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ABSTRACT

Introduction and objectives: Sodium-glucose cotransporter-2 inhibitors (SGLT2i) induce short-term
changes in renal function and hemoglobin. Their pathophysiology is incompletely understood. We
aimed to evaluate the relationship between 1- and 3-month estimated glomerular filtration rate (eGFR)
and hemoglobin changes following initiation of dapagliflozin in patients with stable heart failure with
reduced ejection fraction (HFrEF).
Methods: This is a post hoc analysis of a randomized clinical trial that evaluated the effect of
dapagliflozin on 1- and 3-month peak oxygen consumption in outpatients with stable HFrEF (DAPA-VO,
trial, NCT04197635). We used linear mixed regression analysis to assess the relationship between eGFR
and hemoglobin changes across treatment arms.
Results: A total of 87 patients were evaluated in this substudy. The mean age was 67.0 & 10.5 years, and
21 (24.1%) were women. The mean baseline eGFR and hemoglobin were 66.9 + 20.7 mL/min/1.73m? and
14.3 + 1.7 g/dL, respectively. Compared with placebo, eGFR did not significantly change at either time points
in the dapagliflozin group, but hemoglobin significantly increased at 1 and 3 months. At 1 month, the
hemoglobin increase was related to decreases in eGFR only in the dapagliflozin arm (P < .001). At 3 months,
there was no significant association in either treatment arms (P = .123). Changes in eGFR were not associated
with changes in peak oxygen consumption, quality of life, or natriuretic peptides.
Conclusions: In patients with stable HFrEF, 1-month changes in eGFR induced by dapagliflozin are
inversely related to changes in hemoglobin. This association was no longer significant at 3 months.
© 2023 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

La reduccion temprana del filtrado glomerular se asocia con aumento de la
hemoglobina tras el inicio de dapagliflozina en la insuficiencia cardiaca con
fraccion de eyeccion reducida

RESUMEN

Introduccion y objetivos: Los inhibidores del cotransportador 2 de sodio-glucosa (iSGLT2) inducen
cambios a corto plazo en la funcion renal y la hemoglobina y su fisiopatologia se comprende de manera
incompleta. Nuestro objetivo es evaluar la relacién entre los cambios de la tasa de filtrago glomerular
estimado (TFGre) y la hemoglobina tras el inicio de dapagliflozina en pacientes estables con insuficiencia
cardiaca y fraccion de eyeccion reducida (IC-FEr).

Meétodos: Este analisis post hoc de un ensayo clinico aleatorizado evalu6 el efecto de la dapagliflozina
sobre el consumo maximo de oxigeno a 1y 3 meses en pacientes ambulatorios con IC-FEr estable (ensayo
DAPA-VO,, NCT04197635). Se utiliz6 un analisis de regresion lineal mixta para evaluar la relacion entre
los cambios en la TFGe y la hemoglobina a 1 y 3 meses.

2 La lista completa de los investigadores del DAPAVO, se halla en el material adicional.
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Resultados: Se evalud a 87 pacientes. La media de edad era 67,0 &+ 10,5 afios, y 21 pacientes (24,1%) eran
mujeres. Las medias basales de TFGe y hemoglobina fueron de 66,9 + 20,7 ml/min/1,73 m?y 14,3 + 1,7 g/dI
respectivamente. En comparacién con el placebo, la TFGe no cambid significativamente en el grupo de
dapagliflozina, pero la hemoglobina aumento significativamente a 1 y 3 meses. A 1 mes, el aumento de la
hemoglobina se relaciond con la disminucion de la TFGe solo en el grupo de dapagliflozina (p < 0,001). A los
3 meses no habia asociacion significativa (p = 0,123). Los cambios de la TFGe a 1 y 3 meses no se asociaron con
cambios en el consumo pico de oxigeno, la calidad de vida o los péptidos natriuréticos.

Conclusiones: En pacientes con IC-FEr estable, los cambios en la TFGe a 1 mes inducidos por la
dapagliflozina estan en relacion inversa con cambios en la hemoglobina. Esta asociacién no se observa a

los 3 meses.

