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Abstract: Purpose: This retrospective study aims to analyze the effect of telmisartan (TEL) combined with calcitriol 
(CTL) on therapeutic efficacy, inflammatory status, and renal interstitial fibrosis (RIF) in patients with diabetic ne-
phropathy (DN). Methods: First, 126 DN patients admitted between September 2019 and September 2022 were 
selected, of which 66 cases (research group) were treated with TEL + CTL, and 60 cases (control group) were given 
TEL alone. The therapeutic efficacy, complications (fever, dizziness, headache, nausea and vomiting, and gastroin-
testinal reactions), inflammatory status (interleukin (IL)-1β, high-sensitivity C-reactive protein (hs-CRP), and tumor 
necrosis factor (TNF)-α), RIF (transforming growth factor (TGF)-β1, vascular endothelial growth factor (VEGF), and ho-
mocysteine (Hcy)), and renal function (blood urea (BUN), serum creatinine (Cr), and microalbuminuria (mAlb)) were 
compared between the two groups. Finally, a univariate analysis was performed to identify factors leading to poor 
prognosis (ineffective treatment) in patients. Results: A statistically higher overall response rate was determined in 
the research group as compared to the control group (P<0.05). The two groups exhibited equivalent complication 
rates (P>0.05). Markedly lower post-treatment IL-1β, hs-CRP, TNF-α, TGF-β1, VEGF, Hcy, BUN, Scr, and mAlb were 
identified in the research group than those in the control group (P<0.05). Moreover, hs-CRP, TNF-α, BUN, and treat-
ment modality were found to be closely associated with poor prognosis in DN patients (P<0.05). Conclusions: TEL + 
CTL has a good effect on DN and a comparable safety profile to TEL monotherapy. This combination can significantly 
inhibit inflammation and RIF and improve renal function in DN patients.
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Introduction

Diabetic nephropathy (DN), a diabetes mellitus-
induced chronic microvascular complication, is 
characterized by hyperfiltration and proteinuria 
in the early stages and progressive renal func-
tion decline in the advanced stages [1, 2]. It 
can easily progress to end-stage renal disease 
and carries a high risk of mortality [3]. Sex, 
advanced age, obesity, long course of disease, 
and excessive protein intake are shown to be 
possible inducements, and hyperglycemia and 
hypertension are the most important risk pre-
disposing factors [4-6]. The pathological mech-
anism of DN involves inflammation and renal 
interstitial fibrosis (RIF), both of which are 
strongly linked to the occurrence and progres-
sion of renal injury [7]. Current treatment strat-

egies for DN include prophylaxis such as early 
screening and interventions, early treatment 
like strict monitoring of blood sugar and blood 
pressure, and comprehensive treatment such 
as dialysis and kidney transplantation, but all 
these treatments have their limitations in terms 
of their application scope and efficacy [8, 9]. 
Therefore, there is still a lack of effective treat-
ment strategies to reverse the progression of 
DN, warranting continuous exploration of novel 
effective treatments.

Telmisartan (TEL), as an angiotensin II type 1 
receptor blocker, can not only be used to treat 
hypertension, but also plays a role in renal pro-
tection [10]. In a rat experiment, TEL exerted 
nephroprotective effects in DN by inhibiting  
oxidative stress and inflammation and activat-
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ing nuclear factor erythroid 2-related factor 2 
(NRF2)/heme oxidase-1 (HO-1) signaling [11]. 
As reported by Chang et al. [12], TEL promot- 
ed cardiac remodeling by regulating the renin-
angiotensin-aldosterone system in cardiorenal 
heart failure and inhibited the process of car-
diac inflammation-fibrosis to some extent, sug-
gesting its potential to regulate inflammation 
and fibrosis. Calcitriol (CTL), an active form of 
vitamin D, can modulate calcium and phospho-
rus metabolism, and mediate differentiation 
and proliferation of various cells, thus playing a 
role in immune system and kidney diseases 
[13, 14]. Lin et al. [15] pointed out that the 
renal protective effect of CTL in DN could be 
attributed to its modulation of angiotensin con-
verting enzyme (ACE) and ACE2 levels in renal 
tubules. Another study confirmed that the anti-
DN therapeutic effect of CTL was related to its 
down-regulation of transforming growth factor 
β1 (TGF-β1) and Cdc42-interacting protein 4 
(CIP4) that was followed by inhibition of renal 
fibrosis [16].

This study aimed to analyze the effects of TEL 
in combination with CTL on the therapeutic effi-
cacy, inflammatory status, and RIF in DN, in 
order to provide new insights into DN treat-
ment. Notably, the innovation of this study 
mainly lies in measuring the clinical advantag-
es of TEL + CTL in DN from the aspects of  
efficacy, complications, inflammatory state, 
RIF, and renal function, which are effective 
indictors for clinical effectiveness, safety and 
generalizability.

