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Background: Angiotensin receptor/neprilysin inhibitor (ARNI) and sodium-
glucose cotransporter 2 inhibitor (SGLT2i) have shown a significant protective
role against cardiovascular diseases and type 2 diabetes mellitus (T2DM), and
there is a growing proportion of patients who are undergoing combined therapy
with the two drugs. However, the effect of this combination treatment on renal
function has not yet been determined.

Methods: This study included 539 patients who were diagnosed with
cardiovascular disease combined with T2DM. According to the use of SGLT2i
and ARNI, patients were divided into the combination treatment group, SGLT2i
group, ARNI group and control group. Primary outcomes were serum creatinine
(Scr) and estimated glomerular filtration rate (eGFR) changes in the 6th month
and 12th month.

Results: In the ARNI group, no significant changes in Scr or eGFR were observed
during the follow-up period, while the above indicators showed a trend of
deterioration in the other three groups. The univariate analysis results showed
that at 6 months of follow-up, the renal function indicators of patients treated
with ARNI (either alone or in combination) were better than those treated with
SGLT2i alone. After 12 months of follow-up, the Scr results were the same as
before, while the difference in eGFR between groups disappeared. After
multivariate analysis, in terms of delaying the progression of Scr, the ARNI
group was superior to the other groups at the end of follow-up. No significant
difference in eGFR was observed between groups during follow-up.
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Conclusion: In patients with cardiovascular disease and T2DM, combination
therapy with ARNI and SGLT2i did not show an advantage over monotherapy
in delaying renal insufficiency progression, and renal function seems to be
better preserved in patients treated with ARNI alone.

Clinical trial registration: clinicaltrials.gov, identifier NCT05922852.
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1 Introduction

Cardiovascular disease (CVD), due to its high risk of morbidity
and mortality, remains a major public health issue in China and even
worldwide. Type 2 diabetes mellitus (T2DM) is an established major
risk factor for CVD (1). The China Kadoorie Biobank (CKB) followed
up with 510,000 adults for a duration of 7 years. The findings revealed
that diabetes is associated with a 1.5- to 2.5-fold increase in the risks
of cardiovascular mortality, incident ischemic heart disease, and
ischemic stroke. Additionally, diabetes accounted for approximately
500,000 cardiovascular deaths annually in China (2). Many drugs
have been used to prevent and delay the progression of cardiovascular
disease in T2DM patients, among which a new drug, sodium-glucose
cotransporter 2 inhibitor (SGLT2i), has gradually gained attention
due to its combined improvement of cardiovascular outcomes and
long-term prognosis (3, 4). Therefore, in recent years, various
international guidelines have recommended SGLT2i as a basic
medication for patients with diabetes with CVD or at risk of CVD
(5-8). Angiotensin receptor-neprilysin inhibitor (ARNI) is another
commonly used drug for patients with CVD because of its significant
improvement in long-term prognosis (8, 9). In view of its additional
metabolic benefits, ARNI is particularly beneficial for patients
complicated with diabetes (10, 11).

As diabetes is closely related to CVD and the above two drugs
are increasingly used in clinical practice, the proportion of patients
taking them in combination is gradually increasing. However, there
is no clear conclusion on the impact of the combined treatment
regimens on renal function in cardiovascular disease patients,
especially those with T2DM. These patients usually have varying
degrees of renal function impairment. And the interaction between
CVD and renal dysfunction can exacerbate each other when T2DM

Abbreviations: ACEI, Angiotensin-converting enzyme inhibitor; ARB,
Angiotensin receptor blocker; ARNI, Angiotensin receptor/neprilysin inhibitor;
CI, Confidence interval; CKB, China Kadoorie Biobank; CVD, Cardiovascular
disease; eGFR, Estimated glomerular filtration rate; Scr, Serum creatinine;
SGLT2i, Sodium-glucose cotransporter 2 inhibitor; T2DM, Type 2 diabetes
mellitus; TGF, Tubule-glomerular feedback; RAAS, Renin-angiotensin-

aldosterone system.
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is present, resulting in a higher morbidity and mortality (12).
Previous studies have investigated the effects of the above two
drugs on renal function, and found that both ARNI and SGLT2i
could delay the deterioration of renal function to a certain extent in
long-term follow-up, but some other studies have shown different
results (13, 14). As renal function is one of the important prognostic
factors, and currently few studies have evaluated the effect of
combining the above two drugs on renal function compared with
either agent alone. This study intends to collect data on patients
with cardiovascular disease and T2DM and explore the safety and
efficacy of the combined use of ARNI and SGLT2i on renal function
in the real world to provide a basis for better guiding the future
clinical application of these drugs.

