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Aim: To estimate direct medical treatment costs in patients with pre-dialysis chronic kidney disease

(CKD) in a district hospital and to analyze the factors that affected the treatment costs.

Patients and Methods: Data were retrospectively retrieved from the hospital database in the

period from January 2015 to December 2017. Patients who were diagnosed with CKD and had

visited ambulatory care services at least two times during the index year (January to December

2015) were included. Patients’ data were excluded if they had cancer, had received renal

replacement therapy, or had been referred to receive treatment at other hospitals. Treatment

costs based on the providers’ perspectives in the first and second years after the index year were

assessed. Descriptive statistics were used to analyze patients’ characteristics, and multiple linear

regression was used to analyze the factors in the cost model.

Results: Data of 212 patients with CKD stageG3a, G3b, or G4whomet inclusion and exclusion

criteria were included for analysis. Average costs for treatment in year 1 and year 2 were not

statistically different. Total cost was 5701.34 Thai Baht (THB) per year. The total cost for

patients with CKD stage G4 was two times greater than for patients with CKD stage G3. Costs

were increased for longer hospitalization, more frequent ambulatory visits, having diabetes

mellitus or dyslipidemia as a comorbidity, and uncontrolled fasting blood glucose (FBG). A

cost model with R2=0.906 was provided. Significant predictors were length of stay, ambulatory

visits, diabetes mellitus, dyslipidemia, serum creatinine, FBG, and body mass index.

Conclusion: Total annual treatment costs for the 2 years were not different. A more

advanced stage of CKD, having diabetes mellitus or dyslipidemia as comorbidities, and

uncontrolled FBG were significantly associated with increased costs for treatment in patients

with pre-dialysis CKD.
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Introduction
Chronic kidney disease (CKD) is a chronic disease that causes a public health burden

worldwide. Global CKD prevalence is approximately 13.4%1 while it has increased to

17.7% in Thailand.2 Hypertension and diabetes mellitus are common comorbidities in

CKD patients. Uncontrolled comorbidities precipitate CKD progression3,4 and lead to

costly medical treatment,5–7 especially in dialysis patients.8–10

The multidisciplinary care (MDC) approach, compared with the usual care

model, has shown benefits in terms of lower risk of all-cause mortality, lower

rate of hospitalization, slower rate of glomerular filtration rate (GFR) decline, and

less requirement for long-term dialysis.6,7,11,12 However, its benefit in cost savings
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is still controversial among different countries. The studies

conducted in Taiwan indicated that the MDC approach has

lower direct medical treatment costs for patients with

advanced stages of CKD than the costs associated with

usual care.6,11

A study conducted in the USA showed that the MDC

approach was more cost-effective for patients with CKD

stage G3 to G4 compared with usual care.7 Conversely,

studies conducted in Germany reported greater direct med-

ical costs incurred with MDC than those with usual care.13

Based on the scoping review of 40 studies in 2019,14

there is inconsistency due to various MDC team composi-

tions. In Thailand, the MDC approach has been utilized for

a decade. Thai MDC teams are composed of 2 general

practitioners, 2 chronic care nurses, 1 pharmacist, 1 phy-

sical therapist, and 1 nutritionist.15 Teams are aimed at

reducing the incidence of CKD and end-stage renal dis-

ease, improving patients’ quality of life, and increasing

access to renal replacement therapy (RRT). From a pre-

vious randomized controlled trial in Thailand comparing

integrated care with an MDC approach and usual care,16

the result shows that patients who received integrated care

with MDC have better GFR over the 2 years of follow up.

However, studies related to costs and outcomes of the

MDC approach are still limited; therefore, this study

aimed to estimate the direct medical treatment costs for

patients with pre-dialysis CKD in Thailand.

Patients and Methods
Study Design and Patients
This retrospective cohort study was conducted at a public

district hospital in Kamphaengphet province, Thailand.

MDC members of CKD clinic in this setting comprised of 1

general practitioner, 2 nurses, 1 pharmacist, 1 dietician, and 1

physical therapist. There was also a home visit team that

provide health care at patients’ homes for every 3 months.