Materials and methods

General information

Ethical approval from the our hospital Ethics 
Committee has been obtained for this retro-
spective study. The participants were 126 DN 
patients admitted between September 2019 
and September 2022, with 66 patients (male-
to-female ratio: 36:30, mean age: 48.92±7.64) 
treated with TEL + CTL being included in the 
research group and 60 patients (male-to-
female ratio: 39:21, mean age: 50.50±7.26) 
treated with TEL monotherapy being assigned 
to the control group. The age, sex and other 
general data of the two groups were compara-
ble (P>0.05). Patients were not required to give 
informed consent to the study because the 
analyses used were anonymous clinical data 

that were obtained after obtaining written con-
sent from each patient for their treatment.

Inclusion and exclusion criteria

Inclusion criteria: diagnosis of type II DN with 
stage III according to the Mogensen classi- 
fication [17]; microalbuminuria (mAlb): 30-300 
mg/24 h; no contraindications to the study 
medications; complete medical records and 
high compliance with the doctor’s advice; no 
mental illness or other kidney diseases.

Exclusion criteria: other serious primary diseas-
es and renal artery stenosis; diabetic ketoaci-
dosis; serious infections; use of other interven-
tions in the past six months that may affect the 
results of this study; proteinuria caused by 
other reasons; pregnant or lactating patients; 
other types of kidney disease.

Treatment methods

The control group was treated with TEL (Beijing 
Kangruina Biotechnology Co., Ltd., LB1770) 
monotherapy, per os, once daily. The dosage 
was 40 mg each time for the first 2 weeks and 
80 mg each time afterwards. The treatment 
lasted for half a year.

On this basis, CTL (Beijing Kangruina Biotech- 
nology Co., Ltd., LA3143) was further adminis-
tered in the research group. The CTL capsules 
were given orally, 0.25 μg each time once daily 
for the first 7 days, and 0.50 μg each time after-
wards. The treatment continued for half a year.

Outcome measures

The therapeutic efficacy was comparatively 
analyzed, and the incidence of complications 
such as fever, dizziness, headache, nausea 
and vomiting, and gastrointestinal reactions 
were counted. In addition, interleukin (IL)-1β, 
high-sensitivity C-reactive protein (hs-CRP), 
and tumor necrosis factor (TNF)-α were mea-
sured to evaluate the inflammatory status of 
patients. Moreover, transforming growth factor 
(TGF)-β1, vascular endothelial growth factor 
(VEGF), and homocysteine (Hcy) were deter-
mined to assess RIF. Blood urea (BUN), serum 
creatinine (Cr), and microalbuminuria (mAlb) 
were measured to evaluate renal function.

The therapeutic efficacy was assessed as fol-
lows. Significant response was recorded if 
patients had significant improvement of clinical 



Clinical advantages of telmisartan in combination with calcitriol in diabetic nephropathy

6545 Am J Transl Res 2023;15(11):6543-6550

symptoms, reduction of Cr by more than 20%, 
and decrease of BUN by more than 50%. 
Effective response was defined as alleviated 
clinical symptoms, decreased Cr by 10-20%, 
and reduced BUN by 10-50%. Ineffective re- 
sponse was observed if there was no change  
or even a deterioration in the patient’s clinical 
symptoms, coupled with no improvement or 
even marked increases in Cr and BUN levels.

Before the detection of the above indexes, fast-
ing venous blood (5 mL) was collected, and 
serum samples were separated by centrifuga-
tion, for enzyme-linked immunosorbent assay 
(ELISA) determination of inflammatory indexes 
and RIF indexes. The experimental steps were 
carried out in strict accordance with the ins- 
tructions of the corresponding human ELISA  
kit (Shanghai Fuyu Biotechnology Co., Ltd., 
FY-03246H2, FY-03502H2, FY-03218H2, FY- 
03203H1, and FY-03215H1 for IL-1β, hs-CRP, 
TNF-α, TGF-β1, and VEGF, respectively; Shang- 
hai Fusheng Industrial Co., Ltd., A098926 for 
Hcy). While renal function-associated indexes 
were determined by automatic biochemical 
analyzer and electrochemiluminescence. Addi- 
tionally, all indicators were tested again after 8 
weeks of treatment. The primary outcome mea-
sures are therapeutic efficacy, inflammation 
indexes, and RIF indexes, and the secondary 
ones are complications and renal function 
indexes.