© 2023 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

eGFR: estimated glomerular filtration rate

HFrEF: heart failure with reduced ejection fraction
MLHFQ: Minnesota Living with Heart Failure Questionnaire
NT-proBNP: N-terminal pro-B-type natriuretic peptide
PeakVO,: peak oxygen consumption

SGLT2i: sodium-glucose cotransporter-2 inhibitors

INTRODUCTION

Prior evidence shows that sodium-glucose cotransporter-2
inhibitors (SGLT2i) led to a short-term estimated glomerular
filtration rate (eGFR) reduction in some patients.' Although most of
these changes were mild, transient, and not associated with worse
outcomes,'? these changes generated uncertainty and, sometimes,
a reason for treatment withdrawal.?

Short-term hemoglobin and hematocrit increase is another
common finding following SGLT2i initiation,¥ and has been
associated with favorable clinical responses mediating the benefit
attributable to SGLT2i in type 2 diabetes and heart failure (HF).” A
short-term increase in hemoglobin is a well-recognized proxy of
hemoconcentration in patients with HF treated with diuretics.®
Due to the aquaretic properties of SGLT2i, hemoglobin increase
following SGLT2i initiation has also been postulated as a marker of
hemoconcentration, especially in the short-term.”® Likewise, in
patients with HF treated with a vigorous diuretic strategy, there is
cumulative evidence endorsing the role of creatinine increases/
eGFR decreases as markers of hemoconcentration rather than true
renal function impairment, especially when changes are mild and
transient.”? Thus, we postulated that a decrease in renal function
following SGLT2i may be related to hemoglobin increase as a
marker of hemoconcentration.

In this study, we aimed to evaluate the association between
changes in eGFR (AeGFR) and hemoglobin (AHb) at 1 and 3 months
following dapagliflozin initiation in patients with stable HF with
reduced ejection fraction (HFrEF).

METHODS
Study sample

This is a post hoc analysis of the DAPA-VO, randomized clinical
trial,® an investigator-initiated, multicenter, double-blind, ran-
domized clinical trial designed to evaluate the effect of dapagli-
flozin on maximal functional capacity assessed by peak oxygen
consumption (peakVO,) in outpatients with stable HFrEF. The

patients were randomized 1:1 to receive either dapagliflozin or a
placebo. PeakVO, was evaluated at baseline, and at 1 and 3 months.
This study was approved by the Agencia Espariola del Medicamento y
Productos Sanitarios (AEMPS) and by the Comité Etico de Investiga-
cion Clinica (CEIC) of our center. This study was registered at
ClinicalTrials.gov (NCT04197635). All patients signed an informed
consent form. The study population included patients with stable
chronic HF (New York Heart Association [NYHA II-1II/IV]) and left
ventricular ejection fraction < 40%. The eligibility criteria, study
procedures, and main findings have been published elsewhere.’
Patients with baseline or follow-up conditions affecting hemoglo-
bin levels were excluded from this analysis (2 patients with
gastrointestinal bleeding and 1 receiving methotrexate).

Procedures

Randomized patients performed a baseline, 1 and 3-month
cardiopulmonary exercise test using incremental and symptom-
limited cardiopulmonary exercise testing on a bicycle ergometer.
Maximal functional capacity was defined as the point when the
patient stopped pedaling because of symptoms, and the respirato-
ry exchange ratio (RER) was > 1.05. PeakVO, was defined as the
highest value of VO, during the last 20 seconds of exercise. During
the same study visits, a 6-minute walk test, echocardiography, and
quality of life assessment (Minnesota Living with Heart Failure
Questionnaire, [MLHFQ]) were performed, and blood samples were
obtained. The eGFR was calculated by using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation.!® N-
terminal pro-B-type natriuretic peptide (NT-proBNP) was ana-
lyzed with standard commercial enzyme immune analysis (Elecsys
NT-proBNP assay, Roche Diagnostics, Switzerland). None of the
patients received intravenous iron or erythropoietin-stimulating
agents during the study period.

Endpoints

The endpoints of this study were: a) the relationship between
AeGFR and changes AHDb at 1 and 3 months following treatment
randomization, and b) the relationship between AeGFR and
changes in peak-VO,, MLHFQ, and NT-proBNP following treatment
with dapagliflozin at both time points.

