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Abstract

Importance From Thailand, has standardized therapeutic drugs of Calcium channel blockers (CCB) in reduce the progression of
chronic renal failure in diabetic and hypertension that is advantages for use in patients. However, use of Amlodipine that is more
accessible and also a drug used by all community hospitals to treat patients, inexpensive and highly effective. Objective To study
effective of Dihydropyridine Calcium channel blockers (CCB) on kidney function (eGFR), urinary protein creatinine and sugar
blood level. Design, Setting, and Participants This study is retrospective cohort study by study in patients with diabetic
nephropathy. By study in patients with diabetes nephropathy with stage 3 or higher and receiving Dihydropyridine Calcium
channel blockers (CCB). Exposures Dihydropyridine Calcium channel blockers (CCB) in reducing the complications of diabetic
nephropathy which is consistent with Strategy No.2 Providing quality and excellent health services. And literature reviews in
Thailand have not found empirical evidence that mean Calcium Channel can reduce the complications of diabetic nephropathy.
Main Outcomes and Measures The effectiveness of Dihydropyridine Calcium channel blockers (CCB) increases the
complications of diabetic nephropathy. Results In volunteer, female patient proportion was 69.0%. Average age was 69.3 (%
9.69), minimum age is 40 years, maximum age is 97 years. Most patients were between 60-79 years, follow by 40-59 years
follow by16.8% and more than 80 years 16.1%. In congenital disease, kidney disease, kidney failure, diabetes and hypertension
are 100%, follow by 24% obesity and 0.2% cancer. The effect of Dihydropyridine Calcium channel blockers (CCB) on kidney
function (eGFR), urine microalbumin and creatinine when compare with use drug CCB 2 groups including Amlodipine and
Amlodipine+enalapril/losartan/valsartan. Found that volunteer that received CCB drug compare with month 3 and 12, the level
of eGFR decreases (t=1.085) and Urine Microalbumin increases (t=1.496) by statistically significance (P = 0.002) and
Dihydropyridine Calcium channel blockers (CCB) on Fasting blood sugar compares with month 3 and 12, Fasting blood sugar (t
= 0.566) and HbA1C (t=0.677) was typically decreased significantly (P < 0.005). Conclusions and Relevance Calcium channel
blockers (CCBs) was decline kidney function (decrease eGFR) and CCB leads to the decrease of eGFR and provides monitoring
of CCB use, as this may lead to the decrease of kidney function.
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1. Introduction

Diabetes mellitus is a chronic disease that is a major public
health problem in the world. According to the World Health
Organization report, in 2017, approximately 2.8% of all age
groups had diabetes and predicted that by 2030 it will increase to
4.4%. This means that the number of cases will increase from
171 million to 366 million by 2030 [1, 2] and if going back to
2010, World Health Organization reported that diabetes is the
leading cause of chronic kidney disease in the global population
and approximately 10-20% of diabetes patient die from chronic
kidney disease [2]. In Thailand, from the research of the Institute
of Medical Research and Technology Assessment, found that the
incidence of diabetes retinopathy was 23.7% and chronic kidney
disease was 38.3%. In chronic kidney disease, from the research
Thai SEEK Study by The Nephrology Society of Thailand in
2009, found that the incidence of chronic kidney disease stage
1-5 was 17.5% of the population with the prevalence of chronic
kidney disease increasing with increasing age. And found that
kidney disease patients entering end-stage renal disease were
most likely caused by diabetic kidney disease, followed by hy-
pertension nephropathy, hypertensive nephropathy, obstructive
nephropathy, chronic  glomerulonephritis, chronic urate
nephropathy and polycystic [3, 4].

Calcium channel blockers (CCBs) are one kind of drugs that
use to treat diseases of the heart and blood vessels by use as a
drug to widen the coronary arteries control high blood pressure
and treat cardiac arrhythmias. These drugs are widely used but it
can cause severe toxicity if eating a lot. CCBs are divide ac-
cording to the structure into 3 groups including phenylalkyla-
mines group includes verapamil, dihydropyridines group in-
cludes nifedipine, amlodipine, nimodipine and benzothiazines
group includes diltiazem. The mechanism of action is to block or
inhibit the occurrence of Ca®* and has more effect on the heart
and blood vessels and has less effect on the skeletal muscle be-

cause contraction of skeletal muscles must use Ca®* in cells [5-9].