Statistical methods

The data of 126 ND patients were statistically 
analyzed with SPSS 21.0 (SPSS, Inc., Chicago, 

IL, United States) and Graph Pad Prism 6 
(Graph Pad Software, San Diego, United States). 
The number of cases (percentage) (n [%]) and 
Mean ± SEM were used to represent categori-
cal and continuous variables, respectively. To 
identify statistically significant differences indi-
cated by a minimum level of P<0.05, χ2 tests 
were used for categorical variables, and inde-
pendent samples t tests and paired t tests 
were performed for between-group and intra-
group comparisons of continuous variables, 
respectively. Before univariate analysis, contin-
uous variables were converted into categorical 
variables.

Results

General data

No significant inter-group differences were 
identified in terms of age, sex, course of dis-
ease, body mass index (BMI), and hypertension 
(P>0.05). See Table 1.

Therapeutic efficacy in the patients with DN

The overall response rate was 71.67% in the 
control group and 87.88% in the research 
group, with a significant inter-group difference 
(P<0.05). See Table 2.

Incidence of complications in the patients with 
DN

The incidence of fever, dizziness, headache, 
nausea and vomiting, and gastrointestinal re- 
actions in the two groups were counted, and no 

Table 1. General information
Item Control group (n=60) Research group (n=66) χ2/t P
Age (years) 50.50±7.26 48.92±7.64 1.187 0.238
Sex (male/female) 39/21 36/30 1.426 0.233
Course of disease (years) 9.28±2.14 8.65±2.48 1.519 0.131
BMI (kg/m2) 24.48±5.15 24.01±5.54 0.492 0.624
Hypertension (with/without) 22/38 25/41 0.020 0.888
Note: BMI, body mass index.

Table 2. Therapeutic efficacy evaluation of two groups of DN patients
Efficacy Control group (n=60) Research group (n=66) χ2/t P
Significant response 15 (25.00) 26 (39.39)
Effective response 28 (46.67) 32 (48.48)
Ineffective response 17 (28.33) 8 (12.12)
Overall response rate 43 (71.67) 58 (87.88) 5.194 0.023
Note: DN, diabetic nephropathy.
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significant difference was determined in the 
overall complication rate between the control 
and research groups (10.00% vs. 6.06%, P> 
0.05). See Table 3.

Inflammatory status in the patients with DN

The pre-treatment IL-1β, hs-CRP and TNF-α  
levels were similar between the two groups 
(P>0.05). All these inflammatory factors de- 
creased statistically in both cohorts after treat-
ment (P<0.05), with even lower levels in the 
research group as compared to the control 
group (IL-1β: 12.55±2.34 pg/mL vs. 17.79± 
3.12 pg/mL; hs-CRP: 10.69±3.32 mg/L vs. 
13.92±3.44 mg/L; TNF-α: 40.42±3.95 pg/mL 
vs. 44.84±4.42 pg/mL; P<0.05). See Figure 1.

RIF in the patients with DN

The RIF-associated indices such as TGF-β1, 
VEGF, and Hcy were detected and compared. 
The two groups were not statistically different 
in these indexes prior to treatment (P>0.05), 
but all of the indexes decreased significan- 
tly after treatment in both groups (P<0.05), 
with even lower TGF-β1 (151.23±15.92 pg/mL 
vs. 168.63±16.95 pg/mL), VEGF (342.61± 

21.06 pg/mL vs. 392.07±23.10 pg/mL), and 
Hcy (14.26±2.83 μmol/L vs. 18.44±2.78 
μmol/L) in the research group (P<0.05). See 
Figure 2.

Renal function in the patients with DN

The effects of the two treatments modalities  
on renal function were evaluated by detecting 
renal function indexes such as BUN, Cr, and 
mAlb. Before treatment, there was no signifi-
cant inter-group difference in these renal func-
tion indexes (P>0.05). After treatment, BUN, Cr, 
and mAlb all decreased significantly in both 
groups (P<0.05), with more marked reduc- 
tions in all of these indexes in the research 
group versus those in the control group (BUN: 
5.99±1.92 mmol/L vs. 8.18±1.91 mmol/L; Cr: 
63.29±17.05 mmol/L vs. 77.97±17.76 mmol/L; 
mAlb: 79.07±14.94 mg/24 h vs. 148.84±21.05 
mg/24 h; P<0.05). See Figure 3.