Statistical analysis

Continuous variables are expressed as means (4 1 standard
deviation) or medians (interquartile range [IQR]) and discrete
variables are expressed as percentages. At baseline, the means,
medians, and frequencies among treatment groups were compared
using the Student t test, Wilcoxon, and chi-square test, respectively.
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Figure 1. Relationship between hemoglobin and eGFR changes at 1 and 3 months. A. Changes at 1 month, placebo. B. Changes at 1 month, dapagliflozin C. Changes at
3 months, placebo. D. Changes at 3 months, dapagliflozin. AeGFR, changes in estimated glomerular filtration rate; AHb, changes in hemoglobin.
Estimates adjusted for baseline eGFR, hemoglobin, systolic blood pressure, NT-proBNP, furosemide equivalent doses, treatment with ACEi/ARB/sacubitril-valsartan,

and treatment with aldosterone receptor antagonists.

Following an ANCOVA design, the main endpoints of this study
included absolute (AeGFR) and percentage (AeGFR%) eGFR changes
from baseline. The exposure variables tested for their association
with the 2 endpoints were also modeled as changes from baseline
and included AHb, Apeak-VO,, AMLHFQ, and ANT-proBNP.
Consequently, all analyses included the baseline value of the
endpoint and baseline value of the exposure as covariates. The
primary analysis modeled AeGFR and the log of AHDb at 1 and
3 months using linear mixed regression models. In figure 1, values of
the log of AHb were back-transformed to the raw values by obtaining
nonlinear predictions using predictnl command in Stata. Secondary
analyses included modeling AeGFR independently with Apeak-VO,,
AMLHFQ, and ANT-proBNP. Each model included patient identifi-
cation and study center as random intercepts and visits (1 and
3 months) as random coefficients. The variance-covariance structure
chosen for the random effects was “unstructured”. The period effect
was included by modeling the interaction between the treatment
and the period. The covariates included in each model were chosen
based on the biological plausibility and regardless of the P value. The
list of covariates in each model is presented in the corresponding
figure legend and includes the baseline value of eGFR. The results are
presented as least square means with 95% confidence intervals (CIs)
and P values. The statistical stability of the results was tested with a
bootstrap resampling procedure. It was employed based on
300 bootstrap samples (sampling with replacement). All analyses
were performed with STATA 16.1 (Stata Statistical Software, Release
16 [2019]; StataCorp United States).

RESULTS

In this analysis, we evaluated 87 patients. The mean age was
67.0 & 10.5 years, 21 (24.1%) were women, and 72 (82.8%) were
stable in NYHA class II. The mean peakVO,, left ventricular ejection
fraction, eGFR, and hemoglobin were 13.0+ 3.3 mL/kg/min,
33.7 £+ 5.3%,66.9 + 20.7 mL/min/1.73m?, and 14.3 + 1.7 g/dL, respec-
tively. Thirty (34.5%) and 16 (18.4%) patients showed eGFR < 60 and
< 45ml/min/1.73m? at baseline, respectively. No significant
differences in baseline characteristics across treatments were found
(table 1), including eGFR and hemoglobin.

Changes in estimated glomerular filtration rate

Compared with placebo, eGFR did not significantly change at
1 or 3 months (figure 2). At 1 month, patients allocated to
dapagliflozin showed a nonsignificant decrease in eGFR (A-2.6 mL/
min/1.73 m? [95%Cl, -6.8-1.6; P=.163]). At 3 months, the
differences continued to be nonsignificant (A + 1.9 mL/min/1.73
m2 [95%Cl, -2.4-6.2; P=.331]), as shown in figure 1. Likewise,
AeGFR% did not change across treatment arms at 1 (A-2.1%
[95%Cl, — 6.4 to 2.3; P =.495]) or 3 months (A + 2.5% [95%CI, —1.9
to 6.9; P=.373]). The proportion of episodes of eGFR decrease
> 10% from baseline (within changes) was higher in the dapagli-
flozin group at 1 month (22.2% vs 4.8%; P=.018) but with no
differences at 3 months (13.3% vs 16.7%; P =.663). Most patients
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Table 1
Baseline characteristics of the patients stratified by randomization arm
Variables All patients Placebo Dapagliflozin 2
(N=87) (n=42) (n=45)