In addition, Amlodipine and Manidipine is an effective, safe, and
reducing ankle edema when comparing the effect of lowering
blood pressure between amlodipine (5 — 10 mg) and manidipine
(10 —20 mg) in mild — moderate hypertension patients. After 24
weeks of treatment, 2 of drugs have no difference in lowering
blood pressure. However, in Thailand, Manidipine use has a high
cost [9] which in Thailand is commonly used. But in abroad,
Calcium channel blockers widely use in the treatment of diabetic
patients because Dihydropyridine Calcium channel blockers
(CCB) can help slow the progression of diabetic patients with
kidney disease. This will be effective in excreting protein in the
urine and reduce the rate of kidney function and progression of
chronic renal failure. According to many researches in America,
Dihydropyridine Calcium channel blockers (CCB) is list on the
national list of essential medicines and found that the use of
Calcium channel blockers (CCB) classified as Phenalkylamines
is verapamil can reduce the progression of chronic renal failure
in diabetic patients and high blood pressure. And able to reduce
high blood pressure in diabetic patients whose blood pressure
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averages between 95 and 106 mmHg [10-13]. In addition, pre-
vious study has compared the effectiveness of using lower blood
sugar and high blood pressure in America population. By more
effective than other drugs use in the experiment which found that
has properties and mechanisms of action that help slow down the
progression of kidney failure in diabetic and high blood pressure
patients [14-17]. In addition, in abroad said to be effective in
using Calcium channel blockers (CCB) in diabetic patients
without hypertension and kidney disease. The use of Calcium
channel blockers (CCB) with diabetic patients without any dis-
eases that can reduce protein in urine. It was also noted that basal
protein levels were associated with levels of blood pressure
reduction in slowing the progression of CKD. The research of
chronic kidney disease in diabetes population that association
with level of blood pressure reduction in slowing the progression
of CKD in African and America [10, 13, 18].

This study is to study the effectiveness of Dihydropyridine
Calcium channel blockers (CCB) in reducing the complica-
tions of diabetic nephropathy which is consistent with Strat-
egy No.2 Providing quality and excellent health services. And
literature reviews in Thailand have not found empirical evi-
dence that mean Calcium Channel can reduce the complica-
tions of diabetic nephropathy. Therefore, this study is the
source of new knowledge in the treatment of diabetic
nephropathy patients and the usefulness of this study for
planning and treating patients to appropriately reduce the
complications of diabetic nephropathy of Sa Kaew province
in the future’ may need to be separated into two sentences to
be more understandable.

2. Methods

This study is retrospective cohort study by study in patients
with diabetic nephropathy. By study in patients with diabetes
nephropathy with stage 3 or higher and receiving Dihydro-
pyridine Calcium channel blockers (CCB).

After the research framework has been reviewed and cer-
tified by the Human Research Ethics Committee of King
Prajadhipok's Hospital. The study authors proceeded by

1) Collect the information in the research record form

2) Use data for statistical analysis

2.1. Research Tools

Research record form consist of general information in-
cluding sex, age, congenital disease, duration of kidney and
diabetes disease, waist circumference, (Body Mass Index)
BMI, family history of kidney and diabetes disease, smoking
history, drinking history, laboratory results namely Fasting
Blood Sugar (FBS), Hemoglobin A1C (HbAlc), kidney
function (eGFR), Serum Creatinine and Urine Microalbu-
min.
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2.2. Statistical Analysis

General information of volunteer including sex, age, con-
genital disease, duration of kidney and diabetes disease, waist
circumference, BMI, family history of kidney and diabetes
disease, smoking history and drinking history. Analyzed by
descriptive statistic including Frequency and Percentage In-
ferential T-Test statistic, ANOVAincluding P-Value < 0.05 at
a statistically significant level.

3. Results

In volunteer, female more than male was 69.0%. Average
age is 69.3 (x£9.69), minimum age is 40 years, maximum age
is 97 years. Most of age are between 60-79 years, follow by
40-59 years 16.8% and more than 80 years 16.1%. In con-
genital disease, kidney disease, kidney failure, diabetes and
hypertension are 100%, follow by obesity 24% and cancer
0.2%.

