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ABSTRACT

BACKGROUND Type 2 diabetes mellitus is a highly prevalent disease and is associated with increased morbidity and mortality. Due
to the low percentage of adequate glycemic control, new strategies for the treatment of type 2 diabetes mellitus have been sought,
including sodium-glucose cotransporter type 2 inhibitorss.
OBJECTIVE To describe the evolution of patients with type 2 diabetes mellitus with insulin requirements treated with empagliflozin
at the Peñaflor Hospital. The primary objective was to evaluate the efficacy of the medication regarding glycosylated hemoglobin A1c
(HbA1c). The secondary objectives were: 1) achievement of HbA1c equal to or less than 7.5% according to survival analysis. 2) Change
in glomerular filtration rate and urinary albumin excretion post treatment.
METHODS Review of clinical records of all patients treated with empagliflozin from November 2019 to June 2023. Average follow-up
of 19 (16.3 to 40) months. To compare HbA1c values according to follow-up ranges, the paired T test or Wilcoxon test was used.
RESULTS We included 58 patients, 15 men and 43 women (74.1%), with an average age of 58.5 ± 9.2 years, ranging from 35 to 75
years. Baseline HbA1c of 10.3 ± 1.6% and 8.98% ± 2.2 in a follow-up of 18 to 24 months post-treatment, resulted in a decrease of
1.27% (p = 0.002; confidence interval 95%: 0.5 to 2.03). The most common adverse effect was urinary tract infection.
CONCLUSIONS Patients with type 2 diabetes mellitus with insulin requirements treated with empagliflozin at the Peñaflor Hospital
achieved better glycemic control with few adverse effects.
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INTRODUCTION
Type 2 diabetes mellitus is a highly prevalent disease in Chile,
occurring in 12.3% of people over 15 years of age, according
to the National Health Survey 2016-2017 [1]. This pathology
is associated with increased morbimortality and rate of years
of life potentially lost. Between 2000 and 2016, there was a
5% increase worldwide in premature mortality due to diabetes
[2]. In addition, it is a known risk factor for dialysis admission,
coronary heart disease, stroke, and diabetic retinopathy, among
others [3,4].

The achievement of therapeutic objectives represents a real
global challenge, and no successful figures have been obtained.

In Chile, 86% of diabetics are aware of their condition, and
58.2% are under treatment, among which 39.4% have good
metabolic control with glycosylated hemoglobin A1c values
below 7% [5].

Due to the low percentage of adequate glycemic control, new
strategies for the treatment of type 2 diabetes mellitus have
been sought, including sodium-glucose cotransporter type 2
inhibitors.

The Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes (EMPA-REG OUTCOME) study [6] evaluated the
efficacy of empagliflozin in reducing cardiovascular mortality as
a primary endpoint, achieving a statistically significant result.
Furthermore, in this clinical trial, a decrease in glycosylated
hemoglobin A1c was recorded with empagliflozin 10 and 25
milligrams, showing a decrease of 0.54 and 0.6%, respectively,
evaluated at 12 weeks of follow-up compared to placebo.

After this study, several clinical trials with other sodium-glu-
cose cotransporter type 2 inhibitors were published, which
confirmed their effectiveness in metabolic control and positive
cardiovascular and renal effects [7–11].

* Corresponding author wilinavarrete@gmail.com
Citation Navarrete W, Durruty P, Andrade E, Orellana R, Ortiz MG,
Budini MA. Metabolic control in type 2 diabetic patients treated with
empagliflozin: A case series. Medwave 2024;24(3):e2758
DOI medwave 10.5867/medwave.2023.03.2758
Submitted Aug 9, 2023, Accepted Mar 20, 2024,
Published Apr 17, 2024
Postal address José Miguel Carrera 214, Peñaflor, Región Metropolitana,
Chile

medwave 10.5867/medwave.2023.03.2758 Medwave 2024;24(3):e2758 Pg. 1 / 8

http://orcid.org/0000-0001-8096-9820
http://orcid.org/0009-0005-8183-094X
http://orcid.org/0009-0002-2710-3598
http://orcid.org/0009-0005-4581-5769
http://orcid.org/0009-0005-2216-107X
http://orcid.org/0009-0002-1710-8782
mailto:wilinavarrete@gmail.com
https://doi.org/medwave 10.5867/medwave.2023.03.2758
https://doi.org/medwave 10.5867/medwave.2023.03.2758


Both the American Diabetes Association Standards of Medical
Care Guidelines and the Consensus of the Chilean Society of
Diabetology for the Comprehensive Management of Patients
with Type 2 diabetes mellitus of 2022 recommend the early
use of sodium-glucose cotransporter type 2 inhibitors in
patients with cardiovascular disease, heart failure or chronic
kidney disease [12,13]. These guidelines suggest their use as a
second drug (after metformin) if the individualized glycosylated
hemoglobin A1c target is not achieved [13].

