up of
eGFR was certainly related to the abovementioned 2 obstacles.
However, the eGFR prescribed by nephrologists for regular visit
patients were not so frequent. Without a long enough period of
regular eGFR follow-up, it is difficult to evaluate the efficacy of
CKD progression retardation. Both CKD progression retardation
and preparation for dialysis initiation constitute the therapeutic
goal at late CKD stage.[26] The above result seemed to indicate
that preparing for dialysis initiation, rather than retarding CKD
progression, should be the target of the physician in the
observation period. This might also be one of the reasons why
many late CKD patients visited nephrologists in the beginning
(the first 6 months of the observation period in this study,
Fig. 1B), but finally only approximately one-half of them had
regular nephrology visits and eGFRmeasurements in the last year
prior to dialysis. In addition, the poorer performance on regular
eGFR monitoring by nephrologists in the co-care group was
probably due to the same reason, but confirmation of this
requires further investigation. Regular eGFR measurement is
fundamental to retard CKD progression, and our study results
revealed that even nephrologists exhibited unsatisfactory perfor-
mance. That there is no clear goal and principle for retarding
CKD progression constitutes the third obstacle of contemporary
CKD care.
There are several limitations in this study. First, the lack of

laboratory results in claim data makes it impossible to include all
of the late CKD patients, such as those who either died before
dialysis or had not yet received dialysis. Second, for the same
above reason, we could not exclude incident dialysis patients with
acute kidney injury course. This subgroup, although very small, is
not the target of interest and may further interfere with
interpretation of the results since they did not have the chance
to receive regular follow-up of CKD progression and complica-
tions. Third, we only made a retrospective observation of 3 years
7

before maintenance dialysis, which might miss some earlier eGFR
measurement or nephrology visits. Given the 3-year regular
medical visit at nephrology already being as low as 12%,
extending the observation length is less likely to change the trend
observed in this study. Finally, the unique insurance system and
physician practice culture in Taiwan may limit the generalizabili-
ty of our results to other countries.
In this study, the hypothesis that regular medical visits in late

CKD patients improve nephrology referral and regular CKD care
cannot be proven. In contrast, having certain chronic disease or
regular follow-up at some clinics lowered the chance of having
regular CKD care.Moreover, even near the start of dialysis, those
late CKD patients under regular follow-up at other clinics tended
to receive treatment at the same specialists, which means that the
regular medical visits did little to facilitate nephrology referrals.
Even though it has been years since the CKD concept was initially
launched, pre-ESRD care in Taiwan is still not adequate, and
physicians here, both nephrologists and other specialists, should
take responsibility for this unsatisfactory result in terms of
screens, referrals, and co-care. New health policies are urgently
needed to solve the abovementioned obstacles in late CKD care.
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