3.1. Rick Factors of Volunteer

In drinking history, used to drink was 4.0% and still
drinking 0.7%. In smoking history, used to smoke was 6.1%
and still smoking 0.2%. In food consumption behavior,
mostly eaten salty 59.1%, follow by sweet 36.6%. In addition,
sample group are eaten salty and sweet 95.3% and mostly are
not exercise 51.3%.

3.2. The Effective of Use of Dihydropyridine
Calcium Channel Blockers (CCB) on
Kidney Function (eGFR), Protein in Urine
and Creatinine

The effective of use of Dihydropyridine Calcium channel
blockers (CCB) on kidney function (eGFR), protein in urine and
creatinine when compare with use drug CCB 2 groups including
Amlodipine  and  Amlodipine+enalapril/losartan/valsartan.
Found that volunteer that received CCB drug compare with
month 3 and 6, the level of eGFR decreased (t=1.018) by statis-
tically significant (P 0.001) and level of Urine Microalbumin
compare with month 3 and 6, that affects the level of protein in
the urine increases (t=1.638) by statistically significant (P 0.002).
In a while, receiving CCB is not affect to level of creatinine.

The effect of Dihydropyridine Calcium channel blockers
(CCB) on kidney function (eGFR), urine microalbumin and
creatinine when compare with use drug CCB 2 groups including
Amlodipine and  Amlodipine+enalapril/losartan/valsartan.
Found that volunteer that received CCB drug compare with
month 3 and 12, the level of eGFR decreases (t=1.085) and
Urine Microalbumin increases (t=1.496) by statistically signifi-
cant (P 0.002).

The effectiveness of Dihydropyridine Calcium channel
blockers (CCB) on Fasting blood sugar compares with month
3and 12, Fasting blood sugar (t = 0.566) and HbAL1C (t=0.677)
was typically decreased significantly (P < 0.005).

3.3. The Effective of Dihydropyridine Calcium Channel Blockers (CCB) on Kidney Function

(Mean eGFR)

Table 1. Mean eGFR (ml/min/1.73m?) before and after administration (Dihydropyridine Calcium channel blockers (CCB)) classified by disease

and follow-up by Repeated measure ANOVA.

Mean + SD (mmHg)

Disease

Baseline Follow up (6 months) Follow up (9 months) End Point (1 year)
DM+HT 82.77 + 470.78 52.60 + 18.45 66.30 + 8.742 47.04 + 13.76
Renal Failure 79.57 + 341.72 46.93 + 20.76 43.27 + 18.18 39.26 + 12.60
Source Type 111 Sum Of Squares df Mean of Squares F P-Value
Time 186.33 2 62.111 0.858 0.021
Patients 212.323 2 72.428
Disease 62.896 1 62.896 0.109 0.017
Error 435.523 103 577.31.4

*df: degrees of Freedom, F: F-test
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Table 1. The data were analyzed using split plot ANOVA.
Patients were divided into two groups: Diabetes Mellitus (DM)
and Hypertension (HT) or DM alone or HT alone and renal
failure group. The eGFR values for DM and HT or DM alone
or HT alone was statistically different (P=0.017), and the
mean eGFR at all three visits at 1 year of follow-up was sta-
tistically different (P=0.021). It was concluded that Dihy-

dropyridine Calcium channel blockers. (CCB) can increase
the glomerular filtration rate of patients with DM and HT or
DM alone or HT alone and renal failure group. And at 1 year
follow-up, it can slow down the incidence of nephrotic syn-
drome in patients with DM and HT or DM alone or HT alone
and in the kidney failure group.

Table 2. Mean Creatinine (mg/dl) Before and After (Dihydropyridine Calcium channel blockers (CCB)) classified by disease and follow-up by

Repeated measure ANOVA.