The present study describes the evolution of 58 insulin-requir-
ing diabetics with glycosylated hemoglobin A1c greater than
7.9% and requiring high-dose insulin, treated with empagliflo-
zin in a tertiary care hospital of medium complexity belonging
to the Chilean public health system. This center attends to a
high percentage of patients in rural areas and/or socioeconomic
vulnerability.

The primary objective was to evaluate the drug’s effi-
cacy concerning glycosylated hemoglobin A1c. The secondary
objectives were to record:

1. The probability of achieving a glycosylated hemoglobin
A1c lower than 7.5%, according to survival analysis.

2. The change in glomerular filtration rate and urinary
albumin excretion post-treatment.

METHODS
Design

Observational, descriptive, single-center, retrospective study.

Inclusion criteria
Inclusion criteria were patients with insulin-requiring type

2 diabetes mellitus with neutral protamine Hagedorn (NPH)
insulin greater than or equal to 16 international units; glycosyla-
ted hemoglobin A1c greater than 7.9%; monitored at Hospital
Peñaflor by an internist and referred from primary health care
centers according to the protocol of the Servicio de Salud
Metropolitano Occidente; under treatment during the entire
study period.

Exclusion criteria
Exclusion criteria were established as having type 1 diabetes

mellitus, chronic kidney disease stage IV or higher, acute renal
failure, recent severe acute illness, life expectancy less than six
months, glycosylated hemoglobin A1c less than 7.9%, and no
record of glycosylated hemoglobin A1c prior to treatment.

Data confidentiality was maintained. Informed consent was
not requested because it was an observational and retrospec-
tive study of a drug approved by the Institute of Public Health
of Chile. Authorization was obtained from the Scientific Ethical
Committee of the Hospital San Juan de Dios of Santiago, based
on the postulates of the Declaration of Helsinki.

Baseline characteristics and intervention
The treatment of the 58 patients included in the study

was basal-bolus insulin and non-pharmacological measures.
Empagliflozin 10 milligrams per day orally was added, increasing
to 25 milligrams when the glycosylated hemoglobin A1c goal
was not achieved in 64% of them (n = 37).

The primary objective was to determine the decrease in
glycosylated hemoglobin A1c after starting treatment. This was
evaluated by comparing the baseline value (prior to empagliflo-
zin) versus the following months' ranges: less than 6, 6 to 12, 12
to 18, and 18 to 24.

The first secondary objective was to evaluate the achieve-
ment of glycosylated hemoglobin A1c equal to or less than 7.5%
according to survival analysis for up to 24 months.

The second secondary objective was to evaluate the change
in glomerular filtration rate and urinary albumin excretion pre-
and post-treatment.

The date of the last follow-up for glycosylated hemoglobin
A1c values was the last known laboratory value as of June 3,
2023.

Values for glomerular filtration rate, urinary albumin
excretion, treatment-associated adverse effects, cerebrovascular
disease, amputations, and deaths were recorded according to
information available as of June 2022.

Records
The authors obtained the information from electronic medical

records and pharmacy records.

MAIN MESSAGES

• Type 2 diabetes mellitus is a highly prevalent disease and is directly associated with cardiovascular disease, one of the
leading causes of mortality worldwide.

• Sodium-glucose cotransporter type 2 inhibitors are a relatively new treatment for type 2 diabetes mellitus and have been
shown to reduce cardiovascular events and improve metabolic control.

• The present study describes the improved metabolic control and low incidence of adverse effects in insulin-requiring
type 2 diabetic patients treated with a sodium-glucose cotransporter type 2 inhibitor in a Chilean public hospital.

• Since this is a single-center, non-randomized, observational study with no control group, the projection of the findings of
this study to the rest of the population is limited, together with the small number of the sample and the initiation of
therapy at diverse points in time.

Control metabólico de pacientes diabéticos tipo 2 tratados con empagliflozina
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Regarding the baseline situation, sex, age, insulin dose,
metformin use, glycosylated hemoglobin A1c, presence
of cardiovascular disease, arterial hypertension, glomerular
filtration rate, presence of stage III chronic kidney disease, and
urinary albumin excretion (in milligrams per gram of albumi-
nuria/creatininuria) were described. The variables glycosylated
hemoglobin A1c, urinary albumin excretion, and glomerular
filtration rate were obtained from electronic laboratory records.