2 Methods
2.1 Study design

This was a retrospective cohort study that included patients
who were diagnosed with cardiovascular disease and combined with
T2DM in the Cardiology Department, Peking University Third
Hospital from January 2018 to November 2022. According to the
medication used after discharge, patients were divided into the
SGLT2i and ARNI combination treatment group (CT group),
SGLT?2i group, and ARNI group, and patients who did not use
the above drugs were included in the control group. We followed up
the included patients for 1 year and collected data on renal
function-related indicators for subsequent analysis.

2.2 Participants

Our study included patients aged 18 years or older who were
diagnosed with cardiovascular disease (including hypertension,
coronary heart disease, heart failure, etc., see Table 1 for details)
combined with an established diagnosis of T2DM (9) in the
Cardiology Department, Peking University Third Hospital from
January 2018 to November 2022.
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TABLE 1 Baseline information.

ARNI

group (N=64)

SGLT2i
group(N=111)

CT group (N=71)

10.3389/fendo.2023.1326611

Control
group (N=293)

P value

General Condition

Gender[Male, N(%)] 42(65.6) 73(65.8) 54(76.1) 176(60.1) 0.083
Age(y) 67.5+ 5.4 653 + 6.2 65.8 + 6.0 67.3 + 6.7 0.085
Height(cm) 166.8 + 7.2 167.0 £ 7.9 168.9 + 8.9 166.0 + 8.8 0.082
Weight(kg) 69.7 + 11.4a 73.9 + 16.8b 78.9 + 16.4b 70.1 + 13.1a 0.020
Past Medical History
Hypertension, N(%) 55(85.9)a,b 82(73.9)b 52(73.2)b 273(92.3)a <0.001
Hyperlipidemia, N(%) 35(54.7) 67(60.4) 36(50.7) 160(54.6) 0.610
CHD,N(%) 49(76.6) 106(95.5) 64(90.1) 255(87.0) 0.002
Stroke,N(%) 16(25.0) 19(17.1) 21(29.6) 55(18.8) 0.128
Heart Failure,N(%) 39(60.9)a 3(2.7)b 25(35.2)c 39(13.3)d <0.001
CKD,N(%) 10(15.6)a 4(3.6)b 8(11.3)a,b 32(10.9)a,b 0.053
Medications
AECI/ARB,N(%) 0(0)a 55(49.5)b 0(0)a 290(99.0)c <0.001
GLP-1RA,N(%) 1(1.6)a 15(13.5)b 10(14.1)b 23(7.8)a,b 0.021
Statins,N(%) 58(90.6) 108(97.3) 68(95.8) 271(92.5) 0.196
B-blocker,N(%) 42(65.6) 75(67.6) 58(81.7) 211(72.0) 0.133
CCBs,N(%) 22(34.4)a,b 34(30.6)b 25(35.2)a,b 154(52.6)a <0.001
Spirolactone,N(%) 26(40.6)a 6(5.4)b 26(36.6)a 15(5.1)b <0.001
Baseline Biomakers(Serum sample)
Uric acid(umol/l) 4282 + 152.1a 365.8 + 117.0c 382.6 + 126.6¢ 401.1 + 114.2b 0.006
Urea Nitrogen(mmol/l) 9.0 +4.1a 6.8 +2.8¢ 8.6 + 3.6b 7.2 £2.9¢ <0.001
Creatinine(pmol/l) 104.7 + 52.5a 84.6 + 30.5¢ 105.1 + 41.5a 98.9 + 42.7b <0.001
eGFR(ml/min/1.73m?) 64.2 + 20.9a 81.5 + 20.0c 69.8 + 23.9b 69.5 + 21.3b <0.001
HbA1C(%) 6.8(6.4, 7.9)a 8.0(7.1, 9.0)c 7.9(6.7, 8.9)c 7.3(6.7, 8.3)b 0.001
LDL-c(mmol/l) 25+09 24+ 1.1 24+ 1.1 23+09 0.620
NT-proBNP(pg/ml) 1447.0(435.3, 4105.8)a 172.0(48.0, 694.5)c 1556.5(335.0, 3811.8)a 281.0(93.0, 1141.5)b <0.001

Normally distributed data are expressed as the mean + standard deviation, and nonnormally distributed data are expressed as the median (interquartile range).
Each subscript letter indicates a subset of the group category whose column proportions are not significantly different from each other at the 0.05 level.

ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; CT group, combination treatment group; CHD, coronary heart disease; CKD, chronic
kidney disease; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; GLP-1RA, glucagon-like peptide-1 receptor agonist; eGFR,

estimated glomerular filtration rate; LDL-c, low-density lipoprotein cholesterol.