Mean £+ SD (mmHg)

Disease

Baseline Follow up (6 months) Follow up (9 months) End Point (1 year)
DM+HT 82.77 + 470.78 52.60 + 18.45 66.30 + 338.742 47.04 + 13.76
Renal Failure 79.57 + 341.72 46.93 + 20.76 43.27 + 18.18 39.26 + 12.60
Source Type 111 Sum Of Squares df Mean of Squares F P-Value
Time 131.061 2 50.402 0.399 <0.001*
Time*Disease 34.675 2 13.335 0.106 0.120
Patients 435.120 2 126.280
Disease 391.813 1 391.813 0.735 0.019
Error 5491.243 103 533.119

Table 2. The split-plot ANOVA data was analyzed by dividing patients into two groups: DM and HT or DM alone or HT alone
and renal failure group. Dihydropyridine Calcium or HT alone were statistically different (P=0.019), and the mean creatinine at
all three doses at 1 year (End Point) of follow-up was statistically different (P=0.019). It was concluded that Dihydropyridine
Calcium channel blockers (CCB)) increased creatinine-lowering capacity, with mean nephrotic syndrome at 1-year follow-up,
was 39.26 +12.60 and patients in the DM group and HT or DM alone or HT alone 47.04 +13.76 subjects. statistically significant
and can slow down the progression of kidney disease (Figure 1).
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Figure 1. Comparison of baseline and endpoint between the mean values of eGFR and Creatinine.
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Table 3. Number of patients with chronic kidney disease that can control the level of FBS before and after receiving (Dihydropyridine Calcium

channel blockers (CCB)).

N (%)
Clinical Outcomes

Baseline
FBS > 130 mg/dl 77 (67.0) 78 (67.8)
FBS <= 130 mg/dl 38 (33.0) 37 (32.2)

* df=3, p=0.035

Table 3, the number of patients with chronic kidney disease
that can control the level of FBS before and after receiving.
The three doses of Dihydropyridine Calcium channel blockers
(CCB) were statistically different. In conclusion, after 1 year
of follow-up (Dihydropyridine Calcium channel blockers
(CCB)) increased the ability to control FBS levels decreased.

4. Discussion

In volunteer, female volunteers than males that is different
from the National Diabetes Statistics Report of Centers for
Disease Control. In 2015, the prevalence of diabetes among
men was 36.9%, higher than women 31.15%. In age, most
group is age 60-79 years are associate with prevalence of
diabetes in population age more than 18 years (approximately
84.1 million) was 33.9%, population age group of elderly (age
more than 65 years) has high level of blood sugar 48.3% and
close to the survey of Korea. For incidence of diabetes, report
from American are between 40-74 years [7].

Risk factors of volunteer including drinking history and
used of drink are 4.0% and still drinking is 0.7%. In smoking
history, used to smoke is 6.1% and still smoking is 0.2%. In
food consumption behaviors, mostly eaten salty is 59.1%,
follow by 36.6%. In addition, sample group are eaten salty
and sweet 95.3% and volunteer mostly is not exercise 51.3%.
The study which is close to the study [20] that found type-2
diabetes 258 persons, smoking 86 persons (17.3%) and
drinking 68 persons (13.7%). However, the study in abroad
found that the risk factors for smoking and drinking more than
Thailand. In food consumption behavior and exercise are not
risk factors in the study and no clearly study in Thailand. The
factor of food consumption and exercise is one of factors to
have diabetes.

The volunteer receiving ASA drug for treatment is 100%,
follow by Glipizide 81.6%, Metformin 71.3%, Simvastatin
67.7%, Amlodipine 5 mg 55.53%, Amlodipine 10 mg 44.47%
by respectively. The study in abroad, the study of Menon
Rena and team in 2012 found that Diabetic Nephropathy
group that developed to CKD by most found in stage 4
(48.0%). The use of ASA drug that help eGFR and patient can
control level of blood sugar are better. However, drug group
of Calcium channel blockers (CCB) with diabetes without

Follow up (6 months)

37

Follow up (9 months) End Point (1 year)

71 (61.7)
44 (38.3)

68 (59.1)
47 (40.9)

complications can reduce protein in urine. This study of
chronic kidney disease in diabetes patients has notice about
protein have correlation with lowering blood pressure in
progression of chronic kidney disease in African and America
[10, 13, 18]. From Thailand, has standardized therapeutic
drugs but use of Calcium channel blockers (CCB) in Phen-
yalkylamines group has a mechanism that can reduce the
progression of chronic renal failure in diabetic and hyperten-
sion that is advantages for use in patients. However, use of
Amlodipine that is more accessible and also a drug used by all
community hospitals to treat patients, inexpensive and highly
effective. [10, 13].