The following potential adverse effects were established:
urinary tract infection, genital candidiasis, acute renal failure
(defined as creatinine increase by 0.3 milligrams per deciliter),
hypoglycemia, and diabetic ketoacidosis [14].

Statistical analysis
Data were processed and recorded using Microsoft Excel

software, and statistical tests were performed using RStudio and
Stata software.

Continuous variables were reported as mean and stand-
ard deviation or median and interquartile range. Categorical
variables were recorded as numbers and percentages.

Variables were analyzed according to normality. For
comparison between baseline and post-treatment, the Student’s
paired-terms t-test (for glycosylated hemoglobin A1c and
glomerular filtration rate) or the Wilcoxon test (for urinary
excretion) was used. A value of p < 0.05 was established as
statistically significant, obtaining 95% confidence intervals for
the differences.

RESULTS
In total, 64 patients started treatment with empagliflozin.

Six cases were excluded from the analysis. One was because
treatment was initiated in the private system, and baseline
glycosylated hemoglobin A1c was unavailable. Another is due
to discontinuation of the drug secondary to exanthema. Three
others as a consequence of discontinuation of therapy before
June 2022 due to abandonment of controls, and one due to
death.

The analysis included fifty-eight patients: 15 men (25.9%) and
43 women (74.1%). Age in June 2022 was 58.5 ± 9.2 years,
ranging from 35 to 75 years.

The baseline situation is described in Table 1. There was a
high percentage of hypertensive patients, and median urinary
albumin excretion was in the normal range. The mean baseline
glycosylated hemoglobin A1c was 10.3%, ranging from 7.9% to
14.2%.

Regarding treating type 2 diabetes mellitus, most patients
were on high-dose insulin before adding empagliflozin (Neutral
protamine of Hagedorn insulin ranging from 16 to 130). Only
two patients were on glargine, one on degludec, and one on
ultrarapid.

Metabolic control and complications
The evolution after treatment with empagliflozin (primary

objective) is described in Table 2. A statistically significant

decrease in glycosylated hemoglobin A1c between baseline
versus all follow-up ranges stands out.

In Figures 1 and 2, when analyzing by survival analysis, the
achievement of a glycosylated hemoglobin A1c equal to or less
than 7.5%, it is observed that:

At 12 months, 62% had no glycosylated hemoglobin A1c
greater than 7.5% (95% confidence interval: 0.48 to 0.73). 38% of
patients had at least one glycosylated hemoglobin A1c less than
7.5% at that follow-up.

At 24 months, 55% had no glycosylated hemoglobin A1c
greater than 7.5% (95% confidence interval: 0.41 to 0.67). 45% of
patients had at least one glycosylated hemoglobin A1c less than
7.5% at that follow-up.

Figure 2 shows the variation of glycosylated hemoglobin A1c
in the same ranges and patients described in Table 2. A greater
decrease was observed in the first six months, with a tendency
to increase in the following controls, although remaining below
the baseline level and with a significant decrease.

Concerning renal function, there was no statistically
significant difference in urinary albumin excretion or glomerular
filtration rate, as described in Table 3.

Regarding the complications possibly associated with the
treatment, the most frequent were genital candidiasis (whose
diagnosis was mainly based on pruritus and genital secretion)
and urinary tract infection (according to urine and urine culture).
There were no cases of diabetic ketoacidosis or Fournier’s
gangrene during the follow-up period. In the case of hypogly-
cemia, the respective pharmacological or dietary adjustments
were made. Table 4 specifies the rest of the complications
described as probably related to empagliflozin.

The only death was interpreted as unrelated to treatment
since it was a case with a long evolution of the disease and the
presence of previous cardiovascular complications. The cause of
death was septic shock secondary to diabetic foot.

The only case of limb amputation was secondary to
peripheral arterial disease with poor response to revasculariza-
tion and was therefore not related to the drug. This patient
reinitiated empagliflozin after discharge, with good clinical
evolution and improved glycemic control.

Table 1. Baseline status of patients and their antidiabetic treatment.

n %

Arterial hypertension 42 75
Chronic kidney disease stage III 9 16.1
Metformin 25 44.6

Mean ± SD Median (ICR)
UAE (mg/g) 17.6 (4.8 to 39.3)
GFR (ml/min) 89.2 ± 32.4
NPH insulin (IU) 71.9 ± 22.5
Crystalline insulin (IU) 30.3 ± 22.7

UAE, urinary albumin excretion. GFR, glomerular filtration rate. SD,
standard deviation . IQR, interquartile range. IU, international units.
mg/g, milligrams per gram. NPH, neutral protamine of Hagedorn.
Source: prepared by the authors of this study.
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There was no acute myocardial infarction or stroke during the
follow-up period. There were two cases of acute heart failure.