Univariate analysis of prognosis in the patients 
with DN 

Among the 126 DN patients, there were 25 
patients with ineffective response, and they 
were included in a poor prognosis group (n= 

Table 3. Evaluation of complications in two groups of DN patients
Complication Control group (n=60) Research group (n=66) χ2/t P
Fever 1 (1.67) 0 (0.00)
Dizziness and headache 2 (3.33) 1 (1.52)
Nausea and vomiting 1 (1.67) 1 (1.52)
Gastrointestinal reactions 2 (3.33) 2 (3.03)
Total 6 (10.00) 4 (6.06) 0.668 0.414
Note: DN, diabetic nephropathy.

Figure 1. Inflammatory status in two groups of DN patients. A. Comparison of IL-1β levels. B. Comparison of hs-CRP 
levels. C. Comparison of TNF-α levels. Note: *P<0.05 and **P<0.01 vs. before treatment; #P<0.05 vs. Control. 
DN, diabetic nephropathy; IL-1β, interleukin-1β; hs-CRP, high-sensitivity C-reactive protein; TNF-α, tumor necrosis 
factor-α.
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25), while those with effective and significant 
response were in a good prognosis group 
(n=101). After analysis, hs-CRP, TNF-α, BUN, 
and treatment modality were identified to be 
closely related to the prognosis of DN patients 
(P<0.05), while age, gender, course of disease, 
BMI, hypertension, IL-1β, TGF-β1, VEGF, Hcy, Cr, 
and mAlb were not (P>0.05). See Table 4.

Discussion

According to the epidemiological data of DN, 
about 40% of diabetic patients are at risk of 
developing DN, a condition associated with 
reduced life expectancy and higher overall 
healthcare costs [18-20]. The pathogenesis of 
DN is complicated. Besides the two important 
processes discussed above (inflammatory sta-
tus and RIF), it is also related to physiopatho-
logical processes such as glomerular base-
ment membrane thickening, mesangial matrix 
increase, and podocyte loss [21]. This study 
attempts to explore potential novel treatment 

strategies for DN by evaluating the therapeutic 
efficacy, inflammatory status, RIF, etc., hoping 
to contribute to the prevention and treatment 
of the disease.

Data from this study showed an obviously high-
er overall response rate in the research group 
compared with that in the control group 
(87.88% vs. 71.67%), indicating that TEL + CTL 
is advantageous over TEL monotherapy in en- 
hancing the curative effect in DN patients. In 
the study of Jeong et al. [22], TEL + CTL applied 
to adriamycin-induced nephropathy mice effec-
tively relieved renal injury by reducing protein-
uria, glomerulosclerosis and podocyte apopto-
sis, suggesting that the combination of TEL and 
CTL have certain therapeutic potential and 
clinical effectiveness in DN. Subsequently, the 
occurrence of complications such as fever, diz-
ziness, headache, nausea, vomiting, and gas-
trointestinal reactions were statistically ana-
lyzed. The overall complication rate was not 
statistically different between the research gr- 

Figure 2. Renal interstitial fibrosis in two groups of DN patients. A. Comparison of TGF-β1 levels. B. Comparison of 
VEGF levels. C. Comparison of Hcy levels. Note: *P<0.05 and **P<0.01 vs. before treatment; #P<0.05 vs. Control. 
DN, diabetic nephropathy; TGF-β1, transforming growth factor-β1; VEGF, vascular endothelial growth factor; Hcy, 
homocysteine.

Figure 3. Renal function in two groups of DN patients. A. Comparison of BUN levels. B. Comparison of Cr levels. C. 
Comparison of mAlb levels. Note: *P<0.05 and **P<0.01 vs. before treatment; #P<0.05 vs. Control. DN, diabetic 
nephropathy; BUN, blood urea; Cr, serum creatinine; mAlb, microalbuminuria.
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oup and the control group, suggesting that the 
combination treatment did not increase the 
side effects and was well tolerated. In the study 
of Makino et al. [23], TEL was well tolerated and 
safe for patients with type II DN, consistent 
with our findings. In addition, Chen et al. [24] 
pointed out that CTL intervention was condu-
cive to reducing the risk of diabetes microvas-
cular complications such as DN, which is simi-
lar to our research results. IL-1β, hs-CRP, and 
TNF-α are typical inflammatory indicators of 
renal inflammation, and the decrease in their 
levels reflects the effectiveness of interven-
tions and significant inhibition of renal in- 
flammatory status [25]. The detection of inflam-
matory status showed significantly inhibited 
inflammation levels in both groups after treat-
ment, with even lower IL-1β, hs-CRP, and TNF-α 
in the research group, indicating that TEL + CTL 
was more effective than TEL alone in inhibiting 
inflammation in DN. As reported by Wang et al. 
[26], CTL significantly inhibited hs-CRP, TNF-α 
and other inflammatory indicators in DN pa- 
tients, which supports our findings. Alleviated 
RIF was also determined in both groups after 
treatment, manifested by a significant reduc-
tion in TGF-β1, VEGF and Hcy. Moreover, these 
indexes were lower in the research group than 
in the control group, suggesting that the com-
bined intervention has a more significant effect 
on RIF than the single intervention. TGF-β1, 
VEGF, and Hcy are known representative indica-