The exclusion criteria were as follows: 1) estimated glomerular
filtration rate (eGFR) less than 15 ml/min/1.73m?) at discharge, as
these patients were not recommended for any medication above;
2) clinical diagnosis of various acute and chronic urinary tract
infections; 3) various serious infectious diseases; 4) acute coronary
syndrome and unstable heart failure; 5) acute complications of
diabetes mellitus, such as diabetic ketoacidosis, hyperosmolar coma
and hypoglycemia; 6) end-stage malignancy; 7) pregnancy and
lactation; and 8) lack of data during follow-up (see Figure 1
for details).
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2.3 Data and clinical outcomes

Data on demographic and laboratory characteristics at baseline,
as well as data on renal outcomes during follow-up, were
retrospectively abstracted from computerized medical records by
clinical staff. The outcomes included serum creatinine (Scr) and
eGFR changes at the 6th month and 12th month of follow-up in
each group and differences in Scr and eGFR between combined
therapy and monotherapy with ARNI/SGLT?2i at each time point of
follow-up.
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69 with a CCr less than 15ml/min at baseline

681 lacking data in 12th month
1174 lacking data in both 6th and 12th month

Xu et al.

* Aged 18 years or older

« Diagnosed with cardiovascular disease

* Diagnosed with T2DM

(N=2551)

2012 patients were excluded
88 lacking data in 6th month
| A total of 539 patients were finally included in this study |
ARNI group SGLT2i group CT group Control group
(N=64) (N=111) (N=71) (N=293)
FIGURE 1

Enrollment and Exclusion. This study included patients who were diagnosed with cardiovascular disease and combined with T2DM in the Cardiology
Department, Peking University Third Hospital from January 2018 to November 2022. After screening by inclusion and exclusion criteria, 539 patients

were finally included in the follow-up cohort.

2.4 Statistical analysis

Categorical data were summarized as numbers and percentages,
which were then compared using the chi-square or Fisher’s exact test.
P-P plots were used to evaluate the distribution of all continuous
variables. Nonnormally distributed continuous variables were
described as the median and interquartile range and were tested
using the Mann—Whitney U test. Normally distributed continuous
variables that did not differ between groups at baseline were described
as the mean + SD and were tested using independent t tests. For those
with significant differences in distribution between groups at baseline,
we used analysis of covariance (ANCOVA) to improve data
comparability. The results calculated using ANCOVA were
expressed as the mean and 95% confidence interval (CI).

All analyses were conducted using SPSS Statistics for Windows,
Version 26.0 (Armonk, NY: IBM Corp). Statistical tests were two-
sided, and significance was set at a p value < 0.05.

3 Results
3.1 Baseline information

A total of 539 subjects were included in the follow-up cohort,
including 64 patients receiving ARNI alone, 111 patients receiving
SGLT?2i alone, 71 patients receiving combination treatment and the
rest were included in the control group. The baseline information of
the patients between the groups was not consistent. Patients who
chose ARNT had a higher rate of heart failure and worse basic renal
function, while patients who chose SGLT2i had worse basic
glycemic control but better basic renal function. In view of the
differences in underlying diseases, there are corresponding
differences in the drug application of each group of patients.
Besides, it’s should be noted that almost 99% of control patients
were treated with angiotensin-converting enzyme inhibitors (ACEI)
or angiotensin receptor blockers (ARB) and approximately 50% of
SGLT2i monotherapy patients received ACEI/ARB treatment (see
Table 1 for details).
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3.2 Changes in renal function

3.2.1 Changes in renal function in each group
during follow-up

Overall, the renal function of the subjects showed a trend of
deterioration during the follow-up period. However, there were no
significant changes in either Scr (12th month vs. Baseline: 112.8 +
52.9 vs. 104.7 + 52.5, P=0.210) or eGFR (12th month vs. Baseline:
61.7 + 22.5 vs. 64.2 + 20.9, P=0.176) during follow-up in patients
taking ARNI alone compared with baseline, while the other three
groups showed significant deterioration of renal function during the
follow-up period, but the difference mainly appeared in the first 6
months of follow-up in SGLT2i group and CT group (SGLT2i
group-Scr: 6th month vs. Baseline: 93.1 + 53.4 vs. 84.6 £ 30.5,
P=0.006; CT group-Scr: 6th month vs. Baseline: 112.9 + 37.4 vs.
105.1 + 41.5, P=0.004; SGLT2i group-eGFR: 6th month vs.
Baseline:76.6 + 19.2 vs. 81.5 + 20.0, P<0.001; CT group-eGFR: 6th
month vs. Baseline: 61.3 + 20.5 vs. 69.8 + 23.9, P<0.001), and there
was no further deterioration of Scr or eGFR during the last 6
months of follow-up (SGLT2i group-Scr: 12th month vs. 6th month:
94.4 £ 55.1 vs. 93.1 + 53.4, P=0.401; CT group-Scr: 12th month vs.
6th month:114.7 + 48.2 vs. 112.9 + 37.4, P=0.563; SGLT2i group-
eGFR: 12th month vs. 6th month: 76.4 + 20.3 vs. 76.6 + 19.2,
P=0.538; CT group-eGFR: 12th month vs. 6th month: 61.7 + 21.0
vs. 61.3 +20.5, P=0.637). However, in Control group, renal function
indicators declined significantly in both the first and the later 6
months (Scr: 6th month vs. Baseline: 109.0 + 43.8 vs. 98.9 + 42.7,
P<0.001; 12th month vs. 6th month: 115.0 + 64.9 vs. 109.0 + 43.8,
P=0.026; eGFR: 6th month vs. Baseline: 62.7 + 21.2 vs. 67.9 + 23.1,
P<0.001; 12th month vs. 6th month: 61.1 + 21.8 vs. 62.7 + 21.2,
P=0.018) (see Table 2 for details).