Home visit team members comprised of 2 nurses or public

health officers and at least 3 village health volunteers. Patients

included in the study were aged 18 years or above, had been

diagnosed with CKD (ICD 10N138, N184 and N185) accord-

ing to eGFR calculated by CKD-EPI equation, regularly

received treatment at the aforementioned hospital, and had

visited ambulatory care services at least two times during the

index year (January to December 2015). Serum creatinine or

GFR data were required to confirmed CKD stage. Patients

were excluded if they met at least one of the following criteria:

1) were diagnosed with having cancer, 2) received RRT

including chronic intermittent hemodialysis or peritoneal dia-

lysis, 3) had been referred to other hospitals, or 4) were lost to

follow up or death. CKD stages were classified by the recom-

mendation of Kidney Disease Improving Global Outcomes

(KDIGO).17 GFR was calculated using the CKD-EPI

equation.18 The study protocol was in accordance with the

Declaration of Helsinki and approved by the Institutional

Review Board of Faculty of Pharmacy, Chiang Mai

University (No. 010/2561). Since the hospital database was

retrospectively retrieved in this study, written informed con-

sent was not obtained from an individual patient. Code num-

bers were used in data collection to prevent individual

identification and maintain patients’ confidentiality.

Data Collection
Data were retrieved from the hospital database for 3 years

starting from January 2015 to December 2017. The first year

would be the index year. Patients who had visited the hospital

in the index year and met the inclusion and exclusion criteria

above would be included in this study. Demographic and

clinical data of those included patients were collected in the

first year; then costs would be collected for the next 2 years.

Resource uses of these following items for both ambulatory

care and in-patient care such as medications, parenteral nutri-

tion, medical supplies, blood products, laboratory tests, and

other medical services were collected. Unit costs of the items

above were obtained from the standard unit cost list for med-

ical and health services in Thailand.19

Cost Estimation
This study considered the health-care provider’s per-

spective. Therefore, only direct medical costs were

included. Direct medical costs comprised of cost in

diagnosis, laboratory test, pharmacological and non-

pharmacological treatment, and services for ambulatory

care in outpatient clinics and emergency room, and

hospitalization care. The cost estimation was analyzed

by the multiplication of unit cost times the number of

uses. Total cost was the summation of all cost items.

Ambulatory cost was calculated for all patients, but

hospitalization cost was calculated only for admitted

patients. Costs were inflated using Thailand’s consumer

price index20 and presented in the year 2019.

Statistical Analysis
Patients’ characteristics and clinical data were reported

as descriptive statistics. Annual costs of different years

and patients’ characteristics were analyzed using the
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Independent t-test or the analysis of variance test as

appropriate. Multiple linear regression analysis was

used for forecasting cost models in CKD patient care.

Stepwise method was used to plugged variables in the

model. Statistical analyses were executed using SPSS

17.0 (SPSS, Chicago, IL, USA) and statistical signifi-

cance was considered if P < 0.05.

Results
A total of 331 patients were eligible based on inclusion

criteria. However, 116 patients were excluded due to the

following reasons: 1) referral to other settings (53

patients), 2) having cancer (52 patients), 3) receiving

RRT (11 patients), and 4) loss to follow up or death (3

patients). Therefore, 212 patients with CKD stage G3 to

G4 were included in the analysis. The average age was

69.42 years and 35.40% were male. Hypertension

(93.90%) was the most common comorbidity found in

this group of patients. Diabetes mellitus was doubled in

patients with CKD stage G4 compared with patients with

CKD stage G3. Of the 41 total admissions, patients with

stage G3a, G3b, and G4 were accounted for at 20

(48.78%), 12 (29.27%), and 9 (21.95%), respectively.

Patients’ characteristics are shown in Table 1.

Table 2 shows that the average total treatment costs in

year 1 and year 2 were 5701.34 and 5697.24 THB per

year, respectively. Total costs were divided into ambula-

tory and hospitalization costs. It was found that ambula-

tory costs were greater than hospitalization costs for both

years. However, total costs in year 1 and year 2 were not

statistically significantly different (P > 0.05).

Ambulatory costs for patients aged less than 65 years

were higher than those of patients aged more than 65 years

(4902.94 and 3995.19 THB per year, P=0.018).

Ambulatory costs, hospitalization costs, and total costs

for treatment were higher for patients who had been hos-

pitalized, especially those who had lengths of stay for

more than 8 days, as opposed to those who had not been

hospitalized. Costs were also higher for patients who had

visited ambulatory services more than eight times per year,

had diabetes mellitus as a comorbidity, and/or uncontrolled

fasting blood glucose (FBG) which is defined as FBG >

130 mg/dL. Treatment costs by patients’ characteristics are

shown in Table 3 and Supplementary Table 1.

Although 15 variables of patients’ characteristics and

clinical data obtained from the hospital database were

plugged into the cost model, 6 variables demonstrated

significant predictors at P-value <0.05. Those were age,

length of stay, ambulatory visits, body mass index, dia-

betes mellitus, and FBG (Table 4 and Supplementary

Table 2).