DISCUSSION
In our registry, insulin-requiring type 2 diabetic patients

with glycosylated hemoglobin A1c greater than 7.9% (mean
10.3%) treated with empagliflozin had an average decrease in
glycosylated hemoglobin A1c of 1.27% after 18 to 24 months of
follow-up after initiation of therapy. These results are compa-
rable with national [15] and international experience [6]. In
the study by Contreras et al. [15], the baseline glycosylated
hemoglobin A1c was 8.4%, and in EMPA-REG OUTCOME [6], it
was 8.1%, decreasing to 7.6 and 7.8%, respectively. Probably, the
greater decrease in glycosylated hemoglobin A1c in our group
was due to higher baseline values.

In the Contreras study and EMPA-REG OUTCOME, insulin
use was nearly 50%. In the present study, patients had worse
baseline metabolic control, and all required insulin (most of
them in high-dose basal-bolus). Our patients generally did not
decrease insulin doses, probably due to the greater severity,

time of evolution, relative insulinopenia, and complexity of the
disease.

When analyzing survival with the response variable of
achieving at least a glycosylated hemoglobin A1c less than
or equal to 7.5% during follow-up, we see that a significant
percentage achieved this goal (38% at 12 months). However,
a subsequent increase in glycosylated hemoglobin A1c during
follow-up above that target is observed in several patients
(mean glycosylated hemoglobin A1c of 8.98 from 18 to 24
months post therapy).

The drug was generally well tolerated, with 14% of geni-
tal candidiasis and 24% of lower urinary tract infections. As
described in the literature [6], the most frequent adverse effects
were mild genitourinary tract infections treated with antimi-
crobials and not associated with mortality. The absence of a
significant difference in urinary albumin excretion is a result
similar to EMPA-REG OUTCOME [6], which differs from Neal et
al. [8] and Perkovic et al. [10]. These studies were performed
with canagliflozin, in which there was a statistically significant
decrease in urinary albumin excretion.

Table 2. Comparison of pre and post treatment variables with empagliflozin in different periods of time.

n HbA1c Standard deviation Mean difference versus baseline 95% CI p value

Baseline1 58 10.3 1.63 (-) (-) (-)
Less than 6 months 40 8.71 1.3 -1.78 1.39 to 2.18 < 0.0001

6 to 12 months 53 8.5 1.7 -1.82 1.41 to 2.23 < 0.0001
12 to 18 months 45 8.81 1.8 -1.52 0.94 to 2.1 < 0.0001
18 to 24 months 22 8.98 2.2 -1.27 0.5 to 2.03 0.002

1Follow-up of 19 (16.3 to 40) months.
Abbreviations HbA1c, glycosylated hemoglobin A1c. CI, confidence interval. SD, standard deviation.
Source: Prepared by the authors of this study.

Figure 1. Glycosylated hemoglobin A1c less than 7.5%.

Source: Prepared by the authors of this study.
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The absence of acute myocardial infarction or stroke
during the follow-up period would support this drug’s
known cardiovascular beneficial effect [16]. However, the short
follow-up period and the absence of comparison versus placebo
do not allow us to ensure this association.

There was an important percentage of hypoglycemia
reported (20%), which could be attributed to the high doses
of insulin used and the time of evolution of the disease.

Another aspect to highlight was the low incidence of acute
renal failure, of low severity and which in no case required
permanent suspension of the drug. Wanner et al. [7] describe
that the requirement for renal replacement therapy at three

Table 4. Complications associated with empagliflozin treatment in 58
patients.

Complications n %

Genital candidiasis 8 14
Urinary tract infection 14 24
Diabetic ketoacidosis 0 0
Acute renal failure 4 7
Fournier’s gangrene 0 0
Hypoglycemia 12 21

Source: Prepared by the authors of this study.

years of follow-up decreased by 50%. Therefore, our group of
patients may benefit from a lower requirement for dialysis in
the future, resulting in a better quality of life for them and
less expenditure of resources for the health care system. This, is
considering not only the better metabolic control seen in this
group but also the known beneficial effects at the cardiovascu-
lar, lipid, anti-inflammatory, renal, hematological, and weight
levels [17].