Demographic and medical history
Age, y* 69 [61-74.2] 67.5 [60.1-74.3] 69.8 [62.4-74] 816
Men 66 (75.9) 31(73.8) 35(77.8) .666
BMI, kg/m? 27.8+43 28.3+43 27.3+44 317
Hypertension 67 (77) 34 (81) 33 (73.3) 399
Diabetes mellitus 29 (32.2) 13 (28.9) 16 (35.6) 499
Dyslipidemia 57 (65.5) 28 (66.7) 29 (64.4) 827
Current smoker 19 (21.8) 0(23.8) 9 (20) .667
Prior smoker 27 (31) 15 (35.7) 12 (26.7) 362
Prior history of IHD 48 (55.2) 21 (50) 7 (60) 349
Prior history of COPD 23 (26.4) 13 (31) 0(22.2) 356
NYHA 1I/IV 78 (89.7) 37 (88.1) 1(91.1) 644

Vital signs and electrocardiogram
Heart rate, bpm* 70 [61-82] 71 [63-83] 70 [60-80] 531
SBP, mmHg* 118 [110-128] 117 [110-130] 120 [110-124] 972
DBP, mmHg* 60 [60-70] 60 [60-70] 60 [60-70] .813
Atrial fibrillation 49 (56.3) 23 (54.8) 26 (57.8) 777
LBBB 14 (45.2) 9 (50) 5 (38.5) 524

Laboratory values
Hemoglobin, g/dL 143+1.7 143+1.7 142+1.8 .809
eGFR, mL/min/1.73m? 66.4+21.8 68.8 +£23 64.1+20.7 .309
Serum sodium, mEq/L 139.9+25 140+2.6 139.9+25 .837
NT-proBNP, pg/mL 1279.5 [885-2267] 1839 [924-2416] 1085 [889-1688] 297
CA125, U/mL* 10.8 [7-16.1] 11 [7.5-17.5] 9.2 [6-16] 711

Echocardiography
LVEF, %* 35.4 [30.2-37.8] 35.4 [30.0-37.9] 35.4 [30.2-37.7] 925
Left atrial volume index, mL/m?* 42 [30.9-51.7] 42 [33-56.7] 39.9 [30.1-51.7] 651
E/e’ ratio* 12.8 [9-15.4] 13.3 [9.2-15] 12.2 [8.8-15.4] 969

CPET
PeakVO0,, mL/kg/min 13£33 12.5+3.1 134435 228
Percent predicted peakVO,,%* 55.9 [48.8-67.3] 55.9 [48.8-65.7] 55.9 [49.7-67.9] 419
VE/VCO, slope* 34.7 [32.3-39] 36.3 [32.8-39.4] 33.8 [31.5-38.8] 845
RER 1.22+0.13 1.20+0.12 1.23+0.13 349

Medical treatment
Loop diuretics 74 (85.1) 35 (83 3) 9 (86.7) .663
ACEI or ARB or sacubitril-valsartan 84 (96.6) 0 (95.2) 4 (97.8) 517
Sacubitril-valsartan 77 (88.5) 37 (88.1) 0 (88.9) .908
MRA 65 (74.7) 0(71.4) 5(77.8) 496
Beta-blockers 76 (87.4) 35(83.3) 1(91.1) 275

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CA125, antigen carbohydrate 125; COPD, chronic obstructive
pulmonary disease; CPET, cardiopulmonary exercise testing; DBP, diastolic blood pressure eGFR, estimated glomerular filtration rate; IHD, ischemic heart disease; LBBB, left
bundle branch block; LVEF: left ventricular ejection fraction assessed by Simpson method; MRA, mineralocorticoid receptor antagonists; NYHA, New York Heart Association
functional class; NT-proBNP, N-terminal pro b-type natriuretic peptide: PeakVO,, peak oxygen uptake; RER, respiratory exchange ratio; SBP, systolic blood pressure; VE/

VCO2slope, ventilatory efficiency.

Continuous variables are presented as median [interquartile range], unless otherwise specified, and categorical variables as No. (%).

" Value expressed as mean [interquartile range].

showing an eGFR decrease > 10% (transient changes) did so at only
1 time point (17 of 21: 80.9%). Only 4 patients showed a persistent
eGFR decrease > 10% at 1 and 3 months (persistent changes).