Discussion
The study estimated the direct medical costs for stan-

dard treatment with the MDC approach in patients with

CKD stage G3 to G4 who received treatment at a

district hospital. In Thailand, patients with an advanced

CKD stage or who need RRT are referred to receive

treatment with nephrologists at tertiary hospitals;

hence, only CKD stages G3 and G4 patients receive

treatment at district hospitals.

The average age of our sample population was 69.42

years, which was older than those in other studies.6,11,16

We found that all samples remained in the same CKD

stage and received the same standard treatment over the

2 years. This led to no statistically significant difference in

the estimated treatment costs.

More severe stages of CKD resulted in higher treat-

ment costs. Although treatment costs for patients with

CKD stage G3a and G3b were not different, it was

doubled in patients with CKD stage G4 due to a higher

hospitalization rate (16.26%, 17.91%, and 40.92% for

patients with stage G3a, G3b, and G4, respectively). This

finding was concordant with previous studies that esti-

mated direct medical costs for treatment with the MDC

approach.7,13

The cost model showed that ambulatory visits, hospi-

talization, diabetes mellitus, dyslipidemia, serum creati-

nine, FBG, and body mass index are the main cost

drivers. The more frequent ambulatory visits, the longer

the hospitalization, having diabetes mellitus or dyslipide-

mia as a comorbidity, having higher serum creatinine or

FBG, and greater body mass index independently increase

treatment costs.

One-third of these CKD patients had diabetes mellitus

and treatment costs were doubled compared to those with

no diabetes mellitus. This might be due to a longer dura-

tion of hospitalization (1.20 vs 0.46 days) and more fre-

quent ambulatory visits (6.81 vs 6.22 visits).

Unexpectedly, patients with both CKD and diabetes melli-

tus who achieved the hemoglobin A1c (HbA1c) target had

no significant difference in treatment costs compared with

those who did not achieve the HbA1c target. This might be

attributable to a small sample size (Table 1) and criteria.

Due to FBG monitoring being more convenient and less

expensive than HbA1c monitoring, it can be measured
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more frequently in district hospitals. We found that treat-

ment costs for patients with uncontrolled FBG were sub-

stantially higher than for those who met the recommended

FBG target of <130 mg/dL.21

About half of the patients had dyslipidemia as a comor-

bidity. Patients with dyslipidemia had slightly higher treat-

ment costs than those without dyslipidemia. The difference

in treatment costs was mainly from drug costs instead of

laboratory monitoring, frequency of ambulatory visits,

length of hospitalization, or CKD stage.

Again, drug costs were themajor component that affected

the treatment costs for patients with serum creatinine ≥2 mg/

dL compared with those with serum creatinine less than 2

mg/dL. All patients with serum creatinine ≥2 mg/dL, 92.31%

were categorized into CKD stage G4.

Ambulatory costs for patients aged less than 65 years

were higher than those of patients aged more than 65

years. This finding was in line with results of the study

conducted in Italy by Turchetti and colleagues.22 They

reported that CKD patients aged more than 74 years had

lower direct medical cost compared to those who aged less

than 74 years due to lower costs of diagnostic exams,

laboratory tests and hospital cares.22

A previous cost-effectiveness study of MDC in CKD

patients in Thailand reported direct medical costs of

6265.86 THB per year22 (presented in the year 2019),

Table 1 Patients’ Characteristics

Characteristics CKD G3a (n=123) CKD G3b (n=67) CKD G4 (n=22) All (n=212) P-value

Male sex (n) 50 (40.70) 17 (25.40) 8 (36.40) 75 (35.40) 0.110

Age (years) 68.11 ± 10.05 72.00 ± 9.70 68.82 ± 10.52 69.42 ± 10.10 0.038*

<65 44 (35.80) 15 (22.40) 8 (36.40) 67 (31.60)

≥65 79 (64.20) 52 (77.60) 14 (63.60) 145 (68.40)

Hypertension (n) 117 (95.10) 64 (95.50) 18 (81.80) 199 (93.90) 0.045*

Diabetes mellitus (n) 37 (30.10) 23 (34.30) 14 (63.60) 74 (34.90) 0.009*

Dyslipidemia (n) 61 (49.60) 31 (46.30) 13 (59.10) 105 (49.50) 0.584

MI/CHF (n) 1 (0.80) 3 (4.50) 2 (9.10) 6 (2.80) 0.060

Length of stay (day) 1.19 ± 0.45 1.19 ± 0.44 1.50 ± 0.67 1.29 ± 0.68 0.001*

0 103 (83.74) 55 (82.09) 13 (59.08) 171 (80.70)

1–7 17 (13.82) 11 (16.42) 7 (31.82) 35 (16.50)