3.2.2 Differences in renal function between
groups at each follow-up point

In this part, we mainly compared the three groups receiving the
target drugs. As mentioned above, there were differences in renal
function among the groups at baseline, and the basic renal function
of the patients receiving SGLT2i alone was better than that of the
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TABLE 2 Changes in renal function indicators during the follow-up.

Serum Creatinine (umol/l)

10.3389/fendo.2023.1326611

Estimated Glomerular Filtration Rate (ml/min/1.73m?)

Baseline Followup-6M  Followup-12M Baseline Followup-6M Followup-12M
ARNI group 104.7 £ 52.5 1109 + 36.4 112.8 + 52,9 64.2 +20.9 59.7 +22.1 61.7 +22.5
SGLT2i group 84.6 + 30.52 93.1 + 53.4b 94.4 £ 55.1b 81.5 + 20.0a 76.6 £ 19.2b 76.4 £ 20.3b
CT group 105.1 = 41.5a 112.9 + 37.4b 114.7 £ 48.2b 69.8 + 23.92 61.3 + 20.5b 61.7 = 21.0b
Control group 98.9 + 42.7a 109.0 + 43.8b 115.0 + 64.9b 67.9 +23.1a 62.7 + 21.2b 61.1 = 21.8b

Data are expressed as the mean + standard deviation. Each subscript letter indicates a subset of the group category whose column proportions are not significantly different from each other at the 0.05 level.
ARNTI, angiotensin receptor-neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; CT group, combination treatment group.

other two groups. In order to balance the baseline differences in
renal function indicators among the groups, we applied covariance
analysis and included baseline Scr or eGFR as covariates for
univariate analysis. In terms of the comparison of Scr levels,
patients who used ARNI (either alone or in combination
treatment group) were better than patients treated with SGLT2i
alone during follow-up (ARNI group vs. SGLT2i group vs. CT
group: 6th Month: 106.8(100.3,113.2) vs. 109.7(104.5,114.9) vs.
105.8(99.6, 112.0), P=0.001; 12th Month:108.1(99.2,116.9) vs.
111.4(104.3,118.5) vs.106.9(98.4, 115.4), P=0.001). As for the
comparison of eGFR, the combination treatment group was lower
than the SGLT2i group at 6 months of follow-up (ARNI group vs.
SGLT?2i group vs. CT group: 66.9(63.5,70.2) vs. 70.6(68.1, 73.1) vs.
65.8(62.8, 68.9), P=0.049), but this difference disappeared at 12
months of follow-up (P=0.225) (see Table 3 for details).

We then further conducted multivariate analysis. Combined with
the results of baseline information analysis, we included baseline Scr
or eGFR, body weight, baseline HbA1c level and NT-proBNP level,
history of hypertension, heart failure, coronary heart disease, use of
ACEI/ARB, and chronic kidney disease into the analysis as covariates.
In terms of Scr, although the combination treatment group seemed to
show an advantage at 6 months of follow-up (ARNI group vs. CT
group: 112.6 (102.4,122.9) vs. 111.6 (101.5,121.8), P=0.003; SGLT2i
group vs. CT group: 112.2 (102.8,121.7) vs. 111.6 (101.5,121.8),
P<0.001), the ARNI group was superior to the other two groups at
12 months of follow-up(ARNI group vs. CT group: 108.3 (95.6,
121.0) vs. 111.1 (98.6, 123.7), P=0.003; SGLT2i group vs. CT group:

115.4 (103.6, 127.1) vs. 111.1 (98.6, 123.7), P<0.001). No significant
difference in eGFR was observed between groups during follow-up
(see Table 4 and Figure 2 for details).