When compare the result of weight, height, waist cir-
cumference and BMI between before and after receiving
Dihydropyridine Calcium channel blockers (CCB), found
that average weight after receiving CCB (62.35+ 11.67),
average waist circumference after receiving CCB (89.81+
14.54) and BMI (25.13+ 3.95) less than before receiving
CCB. However, height before and after receiving CCB are
no difference.

The effective of Dihydropyridine Calcium channel block-
ers (CCB) on kidney function (eGFR), Urine Microalbumin
and Creatinine compared to the two CCB groups, Amlodipine
and Amlodipine+enalapril/losartan/valsartan, were compared
in the CCB group. At Month 3 and Month 12, eGFR levels
decreased and Urine Microalbumin increased statistically.
However, as recommended by the KDIGO guidelines 2021
Clinical Practice Guideline for the Management of Blood
Pressure in Chronic Kidney Disease and high blood pressure
treatment guidelines. in general medicine, B. E. 2019 still
recommends the use of drugs in the group renin-angiotensin
system blockers ACEls (angiotensin-converting enzyme in-
hibitors) or ARBs (angiotensin-receptor blockers) in hyper-
tensive patients with proteinuria.

The effectiveness of use Dihydropyridine Calcium channel
blockers (CCB) on blood glucose levels were found when
comparing the levels of Fasting blood sugar (FBS) and
HbA1C at Month 3 and Month 9. At month 6 and month 12,
Fasting blood sugar (FBS) and HbA1C were significantly
reduced, show that Dihydropyridine Calcium channel block-
ers (CCB) [14-17, 25] have properties and mechanisms of
action to reduce blood sugar levels in diabetic patients. which
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corresponds to Previous studies have compared the effec-
tiveness of using lower blood sugar and high blood pressure in
the American population It is more effective than other drugs.
used in the experiment show that It has properties and
mechanisms of action that help slow down the progression of
kidney failure in diabetic and high blood pressure patients.
However, in foreign countries, the effectiveness of Calcium
channel blockers (CCB) has been discussed. The CKD study
in the diabetic population also noted that baseline protein
levels were associated with lower levels of blood pressure in
slowing progression of CKD in AFL. Rikan and American
[10, 13, 18] For Thailand, there is already a standard treat-
ment regimen. However, due to the use of Calcium channel
blockers (CCB) in the Phenyalkylamines group There is a
mechanism that can reduce the progression of chronic renal
failure in diabetic patients. and high blood pressure Therefore,
it is an advantage to be used to treat patients in the future.
Amlodipine is a more accessible drug. It is also a drug used by
all community hospitals to treat patients, is inexpensive and
highly effective. [10, 13]

In addition, Calcium channel blockers (CCBs) in patients
with diabetic nephropathy have mechanism to maintain fluid
balance in the body, regulate water and minerals in the blood,
removal of waste from the blood, secretion of hormones into
the bloodstream that help slowing the deterioration of the
kidneys including edema, high potassium [21-25], renal os-
teodystrophy, paleness and decreased protein in the urine.
[26-31] The other study found that, Calcium channel blockers
(CCBs) can reduce the mechanism of disease caused by high
pressure within the renal blood vessels or intra-glomerular
hypertension as a result of an increase in hormones pros-
tanoids, nitric oxide, vascular endothelial growth factor
(VEGF) with stimulation of renin-angiotensin-aldosterone
systems (RAS) and endothelin systems that causing abnor-
malities in the autonomic control system of the blood vessels
within the kidneys. Intra-glomerular hypertension cause of
microalbuminuria, macroalbuminuria, mesangial matrix,
thickening of GBM and pathology of glomerular epithelial
cells or podocytes. [25, 26]

5. Limitations

Calcium channel blockers (CCBs) can reduce the mecha-
nism of disease caused by high pressure within the renal blood,
Calcium channel blockers (CCBs) was decline kidney func-
tion (decrease eGFR) and CCB leads to the decrease of eGFR
and provides monitoring of CCB use, as this may lead to the
decrease of kidney function.

6. Conclusions

This study was to collect retrospective data, if the research
were to be use must concern with patients with impaired
kidney function should be considered, patients with severe
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renal failure in stage 5 and drug use group of Calcium channel
blockers (CCBs). This drug was decline kidney function
(decrease eGFR).
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CCB Dihydropyridine Calcium Channel Blockers
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