≥8 3 (2.44) 1 (1.49) 2 (9.10) 6 (2.80)

Ambulatory visit (visit) 6.55 ± 2.74 6.22 ± 2.21 6.32 ± 1.96 6.42 ± 2.50 0.674

1–4 15 (12.20) 11 (16.40) 3 (13.60) 29 (13.70)

5–7 82 (66.70) 44 (65.70) 13 (59.10) 139 (65.60)

≥8 26 (21.10) 12 (17.90) 6 (27.30) 44 (20.80)

BMI (kg/m2) 23.94 ± 3.85 23.77 ± 4.92 23.93 ± 3.55 23.89 ± 4.17 0.962

SBP (mmHg) 140.38 ± 14.42 140.54 ± 13.67 141.59 ± 15.51 140.55 ± 14.24 0.935

FBG (mg/dL) 103.41 ± 28.63 109.10 ± 41.98 121.11 ± 25.60 107.04 ± 33.47 0.060

HbA1c (%), n=74 6.46 ± 0.84 7.10 ± 1.70 6.80 ± 1.30 6.72 ± 1.26 0.151

<7% 29 (78.40) 13 (56.50) 7 (50.00) 49 (66.20)

≥7% 8 (21.60) 10 (43.50) 7 (50.00) 25 (33.80)

TG (mg/dL) 159.82 ± 83.65 165.69 ± 119.90 180.34 ± 79.79 163.81 ± 96.00 0.643

LDL (mg/dL) 114.80 ± 31.31 110.48 ± 39.13 120.89 ± 39.76 114.07 ± 34.82 0.449

HDL (mg/dL) 45.82 ± 11.76 43.80 ± 8.68 42.18 ± 10.58 44.80 ± 10.78 0.227

BUN (mg/dL) 16.65 ± 4.97 22.28 ± 12.54 29.12 ± 7.77 19.72 ± 9.29 <0.001*

Scr (mg/dL) 1.20 ± 0.17 1.45 ± 0.21 2.29 ± 0.56 1.39 ± 0.41 <0.001*

eGFR (mL/min/1.73m2) 53.11 ± 3.41 39.43 ± 4.02 25.08 ± 6.33 45.88 ± 10.23 <0.001*

Note: *P-value <0.05.

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CHF, chronic heart failure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FBG,

fasting blood glucose; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; MI, myocardial infarction; SBP, systolic

blood pressure; Scr, serum creatinine; TG, triglyceride; CKD G3a, chronic kidney disease stage G 3a (GFR 45–59 mL/min/1.73 m2); CKD stage 3b, chronic kidney disease

stage G 3b (GFR 30–44 mL/min/1.73 m2); CKD G4, chronic kidney disease stage G 4 (GFR 15–29 mL/min/1.73 m2).
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which was slightly greater than our finding (5701.34 THB

per year). Srisubat et al23 estimated total costs using unit

costs from a district hospital while our study used the

accepted national standard unit costs in Thailand.19

Various sources of unit costs might lead to unequal results.

Based on our findings, treatment costs do not fluc-

tuate with the implementation of the MDC approach in

a district hospital. This might reflect stable clinical

status of patients who benefit from MDC. Our results

are quite in line with the clinical pieces of evidence

from meta-analysis12 and other studies6,7,11 that report

a lower risk of hospitalization and GFR decline.

Approximately 20% of pre-dialysis CKD patients

reached end-stage renal disease (ESRD) within 4–6

years.24,25 Most CKD patients also had at least 1 com-

mon comorbidity such as diabetes mellitus, dyslipidemia

or cardiovascular disease and suffered from many com-

plications. These patients should be referred to receive

treatment with the nephrologist.

Some strengths are needed to mention. Even though

our center is a community hospital, the MDC team has

established for several years due to the readiness of the

collaboration among healthcare teams. This leads to a

number of CKD patients regularly visiting the MDC

clinic each week. In addition, we have the completed

data for analyses in this study.

Our study has some limitations. We did not com-

pare the treatment costs of the MDC approach with

treatment costs of usual care. This is still a gap for a

further experimental study comparing these two

approaches, analyzing their benefits in terms of cost

and effectiveness. Since this study conducted in a

single center in Thailand, the generalizability of our

findings to other countries might be limited. However,

we believe that in the country that has CKD patient

care similar to our study and would like to establish

an MDC team, our findings might provide some useful

information.

Conclusion
Total annual treatment costs for 2 years were not dif-

ferent. A more advanced stage of CKD, having dia-

betes mellitus or dyslipidemia as comorbidities, and

uncontrolled fasting blood glucose were significantly

associated with increased costs for treatment in patients

with pre-dialysis CKD.
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