tors of RIF, among which TGF-β1 participates in 
this process primarily by inducing renal tubular 
epithelial-mesenchymal transition, while VEGF 
can establish a pathway with TGF-β1 to medi-
ate fibrosis-related lymphangiogenesis, and 
Hcy reflects the severity of renal tubular atro-
phy and interstitial fibrosis and has certain pre-
dictive potential for early renal function decline 
[27-29]. In the research of Zha et al. [30], the 
reversal of DN progression by TEL was not only 
achieved by alleviating renal fibrosis, but also 
partially related to its inhibition of heterodimer-
ization of angiotensin II type-1 receptor (AT1R) 
antibody-adiponectin receptor 1 (AdipoR1). In 
addition, both groups had obviously alleviated 
renal function damage after treatment, with 
lower BUN, Cr, and mAlb found in the research 
group versus the control group, indicating that 
TEL + CTL has a significant protective effect on 
renal function in DN. The mechanism of TEL in 
alleviating renal injury is also related to its 
down-regulation of renal injury-specific markers 
such as kidney injury molecule-1 (KIM-1), neu-
trophil gelatinase-associated lipocalin (NGAL), 
and cystatin C [31]. CTL, on the other hand, 
alleviates renal inflammation and RIF by down-
regulating the mRNAs of the leukocyte common 
antigen (CD45), disintegrins, and metallopro-
teinases, thus playing a protective role in renal 
function [32]. Finally, the results of univariate 
analysis confirmed that hs-CRP, TNF-α, BUN, 
and treatment modality had a significant impact 

Table 4. Univariate analysis of factors affecting the prognosis in patients with DN

Variables Poor prognosis group 
(n=25)

Good prognosis group 
(n=101) χ2 P

Age (<50 years/≥50 years) 10/15 48/53 0.457 0.499
Sex (male/female) 19/6 56/45 3.514 0.061
Course of the disease (<9 years/≥9 years) 8/17 37/64 0.187 0.665
BMI (<24 kg/m2/≥24 kg/m2) 13/12 46/55 0.335 0.563
Hypertension (with/without) 11/14 36/65 0.598 0.439
IL-1β (<25 pg/mL/≥25 pg/mL) 10/15 53/48 1.248 0.264
hs-CRP (<16 mg/L/≥16 mg/L) 8/17 59/42 5.616 0.018
TNF-α (<49 pg/mL/≥49 pg/mL) 7/18 59/42 7.433 0.006
TGF-β1 (<196 pg/mL/≥196 pg/mL) 14/11 42/59 1.687 0.194
VEGF (<418 pg/mL/≥418 pg/mL) 12/13 45/56 0.096 0.757
Hcy (<28 μmol/L/≥28 μmol/L) 13/12 56/45 0.096 0.757
BUN (<10 mmol/L/≥10 mmol/L) 10/15 67/34 5.849 0.016
Cr (<85 mmol/L/≥85 mmol/L) 13/12 48/53 0.161 0.689
mAlb (<232 mg/24 h/≥232 mg/24 h) 11/14 52/49 0.449 0.503
Treatment modality (TEL/TEL + CTL) 17/8 8/93 45.480 <0.001
Note: DN, diabetic nephropathy; BMI, body mass index; TEL, telmisartan; CTL, calcitriol.
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on the poor prognosis in DN patients, and low 
pre-treatment hs-CRP (<16 mg/L), TNF-α (<49 
pg/mL), and BUN (<10 mmol/L) levels, as well 
as TEL + CTL were associated with better 
patient prognosis.

This study has several limitations that need to 
be carefully considered and improved in the 
future. First, the sample size can be increased 
to reduce the impact of a small sample size on 
the accuracy of research results. Second, the 
sample size should be expanded to include 
samples from multiple centers, so as to avoid 
possible information collection bias in a single 
center. Third, the treatment mechanism of TEL 
plus CTL in DN can be validated and explored 
by additional basic studies, which can help fur-
ther understand the underlying mechanism of 
TEL plus CTL in DN treatment. In the future, we 
will conduct supplementary explorations based 
on the above points.

Conclusively, TEL plus CTL can improve the effi-
cacy in DN patients, effectively inhibit inflam-
mation and RIF, and significantly enhance renal 
function, without increasing the risk of adverse 
drug reactions. Therefore, this combination 
deserves clinical promotion.
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