4 Discussion

Through this retrospective cohort study, we found that on the
basis of existing drug therapy, renal function in cardiovascular
disease patients with T2DM still showed an overall downward trend
during follow-up. Therefore, the optimal drug therapy for such
patients needs to be further clarified. In terms of delaying the
progression of renal function, the results of the group comparison
did not find an advantage of the combination of ARNI and SGLT2i
over monotherapy, and the treatment regimen of ARNI alone
seemed to be better.

A large number of studies have confirmed the excellent role of
ARNI and SGLT2i in improving cardiovascular outcomes (10, 11)
and recently found that the above drugs also have a certain
improvement effect on long-term kidney outcomes (13-17).
Therefore, ARNI and SGLT2i are now widely used in patients
with cardiovascular diseases, and there are not a few people who use
them in combination. Renal function is an important factor
affecting the long-term prognosis of patients with cardiovascular
disease. From the mechanism of drug action, the advantages of
combined drug use seem to be based on evidence: 1) The
mechanisms by which the two drugs reduce intraglomerular

TABLE 3 Intergroup differences in renal function indicators at each follow-up point.

ARNI group (N=64)

SGLT2i group(N=111)

CT group (N=71) P value

Serum Creatinine (umol/l)

Baseline 104.7(91.6, 117.8) 84.6(78.8, 90.3) 105.1(95.2, 114.9) 0.001
Follow-up 6M 106.8(100.3, 113.2)b 109.7(104.5, 114.9)a 105.8(99.6, 112.0)b 0.001
Follow-up 12M 108.1(99.2, 116.9)a,b 111.4(104.3, 118.5)a 106.9(98.4, 115.4)b 0.001

Estimated Glomerular Filtration Rate (ml/min/1.73m?)

Baseline 64.2(58.9, 69.5) 81.5(77.7,85.2) 69.8(64.1, 75.5) 0.001
Follow-up 6M 66.9(63.5, 70.2)a,b 70.6(68.1, 73.1)a 65.8(62.8, 68.9)b 0.049
Follow-up 12M 68.5(64.9, 72.0) 69.7(66.9, 72.5) 66.0(62.6, 69.4) 0.255

Univariate analysis was performed with baseline Scr or eGFR included as covariates by covariance analysis. Data were expressed as the mean (95% CI).
Each subscript letter indicates a subset of the group category whose column proportions are not significantly different from each other at the 0.05 level.
ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; CT group, combination treatment group.
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TABLE 4 Multivariate analysis of the distribution of renal function indexes among the groups.

Followup-6M

Mean(95%Cl)

P value(Compared to
CT group)

Followup-12M

P value(Compared to
CT group)

Mean(95%Cl)

Serum Creatinine (umol/l)

ARNI group 112.6(102.4,122.9) 0.003 108.3(95.6, 121.0) 0.003
SGLT2i group 112.2(102.8,121.7) <0.001 115.4(103.6, 127.1) <0.001
CT group 111.6(101.5,121.8) — 111.1(98.6, 123.7) —
Estimated Glomerular Filtration Rate (ml/min/1.73m?)

ARNI group 65.2(59.6, 70.8) 0.294 67.8(61.6, 73.9) 0.547
SGLT2i group 69.5(64.8, 74.3) 0.617 68.3(63.0, 73.6) 0.412

CT group 65.8(60.8, 70.8) —

66.1(60.5, 71.7) —

Multivariate analysis was performed with baseline Scr or eGFR, body weight, baseline HbA1c level and NT-proBNP level, history of hypertension, heart failure, coronary heart disease, use of
ACEI/ARB, and chronic kidney disease included as covariates by covariance analysis. Data were expressed as the mean (95% CI).
ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; CT group, combination treatment group.

pressure are different and may exert complementary effects; 2) The
natriuretic and diuretic effect of SGLT2i may activate the renin-
angiotensin-aldosterone (RAAS) system when used alone, but
combined use with ARNI may offset this effect; 3) This
combination may synergistically block sodium-hydrogen
exchanger activity, and the latter activity is stimulated by
hyperglycemia, hyperinsulinemia and adipokines, which may
promote the occurrence and development of glomerular
hyperfiltration and diabetic nephropathy, and at the same time
play an important role in the pathophysiology of heart failure (18).
Therefore, it is the focus of this study to explore whether the
combination of two drugs can delay the deterioration of renal
function more significantly than a single drug in the real world.
According to the results of this study, renal function seems to be
better preserved in patients treated with ARNTI alone. Previous studies

have actually explored the many benefits of SGLT2i on renal function.
The main mechanism of SGLT?2i is to block SGLT2 in the proximal
tubule of the kidney to increase the excretion of glucose and sodium in
the urine, which can activate renal tubule-glomerular feedback (TGF),
thus alleviating the glomerular hyperfiltration state. Meanwhile, the
excretion of glucose reduces glucose overload in proximal tubule cells.
Thus, the apoptosis and atrophy of renal tubules are reduced. Other
studies have found that SGLT2i can significantly inhibit inflammation
and fibrosis (19, 20). Therefore, the SGLT2i improves the long-term
renal prognosis through multiple mechanisms.