Hemoglobin changes

Compared with placebo, hemoglobin significantly increased in
patients on dapagliflozin (1-month: A + 0.45 g/dL [95%CI, 0.03-

0.88; P=.037]; and 3-month: A + 0.55 g/dL [95%CI, 0.12-0.98;
P=.012)).

Relationship between changes in estimated glomerular filtra-
tion rate and changes in hemoglobin

On multivariate analysis, dapagliflozin treatment differentially
affected the association between AHb and AeGFR across visits
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Figure 2. Predicted mean changes in eGFR in patients allocated to dapagliflozin vs placebo at 1 and 3 months. AeGFR, changes in estimated glomerular filtration rate.

(Pforinteraction = .001). The covariate-adjusted trajectories of AHb
and AeGFR is shown in figure 1. At 1 month, the slope of AHb was
unrelated to the slope of AeGFR in the placebo group (figure 1A,
P=.128). Conversely, in patients receiving dapagliflozin, the AHb-
slope was inversely associated with the AGFR-slope (P < .001)
(figure 1B). At 3 month, no significant association was found (figure
1C, D). Between-treatment differences (dapagliflozin vs placebo)
plots showed that increases in Hb > 0.3 g/dL were significantly
associated with a significant and almost linear decrease in eGFR at
1 month (95%Cls below the y-line of 0) (figure 3A). At 3 months, we
found no between-treatment effect (figure 3B).

Similar findings were obtained when AHb was modeled against
AeGFR%. A positive AHb predicted a decline in AeGFR% at 1 month in
the dapagliflozin but not in the placebo arm. Compared with placebo,
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an increase in hemoglobin was associated with a decrease in eGFR in
the dapagliflozin group (figure 1 of the supplementary data). At
3 months, there was no relationship between AHb and AeGFR% with
either treatment, with no evidence of a significant difference
between treatment effects (figure 2 of the supplementary data).

Relationship between changes in estimated glomerular filtra-
tion rate and efficacy endpoints
Changes in peakVO,

We found no evidence of a significant relationship between
AeGFR and Apeak-VO, in either treatment arms or time points

B
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Figure 3. Relationship between hemoglobin and eGFR changes. Between-treatment (dapagliflozin vs placebo) comparison. A. Changes at 1 month. B. Changes at

3 months.

AeGFR, changes in estimated glomerular filtration rate; AHb, changes in hemoglobin.
Estimates adjusted for baseline eGFR, hemoglobin, systolic blood pressure, NT-proBNP, furosemide equivalent doses, treatment with ACEi/ARB/sacubitril-valsartan,

and treatment with aldosterone receptor antagonists.
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C. Changes at 3 months, placebo. D. Changes at 3 months, dapagliflozin

AeGFR, changes in estimated glomerular filtration rate; ApeakVO,' changes in peak oxygen consumption.
Estimates adjusted for baseline eGFR, hemoglobin, systolic blood pressure, NT-proBNP, furosemide equivalent doses, treatment with ACEi/ARB/sacubitril-valsartan,

and treatment with aldosterone receptor antagonists.

(figure 4). Similarly, the between-treatment comparison showed
no significant differences (figure 3 of the supplementary data).

Changes in quality of life and N-terminal pro-B-type natriuretic
peptide

Dapagliflozin and placebo-associated AeGFR were not related
to AMLHFQ or ANT-proBNP at either time point (figure 4 of the
supplementary data). In addition, between-treatment plots
showed no significant differences (figures 5 and 6 of the
supplementary data).

DISCUSSION

In this post hoc analysis of the DAPA-VO, trial, we found that 1-
month changes in eGFR were inversely related to changes in
hemoglobin after dapagliflozin initiation in patients with stable
ambulatory HFrEF. In other words, the initial eGFR decline was
related to hemoglobin increase, a recognized parameter indicating
a favorable clinical response. This association was no longer
significant at 3 months (figure 5). Current findings suggest a short-
term physiological connection between the kinetics of both

markers, suggesting that hemoconcentration may explain part
of it. This may also explain the absence of a significant relationship
between short-term changes in eGFR and changes in functional
ability, quality of life, and natriuretic peptides. At longer follow-up
(3 months), changes in eGFR seemed to be unrelated to
hemoglobin changes.