Although our registry sought to evaluate effectiveness in
terms of lowering glycosylated hemoglobin A1c, we believe it is
essential to highlight the beneficial effects other than glycemia
reported in multiple studies [7–10].

Limitations
The small sample size limits the external validity of the study.

Being a single-center, non-randomized, observational study
with no control group, the projection of the findings to the rest
of the population is limited. For the same reasons, the poten-
tial cardiovascular benefit cannot be assured. Other variables in
which benefit could also have been demonstrated, such as body
mass index and blood pressure, were not recorded. Although
lower than baseline, the mean glycosylated hemoglobin A1c at
the end of follow-up was still high.

Figure 2. Glycosylated hemoglobin A1c according to months of follow-up.

Source: Prepared by the authors of this study.

Table 3. Variation of urinary albumin excretion and glomerular filtration rate pre and post treatment.

Before empagliflozin After empagliflozin1 Difference 95% CI p value

UAE (median, ICR) 17.6 (4.8 to 39.3) 20.3 (8.5 to75.6) 2.7 -16.4 to 0.9 0.10
GFR (mean, SD) 89.2 ± 32.4 88.0 ± 27.7 -1.43 -4.9 to 7.7 0.65

1Follow-up of 8 (5.3 to 29) months in 58 patients.
Abbreviations UAE, urinary albumin excretion. ICR, interquartile range. GFR, glomerular filtration rate. SD, standard deviation.
Source: Prepared by the authors of this study.

Navarrete et al.

medwave 10.5867/medwave.2023.03.2758 Medwave 2024;24(3):e2758 Pg. 5 / 8

https://doi.org/medwave 10.5867/medwave.2023.03.2758


Finally, by initiating therapy at diverse points in time
(between June 2019 and April 2022), follow-up times had high
variability, limiting the projection of results.

CONCLUSIONS
Considering the little reported experience with type 2

sodium-glucose cotransporter inhibitors in our country, this
study and Contreras et al. [15] support that this family of
drugs, applied to patients with poorly controlled type 2 diabetes
mellitus, is safe and effective.

In conclusion, patients with type 2 diabetes mellitus treated
with empagliflozin at Peñaflor Hospital achieved better glycemic
control and had few adverse effects. Considering the interna-
tional evidence and our reported experience, we believe that
the availability of the drug in the Chilean pharmacological
arsenal could help to achieve therapeutic objectives.
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Control metabólico de pacientes diabéticos tipo 2 tratados con
empagliflozina: serie de casos

RESUMEN

INTRODUCCIÓN La diabetes mellitus tipo 2 es una enfermedad de alta prevalencia y está asociada a mayor morbimortalidad.
Debido al bajo porcentaje de compensación, se han buscado nuevas estrategias de tratamiento farmacológico, como los inhibidores
del cotransportador sodio-glucosa tipo 2.
OBJETIVO Describir la evolución de pacientes diabéticos tipo 2 insulino-requirentes tratados con empagliflozina en el Hospital
Peñaflor, ubicado en el sector poniente de la Región Metropolitana, Chile. El objetivo primario fue evaluar la eficacia del medicamento
respecto a hemoglobina glicosilada A1c. Los objetivos secundarios fueron registrar el logro de hemoglobina glicosilada A1c igual o
menor a 7,5% según análisis de supervivencia. Luego, consignar el cambio en la velocidad de filtración glomerular y en la excreción
urinaria de albúmina post tratamiento.
MÉTODOS Revisión de ficha clínica de todos los pacientes tratados con empagliflozina desde noviembre de 2019 a junio de 2023.
Media de seguimiento de 19 (de 16,3 a 40) meses. Para comparación entre valores de hemoglobina glicosilada A1c según rangos de
seguimiento, se utilizó prueba T de Student de términos pareados o prueba de Wilcoxon.
RESULTADOS Se estudió a 58 pacientes, 15 hombres y 43 mujeres (74,1%). Edad 58,5 ± 9,2 años, rango de 35 a 75 años.
Hemoglobina glicosilada A1c basal de 10,3 ± 1,6% y 8,98% ± 2,2 en un rango de seguimiento de 18 a 24 meses post tratamiento,
resultando en un descenso de 1,27% (p = 0,002; intervalo de confianza 95%: 0,5 a 2,03). El efecto adverso más frecuente fue infección
del tracto urinario.
CONCLUSIONES Los pacientes diabéticos tipo 2 insulino-requirentes tratados con empagliflozina en el Hospital Peñaflor lograron
un mejor control glicémico con pocos efectos adversos.
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