However, in this study, no positive effect of SGLT2i on renal
function was observed during the 1-year follow-up period using Scr
and eGFR as evaluation indicators, either alone or in combination
with ARNI. In patients with diabetic nephropathy, the glomerular
filtration function of pathological glomeruli decreases; therefore, in
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FIGURE 2

6th month

12th month

Scr (A) and eGFR (B) differences between groups adjusted after multivariate analysis. ** and *** present a significance of <0.01 and <0.001 compared
with the combination treatment group, respectively. ns, no significance. In multivariate analysis, the combination treatment group was significantly
better than the other two groups in Scr after 6 months of follow-up, but the advantage of the ARNI group was more significant at 12 months of
follow-up. Using eGFR as the evaluation index, no differences were shown among the three groups during the follow-up period.
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order to maintain overall renal filtration function, the remaining
functioning glomeruli require compensatory hyperfiltration (21). It
has been found that SGLT2i can not only shrink the afferent
arteriole but also dilate the efferent arterioles, thereby alleviating
the hyperfiltration state, but at the same time weakening the overall
filtration function of the kidney, especially in patients who have
been treated with ARNI (efferent arterioles have been dilated by
ARNI). As mentioned above, for patients treated with SGLT2i
alone, their natriuretic and blood volume-reducing effects can
activate the RAAS, and this effect is more prominent in patients
with hemodynamic instability or hypovolemia. In addition, the
inhibition of SGLT2 leads to an increase in solute flow into the
distal tubules, which increases the transport load of the distal
tubules, while the renal medulla itself has limited oxygen uptake
capacity. The above process may induce hypoxia injury of the renal
medulla. Meanwhile, the glucose gathered in the distal tubules can
further aggravate renal tubule injury by generating fructose and uric
acid, inducing oxidative stress and inflammation (21, 22).
Therefore, the effect of SGLT2i in improving renal function may
be limited due to the above mentioned mechanism.

The limitations of this study are as follows. First, Perkovic et al.
published a study that combined renin-angiotensin system
blockade and canagliflozin in patients with diabetic nephropathy.
During nearly 3 years of follow-up, it was found that the
combination treatment could slow down the deterioration of
eGFR compared with renin-angiotensin system blockade alone.
However, in the first year of treatment, eGFR decreased more
significantly in the combination treatment group. Meanwhile, in
the subgroup analysis, it was found that patients with better basic
renal function and less urinary protein had the least improvement
in renal function (23), while the mean eGFR of patients included in
this study was 64.2-81.5 ml/min/ 1.73m2), and the renal function in
the SGLT2i group at baseline was better. As ARNI partially share
similar mechanisms to ACEI/ARB, our research results might be
affected by the fact that the subjects included were not extensive
enough and the follow-up time was relatively short. Second,
previous studies suggest that for patients with ARNI combined
with SGLT2i, the sequence of use of the two drugs may affect the
change trend of renal function. For those who add ARNI on the
basis of SGLT24, renal function is more inclined to improve, while
the reverse may worsen (24). The combination treatment group in
this study was not further subdivided according to the order of
medication, which may affect the results. Finally, combining the
information from the FDA and the results of a recent meta-analysis,
different types of SGLT2i may have different effects on renal
function (25, 26). The patients in this study were not further
analyzed based on SGLT2i types, which may also affect the results.

5 Conclusion

This retrospective cohort study included cardiovascular disease
patients with T2DM, grouped patients according to the use of SGLT2i
and ARNI, and followed up for 1 year. The results did not show that
combination therapy could delay renal function progression better
than monotherapy. In the future, it may be necessary to expand the
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scope of subjects, extend the follow-up time, and further demonstrate
the problem through RCTs or meta-analyses.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Medical
Science Research Ethics Committee Peking University Third
Hospital. The studies were conducted in accordance with the local
legislation and institutional requirements. The human samples used
in this study were acquired from a by- product of routine care or
industry. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and
institutional requirements.

Author contributions

LX: Data curation, Formal Analysis, Investigation, Project
administration, Visualization, Writing — original draft, Writing -
review & editing. BC: Data curation, Formal Analysis, Investigation,
Project administration, Visualization, Writing — original draft,
Writing - review & editing. HZ: Methodology, Writing — review
& editing. DZ: Conceptualization, Funding acquisition, Resources,
Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the “Peking University Third Hospital Returned
Personnel initial funding (BYSYLXHG2020003)” and “Peking
University Medical Youth Science and Technology Innovation
Cultivation Funding (BMU2022PY026)”.