Hemoglobin changes following sodium-glucose cotransporter-
2 inhibitors initiation in heart failure

A significant increase in hemoglobin and hematocrit have been
described after SGLT2i initiation.!! Interestingly, hematocrit
changes were the strongest single predictor for reducing the risk
of cardiovascular death in the EMPA-REG OUTCOME trial.!> More
recently, Fitchett et al.!® reported that hemoglobin and hematocrit
accounted for more than half of mortality and hospitalization risk
reduction attributed to empagliflozin in patients with type
2 diabetes and established cardiovascular disease. In patients
with decompensated HF, the relative increase in cellular elements
in the blood is commonly used to monitor diuretic response and is
associated with improved outcomes. Among them, hemoglobin
and hematocrit are the most widely used parameters,'* and are
included in the most frequently used formulas for estimating
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eGFR, estimated glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction; NS, not significant.

plasma volume.'” The precise mechanism underlying the benefi-
cial outcomes of HF remains uncertain, specifically regarding
whether the observed benefits are attributed to a direct rise in
hematocrit or are instead mediated by factors which are associated
with the increase in hematocrit, although the latter appears to be
the more probable explanation.’

There is evidence endorsing the diuretic, predominantly
aquaretic, effect of SGLT2i.'®!” Some studies have argued that
the increase in hematocrit and hemoglobin levels may be explained
by circulating volume contraction, especially in the short-term.'®
Thus, we envision hemoconcentration may play a role in explaining
the hemoglobin increase, at least in the first days or weeks after
SGLT2i onset.” However, in the mid- to long-term, other factors,
such as increased erythropoietin production and changes in iron
metabolism,'??° may explain most of mass changes in red cells.

Pathophysiology of renal function changes after sodium-
glucose cotransporter-2 inhibitors initiation

Prior studies with SGLT2i in patients with chronic stable HF,?!:22
type 2 diabetes,>>?4 and chronic kidney disease,>®> consistently

showed a slight short-term decline in eGFR, followed by a slower
decline over time, and a reduction in adverse renal events than in
patients on placebo.?' -2° Likewise, in a substudy of the EMPULSE
trial, Voors et al.?® reported that patients hospitalized for acute
HF treated with empagliflozin showed a decline in renal function
at 15 days, with no changes at 90 days. In a substudy of the
EMPEROR-Reduced Trial, Zannad et al.?” described that a modest
decrease in eGFR was observed more frequently in patients
receiving empagliflozin than in those receiving placebo. In
contrast to placebo-treated patients, these changes were not
associated with a worse prognosis. Most of the evidence from
controlled studies shows that the initial eGFR dip following
SGLT2i initiation is small, transient, and has no deleterious
clinical implications. Likewise, this same message has been
replicated in large real-world studies in SGLT2i users.’® The
findings of the present study are in line with these messages, by
showing no relationship between eGFR changes and changes in
maximal functional capacity, quality of life, and natriuretic
peptides.

The mechanisms behind this initial eGFR decline following
SGLT2i initiation are not entirely understood. In type 2 diabetes
studies, most of these changes have been attributed to intraglo-
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merular hemodynamic changes (an increase in tubular sodium and
chloride excretion is sensed by the macula densa, leading to
afferent vasoconstriction, resulting in a reduction in renal blood
flow and thereby glomerular filtration).?® However, it may not be
the only mechanism under eGFR changes in the whole spectrum of
patients with HF, as in most of them, we do not have evidence of
hyperfiltration.>®

In acute HF, some data show that the clinical significance of
creatinine increase/eGFR decrease largely depends on surrogates
of decongestion and diuretic response.>'? For instance, in 2 large
cohorts of patients with acute HF, worsening renal function in the
first 4days was not associated with worse outcomes when patients
had a good diuretic response.®! Interestingly, in a substudy of the
EVEREST trial, McCallum, et al.>2 reported a heterogeneous effect of
eGFR decline across surrogates of decongestion and hemoconcen-
tration. Specifically, the eGFR decline was not associated with
adverse outcomes in patients with a greater increase in hematocrit
and a decrease in NT-proBNP. In contrast, a decrease in eGFR was
associated with worse outcomes in patients with no evidence of
decongestion/hemoconcentration.®” Interestingly, in the same
study, patients with a greater decrease in renal function were
those with a higher increase in hematocrit.>? Thus, in patients with
HF, particularly in the acute setting, eGFR changes should be
interpreted taking into account their clinical and decongestion
status. Small and transient changes in patients with an appropriate
diuretic response may be due to hemoconcentration rather than
true worsening renal function.*?