Acknowledgments
We sincerely express our gratitude to members of Peking

University Third Hospital, as well as all participants for their
trust and contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1326611
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Emerging Risk Factors Collaboration; Sarwar N, Gao P, Seshasai SR, Gobin R,
Kaptoge S, et al. Diabetes mellitus, fasting blood glucose concentration, and risk of
vascular disease: a collaborative meta-analysis of 102 prospective studies. Lancet Lond
Engl (2010) 375(9733):2215-22. doi: 10.1016/50140-6736(10)60484-9

2. Bragg F, Li L, Yang L, Guo Y, Chen Y, Bian Z, et al. Risks and population burden
of cardiovascular diseases associated with diabetes in China: A prospective study of 0.5
million adults. PloS Med (2016) 13(7):e1002026. doi: 10.1371/journal.pmed.1002026

3. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl |
Med (2015) 373(22):2117-28. doi: 10.1056/NEJMoal504720

4. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al.
Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl ] Med
(2017) 377(7):644-57. doi: 10.1056/NEJMoal611925

5. American Diabetes Association. 9. Pharmacologic approaches to glycemic
treatment: standards of medical care in diabetes-2020. Diabetes Care (2020) 43
(Suppl 1):598-S110. doi: 10.2337/dc20-S009

6. Jiménez-Blanco Bravo M, Valle A, Gayan Ordas J, Del Prado Diaz S, Cordero
Pereda D, Morillas Climent H, et al. Safety and efficacy of the combination of sacubitril/
valsartan and SGLT2i in HFrEF patients (SECSI registry). J Cardiovasc Pharmacol
(2021) 78(5):e662-8. doi: 10.1097/EJC.0000000000001111

7. Bauersachs J. Heart failure drug treatment: the fantastic four. Eur Heart ] (2021)
42(6):681-3. doi: 10.1093/eurheartj/ehaal012

8. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022
AHA/ACC/HFSA guideline for the management of heart failure: A report of the
american college of cardiology/american heart association joint committee on clinical
practice guidelines. Circulation (2022) 145(18):e895-€1032. doi: 10.1161/
CIR.0000000000001063

9. American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care (2013) 37(Supplement_1):581-90. doi: 10.2337/dc14-S081

10. Kim HM, Hwang IC, Choi W, Yoon YE, Cho GY. Combined effects of ARNI and
SGLT?2 inhibitors in diabetic patients with heart failure with reduced ejection fraction.
Sci Rep (2021) 11(1):22342. doi: 10.1038/s41598-021-01759-5

11. Yamani N, Shaikh FN, Sarfraz S, Khan HK, Wasim MF, Paracha AA, et al.
Efficacy of Sodium-Glucose Cotransporter-2 inhibitors in heart failure patients treated
with dual angiotensin receptor blocker-neprilysin inhibitor: An updated meta-analysis.
Ann Med Surg 2012. (2021) 70:102796. doi: 10.1016/j.amsu.2021.102796

12. Ricci Z, Romagnoli S, Ronco C. Cardiorenal syndrome. Crit Care Clin (2021) 37
(2):335-47. doi: 10.1016/j.ccc.2020.11.003

13. Lo KB, Gul F, Ram P, Kluger AY, Tecson KM, McCullough PA, et al. The effects of
SGLT?2 inhibitors on cardiovascular and renal outcomes in diabetic patients: A systematic
review and meta-analysis. Cardiorenal Med (2020) 10(1):1-10. doi: 10.1159/000503919

14. Mosenzon O, Wiviott SD, Heerspink HJL, Dwyer JP, Cahn A, Goodrich EL, et al.
The effect of dapagliflozin on albuminuria in DECLARE-TIMI 58. Diabetes Care (2021)
44(8):1805-15. doi: 10.2337/dc21-0076

Frontiers in Endocrinology

08

10.3389/fendo.2023.1326611

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

15. Chen TK, Sperati CJ, Thavarajah S, Grams ME. Reducing kidney function
decline in patients with CKD: core curriculum 2021. Am J Kidney Dis Off ] Natl Kidney
Found. (2021) 77(6):969-83. doi: 10.1053/j.ajkd.2020.12.022

16. Damman K, Gori M, Claggett B, Jhund PS, Senni M, Lefkowitz MP, et al. Renal
effects and associated outcomes during angiotensin-neprilysin inhibition in heart
failure. JACC Heart Fail (2018) 6(6):489-98. doi: 10.1016/j.jchf.2018.02.004