The clinical significance of the connection between hemoglobin
increase and eGFR decline following initiation of SGLT2i

In the HF setting, and according to the results of the current
study, we postulated that initial eGFR dip following SGLT2i
initiation may reflect hemoconcentration rather than other
mechanisms. The following points endorse this hypothesis.

a) In patients with HF treated with diuretics, short-term increases
in hemoglobin and a decrease in eGFR are recognized proxies of
hemoconcentration. For eGFR, this is especially true when the
decrease occurs in parallel with evidence of the presence of
other parameters of hemoconcentration and adequate clinical
and diuretic response.>?>3 Along this line of thought, a substudy
of the EMPA-RESPONSE showed that empagliflozin increased
plasma osmolality and was associated with a temporary decline
in eGFR.2 In the present study, we found a strong association
between 1 month hemoglobin increase and eGFR decline, as
previously found with the use of another aquaretics such as
tolvaptan.2 Thus, and given the important role of fluid overload
in patients with HF,>* we speculate that in the short-term, most
of the beneficial short-term beneficial effects of dapagliflozin
may be due to decongestion. At longer follow-up, the kinetics of
both biomarkers seem unrelated, suggesting that mechanisms
other than decongestion/hemoconcentration may be playing a
predominant role.

b) The initial eGFR decline after SGLT2i initiation is modest and
transient and usually has no clinical consequences. The findings
of the present study provide further evidence of this and
showed that patients with an initial drop at 1 month showed no
eGFR decline at 3 months. Additionally, these changes were
modest in magnitude and, importantly, unrelated to functional
status or quality of life impairment.

Further confirmatory studies are warranted to confirm these
findings in HF and other clinical scenarios, such as chronic
kidney disease, in which SGLT2i also has demonstrated clinical
usefulness.>>3¢

Limitations

To our knowledge, this is the first study that correlates the
increase in hemoglobin following SGLT2i administration with
changes in renal function. However, the study has some limita-
tions. First, this is a post hoc analysis of a randomized clinical trial.
Since our findings were not corrected for multiple testing, there is
an increased risk of type I error.?” Second, this study has the
inherent limitations of being a trial with limited statistical power.
Third, most renal function changes were mild and transient; thus,
these findings cannot be extrapolated to more severe forms of
renal impairment. Fourth, we cannot explore mid- to long-term
changes in kidney function and hemoglobin or infer their biological
or clinical significance with the current data. Fifth, hematocrit was
not uniformly registered during the trial, precluding evaluation of
its relationship with changes in GFR. Sixth, we cannot extrapolate
these finding to other clinical scenarios other than HF that
frequently use SGLT2i. Finally, we did not measure plasma volume,
osmolarity, or other parameters that could help us to support the
pathophysiology of this interaction.

CONCLUSIONS

In patients with stable HFrEF, 1-month changes in eGFR
induced by dapagliflozin were inversely related to changes in
hemoglobin. However, eGFR and hemoglobin changes at 3 months
were not associated. Further studies are required to confirm these
findings and unravel the biological meaning of this association.
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WHAT IS KNOWN ABOUT THE TOPIC?

- The use of SGLT2i has been associated with a short-term
reduction in eGFR.

- These changes in eGFR are generally mild, transient, and
are not associated with an adverse prognosis.

- Another common finding after SGLT2i initiation is a
short-term increase in hemoglobin and hematocrit. The
magnitude of this increase has been associated with
favorable clinical responses mediating the benefit
attributable to SGLT2i in patients with type 2 diabetes
and HF.

WHAT DOES THIS STUDY ADD?

- In this subanalysis of the DAPA-VO?2 trial, we found that
changes in eGFR at 1 month were inversely associated
with changes in hemoglobin after dapagliflozin initia-
tion in stable patients with HFrEF.

- The association between changes in eGFR and hemoglo-
bin was no longer observed at 3 months.

- Our findings suggest a short-term physiological connec-
tion between the kinetics of the 2 markers, suggesting
that a partial explanation may be the role of hemo-
concentration.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in
the online version, at https://doi.org/10.1016/j.rec.2023.03.007
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