17. Mullens W, Martens P, Testani JM, Tang WHW, Skouri H, Verbrugge FH, et al.
Renal effects of guideline-directed medical therapies in heart failure: a consensus
document from the Heart Failure Association of the European Society of Cardiology.
Eur ] Heart Fail (2022) 24(4):603-19. doi: 10.1002/ejhf.2471

18. Weir MR. Renal effects of sodium-glucose cotransporter-2 inhibitors in patients
with type 2 diabetes and renal impairment. Postgrad Med (2019) 131(6):367-75.
doi: 10.1080/00325481.2019.1624582

19. Castafieda AM, Dutra-Rufato A, Juarez MJ, Grosembacher L, Gonzalez-Torres
H, Musso CG. Sodium-glucose cotransporter 2 inhibitors (SGLT2i): renal implications.
Int Urol Nephrol. (2021) 53(2):291-9. doi: 10.1007/s11255-020-02585-w

20. Gonzalez-Albarran O, Morales C, Péerez-Maraver M, Aparicio-Sanchez JJ, Simo
R. Review of SGLT?2i for the treatment of renal complications: experience in patients
with and without T2D. Diabetes Ther Res Treat Educ Diabetes Relat Disord (2022) 13
(Suppl 1):35-49. doi: 10.1007/s13300-022-01276-2

21. Szalat A, Perlman A, Muszkat M, Khamaisi M, Abassi Z, Heyman SN. Can
SGLT?2 inhibitors cause acute renal failure? Plausible role for altered glomerular
hemodynamics and medullary hypoxia. Drug Saf. (2018) 41(3):239-52. doi: 10.1007/
540264-017-0602-6

22. van Bommel EJM, Muskiet MHA, van Baar MJB, Tonneijck L, Smits MM,
Emanuel AL, et al. The renal hemodynamic effects of the SGLT2 inhibitor dapagliflozin
are caused by post-glomerular vasodilatation rather than pre-glomerular
vasoconstriction in metformin-treated patients with type 2 diabetes in the
randomized, double-blind RED trial. Kidney Int (2020) 97(1):202-12. doi: 10.1016/
j.kint.2019.09.013

23. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, et al.
Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N Engl ] Med
(2019) 380(24):2295-306. doi: 10.1056/NEJMoal811744

24. de la Espriella R, Bayeés-Genis A, Morillas H, Bravo R, Vidal V, Nuiiez E, et al.
Renal function dynamics following co-administration of sacubitril/valsartan and
empagliflozin in patients with heart failure and type 2 diabetes. ESC Heart Fail
(2020) 7(6):3792-800. doi: 10.1002/ehf2.12965

25. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M,
et al. Empagliflozin and progression of kidney disease in type 2 diabetes. N Engl ] Med
(2016) 375(4):323-34. doi: 10.1056/NEJMoal515920

26. Storgaard H, Gluud LL, Bennett C, Grondahl MF, Christensen MB, Knop FK,
et al. Benefits and harms of sodium-glucose co-transporter 2 inhibitors in patients with
type 2 diabetes: A systematic review and meta-analysis. PloS One (2016) 11(11):
€0166125. doi: 10.1371/journal.pone.0166125

frontiersin.org


https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1371/journal.pmed.1002026
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.2337/dc20-S009
https://doi.org/10.1097/FJC.0000000000001111
https://doi.org/10.1093/eurheartj/ehaa1012
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1038/s41598-021-01759-5
https://doi.org/10.1016/j.amsu.2021.102796
https://doi.org/10.1016/j.ccc.2020.11.003
https://doi.org/10.1159/000503919
https://doi.org/10.2337/dc21-0076
https://doi.org/10.1053/j.ajkd.2020.12.022
https://doi.org/10.1016/j.jchf.2018.02.004
https://doi.org/10.1002/ejhf.2471
https://doi.org/10.1080/00325481.2019.1624582
https://doi.org/10.1007/s11255-020-02585-w
https://doi.org/10.1007/s13300-022-01276-2
https://doi.org/10.1007/s40264-017-0602-6
https://doi.org/10.1007/s40264-017-0602-6
https://doi.org/10.1016/j.kint.2019.09.013
https://doi.org/10.1016/j.kint.2019.09.013
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1002/ehf2.12965
https://doi.org/10.1056/NEJMoa1515920
https://doi.org/10.1371/journal.pone.0166125
https://doi.org/10.3389/fendo.2023.1326611
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Combined effects of sodium-glucose cotransporter 2 inhibitor and angiotensin receptor-neprilysin inhibitor on renal function in cardiovascular disease patients with type 2 diabetes mellitus: a retrospective cohort study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Participants
	2.3 Data and clinical outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Baseline information
	3.2 Changes in renal function
	3.2.1 Changes in renal function in each group during follow-up
	3.2.2 Differences in renal function between groups at each follow-up point


	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


